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A s one of the world's largest manufacturers of integrated 
circuits, Signetics designs, develops, manufactures and sells 
over 1600 different types of integrated circuits. Signetics 
produces digital and linear circuits, utilizing both bipolar and 
metal-oxide-semiconductor (MOS) manufacturing processes. 

This 1976 issue of our data book covers the full expanse of our 
broad product line. For ease of use, we have grouped our 
products into 6 major families. They are: logic-covering 
54/74,8200 series devices and 10,000 series Eel; Memories­
covering bipolar and MOS shift registers and memories; 
Interface-covering both logic and analog devices; Analog­
covering general and consumer analog devices including D­
MOS; Microprocessors-covering bipolar, MOS and system 
logic devices; MilRel-covering the high reliability programs 
available in our product line. 

This issue represents a unique approach in the presentation of 
integrated circuits data. In keeping with our intent of 
presenting the maximum amount of data requiring the 
minimum amount of effort by the user, we have grouped 
product family information at the beginning of the section 
covering that particular family. The information covered 
usually includes an introduction to that family, a table of the 
complete family electrical characteristics, and a grouping of 
the general parameter measurement information and other 
pertinent data. We feel that this format allows the reader to 
quickly insure that he is aware of all possible devices that are 
available from Signetics to help him with his design. 

Signetics reserves the right to make changes in the products 
contained in this book in order to improve design or 
performance and to supply the best possible products. 
Signetics also assumes no responsibility for the use of any 
circuits described herein and makes no representations that 
they are free from patent infringement. 

© Copyright 1976 Signetics Corporation 
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54/7461 Triple 3-lnput Expander .................................. x 82 
54/7462 3-2-2-3-lnput AND-OR Expander ......................... x 82 

FLIP-FLOPS 

5417470 J-K Flip-Flop ............................................ x 84 
54/7471 J-K Master-Slave Flip-Flop ........................... " .. x 84 
54/7472 J-K Master-Slave Flip-Flop ............................... x x x 85 
54/7474 Dual D-Type Positive Edge-Triggered Flip-Flop ........... x x x x 87 
5417476 Dual J-K Flip-Flop ....................................... x x x 90 
5417478 Dual J-K Negative Edge-Triggered Flip-Flop .............. x 91 
54174101 J-K Edge-Triggered Flip-Flop ............................ x 111 
54/74102 J-K Edge-Triggered Flip-Flop ............................ x 112 
54/74103 J-K Edge-Triggered Flip-Flop ............................ x 114 
54/74106 Dual J-K Edge-Triggered Flip-Flop ....................... x 115 
54174107 Dual J-K Master-Slave Flip-Flop .......................... x x 116 
54174108 Dual J-K Edge-Triggered Flip-Flop ....................... x 117 
54/74109 Dual J-K Positive Edge-Triggered Flip-Flop ............... x x 118 
54174112 Dual J-K Negative Edge-Triggered Flip-Flop .............. x x 119 
54/74113 Dual J-K Negative Edge-Triggered Flip-Flop .............. x x 121 
54174114 Dual J-K Negative Edge-Triggered Flip-Flop .............. x x 122 
54174175 Quad D-Type Edge-Triggered Flip-Flop ................... x x x 175 

GATES 

54/74125 Quad Bus Buffer Gate ................................... x 130 
54/74126 Quad Bus Buffer Gate ................................... x 131 

GATES-NAND 

0 54/7400 Quad 2-lnput NAND Gate ................................ x x x x 53 
5417401 Quad 2-lnput NAND Gate with Open -Collector Outputs ..................................... x x x 53 " 5417403 Quad 2-lnput NAND Gate with Open 9 Collector Outputs ..................................... x x x 55 
54/7410 Triple 3-lnput NAND Gate .............................. . x x x x 58 
54/7412 Triple 3-lnput NAND Gate with Open 

Collector Outputs ..................................... x 59 
5417420 Dual 4-lnput NAND Gate ................................. x x x x 63 
5417422 Dual 4-lnput NAND Gate with Open 

Collector Outputs ..................................... x x x 64 
5417426 Quad 2-lnput NAND Gate with Open 

Collector Outputs ..................................... x x 64 
54/7430 8-1 nput NAND Gate ...................................... x x x 66 
54174133 13-lnput NAND Gate ..................................... x 132 
54/74134 12-lnput NAND Gate ..................................... x 133 

GATES-NOR 

54/7402 Quad 2-lnput NOR Gate ................................. x x x 54 
5417427 Triple 3-lnput NOR Gate ................................. x x 65 
54/74135 Quad Exclusive-OR/NOR Gate ........................... x 133 
54174260 Dual 5-lnput NOR Gate ............................ , ..... x x 217 
54174266 Quad 2-lnput Exclusive-NOR Gate with 

Open Collector Outputs ................................ x 270 

GATES-AND 

5417408 Quad 2-lnput AND Gate ................................. x x x x 57 
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74122 Retriggerable Monostable Multivibrator with Clear ......... x 128 
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Schmitt Trigger Inputs •................................ x x 210 
9601 Retriggerable Monostable Multivibrator ................... 237 
9602 Dual Retriggerable Resettable Monostable Multivibrator ... 238 

REGISTERS 

5417491 8-Bit Shift Register ...................................... x 102 
5417494 4-Bit Shift Register ...................................... x 105 
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5417496 5-Bit Shift Register ............................ , ......... x x 108 
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54/74166 8-Bit Shift Register ...................................... x 167 
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with 3-State Outputs ................................... x 227 
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9300 4-Bit Shift Register ...................................... 232 
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GENERAL DESCRIPTION 
ABSOLUTE MAXIMUM RATINGS (Over operating free-air temper­
ature range unless otherwise noted) 

Supply Voltage VCC (See Note 1) 
Input Voltage Vin (See Note 1) 
Interemitter Voltage (See Note 2) 
Resistor Node Voltage. 54121. 74121 

(See Note 1) 
Operating Free-Air Temperature Range: 

Series 54 Circuits 
Series 74 Circuits 

Storage Temperature Range 
NOTES: 

7V 
5.5V 
5.5V 

-5.5V to 7V 

-55°C to 125°C 
O°C to 70°C 

-65°C to 150°C 

1. Voltage values, except interemitter voltage. afe with respect to network ground terminal. 
2. This is the voltage between two emitters of a multiple-emitter transistor. 
3. Output sink current tests 1 output at a time. 

Series 54174 Logic Family 
The 54174XX logic family is medium speed TTL. and high speed 
TTL integrated circuits. The family includes a multiple number of 
functions in a variety of packages. The 54XX devices are character­
ized for the full military temperature range of _55°C to + 125°C. The 
74XX devices are characterized for the limited temperature range of 
O°C to +70°C. 

INPUT CLAMPING DIODES 
Although not shown on all schematic diagrams. all of these SSI cir­
cuits incorporate input diodes. Each clamping diode is capable of 
limiting negative excursions at the input to a maximum of 1.5 volts 
below ground. even if -12mA of current is drawn. 

DESIGN CONSIDERATIONS 
Logic Definition 
Series 54/74 logic is defined in terms of standard POSITIVE LOGIC 
using the following definitions: 
LOW VOLTAGE ~ LOGICAL "0" 
HIGH VOLTAGE ~ LOGICAL "1" 

Unused Inputs 
For optimum switching times and minimum noise susceptibility 
unused inputs should be maintained at a positive voltage greater 
than 2.4V but not to exceed the absolute maximum rating of 5.5V. 
This eliminates the distributed. capacitance associated with the 
floating-input-transitor emitter. bond wire. and package load. and 
ensures that no degradation will occur in the propagation delay 
times. Some possible ways of handling input emitters are: 
a. Connect unused inputs to a supply voltage. Preferably. this volt­

age should be between 2.4V and 5.5V. 
b. Connect unused inputs to a used input if maximum fanout of the 

driving output will not be exceeded. Each input presents a full 
load in the logical "1" state to the driving output. 

Input-Current Requirements 
Input-current requirements reflect worse-case VCC and tempera­
ture condition. Currents into the input terminals are specified as 
positive values. 

54174 Logic 
Each input of the multiple-emitter input transistor that utilizes a 
4K!l resistor requires no more than -1.6 mA flow out of the input at 
a logical "0" voltage level; therefore. one load (N~ 1) for 54174 logic 
is -1.6 mA maximum. Each input requires current into the input at a 
logical "1" voltage level. This current is 40l'A maximum for each 
emitter input. 

Fanout Capability 
Fanout reflects the ability of an output to sink current from a num­
ber of loads (N) at a logical "0" voltage level and to supply current 
at a logical "1" voltage level. Each standard 54174 output is capa-

ble of sinking current or supplying current to 10 loads (N ~ 10.) The 
buffer gate (54/7440) is capable of sinking current or supplying cur­
rent to 30 loads (N ~ 30). 

ELECTRICAL CHARACTERISTICS 
These are guaranteed over the applicable operating free-air tem­
perature range. unless otherwise noted. as shown in Section 2 of 
the handbook. 

NOTE 
Any product available in an A or S package can also be supplied in 
the F cerdip package. 

"A" 
"S" 
'IF" 

TEMPERATURE RANGE· 

S54 ~ -55°C to + 125°C (Military Range) 

N74 ~ O°C to +70°C (Industrial Range) 

40 

PART IDENTIFICATION 

Must contain two to four characters. 

Examples: 
00 
H20 
107 

w 

PACKAGE· 

14-pin dual In-line silicone package (TO-116) 

16-pin dual in-line silicone package 

14-16 pin cerdip 

"N" 24-lead dual in-line silicone package 

"Q" 24-pin ceramic flat-pak 

"W" 14-16 pin flat cerpac 

"F" 24-pin ceramic dual in-line package 

• Availability of a circuit device In a particular package and temperature range Is 
Indicated on the appropriate device. Electrical Characteristics Data Sheet Is shown 
In Section 2 of this handbook. 

Manufacturer reserves the right II) make design and process changes and improve­
ments. 
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INTRODUCTION TO SIGNETICS LS 
FEATURES OF LOW POWER SCHOTTKY TTL 
Low Power, High Speed Operation 
• 7ns typical gate propagation delay time (avg.) 
• 2mw per gate power dissipation at 50% duty cycle -

speed-power product ~ 19 picojoules typo 
• 45 MHz typical J-K Flip-Flop maximum clock frequency (D.C. 

coupled) 

54174 TTL performance at one fifth the power makes it pos­
sible to reduce size and cost of power supplies and eliminate 
cooling fans in 7400 type system designs. Manufacturing costs 
can be reduced by up to $.10 per package by using Signet­
ics Low Power Schottky in place of 54/74. The speed-power 
characteristics of Low Power Schottky are also such that 
many systems previously designed with a combination of 
54174 and 54L/74L can be immediately upgraded with 
54LS/74LS resulting in little or no increase in power and 
possible reduction in component cost. 

Fully Compatible with Other TTL Families 
• Fan out of 5 7400 (2.5 5400) inputs or 4 74S174H 

(2 54S/54H) loads. 
• Low input current (.36 mA max) zero level input current. 
• Pin, function speed compatible with 54174. 

Low Power Schottky has sufficient drive capability to interface 
with other TTL families in most applications without the need 
for buffer circuits. Thus it is possible to upgrade designs to 
Low Power Schottky as functions become available, using 
5400/7400 functtions where 54LS/74LS functions aren't yet 
available. The low input currents of Low Power Schottky 
make it an ideal interface between TTL compatible MOS de­
vices and other systems. 
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The high output current capability of 54LS/74LS Low Power 
Schottky enables it to drive a wide range of capacitive loads 
with minimum affect on device performance. This low imped­
ance output characteristic also enables Low Power Schottky 
to drive reasonably long lines (up to 36 inches) without the 
need for terminated, controlled impedance lines. 

ADVANTAGES OF LOW POWER SCHOTTKY 
Circuit Density 
74LS is fabricated using a thin epitaxial process to reduce 
parasitic capacitance. Low internal currents permit design of 
transistor geometries and metal widths to be the smallest al­
lowable using state of the art mask and fabrication 
techniques. Further circuit density improvements are made by 

the use of ion implanted resistors. Greater than five times 
reduction in resistor geometries is made possible by this 
technique. A comparison of 5400/7400 geometries versus 
54LS/74LS geometries is shown in Figure 2. These techniques 
result in Low Power Schottky die areas being 60 to 75 per­
cent the area of the equivalent 5400/7400 function. For 
example, the die size of the 54LS/74LS181 4-bit ALU is: 

72 mils by 84 mils or 6048 square mils versus 90 mils by 92 
mils, or 8280 square mils for the 54181/74181, or 75 percent 
of the area. 

Future Trends 
High circuit density, high speed and low power make Signet­
ics Low Power Schottky a natural choice for high 
performance bipolar LSI designs such as microprocessors and 
large custom logic blocks. An example of an LSI product that 
has been developed by Signetics is a custom logic chip con­
taining 270 equivalent logic gates on a 140x160 mil chip 
containing 1,590 components. This design resulted in a 40% 
improvement in performance, 80% reduction in power and 2:1 
reduction in manufacturing cost. (see Table 1) 

Table 1 
COMPARISON OF TTL LSI VS. STANDARD TTL 

LSI STD 

Packages 
Equivalent Gates 
Power Dissipation 
Power/Gate 
Speed 

Thermal Considerations 

1 
270 

.65 watts 
2.4 mW typo 
7ns/gate typo 

26 
270 

2.7 watts 
10.0 mW typo 

12ns /gate typo 

TTL technology has now reached the level where maximum 
circuit complexity is often limited by package power capabili­
ties. When standard TTL circuit designs are done with Low 
Power Schottky, circuit complexities can increase by a factor 
of five greater than standard designs without exceeding pack­
age power limitations as shown by Table 2. 

Low Power Schottky's reduced power can also have a signifi­
cant impact on component reliability in a system. For 
example, if we compare the reliability of a typical MSI func­
tion in a system with an operating ambient temperature of 
55°C a four times improvement in component failure rate can 
result from the lower junction temperature of a Low Power 
Schottky function versus a standard 540017400 function. The 
Table 3 below and Figure 3 show a specific example of this 
improvement. 

DEVICE SIZE COMPARISON 

OUTPUT TRANSISTOR 

OUTPUT TRANSISTOR 

'~l OIl 
a 4. 

F ..... 2 
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Table 2 FAILURE RATE ACCELERATION FACTOR VS TEMPERATURE 

150°C 

Military Commercial 

Maximum junction 
temperature 175°C 150°C 

Maximum ambient 

f.----I----
125°C <::::::: ~ .--- ...---
1000(; / 

temperature 125°C 70°C 
Allowable thermal rise / 

sTANTRonL 

ambient to junction 50°C SO°C 
Maximum allowable 330 mw plastic 1 500 mw plastic 1 

power dissipation 500 mw Cerdip2 SOO mw Cerdip2 
Maximum numbers 

75°C 

500C 
low POWER SCHOnKY LL 

1/ 
of 5400 gates 33 plastic 50 plastic 25°C 

1 10 20 30 40 50 60 70 so 90 

(at 10 mw/gate) 50 Cerdip 
Maximum number 

SO Cerdip 
F I~Ufe 3 

of 54LS gates 165 plastic 250 plastic COST REDUCTION 
(at 2 mw/gate) 250 Cerdip 400 Cerdip 

10 ja for plastic = 160" C/watt (16 pin) 20 ja for Cerdip = 100" C/watt (16 pin) 

In comparing the cost of designing a system with a particular logic 
family, the project engineer should compare the total cost including 
reductions in manufacturing cost which may offset higher prices of 
a particular family. With low power logic, the cost savings asso­
ciated with smaller, lower cost power supplies can be significant. As 

Device Power 
Thermal impedance 
Thermal rise 
Junction temperature 
Reliability factor' 

Table 3 
Standard 54174 

250mW 
150°C/watt 

40°C 
95°C 
22.5 

Failure rate at operating junction temperature 
• The reliability factor = 

Failure rate at 25 0 C junction temperature 

DEVICE 

Quad NAND Gate 
Dual D Flip-Flop 
Presettable Counter 

54174LS 

50mW 

QUANTITY 

200 
150 
150 

an example, a comparison will be made for the same system, using 
54174 logic, 54174LS logic, CMOS logic and 54174L. For purposes 
of comparison, a controller will be used. It consists of 500 pack­
ages, 200 quad NAND gates, 150 dual type D flip-flops and 150 
presettable decade counters. It will be assumed that half of the sys-
tem will operate at 200 kHz and half at 1 MHz. The CMOS system 
will operate at VDD ~ 10 Volts with 15 pf. capacitance on each out­
put. The part types used are shown in table 4. 

Table 4 
54174LS TYPE 

54174LSOO 
54/74LS74 
54/74LS196 

Table 5 

STD TYPE 

54/7400 
5417474 
S2S0 

CMOS TYPE 

4011 
4013 
401S 

DEVICE POWER REQUIREMENTS - Per Package (mW) 
54174LS STD TTL CMOS 54174L 

Quad NAND Gate SmW 40mW Static-.05/lWatt 4mW 
200kHz-2.4mW 

1MHz-10mW 

Dual D Flip-Flop 20mW S5mW Static-.2/lWatt 10mW 
200kHz-1.2mW 

1MHz-4mW 

Presettable Counter 60mW 1S5mW Static-10/lWatts 30mW 
200kHz-1.2mW 

1MHz-7mW 
Table 6 

SYSTEM POWER CONSUMPTION 
54174LS STD TTL CMOS 54174L 

Gates Static 1.6watts Swatts .01mW .Swatts 
Dynamic 1.6watts Swatts 1.3watts .Swatts 

Flip-Flops Static 3watts 12.Swatts .03mW 1.5watts 

Dynamic 3watts 12.Swatts .4watts 1.5watts 

Counters Static 3watts 27.Swatts 1.5watts 4.5watts 

Dynamic 9watts 27.Swatts .4watts 4.5watts 

Total Static 13.6watts 4S.6watts 1.5mW 6.Swatts 

Dynamic 13.6watts 4S.6watts 2. 1 watts 6.Swatts 

Cost of Power Static $13.60 $4S.60 0 $6.S0 

Dynamic $13.60 $4S.60 $2.10 $6.S0 

Cost of Power 
Per Package $.027 $.097 $.004 $.014 

• Assume Power Costs $1.00 Per Watt 
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Although standard TTL is the lowest priced logic available today, 
and probably will be for some time to come, Signetics Low Power 
Schottky is the most cost effective form of logic to design your sys­
tem with. Low Power Schottky prices are rapidly approaching 7400 
as shown by Figure 4. Over the production life of your system, Low 
Power Schottky will result in the lowest overall manufacturing cost. 
If you are presently using low power TTL in your design you can 
affect an immediate cost reduction by replacing it with Low Power 
Schottky. Similarly, before designing a system with CMOS for low­
est power supply costs, compare prices with Low Power Schottky. 
The difference in price may well offset the power supply savings. 
You also don't have the easy upgradability with CMOS. 

RELATIVE PROJECTED PRICES OF 1400, 74S,14lS, AND 74l 

PROJECTED RELATIVE PRICES TO 7400 
END 

7400 745 74LS 74L OF 
1973 1.0 2.0 2.0 2.0 
1974 1.0 1.5 1.4 1.' 

2 3 1975 1.0 1.3 1.2 1.5 
0 1976 1.0 1.3 1.1 1.5 

1977 1.0 1.3 1.1 1.5 

~ 
1978 1.0 1.3 1.1 1.5 

t 74L 

745 

0 

~ 4~ ~ 
0 ---~ 1 

1973 1974 1975 1916 1977 1978 

YEAR 

UPGRADING A SYSTEM TO LOW POWER SCHOTTKY 
To verify that 54/74LS can be plugged directly into a 54174 system 
design, an experiment was conducted using an actual operating 
system. The system used for the experiment was a communica­
tions adapter that is designed to plug into a mini-computer frame. 
The board contains 103 TTL packages of which two thirds were 
MSI. All of the 7400 gates and flip-flops were replaced with equiva­
lent 74LS types. System operation was not affected by the use of 
74LS in place of 7400 in these sockets. In fact, in addition to the 
five to one reduction in power requirements for the devices re­
placed, the system power supply noise was reduced 25% from SO 
millivolts to 60 millivolts as shown by Figure 5. 

SYSTEM Vee NOISE 

O.lusec/dlv O.1usec/d,v 

STANDARD TTL lS IN PLACE 

Figure 5 

Based on results from this experiment and the characteristic data 
shown in the section on electrical characteristics, it is concluded 
that by observing a few simple guidelines, any system can be easily 
upgraded from 7400 to 74LS resulting in significant reduction in 
power consumption, system cooling requirements, and improved 
component reliability in the system. 

DESIGN RULES FOR UPGRADING 
54174 SYSTEM TO 54174LS 
1. Check fan out requirements at each output node where a 

54/74LS device may have to drive a 54/7400 device. Do not 
exceed 5 7400 loads or 2.5 5400 loads. 

2. Check system set up and hold times for sequential functions to 
assure that data is available at the correct time for Low Power 
Schottky functions. These specifications are sometimes slightly 
different for 54/74LS types than they are for the corresponding 
54174 type. 

3. Use standard 54/74 where it is necessary to drive heavy capaci-
tive loads greater than 100pf-150pf. 

Three benefits can be derived from the ability to upgrade 
5400/7400 designs to 5417 4LS. 

1. The ability to immediately eliminate thermal heating problems in 
systems where it has been necessary to put a lot of logic in a 
small package such as terminals, point of sale systems, etc. A 
substantial reduction in heat generation can be affected by sim­
ply plugging in 54174LS. 

2. Reduced power supply cost. 

3. Upgrade system capability by adding plug in logic boards with-
out having to redesign the power supply. 

DESIGN RULES FOR UPGRADING 
54174L SYSTEM TO 54174LS 
1. Check power supply capability. 54/74LS SSI functions consume 

approximately twice the power of 54/74LS SSI. However, a 
great many systems are a mix of 54/74L and standard 54174. In 
these systems total power can often be reduced by replacing 
both the standard 54/74 and the 54L174L with 5417 4LS. 

2. Check loading rules. The loading rules for 54/74L are almost 
identical to 54/74LS (See Tables S & 9). Generally, the only 
areas of concern are inputs from non-TTL elements such as lin­
ear devices, MOS, memories, CMOS or other devices with 
limited drive capability. 

3. Check system timing. 54/74LS logic is much faster than 5417 4L. 
Therefore, the designer should verify that no race conditions will 
be created which could affect system operation. 

BENEFITS FROM REPLACING 
54174L WITH 54174LS 
1. Cost reduction _. 5417 4LS is less expensive than 5417 4L. The 

cost difference will become even more significant in the future. 
(See Figure 4). 

2. Availability - 54/74L is an obsolete logic family. Future avail­
ability of these devices could be a problem as IC manufacturers 
phase out production. 

3. Inventory - By placing both 54/74 and 54/74L with 54174LS, 
the total number of different devices to be tested and stored 
can be reduced. 

CIRCUIT DESIGN 
The standard gate circuit for the Signetics 54/74LSOO is shown in 
Figure 6. The threshold level is set at 1.5V at 25° C by the three 
base emitter diodes up from ground minus the input diode. This 
threshold provides a zero level noise immunity of 1.5-0.3 ~ 1.2V 
at 25°C by substracting the low output level of the driving gate. At 
125°C the noise immunity becomes 1.05-0.20 ~ .S5V which is the 
worst case zero level. The worst case "one" level noise immunity is 
VOH-VTHRESH or 2.S0-1.70 ~ 1.10V at -55°C. This circuit al­
lows the guarantee of O.SV for low level input voltage over the 
- 55° to + 125°C temperature range including open collector in­
verters specified at 100 micro amps high level output current. The 
combination of high threshold and fast turn-on speed is achieved 
with "kicker" transistor 02 which supplies an initial current surge 
during turn-on. D3 also helps turn-on by supplying a quick dis-
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charge path of the lOS transistor Q6. The active pull down circuit 
consisting of Q4, R6, and R7, provides a good Yin vs Vout charac­
teristic lor best noise immunity. The lOS resistor R3 is low at 120 
ohms. The lOS current is typically 30m;' which makes it near the 
capability of standard 7400 in charging highly capacitive bus lines. 
The base drive to the output transistor Q5 is at least 0.3mA. With a 
typical beta of 40 the output sink current will generally be more 
than 12 mA through a collector resistance of 20 ohm. 

D.C. CHARACTERISTICS 
Low Power Schottky has basically the same input and output volt­
age levels as standard TTL. Input current requirements are reduced 
to -0.36mA for logic "0" state and 20!La for logic "1" state. Out­
put currents are also reduced to 4mA/8mA for 54/74LS in logic "0" 
state and -400!LA for logic "1" state. Table 7 shows the d.c. char­
acteristics for both 54/74LS and 54174. 

R, 
22K 

SIGNETICS 54174lS 

Table 7 
PARAMETER 54LS 

VIH High level input 2 (min) 
voltage 

VIL Low level input 0.8 (max) 
voltage 

VOH High level output 2.5 (min) 
voltage 

VOL Low level output 0.4 (max) 
voltage 

IIH High level input 20 (max) 
current 

IlL Low level input -0.36 (max) 
current 

10H High level output -400 (min) 
current 

10L Low level output 4 (min) 
current 

50V 
Vee 5 5V • 1~~~ 5 5V + 12!iC 

4,5V 

\ 11\,55V 
55C 

40V Vee 4 5V + l2Se 

Vee 4,5V 

• 25C) JV'"5ii\ 35V 

\ ~~ 3.0V 

0 
0 
> 

/\ \ \ \ 
\ 

I 
W 1.2V 14V 1,6V X," 

V" 
F,gu'€7 

DC NOISE MARGIN 

74LS 54 74 UNIT 

2 (min) 2 (min) 2 (min) V 

0.8 (max) 0.8 (max) 0.8 (max) V 

2.7 (min) 2.4 (min) 2.4 (min) V 

0.5 (max) 0.4 (max) 0.4 (max) V 

20 (max) 40 (max) 40 (max) !LA 

-0.36 (max) -1.6 (max) -1.6 (max) mA 

-400 (min) -400 (min) -400 (min) !LA 

8 (min) 16 (min) 16 (min) mA 

Table 8 D.C. NOISE MARGIN (VOLTS) 
54 74 54LS 

Logic "1" 
Logic "0" 

0.4 
0.4 

0.4 
0.4 

"74LS NOISE MARGIN IS O.4V at 4ma out (11 loads) 

0.7 
0.4 

74LS 

0.5 
'0.3 

UNUSED INPUTS OF POSITIVE AND/NAND GATES 
For optimum switching times and minimum noise susceptibility, 
unused inputs of AND or NAND gates should be maintained at a 
voltage greater than 2. 7V. but not exceed the absolute maximum 
rating of 5.5V. This eliminates the distributed capacitance asso­
ciated with the floating input, bond wire, and package lead, and 
ensures that no degradation will occur in the propagation delay 
times. 

Possible ways of handling unused inputs are: 

1. Connect unused inputs to an independent supply voltage. Pre­
ferably this voltage should be between 2.7V and 3.5V. 

2. Connect unused inputs to a used input if maximum fan-out of 
the driving output will not be exceeded. Each additional input 
presents a full load to the driving output at a high level voltage 
but adds no loading at a low level voltage. 

54/74LS devices have slightly higher minimum logic "1" output 
voltage while maintaining the same maximum logic "1" input volt­
age, therefore noise margin for 5417 4LS in the logic "1" state is 
improved over that of 54/74. Noise margin in logic "0" state re­
mains the same except for 74LS devices, which have a maximum of 
0.5V output, instead of O.4V, thus have a reduction of 100mv in 

3. Connect unused inputs to VCC through a 1K ohm resistor so 
that if a transient which exceeds the 5.5V maximum rating 
should occur. the impedance will be high enough to protect the 
input. One to 25 unused inputs may be connected to each 1 K 
ohm resistor. 

4. Connect unused inputs to the output of an inverter that has its 
input grounded. 

logic "0" state. Table 8 shows the noise margin for both families. 5. Inputs with a maximum rating of 7V may be tied directly to VCC. 
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A.C. CHARACTERISTICS 
Fig. 10 to 14 illustrate the propagation delays, rise and fall times, 
and AC over temperature. The LS devices display similar transfer 
characteristics as standard TTL and meet all the worst case condi­
tions. Propagtion delays are similar on turn off and faster on turn 
on. Edge speed is generally slower in LS than standard, thus cre­
ates less cross-talk, VCC noise, etc. 
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DESIGN GUIDELINES 
Fanout Capabilities 

7. 
74LS 

125 145 

Low Power Schottky has high fan-out capabilities both in the logic 
"0" and logic "1" state. Within the family Low Power Schottky can 
fan-out to 22 in logic "0" state and 20 in logic "1" state. 

Fan-out capability is calculated by dividing the output current of the 
driving gate by the input current of the driven gate. For example, if 
a 74 gate is driving another 74 gate, the fan-out capability would 
be: 

F.O. ~ 400l'a ~ 10 for logic and F.O. ~ 16ma ~ 10 for logic 
40l'a "1" state 1.6nia "0" state 

Referring to Table 7 for current requirements, we can calculate the 
fan-out for 54/74LS and 54/74 families. Tables 9 and 10 show the 
fan-out capabilities between these two families. 

74 

74L 

74LS 

TABLE 9 
FANOUT (0°_70°C) LOGIC 1/LOGIC 0 

DRIVING GATES 

74 74L 

10/10 512 

40/89 20/20 

20/44 10/10 

DRIVEN GATES 

74LS 

10/5 

40/44 

20/22 

TABLE 10 
FANOUT ( - 55°C TO + 125°C) LOGIC lILOGIC 0 

DRIVING GATES 

54 54L 54LS 

54 10/10 211 10/2 
54L 40/89 10/11 40/22 

54LS 20/44 515 20/11 

DRIVEN GATES 

81-----·{>-O·--SS---~_I>D_____8 

RL 

i eL ~ 
~ 

~ 

LOAD 

RL =400 n FOR 7400 

Rl =2Kn FOR 74l S 

LINE DRIVING AND RECEIVING 
The Low Power Schottky displays similar line driving and receiving 
capability as the standard TTL logic. Low Power Schottky is slightly 
more sensitive to the transmission line effect when driving longer 
lines due to the low output impedance of the circuit. Figures 15 
through 22 show the driving and receiving capability of the LS and 
standard TTL over 12 and 36 inch lines. Even though the LS is 
more sensitive to transmission line effects, the point to be no'ed is 
that the LS output of the receiver display has a much cleaner wave­
form than the standard logic. The ringing effect of the standard 
logic is almost negligible in the LS. Test configuration is shown as 
follows with Vee ~ 5.0V, T A ~ 25°e, and eL ~ 15pf. 
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Horiz.=lOnl/t1iv. 

Input Pl.ltIII·Negetiw Going 
Totll ProJXlPlion De4ay'"l4nt+LineOeWy 

Ff!lu,~ 16 

Vert.=1V/djv. 
Horiz.=lOnl/div. 

Input Pl.llw·Positi .... Going 
Totll Propagation o.lIy=l5m+Llne DillY 

fIllU,.n 

74LS04B 

74LS04D 

ImnOlill 7 

o -" 9 
----



74C14.Lene Driving and Receiveng-36In<;h Line 

",-rr,,-rT>, ,~-rrT,-rr" 

7404A 

iY 

7404C 

Vert"tV/dev. 
Horil.=lOnt./dev 

Input Pulse-Negative Going 
Total Propagation Delay=lS.Sns+line Delay 

F'9u re18 

___ VTH __ _ 

Vert.-1V/div. 
Honz."lOnt./dev 

Input Pulse-PO\ltlVe Gomg 
Total Propagation Delay=15ns+lme Delay 

F'9ure19 

7404 Line Driving and Receiving·12 Inch Line 

74048 

, 
i I 

\I '-i. 
I 

rr~-'T>-'~' r~-'rT,-rr" 

74C14E 

Vert.=lV/div 
HOtiz.=1001/div. 

Input Pulse-Negative Going 
Total Propagation Delay from A to D-13_5ns+Line Delay 

Vert.-lV/div 
Horiz.=10n5/div. 

Input PuLse-Positive Going 
Total Propagation Delay from A to 0-12.5ns Line Oel~y 

POWER SUPPLY CONSIDERATIONS 
Decoupling 

/ 

7404H 

Current spiking and Vee noise are generated internally within the 
circuits due to overlap in conduction of the upper and lower transis­
tors in the totem pole outputs, the difference in IccH and Iccl and 
the changing of load capacitances. The power supply decoupling 
rules for standard TTL apply to low Power Schottky also, i.e. 
O.Olufd per synchronously driven gate and at least 0.1ufd per 20 
gates regardless of synchronization. 

\ 

74lSCI4E 

7.-4LS04G 

74lS04 

r--

74LSCI4-line Driving and Receiving-12 Inch line 

Vert.=lV/div. 
Ho(iz.~10ns/div. 

Input Pulse-Negative Going 
Total Propagation Delay=13ns+line Delay 

Vert.=lV/div. 
Horiz.~10m/div. 

Input Pulfll·Positive Going 
Total Propagation Delay=l3nS+Line Delay 

F'9 u"n 

Vee 

74LS04F 

f-

74LS04H 

Output 
Output l=1:::Ir-,=l-t-f-+--t!""'"=" 

CL" 25pl Vee - O.sV/diY. Output" 1.0Vld1Y 

F'9U f .24 

.-1-FF , , 

Output 

Output 

I 
CL = 15pf Output" ,_ov/dIY. Icc = 4maldiv. 

F,gure25 

Figure 24 to 29 display the current spikes and Vee noise generated 
by a 7404 and 74lS04 with two different capacitive load'mg @ Vee 
~ 5.0V and TA ~ 25°C. In both cases, the lS device generates less 
Vee noise and smaller current spikes for 25 pl. and 50 pf. capaci­
tive loading. This is because low Power Schottky generally 
switches approximately 25% 01 the current as a standard TTL 
WOUld, thus less current spiking and less Vee noise generated. 

8 SmnOliCS 



74LS04 

I 

74LS04 

7404 

Output 

Qu'p," 

CL "'25pf Output'" 1,OV/div. Icc = 2ma/dlv. t-2Onsld,v. 

F'9ure26 

Output l:::±::::Ihi=l--+--f-+-f1Ii:±:::I 

CL ~ 50pf Output :.1.0V/div. Vee" O.5V/div 

F,gur~ 21, 

7404 

CL ~ 50pf Output" 1.0Vdiv. Icc ~ 4maid;v t., 2Ons/div. 

Figu,e28 

Output I-t-+++-V-t-t-I-H--+ 

OutpUt 

I~ 

CL .. 50pf Output .. 1.0V/div. Icc'" 2ma/diy. t'" 20ns/div 

F'gure29 

30 

20 

0 

0 

: 

. 
: 

POWER VS FREQUENCY 

,..--- .J.!. 

~ 

/ 
V 

/ 
~ 
~ 

10 

-r--

"~ -. 

30 

FREOUENCY-mHz 

.. 

40 

I-- OUT1>lT@ncr 

t:::::::" 

14LS 

---r--

::: t::::: ou::r II 'T" -
~~ ,~ 

F'gure31 

ON-BOARD REGULATION 

50 

vee os.s'" 

r--

r--t--

In most digital systems, there is a large current requirement, and 
the current supplied usually comes from a main supply" TTL logic 
tends to generate current spikes during switching due to the over­
lap in conduction of both upper and lower transisters, thus creating 
VCC noise" An on-board voltage regulator could be used not only 
to regulate the power supplied to the circuits on-board. but also 
would isolate the noise otherwise propagated to the rest of the sys­
tem" Systems designed using this technique would not need tight 
regulation on the main power supply" 

Most voltage regulator circuits can supply up to 1 Amp of current 
For systems with large boards (150 or more IC's). two or three reg­
ulator circuits might be needed to supply enough current to 
standard TTL logic" However. for Low Power Schottky systems, one 
regulator per board should be sufficient This represents approxi­
mately 1 cent per package of Low Power Schottky vs 5 cents per 
package for standard TTL for large boards. 

Ii!!lDDliCIi 9 
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54174 ELECTRICAL CHARACTERISTICS (See Notes - Page 50) 

INPUT VOLTAGE OUTPUT VOLTAGE INPUT CURRENT 

VIL (V) VIH (V) VIC (V) VOL (V) VOH (V) IlL (mA) 
PARAMETER LOW LEVEL HIGH LEVEL CLAMP VOLTAGE LOW LEVEL HIGH LEVEL LOW LEVEL 

VCC=MIN 
VIN= . 

IOL=16mA VCC=MIN 
TEST VCC=MIN VOL = O.4V VIN= . VCC=MAX 

CONDITIONS VCC=MIN VCC=MIN 11=-12 mA IOH=-400" A VIN=O.4V 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

54/7400 
54 

O.S 2 -1.5 0.22 0.4 2.4 3.3 -1.6 
74 

54/7401 
54 

O.S 2 -1.5 0.4 -1.6 
74 

54/7402 
54 

O.S 2 -1.5 0.22 0.4 2.4 3.3 -1.6 
74 

54/7403 
54 

O.S 2 -1.5 0.4 -1.6 
74 

54/7404 
54 O.S 2 -1.5 0.22 0.4 2.4 3.3 -1.6 
74 

54/7405 
54 

O.S 2 -1.5 0.4 -1.6 
74 

IOL =30mA(54) 
IOL =40mA(74) 

54/7406 
54 

O.S 2 -1.5 
0.4 

-1.6 
74 0.7 

IOL =30mA(54) 
IOL =40mA(74) 

54/7407 
54 

O.S 2 -1.5 
0.4 

-1.6 
74 0.7 

IOH=-SOO"A 

54/740S 
54 

O.S 2 -1.5 0.22 0.4 2.4 3.3 -1.6 74 

5417409 
54 

O.S 2 -1.5 0.4 -1.6 74 

5417410 
54 

O.S 2 -1.5 0.22 0.4 2.4 3.3 -1.6 74 

IOH=-SOO"A 

54/7411 
54 

O.S 2 -1.5 0.22 0.4 2.4 3.3 -1.6 
74 

IOH=-SOOIlA 

54/7413 
54 

-1.5 0.22 0.4 2.4 3.3 -1 -1.6 
74 

See Data Sheet 

I 
IOH=-SOO"A 

54/7414 
54 -1.5 0.22 0.4 2.4 3.3 -O.S -1.2 
74 

See Data Sheet 

'1Q 9(gDOliC9 



INPUT CURRENT POWER SUPPLY CURRENT 

IIH (,uA) II (mA) lOS (mA) ICCL (mA) ICCH (mA) 10H (,uA) 
PARAMETER HIGH LEVEL INPUT CURRENT SHORT CIRCUIT lOW LEVEL HIGH LEVEL REVERSE 

VCC~MIN 
TEST VCC~MAX VCC~MAX VCC~MAX VCC~MAX VIN~* 

CONDITIONS VIN=2.4V VIN=5.5V VCC=MAX VIN~5V VIN=OV VOH=5.5V 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

54/7400 
54 40 1 

-20 -55 
12 22 4 8 

74 -18 -55 

54/7401 
54 

40 1 12 22 4 8 250 
74 

54/7402 
54 

40 1 
-20 -55 

14 27 8 16 
74 -18 -55 

64/7403 
54 

40 1 12 22 4 8 250 
74 

54/7404 
54 40 1 

-20 -55 
18 33 6 12 

74 -18 -55 

54/7405 
54 

40 1 18 33 6 12 250 
74 o -VOH=30V " 54/7406 
54 

40 1 27 38 30 42 250 
74 9 

VI~OV VI=5V VOH=30V 

54/7407 
54 

40 1 21 30 29 41 250 
74 

: 
VIN=OV VIN=5V -

54/7408 
54 

40 1 
-20 -55 

18 26 10 15 
74 -18 -55 

VI=OV VI=5V 

54/7409 
54 

40 1 18 26 10 15 250 
74 

54/7410 
54 

40 1 
-20 -55 

9 16.5 3 6 
74 -18 -55 

VIN~OV VIN=5V 

54/7411 
54 

40 1 
-20 -55 

13.5 20 7.5 12 
74 -18 -55 

54/7413 
54 

40 1 -18 -55 20 32 14 23 
74 

VIN=4.5V 

54/7414 
54 

40 1 -18 -55 39 60 22.2 36 
74 

SmOOllCII 11 



54174 ELECTRICAL CHARACTERISTICS (See Notes - Page 50) 

INPUT VOLTAGE OUTPUT VOLTAGE INPUT CURRENT 

VIL (V) VIH (V) VIC (V) VOL (V) VOH (V) IlL (mA) 
PARAMETER LOW LEVEL HIGH LEVEL CLAMP VOLTAGE LOW LEVEL HIGH LEVEL LOW LEVEL 

VCC=MIN 
VIN= . 

IOL=16mA 
VCC=MIN VOL = D.4V 

TEST VCC=MIN VIN= . VCC=MAX 
CONDITIONS VCC=MIN VCC=MIN 11=-12mA IOH=-400I'A VIN=O.4V 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

IOL =30mA(54) 
IOL =40mA(74) 

54/7416 
54 

0.8 2 -1.5 0.4 -1.6 
74 0.7 

IOL =30mA(54) 
IOL =40mA(74) 

54/7417 
54 

0.8 2 -1.5 
0.4 

-1.6 
74 0.7 

54/7420 
54 

0.8 2 -1.5 0.22 0.4 2.4 3.3 -1.6 
74 

IOH=-8OOIlA 

5417421 
54 0.8 2 -1.5 0.22 0.4 2.4 3.3 -1.6 
74 

54/7426 
54 

0.8 2 -1.5 0.4 -1.6 
74 

IOH=-8OOIlA 

54/7427 
54 0.8 2 -1.5 0.22 0.4 2.4 3.3 -1.6 
74 

IOL=48mA IOH=-2.4mA 

54/7428 
54 0.8 2 -1.5 0.26 0.4 2.4 3.3 -1.6 
74 

5417430 
54 

0.8 2 -1.5 0.22 0.4 2.4 3.3 -1.6 
74 

IOH=-8OOIlA 

54/7432 
S4 

0.8 2 -1.5 0.22 0.4 2.4 3.3 -1.6 
74 

IOL=48mA 

54/7433 
54 

0.8 2 -1.5 0.4 -1.6 
74 

IOL=48mA IOH=-1.2mA 

54/7437 
54 

0.8 2 -1.5 0.22 0.4 2.4 3.3 -1.6 
74 

IOL=48mA 

54/7438 54 0.8 2 -1.5 0.22 0.4 -1.6 
74 

IOL=48mA 

54/7439 
54 0.8 2 -1.5 0.22 0.4 -1.6 
74 
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INPUT CURRENT POWER SUPPLY CURRENT 

IIH (/LA) II (rnA) lOS (rnA) ICCL (rnA) ICCH (rnA) IOH (/LA) 
PARAMETER HIGH LEVEL INPUT CURRENT SHORT CIRCUIT LOW LEVEL HIGH LEVEL REVERSE 

VCC~MIN 
TEST VCC~MAX VCC~MAX VCC~MAX VCC~MAX VIN~' 

CONDtnONS VIN~2.4V VIN~5.5V VCC~MAX VIN~5V VIN~OV VOH~5.5V 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

VOH~ 15V 

54/7416 
54 

40 1 27 
74 

38 30 42 250 

VI~OV VI~5V VOH~15V 

54/7417 
54 

40 1 21 
74 30 29 41 250 

54/7420 
54 

40 1 
-20 -55 

6 11 2 4 74 -18 -55 

VIN~OV VIN~5V 
54 

40 1 
-20 -55 

9 13 5 8 54/7421 
74 -18 -55 

VOH~ 12V o 
50 

54/7426 
54 

40 1 12 22 4 8 
VOH~15V 

74 1000 
-" 9 

54 
40 1 

-20 -55 
16 26 10 16 54/7427 

74 -18 -55 

5417428 
54 

40 1 -70 
74 

-180 33 57 12 21 

54/7430 
54 

40 1 
-20 -55 

3 6 1 2 74 -18 -55 

VIN~OV VIN~5V 

54/7432 
54 

40 1 
-20 -55 

23 38 15 22 74 -18 -55 

5417433 
54 

40 1 6.9 74 13.8 1.8 3.6 250 

54/7437 54 
40 1 

-20 -55 
34 54 9 15.5 74 -18 -55 

5417438 54 
40 1 

74 34 54 8.5 250 

54/7439 
54 

40 1 34 54 8.5 250 74 
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54174 ELECTRICAL CHARACTERISTICS (See Notes - Page 50) 

INPUT VOLTAGE OUTPUT VOLTAGE INPUT CURRENT 

VIL (V) VIH (V) VIC (V) VOL (V) VOH (V) IlL (mA) 
PARAMETER LOW LEVEL HIGH LEVEL CLAMP VOLTAGE LOW LEVEL HIGH LEVEL LOW LEVEL 

VCC=MIN 
VIN=* 

IOL=16mA 
VOL=O.4V VCC=MIN 

TEST VCC=MIN VIN=* VCC=MAX 
CONDITIONS VCC=MIN VCC=MIN 11=-12mA IOH=-400"A VIN=OAV 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

IOL=48mA IOH=-1.2mA 

5417440 
54 

0.8 2 0.28 0.4 2.4 3.3 -1.6 74 

IOH=-800"A 

54/7442A 
54 

0.8 2 -1.5 0.4 2.4 -1.6 74 

5417443 
54 

0.8 2 -1.5 0.4 2.4 -1.6 74 

54/7444 
54 

0.8 2 -1.5 0.4 2.4 -1.6 
74 

5417445 
54 

0.8 2 -1.5 -1.6 74 

IOH=-200"A Any input except 
IOL=8mA Bl/RBO node 

7446A 0.8 2 -1.5 0.3 0.4 2.4 3.7 -1.6 
Bl/RBO node Bl/RBO node Bl/RBO node 

-4.2 

IOH=-200"A Any input except 
10L =8mA BlIRBO node 

7447A 0.8 2 -1.5 0.3 0.4 2.4 3.7 -1.6 
Bl/RBO node Bl/RBO node Bl/RBO node 

-4.2 

IOL=6.4 mA Any output 

54/7448 
54 

0.8 2 -1.5 0.4 
except 

74 
outputs A-G outputs A-G Bl/RBO node 

0.4 2.4 4.2 -1.6 
10L =8mA IOH=-200"A BlIRBO node 
Bl/RBO node Bl/RBO node -4.2 

0.4 2.4 3.7 

54/7450 
54 

0.8 2 0.22 0.4 2.4 3.3 -1.6 
74 

5417451 
54 

0.8 2 0.22 0.4 2.4 3.3 -1.6 
74 

54/7453 
54 

0.8 2 0.22 0.4 2.4 3.3 -1.6 
74 

5417454 
54 

0.8 2 0.22 0.4 2.4 3.3 -1.6 
74 

5417460 
54 

0.8 2 -1.6 
74 
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INPUT CURRENT POWER SUPPLY CURRENT 

"H (/LA) II (mA) lOS (mA) ICCl (mA) ICCH (mA) 10H (/LA) 
PARAMETER HIGH lEVEL INPUT CURRENT SHORT CIRCUIT lOW lEVEL HIGH lEVEL REVERSE 

VCC~MIN 
TEST VCC~MAX VCC~MAX VCC~MAX VCC~MAX V'N~* 

CONDITIONS VIN~2.4V V'N~5.5V VCC~MAX V'N~5V VIN~OV VOH~5.5V 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

54/7440 54 
40 1 -20 -70 17 27 4 6.8 

74 -18 -70 

54/7442A 54 
40 1 

-20 -55 28 41 
74 -18 -55 28 56 

54/7443 54 
40 1 

-20 -55 28 41 
74 -18 -55 28 56 

54/7444 54 
40 1 

-20 -55 28 41 
74 -18 -55 28 56 

54/7445 54 
40 1 

43 62 
74 43 70 

Any input except Any input except 
B1/RBO node B1/RBO node B1/RBO node 

85 
7446A 40 1 -4 

103 

o -" 9 
Any input except Any input except 

B1/RBO node B1/RBO node B1/RBO node 
85 

7447A 40 1 -4 
103 

Any output except Any output except 

54/7448 54 B1/RBO node B1/RBO node 
74 40 1 -4 

54/7450 54 
40 1 

-20 -55 
7.4 14 4 8 

74 -18 -55 

54/7451 54 
40 1 

-20 -55 
7.4 14 4 8 

74 -18 -55 

54/7453 
54 

40 1 
-20 -55 

5.1 9.5 4 8 74 -18 -55 

74/7454 54 
40 1 

-20 -55 
5.1 9.5 4 8 74 -18 -55 

54/7460 54 
40 1 1.2 2.5 2 4 

74 
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54174 ELECTRICAL CHARACTERISTICS (See Notes - Page 50) 

INPUT VOLTAGE OUTPUT VOLTAGE INPUT CURRENT 

VIL (V) VIH (V) VIC (V) VOL (V) VOH (V) IlL (mA) 
PARAMETER LOW LEVEL HIGH LEVEL CLAMP VOLTAGE LOW LEVEL HIGH LEVEL LOW LEVEL 

VCC~MIN 

VIN~* 
IOL~16mA 

VOL = O.4V VCC~MIN 

TEST VCC~MIN VIN~ * VCC~MAX 
CONDITIONS VCC~MIN VCC~MIN 11~-12mA IOH=-400!,A VIN~O.4V 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

54/7470 
54 

0.8 2 0.22 0.4 2.4 3.5 
J1,J2,J,K1, 

74 K2,K or clock 
-1.6 

Preset or 
clear -3.2 

5417472 
54 

0.8 2 0.22 0.4 2.4 3.5 
J1,J2,J3,K1, 

74 K2 or K3 
-1.6 

Preset, clear or 
clock -3.2 

54/7473 
54 

0.8 2 0.22 0.4 2.4 3.5 
J or K 

74 -1.6 
Clear or clock 

-3.2 

54/7474 
54 

0.8 2 -1.5 0.22 0.4 2.4 3.5 
Preset or 0 

74 -1.6 
Clear or clock 

-3.2 

54/7475 
54 

0.8 2 -1.5 0.4 2.4 
0 

74 -3.2 
Clock 

-6.4 

54/7476 
54 

0.8 2 -1.5 0.22 0.4 2.4 3.5 
J or K 

74 -1.6 
Clear preset 

or clock -3.2 

5417477 
54 

0.8 2 -1.5 0.4 2.4 0 
74 -3.2 

Clock 
-6.4 

54/7480 54 
0.8 2 -1.5 0.22 0.4 2.4 3.5 A1,A2,B1,B2, 

74 Ac or Bc -1.6 
A* or B* -2.6 
Cn -8 

5417483 
54 

0.8 2 -1.5 0.4 2.4 A1,A3,B1,B3, 
74 or Co -3.2 

A2.A4.B2 or 
B4 -1.6 

16 



INPUT CURRENT POWER SUPPLY CURRENT 

IIH (I'A) II (mA) lOS (mA) ICCL (mA) ICCH (mA) 10H (I'A) 
PARAMETER HIGH LEVEL INPUT CURRENT SHORT CIRCUIT LOW LEVEL HIGH LEVEL REVERSE 

VCC=MIN 
TEST VCC=MAX VCC=MAX VCC=MAX VCC=MAX VIN=-

CONDITIONS VIN=2.4V VIN=5.5V VCC=MAX VIN=5V VIN=OV VOH=5.5V 

MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX 

VIN=OV 

54/7470 54 J1.J2.J.K1 1 -20 -75 
13 26 

74 K2.K or clock 1 -18 -75 
40 

Preset or 
clear 80 

VIN=O 

54/7472 
54 J1.J2.K3.K1 1 -20 -57 10 20 
74 K2 or K3 1 -18 -57 

40 
Preset. clear or 

clock 80 

5417473 
54 J or K 1 -20 -57 

20 40 
74 40 1 -18 -57 

Clear or clock 
80 o -54/7474 

54 0 40 
1 

-20 -57 
17 30 

74 Present or clock -18 -57 
80 1 

Clear 120 " 9 
VOUT=OV 

54/7475 54 0 -20 -57 32 46 
74 80 1 -18 -57 32 53 --Clock ---160 --

5417476 
54 J or K 

1 -20 -57 20 40 
74 40 

Clear preset 
or clock 80 

VOUT=OV 

5417477 54 0 
1 -20 -57 32 46 

74 80 
Clock 

160 

5417480 54 A1.A2.B1.B2. 1 @Lor-r- 21 31 
74 Ac or Bc -20 -57 21 35 

15 -18 -57 
Cn 200 @Cn+1 

-20 -70 
-18 -70 

5417483 
54 A1.A3.B1. 1 @L1.L2.L3.L4. 58 79 
74 B3 0rCO 80 -20 -55 

A2.A4.B2.B4 -18 -55 
40 @C4 

-20 -70 
-18 -70 
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54174 ELECTRICAL CHARACTERISTICS (See Notes - Page 50) 

INPUT VOLTAGE OUTPUT VOLTAGE INPUT CURRENT 

VIL (V) VIH (V) VIC (V) VOL (V) VOH (V) IlL (mA) 
PARAMETER LOW LEVEL HIGH LEVEL CLAMP VOLTAGE LOW LEVEL HIGH LEVEL LOW LEVEL 

VCC=MIN 
VIN= * 

.I0L=16mA 
VOL=O.4V VCC=MIN 

TEST VCC=MIN VIN=* VCC=MAX 
CONDITIONS VCC=MIN VCC=MIN 11=-12mA IOH=-400mA VIN=OAV 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

54174B5 
54 

O.B 2 -1.5 0.4 2.4 A<B,A>B 
74 -1.6 

All other 
inputs 

-4.B 

IOH=-BOOILA 

54/74B6 
54 

O.B 2 0.4 2.4 -1.6 
74 

54/7490 
54 

O.B 2 -1.5 0.4 2.4 RO( 1),RO(2), 
74 R9(1),R9(2) 

-1.6 
Input A -3.2 

Input BD -6.4 

5417491 
54 

O.B 2 -1.5 0.22 0.4 2.4 3.5 -1.6 
74 

54/7492 
54 

O.B 2 -1.5 0.4 2.4 RO(1),RO(2), 
74 -1.6 

Input A -3.2 
Input BC -6A 

54/7493 
54 O.B 2 -1.5 0.4 2.4 RO(1),RO(2), 
74 -1.6 

A or B -3.2 

54/7494 
54 

O.B 2 -1.5 0.22 0.4 2.4 3.5 
Any input except 

74 Preset 1&2 -1.6 
Preset 1&2 -6.4 

IOH=-BOOILA 

5417495 
54 

O.B 2 -1.5 0.4 2.4 
Any input except 

74 Mode control 
-1.6 

Mode control 
-3.2 

54(7496 
54 

O.B 2 -1.5 0.22 0.4 2.4 3.5 
Any \npu\ except 

74 Preset -1.6 
Preset -B 

54/74100 
54 

O"B 2 -1.5 0.4 2.4 
D 

74 -3.2 
Clock 

-12.B 
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INPUT CURRENT POWER SUPPLY CURRENT 

IIH ("A) II (rnA) lOS (rnA) ICCl (rnA) ICCH (rnA) IOH ("A) 
PARAMETER HIGH lEVEL INPUT CURRENT SHORT CIRCUIT lOW lEVEL HIGH lEVEL REVERSE 

VCC=MIN 
TEST VCC=MAX VCC=MAX VCC=MAX VCC=MAX VIN=* 

CONDITIONS VIN=2.4V VIN=5.5V VCC=MAX VIN=5V VIN=OV VOH=5.5V 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

VO=OV 
54 A<B,A>B 

1 
-20 -55 

55 88 54/7485 
74 40 -18 -55 

All other inputs 
120 

VIH=4.5V 
VIL=O VIN=4.5V 

54 
40 1 

-20 -55 30 43 54/7486 
74 -18 -55 30 50 

VOUT=OV VIN=4.5V 
54 RO(1),RO(2) 1 

-20 -57 32 46 
54/7490 

74 R9(1),R9(2) -18 -57 32 53 
Input A 80 

Input BD 160 

VIN=4.5V 
54 

40 1 
-20 -57 35 50 54/7491 

74 -18 -57 35 58 

o -" VOUT=OV VIN=4.5V 

54/7492 
54 RO( 1), RO(2) 1 

-20 -57 31 44 
74 40 -18 -57 31 51 

9 
Input A 80 

Input BC 160 
'~ 

5417493 
54 RO( 1), RO(2) 1 

-20 -57 32 46 
74 40 -18 -57 32 53 

Aor B 80 

VOUT=OV 
54 Any input except -20 -57 35 50 54/7494 
74 Preset 1&2 40 -18 -57 35 58 

Preset 1&2 160 
1 

54/7495 
54 Any input except 

1 -18 -57 50 63 74 Mode control 
40 

Mode control 
80 

VOUT=OV 
54 Any input except 1 -20 -57 48 68 5417496 
74 Preset 40 -18 -57 48 79 

Preset 200 

VOUT=OV 

54/74100 
54 D 

1 
-20 -57 64 92 

74 80 -18 -57 64 106 
Clock 160 

320 
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54174 ELECTRICAL CHARACTERISTICS (See Notes - Page 50) 

INPUT VOLTAGE OUTPUT VOLTAGE INPUT CURRENT 

VIL (V) VIH (V) VIC (V) VOL (V) VOH (V) IlL (mA) 
PARAMETER LOW LEVEL HIGH LEVEL CLAMP VOLTAGE LOW LEVEL HIGH LEVEL LOW LEVEL 

VCC~MIN 

VIN~ . 
IOL~16mA 
VOL~O.4V VCC~MIN 

TEST VCC~MIN VIN~· VCC~MAX 
CONDITIONS VCC~MIN VCC~MIN 11~-12mA IOH~-400mA VIN~O.4V 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

54/74107 
54 

0.8 2 -1.5 0.22 0.4 2.4 3.5 
J or K 

74 -1.6 
Clear or clock 

-3.2 

IOH~-800ItA 

54/74109 
54 

0.8 2 -1.5 0.2 0.4 2.4 2.7 
J or K 

74 -1.6 
Clock or preset 

-3.2 
Clear 

-4.8 

IOH~-800ItA 

VIH~2V 

--
54/74116 

54 0.8 2 -1.5 0.2 0.4 2.4 3.4 
G1.G2 or clear 

74 -1.6 
2.4 3.4 Any D. initial peak 

-2.4 
Any 0 steady 

state -1.6 

54/74121 
54 VT-(A)~ VT+(A)~ -1.5 0.22 0.4 2.4 3.3 A1 of A2 
74 0.8 1.4 1.4 2 -1 -1.6 

VT-(B)~ VT +(B)~ B 
0.8 1.35 1.55 2 -2 -3.2 

IOH~-800ItA 

54174122 
54 

0.8 2 -1.5 0.22 0.4 2.4 
Data inputs 

74 -1.6 
Clear inputs 

-3.2 

IOH~-800ItA 

54/74123 
54 

0.8 2 -1.5 0.22 0.4 2.4 
Data inputs 

74 -1.6 
Clear inputs 

-3.2 

IOW-2m(54) 
IOH~-5.2m(74) 

54/74125 
54 

0.8 2 -1.5 0.4 2.4 -1.6 
74 

IOH~2m(54) 

IOW-5.2m(74) 

54/74126 
54 

0.8 2 -1.5 0.4 2.4 
74 -1.6 

IOW-29mA(54) 
IOL~48mA IOH~-42.4mA(74) 

54/74128 
54 

0.8 2 -1.5 0.26 0.4 
2.4 

-1.6 
74 2 

20 SmlOllOS 



INPUT CURRENT POWER SUPPlV CURRENT 

IIH (#A) II (mA) lOS (mA) ICCl (mA) ICCH (mA) 10H (#A) 
PARAMETER HIGH lEVEL INPUT CURRENT SHORT CIRCUIT lOW lEVEL HIGH lEVEL REVERSE 

VCC=MIN 
TEST VCC=MAX VCC=MAX VCC=MAX VCC=MAX VIN=* 

CONDITIONS VIN=2.4V VIN=5.5V VCC=MAX VIN=5V VIN=OV VOH=5.5V 

MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX 

54/74107 
54 J or K -20 -57 

20 40 74 40 -18 -57 
Clear or clock 

80 

54174109 
54 J or K 

1 -30 -85 30 
74 40 28 

Clock or preset 
80 

Clear 
160 

VIN=OV 
G=OV 

OTHERS=4.5V 

54174116 
54 G1,G2 or clear 

1 
-20 -57 60 100 

74 40 -18 -57 40 70 o 
Any 0 

60 -" 9 
54174121 

54 A1 of A2 0.05 1 
-20 -25 -55 Quiescent state 

74 2 40 -18 -25 -55 13 25 
B Fired state 

4 80 23 40 

54/74122 
54 Data Inputs 

1 -10 -40 23 28 74 40 
Clear input 

80 

54/74123 
54 Data Inputs 

1 -10 -40 46 66 74 40 
Clear input 

80 

, 

54174125 
54 

40 1 
-30 -70 

32 54 74 -28 -70 

54/74126 
54 

40 1 
-30 -70 

36 62 74 -28 -70 

54/74128 
54 

40 1 -70 74 -180 33 57 12 21 
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54174 ELECTRICAL CHARACTERISTICS (See Notes - Page 50) 

INPUT VOLTAGE OUTPUT VOLTAGE INPUT CURRENT 

VIL (V) VIH (V) VIC (V) VOL (V) VOH (V) IlL (mA) 
PARAMETER LOW LEVEL HIGH LEVEL CLAMP VOLTAGE LOW LEVEL HIGH LEVEL LOW LEVEL 

VCC=MIN 
VIN=* 

IOL=16mA 
VOL = O.4V VCC=MIN 

TEST VCC=MIN VIN= * VCC=MAX 
CONDITIONS VCC=MIN VCC=MIN 11=-12 mA IOH=-400mA VIN=OAV 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

VCC=5V VCC=5V IOH=-SOOItA 

54/74132 
54 VT- = VT+ = -1.5 0.22 0.4 2.4 3.3 -O.S -1.2 
74 0.6 0.9 1.1 1.5 1.7 2 

54/74145 
54 

O.S 2 -1.5 -1.6 
74 

IOH=-SOOItA 

54/74147 
54 

O.S 2 -1.5 0.2 0.4 2.4 3.3 -1.6 
74 

IOH=-SOOItA 

54/7414S 54 
O.S 2 -1.5 0.2 0.4 2.4 3.3 

o Input 
74 -1.6 

All others 
-3.2 

IOH=-SOOItA 

54/74150 
54 

O.S 2 -1.5 0.4 2.4 -1.6 
74 

IOH=-SOOI'A 

54/74151 
54 

O.S 2 -1.5 0.4 -1.6 74 

IOH=-SOOItA 

54/74152 54 
O.S 2 -1.5 0.4 2.4 -1.6 

74 

IOH=-SOOI'A 

54/74153 
54 

O.S 2 -1.5 0.2 0.4 2.4 3.1 -1.6 
74 

IOH = -S00ltA 

54/74154 
54 

O.S 2 -1.5 0.4 2.4 -1.6 
74 

IOH=-SOOI'A 

54/74155 54 
O.S 2 -1.5 0.4 2.4 -1.6 

74 

54/74156 54 
O.S 2 -1.5 0.4 -1.6 

74 

IOH=-SOOItA 

54/74157 54 
0.8 2 -1.5 0.4 2.4 -1.6 

74 

IOH=-SOOItA 

54/74158 54 
0.8 2 -1.5 0.4 2.4 -1.6 

74 
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INPUT CURRENT POWER SUPPLY CURRENT 

IIH (/LA) II (mA) lOS (mA) ICCl (mA) ICCH (mA) 10H (I'A) 
PARAMETER HIGH lEVEL INPUT CURRENT SHORT CIRCUIT lOW lEVEL HIGH lEVEL REVERSE 

VCC~MIN 
TEST VCC~MAX VCC~MAX VCC~MAX VCC~MAX VIN~· 

CONDITIONS VIN~2.4V VIN~5.5V VCC~MAX VIN~5V VIN~OV VOH~5.5V 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

VI~4.5V 

54/74132 
54 

40 1 -18 -55 26 40 14.8 24 
74 

54/74145 
54 

40 1 
43 62 

74 43 70 

54174147 
54 

40 1 -35 -85 
Input 7~OV 

74 50 70 
Inputs~Open 

42 62 

54/74148 
54 o Input 

1 -35 -85 
Input 7&E1 ~OV 

74 40 40 60 
All others Inputs~Open 

80 35 55 o -VOUT~OV VIN~4.5V " 54/74150 
54 

40 1 
-20 -55 40 68 

74 -18 -55 9 
VOUT~OV VIN~4.5V 

54/74151 
54 

40 1 
-20 -55 29 48 

74 -18 -55 

VOUT~OV VIN~4.5V 

54/74152 
54 

40 1 -20 -55 
74 -18 -55 26 43 

54/74153 
54 

40 1 
-20 -55 36 52 

74 -18 -57 36 60 

54/74154 
54 

40 1 
-20 -55 34 49 

74 -18 -57 34 56 

54/74155 
54 

40 1 
-20 -55 25 35 

74 -18 -57 25 40 

54 -20 -55 25 35 
54/74156 

74 
40 1 

-18 -57 25 40 

54/74157 
54 

40 1 
-20 -55 

30 48 
74 -18 -55 

54/74158 
54 

40 1 
-20 -55 

74 -18 -55 
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54174 ELECTRICAL CHARACTERISTICS (See Notes - Page 50) 

INPUT VOLTAGE OUTPUT VOLTAGE INPUT CURRENT 

VIL (V) VIH (V) VIC (V) VOL (V) VOH (V) IlL (mA) 
PARAMETER LOW LEVEL HIGH LEVEL CLAMP VOLTAGE LOW LEVEL HIGH LEVEL LOW LEVEL 

VCC=MIN 
VIN=· 

IOL=16mA 
VOL=O.4V VCC=MIN 

TEST VCC=MIN VIN=· VCC=MAX 
CONDITIONS VCC=MIN VCC=MIN 11=-12mA IOH=-400mA VIN=O.4V 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

IOH=-SOO!,A 

54174160 
54 

O.S 2 -1.5 0.4 2.4 Clock or enable 
74 -3.2 

Other inputs 
-1.6 

IOH=-SOO!,A 

54/74161 
54 

O.S 2 -1.5 0.4 2.4 
Clock or enable 

74 -3.2 
Other inputs 

-1.6 

IOH=-SOO!,A 

54174162 
54 

0.8 2 -1.5 0.4 Clock or enable 
74 -3.2 

Other inputs 
-1.6 

IOH=-SOO!,A 

54/74163 
54 

0.8 2 -1.5 0.4 2.4 Clock or enable 
74 -3.2 

Other inputs 
-1.6 

54/74164 
54 

O.S 2 
74 

-1.5 0.4 2.4 -1.6 

IOH=-SOO!,A 

54174165 
54 

O.S 2 -1.5 0.4 2.4 
Load input 

74 -3.2 
Other inputs 

-1.6 

54/74166 
54 

0.8 2 
74 

-1.5 0.4 2.4 -1.6 

54/74170 
54 

O.S 2 -1.5 0.4 -1.6 74 

IOH=-5.2mA 2W/RO.2W/R1. 

54/74172 
54 

0.8 2 -1.5 0.4 2.4 2W/R2.1GW. 
74 2GWor clock 

-1.6 
Any other input 

-O.S 

54174174 
54 

0.8 2 -1.5 0.4 2.4 -1.6 74 

54174175 
54 

O.S 2 -1.5 0.4 2.4 -1.6 74 

54/74176 
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INPUT CURRENT POWER SUPPLY CURRENT 

"H (IlA) II (rnA) lOS (rnA) ICCl (rnA) ICCH (rnA) lOH (IlA) 
PARAMETER HIGH lEVEL INPUT CURRENT SHORT CIRCUIT lOW lEVEL HIGH lEVEL REVERSE 

VCC~MIN 
TEST VCC~MAX VCC~MAX VCC~MAX VCC~MAX VIN~* 

CONDITIONS VIN~2.4V VIN~5.5V VCC~MAX VIN~5V VIN~OV VOH~5.5V 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Clock or enable T 

54/74160 
54 

1 
-20 -57 63 91 59 85 

74 80 -18 -57 63 101 59 94 
Other inputs 

40 

54/74161 
54 Clock enable T 

1 
-20 -57 63 91 59 85 

74 80 -18 -57 63 101 59 94 
Other inputs 

40 

54/74162 
54 Clock or enable T 

1 
-20 -57 63 91 59 85 

74 80 -18 -57 63 101 59 94 
Other inputs 

40 o -
54/74163 

54 Clock or enable T 
1 

-20 -57 63 91 59 85 
74 80 -18 -57 63 101 59 94 

Other inputs 
40 " 9 

54/74164 
54 

40 1 
-10 -27.5 VI(Clk)~0.4V 

74 - 9 -27.5 30 
VI(Clk)~2.4V 

37 54 ---
54/74165 

54 Load input 
1 

-20 -55 
42 63 

74 80 -18 -55 
Other inputs 

40 

54/74166 
54 

40 1 
-20 -57 72 104 

74 -18 -57 72 116 

54/74170 
54 

40 1 
125 140 

30 
74 125 150 

54/74172 
54 

40 1 -18 -55 112 170 
74 

54/74174 
54 

40 1 
-20 -57 

45 65 
74 -18 -57 

54/74175 
54 

40 1 
-20 -57 

30 45 
74 -18 -57 

54/74176 
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54174 ELECTRICAL CHARACTERISTICS (See Notes - Page 50) 

INPUT VOLTAGE OUTPUT VOLTAGE INPUT CURRENT 

VIL (V) VIH (V) VIC (V) VOL (V) VOH (V) IlL (mA) 
PARAMETER LOW LEVEL HIGH LEVEL CLAMP VOLTAGE LOW LEVEL HIGH LEVEL LOW LEVEL 

VCC=MIN 
VIN=* 

IOL=16mA 
VOL=O.4V VCC=MIN 

TEST VCC=MIN VIN=* VCC=MAX 
CONDITIONS VCC=MIN VCC=MIN 11=-12mA IOH=-400mA VIN=O.4V 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

54/74177 

54176178 

54/74179 

54/74180 
54 

0.8 2 -1.5 0.4 2.4 
@Ea. data input 

74 -1.6 
@Evenorodd 
input -3.2 

54/74181 
54 Any output Mode -1.6 
74 0.8 2 -1.5 

except 
2.4 

AnyAorB -4.8 
A=B 0.4 AnyS -6.4 

Carry -8 

54/74182 
54 

0.8 2 -1.5 0.4 2.4 
Cn input -3.2 

74 P3 -4.8 
P2 -6.4 

P9, P1 or G3 -8 
GO or G2 -14.4 

G1 -16 

54/74190 
54 

0.8 2 -1.5 0.4 2.4 
Any input except 

74 enable -1.6 
At enable 

-4.8 

54/74191 
54 

0.8 2 -1.5 0.4 2.4 
Any input except 

74 enable -1.6 
At enable 

-4.8 

54174192 
54 

0.8 2 -1.5 0.2 0.4 2.4 3.4 -1.6 
74 

54/74193 
54 

0.8 2 -1.5 0.2 0.4 2.4 3.4 -1.6 
74 

54/74194 
54 

0.8 2 -1.5 0.4 2.4 -1.6 
74 

54174195 
54 

0.8 2 -1.5 0.4 2.4 -1.6 
74 

54/74196 

54/74197 

54174198 
54 

0.8 2 -1.5 0.4 2.4 -1.6 
74 
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INPUT CURRENT POWER SUPPLY CURRENT 

IIH (itA) II (mA) lOS (mA) ICCL (mA) ICCH (mA) 10H (itA) 
PARAMETER HIGH LEVEL INPUT CURRENT SHORT CIRCUIT LOW LEVEL HIGH LEVEL REVERSE 

VCC=MIN 
TEST VCC = MAX VCC=MAX VCC=MAX VCC=MAX VIN=· 

CONDITIONS VIN=2AV VIN=5.5V VCC = MAX VIN=5V VIN=OV VOH=5.5V 

MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX 

54/74177 

54/76178 

54/74179 

54174180 
54 @Ea. data input 

1 -20 -55 34 49 
74 40 -18 -55 34 56 

@Evenorodd 
input 80 

54/74181 
54 Mode 40 1 -20 -55 127 A=B output only 
74 AnyAorB 120 -18 -57 140 250 

AnyS 160 
Carry 200 

54/74182 
54 Cn Input 80 1 -40 -100 45 65 27 74 P3 input 120 45 72 

P2 input 160 
PO, P1 or G3 200 

o -" GO or G2 360 
G1 input 400 9 

54/74190 
54 Any input except 1 -20 -65 65 99 
74 enable 40 -18 -65 65 105 

At enable 
120 ----

54174191 
54 Any Input except 

1 -20 -65 65 99 
74 enable 40 -18 -65 65 105 

---
At enable 

120 

54/74192 
54 40 1 -20 -65 65 89 
74 -18 -65 65 102 

54174193 
54 40 1 -20 -65 65 89 
74 -18 -65 65 102 

54/74194 
54 40 1 -20 -57 39 63 74 -18 -57 

54/74195 
54 40 1 -20 -57 39 63 74 -18 -57 

54174196 

54174197 

54/74198 
54 40 1 -20 -57 72 104 
74 -18 -57 72 116 
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54174 ELECTRICAL CHARACTERISTICS (See Notes - Page 50) 

INPUT VOLTAGE OUTPUT VOLTAGE INPUT CURRENT 

VIL (V) VIH (V) VIC (V) VOL (V) VOH (V) IlL (mA) 
PARAMETER LOW LEVEL HIGH LEVEL CLAMP VOLTAGE LOW LEVEL HIGH LEVEL LOW LEVEL 

VCC=MIN 
VIN=* 

IOL=16mA 
VOL=OAV VCC=MIN 

TEST VCC=MIN VIN=* VCC=MAX 
CONDITIONS VCC=MIN VCC=MIN 11=-12mA IOH=-400mA VIN=OAV 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

54174199 
54 

0.8 2 -1.5 0.4 2.4 -1.6 
74 

54174221 
54 VT-(A)= VT+(A)= Input A 
74 0.8 1.4 1.4 2 -1.5 0.2 0.4 2.4 3.4 -1.6 

VT-(B)= VT+(B)= Input B. clear 
0.8 1.35 1.55 2 -3.2 

54174232 
54 VT- VT+ 2.4 3.3 -0.8 -1.2 
74 0.6 0.9 1.1 1.5 1.7 2 -1.5 0.22 0.4 

54174279 
54 

0.8 2 -1.5 0.4 2.4 -1.6 
74 

54174298 
54 

0.8 2 -1.5 0.4 2.4 3.2 -1.6 
74 

54H ELECTRICAL CHARACTERISTICS (See Notes - Page 50) 

INPUT VOLTAGE OUTPUT VOLTAGE INPUT CURRENT 

VIL(V) VIH (V) VIC (V) VOL (V) VOH (V) IlL (mA) 
PARAMETER LOW LEVEL HIGH LEVEL CLAMP VOLTAGE LOW LEVEL HIGH LEVEL LOW LEVEL 

VCC=MIN VCC=MIN 
TEST VCC=5V VIN=* VIN=* VCC=MAX 

CONDITIONS VCC=MIN VCC=MIN IIN=-12mA IOL=20mA IOH=-SOO,.A VIN=OAV 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

54174HOO 0.8 2 -1.5 0.4 2.4 -2 

54174H01 0.8 2 -1.5 0.4 -2 

54174H04 0.8 2 -1.5 0.4 2.4 -2 

54/74H05 0.8 2 -1.5 0.4 -2 

54/74H08 0.8 2 -1.5 0.4 2.4 -2 

54/74H10 0.8 2 -1.5 0.4 2.4 -2 

54174H11 0.8 2 -1.5 0.4 2.4 -2 

54174H20 0.8 2 -1.5 0.4 2.4 -2 

54/74H21 0.8 2 -1.5 0.4 2.4 -2 

54/74H22 0.8 2 -1.5 0.4 -2 

54/74H30 0.8 2 -1.5 0.4 2.4 -2 
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INPUT CURRENT POWER SUPPLY CURRENT 

IIH (ILA) II (rnA) lOS (rnA) ICCL (rnA) ICCH (rnA) 10H (ILA) 
PARAMETER HIGH LEVEL INPUT CURRENT SHORT CIRCUIT LOW LEVEL HIGH LEVEL REVERSE 

VCC~MIN 
TEST VCC~MAX VCC~MAX VCC~MAX VCC~MAX VIN~· 

CONDITIONS VIN~2.4V VIN~5.5V VCC~MAX VIN~5V VIN~OV VOH~5.5V 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

54/74199 
54 

40 1 
-20 -57 72 104 

74 -18 -57 72 116 

54/74221 
54 Input A 40 

1 
-20 -55 Quiescent 

74 -18 -55 26 50 
Input B, clear Triggered 

80 46 80 

54/74232 
54 

40 1 -18 -55 30 44 19 28 
74 

54/74279 
54 

40 1 
-18 -55 

18 30 
74 -18 -57 

54/74298 
54 

40 1 
-20 -57 

39 65 
74 -18 -57 o -" INPUT CURRENT POWER SUPPLY CURRENT 9 

IIH (ILA) II (rnA) lOS (rnA) ICCL (rnA) ICCH (rnA) 10H (ILA) 
PARAMETER HIGH LEVEL INPUT CURRENT SHORT CIRCUIT LOW LEVEL HIGH LEVEL REVERSE 

VCC~MIN 

TEST VCC~MAX VCC~MAX VCC~MAX VCC~MAX VIN~· 
CONDITIONS VIN~2.4V VIN~5.5V VCC~MAX VIN~4.5V VIN~OV VOH~5.5V 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

54/74HOO 50 1 -40 -100 26 40 10 16.8 

54174H01 50 1 26 40 6.8 10 250 

54/74H04 50 1 -40 -100 40 58 16 26 

54/74H05 50 1 40 58 16 26 250 

VIN~OV VIN~4.5V 

54/74H08 50 1 -40 -100 40 64 24 40 

54/74H10 50 1 -40 -100 19.5 30 7.5 12.6 

VIN~OV VIN~4.5V 

54/74H11 50 1 -40 -100 30 48 18 30 

54/74H20 50 1 -40 -100 13 20 5 8.4 

VIN~OV VIN~4.5V 

54/74H21 50 1 -40 -100 20 32 12 20 

54/74H22 50 1 13 20 3.4 5.0 250 
.. 

54/74H30 50 1 -40 -100 6.5 10 2.5 4.2 
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54H ELECTRICAL CHARACTERISTICS (See Notes - Page 50) 

INPUT VOLTAGE OUTPUT VOLTAGE INPUT CURRENT 

VIL(V) VIH (V) VIC (V) VOL (V) VOH (V) IlL (mA) 
PARAMETER LOW LEVEL HIGH LEVEL CLAMP VOLTAGE LOW LEVEL HIGH LEVEL LOW LEVEL 

VCC=MIN VCC=MIN 
TEST VCC=5V VIN=· VIN=· VCC=MAX 

CONDITIONS VCC=MIN VCC=MIN IIN=-12mA 10L=20mA 10H= -500 jtA VIN=OAV 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

IOl=SOmA IOH=-1.5mA 
54/74H40 0.8 2 -1.5 0.4 2.4 -4 

54/74H50 0.8 2 -1.5 0.4 2.4 -2 

54/74H51 0.8 2 -1.5 0.4 2.4 -2 

54/74H52 0.8 2 -1.5 0.4 2.4 -2 

54/74H53 0.8 2 -1.5 0.4 2.4 -2 

54/74H54 0.8 2 -1.5 0.4 2.4 -2 

54/74H55 0.8 2 0.4 2.4 -2 
-1.5 

54/74HSO 0.8 2 -1.5 -2 

54/74HS1 0.8 2 -1.5 -2 

54/74HS2 0.8 2 -1.5 -2 

54/74H71 0.8 2 -1.5 0.4 2.4 -2 
J1,J2,J3,K1,K2, 

54/74H72 0.8 2 -1.5 0.4 2.4 K3, CLOCK -2 

PRESET, ClR -4 

54/74H73 0.8 2 -1.5 0.4 2.4 -2 

IOH=-1mA 
54/74H74 0.8 2 -1.5 0.22 0.4 2.4 3.5 PRE or 0 -2 

ClK or ClR -4 

54174H7S 0.8 2 -1.5 0.4 2.4 J, K, or ClK -2 
PlR or PRE -4 

IOH=500jtA 
54/74H101 0.8 2 -1.5 0.25 0.4 2.4 3.2 -1 -2 

(ClK) -3 -4.8 

IOH=500jtA 
54/74H102 0.8 2 -1.5 0.25 0.4 2.4 3.2 -1 -2 

(ClK) -3 -4.8 

54/74H103 0.8 2 -1.5 0.25 0.4 2.4 3.2 -1 -2 
(ClK) -3 -4.8 

54/74H10S 0.8 2 -1.5 0.25 0.4 2.4 3.2 -~ -2 
(ClK) -3 -4.8 

54/74H108 0.8 2 -1.5 0.25 0.4 2.4 3.2 J,K,PRE-1 -2 
ClK -S -9.S 
ClR -2 -4 
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INPUT CURRENT POWER SUPPLY CURRENT 

IIH li,A) II (mA) lOS (mA) ICCl (mA) ICCH (mA) 10H (IlA) 
PARAMETER HIGH lEVEL INPUT CURRENT SHORT CIRCUIT lOW lEVEL HIGH lEVEL REVERSE 

VCC=MIN 
TEST VCC=MAX VCC = MAX VCC=MAX VCC=MAX VIN=· 

CONDITIONS VIN=2AV VIN=5.5V VCC=MAX VIN=4.5V VIN=OV VOH=5.5V 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

54/74H40 100 1 -40 -125 25 40 10.4 16 

54/74H50 50 1 -40 -100 15.2 24 8.2 12.8 

54/74H51 50 1 -40 -100 15.2 24 8.2 12.8 

VIN=OV VIN=4.5V 
54/74H52 50 1 -40 -100 15.2 24 20 31 

54/74H53 50 1 -40 -100 9.4 14 7.1 11 

54174H54 50 1 -40 -100 9.4 14 7.1 11 

54/74H55 50 1 -40 -100 7.5 12 4.5 6.4 

54/74H60 50 1 1.9 3.5 3 4.5 

54174H61 50 1 11 16 5 7 

54/74H62 50 1 3.8 7 6 9 o -54/74H71 50 1 -40 -100 19 30 
J1,J2,J3,K1,K2 

K3, or ClK 

54/74H72 50 1 -40 -100 16 25 " 9 
PRE or ClR 100 

54/74H73 50 1 -40 -100 --S54 30 42 
54174H74 0=50 1 -40 -100 

N74 30 50 
PRE or ClK= 100 

ClR=150 

54/74H76 J,K or ClK 50 1 -40 -100 32 50 
ClR or PRE 100 

54174H101 (J or K) 50 1 -40 -100 20 38 
(PRE) 100 

0 (ClK) -1mA 

54/74H102 (J or K) 50 1 -40 -100 20 38 
0 (ClK) -1mA 

(PRE or ClR) 100 

54174H103 (J or K) 50 1 -40 -100 40 76 
(ClR) 100 

0 (ClK) -1mA 

54/74H106 (J or K) 50 1 -40 -100 40 76 
ClR 100 

0 (ClK) -1mA 

54/74H108 (J or K) 50 1 -40 -100 40 76 
0 (ClK) -1mA 

PRE 100 
ClR 200 
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54174LS ELECTRICAL CHARACTERISTICS (See Notes - Page 50) 

INPUT VOlTAGE (V) OUTPUT VOLTAGE (V) INPUT CURREN1 

PARAMETER VIL VIH VIC VOL VOH IIL(mA) IIH(~) 
LOW HIGH CLAMP LOW HIGH LOW HIGH 

LEVEL LEVEL VOLTAGE LEVEL LEVEL LEVEL LEVEL 

VCC~MIN 
TEST VIN~* VCC~MIN 
CONDITIONS VCC~MIN IOL~4mA VOL O.4V VIN~* VCC~MAX VCC~MAX 

IIN~-18mA OL~8mA@VOL~O.5V IOH~-400~ VIL~.4V VCC~MAX 

IMINTVPMAX IMINTVPMAX IMINTVP MAX MIN TVP MAX MIN TVP MAX IMIN TVP MAX IMIN TYP MAX 
54/74LSOO 54 0.7 2 -1.5 

54/74 0.4 2.5 3.4 -0.36 20 
74 0.8 74 0.5 2.7 3.4 

54174LS01 0.7 2 -1.5 
54/74 0.4 

N/A -0.36 20 
74 0.8 74 0.5 

54/74LS02 54 0.7 2 -1.5 
54/74 0.4 2.5 3.4 

-0.36 20 
74 0.8 74 0.5 2.7 3.4 

54/74LS03 54 0.7 2 -1.5 
54/74 0.4 

N/A -0.36 20 74 0.8 74 0.5 
54/74LS04 54 0.7 2 -1.5 

54/74 0.4 2.5 3.4 
-0.36 20 

74 0.8 74 0.5 2.7 3.4 
54/74LS05 54 0.7 2 -1.5 

54/74 0.4 
N/A -0.36 20 74 0.8 74 0.5 

54/74LS08 54 0.7 2 -1.5 
54174 0.25 0.4 2.5 3.4 

-0.36 20 74 0.8 74 0.35 0.5 2.7 3.4 
54/74LS09 54 0.7 2 -1.5 

54/74 0.4 
N/A -0.36 

20 
74 0.8 74 0.5 

54/74LS10 54 0.7 2 -1.5 
54/74 0.4 2.5 3.4 

-0.36 20 
74 0.8 74 2.7 3.4 

54/74LS11 54 0.7 2 -1.5 
54/74 0.25 0.4 2.5 3.4 

-0.36 20 
74 0.8 74 0.35 0.5 2.7 3.4 

54/74LS12 54 0.7 2 -1.5 
54/74 0.25 0.4 

N/A -0.36 20 74 0.8 74 0.35 0.5 

54/74LS13 54/74 0.25 
VI~0.6V 

54 
See Data Sheet -1.5 0.4 2.5 3.4 

-0.4 
20 

74 74 0.35 0.5 2.7 3.4 
54174LS14 54 

See Data Sheet -1.5 
54/74 0.25 0.4 VI~0.6V 

-0.4 
20 

74 74 0.35 0.5 2.5 3.4 
2.7 3.4 

54/74LS15 54 0.7 2 -1.5 
54/74 0.4 

N/A -0.36 20 74 0.8 74 0.5 
54/74LS20 54 0.7 2 -1.5 

54/74 0.4 2.5 3.4 
-0.36 20 

74 0.8 74 0.5 2.7 3.4 
54/74LS21 54 0.7 2 -1.5 

54174 0.25 0.4 2.5 3.4 
-0.36 20 

74 0.8 74 0.35 0.5 2.7 3.4 
54/74LS22 54 0.7 2 -1.5 

54/74 0.4 
N/A -0.36 

20 
74 0.8 74 0.5 

54/74LS26 54 0.7 2 -1.5 
54/74 0.25 0.4 

N/A -0.36 
20 

74 0.8 74 0.35 0.5 

54/74LS27 54 0.7 2 -1.5 
54174 0.25 0.4 2.5 3.4 

-0.36 20 74 0.8 74 0.35 0.5 2.7 3.4 
IOL ~ 12mA 

54/74LS28 54 0.7 2 -1.5 
54/74 0.25 0.4 2.5 3.4 

-0.36 20 
IOL~24mA 

74 0.8 74 0.35 0.5 2.7 3.4 
54/74LS30 54 0.7 2 -1.5 

54/74 0.4 2.5 3.4 
-0.36 20 

74 0.8 74 0.5 2.7 3.4 
54/74LS32 54 0.7 2 -1.5 

54/74 0.25 0.4 2.5 3.4 
-0.36 20 

74 0.8 74 0.35 0.5 2.7 3.4 
IOL~12mA 

54/74LS33 54 0.7 2 -1.5 
54/74 0.4 

N/A -0.36 20 
74 0.8 74 IOL ~24mA 0.5 

IOL ~12mA 
54174LS37 54 0.7 2 -1.5 

54/74 0.4 2.5 3.4 
-0.36 20 

74 0.8 
74 IOL ~24mA 

0.5 2.7 3.4 
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INPUT OUTPUT OFF-STATE OUTPUT 
CURRENT CURRENT POWER SUPPLY CURRENT CURRENT 

(mA) (mA) (mA) (IlA) 
PARAMETER liN lOS ICCL ICCH IOH(IlA) IOZL IOZH 

LOW LEVEL HIGH LEVEL 
SHORT LOW HIGH LEAKAGE VOLTAGE VOLTAGE 

CIRCUIT LEVEL LEVEL SUPPLIED SUPPLIED 
TEST VCC~MAX VCCo MAX VCC~MIN VCC~MAX VCC~MAX 
CONDITIONS VIN~7.0V VIHA.5V VIN~* VO~O.4V VO~2.7V 

VIL ~OV as appropriate VOH~5.5V 

MIN TYP MAX MIN TYPMAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

54/74LSOO 54 VI~5.5V 
-15 -100 2.4 4.4 O.B 1.6 N/A N/A N/A 

74 0.1 
54/74LS01 54 VI~5.5V 

N/A 2.4 4.4 O.B 1.6 100 N/A N/A 
74 0.1 

54/74LS02 54 VI~5.5V 
15 -100 2.B 5.4 1.6 3.2 N/A N/A N/A 74 0.1 

54/74LS03 54 VI~5.5V 
74 0.1 N/A 2.4 4.4 O.B 1.6 100 NlA N/A 

54/74LS04 54 
15 -100 3.6 6.6 1.2 2.4 N/A N/A N/A 

74 0.1 
54/74LS05 54 

N/A 3.6 6.6 1.2 2.4 100 N/A N/A 74 0.1 
54/74LSOB 54 VI~5.5V 

15 -100 6.8 8.B 2.4 4.B N/A N/A N/A 
74 0.1 

54/74LS09 54 VI~5.5V 
N/A 4.4 8.B 2.4 4.8 100 N/A N/A 

74 0.1 
54174LS10 54 VI~5.5V 

-15 -100 1.8 3.3 0.6 1.2 N/A N/A N/A 
74 0.1 o 

54/74LS11 54 VI~5.5V 
15 -100 3.3 6.6 1.B 3.6 N/A N/A N/A 

74 0.1 
54/74LS12 54 VI~5.5V 

N/A 1.8 3.3 0.7 1.4 100 N/A N/A 
74 0.1 

-" 9 
54174LS13 54 

0.1 -15 -100 4.1 7 2.9 6 N/A N/A N/A 74 
54/74LS14 54 

0.1 -15 -100 4.1 7 8.6 16 N/A N/A N/A 74 

54/74LS15 54 VI~5.5V 
N/A 3.3 6.6 1.8 3.6 100 N/A N/A 

74 0.1 
----54/74LS20 54 

0.1 15 -100 1.2 2.2 0.4 O.B NlA N/A N/A 
74 

--
54/74LS21 54 

0.1 -15 ·100 2.2 4.~ 1.2 2.4 N/A N/A N/A 74 
54/74LS22 54 

0.1 N/A 1.2 2.2 0.4 0.8 100 N/A N/A 74 
54/74LS26 54 

0.1 N/A 2.4 4.4 0.8 1.6 N/A N/A 74 VIL ~MAX 
VOH~12V 50 
VOH~15V 1MA 

54/74LS27 54 VI~5.5V 
15 -100 3.4 6.8 2.0 4.0 N/A N/A N/A 

74 0.1 

54/74LS28 54 0.1 -15 -100 6.9 13.8 1.8 3.6 N/A N/A N/A 

54/74LS30 54 
74 

0.1 -15 -100 0.6 1.1 .35 0.5 N/A N/A N/A 

54/74LS32 54 VI~5.5V 
15 ·100 4.9 9.8 3.1 6.2 N/A N/A N/A 

74 0.1 
54/74LS33 54 

0.1 N/A 6.9 13.8 1.8 3.6 250 N/A N/A 74 

54/74LS37 54 
0.1 -15 -100 6.0 12.0 0.9 2.0 N/A N/A N/A 

74 
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54174LS ELECTRICAL CHARACTERISTICS (See Notes - Page 50) 

INPUT VOLTAGE (V) OUTPUT VOLTAGE (V) INPUT CURRENT 
PARAMETER VIL VIH VIC VOL VOH IIL(mA) ll\\\~"} 

LOW HIGH CLAMP LOW HIGH LOW HIGH 
LEVEL LEVEL VOLTAGE LEVEL LEVEL LEVEL lEVEL 

VCC~MIN 
TEST VIN~'iIr VCC~MIN 
CONDITIONS VCC~MIN IOL~4mA VOlMAX 

IIN~-18mA OL ~8mA@VOl ~0.5V IOH~-400~ VIL~·4V VCC~MAX 

:MINTVPMAX ,MINTVP MAX IMINTYP MAX MIN TVI' MAX MIN TYP MAX 1M IN TYP MAX MIN TYP MAX 
IOl~12mA 

54/74lS3S 54 0.7 
2 -1.5 

54/74 0.4 
N/A -0.36 20 

IOl ~24mA 
74 O.S 74 0.5 

IOl ~12mA 
54/74LS40 54 0.7 

2 -1.5 
54/74 0.4 2.5 3.4 

-0.36 20 
IOl ~24mA 

74 O.S 74 0.5 2.7 3.4 
54174lS42 54 0.7 

2 -1.5 
54/74 0.25 0.4 2.5 3.5 

-0.4 20 
74 O.S 74 0.35 0.5 2.7 3.5 

54/74lS51 54 0.7 
2 -1.5 

54/74 0.25 0.4 2.5 3.4 
-0.36 20 

74 O.S 74 0.35 0.5 2.7 3.4 
54/74lS54 54 0.7 

2 -1.5 
54/74 0.25 0.4 2.5 3.4 

-0.36 20 
74 0.8 74 0.35 0.5 2.7 3.4 

54/74lS55 54 0.7 
2 -1.5 

54/74 0.25 0.4 2.5 3.4 
-0.36 20 

74 0.8 74 0.35 0.5 2.7 3.4 

54/74lS73 54 0.7 2 -1.5 
54/74 0.25 0.4 2.5 3.4 J/K Input -0.36 J/K Input 20 

74 0.8 74 0.35 0.5 2.7 3.4 Clear -0.8 Clear 60 
Clock -0.72 Clock SO 

54/74LS74 54 0.7 
2 -1.5 

54/74 0.25 0.4 2.5 3.4 D Input -0.36 D Input 20 
74 0.8 74 0.35 0.5 2.7 3.4 Clk/Preset -0.8 Clk/Preset 40 

Clear -1.15 Clear 60 
54/74lS75 54 0.7 2 -1.5 

54/74 0.25 0.4 2.5 3.4 D Input -0.4 D Inpul 20 
74 0.8 74 0.35 0.5 2.7 3.4 G Input -1.6 G Input SO 

54/74lS76 54 0.7 -1.5 
54/74 0.25 0.4 2.5 3.4 J/K Input -0.36 J/K Input 20 

74 0.8 
2 74 0.35 0.5 2.7 3.4 Clock -0.72 Clock SO 

Preset/Clr -O.S Preset/Clr 60 

54174LS7S 54 0.7 
2 -1.5 

54/74 0.25 0.4 2.5 3.4 J/K Input -0.36 J/K Input 20 
74 0.8 74 0.35 0.5 2.7 3.4 Preset -O.S Preset 60 

Clear -1.6 Clear 120 
Clock -1.44 Clock t60 

54/74LSS3A 54 0.7 
2 -1.5 

54/74 0.25 0.4 2.5 
3.4 

Any A or B -.S AnyAorB 40 
74 O.S 74 0.35 0.5 2.7 CO -.4 CO 20 

54174lSS5 54 0.7 
2 -1.5 

54/74 0.25 0.4 24 3.4 
A<B,A>B -0.4 A<B,A>B 20 

74 O.S 74 0.35 0.5 . Others -1.2 Others 60 
54174lSS6 54 0.7 

2 -1.5 
54/74 0.25 0.4 2.5 3.4 

-0.6 40 
74 O.S 74 0.35 0.5 2.7 3.4 

54/74LS90 54 0.7 
2 -1.5 

54174 0.25 0.4 2.5 3.4 Any Reset -0.4 Any Reset 20 
74 O.S 74 0.35 0.5 2.7 3.4 A Input -2.4 A Input 40 

B Input -3.2 B Input SO 

54/74LS92 54 0.7 
2 -1.5 

54/74 0.25 0.4 2.5 3.4 Any Reset -0.4 Any Reset 20 
74 O.S 74 0.35 0.5 2.7 3.4 A Input -2.4 A Input 40 

B Input -3.2 B Input SO 

54/74lS93 54 0.7 
2 -1.5 

54/74 0.25 0.4 2.5 3.4 Any Reset -0.4 Any Reset 20 
74 O.S 74 0.35 0.5 2.7 3.4 A Input -2.4 A Input 120 

B Input -1.6 B Input 40 
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INPUT OUTPUT OFF-STATE OUTPUT 
CURRENT CURRENT POWER SUPPLY CURRENT CURRENT 

(mA) (mA) (mA) (~A) 

PARAMETER lIN lOS ICCL ICCH IOH(~A) 10ZL IOZH 
LOW LEVEL HIGH LEVEL 

SHORT LOW HIGH LEAKAGE VOLTAGE VOLTAGE 
CIRCUIT LEVEL LEVEL SUPPLIED SUPPLIED 

TEST VCCoMAX VCCoMAX VCC~MIN VCC~MAX VCC~MAX 
CONDITIONS VIN JOV VIHA.5V VII\I~* VO~O.4V VO~2.7V 

VIL ~OV as appropriate VOH~5.5V 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

54i74LS38 54 
0.1 NiA 6.0 12.0 0.9 2.0 250 NiA NiA 

74 

54i74LS40 54 
0.1 15 ·100 3 6 0.45 1 NiA NiA NiA 

74 
54i74LS42 54 

0.1 15 ·100 NiA 
7 13 NiA NiA NiA 

74 NOTE 1 
54i74LS51 54 

0.1 ·15 ·100 1.4 2.8 0.8 1.6 NiA NiA NiA 
74 

54i74LS54 54 
0.1 15 ·100 1.0 2.0 0.8 1.6 NiA NiA NiA 

74 
54i74LS55 54 

0.1 15 ·100 0.7 1.3 0.4 0.8 NiA NiA NiA 
74 

VI~5.5V 

54i74LS73 54 JiK Input 0.1 
15 ·100 NiA 4.0 8.0 NiA NiA NiA 

74 Clear 0.3 
NOTE 2 

Clock 0.4 
54i74LS74 54 0 Input 0.1 

15 ·100 NiA 4.0 8.0 NiA NiA NiA 
74 Clk Preset 0.2 

NOTE 2 
Clear 0.3 

o -" 9 
54i74LS75 54 0 Input 0.1 

15 ·100 NiA 6.3 12.0 NiA NiA NiA 
74 G Input 0.4 

NOTE 1 

VI~5.5V 

54i74LS76 54 JiK Input 0.1 
15 ·100 NiA 4.0 8.0 NiA NiA NiA 

74 Clock 0.4 
NOTE 2 

PresetiClr 0.3 
VI~5.5V 

54i74LS78 54 JiK Input 0.1 
·15 ·100 NiA 4.0 8.0 NiA NiA NiA 

74 Preset 0.3 
Clear 0.6 
Clock 0.8 

54i74LS83A 54 Any A or B .2 
·100 

COND.A 
39 

COND.B 
19 34 NiA 

74 CO ·1 
15 NOTE 2f22 NOTE 28 NiA NiA 

54i74LS85 54 A<B. A>B 0.1 
·15 ·100 NiA 

10.4 20.0 NiA NiA NiA 
74 ,Others 0.3 NOTE 3 

54i74LS86 54 
0.2 15 ·100 NiA 

6.1 10.0 NiA NiA NiA 
74 NOTE 1 

54i74LS90 54 VI~ 7V 15 ·100 NiA 9.0 15.0 NiA NiA NiA 
74 Any Reset 0.1 NOTE 4 

VI~5.5V 
A Input 0.4 
B Inout 0.8 
VI~7V 

54i74LS92 54 I>..n'l Reset 0.1 
15 ·100 NiA 

9.0 15.0 NiA NiA NiA 
74 VI~5.5V NOTE 4 

A Input 0.4 
B Input 0.8 
VI~7V 

54i74LS93 54 Any Reset 0.1 ·15 ·100 NiA 9.0 15.0 NiA NiA NiA 
74 NOTE 4 

VI~5.5 

A or B Input 0.4 
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54174LS ELECTRICAL CHARACTERISTICS (See Notes - Page 50) 

INPUT VOLTAGE (V) OUTPUT VOLTAGE (V) INPUT CURRENT 

PARAMETER VIL VIH VIC VOL VOH IlL (rnA) IIH(!,A) 
LOW HIGH CLAMP LOW HIGH LOW HIGH 

LEVEL LEVEL VOLTAGE LEVEL LEVEL LEVEL LEVEL 

VCC~MIN 
TEST VIN~* VCC~MIN 
CONDITIONS VCC~MIN IOLAmA VOLMAX VCC~MAX VIH~2.7V 

IIN~-18mA OL ~8mA@VOL ~O.5V IOH~ -400!,A VIL~·4V VCC~MAX 

'MINTYP MAX .MINTYP MAX IMINTVP MAX MIN TVP MAX MIN TVP MAX IMIN TVP MAX MIN TVP MAX 

54174lS95B 54 0.7 -1.5 
54/74 0.25 0.4 2.5 3.5 

74 0.8 
2 74 0.35 0.5 2.7 3.5 -0.4 20 

54/74lS96 54 0.7 
2 -1.5 

54/74 0.25 0.4 2.5 3.5 Preset Enable -2.0 Preset Enable 100 
74 0.8 74 0.35 0.5 2.7 3.5 Others -0.4 Others 20 

54/74lS107 54 0.7 
2 -1.5 

54/74 0.4 2.5 3.4 J/K Input -0.36 J/K Input 20 
74 0.8 74 0.5 2.7 3.4 Clear -0.8 Clear 60 

Clock -0.72 Clock 80 
54/74lS109 54 0.7 

2 -1.5 
54/74 0.4 2.5 3.4 J or K -0.4 J or K 20 

74 0.8 74 0.5 2.7 3.4 Clk/Preset -0.8 Clk/Preset 40 
Clear -1.6 Clear 80 

54/74lS112 54 0.7 
2 -1.5 

54/74 0.4 2.5 3.4 J/K Input -0.36 J/K Input 20 
74 0.8 74 0.5 2.7 3.4 Clock -0.72 Clock 80 

Preset/Clr -0.8 Preset/Clr 60 

54/74lS113 54 0.7 2 -1.5 
54174 0.4 2.5 3.4 J/K Input -0.36 J/K Input 20 

74 0.8 74 0.5 2.7 3.4 Preset -0.8 Preset 60 
Clock -0.72 Clock 80 

54/74lS114 54 0.7 
2 -1.5 

54/74 0.4 2.5 3.4 J/K Input -0.36 J/K Input 20 
74 0.8 74 0.5 2.7 3.4 Preset -0.8 Preset 60 

Clear -1.6 Clear 120 
Clock -1.44 Clock 160 

54174lS132 54 
See Data Sheet -1.5 

54/74 0.25 0.4 VI~06V -0.4 20 
74 74 0.35 0.5 2.5 3.4 

2.7 3.4 
54/74lS136 54 0.7 -1.5 

54174 0.25 0.4 N/A 
-0.6 40 

74 0.8 
2 74 0.35 0.5 

54174lS138 54 0.7 -1.5 
54/74 0.25 0.4 2.5 3.4 

-0.36 20 
74 0.8 

2 74 0.35 0.5 2.7 3.4 
54/74lS139 54 0.7 

2 -1.5 
54174 0.25 0.4 2.5 3.4 

-0.36 20 
74 0.8 74 0.35 0.5 2.7 3.4 

10l ~ 12MA 
54/74lS145 54 0.7 

2 -1.5 
54174 0.4 N/A -0.4 20 

10l ~24MA 
74 0.8 74 0.5 

IOL ~80MA 
74 1.7 

54/74lS151 54 0.7 2 -1.5 
54174 0.25 0.4 2.5 3.4 

-0.4 20 
74 0.8 74 0.35 0.5 2.7 3.4 

54/74lS153 54 0.7 2 -1.5 
54174 0.25 0.4 2.5 3.4 

-0.36 20 
74 0.8 74 0.35 0.5 2.7 3.4 

54/74lS 157 54 0.7 
2 -1.5 

54/74 0.25 0.4 2.5 3.4 S/G Inputs -0.8 S/G Inputs 40 
74 0.8 74 0.35 0.5 2.7 3.4 AlB Inputs -0.4 AlB Inputs 20 

54/74lS158 54 0.7 
2 -1.5 

54174 0.25 0.4 2.5 3.4 S/G Inputs -0.8 S/G Inputs 40 
74 0.8 74 0.35 0.5 2.7 3.4 AlB Inputs -0.4 AlB Inputs 20 

, 54/74lS160 54 0.7 
2 -1.5 

54174 0.25 0.4 2.5 3.4 D/EP -0.4 D/EP 20 
74 0.8 74 0.35 0.5 2.7 3.4 lD. ET -0.8 LD,CLK.El 40 

ClR -0.4 ClR 20 
ClK -1.2 

54/74lS161 54 0.7 2 -1.5 
54174 0.25 0.4 2.5 3.4 D/EP -0.4 D/EP 20 

74 0.8 74 0.35 0.5 2.7 3.4 lD, ET -0.8 lD,ClK.ET 40 
ClR -0.4 ClR 20 
ClK -1.2 

36 BI!IDOliCS 



INPUT OUTPUT OFF-STATE OUTPUT 
CURRENT CURRENT POWER SUPPLY CURRENT CURRENT 

(rnA) (mAl (rnA) (~A) 

PARAMETER liN lOS ICCL ICCH IOH(~A) IOZL IOZH 
LOW LEVEL HIGH LEVEL 

SHORT LOW HIGH LEAKAGE VOLTAGE VOLTAGE 
CIRCUIT LEVEL LEVEL SUPPLIED SUPPLIED 

TEST VCC~MAX VCCc MAX VCC~MIN VCC"MAX VCC~MAX 
CONDITIONS VIN~ 7.0V VIH~4.5V VIN~* VO~O.4V VO~2.7V 

VIL~OV as appropriate VOH~5.5V 

MIN TYP MAX MIN TYPMAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

54/74LS95B 54 0.1 -15 -100 N/A 12.0 20.0 N/A N/A N/A 
74 NOTE 6 

54/74LS96 54 'Others 0.1 -15 -100 N/A 12.0 20.0 N/A N/A N/A 
74 Preset Enable 0.5 NOTE 6 

54/74LS107 54 VI=5.5V 
74 J/K Input 0.1 

·15 -100 N/A 4.0 8.0 N/A N/A N/A 
Clear 0.3 

NOTE 2 
Clock 0.4 

54174LS109 54 J or K 0.1 
-15 -100 N/A 4.0 8.0 N/A N/A N/A 

74 Clk/preset 0.2 
NOTE 2 

Clear 0.4 
54/74LSl12 54 VI=5.5 ·15 ·100 N/A 4.0 8.0 N/A N/A N/A 

74 J/K Input 0.1 NOTE 2 
Clock 0.4 
Preset/Clr 0.3 

54/74LS113 54 VI=5.5 -15 ·100 N/A 4.0 8.0 N/A N/A N/A 
74 J/K Input 0.1 

NOTE 2 
Preset 0.3 
Clock 0.4 

54/74LS114 54 VI=5.5 
-15 -100 N/A 4.0 8.0 N/A N/A N/A 

74 J/K Input 0.1 
NOTE 2 

Preset 0.3 
Clear 0.6 

o -" 9 
Clock 0.8 

54174LS132 54 0.1 ·15 -100 8.2 14 5.9 11 N/A N/A N/A 
74 

54174LS136 54 0.2 N/A N/A 6.1 10.0 100 N/A N/A 
74 NOTE 8 

54174LS138 54 0.1 -15 ·100 N/A 6.3 10.0 N/A N/A N/A 
74 NOTE 1 

54/74LS139 54 
0.1 -15 ·100 N/A 6.8 11.0 N/A N/A N/A 

74 NOTE 1 

54/74LS145 54 0.1 N/A N/A 7.0 13.0 250 N/A N/A 

74 NOTE 1 

54/74LS 151 54 0.1 -15 -100 N/A 6.0 10.0 N/A N/A N/A 
74 NOTE 8 

54174LS153 54 0.1 ·15 -100 N/A 6.2 10.0 N/A N/A N/A 
74 

54/74LS157 54 S/G Inputs 0.2 -15 ·100 N/A 9.7 16.0 N/A N/A N/A 
74 AlB Inputs 0.1 NOTE 8 

54174LS158 54 S/G Inputs 0.2 
-15 -100 N/A 4.8 8.0 N/A N/A N/A 

74 AlB Inputs 0.1 
NOTE 8 

54/74LS160 54 D/EP 0.1 -15 -100 19 32 18 31 N/A N/A N/A 
74 LD,CLK,ET 0.2 

CLR 0.1 

54/74LS161 54 D/EP 0.1 
·15 -100 19 32 18 31 N/A N/A N/A 

74 LD,CLK,ET 0.2 
NOTE 10 

CLR 0.1 
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54/74LS ELECTRICAL CHARACTERISTICS (See Notes - Page 50) 

INPUT VOLTAGE (V) OUTPUT VOLTAGE (V) INPUT CURRENT 

PARAMETER VIL VIH VIC VOL VOH IlL (rnA) IIH("A) 
LOW HIGH CLAMP LOW HIGH LOW HIGH 

LEVEL LEVEL VOLTAGE LEVEL LEVEL LEVEL LEVEL 

VCC MIN 
TEST VINe'" VCCo MIN 
CONDITIONS VCCc MIN IOL-4mA VOLMAX 

IIN~-18mA OL8mA@VOL O.5V IOH -400"A VIL .4V VCCe MAX 
MINTYP MAX MINTYP MAX MINTYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

54/74lS 162 54 0.7 2 -1.5 
54174 0.25 0.4 2.5 3.4 D/EP -0.4 D/EP 20 

74 O.B 74 0.35 0.5 2.7 3.4 lD, ET -O.B lDClK,ET 40 
ClR -O.B ClR 40 
ClK -1.2 

54/74lS163 54 0.7 
2 -1.5 

54/74 0.25 0.4 2.5 3.4 D/EP -0.4 D/EP 20 
74 O.B 74 0.35 0.5 2.7 3.4 lD, ET -O.B lDClK.ET 40 

ClR -O.B ClR 40 
ClK -1.2 

54174lS164 54 0.7 
2 -1.5 

54/74 0.25 0.4 2.5 3.5 -0.4 20 
74 O.B 74 0.35 0.5 2.7 3.5 

54/74lS170 54 0.7 
2 -1.5 

54/74 0.25 0.4 
N/A 

Any D,R,W -0.4 Any D,R,W 20 
74 O.B 74 0.35 0.5 GR orGW -O.B GR or GW 40 

54/74lS 174 54 0.7 
-1.5 

54/74 0.25 0.4 2.5 3.5 Clock Input, Clear -0.4 20 
74 O.B 

2 
74 0.35 0.5 2.7 3.5 Other Inputs -0.36 

54/74lS175 54 0.7 
2 -1.5 

54/74 0.25 0.4 2.5 3.5 Clock Input -0.4 20 
74 O.B 74 0.35 0.5 2.7 3.5 Other Inputs -0.36 

54174lS1B1 54 0.7 
2 -1.5 

54/74 0.25 0.4 2.5 3.4 Mode Input -0.36 Mode Input 20 
74 O.B 74 0.35 0.5 2.7 3.4 AlB Inputs -1.0B A/B Inputs 60 

S Inputs -1.44 S Inputs BO 
Carr] Input -2 Carry Input 100 

54/74lS190 54 0.7 
-1.5 

54/74 0.25 0.4 2.5 3.4 Enable -1.0B Enable 60 
74 O.B 

2 
74 0.35 0.5 2.7 3.4 Others -0.4 Others 20 

54/74lS191 54 0.7 
2 -1.5 

54/74 0.25 0.4 2.5 3.4 Enable -1.0B Enable 60 
74 O.B 74 0.35 0.5 2.7 3.4 Others -0.4 Others 20 

54174lS192 54 0.7 
2 -1.5 

54/74 0.25 0.4 2.5 3.4 
-0.4 20 

74 O.B 74 0.35 0.5 2.7 3.4 
54/74lS193 54 0.7 2 -1.5 

54174 0.25 0.4 2.5 3.4 
-0.4 

74 O.B 74 0.35 0.5 2.7 3.4 
20 

54/74lS194A 54 0.7 
2 -1.5 

54/74 0.25 0.4 2.5 3.4 
-0.4 20 

74 O.B 74 0.35 0.5 2.7 3.4 
54174lS195A 54 0.7 

2 -1.5 
54/74 0.25 0.4 2.5 3.4 ClK -0.44 

20 
74 O.B 74 0.35 0.5 2.7 3.4 Others -0.36 

54/74lS196 54 0.7 
2 -1.5 

54/74 0.4 2.5 3.4 Data, Count/load -0.36 Data, Count/load 20 
74 O.B 74 0.5 2.7 3.4 Clear -0.72 Clear. Clock 1 40 

Clock 1 -2.4 Clock 2 BO 
Clock 2 -2.B 

54174lS197 54 0.7 
2 -1.5 

54/74 0.25 0.4 2.5 3.4 Data, Count/load -0.36 Data, Count/load 20 
74 O.B 74 0.35 0.5 2.7 3.4 Clear -0.72 Clear, Clock 1 40 

Clock 1 -2.4 Clock 2 40 
Clock 2 -1.3 

54/74lS221 54 0.7 
2 -1.5 

54/74 0.25 0.4 2.5 3.5 Input A -0.36 
Input B -0.6 20 

74 O.B 0.35 0.5 2.7 3.5 Clear -0.6 
IOH~-1mA 154) 

IOH~-2.6mA f74) 
54/74lS251 54 0.7 

2 -1.5 
54/74 0.25 0.4 2.5 3.4 

-0.4 20 
74 O.B 74 0.35 0.5 2.7 3.4 

IOH~-1mAI54) 

IOH~-2.6mA 174) 
54/74lS253 54 0.7 

2 -1.5 
54/74 0.25 0.4 2.4 3.4 

-0.36 20 
74 O.B 74 0.35 0.5 2.4 3.4 

IOW-1mA I54) 
IOH~-2.6mA 174) 

54/74lS257 54 0.7 
2 -1.5 

54/74 0.25 0.4 2.4 3.4 S Input -O.B S Input 40 
74 O.B 74 0.35 0.5 2.4 3.4 Others -0.4 Others 20 
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INPUT OUTPUT OFF-STATE OUTPUT 
CURRENT CURRENT POWER SUPPLY CURRENT CURRENT 

(mAl (mAl (mAl (IlAI 
PARAMETER liN lOS ICCL ICCH IOH(I'AI 10ZL 10ZH 

LOW LEVEL HIGH LEVEL 
SHORT LOW HIGH LEAKAGE VOLTAGE VOLTAGE 

CIRCUIT LEVEL LEVEL SUPPLIED SUPPLIED 
TEST VCC~MAX VCC~MAX VCC~MAX VCC~MAX VCC~MAX 
CONDITIONS VINe 7.0V VIH~4.5V VIN~* VO~0.4V VOe2.7V 

VIL ~OV as appropriate VOH~5.5V 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

54/74LS162 D/EP 0.1 
-15 -100 19 32 18 31 N/A N/A N/A 

LD,CLK,ET 0.2 
NOTE 10 

CLR 0.2 

54/74LS163 54 D/EP 0.1 
15 -100 19 32 18 31 N/A N/A N/A 

74 LD,CLK,ET 0.2 
NOTE 10 

CLR 0.2 

54174LS164 54 
0.1 15 -100 N/A 16.0 27.0 N/A N/A N/A 

74 
54/74LS170 54 Any D,R,W 0.1 N/A N/A 26.0 40.0 100 N/A N/A 

74 G~orGw 0.2 NOTE 12 
54174LS174 54 0.1 15 -100 N/A 16.0 26.0 N/A N/A N/A 

74 NOTE 7 
54174LS175 54 

0.1 ·15 -100 N/A 
11.0 18.0 

N/A N/A N/A 
74 NOTE 7 

VI~5.5V 

54/74LS181 54 Mode Input 0.1 
15 -100 

35 20.0 32.0 A~B Output 100 
74 AlB Inputs 0.3 37 21.0 34 N/A N/A 

S Inputs 0.4 
Carry Input 0.5 

54/74LS190 54 Enable 0.3 
15 -100 

20.0 35.0 
N/A N/A N/A N/A 

74 Others 0.1 NOTE 1 

o -" 9 
54/74LS191 54 Enable 0.3 

-15 ·100 
20.0 35.0 

N/A N/A N/A N/A 
74 Others 0.1 NOTE 1 

54174LS192 54 
0.1 -15 -100 

20.0 34.0 
N/A N/A NlA N/A 

74 NOTE 14 
54/74LS193 54 

0.1 -15 -100 
20.0 34.0 

N/A N/A N/A N/A 
74 NOTE 14 --

54/74LS194A 54 
0.1 -15 -100 

15.0 23.0 
N/A N/A N/A N/A 

74 NOTE 15 
54/7 4LS 195A 54 

0.1 15 -100 
14.0 21.0 

N/A N/A N/A N/A 
74 NOTE 16 

54/74LS196 54 Data, Count/Load, CLR 0.1 
15 -100 

16.0 27.0 
N/A N/A N/A N/A 

74 VI~5.5V 
Clock 1 0.2 NOTE 1 
Clock 2 0.4 

54/74LS197 54 CLR. Data, Count/Load 0.1 
15 ·100 

16.0 27.0 
N/A N/A N/A N/A 

74 VI~5.5V 
Clock 1 0.2 NOTE 1 
Clock 2 0.2 

54174LS221 54 
0.1 -15 ·100 

74 
19 27 N/A N/A N/A N/A 

54174LS25t 54 
0.1 -15 -100 N/A 

\,ond A 6.1 10.0 
74 Cond B 7.1 12.0 N/A -20 20 

NOTE 17 
54174LS253 54 

0.1 -15 ·100 N/A f'ond A 7.0 12.0 VCC~MAX VCC~MAX 
74 f'ond B 8.5 14.0 N/A -20 20 

NOTE 18 

54/74LS257 54 S Input 0.2 
15 -100 

~ond.A 9.2 16.0 
N/A V 0 ~0.5V 

-20 Vo~2.4V 

74 Others 0.1 N/A f'ondB 5.9 10.0 
·20 

Cond.C 10.0 17.0 
NOTE 19 
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54174LS ELECTRICAL CHARACTERISTICS (See Notes - Page 50) 

.. 
INPUT VOLTAGE (V) OUTPUT VOLTAGE (V) INPUT CURRENT 

PARAMETER VIL VIH VIC VOL VOH IIL(mA) IIH(I'A) 
LOW HIGH CLAMP LOW HIGH LOW HIGH 

LEVEL LEVEL VOLTAGE LEVEL LEVEL LEVEL LEVEL 

VCC~MIN 
TEST VIN~* VCC~MIN 
CONDITIONS VCC~MIN IOL"4mA VOLMAX 

IIN~-18mA OL ~8mA@VOL ~O.5V IOH~-400~ VIL~.4V VCC~MAX 

MINTVP MAX IMINTVPMAX IMINTVP MAX IMIN TVP MAX IMIN TVP MAX IMIN TVP MAX IMIN TVP MAX 
10H~-lmA (54) 
10H ~ -2.6mA (74) 

54/74LS258 54 0.7 
2 -1.5 

54/74 0.25 0.4 2.4 3.4 S Input -0.8 S Input 40 
74 0.8 74 0.35 0.5 2.4 3.4 Others -0.4 Others 20 

54/74LS260 54 0.7 
2 -1.5 

54/74 0.25 0.4 2.5 3.4 
0.36 20 

74 0.8 74 0.35 0.5 2.7 3.4 
54/74LS261 54 0.7 

2 -1.5 
54/74 0.25 0.4 2.5 3.4 MOl MI -0.8 MOl MI 40 

74 0.8 74 0.35 0.5 2.7 3.4 Others -0.4 Others 20 
54/74LS266 54 0.7 

2 -1.5 
54/74 0.25 0.4 N/A 

-0.6 40 
74 0.8 74 0.35 0.5 

54/74LS283 54 0.7 
2 -1.5 

54/74 0.25 0.4 2.5 3.6 AnyAorB -0.8 AnyAorB 40 
74 0.8 74 0.35 0.5 2.7 3.6 CO -0.4 CO 20 

54/74LS290 54 0.7 
2 -1.5 

54/74 0.25 0.4 2.5 3.4 Any Reset -0.4 Any Reset 20 
74 0.8 74 0.35 0.5 2.7 3.4 A Input -2.4 A Input 40 

B Input -3.2 B Input 80 

54/74LS293 54 0.7 
2 -1.5 

54/74 0.25 0.4 2.5 3.4 Any Reset -0.4 Any Reset 20 
74 0.8 74 0.35 0.5 2.7 3.4 A Input -2.4 A Input 40 

B input -1.6 B Input 40 
IOH~-lmA (54) 
IOH~-2.6mA (74) 

54/74LS295A 54 0.7 
2 -1.5 

54/74 0.25 0.4 2.4 3.4 
-0.4 20 

74 0.8 74 0.35 0.5 2.4 3.4 

54/74LS386 54 0.7 
2 -1.5 

54/74 0.25 0.4 2.5 3.4 
-0.6 40 

74 0.8 74 0.35 0.5 2.7 3.4 
IOH~-lmA (54) 
IOH=-2.6mA (74) 

54/74LS670 54 0.7 2 _15154/74 0.25 0.4 2.4 3.4 AnyD,R,W -0.4 Any D,R,W 20 
74 0.8 . 74 0.35 0.5 2.4 3.4 GW Input -0.8 CW Input 40 

GR Input -1.2 GR Input 60 
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INPUT OUTPUT OFF-STATE OUTPUT 
CURRENT CURRENT POWER. SUPPLY CURRENT CURRENT 

(mA) (mA) (mA) (~) 

PARAMETER liN lOS ICCL ICCH IOH(~) IOZL IOZH 
LOW LEVEL HIGH LEVEL 

SHORT LOW HIGH LEAKAGE VOLTAGE VOLTAGE 
CIRCUIT LEVEL LEVEL SUPPLIED SUPPLIED 

TEST VCC~MAX VCC~MAX VCC~MIN VCC~MAX VCC~MAX 
CONDITIONS VIN~7.0V VIHA.5V VIN~* VO~O.4V VO~2.7V 

VIL ~OV as appropriate VOH~5.5V 
MIN TYP MAX MIN TYPMAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

54174LS258 54 5 Input 0.2 
15 ·100 

~ond.A 6.2 11.0 
N/A Vo=0.5V .20 Vo=2.4V .20 

74 Others 0.1 N/A ~ond.B 4.1 7.0 
~ond.C 7.0 12.0 

NOTE 19 

54/74LS260 54 
0.1 ·15 ·100 2.6 5.2 1.4 2.7 N/A N/A N/A 

74 
54/74LS261 54 M01 M1 0.2 

·100 N/A 
22.0 38.0 

N/A N/A N/A 
74 Others 0.1 

·15 
NOTE 1 

54/74LS266 54 
0.2 N/A 

8.0 13.0 
100 N/A N/A 

74 
N/A 

NOTE 20 
54/74LS283 54 AnyAorB 0.2 

15 ·100 
22.0 39.0 

N/A N/A N/A 
74 CO 0.1 Cond.A Cond.B 19.0 34.0 

NOTE 21 NOTE 21 
VI=7.0V 

0.1 9.0 15.0 54/74LS290 54 Any Reset 
·100 N/A N/A N/A N/A 

74 VI=5.5V ·15 

o -" A Input 0.2 NOTE 4 
B Input 0.4 
VI= 7.0V 

0.1 9.0 15.0 54/74LS293 54 Any Reset 
15 ·100 N/A N/A N/A N/A 

9 
74 A Input 0.2 NOTE 4 

B Input 0.2 
5417 4LS295A 54 

0.1 15 ·100 N/A 
~ond.A 14.0 23.0 

N/A N/A N/A 
74 r.ond.B 15.0 25.0 

---
NOTE 22 -

54/74LS386 54 
·100 N/A 

6.1 10.0 
N/A N/A N/A 

74 
0.2 15 

NOTE 1 
54/74LS670 54 Any D,R,W 0.1 

15 ·100 N/A 30.0 50.0 N/A VCC=MAX VCC=MAX 74 GW Input 0.2 ·20 20 
GR Input 0.3 
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54174S ELECTRICAL CHARACTERISTICS (5ee Notes - Page 50) 

INPUT VOLTAGE OUTPUT VOLTAGE INPUT CURRENT 

VIL (V) VIH (V) VIC (V) VOL (V) VOH (V) IlL (mA) 
PARAMETER LOW LEVEL HIGH LEVEL CLAMP VOLTAGE LOW LEVEL HIGH LEVEL LOW LEVEL 

VCC=MIN VCC=MIN 
TEST VCC=MIN VIN=* VIN=* VCC=MAX 

CONDITIONS VCC=MIN VCC=MIN 11=-18 mA 10L=20 mA IOH=-1 mA VI=O.5V 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

54/74500 
54 

0.8 2 -1.2 0.5 2.5 3.4 
-2 74 2.7 3.4 

54/74502 
54 

0.8 2 -1.2 0.5 
2.5 3.4 

-2 74 2.7 3.4 

54174503 
54 

0.8 
74 

2 -1.2 0.5 -2 

54/74504 
54 

0.8 2 -1.2 0.5 
2.5 3.4 

-2 74 2.7 3.4 

54/74505 
54 

0.8 2 -1.2 0.5 -2 74 

54/74508 
54 

0.8 2 -1.2 0.5 
2.5 3.4 

-2 74 2.7 3.4 

54/74509 
54 

0.8 2 
74 

-1.2 0.5 VI=0.4V -2 

54/74510 
54 

0.8 2 -1.2 0.5 
2.5 3.4 

-2 74 2.7 3.4 

54/74511 
54 

0.8 2 -1.2 0.5 
2.5 3.4 

-2 74 2.7 3.4 

54/74515 
54 

0.8 2 
74 

-1.2 0.5 N/A -2 

54/74520 
54 

0.8 2 -1.2 0.5 
2.5 3.4 

-2 74 2.7 3.4 

54/74522 
54 

0.8 2 
74 

-1.2 0.5 -2 

IOL=60mA IOH=-3mA 

54174537 
54 

0.8 2 -1.2 0.5 
2.5 3.4 

-4 74 2.7 3.4 

54174538 
54 

0.8 2 -1.2 IOL=60mA 
-4 74 0.5 

IOL=60mA IOH=-3mA 

54174540 
54 

0.8 2 -1.2 0.5 2.5 3.4 
-4 74 2.7 3.4 

IOH=MAX 

54174551 
54 

0.8 2 -1.2 0.5 
2.5 3.4 

-2 74 2.7 3.4 

54/74564 
54 

0.8 2 -1.2 0.5 
2.5 3.4 

-2 74 2.7 3.4 

54/74565 
54 

0.8 2 -1.2 0.5 74 -2 
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INPUT CURRENT POWER SUPPL V CURRENT 

IIH (IlA) II (mA) lOS (mA) ICCL (mA) ICCH (mA) lOH (IlA) 
PARAMETER HIGH LEVEL INPUT CURRENT SHORT CIRCUIT LOW LEVEL HIGH LEVEL HIGH LEVEL 

NOTE 24 NOTE 24 VCC~MIN 
TEST VCC~MAX VCC~MAX VCC~MAX VCC~MAX VIN~· 

CONDITIONS VI~2.7V VI~5.5V VCC~MAX VIN~5V VIN~OV VOH~5.5V 

MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX 

54/74800 
54 

50 1 -40 -100 5 9 2.5 4 74 

54/74802 
54 

50 1 -40 -100 6.5 11.25 4.25 7.25 
74 

54/74803 
54 

50 1 5 9 1.5 3.3 250 74 

54/74804 
54 

50 1 -40 -100 5 9 2.5 4 74 

54/74805 
54 

50 1 
74 

5 9 1.5 3.3 250 

54174808 
54 

50 1 -40 -100 8.0 14.25 4.5 8 
74 

54/74809 
54 

50 1 8.0 14.25 4.5 8 250 74 

54/74810 
54 

50 1 -40 -100 5 9 2.5 4 
74 

o -" VIN~OV VIN~5V 

54174811 
54 

50 1 -40 -100 8 14 4.5 8 N/A 74 9 
VIN~OV VIN~5V 

54/74815 
54 

50 1 N/A 8 14 3.5 6.5 250 74 ----
54/74820 

54 
50 1 -40 -100 5 9 2.5 4 

74 

54/74822 
54 

50 1 5 9 1.5 3.3 250 74 

54174837 
54 

100 1 -50 -225 11.5 20 5 9 74 

54/74838 
54 

100 1 
74 

11.5 20 5 9 250 

54/74840 
54 

100 1 -50 -225 12.5 22 5 9 74 

54/74851 
54 

50 1 -40 -100 13.6 22 8.2 17.8 
74 

54/74864 
54 

50 1 -40 -100 8.5 16 7 12.5 
74 

54/74865 
54 50 1 8.5 16 6 11 250 74 
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54174S ELECTRICAL CHARACTERISTICS (See Notes - Page 50) 

INPUT VOLTAGE OUTPUT VOLTAGE INPUT CURRENT 

VIL (V) VIH (V) VIC (V) VOL (V) VOH (V) IlL (mA) 
PARAMETER LOW LEVEL HIGH LEVEL CLAMP VOLTAGE LOW LEVEL HIGH LEVEL LOW LEVEL 

VCC=MIN VCC=MIN 
TEST VCC=MIN VIN=* VIN=* VCC = MAX 

CONDITIONS VCC=MIN VCC=MIN 11=-18 mA IOL=20 mA IOH=-1 mA VI=O.5V 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Clock or Preset 

54/74574 
54 

0.8 2 -1.2 0.5 
2.5 3.4 -4 

74 2.7 3.4 Clear -6 
0 -2 

A<B,A>B -2 

54174585 
54 

0.8 2 -1.2 0.5 
2.5 3.4 All other inputs 

74 2.7 3.4 -6 

54/74586 
54 0.8 2 -1.2 0.5 

2.5 3.4 VI = 50l'A -2 
74 2.7 3.4 

J or K -1.6 

54/745112 
54 

0.8 2 -1.2 0.5 
2.5 3.4 Clock -4 

74 2.7 3.4 Preset or 
Clear -7 

J or K 1.6 

541745113 
54 

0.8 2 -1.2 0.5 
2.5 3.4 Clock -4 

74 2.7 3.4 Preset -7 

J or K -1.6 

54/745114 
54 

0.8 2 -1.2 0.5 
2.5 3.4 Clock -8 

74 2.7 3.4 Preset -7 
Clear -14 

\ 
541745133 

54 
0.8 2 -1.2 0.5 2.5 3.4 

-2 74 2.7 3.4 

IOH=-2mA 

54/745134+ 
54 

0.8 2 -1.2 0.5 
2.4 3.4 

-2 
74 IOH=-6.5mA 

2.4 3.2 

541745135 
54 

0.8 2 -1.2 0.5 
2.5 3.4 

-2 74 2.7 3.4 

54/745138 
54 0.8 2 -1.2 0.5 

2.5 3.4 
-2 

74 2.7 3.4 

54/745139 
54 

0.8 2 -1.2 0.5 
2.5 3.4 -2 74 2.7 3.4 

541745151 
54 

0.8 2 -1.2 0.5 
2.5 3.4 

-2 
74 2.7 3.4 

541745153 
54 0.8 2 -1.2 0.5 

2.5 3.4 
-2 

74 2.7 3.4 

541745157 
54 

0.8 2 -1.2 0.5 
2.5 3.4 5 or G Input 

-4 
74 2.7 3.4 A or B Input 

-2 

54/745158 
54 

0.8 2 -1.2 0.5 
2.5 3.4 5 or G Input 

-4 74 2.7 3.4 A or B Input 
-2 
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INPUT CURRENT POWER SUPPLY CURRENT 

IIH (IlA) II (mA) lOS (mA) ICCL (mA) ICCH (mA) 10H (IlA) 
PARAMETER HIGH LEVEL INPUT CURRENT SHORT CIRCUIT LOW LEVEL HIGH LEVEL HIGH LEVEL 

VCC~MIN 
TEST VCC~MAX VCC~MAX VCC~MAX VCC~MAX VIN~· 

CONDITIONS VI~2.7V VI~5.5V VCC~MAX VIN~5V VIN~OV VOH~5.5V 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Clock or Preset 

54/74874 
54 100 

1 -40 -100 30 38 
74 Clear 150 

0 50 

All other inputs 

54/74885 
54 150 

1 -40 -100 
73 115 

74 A<B,A>B 50 (54 W Pkg) 110 

54/74886 
54 

50 1 -40 -100 75 
74 

J or K 50 

54/748112 
54 Clock, Preset or 

1 -40 -100 30 50 
74 Clear 100 

Clock 50 

54/745113 
54 Preset or Clear 

1 -40 -100 30 50 
74 100 o 

J or K 50 

54/745114 
54 Clock or Clear 

1 -40 -100 30 50 
74 200 

Preset 100 

-" 9 
54/748133 

54 
50 1 -40 -100 5.5 10 3 5 

74 

54 
putput Control~OV 

7 13 
54/748134 50 1 -40 -100 Others~5V 

74 9 16 
--

Output Off 
Input~5V 

14 25 
54/748135 

54 
50 1 -40 -100 65 99 

74 

54/748138 
54 

50 1 -40 -100 
49 74 

74 60 90 

54/748139 
54 

50 1 -40 -100 
49 74 

74 60 90 

541748151 
54 

50 1 -40 -100 45 70 
74 

54/748153 
54 

50 1 -40 -100 45 70 
74 

8 or G Input 

54/748157 
54 100 

1 -40 -100 50 78 
74 A or B Input 50 

8 or G Input 

54/748158 
54 100 1 -40 -100 39 61 
74 A or B Input 50 
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54174S ELECTRICAL CHARACTERISTICS (See Notes - Page 50) 

INPUT VOLTAGE OUTPUT VOLTAGE INPUT CURRENT 

VIL (V) VIH (V) VIC (V) VOL (V) VOH (V) IlL (mA) 
PARAMETER LOW LEVEL HIGH LEVEL CLAMP VOLTAGE LOW LEVEL HIGH LEVEL LOW LEVEL 

VCC~MIN VCC~MIN 

TEST VCC~MIN VIN~ . VIN~ . VCC~MAX 

CONDITIONS VCC~MIN VCC~MIN 11~-18 mA IOL~20 mA IOH~-1 mA VI~O.5V 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

VI~0.4V 

11~-12mA IOL ~ 16mA IOH~5.2mA 2W/RO,2W/R1, 
2W/R2,1GW, 

54/748172 
54 

0.8 2 -1.5 0.4 
2GW or Clock 

74 2.4 
-1.6 

Any Other -.8 

54/748174 
54 

0.8 2 -1.2 0.5 
2.5 3.4 

74 2.7 3.4 
-2 

54/748175 
54 

0.8 2 -1.2 0.5 
2.5 3.4 

74 2.7 3.4 -2 

VI~O.4V 

Mode -2 

541748181 
54 

0.8 2 -1.2 0.5 
2.5 3.4 Any A or 8 -6 

74 2.7 3.4 Any 8 -8 
Carry -10 

CN -2 

54/748182 
54 

0.8 2 -1.2 0.5 
2.5 3.4 P3 -4 

74 2.7 3.4 P2 -6 
PO,P1,G3 -8 
GO,G2 -14 
G1 -16 

54/748194 
54 

0.8 2 -1.5 0.5 
2.5 3.4 

74 2.7 3.4 
-2 

54/748195 
54 

0.8 2 
11~-12mA 

0.2 0.4 
IOH~-800ILA VI~0.4V 

74 
-1.5 

2.4 3.4 
-1.6 

IOL ~16mA VIL ~0.45V 

54/748200 
54 0.8 

2 -0.8 -1.2 
0.35 0.50 IOH~-10.3mA -10 -250 

74 0.85 0.35 0.45 2.4 (54) -10 -100 
IOH~5.2mA 

2.4 (74) 

IOL~16mA VIL~0.45V 

54/748201 
54 0.8 

2 -0.8 -1.2 
0.35 0.50 IOH~-10.3mA -10 -250 

74 0.85 0.35 0.45 2.4 (54) -10 -1M 
IOH~5.2mA 

2.4 (74) 

IOL~16mA VIL ~0.45V 
748206 74 0.85 2 -0.8 ~1.2 0.35 0.45 2.4 -10 -100 
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INPUT CURRENT POWER SUPPLY CURRENT 

"H (itA) " (mA) lOS (mA) 'CCL(mA) ICCH (mA) 10H (itA) 
PARAMETER HIGH LEVEL INPUT CURRENT SHORT CIRCUIT LOW LEVEL HIGH LEVEL HIGH LEVEL 

VCC=MIN 
TEST VCC=MAX VCC=MAX VCC=MAX VCC = MAX V'N=* 

CONDITIONS V, = 2.7V V, = 5.5V VCC=MAX V,N=5V V,N=OV VOH=5.5V 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

V,=2.4V 

541745172 
54 

40 1 -18 -55 112 170 
74 

54/745174 
54 

50 1 -40 -100 90 
74 

54/745175 
54 

50 1 -40 -100 60 
74 

V,=2.4V 
Mode 50 1 -40 -100 120 159 ICC (554) 

54 AnyaorB 150 120 220 N Pkg only 
541745181 

74 Any 5 200 135 
Carry 250 

CN'NPUT 50 

54/745182 
54 P3 100 

1 -40 -100 
69 99 

35 
74 P2 150 69 109 o 

PO,P1 or G3 200 
GO or G2 350 

G1 400 
-" 9 

54/745194 
54 

50 1 -40 -100 85 135 (ICC 5545194) 
74 

B pkg - 99 

VI=2.4V 
Wpkg-110 

541745195 
54 

50 1 -40 -100 39 63 
74 

54/745200 
54 

1 25 1 -30 -100 80 115 
74 

54/745201 
54 

1 25 1 -30 -100 
74 

745206 74 1 25 1 80 115 1 40 
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54174S ELECTRICAL CHARACTERISTICS (See Notes· Page 50) 

INPUT VOLTAGE OUTPUT VOLTAGE INPUT CURRENT 

VIL (V) VIH (V) VIC (V) VOL (V) VOH (V) IlL (mA) 
PARAMETER LOW LEVEL HIGH LEVEL CLAMP VOLTAGE LOW LEVEL HIGH LEVEL LOW LEVEL 

VCC~MIN VCC~MIN 

TEST VCC~MIN VIN~· VIN~ . VCC~MAX 

CONDITIONS VCC~MIN VCC~MIN 11~-18 mA IOL~20 mA IOH~-1 mA VI~O.5V 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

54 
IOH~-2mA 

54/74S251+ 0.8 2 -1.2 0.5 -2 
74 2.4 3.2 

IOH~-6.5mA 

2.4 3.2 

54/74S253~ 
54 

0.8 2 -1.2 0.5 
2.4 3.4 

-2 
74 2.7 3.4 

IOH~-2mA 

54174S257 + 54 
0.8 2 -1.2 0.5 2.4 3.4 S Input -4 

74 IOH~-6.5mA Any Other -2 

2.4 3.2 

19H~-2mA 

54174S258 
54 

0.8 2 -1.2 0.5 
2.5 3.4 S Input -4 

74 IOH~-6.5mA Any Other -2 
2.4 3.2 

IOH~MAX 

54/74S260 
54 

0.8 2 -1.2 0.5 
2.5 3.4 

-2 
74 2.7 3.4 

54174S280 
54 

0.8 2 -1.2 0.5 
2.5 3.4 

-2 
74 2.7 3.4 

IOL~16mA VIL ~0.45V 

54/74S301 
54 0.8 

2 -0.8 -1.2 
0.35 0.50 -10 -250 

74 0.85 0.35 0.45 -10 -100 

tOFF-STATE INPUT CURRENT-

lOLL (mA) IOLH (mA) 
LOW LEVEL HIGH LEVEL 
VOLTAGE VOLTAGE 
SUPPLIED SUPPLIED 

VCC~MAX VCC~MAX 

VO~O.4V VO~2.4V 

MAX MAX 

-50 50 
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INPUT CURRENT POWER SUPPLY CURRENT 

IIH (itA) II (mA) lOS (mA) ICCL (mA) ICCH (mA) 10H (itA) 
PARAMETER HIGH LEVEL INPUT CURRENT SHORT CIRCUIT LOW LEVEL HIGH LEVEL HIGH LEVEL 

VCC = MIN 
TEST VCC=MAX VCC=MAX VCC=MAX VCC=MAX VIN=· 

CONDITIONS VI=2.7V VI=5.5V VCC=MAX VIN=5V VIN=OV VOH=5.5V 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

54/748251 
54 

50 1 -40 -100 
74 

54/748253 
54 

50 1 -40 -100 45 70 
74 

54/748257 
54 8 Input 100 

1 -40 -100 44 68 
60 93 

74 Any Other 50 HiZ 99 

541748258 
54 8 Input 100 

1 -40 -100 36 56 
52 81 

74 Any Other 50 HiZ 87 

541748260 
54 

50 1 -40 -100 10.0 17.5 8.5 14.5 
74 o -ICC " 541748280 
54 

50 1 -40 -100 
67 99 (854-W Pkg) 

74 67 105 94 9 
541748301 

54 
1 25 

74 --
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9300/9600 SERIES ELECTRICAL CHARACTERISTICS 

INPUT VOLTAGE OUTPUT VOLTAGE INPUT CURRENT 

VIL(V) VIH(V) VOL(V) VOH(V) IIL(MA) IIH(UA) IF IR 

PARAMETER LOW LEVEL HIGH LEVEL LOW LEVEL HIGH LEVEL LOW LEVEL HIGH LEVEL LOAO CURRENT LEAKAGE 

CURRENT 

TEST VCC~MIN VCC~MIN VCC~MIN VCC~MIN VCC~MAX VCC~MAX VCC~MAX VCC~MAX 

CONDITIONS IOL~16mA IOH~1.2mA VIN~O.4V VIN~2.4V VF~O.45V VR~4.5V 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

9300 

O·C 0.85 1.9 0.45 2.4 -1.6 N/A 

+25°C 0.85 1.8 0.2 0.45 2.4 3.0 N/A N/A -1.0 -1.6 1S 60 

+75°C 0.8S 1.6 O.4S 2.4 -1.6 60 

VCC~4.7SV 

-1.4 1 

-0.9 -1.41 

-1.41 

9301 SEE 82S2 ELECTRICAL SPECIFICATIONS 

9309 

O·C 0.8S 1.9 O.4S 2.4 -1.6 N/A 

+25°C 0.8S 1.8 0.21 0.4S 2.4 3.0 N/A N/A -10 -1.6 15 60 

+7S·C 0.85 1.6 O.4S 2.4 -1.6 60 

VCC~4.7SV 

-1.41 

-91 -1.41 

-1.41 

-5S·C 0.8 2.0 0.4 2.4 -1.6 N/A 

+2S·C 0.9 1.7 0.21 0.4 2.4 2.7 N/A N/A -1.1 -1.6 1S 60 

+12S·C 0.8 1.4 0.4 2.4 -1.6 60 

VCC~4.7SV 

-1.24 

-.8S -1.24 

-1.24 

9312 SEE 8230 ELECTRICAL SPECIFICATIONS 

I 
IOW-8OO• A 

9324 0.8 2.0 92 0.4 2.4 3.6 -1.92 -3.2 20 80 N/A N/A 

VIN~SV 

1.0mA 

IOL ~9.6mA IOH~-720"A AO,A1,A2,D,C VIN~S,SV 

0.8 2.0 0.2 0.4 2.4 3.6 10 40 1.0 N/A N/A 

E 
1S 60 

_1 SEE 8T22 ELECTRICAL SPECIFICATIONS 

91102 IOL ~11.3mA IOH~0.96mA 

O·C 0.85 1.9 O.4S 2.4 -1.6 N/A 

+2S·C 0.8S 1.8 0.2 0.45 2.4 3.6 -10 -1.6 10 60 N/A N/A 

+7S·C 0.85 1.6S 0.45 2.4 VCC~4.7SV 60 

-1.41 

-1.41 

-1.41 

IOL ~9.92mA IOW-0.96mA 

-SS·C 0.8S 2.0 0.4 2.4 -1.6 N/A 

+2S·C 0.90 1.7 0.2 0.4 2.4 3.3 -1.1 -1.6 10 60 N/A N/A 

+125·C 0.85 1.S 0.4 2.4 -1.6 60 

VCC~4.SV 

-1.24 

-0.97 -1.24 

-1.24 

50 BmOOlies 



54/74 ELECTRICAL CHARACTERISTICS NOTES 
1. All inputs grounded, outputs open. 
2. With all outputs open, ICC is measured with Q and Q outputs high in turn. At the time of measurement, the clock input is 

grounded. 
3. ICC is measured with outputs open, A = B grounded, and all other inputs at 4.5V. 
4. I CC is measured with all outputs open, Both RO inputs grounded following momentary connection to 4.5V and all other 

inputs grounded. 
5. ICC is measured with all outputs and serieal inputs open; A,B,C, and 0 inputs grounded, mode control at 4.5V and a 

momentary 3V then ground, applied to both clock inputs. 
6. I CC is measured with clear input grounded and all other inputs and outputs open. 
7. ICC is measured with outputs open and 4.5V applied to all data and clear inputs. the measurement is made after a 

momentary ground, then 4.5V is applied to the clock. 
8. ICC is measured with inputs at 4.5V, outputs open. 
9. I CCL is measured with clock input high, then again with the clock input low with all other inputs low and all outputs open. 

10. I CCH is measured with the load input high, then again with the load input low, with all other inputs high and all outputs 
open. 

11. I CC is measured with outputs open, serial inputs grounded, the clock input at 2.4V, and a momentary ground, then 4.5V 
applied to clear. 

12. I CC is measured under the following worst case conditions. 4.5V are applied to all data inputs and both enable inputs, all 
address inputs are grounded, and all outputs are open. 

13. With outputs open, ICC is measured for the following conditions: 
Condition A - SO through S3, M and A inputs are at 4.5V, all other inputs grounded. 
Conditon B - SO through S3 and M are at 4.5V, all other inputs are grounded. 

14. ICC is measured with outputs open, clear and load inputs grounded, and all other inputs at 4.5V. 
15. With all outputs open, inputs A through 0 grounded, and 4.5V applied to SO, SI, clear and the serial inputs, ICC is tested 

with a momentary ground then 4.5V applied to the clock. 
16. With all outputs open, shift/load grounded and 4.5V applied to the J,K and data inputs, ICC is measured by applying a 

momentary ground, followed by 4.5V to clear, then applying a momentary ground followed by a 4.5V to clock. 
17. ICC is measured with the outputs open and all data and select inputs at 4.5V under the following conditions: 

Condition A - Strobe grounded 
Condition B - Strobe grounded 

18. ICC is measured with the outputs open and all data and select inputs at 4.5V under the following conditions: 
Condition A - All inputs grounded. 
Condition B - Output control at 4.5V, all inputs grounded. 

19. I CC is measured with all outputs open and all possible inputs grounded while achieving the stated output conditions. 
20. ICC is measured with one input of each gate at 4.5V, the other inputs grounded, and the outputs open. 
21. ICC is measured with outputs open under the following conditions: 

Condition A - All inputs grounded. 
Condition B - All B inputs low, other at 4.5V 
Condition C - All inputs at 4.5V 

22. ICC is measured with the outputs open, the serial input and mode control at 4.5V, and the data inputs grounded under the 
following conditions: 
Condition A - Output control at 4.5V and a momentary 3v then ground applied to clock input. 
Condition B - Output control and clock input grounded. 

23. ICCL 
24. 54/74S ICC limits are per gate. 

I!!IDDnCI 

o -" 9 
--
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ABSOLUTE MAXIMUM RATINGS 
(Over Operating Free-Air Temperature Range Unless Otherwise Noted) 

VCC Supply Voltage 1 7V 

NOTES 

Input Voltage 1 
Intermitter Voltage2 

Operating Free-Air Temperature Range 
Series 54 Circuits 
Series 74 Circuits 
Storage Temperature Range 

5.5V 
5.5V 

-55Cto125C 
OCto 70 C 

-65Ct0150C 

1. Voltage values, except intermitter voltage. are with respect to network ground terminals. 

2. This is the voltage between two emitters of a multiple-emitter transistor. 

3. Output sink current tests one output at a time. 

TEST CIRCUITS 

LOAD CIRCUIT FOR BI·STATE 
TOTEM·POLE OUTPUTS 

TESTPDINT Vcc 

RL 

fROM OUTPUT 
UNDER TEST "" (SEE NOTE BI 

CL 

[SEE NOTE Al I 
-=-

NOTES 

A. CL includes probe and jig capacitance. 

B. All diodes are 1N916 or 1N3064. 

WAVEFORMS 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

LOAD CIRCUIT FOR 
OPEN·COLLECTOR OUTPUTS 

Vcc 

{. FROM OUTPUT TEST 
UNDER TEST POINT 

CL 1 (SEE NOTE AI 

LOAD CIRCUIT FOR 
THREE-STATE OUTPUTS 

TEST POINT Vcc 

f", 
51 

FROM OUTPUT 
UNDER TEST 

(SEE NOTE B) 

CL 
5Kn 

"""""1 
7 

'---

i S2 

VOL TAGE WAVEFORMS 

TlM'NG~3V 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES, THREE·STATE OUTPUTS 

INPUT _':...V _____ ov 
thold 

DATA 
INPUT 

tsetup 
,---....... -----3V 

OV 

VOLTAGE WAVEFORMS 
PULSE WIDTHS 

HIGHlEVEL~ 
PULSE 1.3V 1.3V 

'w 

~ \.OW LEVEL 
PULSE 1.3V 1.3V 

NOTES 

,---....... ------lV 
INPUT 

IN·PHASE 
OUTPUT 

OUT-OF·PHASE 1,3V 1.3V 
OUTPUT 

OV 

VOL 

VOH ~HL tpLH 

---VOL 

OUTPUT CONTROL 
(LOW·LEVEL 
ENABLING) 

WAVEFORM ·1 
(SEE NOTED) 

1.lV 

--------ov 

51 A.N.052. 
CLOSED 

:.....t..- '" 1.5V 

--1--"'- L - - - VOL 

E~5~ -VOH ~
HZ O.5V 

WAVEFORM :~ 

(SEE NOTE D) __ -'=="'""-____ '" OV ~~~NE~ S2 '" 1.5V 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. Waveform 2 is for an output with internal conditions such that 
the DU1pu\ is high except when disabled by the output control. 

D. In the examples above, the phase relationships between inputs and outputs have been chosen arbitrarily 

E. All input pulses are supplied by generators having the following characteristics: PAA.:s 1MHz, Zout ",. 50n and Ir ~ 15 ns, If "S 6 ns. 
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SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 F,W 
54H F,W 
54LS f',W 
54S F,W 

74 A,F 
74H A,F 
74LS A,F 
74S A,F 

54174, 54174L8, 548 
A,F,W PACKAGE 

Positive logic: Y = AS 

SWITCHING CHARACTERISTICS Vee ~ 5V, T A ~ 25°e 

54174 

CL~15pF 

TEST CONDITIONS RL~400!l 

PARAMETER MIN TYP 

Propagation delay time 

tpLH Low-to-high 11 

tpHL Hlgh-to-Iow 7 

Load circuit and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY 
54 F,W 
54H F,W 
54LS F,W 

74 A,F 
74H A,F 
74LS A,F 

PIN CONFIGURATION 

74,54174LS 
A,F,W PACKAGE 

Positive logic: Y = AS 

MAX 

22 

15 

54174H 

CL~25pF 

RL ~280!l 

MIN TYP 

5.9 

6.2 

1 

54,54H 
WPACKAGE 

lI(gnOhell 

MAX 

10 

10 

54174L8 

CL~15pF 

RL~2k!l 

MIN TYP MAX 

9 15 

10 15 

54174H 
WPACKAGE 

541748 

CL~15pF 

RL~280!l 

MIN TYP 

2 3 

eL~50pF 

I 4.5 I 
2 I 3 I 

eL~50pF 

I 5 I 

MAX 

4.5 

5 

54HI74H 
A,F PACKAGE 

UNIT o 
ns -" 
ns 9 

--
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SWITCHING CHARACTERISTICS vee = 5V. T A = 25°e 

54n4 54n4H 54n4LS 

CL=15pF CL=25pF CL=15pF 
TEST CONDITIONS RL=4000 RL=2800 RL=2kO 

PARAMETER MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Propagation delay time 

tpLH Low-to-high 35 45 10 15 17 32 

tpHL Hlgh-to-Iow 8 15 7.5 12 15 28 

Load circuit and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY 
54 F.W 
54LS F.W 
54S F.W 

74 A.F 
74LS A.F 
74S A.F 

PIN CONFIGURATION 

74,54n4LS, 54/74S 
A,F,W PACKAGE 

Positive logic: Y ~ A+B 

SWITCHING CHARACTERISTICS Vee = 5V. T A = 25°e 

54n4 54n4LS 54/748 

CL=15pF CL=15pF CL=15pF 
TEST CONDITIONS RL=4000 RL=2kO RL=2800 

PARAMETER MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Propagation delay time 

tpLH Low-to-high 12 22 8 15 3.5 5.5 

tpHL High-to-Iow 8 15 8 15 3.5 5.5 

load circuit and typical waveforms are shown at the front of section. 

54 I!JRBIIe. 

UNIT 

ns 
ns 

UNIT 

ns 

ns 

54 
WPACKAGE 



SPEED/PACKAGE AVAILABILITY 
54 F 
54L8 F,W 
548 F,W 

74 A,F 
74L8 A,F 
748 A,F 

SWITCHING CHARACTERISTICS vee ~ 5V, T A ~ 25°e 

54/74 54174LS 

CL~15pF CL~15pF 

TEST CONDITIONS RL~400n RL~2kn 

54174S 

CL~15pF 

RL~280n 

PARAMETER MIN TVP MAX MIN TVP MAX MIN TVP MAX 

Propagalion delay lime 

IpLH Low-Io-high 35 45 17 32 2 5 7.5 

eL~50pF 

17.5 1 

IpHL High-Io-Iow 8 15 15 28 2 14.5 1 7 

eL~50pF 

'" 7 I 
Load circuit and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 F,W 
54H F,W 
54L8 F,W 
548 F,W 

74 A,F 
74H A,F 
74L8 A,F 
748 A,F 

74,74H, 54174LS,54S 
A,F,W PACKAGE 

Positive logic: Y = A 

SWITCHING CHARACTERISTICS Vee~ 5V, T A ~ 25°e 

54174 54174H 

CL~15pF CL~25pF 

TEST CONDITIONS RL~400n RL~280n 

PARAMETER MIN TVP MAX MIN TVP MAX 

Propagalion delay lime 

IpLH Low-Io-high 12 22 6 10 

IpHL High-Io-Iow 8 15 6.5 10 

Load circuit and typical waveforms are shown at the front of section. 

ImooilCI 

PIN CONFIGURATION 

UNIT 

ns 

ns 

54174LS 

CL~15pF 

RL~2kn 

MIN TVP MAX 

5 15 

9 15 

A,F,W PACKAGE 

Positive logic: Y=AB 

54,54H 
WPACKAGE 

54174S 

CL~15pF 

RL~280n 

MIN TVP 

2 3 

eL~50pF 

1 4.51 

2 1 3 I 
eL~50pF 

1 5 1 

MAX 

4.5 

5 

o -" 9 

UNIT 

ns 

ns 
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SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 F,W 
54H F,W 
54L8 F,W 
548 F,W 

74 A,F 
74H A,F 
74L8 A,F 
74S A,F 

Positive logic: Y=A 

SWITCHING CHARACTERISTICS vcc= 5V, T A = 25°C 

54n4 54n4H 

CL=15pF CL=25pF 
TEST CONDITIONS RL=400{l RL=280{l 

PARAMETER MIN TVP MAX MIN TVP MAX 

Propagation delay time 

tpLH Low-to-hlgh 40 55 10 15 

tpHL Hlgh-to-Iow 8 15 7.5 12 

Load circuit and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY 
54 F,W 74 A,F 

SWITCHING CHARACTERISTICS Vcc = 5V, TA = 25°C 

54n4 

CL=15pF 
TEST CONDITIONS RL=110{l 

PARAMETER MIN TVP MAX UNIT 

Propagation delay time 

tpLH Low-to-high 10 15 ns 

tpHL Hlgh-to-Iow 

Load circuit and typical waveforms are shown at the front of section. 

56 

MIN 

54/74LS 

CL=15pF 
RL=2k{l 

TVP MAX 

17 32 

15 28 

54,54H 
WPACKAGE 

54/74S 

CL=15pF 
RL=2800 

MIN TVP 

2 5 

CL=50pF 

I 7.5 I 
2 I 4.5 I 

CL=50pF 

I 7 I 

MAX 

7.5 

7 

PIN CONFIGURATION 

A,F,W PACKAGE 

UNIT 

ns 

ns 



SPEED/PACKAGE AVAILABILITY 
54 F,W 74 A,F 

SWITCHING CHARACTERISTICS vcc= 5V, T A = 25°C 

54n4 

CL=15pF 
TEST CONDITIONS RL=1100 

PARAMETER MIN TVP MAX UNIT 

Propagation delay time 

tpLH Low-to-hlgh 6 10 ns 

tPHL High-to-Iow 20 30 ns 

load circuit and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 F,W 
54H F,W 
54L5 F,W 
545 F,W 

74 A,F 
74H A,F 
74L5 A,F 
745 A,F 

54n4,74H,54n4LS, 54n4S 
A,F,W PACKAGE 

GND 7 

SWITCHING CHARACTERISTICS VCC= 5V, T A = 25°C 

54n4 54n4H 

CL=15pF CL=25pF 
TEST CONDITIONS RL=4001l RL=2801l 

PARAMETER MIN TVP MAX MIN TVP MAX 

Propagation delay time 

tpLH Low-to-hlgh 17.5 27 7.6 12 

tpHL Hlgh-to-Iow 12 19 8.8 12 

Load circuit and typical waveforms are shown at the front of section. 

MIN 

PIN CONFIGURATION 

54n4LS 

CL=15pF 
RL=2k1l 

TVP MAX 

8.5 15 

8 20 

A,F,W PACKAGE 

54H 
WPACKAGE 

54n4S 

CL=15pF 
RL=2801l 

MIN TVP MAX 

4.5 7 

CL=50pF 

1 6 1 
I 5 I 7.5 

CL=50pF 

I 7.5 I 

o -" 9 
--

UNIT 

ns 

ns 
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SPEED/PACKAGE AVAILABILITY 
54 F,W 
54L5 F,W 
545 F,W 

74 A,F 
74L5 A,F 
745 A,F 

SWITCHING CHARACTERISTICS vcc = 5V, TA = 25°C 

54n4 54n4LS 

CL=15pF CL=15pF 
TEST CONDITIONS RL=4000 RL=2kO 

PARAMETER MIN TVP MAX MIN TVP MAX 

Propagation delay time 

tpLH Low-to-high 21 32 20 35 

tpHL High-to-Iow 16 24 20 35 

Load circuit and typical waveforms are shown at the front of section. 

54/74S 

CL=15pF 
RL = 2800 

MIN TVP MAX 

6.5 10 

CL=50pF 

1 9 1 

16.5 1 10 

CL=50pF 
I· 91 

SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 F.W 
54H F,W 
54L5 F,W 
545 F,W 

74 A,F 
74H A,F 
74L5 A,F 
745 A,F 

74,74H,54n4LS, 54n4S 
A,F,W PACKAGE 

GND 7 

Positive logic: Y=ABC 

SWITCHING CHARACTERISTICS Vcc = 5V, T A = 25°C 

54n4 54n4H 

CL=15pF CL=25pF 
TEST CONDITIONS RL = 4000 RL = 2800 

PARAMETER MIN TVP MAX MIN TVP MAX 

Propagation delay time 

tpLH Low-to-high 11 22 5.9 10 

tpHL High-to-Iow 7 15 6.3 10 

Load circuit and typical waveforms are shown at the front of section. 

58 B~nDIIIB 

PIN CONFIGURATION 

UNIT 

ns 

ns 

54/74LS 

CL=15pF 
RL=2kO 

MIN TVP MAX 

5 15 

9 15 

A,F,W PACKAGE 

Positive logic: Y =- AS 

54,54H 
WPACKAGE 

54n4S 

CL=15pF 
RL=2800 

MIN TVP MAX 

2 3 4.5 

CL=50pF 

I 4.5 I 
2 1 3 I 5 

CL=50pF 

I 5 I 

UNIT 

ns 

ns 



SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 F.W 
54H F.W 
54L8 F.W 
548 F.W 

74 A.F 
74H A.F 
74L8 A.F 
748 A.F 

74,74H,54n4LS, 54n4S 
A,F,W PACKAGE 

SWITCHING CHARACTERISTICS vcc= 5V. TA = 25°C 

54/74 54n4H 

CL=15pF CL=25pF 
TEST CONDITIONS RL=4000 RL=2800 

PARAMETER MIN TYP MAX MIN TYP MAX 

Propagation delay time 

tPLH Low-to-high 17.5 27 7.6 12 

tPHL Hlgh-to-Iow 12 19 8.8 12 

load circuit and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY 
54L8 F.W 74L8 A.F 

SWITCHING CHARACTERISTICS Vcc = 5V. T A = 25°C 

LIMITS 

PARAMETER TEST CONDITIONS MIN TYP MAX 

tpLH Propagation delay time. 
low-to-hlgh-Ievel output CL = 15pF. RL = 2kO 17 32 

tpHL Propagation delay time. 
high-to-Iow-Ievel output 15 28 

Load circuit and typical waveforms are shown at the front of section. 

....... 

54/74L8 

CL=15pF 
RL=2kO 

MIN TYP MAX 

9 15 

9 20 

54,54H 
WPACKAGE 

541748 

CL=15pF 
RL=2800 

MIN TYP MAX 

2.5 4.5 7 

CL=50pF 

I 6 I 
2.5 I 5 I 7.5 

CL=50pF 

I 7.5 I 

PIN CONFIGURATION 
A,F,W PACKAGE 

UNIT 

ns 

ns 

positive logic: Y _ Aile 

UNIT 

ns o -" ns 9 
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SPEED/PACKAGE AVAILABILITY 
54 F,W 
54LS F,W 

74 A,F 
74LS A,F 

SWITCHING CHARACTERISTICS vee = 5V, T A = 25°e 

54n4 

CL=15pF 
TEST CONDITIONS RL=400{l 

PARAMETER MIN TVP MAX MIN 

Propagation delay time 

tpLH Low-to-high 18 27 

tpHL High-lo-Iow 15 22 

Load circuit and typical waveforms are shown at the front of section. 

HYSTERESIS THRESHOLDS 

54174 

54n4LS 

CL",15pF 
RL=2k{l 

TVP MAX 

18 27 

15 22 

54/74LS 

PARAMETER MIN TVP MAX MIN TVP MAX 

VT + positive going threshold 1.5 1.7 2.0 1.5 1.7 
VT - negative going threshold 0.6 0.9 1.1 0.6 0.8 

Hysteresis 0.4 0.8 

HYSTERESIS VS. TEMPERATURE-TYPICAL VALUES 

PARAMETER 

VT+ Positive going threshold 

VT_ Negative going threshold 

Hysteresis 

SPEED/PACKAGE AVAILABILITY 
54 F,W 
54LS F,W 

60 

74 A,F 
74LS A,F 

54/74LS 

-55°C 25°C +125°C 

1.75 1.71 1.68 

.91 .83 .86 

.84 .83 .82 

OUTPUT VOLTAGE 
va. INPUT VOLTAGE 

• vcc-sv 
TA-250C 

't 
3 

I 
2 

i q 
~ 1 

0 
0 0.4 0.8 1.2 

VI-Input Voltage-V 

1.9 
1.0 

1.6 

UNIT 

ns 

ns 

UNITS 

V 
V 
V 

UNIT 

V 

V 
V 

2 

PIN CONFIGURATION 

A,F,W PACKAGE 

OUTPUT VOLTAGE 
va. INPUT VOLTAGE 

o 0.4 0.8 1.2 1.6 

VI-Input Voltage-V 

PIN CONFIGURATION 
A,F,W PACKAGE 

positive logic; y=A 



HYSTERESIS VS. TEMPERATURE-TYPICAL VALUES HYSTERESIS THRESHOLDS 

54n4LS 

PARAMETER -SS°C +25°C 125°C UNIT 

VT+ Positive gOing threshold 1.75 1.71 1.68 V 

VT_ Negative going threshold .91 .88 .86 V 

Hysteresis .84 .83 .82 V 

VT+ 
VT-
Hysteresis 

SWITCHING CHARACTERISTICS Vee = 5V, T A = 25°e 

54n4 

CL=15pF 
TEST CONDITIONS RL = 4000 

PARAMETER MIN TYP 

Propagation delay time 

tPLH Low-to-high 15 

tpHL High-to-Iow 15 

Load circuit and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY 
54L8 F,W 
548 F,W 

74L8 A,F 
748 A,F 

54n4LS 

CL=15pF 
RL=2kO 

MAX MIN TYP 

22 15 

22 15 

SWITCHING CHARACTERISTICS Vee = 5V, T A = 25°e 

54n4LS 54/74S 

CL=15pF CL=15pF 
TEST CONDITIONS RL=2kO RL = 2800 

PARAMETER MIN TYP MAX MIN TYP 

Propagation delay time 

tpLH Low-to-hlgh 20 35 2.5 5.5 

eL=50pF 

I 8.5 

tpHL High-to-Iow 20 35 2.5 I 6 

eL=50pF 
I 8 

l.oad circuit and typical waveforms are shown at the front of section. 

MAX 

22 

22 

MAX 

8.5 

9 

54n4 54/74LS 

MIN TYP MAX MIN TYP MAX 

1.5 1.7 2.0 1.5 1.7 1.9 
0.6 0.9 1.1 0.6 0.8 1.0 
0.4 0.8 

UNIT 

ns 

ns 

PIN CONFIGURATION 
A,F,W PACKAGE 

UNIT 

ns 

Positive logic: Y =AB 

ns 

UNIT 

V 

o -" 9 
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SPEED/PACKAGE AVAILABILITY 

54 F,W 74 A,F 

SWITCHING CHARACTERISTICS vee ~ 5V, T A ~ 25°e 

54174 

CL~15pF 

TEST CONDITIONS RL ~110f! 

PARAMETER MIN TVP MAX UNIT 

Propagalion delay lime 

IpLH Low-Io-high 10 15 ns 

IPHL Hlgh-Io-Iow 15 23 ns 

Load circuit and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY 
54 F,W 74 A,F 

SWITCHING CHARACTERISTICS Vee ~ 5V, TA ~ 25°e 

54/74 

CL~15pF 
TEST CONDITIONS RL ~110f! 

PARAMETER MIN TYP MAX UNIT 

Propagalion delay time 

IpLH Low-Io-high 6 10 ns 

IpHL High-Io-Iow 20 30 ns 

Load circuit and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 F,W 
54H F,W 
54LS F,W 
54S F,W 

62 

74 A,F 
74H A,F 
74L8 A,F 
758 A,F 

74,74H,54174LS,54/74S 
A,F,W PACKAGE 

Positive logic: Y = ABeD 

PIN CONFIGURATION 

A,F,W PACKAGE 

PIN CONFIGURATION 

A,F,W PACKAGE 

54,54H 
WPACKAGE 



SWITCHING CHARACTERISTICS vee = 5V, T A = 25°e 

54174 54174H 

CL=15pF CL=25pF 
TEST CONDITIONS RL=4001l RL=2801l 

PARAMETER MIN TVP MAX MIN TVP MAX 

Propagation delay time 

tpLH Low-to-high 12 22 6 10 

tpHL High-to-Iow 8 15 7 10 

load circuit and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 F,W 
54H F,W 
54LS F,W 

74 A,F 
74H A,F 
74LS A,F 

74,74H,54174LS 
A,F,W PACKAGE 

SWITCHING CHARACTERISTICS Vee = 5V, T A = 25°e 

54174 54174H 54174LS 

CL=15pF CL=25pF CL=15pF 
TEST CONDITIONS RL=4001l RL=2801l RL=2kll 

PARAMETER MIN TVP MAX MIN TVP MAX MIN TVP MAX 

Propagation delay time 

tPLH Low-to-hlgh 17.5 27 7.6 12 9 15 

tpHL Hlgh-to-Iow 12 19 8.8 12 9 20 

Load circuit and typical waveforms are shown at the front of section. 

BRloneB 

54174LS 

CL=15pF 
RL=2kll 

MIN TVP MAX 

5 15 

9 15 

UNIT 

ns 

ns 

54174S 

CL=15pF 
RL=2801l 

MIN TVP MAX 

2 3 

eL=50pF 

1 4.51 

2 I 3 I 
eL=50pF 

1 5 1 

54,54H 
WPACKAGE 

4.5 

5 

UNIT 

ns 

ns 

o -" 9 
--
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SPEED/PACKAGE AVAILABILITY 
54H F,W 
54LS F,W 
545 F,W 

74H A,F 
74LS A,F 
745 A,F 

PIN CONFIGURATION 
74H,54/74LS,54/74S 

A,F,W PACKAGE 

Positive logic: Y=ABCD 
NC-No internal connection 

SWITCHING CHARACTERISTICS Vee = 5V, T A = 25°e 

54/74H 54/74LS 54/74S 

CL=2SpF CL=15pF CL=15pF 
TEST CONDITIONS RL=280!l RL=2k!l RL=280!l 

PARAMETER MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Propagation delay time 

tpLH Low-to-high 10 15 

tpHL High-to-Iow 7.5 12 

Load circuit and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY 
54 F 
54LS F,W 

74 A,F 
74L5 A,F 

17 32 2 5 7.5 

eL=50pF 

17.5 1 

15 28 2 14.5 1 7 

eL=50pF 

'" 7 I 

SWITCHING CHARACTERISTICS Vee = 5V, T A = 25°e 

54/74 54/74LS 

CL=15pF CL=15pF 
TEST CONDITIONS RL=1k!l RL=2k!l 

PARAMETER MIN TYP MAX MIN TYP MAX 

Propagation delay time 

tpLH Low-to-high 16 24 17 32 

tpHL High-fo-Iow 11 17 15 28 

Load circuit and typical waveforms Bre shown at the front of section. 

64 SmROliCS 

UNIT 

ns 

ns 

UNIT 

ns 

ns 

54H 
WPACKAGE 

PIN CONFIGURATION 

A,F,W PACKAGE 



SPEED/PACKAGE AVAILABILITY 
54 F,W 
54LS F,W 

74 A,F 
74LS A,F 

SWITCHING CHARACTERISTICS vee = 5V, T A = 25°e 

54174 

CL=15pF 
TEST CONDITIONS RL=400f! 

PARAMETER MIN TVP 

Propagation delay time 

tpLH Low-to-high 7 

tpHL High-to-Iow 10 

Load circuit and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY 
54 F,W 
54LS F.W 

74 A.F 
74LS A,F 

MAX MIN 

11 

15 

SWITCHING CHARACTERISTICS Vee = 5V, T A = 25°e 

54174 

CL=50pF 
TEST CONDITIONS RL=133f! 

PARAMETER MIN TVP MAX MIN 

Propagation delay time 

tpLH Low-to-high 6 9 
eL=150pF 

I 10 15 

tpHL High-to-Iow I 8 12 

CL=150pF 
I 12 18 

Load circuit and typical waveforms are shown at the front of section. 

54174LS 

CL=15pF 
RL=2kf! 

TVP MAX 

5 15 

9 15 

54174LS 

CL=45pF 
RL=667f! 

TVP MAX 

12 24 

12 24 

&mDOfn:& 

PIN CONFIGURATION 
A,F,W PACKAGE 

UNIT 

ns 

ns 

PIN CONFIGURATION 
A,F,W PACKAGE o -" 9 

UNIT 

ns 

Positive logic: Y=A+B 

ns 
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SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 F.W 
54H F.W 
54LS F.W 

74 A.F 
74H A.F 
74LS A.F 

GNO 7 

74, 74H, 54J74LS 
A,F,W PACKAGE 

Positive logic: y ~ ABCDEFGH 

SWITCHING CHARACTERISTICS Vee = 5V. TA = 25°e 

54n4 54J74H 

CL=15pF CL=25pF 
TEST CONDITIONS RL=4000 RL=2800 

PARAMETER MIN TVP MAX MIN TVP MAX 

Propagation delay time 

tpLH Low-to-hlgh 13 22 

tpHL High-to-iow 8 15 

Load circuit and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY 
54 F.W 
54LS F.W 

74 A.F 
74LS A.F 

6.8 10 

8.9 12 

SWITCHING CHARACTERISTICS Vee = 5V. TA = 25°e 

54/74 

CL=15pF 
TEST CONDITIONS RL=4000 

PARAMETER MIN TVP MAX MIN 

Propagation delay time 

tpLH Low-to-hlgh 10 15 

tpHL High-to-Iow 14 22 

Load circuit and typical waveforms are shown at the front of section. 

54/74LS 

CL=15pF 
RL=2kO 

MIN TVP MAX 

5 15 

9 20 

54/74LS 

CL=15pF 
RL=2kO 

TVP MAX 

9 22 

9 22 

66 . ..... 

UNIT 

ns 

ns 

UNIT 

ns 

ns 

54,54H 
WPACKAGE 

PIN CONFIGURATION 
A,F,W PACKAGE 

GND 7 

Positive logic: y - A+B 



SPEED/PACKAGE AVAILABILITY 
54 F,W 
54L8 F,W 

74 A,F 
74L8 A,F 

SWITCHING CHARACTERISTICS vcc ~ 5V, T A ~ 25°C 

54174 

CL~50pF 

TEST CONDITIONS RL~133n 

PARAMETER MIN TYP MAX 

Propagation delay time 

tpLH Low-to-high 10 15 

CL ~ 150pF 

I 15 I 22 

tpHL High-to-Iow I 12 I 18 

CL ~ 150pF 
I 16 I 24 

Load circuit and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY 
54 F,W 
54L8 F,W 
548 F,W 

74 A,F 
74L8 A,F 
748 A,F 

MIN 

SWITCHING CHARACTERISTICS VCC ~ 5V, TA ~ 25°C 

54174 54174LS 

CL~45pF CL~45pF 

TEST CONDITIONS RL~133n RL ~667!l 

PARAMETER MIN TYP MAX MIN TYP MAX 

Propagation delay time 

tpLH Low-to-high 13 22 12 24 

tpHL High-to-Iow 8 15 12 24 

Load circuit and typical waveforms are shown at the front of section. 

54174LS 

CL~45pF 

RL~667n 

TYP MAX 

20 32 

18 28 

54174S 

CL~15pF 

RL~93n 

MIN TYP MAX 

4 6.5 

CL ~50pF 

I 6 I 
I 4 I 6.5 

CL~50pF 

I 6 I 

9(gD011C9 

PIN CONFIGURATION 
A,F,W PACKAGE 

UNIT 

ns 

ns 
Positi .... e logic: y = A+B 

o -PIN CONFIGURATION 
A,F,W PACKAGE " 9 

48 

4A 

4Y --
UNIT 

38 

ns 

Positive logic: y == AS 

ns 
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SPEED/PACKAGE AVAILABILITY 
54 F,W 
54L8 F,W 
548 F,W 

74 A,F 
74L8 A,F 
748 A,F 

SWITCHING CHARACTERISTICS vee = 5V, T A = 25°e 

54n4 54n4LS 

CL=45pF CL=45pF 
TEST CONDITIONS RL=1330 RL=8870 

PARAMETER MIN TVP MAX MIN TVP MAX 

Propagation delay time 

tpLH Low-to-high 14 22 20 32 

tpHL High-to-iow 11 18 18 28 

Load circuit and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY 
54 F 74 A,F 

SWITCHING CHARACTERISTICS Vee = 5V, TA = 25°e 

54n4 

CL=45pF 
TEST CONDITIONS RL=133(l 

54/748 

CL=15pF 
RL=930 

MIN TVP MAX 

6.5 10 

eL=50pF 

f 9 I 
16.5 1 10 

eL=50pF 

r 8.51 

PARAMETER MIN TVP MAX UNIT 

Propagation delay time 

tpLH Low-to-hlgh 14 22 ns 

tpHL Hlgh-to-Iow 11 18 ns 

Load circuit and typical waveforms are shown at the front of section. 

68 .(gII"" 

PIN CONFIGURATION 
A,F,W PACKAGE 

UNIT 

ns 

Positive logic: Y ~ As 

ns 

PIN CONFIGURATION 

A,FPACKAGE 



SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 F,W 
54H F,W 
54L8 F,W 
548 F,W 

74 A,F 
74H A,F 
74L8 A,F 
748 A,F 

74,74H, 54174LS, 54174S 
A,F,W PACKAGE 

Positive logic: Y = ABeD 

SWITCHING CHARACTERISTICS Vee ~ 5V, T A ~ 25°e 

54174 

CL~15pF 

TEST CONDITIONS RL~133!l 

PARAMETER MIN TYP 

Propagation delay time 

tpLH Low-to-high 13 

tpHL High-to-Iow 8 

Load circuit and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY 
54 F,W 
54L8 F,W 

74 B,F 
74L8 B,F 

MAX MIN 

22 

15 

SWITCHING CHARACTERISTICS Vee ~ 5V, TA = 25°e 

54174 

CL~15pF 

TEST CONDITIONS RL~400n 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX 

Propagation delay time 

tpLH Low-to-high A,B,C,D through 10 25 
2 logic 

tpHL High-to-Iow levels 14 25 

tpLH Low-to-high A,B,C,D through 17 30 
3 logic 

tpHL Hlgh-to-Iow levels 17 30 

Load circuit and waveforms shown at front of section (totem pole outputs). 

54174H 

CL~25pF 

RV93!l 

TYP MAX 

8.5 12 

6.5 12 

54174LS 

CL~15pF 

RL~2K!l 

MIN TYP MAX 

10 25 

14 25 

17 30 

17 30 

54/74LS 

CL~45pF 

RL~667!l 

MIN TYP MAX 

12 24 

12 24 

54,54H 
WPACKAGE 

54/74S 

CL~50pF 

RL~93!l 

MIN TYP MAX 

2 4 6.5 

eL=150pF 

I 6 I 
2 I 4 I 6.5 

eL=150pF 

I 6 I 

PIN CONFIGURATION 
B,F,W PACKAGE 

OUTPUTS 

UNIT 

ns 

ns 

UN\'T o -ns 

" 
ns 9 
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FUNCTIONAL BLOCK DIAGRAM FUNCTION TABLE 
NO. BCD INPUT DECIMAL OUTPUT 

INPUT A D C B A 0 1 2 3 4 5 8 7 8 9 

0 L L L L L H H H H H H H H H 
1 L L L H H L H H H H H H H H 
2 L L H L H H L H H H H H H H 
3 L L H H H H H L H H H H H H 
4 L H L L H H H H L H H H H H 

5 L H L H H H H H H L H H H H 
6 L H H L H H H H H H L H H H 
7 L H H H H H H H H H H L H H 
8 H L L L H H H H H H H H L H 
9 H L L H H H H H H H H H H L 

H L H L H H H H H H H H H H 

0 H L H H H H H H H H H H H H 
:::::i H H L L H H H H H H H H H H < > H H L H H H H H H H H H H H 
~ H H H L H H H H H H H H H H 

H H H H H H H H H H H H H H 

H = high level. L = low level 

SPEED/PACKAGE AVAILABILITY BLOCK DIAGRAM PIN CONFIGURATION 
54 F,W, 74 B,F 

B,F,W PACKAGE 

15 A} 
"B ~ 
12 C UJ 

12 0 

SWITCHING CHARACTERISTICS Vce = 5V, TA = 25°C 

11 9} 
10 8 

9 7 

54174 

CL=15pF 
TEST CONDITIONS RL = 4000 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX UNIT 

Propagation delay time 

tpLH Low-to-high through 10 17 25 ns 
2 logic 

tpHL High-to-Iow levels 10 22 30 

tpLH Low-to-high through 26 35 ns 
3 logic 

tPHL Hlgh-to-Iow levels 23 35 

load circuit and typical waveforms are shown at the front of section. 
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TRUTH TABLE-EXCESS INPUT DECIMAL OUTPUT 

D C B A 0 1 2 3 4 5 8 7 8 9 

0 0 1 1 0 1 1 1 1 1 1 1 1 1 
0 1 0 0 1 0 1 1 1 1 1 1 1 1 
0 1 0 1 1 1 0 1 1 1 1 1 1 1 
0 1 1 0 1 1 1 0 1 1 1 1 1 1 
0 1 1 1 1 1 1 1 0 1 1 1 1 1 
1 0 0 0 1 1 1 1 1 0 1 1 1 1 
1 0 0 1 1 1 1 1 1 1 0 1 1 1 
1 0 1 0 1 1 1 1 1 1 1 0 1 1 
1 0 1 1 1 1 1 1 1 1 1 1 0 1 
1 1 0 0 1 1 1 1 1 1 1 1 1 0 
1 1 0 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 0 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 
0 0 0 0 1 1 1 1 1 1 1 1 1 1 
0 0 0 1 1 1 1 1 1 1 1 1 1 1 
0 0 1 0 1 1 1 1 1 1 1 1 1 1 

54 F,W 74 B,F 
BLOCK DIAGRAM 

~---'''''T$ ---~ 

SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 

B,F,W PACKAGE 

o -" 15 A} 
14 B ~ 
13 C (f) 

12 0 

9 
--

SWITCHING CHARACTERISTICS VCC=5V,TA=25°C 

11 9} 
10 8 

9 7 

54n4 

CL=15pF 
TEST CONDITIONS RL=400!l 

FROM TO 
PARAMETER INPUT OUTPUT MIN TVP MAX UNIT 

Propagation delay time 

tPLH Low-to-hlgh through 10 17 25 ns 
2 logic 

tpHL High-to-Iow levels 10 22 30 

tpLH Low-to-high through 26 35 ns 
3 logic 

tpHL High-to-Iow levels 23 35 

load CircuIt and typical waveforms are shown at the front of section. 
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TRUTH TABLE-EXCESS INPUT 

D C B A 

0 0 1 0 
0 1 1 0 
0 1 1 1 
0 1 0 1 
0 1 0 0 
1 1 0 0 
1 1 0 1 
1 1 1 1 
1 1 1 0 
1 0 1 0 
1 0 1 1 
1 0 0 1 
1 0 0 0 
0 0 0 0 
0 0 0 1 
0 0 1 1 

SPEED/PACKAGE AVAILABILITY 
54 F.W. 74 B.F 

BLOCK DIAGRAM 

NOTE- Th.,e vollage val".s are wIth r.'pect 10 network ground 'erm,nal 

DECIMAL OUTPUT 

0 

0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 2 

1 1 
0 1 
1 0 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 

}
DECODERI 

DRIVER 
GATES 

3 

1 
1 
1 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

SWITCHING CHARACTERISTICS VCC=5V. TA=25°C 

54174 

CL=15pF 
TEST CONDITIONS RL=100n 

PARAMETER MIN TYP MAX UNIT 

Propagation delay time 

tpLH Low-to-high 50 ns 

tpHL High-to-Iow 50 

Load circuit and typicaJ waveforms are shown at the front of section. 

72 IImlOllell 

4 5 6 7 8 9 

1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
0 1 1 1 1 1 
1 0 1 1 1 1 
1 1 0 1 1 1 
1 1 1 0 1 1 
1 1 1 1 0 1 
1 1 1 1 1 0 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 

PIN CONFIGURATION 

B,F,W PACKAGE 

" A} 
"B ~ 
12 C ({) 

" D 

11 9} 
10 B 

9 7 



TRUTH TABLE-INPUTS 
D C B A 

0 0 0 0 
0 0 0 1 
0 0 1 0 
0 0 1 1 
0 1 0 0 
0 1 0 1 
0 1 1 0 
0 1 1 1 
1 0 0 0 
1 0 0 1 
1 0 1 0 
1 0 1 1 
1 1 0 0 
1 1 0 1 
1 1 1 0 
1 1 1 1 

SPEED/PACKAGE AVAILABILITY 
54 F 74 B.F 

BLOCK DIAGRAM 

TRUTH TABLE-OUTPUTS 
0 1 2 3 4 5 6 7 6 

0 1 1 1 1 1 1 1 1 
1 0 1 1 1 1 1 1 1 
1 1 0 1 1 1 1 1 1 
1 1 1 0 1 1 1 1 1 
1 1 1 1 0 1 1 1 1 
1 1 1 1 1 0 1 1 1 
1 1 1 1 1 1 0 1 1 
1 1 1 1 1 1 1 0 1 
1 1 1 1 1 1 1 1 0 
1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 

PIN CONFIGURATION 

B,F PACKAGE 

[ " , 
INPUTS 

, ' 
LAMP , 

TEST 

"" OUTPUT 

"" INPUT 

SWITCHING CHARACTERISTICS vee ~ 5V. T A ~ 25°e 

54174 

CL~15pF 

TEST CONDITIONS RL ~120{l 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX UNIT 

Propagation delay time 

tpLH Low-to-high A.RBI Any 100 ns 

tpHL Hlgh-to-Iow A or RBi 100 

Load circuit and typical waveforms are shown at the front of section. 

GfglOIU:G 

9 

1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1 
1 
1 
1 
1 
1 

o -" 9 
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TRUTH TABLE 

I 
INPUTS 

I 
DECIMAL 

OR 
FUNCTION LT RBI D C B A B1/RBO 

0 1 1 0 0 0 0 
1 1 x 0 0 0 1 
2 1 x 0 0 1 0 
3 1 x 0 0 1 1 
4 1 x 0 1 0 0 
5 1 x 0 1 0 1 
6 1 x 0 1 1 0 
7 1 x 0 1 1 1 
8 1 x 1 0 0 0 
9 1 x 1 0 0 1 

10 1 x 1 0 1 0 
11 1 x 1 0 1 1 
12 1 x 1 1 0 0 
13 1 x 1 1 0 1 
14 1 x 1 1 1 0 
15 1 x 1 1 1 1 
BI x x x x x x 

RBI 1 0 0 0 0 0 
LT Q x x x x x 

NOTES: 
1. BI/ BRO Is wire-OR logic serving as blanking Inpu1 (BI) and I or ripple-blanking output 

(RBO). The blanking Input must be opan or held at a logical 1 when output functions 0 
through 15 are desired and ripple-blanking Inpu1 (RBI) must be opan or at a logical 1 dur­
ing the decimal 0 Input. X _ Input may be high or low. 

2. When a logical 0 Is applied to the blanking Input (forced condnlon) all segment ou1puts go 
to a logical 1 regardless of the state of any other Inpu1 condnlon. 

3. When ripple-blanking Input (RBI) Is at a logical 0 and A - B - C - 0 - logical 0, all seg­
ment outputs go to a logical 1 and the ripple-blanking output goes to a logelal 0 (response 
condnlon), 

4. When blanking Input/ripple-blanking outpu1ls opan or held at a logical 1, and a logical 0 Is 
applied to lamp-test Input, all segment outputs go to a logical O. 

SPEED/PACKAGE AVAILABILITY 
54 F 74 B.F 

SWITCHING CHARACTERISTICS Vcc = 5V. T A = 25°C 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
1 

scn4 
CL=15pF 

TEST CONDITIONS RL=12011 

FROM TO 
PARAMETER INPUT OUTPUT MIN TVP 

Propagation delay time 

tpLH Low-to-high A.RBI Any 
IpHL High-to-Iow 

Load circuit and typical waveforms are shown at the front of section. 

I 

MAX 

100 
100 

74 111l1li1 

• b 

0 0 
1 0 
0 0 
0 0 
1 0 
0 1 
1 1 
0 0 
0 0 
0 0 
1 1 
1 0 
1 0 
0 1 
1 1 
1 1 
1 1 
1 1 
0 0 

UNIT 

ns 
ns 

OUTPUTS 

c d • I II 

0 0 0 0 1 
0 1 1 1 1 
1 0 0 1 0 
0 0 1 1 0 
0 1 1 0 0 
0 0 1 0 0 
0 0 0 0 0 
0 1 1 1 1 
0 0 0 0 0 
0 1 1 0 0 
1 0 0 1 0 
0 1 1 0 0 
1 1 1 0 0 
1 0 1 0 0 
1 0 0 0 0 
1 1 1 1 1 
1 1 1 1 1 
1 1 1 1 1 
0 0 0 0 0 

PIN CONFIGURATION 

B,FPACKAGE 

{' , 
INPUTS 

C , 

LAMP 3 
TEST 

"' OUTPUT 

I 

NOTE 

1 
1 

2 
3 
4 



LOGIC DIAGRAM 

TRUTH TABLE 

I 
INPUTS 

I 
DECIMAL 

OR 
FUNCTION LT RBI D C B A BI/RBO 

0 1 1 0 0 0 0 
1 1 x 0 0 0 1 
2 1 x 0 0 1 0 
3 1 x 0 0 1 1 
4 1 X 0 1 0 0 
5 1 x 0 1 0 1 
6 1 x 0 1 1 0 
7 1 x 0 1 1 1 
8 1 x 1 0 0 0 
9 1 x 1 0 0 1 

10 1 x 1 0 1 0 
11 1 X 1 0 1 1 
12 1 x 1 1 0 0 
13 1 x 1 1 0 1 
14 1 X 1 1 1 0 
15 1 x 1 1 1 1 
BI x x x x x x 

RBI 1 0 0 0 0 0 
LT 0 x x x x x 

NOTES: 
1. BilBRO Is wire-OR logic serving as blanking Inpul (BI) andlor ripple-blanking output 

(RBO). The blanking input must be open or held at 8 logical 1 when output functions 0 
through 15 are desired and ripple-blanking input (RBI) must be open or at a logical 1 dur­
Ing the decimal 0 input. X _ Input may be high or low. 

2. When a logical 0 Is applied to the blanking Input (forced condition) all sagmant outputs go 
to a logical 1 regardless of the state of any other input condition. 

3. When ripple-blanking Input (RBI) Is at a logical 0 and A ~ B _ C _ 0 _ logical 0, all sag­
ment outputs go to a logical 1 and the ripple-blanking output goes to a logical 0 (response 
cond~ion). 

4. When blanking inputlrlpple-blanklng output is open or held at a logical 1, and a logical 0 Is 
applied to lamp-test Input, all sagment outputs go to a logical O. 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
1 

I 

.1II1II1 

OUTPUTS 
I 

• b c d • f I NOTE 

0 0 0 0 0 0 1 1 
,'-/ 0 -1 0 0 1 1 1 1 1 

0 0 1 0 0 1 0 ! 
J 

0 0 0 0 1 1 0 
1 0 0 1 1 0 0 
0 1 0 0 1 0 0 " 9 
1 1 0 0 0 0 0 
0 0 0 1 1 1 1 -
0 0 0 0 0 0 0 -
0 0 0 1 1 0 0 --1 1 1 0 0 1 0 
1 1 0 0 1 1 0 
1 0 1 1 1 0 0 
0 1 1 0 1 0 0 
1 1 1 0 0 0 0 
1 1 1 1 1 1 1 
1 1 1 1 1 1 1 2 
1 1 1 1 1 1 1 3 
0 0 0 0 0 0 0 4 
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SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 F 74 B.F 

SWITCHING CHARACTERISTICS vee = 5V. TA = 25°e B,FPACKAGE 

54174 

CL=15pF 
(54)RL=1kO 

TEST CONDITIONS (74)RL =8870 

FROM TO 
PARAMETER INPUT OUTPUT MIN TVP MAX UNIT 

Propagation delay time 

tpLH Low-to-hlgh A.RBI Any 100 ns 

tPHL Hlgh-to-Iow 100 ns 

load circuit and typical waveforms are shown at the front of section. 

TRUTH TABLE 

I 
INPUTS 

I I 
OUTPUTS 

I 
FUNCTION LT RBI D C B A BI/RBO • b c d • f 9 NOTE 

0 1 1 0 0 0 0 1 1 1 1 1 1 1 0 1 
1 1 X 0 0 0 1 1 0 1 1 0 0 0 0 1 
2 1 X 0 0 1 0 1 1 1 0 1 1 0 1 
3 1 X 0 0 1 1 1 1 1 1 1 0 0 1 
4 1 X 0 1 0 0 1 0 1 1 0 0 1 1 
5 1 X 0 1 0 1 1 1 0 1 1 0 1 1 
6 1 X 0 1 1 0 1 0 0 1 1 1 1 1 
7 1 X 0 1 1 1 1 1 1 1 0 0 0 0 
8 1 X 1 0 0 0 1 1 1 1 1 1 1 1 
9 1 X 1 0 0 1 1 1 1 1 0 0 1 1 

10 1 X 1 0 1 0 1 0 0 0 1 1 0 1 
11 1 X 1 0 1 1 1 0 0 1 1 0 0 1 
12 1 X 1 1 0 0 1 0 1 0 0 0 1 1 
13 1 X 1 1 0 1 1 1 0 0 1 0 1 1 
14 1 X 1 1 1 0 1 0 0 0 1 1 1 1 
15 1 X 1 1 1 1 1 0 0 0 0 0 0 0 
BI X X X X X X 0 0 0 0 0 0 0 0 2 

RBI 1 0 0 0 0 0 0 0 0 0 0 0 0 0 3 
LT 0 X X X X X 1 1 1 1 1 1 1 1 4 

NOTES: 

t. BilBRO Is wire-OR logic serving as blanking Input (BI) .:::B~L=-O~C=-K_=D~I=-A=-G=R=A..:M= _________________________ --, 
and/or ripple-blanking output (RBO). The blanking input .--
must be open or held at a logical 1 when output functions 
o through t 5 are desirad and ripple-blanking input (RBI) 
must be open or at B logical 1 during the decimal 0 input. 
X - Input may ba high or low. 

2. When a logicel 0 is appliad to the blanking input (forcad 
condition) all segment outputs go to a logical 1 regardless 
of the state of any other Input condition. 

3. When ripple-blanking input (RBI) Is at a logical 0 and A -
B = C = 0- logical 0, aU segment outputs go to a logical 
t and the ripple-blanking output goes to a logical 0 
(response condition). 

4. When blanking input/ripple-blanking output Is open or 
held at a logical t, and a logical 0 Is applied to lamp-test 
Input. all segmsnt outputs go to a kJgical 1. 
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SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 F,W 
54H F,W, 

74 A,F 
74H A,F A,FPACKAGE 

SWITCHING CHARACTERISTICS vcc = 5V, T A = 25°CC 

54n4 54/74H 

CL=15pF CL=25pF 
RL=400!l RL=280!l 

Expander pins 
TEST CONDITIONS are open 

PARAMETER MIN TYP MAX MIN TYP MAX 

Propagation delay time 

tpLH Low-to-hlgh 13 22 6.8 11 
CX=15pF 

I 
11 I 

tpHL High-to-Iow 8 15 I 6.2 I 11 

CX=15pF 
7.4 

load circuit and typical waveforms are shown at the front of section. 

UNIT 

ns 

ns 

.-

PIN CONFIGURATION SPEED/PACKAGE AVAILABILITY 

54n4LS 
A,F,W PACKAGE 

positive logic: 

IY - (lA-IB-IC) + (1D-1E'IF) 
2Y ~ (2A'2B) + (2C'2D) 

54 F,W 
54H F,W 
54LS F,W 

74 A,F 
74H A,F 
74LS A,F 

54,54H 
WPACKAGE 

WPACKAGE 

OTHERS 
A,FPACKAGE 
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SWITCHING CHARACTERISTICS VCC~ 5V. TA ~ 25°C 

54174 

CL~15pF 

TEST CONDITIONS RL~400!l 

PARAMETER MIN TYP MAX 

Propagalion delay lime 

IpLH Low-Io-high 13 22 

IpHL High-Io-Iow 8 15 

-
Make no external connection to X and X pins of the 54/7451 and the 54174H51. 
Load circuit and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY 
54H F.W 74H A.F 

MIN 

SWITCHING CHARACTERISTICS Vec ~ 5V. T A ~ 25°C 

54174H 

CL~25pF 

RL~280!l 

EXPANDER PIN 
TEST CONDITIONS IS OPEN 

PARAMETER MIN TYP MAX UNIT 

Propagalion delay lime 

IpLH Low-Io-high 10.6 15 ns 

eX ~ 15pF 

1 14.8 1 

IpHL High-Io-Iow I 9.2 I 15 ns 

ex ~ 15pF 

1 9.8 1 

load circuit and typical waveforms are shown at the front of section. 

54174H 

CL~25pF 

RL~280!l 

TYP MAX 

6.8 11 

6.2 11 

78 I!JODlIBB 

54174LS 54174S 

CL~15pF CL~15pF 

RV2k!l RL~280!l 

MIN TYP MAX MIN TYP MAX UNIT 

9 15 2 3.5 5.5 ns 

CL~50pF 

I 5 I 
9.5 15 2 I 3.5 I 5.5 ns 

CL~50pF 

I 5.5 I 

PIN CONFIGURATION 

A,FPACKAGE 

WPACKAGE 



SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 F,W 
54H F,W 

74 A,F 
74H A,F 74 

A,FPACKAGE 

54174H 
A,F PACKAGE 

SWITCHING CHARACTERISTICS vee ~ 5V, T A ~ 25°e 

54/74 54/74H 

CL~15pF CL~25pF 

RL ~400f! RL~280f! 

EXPANDER PINS 
TEST CONDITIONS ARE OPEN 

PARAMETER MIN TYP MAX MIN TYP MAX 

Propagalion delay lime 

IpLH Low-Io-high 13 22 7 11 

eX~15pF 

I 11.4 I 
IpHL High-Io-Iow 8 15 I 6.2 I 11 

eX~15pF 

I 7.4 I 
Load circuit and typical waveforms are shown at the front of section. 

l(gnOliCI 

UNIT 

ns 

ns 

54 
WPACKAGE 

54H 
WPACKAGE 

o -" 9 
: 
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SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 F.W 
54H F.W 
54LS F.W 

74 A.F 
74H A.F 
74LS A.F 

54 
WPACKAGE 

54/74LS 
A,F,W PACKAGE 

positive logic: 

y ~ (AB) + (CDE) + (FGH) + (IJ) 
NC - No internal connection 

54HI74H 
A,F PACKAGE 

SWITCHING CHARACTERISTICS Vee ~ 5V. TA ~ 25°e 

54/74 54174H 54/74LS 

CL~15pF CL~25pF CL~15pF 

TEST CONDITIONS RL ~400fl RL~280fl RL~2kfl 

PARAMETER MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Propagation delay time 

tpLH Low-to-high 13 22 7 11 7 20 

tpHL High-to-Iow 8 15 6.2 11 11.5 20 

Load circuit and typical waveforms are shown at the front of section. 
Make no external connection to X and X pins of the 5417454 and 54/74H54. 

80 IImOOllCII 

UNIT 

ns 

ns 

54174 
A,FPACKAGE 

54H 
WPACKAGE 



SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54H F,W 
54LS F,W 

74H A,F 
74LS A,F 

54174LS 
A,F,W PACKAGE 

GND 7 

positive logic: 
Y =: (ABeD) + (EFGH) 

SWITCHING CHARACTERISTICS Vcc = 5V, T A = 25°C 

54174H 54174LS 

CL=25pF CL=15pF 
RL=2800 RL=2kO 

EXPANDER PINS 
TEST CONDITIONS ARE OPEN 

PARAMETER MIN TYP MAX MIN TYP MAX 

Propagation delay time 

tpLH Low-to-high 7 11 12 20 

CX=15pF 

I 11.4 I 
tpHL High-to-Iow I 6.5 I 11 11.5 20 

CX=15pF 
I 7.7 I 

Load circuit and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 F,W 
54H F,W 

74 A,F 
74H A,F A,F PACKAGE 

SmlotlCS 

UNIT 

ns 

ns 

54,74H 
A,F PACKAGE 

54H 
WPACKAGE 

WPACKAGE 

o -" 9 
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SWITCHING CHARACTERISTICS vee = 5V, TA = 25°e 

54n4 54/74H 

CL=15pF 
TEST CONDITIONS RL=4000 

FROM TO 
PARAMETER INPUT OUTPUT MIN TVP MAX MIN TVP MAX UNIT 

Propagation delay time 

tpLH Low-to-hlgh through 15 30 N/A ns 
54/7450, 
5417453 

tpHL Hlgh-to-Iow 10 20 N/A ns 

Load circuit and typlcal waveforms are shown at the front of section. 

(FOR USE WITH 54174H52) 

SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54H F,W 74H A,F 

A,FPACKAGE WPACKAGE 

(FOR USE WITH 54/74H50, 54174H53, 54/74H55) 

SPEEDIPACKAGE AVAILABILITY PIN CONFIGURATION 
54H F,W 74H A,F 

A,FPACKAGE WPACKAGE 
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SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
548 F,W 748 A,F A,F,W PACKAGE 

SWITCHING CHARACTERISTICS vcc = 5V, T A = 25°C 

54174S 

CL=15pF 
TEST CONDITIONS RL=2800 

PARAMETER MIN TYP MAX UNIT 

Propagation delay time 

tpLH Low-to-high 2 3.5 5.5 ns 

CL=50pF 

I 5 I 
tpHL High-to-Iow 2 I 3.5 I 5.5 

CL=50pF 

ns 
positive logic: ABeD + EF + GHI+ JK 

I 5.5 I 
Load Circuit and typical waveforms are shown at the front of section. 

o 
SPEED/PACKAGE AVAILABILITY 
548 F,W 748 A,F 

PIN CONFIGURATION -" SWITCHING CHARACTERISTICS Vcc = 5V, TA = 25°C 

A,F,W PACKAGE 9 
54174S 

CL=15pF 
TEST CONDITIONS RL=2800 --
PARAMETER MIN TYP MAX UNIT 

Propagation delay time 

tpLH Low-to-high 2 5 7.5 ns 

CL=50pF 

I 8 

tpHL High-to-Iow 2 I 5.5 8.5 ns 

CL=50pF 

I 6.5 

Load circuit and typical waveforms are shown at the front of section. 
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SPEED/PACKAGE AVAILABILITY 
54 F,W 

TRUTH TABLE 
LOGIC 

I n Kn Qn+1 

0 0 an 
1 0 1 
0 1 0 
1 1 an 

J = J1J2J' K - K1K2K' 
n is time prior to clock 
n+ 1 Is time following clock 
t both outputs in 0 state 

74 A,F 

PRESET CLEAR Q 

0 0 t 
1 0 0 
0 1 1 
1 1 0 

PIN CONFIGURATION 

A,F PACKAGE 

SWITCHING CHARACTERISTICS vcc = 5V, TA = 25°C 

54n4 

CL=15pF 
TEST CONDITIONS RL=400n 

FROM TO 
PARAMETER INPUT OUTPUT MIN TVP MAX 

fClock Clock frequency 15 35 

tSetup Input setup time 10 20 

tHold Input hold time 0 5 

Propagation delay time 

tpLH Low-to-high Clear, 50 

Preset 

tPHL High-to-iow 50 

tpLH Low-to-high Clock 10 27 50 

tpHL High-to-Iow 10 18 50 

Load circuit and tYPlca( waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54H F,W 74H A,F 

A,FPACKAGE 

TRUTH TABLE 

tn tn+1 

J K a 
0 0 an 
0 1 0 
1 0 1 
1 1 an 

NOTES: 
1. J _ (J1A'J1B)+ (J2A'J2B) 
2. K = (K1AoJ<lB) + (K2A'K2B) 
3. In" bit time before clock pulse. 
4. tn+ 1 = bit time after clock pulse. 

84 

WPACKAGE 

UNIT 

MHz 

ns 

ns 

ns 

ns 

WPACKAGE 

.------llt; 



SWITCHING CHARACTERISTICS vcc = 5V, T A = 25°C 

54n4H 

CL=15pF 
TEST CONDITIONS RL=2800 

FROM TO 
PARAMETER INPUT OUTPUT MIN TVP MAX UNIT 

fClock . Clock frequency 25 30 MHz 

Propagation delay time 

tpLH Low-to-high Preset 6 13 ns 

tpHL Hlgh-to-Iow 12 24 

tpLH Low-to-hlgh Clock 6 14 21 ns 

tPHL Hlgh-to-Iow 10 22 27 

load circuit and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 F,W 
54H F,W 

TRUTH TABLE 

In 

J 
0 
0 
1 
1 

K 
0 
1 
0 
1 

74 A,F 
74H A,F 

In+1 

a 
an 
0 
1 

On 

NOTES: 3. tn - bit time bef",e clock pulse. 
1. J _ J 1 • J2 • J3 4. tn+ 1 - bit time after clock pulse. 
2. K ~ K 1 • K2 • K3 5. NC ~ no intOfnsl connection. 

A,FPACKAGE 

SWITCHING CHARACTERISTICS VCC = 5V, TA = 25°C 

TEST CONDITIONS 

FROM TO 

54n4 

CL=15pF 
RL=4000 

PARAMETER INPUT OUTPUT MIN TVP MAX 

fClock Clock frequency 15 20 

tw(Clock) Width of clock 
Input pulse 
Clock high 20 
Clock low 47 

tw(Clear) Width of clear 25 
Input pulse 

tSetup Input setup time ot 
tHold Input hold time 01 

Propagation delay time 
tpLH Low-to-hlgh Clear 16 25 

tpHL High-to-Iow 25 40 

tpLH Low-to-high Clock 10 16 25 

tpHL High-to-Iow 10 25 40 

Load circuit and typical waveforms are shown at the front of section. 

WPACKAGE 

0 :;:.c -woO 

" "0 9 
~ 
~ ... 5" 

~. .. 
'" .. 

54n4H 

CL=25pF 
RL=2800 

MIN TVP MAX UNIT 

25 30 MHz 

12 ns 
28 

16 ns 

ot ns 

01 ns 

6 13 ns 

12 24 

16 21 ns 

22 27 
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SPEED/PACKAGE AVAILABILITY 
54 F,W 
54H F,W 
54LS F,W 

DESCRIPTION 

74 A,F 
74H A,F 
74LS A,F 

This monolithic edge-triggered dual J-K flip-flop features individual J, K, clock, and clear 
inputs to each flip-flop. A low logic level at the clear input resets the Q output to a low level 
regardless of the levels at the other inputs. With clear inactive (high), a high level at the 
clock input enables the J and K inputs and data will be accepted. The logic levels at the J 
and K inputs may be allowed to change when the clock pulse is high and the bistable will 
perform according to the function table, as long as minimum setup and hold times are ob­
served. Input data is transferred to the outputs on the negative-going edge of the clock 
pulse. 

PIN CONFIGURATION 

A,F,W PACKAGE 

LOGIC DIAGRAM FUNCTION TABLE (Each Flip-Flop) 

54174, 54/74H 54174LS73 

CLEAR 

CLOCK 

INPUTS 

CLEAR CLOCK J K 

L X X X 
H -rL- L L 
H -rL- H L 
H -rL- L H 
H ...n.... H H 

H '"" high level (steady state) 

L ;0 low level (steady state) 
X .. irrelevant 

OUTPUTS 

Q Q 

L H 
00 00 
H L 
L H 

TOGGLE 

l ,. transition from high to low level 

INPUTS 

CLEAR CLOCK J 

L X X 
H ! L 
H ! H 
H ! L 
H ! H 
H H X 

00 ,.. the level of Q before the indicated input conditions were established. 

K 

X 
L 
L 
H 
H 
X 

OUTPUTS 

Q Q 

L H 

00 00 
H L 
L H 

TOGGLE 
0 0 00 

TOGGLE: Each output changes to the complement of its previous level on each l clock tran­
sition. 

SWITCHING CHARACTERISTICS VCC = 5V, T A = 25°C 

54174 54174H 54174LS 

CL=15pF CL=25pF CL=15pF 
TEST CONDITIONS RL=4000 RL=2800 RL=2kO 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX MIN TYP MAX MIN TYP MAX UNIT 

fClock Clock frequency 15 20 25 30 30 45 MHz 

tw(Clock) Width of clock 20 ns 
input pulse 
Clock high 20 12 
Clock low 47 28 

tw(Clear) Width of clear 25 16 25 ns 
input pulse 

tsetup Input setup time ot ot 20 ns 

tHold Input hold time o! o! 0 ns 
Propagation delay time 
tpLH Low-to-high Clear 16 25 6 13 11 20 ns 

tpHL High-to-Iow 25 40 12 24 15 30 ns 

tpLH Low-to-high Clock 10 16 25 16 21 11 20 ns 

tpHL High-to-Iow 10 25 40 22 27 15 30 ns 

Load circuit and typical waveforms are shown at the front of section. 
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SPEED/PACKAGE AVAILABILITY 
54 F,W 74 A,F 
54H F,W 74H A,F 
54L8 F,W 74L8 A,F 
548 F,W 748 A,F 

DESCRIPTION 
These monolithic dual edge-triggered D-type flip-flops feature Individual 0, clock, preset, 
and clear inputs. 
Preset and clear Inputs are active-low and operate independently of the clock input. When 
preset and clear are inactive (high), information at the 0 input Is transferred to the Q output 
on the positive-going edge of the clock pulse. Clock triggering occurs at a voltage level of 
the clock pulse and is not directly related to the transition time of the positive-going pulse. 
When the clock Input Is at either the high or low level, the D-Input signal has no effect at 
the output. 

FUNCTIONAL BLOCK DIAGRAM (Each Flip-Flop) 

PRESET 

(4, 10) 

CLEAR 
a 

(1, 13) 

CLOCK 

(3, '11 

D 

(2, 12) 

IIJIDII:I 

PIN CONFIGURATION 

1 
CLEAR 

1 
CLOCK 

PRESET 

A,F, PACKAGE 

W PACKAGE 

CLEAR 

2 
CLOCK 

2 
PRESET 

TRUTH TABLE (Each Flip-Flop) 

Inputs Outputs 

Pres.t Clear Clock D Q Q 

L H X X H L 
H L X X L H 
L L X X H* H* 
H H t H H L 
H H t L L H 
H H L X QO 00 

H - high level (steady state) L~ low level (steady state) 
*This condition Is nonstable. It will not remain after clear and 

preset return to their inactive (high) state. 
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SWITCHING CHARACTERISTICS vcc= 5V, T A = 25°C 

54174 54174H 

CL=15pF CL=25pF 
TEST CONDITIONS RL=400{l RL =280{l 

FROM TO 
PARAMETER INPUT OUTPUT MIN TVP MAX MIN TVP MAX 

fClock Clock frequency 15 25 35 43 

tw(Clock) Width of clock 
input pulse 
Clock high 30 15 
Clock low 37 13.5 

'w(Clear Width of clear 30 25 
input pulse 

tw(Preset) Width of 30 25 
preset input 
pulse 

tSetup Input setup time 20t 15 
High level 10t 
Low level 15t 

tHold Input hold time 5t 2 5t 

Propagation delay time 
tPLH Low-to-high Clear, 25 20 

Preset 

tpHL High-to-Iow 40 30 

tpHL Low-to-high Clock 10 14 25 4 8.5 15 

tpHL High-to-Iow 10 20 40 13 20 

Load circuit and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY BLOCK DIAGRAM 
54 F 
54LS F,W 

DESCRIPTION 

74 B,F 
74LS B,F 

This latch Is ideally suited for use as tempo­
rary storage for binary information between 
processing units and input/output or indica­
tor units. Information present at a data (0) 
input Is transferred to the Q output when 
the enable (G) is high and the Q output will 
follow the data Input as long as the enable 
remains high. When the enable goes low, 
the Information (that was present at the 
data Input at the time the transition oc­
curred) is retained at the Q output until the 
enable is permitted to go high. 
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13 

Vcc .. Pin 5 
GND=Pin 12 

16 

15 

L---=.-_14 

10 

'------=r-- 11 

54174L8 54/748 

CL=15pF CL=15pF 
RL=2k{l RL=280{l 

MIN TVP MAX MIN TVP MAX 

25 33 75 90 

25 

6 
7.3 

25 7 

25 7 

3~ 
25 
20 

5 2~ 

8 25 5 6 
CLK=1 

8 13.5 
CLK=O 

16 40 5 8 

8 25 7 9 

16 40 7 9 

PIN CONFIGURATION 

B,F,W PACKAGE 

ENABLE G 4 
3·4 

UNIT 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



SWITCHING CHARACTERISTICS vee = 5V. TA = 25°e 

54n4 54n4LS 

CL=15pF CL=15pF 
TEST CONDITIONS RL=4CICKl RL=2kO 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX MIN TVP MAX UNIT 

tw Width of enabling 
pulse 

tsetup Input setup time 
High level 7 20 
Low level 14 20 

tHold Input hold time 
High Level 0 15 
Low level 0 6 

Propagation delay time 
tpLH Low-to-hlgh 0 Q 16 30 
tpHL High-to-iow 14 25 

tPLH Low-to-hlgh 0 Q 24 40 
tpHL Hlgh-to-Iow 7 15 

tpHL Low-to-hlgh G Q 16 30 
tpHL High-to-iow 7 15 

tpLH Low-to-hlgh G Q 16 30 
tpHL High-to-iow 7 15 

Load circuit and typical waveforms are shown at the front 01 section 

PARAMETER MEASUREMENT INFORMATION 

1,...----3v 

VOLTAGE WAVEFORMS 
NOTES: 
A. The pulsa generators have the loIlowing charecteristlcs: lout - 50 II; tor pulse generator 

A. PRR :S 500 kHz; lor pulse generator B. PRR :S I MHz. Positions 01 0 and G input pulses 
are varied with respect to each other to verily setup times. 

B. CL Includes probe and ~g capacnance. 
C. All diodes are 1 N3064. 
O. When measuring propagation delay times from the 0 Input. the corresponding G input 

must be held high. 
E. Vrel - 1.3V. 

20 

20 

0 

•• II1II1 

15 27 
9 17 

12 20 
7 15 

15 27 
14 25 

16 30 
7 15 

PULSE 
GENERATO 

A 
(SeeN.teA) 

PULSE 
ENERATOR 

B 
(See Note A) 

ns 

ns 

ns 

ns 

INPUTS 

o G 

TRUTH TABLE (Each Latch) 
LOGIC 54n4 

(Each Lalch) 

In In+1 

0 Q Q 
1 1 0 
0 0 1 

NOTES: 
I. tn ~ bit time before clocl< pulse 
2. tn+ 1 - bit time after clock pulsa. 
3. These voltages are with respect to networi< ground ter­

minal. 

54n4LS 

INPUTS 

0 G 

L H 
H H 
X L 

H _ high level. L _ low level. 
X - Irrelevent 

OUTPUTS 

Q Q 

L H 
H L 

QO 00 

0 0 - the level 01 0 before the hlgh-to-Iow transition 01 G 

FLlP·FLOP LOGIC DIAGRAM 

G 

-'~' TO Q 
OTHER 
LATCH 

ENABLE 

OUTPUTS 

VCC --atf 

TEST CIRCUIT 

(See Note C) 
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SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 F,W 
54H F,W 
54LS F,W 

74 B,F 
74H B,F 
74LS B,F 

a,F,W PACKAGE 

DESCRIPTION 
This monolithic dual J-K flip-flop features Individual J, K, clock, and asynchronous preset 
and clear Inputs to each flip-flop. The preset or clear Inputs, when low, set or reset the out­
puts regardless of the levels at the other inputs. When preset and clear Inputs are Inactive 
(high), a high level at the clock input enables the J and K Inputs and data will be accepted. 
The logic levels at the J and K Inputs may be allowed to change when the clock pulse Is 
high and the bistable will perform according to the function table as long as minimum setup 
and hold times are observed. Input data Is transferred to the outputs on the negatlve-going 
edge of the clock pulse. 

FUNCTION TABLE (Each Flip Flop) 

54n4,54/74H 

INPUTS OUTPUTS INPUTS 

PRESET CLEAR CLOCK ~ K Q Q PRESET CLEAR CLOCK 

L H X X X H L L H X 
H L X X X L H H L X 
L L X X X H* H* L L X 
H H ....n... L L 00 00 H H ~ 
H H ....n... H L H L H H ~ 
H H ....n... L H L H H H ~ 
H H ....n... H H TOGGLE H H ~ 

H - high level (steady state) 
H H H 

L - low level (steady state) 
X - Irrelevant 
I - transition from high to low level 
0 0- the level of 0 before the Indicated steady..,tate Input conditions _e established. 

TOGGLE: Each output changes to the complement of Its previous level on each I clock tran-
sition. 

·Thls configuration Is nonstable. that Is. ~ wtll not persist when preset and clear Inputs return 
to their Inactive (high) level. 

SWITCHING CHARACTERISTICS VCC - 5V, T A - 25°C 

OUTPUTS 

~ K Q Q 

X X H L 
X X L H 
X X H* H* 
L L 00 00 
H L H L 
L H L H 
H H TOGGLE 
X X 00 00 

FUNCTIONAL 
BLOCK DIAGRAM 

K PRESET I 

l~ 
CLOCK 

>< Jy 
CLEAR ~ 

54n4 54n4H 54n4LS 

CL=15pF CL=25pF CL=15pF 
TEST CONDInONS RL=4000 RL=28CKl RL=2kO 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX MIN TYP MAX MIN TYP 

fClock Clock frequency 15 20 25 30 30 45 

tw(CIOCk) Width of clock 20 
pulse 
Clock high 20 12 
Clock low 47 28 

t,.,(Preset) Width of 25 16 25 
preset pulse 

tw(Clear) Width of clear 25 16 25 
pulse 

tSetup Input setup time ot ot 20~ 

tHold Input hold time o~ o~ o~ 
Propagation delay time 
tpLH low-to-hlgh Clear, 16 25 6 13 11 

Preset 

tpHL Hlgh-to-Iow 25 40 12 24 15 

tPLH Low-to-hlgh Clock 10 16 25 16 21 11 

tpHL Hlgh-to-Iow 10 25 40 22 27 15 

.cad circuit and typical waveforms are shown at the front of section. 
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MAX 

20 

30 

20 

30 

UNIT 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 



SPEED/PACKAGE AVAILABILITY 
54 W 

SWITCHING CHARACTERISTICS vee ~ 5V, TA ~ 25°e 

54 

CL~15pF 

TEST CONDITIONS RL~400{} 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX UNIT 

tSetup Input setup time 

High level 7 20 ns 

Low level 14 20 

tHold Input hold time ns 

High level 0 15' 

Low level 0 6' 

Propagation delay time 

tpLH Low-to-hlgh 0 Q 16 30 ns 

tpHL Hlgh-to-Iow 14 25 

tPLH Low-to-hlgh e Q 16 30 

tpHL Hlgh-to-Iow 7 15 

Load circuit and typical waveforms are shown on 54/7475 data sheet. 

*These typical times indicate that period occurring prior to the fall of clock pulse (to) below 1.5V when data at the 0 input will 
still be recognized and stored. 

SPEED/PACKAGE AVAILABILITY 
54LS F,W 74LS A,F 

DESCRIPTION 
This monolithic dual J-K edge-triggered flip-flop features individual J, K, and preset inputs 
plus common clock and common clear inputs. The preset or clear inputs, when low, set or 
reset the outputs regardless of the levels at the other inputs. When preset and clear Inputs 
are Inactive (high), a high level at the clock input enables the J and K inputs and data will 
be accepted. The logic levels at the J and K inputs may be allowed to change when the 
clock pulse is high and the bistable will perform according to the function table as long as 
minimum setup and hold times are observed. Input data is transferred to the outputs on the 
negative-going edge of the clock pulse. 

FUNCTIONAL BLOCK DIAGRAM (Each Flip-Flop) 

PRESET 0--+--"1"---' '---.._--rt-<> CLEAR 

TO OTHER 
FLlp·FLOP 

PIN CONFIGURATION 

WPACKAGE 

TRUTH TABLE 
LOGIC 

(Each Latch) 

tn 

0 
1 
0 

NOTES: 

1. In = bit time before clock pulse. 
2. In+ 1 ... bit time after clock pulse 

tn+1 

Q 

1 
0 

3. These voltages are with respect to network ground ter­
minal. 

PIN CONFIGURATION 

A,F,W PACKAGE 
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FUNCTION TABLE (Each Flip-Flop) 

INPUTS 

PRESET CLEAR CLOCK 

L H 
H L 
L L 
H H 
H H 
H H 
H H 
H H 

H - high level (steady state) 
l - low level (steady state) 
X • Irrelevant 

X 
X 
X 
~ 
+ 
+ 
+ 
H 

J 

X 
X 
X 
L 
H 
L 
H 
X 

OUTPUTS 

K Q Q 

X H L 
X L H 
X H* H* 
L ~ 0 0 
L L 
H L H 
H TOGGLE 
X QO 00 

I - transition from high to low level 
00- the level of a before the Indicated sleady-<llata Input conditions were established 
TOGGLE: Each outpUI changes to the complement of lIS previous level on each I clock tran­
sition. 
'This conftgurallon Is nonstable, that Is, II will not persist when preset and clear Inputs return 
to thalr Inactive (high) level. 

SWITCHING CHARACTERISTICS VCC = 5V, TA = 25°C 

PARAMETER 

fClock Clock frequency 

~CIOCk) Width of clock pulse (high) 

tw(Preset) Width of preset pulse (low) 

~Clear) Width of clear pulse (low) 

tSetup Input setup time 

tHold Input hold time 

tpLH Propagation delay time, low-to-hlgh-ievel 
output from clear, preset or clock (as appropriate) 

tpHL Propagation delay time, high-to-Iow-Ievel 
output from clear, preset or clock (as appropriate) 

load cIrcUit and typical waveforms are shown at the fronl of book. 

TEST CONDITIONS 

CL = 15pF, RL = 2kQ 

SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 F,W 74 A,F 

TRUTH TABLE 

CN B A Cn+1 l: l: 

0 0 0 1 1 0 

0 0 1 1 0 1 

0 1 0 1 0 1 

0 1 1 0 1 0 

1 0 0 1 0 1 

1 0 1 0 1 0 

1 1 0 0 1 0 

1 1 1 0 0 1 

NOTES: 
1. A - A' ''''c' B - B' 'Sc where A' - 1'.1'1'.2' B' -

B,,~, 

2. When A' or B' are used as Inputs, AI and B2 respective­
ly, must be conneclad 10 GND. 
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UMITS 

MIN TYP MAX UNIT 

30 45 MHz 

20 ns 

25 ns 

25 ns 
20+ ns 

0+ ns 

11 20 ns 

15 30 ns 

WPACKAOE 



SWITCHING CHARACTERISTICS vcc ~ 5V, TA ~ 25°C 

54n4 

CL~15pF 

TEST CONDITIONS RL~7800 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX 

Propagation delay time 

tpLH Low-to-high Cn Cn+1 13 17 
tPHL High-to-Iow 8 12 --
tpLH Low-to-high BC Cn+1 18 25 
IpHL High-Io-Iow 38 55 

CL~15pF 
TEST CONDITIONS RL ~ 4000 

IpLH Low-to-high AC ~ 52 
IpHL High-Io-Iow 62 -
tpLH Low-to-high BC ~ 38 
tpHL High-Io-Iow 56 

TEST CONDITIONS CL~15pF 

IpLH Low-to-high A1 A* 48 
IpHL High-to-Iow 17 
tpLH Low-Io-high B1 B* 48 
IpHL High-Io-Iow 17 

Load circuit and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY 
54 F,W 
54LS F,W 

74 B,F 
74LS B,F 

BLOCK DIAGRAM 

54n4 

70 
80 
55 
75 

65 
25 
65 
25 

UNIT 

ns 

o -" 9 
PIN CONFIGURATION 

B,F,W PACKAGE 
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SWITCHING CHARACTERISTICS vcc = 5V. T A = 25°C 

54174 54174LS 

CL=5OpF CL=15pF 
TEST CONDITIONS RL=400 RL=2k 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX MIN TYP MAX 

Propagation delay lime 

IpLH Low-IO-high Co 1 23 34 

IpHL High-Io-Iow 20 34 

IpLH LoW-lo-hlgh Co 2 24 35 

IpHL High-Io-Iow 22 35 

IpLH Low-Io-high Co 3 30 50 

IpHL Hlgh-Io-Iow 24 40 

IpLH Low-Io-high Co 4 30 50 

IPHL Hlgh-Io-Iow 28 50 

IpLH Low-Io-high A2. B2 2 40 

IpHL Hlgh-Io-Iow 35 

IpLH Low-Io-hlgh A4.B4 4 40 

IpHL Hlgh-Io-Iow 35 

TEST CONDITIONS CL = SOpF 
RL = 780 

IpLH Low-Io-high Co C4 12 20 11 17 

IpHL High-Io-Iow 12 20 11 17 

IPLH Low-Io-high Co Any 2: 16 24 
IpHL High-Io-Iow 15 24 
IpLH LOW-io-high Ai.Bi ~i 15 24 
IPHl High-Io-Iow 15 24 
IpLH LoW-lo-high Ai.Bi C4 11 17 

IpHL High-Io-Iow 12 17 

Load circuit and typical waveforms are shown at the front of section. 

LOGIC DIAGRAM 

54174 

,oo-----~-----l '::.0------, 

94 

UNIT 

ns 

FUNCTION TABLE 

OUTPUT 

INPUT 
WHE~/ 
CO=L 

WHEN~ 
CO=H 

I/WHEN 
C2=L I/WHEN 

C2=H 
A1 61 A2 62 2:1 2:2 C2 2:1 2:2 C2 

A3 63 A4 64 2:3 2:4 C4 2:3 2:4 C4 

l l l l l L l H l l 
H l l l H l l l H l 
l H l L H l l L H l 
H H l l l H l H H l 
l l H l l H l H H l 
H l H l H H l l l H 
L H H l H H l l L H 
H H H l l l H H l H 
l l l H l H l H H l 
H l l H H H l l l H 
l H l H H H l l l H 
H H l H L l H H l H 
l l H H l l H H L H 
H L H H H l H L H H 
l H H H H l H L H H 
H H H H l H H H H H 

H ~ high level. L ~ low level 

NOTE: Input conditions at Al, 81, A, 82, and CO are used 
to determine outputs l'; 1 and 2':2 and the value of the 
internal carry C2. The values at C2, A3, 83, A4. and 
84, are then used to determine outputs I3. 2:4, and 
C4. 



LOGIC DIAGRAM 

54n4LS 

SPEED/PACKAGE AVAILABILITY 
54 F,W 
54L8 F,W 
548 F,W 

DESCRIPTION 

74 B,F 
74L8 B,F 
748 B,F 

(141 C4 

/-__ --""'15)1'1 

This four-bit magnitude comparator performs comparison of straight binary and straight 
BCD (8-4-2-1) codes. Three fully decoded decisions about two 4-bit words (A, B) are made 
and are externally available at three outputs. These devices are fully expandable to any 
number of bits without external gates. Words of greater length may be compared by con­
necting comparators in cascade. The A > B, A < B and A = B outputs of a stage handling 
less-significant bits are connected to the corresponding A > B, A < B, and A = B inputs of 
the next stage handling more-significant bits. The stage handling the least-significant bits 
must have a high-level voltage applied to the A = B input. The cascading path is imple­
mented with only a two-gate-Ievel delay to reduce overall comparison times for long words. 
An alternate method of cascading which further reduces the comparison time is shown In 
the typical application data. 

·IJII .. III. 

PIN CONFIGURATION 

B,F,W PACKAGE 

DATA 
INPUTB3 1 

[

A<B 2 

CASCADE 
INPUTS A-B 3 

A>e • 

[

A>. 5 

OUTPUTS A=B 8 

A<B 7 

DATA 
INPUTS 
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FUNCTION TABLE 
COMPARING CASCADING 

INPUTS INPUTS OUTPUTS 

A3,B3 A2,B2 A1, B1 AO,BO A>B A<B A~B A>B A<B A~B 

A3> 83 X X X X X X H L L 
A3 < 83 X X X X X X L H L 
A3 ~ 83 A2> 82 X X X X X H L L 
A3 ~ 83 A2 < 82 X X X X X L H L 
A3 ~ 82 A2 ~ 82 A1 > 81 X X X X H L L 
A3 ~ 83 A2 ~ 82 A1 < 81 X X X X L H L 
A3 ~ 83 A2 ~ 82 A1 ~ 81 AO> 80 X X X H L L 
A3 ~ 83 A2 ~ 82 A1 ~ 81 AO < 80 X X x L H L 
A3 ~ 83 A2 ~ 82 A1 ~ 81 AO ~ 80 H L L H L L 
A3 ~ 83 A2 ~ 82 A1 ~ 81 AO ~ 80 L H L L H L 
A3 ~ 83 A2 ~ 82 A1 ~ 81 AO ~ 80 L L H L L H 
A3 ~ 83 A2 ~ 82 A1 ~ 81 AO ~ 80 X X H L L H 
A3 ~ 83 A2 ~ 82 A1 ~ 81 AO ~ 80 H H L L L L 
A3 ~ 83 A2 ~ 82 A1 ~ 81 AO ~ 80 L L L H H L 

H = high level, L = low level, X "" irrelevant 

SWITCHING CHARACTERISTICS Vee ~ 5V, T A ~ 25°C 

54n4 54n4LS 54n4S 

CL~15pF CL~15pF CL ~ 15pF 
TEST CONDITIONS RL~400{J RL~2k{J RL~280{J 

FROM TO NUMBER OF 
PARAMETER INPUT OUTPUT MIN TVP MAX MIN TVP MAX MIN TVP MAX IGATE LEVELS UNIT 

Propagation delay time 
fpLH Low-to-high AnyA,8 A>8,A<8 7 14 5 1 ns 
tPHL High-to-low 11 11 5.5 

tpLH Law-to-high 12 19 7.5 2 
tpHL High-to-law 15 15 7 

tpLH Low-to-high 17 26 24 36 10.5 16 3 
tpHL High-to-law 20 30 20 30 11 16.5 

tpLH law-to-high Any A,8 A~8 23 35 23 40 12 18 4 
tpHL High-to-law 20 30 20 30 11 16.5 

IpLH Low-to-high A<8,A~8 A>8 7 11 14 22 5 7.5 1 
tpHL High-to-law 11 17 11 17 5.5 8.5 

tpLH Law-to-high A~8 A~8 13 20 13 20 7 10.5 1 
tpHL High-fa-low 11 17 11 17 5 7.5 

IpLH Low-to-high A>8,A~8 A<8 7 11 14 22 5 7.5 1 
tpHL High-la-low 11 17 11 17 5.5 8.5 

Load circuit and typical waveforms are shown at the front of section. 
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TYPICAL APPLICATION DATA 
COMPARISON OF TWO N-BIT WORDS 
This application demonstrates how these magnitude comparators 
can be cascaded to compare longer words. The example illustrated 
shows the comparison of two 24-bit words; however, the design is 
expandable to n-blts. As an example, one comparator can be used 
with five of the 24-blt comparators illustrated to expand the word 
length to 120-blts. Typical comparison times for various word 
lengths using the 54/74LS85 are: 

WORD NUMBER 
LENGTH OF PKGS 
1-4 bits 

5-24 bits 
25-120 bits 

821 81 

All AI 

'" 

An 
81,6 

8]5 

'" An 

A" 

" 

" AO 

" " " M 

" M 

" 

" ., 
" 

1 
2-6 
8-31 

24 ns 
48 ns 
72 ns 

" ., 

" AO 
A<B 
A~a 

A=B 

A' 

BLOCK DIAGRAM 

0 -" 9 
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SPEED/PACKAGE AVAILABILITY 
54 F,W 
54L8 F,W 
548 F,W 

74 A,F 
74L8 A,F 
748 A,F 

FUNCTION TABLE 
INPUTS OUTPUT 

A B Y 

L L L 
L H H 
H L H 
H H L 

H - high level, L ~ low level 

SWITCHING CHARACTERISTICS vee = 5V, T A = 25°e 

54n4 

CL=15pF 
TEST CONDITIONS RL=4000 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX 

Propagation delay time Aor B 
tpLH Low-to-high Other 15 23 

input low 

tPHL High-to-iow Aor B 11 17 

tpLH Low-to-high Other 18 30 
input high 

tpHL High-to-Iow 13 22 

Load circuit and typical waveforms are shown at the front of section. 

98 .-. 

PIN CONFIGURATION 

A,F,W PACKAGE 

positive logic: Y - A e B - Ali + Ali 

54n4LS 54/74S 

CL=15pF CL=15pF 
RL=2k RL = 280 

MIN TYP MAX MIN TYP MAX UNIT 

12 23 7 10,5 ns 

10 17 6.5 10 

10 30 7 10.5 

18 22 6.5 10 



SPEED/PACKAGE AVAILABILITY 
74 B,F 

NOTE: For specific electrical data, refer to 82823/123 data 
sheet in Memories section. 

SPEED/PACKAGE AVAILABILITY 
74 B,F 

NOTE: For specific electrical data, reter to 82823/123 in 
Bipolar Memories section. 

LOGIC DIAGRAM 

REAO 
WRITE 

LOGIC DIAGRAM 

" 

" 

" 

" 

" 

IIJBO'iCB 

PIN CONFIGURATION 

B,F PACKAGE 

if- ;;;~ 

2'- .~ 

If" .~ 

.!l'- wJ' 

:. ;;:jJ' 

Ji'o :::!' 

i!- o.f 

0 oJ' z· 
0 

PIN CONFIGURATION o 
B,F PACKAGE -" 9 

--
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SPEED/PACKAGE AVAILABILITY BLOCK DIAGRAM 54LSI74LS 
54 F,W 74 A,F 
54LS F,W 74LS A,F 

DESCRIPTION 
This monollth.lc counter contains four mas­
ter-slave flip-flops and additional gating to 
provide a dlvlde-by-two counter and a 
three-stage binary counter for which the 
count cycle length Is dlvide-by-flve. 

The 54/74LS90 also has a gated zero reset 
and gated set-to-nlne inputs for use In BCD 
nine's complement applications. 

To use its maximum count length of this 
counter, the B Input Is connected to the QA 
output. The Input count pulses are applied 
to Input A and the outputs are as described 
In the function table. A symmetrical divide­
by-ten count can be obtained by connecting 
the QD output to the A Input and applying 
the Input count to the B Input which gives a 
dlvlde-by-ten square wave at output QA. 

", , 
", 2 

PARAMETER MEASUREMENT INFORMATION 

________ - -- - - ---------3\/ 
RESET TO 
9 INPUTS 

(See Note A) 

RESET TO 

I~~--------~~~--------------~~~----------~ 
- - - - - - - - - - - - --3\/ 

(:.!N:~~) __ + ____ ...JI 1~---+~!~------------~2~~~-----------~ 

CLOCK A INPUT _-+ ______ +-__ _ 

OUTPUTQA 
AND 

CLOCK B INPUT 

OUTPUT Os 
(See NoteS) 

OUTPUT Clc 
(Sea Note BI 

/'------ov 

0, 

OL 

VOLTAGE WAVEFORMS 
A. Each reset input Is tested separately with the other reset at 4.5 V. 
8. Reference waveforms are shown with dashed lines. 
C. Vr., - 1.3 V. 
Load circuit Is shown at front of section (for totem pole outputs). 

100 

PIN CONFIGURATION 

» 
~ w 

54/74 
A,F,W PACKAGE 

~... :: D 

» 
~ . 

54LS/74LS 
A,F,W PACKAGE 



SWITCHING CHARACTERISTICS vcc = 5V, TA = 25°C 

TEST CONDITIONS 

FROM TO 
PARAMETER INPUT OUTPUT 

fCount Count frequency 

A OA 
B OB 

tw(Clock) Width of 

clock pulse A 0 
B 0 

Reset 0 

tw(Reset) Width of 

reset pulse 

Propagation delay time 

tpLH Low-ta-hlgh Input QC 

tpHL Hlgh-ta-Iow 
Count 
Pulse 

tpLH Low-to-hlgh A OA 

tpHL Hlgh-to-Iow 

tpLH Low-to-hlgh A 00 
tpHL Hlgh-ta-Iow 

tpLH Low-to-hlgh B OB 

tpHL Hlgh-to-Iow 

tpLH Low-to-hlgh B Oc 

tpHL Hlgh-ta-Iow 

tpLH Low-ta-hlgh B 00 
tpHL Hlgh-ta-Iow 

tpHL Hlgh-ta-Iow Set-to-O Any 

tpLH Low-to-hlgh 8at-to-9 OA,OO 

tpHL Hlgh-ta-Iow Set-to-9 OB,OC 

Load circuit and typical waveforms shown at front of section. 

BCD COUNT SEQUENCE 
(S .. Note A) 

COUNT OUTPUT 

QD Qc QB 

0 L L L 
1 L L L 
2 L L H 
3 L L H 
4 L H L 
5 L H L 
6 L H H 
7 L H H 
8 H L L 
9 H L L 

QA 

L 
H 
L 
H 
L 
H 
L 
H 
L 
H 

54174 54/74LS 

CL=15pF CL=15pF 
RL = 4000 RL=2kll 

MIN TVP 

10 18 

50 

50 

60 

60 

COUNT 

0 
1 
2 
3 
4 
5 
6 
7 
8 
g 

MAX MIN TVP MAX 

32 42 

16 

15 

30 

15 

25 

100 

100 

10 

12 

32 

34 

10 

14 

21 

23 

21 

23 

26 

20 

26 

BI-QUINARY (5-2) 
(See Note B) 

OUTPUT 

16 

18 

48 

50 

16 

21 

32 

35 

32 

35 

40 

30 

40 

QA QD Qc 
L L L 
L L L 
L L H 
L L H 
L H L 
H L L 
H L L 
H L H 
H L H 
H H L 

IlJnllllDli 

UNIT 

MHz 

ns 

ns 

ns 

o -" 9 
----

RESET/COUNT FUNCTION TABLE 

RESET INPUTS OUTPUT 

QB R0(1) R0(2) iIg(1) iIg(2) QD Qc QB QA 

L H H L X L L L L 
H H H X L L L L L 
L X X H H H L L H 
H X L X L COUNT 
L L X L X COUNT 
L L X X L COUNT 
H X L L X COUNT 
L 
H NOTES: 

L 
A. Output QA is connected to input 8 for BCD count. 
B. Output DO Is connected to Input A for bi-qulnary count. 
C. Output QA is connected to Input B. 
D. H "" high kwel. L = low level. X = irrelevant 
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SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 F,W 74 A,F 

A,FPACKAGE 

SWITCHING CHARACTERISTICS vee ~ 5V, T A ~ 25°e 

54n4 

CL~15pF 

TEST CONDITIONS RL~400Q 

PARAMETER MIN TYP MAX UNIT 

fMax 10 18 MHz 
Propagation delay time 
tpLH Low-to-high 24 40 ns 

tpHL High-to-Iow 27 40 

Load circuit and typical waveforms are shown at the front of section, 

SPEED/PACKAGE AVAILABILITY BLOCK DIAGRAM 
54 F,W 74 A,F 

J Q 

INPUT A _'",-4 ___ --<:\ CK 

DESCRIPTION 
This monolithic counter contains four mas­
ter-slave flip-flops and additional gating to 
provide a divide-by-two counter and a three 
stage binary counter for which the count 
cycle length is divide-by-six. 

To use its maximum count length of this 
counter, the B input is connected to the QA 
output. The input count pulses are applied 
to input A and the outputs are as described 
in the function table. 

RO 

RO 

12 

11 as 

9 ac 

The J and 'K inpu!' stwWI'I without connection for reference onlv 
and are luncllon~lIv at a '''gh level 
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WPACKAGE 

TRUTH TABLE 

tn In+8 
A B Q 

0 0 0 
0 1 0 
1 0 0 
1 1 1 

NOTES; 
1. tn = bit time before clock pulse. 
2. tn+8 "" bit time after 8 clock pulse. 

PIN CONFIGURATION 

A,F,W PACKAGE 



SWITCHING CHARACTERISTICS vcc = 5V, T A = 25°C 

54174 54n4LS 

CL=15pF CL=15pF 
TEST CONDITIONS RL=400 RL=2k 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX MIN TYP MAX 

fCount Count frequency 10 18 
A QA 32 42 
B QB 16 

tw Width of pulse A Q 15 
B Q 30 

Reset Q 15 

tSetup Input setup time 25 

Propagation delay time 
Input 

tpLH Low-to-hlgh Count QD 60 100 

tpHL High-to-iow 
Pulse 

60 100 

tpLH Low-to-hlgh A QA 10 16 

tPHL High-to-iow 12 18 

tpLH Low-to-hlgh A QD 32 48 

tPHL High-to-iow 34 50 

tpLH Low-to-hlgh B QB 10 16 

tpHL High-to-iow 14 21 

tpLH Low-to-hlgh B QC 10 16 

tPHL High-to-iow 14 21 

tpLH Low-to-hlgh B QD 21 32 

tpHL High-to-iow 23 35 

tpHL High-to-iow 8et-to-O Any 26 40 

PARAMETER MEASUREMENT INFORMATION 

______ - - - -- - - - --- -----3V 
RESET TO 
9 INPUTS 

(See Note A) 

RESET TO 
o INPUTS 

(See NomA) 

CLOCK A 
INPUT 

VOLTAGE WAVEFORMS 

NOTES: 
A. Each reset input is tested separately with tile other reset al 4.5 V. 
B, Reference waveforms Bre shown with dashed lines. 
c. V,ef ~ 1.B V. 
Load circuit shown at front of book (for totem pole outputs). 

II "" 
I1IJ 

I1IJ 

OL 

..l1li:1 

UNIT 

MHx 

ns 

ns 

ns 

RESET ICOUNT 
FUNCTION TABLE 

RESET INPUTS 

"0(1) RO(2) QD 

H H L 
L X 
X L 

COUNT SEQUENCE 

OUTPUT 

QC Qa QA 

L L L 
COUNT 
COUNT 

COUNT OUTPUT 

QD QC Qa QA 

0 L L L L 
1 L L L H 
2 L L H L 
3 L L H H 
4 L H L L 
5 L H L H 
6 H L L L 
7 H L L H 
8 H L H L 
9 H L H H 
10 H H L L 
11 H H L H 

Output QA Is connected to Input B. 
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SPEED/PACKAGE AVAILABILITY BLOCK DIAGRAM 

54 A,F,W 
54LS F,W 

DESCRIPTION 

74 A,F 
74LS A,F 

This monolithic counter contains four mas­
ter-slave flip-flops and additional gating to 
provide a divide-by-two counter and a three 
stage binary counter for which the count 
cycle length Is divlde-by-eight. 

To use its maximum count length of this 
counter, the B input Is connected to the QA 
output. The input count pulses are applied 
to Input A and the outputs are as described 
In the function table. 

INPUT A ...!."",41 ___ ~ 

INPUT B .:."::..1 ---+<:I> 

Rom .;:",-1 --r _____ 
RO(21~"~1 --t_r 

TINoJlndKlnpUClthownwithDulcClnMCtionfor'.,.. ...... 
DIIIy.nd ... functionlllyulhltlll_l. 

SWITCHING CHARACTERISTICS Vcc = 5V, TA = 25°C 

54n4 54n4LS 

CL=15pF CL=15pF 
TEST CONDITIONS RL=4OCKl RL=2kO 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX MIN TYP MAX 

fCount Count frequency 10 18 
A QA 32 42 
B QB 16 

tw Width of pulse 50 
A Q 15 
B Q 30 

Reset Q 50 15 

tSetup Input setup time 25 

Propagation delay time 
Input 

tpLH Low-ta-hlgh 
Count QD 75 135 

tpHL Hlgh-ta-Iow 
Pulse 

75 135 

tpLH Low-ta-hlgh A QA 10 16 

tpHL Hlgh-ta-Iow 12 18 

tPLH Low-ta-hlgh A QD 46 70 

tpHL Hlgh-to-Iow 46 70 

tpLH Low-ta-hlgh B QB 10 16 

tpHL Hlgh-to-Iow 14 21 

tpLH Low-ta-hlgh B QC 21 32 
tpHL Hlgh-ta-Iow 23 35 

tpLH Low-to-hlgh B QD 34 51 

tPHL Hlgh-ta-Iow 34 51 

tpHL Hlgh-ta-Iow Set-ta-O Any 26 40 
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UNIT 

MHz 

ns 

ns 

ns 

PIN CONFIGURATION 

54/74 
A,F,W PACKAGE 

54n4LS 
A,F,W PACKAGE 

INPUT B 1 

COUNT SEQUENCE 
OUTPUT 

COUNT QD QC QB 

0 L L L 
1 L L L 
2 L L H 
3 L L H 
4 L H L 
5 L H L 
6 L H H 
7 L H H 
8 H L L 
9 H L L 
10 H L H 
11 H L H 
12 H H L 
13 H H L 
14 H H H 
15 H H H 

Output QA I. connected to input B. 

QA 

L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 

RESET/COUNT FUNCTION TABLE 

RESET INPUTS OUTPUT 

"0(1) Ro(2) QO QC QB QA 

H H L L L L 
L X COUNT 
X L COUNT 



PARAMETER MEASUREMENT INFORMATION 

RESET TO 9 
INPUTS 

(See Notes Al I'-~~ ____ ~~~ ____________ ~~ ___________ w 

NOTES: 

RESET TO 0 
INPUTS 

(See NotM Al _-+ __ -'1 

CLOCK A 
INPUTS 

OUTPUTQA 
AND 

CLOCK B 
INPUT 

OUTPUrQB 
(See NotH BJ 

OUTPUTOc 
(See Not .. BJ 

OUTPUT Co 

I'-__ ~~~ ____________ ~: ___________ OV 

VOL lAGE WAVEFORMS 

VOLTAGE WAVEFORMS 

A. Each reset input is tested separately with the other reset at 4.5 V. 
B. Reference waveforms are shown with dashed lines. 
C. Vr.f -1.8 V. 
Load circuit shown at front of book (for totem pole outputs). 

SPEED/PACKAGE AVAILABILITY 
54 F.W 74 B.F 

LOGIC DIAGRAM 

PRESET 2 

PRESET 1 

~~~~~lo--l>o--+-_-+-I 

CLOCK 

CLEAR 

OUTPUT 

PIN CONFIGURATION 

B,F,W PACKAGE 

fA ' 

1B 

PRESET 

1C 

1D 

SEA. IN 7 

" 2A} 
2 PRESET 

2B 

2C 

11 PR 20 

9 OUTPUT 
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SWITCHING CHARACTERISTICS vcc = 5V, T A = 25°C 

TEST CONDITIONS 

FROM 
PARAMETER INPUT 

fClock Clock frequency 

tw(CIOck) Width of clock 
pulse 

tw(Clear & Preset)Width 
of clear and 
preset pulse 

tSetup Input setup time 
High level 
Low level 

tHold Input hold time 

Propagation delay time 
tpLH Low-to-high Clock 
tPHL High-to-Iow 

tpLH Low-to-high Preset 
tpHL High-to-Iow Clear 

load circuit and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY 
54 F 
54LS F,W 

DESCRIPTION 

74 A,F 
74LS A,F 

TO 
OUTPUT MIN 

10 

35 

30 

35 
25 

0 

54174 

CL=15pF 
RL=400Q 

TVP MAX UNIT 

MHz 

ns 

ns 

ns 

ns 

25 40 ns 
25 40 

35 
40 

This 4-blt register features parallel and serial Inputs, parallel outputs, mode control, and 
two clock Inputs. The register has three modes of operation: 

Parallel (broadside) load 
Shift right (the direction aA toward QO) 
Shift left (the direction aD toward QA) 

Parallel loading Is accomplished by applying the four bits of data and taking the mode con­
trol Input high. The data Is loaded Into the associated flip-flops and appears at the outputs 
after the high-to-Iow transition of the clock-2 Input. During loading, the entry of serial data 
Is Inhibited. 

Shift right is accomplished on the high-to-Iow transition of clock 1 when the mode control is 
low; shift left is accomplished on the high-to-Iow transition of clock 2 when the mode con­
trol is high by connecting the output of each flip-flop to the parallel input of the previous 
flip-flop (aD to Input C, etc.) and serial data Is entered at Input O. The clock input 'may be 
applied commonly to clock 1 and clock 2 if both modes can be clocked from the same 
source. Changes at the mode control Input should normally be made while both clock in­
puts are low; however, conditions described in the last three lines of the function table will 
also ensure that register contents are protected. 
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PIN CONFIGURATION 

A,F,W PACKAGE 



BLOCK DIAGRAM 

DATA 
INPUTS 

" 

A_, -1--1-1--.. 

MODE SERIAL CLOCK CLOCK 
CONTROL INPlIT LEfT SHIFT RIGHT SHIFT 

FUNCTION TABLE 
INPUTS OUTPUTS 

MODE CLOCKS PARALLEL 

CONTROL 2(L) 1(R) SERIAL A B C D QA QB QC 

H H X X X X X X QAO QBO QCO 
H ~ X X a b c d a b c 
H ~ X X QB' QC' QD' d QBn QCn QDn 
L L H X X X X X QAO QBO QCO 
L X ~ H X X X X H QAn QBn 
L X ~ L X X X X L QAn QBn 
t L L X X X X X QAO QBO QCO 
~ L L X X X X X QAO QBO QCO 
~ L H X X X X X QAO QBO QCO 
t H L X X X X X QAO QBO QCO 
t H H X X X X X QAO QBO QCO 

• Shifting left requires external connection ot 0B to A. Oe to B. and 00 to e. Serial data is entered at input O. 
H ~ high level (steady state). L ~ low level (steady state). X - irrelevant (any Input. including trans"ions) 
\ = transition trom high to low level. t - transition trom low to high levei 
a. b. c. d - the level ot steady-state input at Inputs A. B. e. or O. respectively. 

QD 

QDO 
d 
d 

QDO 
QCn 
QCn 
QDO 
QDO 
QDO 
QDO 
QDO 

0AO. aBO Oeo. 000 = the lavel ot 0A' 0B. Oe. or 00. respectively. botore the indicated steady state Input conditions were 
established. 
0An' 0Bn' Oen. 00n - the level ot 0A' 0B. Oe. or 00' respectively. botorethe most-recent \ transition ot the clock. 

SWITCHING CHARACTERISTICS VCC = 5V. TA = 25°C 

54n4 54n4LS 

CL=15pF CL=15pF 
TEST CONDITIONS RL=4000 RL=2kO 

PARAMETER MIN TYP MAX MIN TYP MAX UNIT 

'Max 25 36 25 36 MHz 

tw(CIOCk) Width 0' clock pulse (54) 25 ns 
20 10 

(74) 
15 10 

tSetup Input setup time 10 20~ ns 

tHold Input hold time 0 10~ ns 

tEnable 1 Time to enable clock 1 15 20~ ns 

tEnable 2 Time to enable clock 2 15 20~ ns 

tlnhlbit 1 Time to enable clock 1 5 20t ns 

tin hi bit 2 Time to Inhibit clock 2 5 20t ns 

Propagation delay time 

tPLH Low-to-high (CLK) 18 27 18 27 ns 

tpHL High-ta-Iow (ClK) 21 32 21 32 
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PARAMETER MEASUREMENT INFORMATION 

DATA 
INPUT 

CLOCK 1 
OR 2 INPUT 

OUTPUTS 
OA.Oe.ac .. _·_QO:;..... ___ J 

1 .... --...... I------3V 

1'-----oV 

OV 

I,....---VOH 

MODE 
CONTROL 

INPUT 

CLOCK 
INPUT 1 

CLOCK 2 INPUT ____ ....;.:;/1 

QA OUTPUT ____ J 

SWITCHING TIMES CLOCK ENABLEIINHIBIT TIMES 
NOTES: 
A. When tesling tClock vary PRR. tw(Dala) 2: 20 ns. tw(Cloek) 2: 15 ns. 

B. Vret - 1.3v 
Load elleu" shown .t front at book (totem pole outputs~ 

SPEED/PACKAGE AVAILABILITY 
54 F.W 
54LS F.W 

DESCRIPTION 

74 B.F 
74LS B.F 

NOTES: 
A. Inpul A is ., • lOW leVel. 
B. V'et - 1.3 V. 

This shift register consists of five R-S master-slave flip-flops connected to perform parallel­
to-serial or serlal-to-parallel conversion of binary data. Since both Inputs and outputs for all 
flip-flops are accessible. parallel-In/parallel-out or serlal-In/serlal-out operation may be per­
formed. 

All flip-flops are simultaneously set to a low output level by applying a low-level voltage to 
the clear Input while the preset Is Inactive (low). Clearing Is Independent of the level of the 
clock Input. 

The register may be parallel loaded by using the clear Input In conjunction with the preset 
Inputs. After clearing all stages to low output levels. data to be loaded Is applied to the Indi­
vidual preset Inputs (A. B. C. D. and E) and a high-level load pulse Is applied to the preset 
enable Input. Presetting like clearing Is Independent of the level of the clock Input. 

Transfer of Information to the outputs occurs on the posltlve-golng edge of the clock pulse. 
The proper Information must be set up at the R-S Inputs of each flip-flop prior to the rising 
edge of the clock input waveform. The serial Input provides this information to the first flip­
flop. while the outputs of the subsequent flip-flops provide Information for the remaining 
A-S Inputs. The clear Input must be high and the preset or preset enable Inputs must be 
low when clocking occurs. 
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PIN CONFIGURATION 

CLOCK 1 

(

0 • 
PRESET 

• 7 



FUNCTIONAL BLOCK DIAGRAM TYPICAL CLEAR, SHIFT, PRESET AND SHIFT SEQUENCES 

PRESET 
ENABLE 

SERIAL 
INPUT 

FUNCTION TABLE 

PRESET 
CLEAR ENABLE 

L L 
L X 
H H 
H H 
H H 
H L 
H L 
H L 

A 
X 
L 
H 
L 
H 
X 
X 
X 

'" CLEAR CLOCK 

B 
X 
L 
H 
L 
L 
X 
X 
X 

INPUTS 
PRESET 

C 
X 
L 
H 
L 
H 
X 
X 
X 

H = high level (steady state), L = low level (steady state) 
X = irrelevant (any input, including transitions) 
t '"' transition from low to high level 

D 

X 
L 
H 
L 
L 
X 
X 
X 

CLOCK 

~---r--------------~fl~--------

'""'~{--+i---+I ___________ ..J~L.:=--~=_ -~=_ -~=_ -~=_ -~=_ -~=_ -~=_ 

{~:~~ ~ 
Oa::1 !l .... _______ ~ 

OUTPUTS nc=1 n r---IL. __ _ 
0:=1 !l ~ 
OE=~ I L 

1 11-'---
CLEAR 

OUTPUTS 

E CLOCK SERIAL QA QB QC QD QE 

X X X L L L L L 
L X X L L L L L 
H X X H H H H H 
L L X aAO aBO aCO aDO aEO 
H L X H aBO H aDO H 
X L X aAO aBO aCO aDO aEO 
X t H H aAn aBn aCn aDn 
X t L L aAn aBn aCn aDn 

OAO QBO etc .. the level of QA 0B etc, respectively before the indicated steady-state input conditions were established. 
QAn: aBo: etc = the level 01 QA: as: etc, respectively before the most retent t transition of the clock. 

PARAMETER MEASUREMENT INFORMATION 

CLEAR 
INPUT 

VrmlSH Note D) ____________________ ov 

PRESET 

PRRI~~~~,-+----------; r----------' I 

SERIAL INPUT 
-j-_--J 

VOLTAGE WAVEFORMS 

NOTES: 

A. Preset may be tested by applying a high-level voltage to the individual preset inputs and 
pulsing the preset enable or by applying a high~level voltage to the preset enable and puls~ 
ing the Individual preset inputs. 

B. Q A output is Illustrated. Relationship of serial input to other Q outputs is illustrated in the 
typical shift squence. 

C. Outputs Bre set to the high level prior to the measurement of tpHl from the clear Input. 
D, Vr., - 1,3V 
Load circuit shown at front of book (totem pole outputs.) 
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SWITCHING CHARACTERISTICS vee = 5V, TA = 25°e 

TEST CONDITIONS 

FROM TO 
PARAMETER INPUT OUTPUT 

fClock Clock frequency 

tw(Clock) Width of 
clock pulse 

tw(Preset & Clear) Width 
preset & claar 
pulse 

tSetup Input setup time 

tHold Input hold time 

Propagation delay time 

tpLH Low-to-hlgh Clock 

tpHL Hlgh-to-Iow 

tpLH Low-to-hlgh Preset 

tpHL High-to-iow 

tpLH Low-to-hlgh Preset, 
Preset 
Enable 

tpHL Hlgh-to-iow Clear 

SPEED/PACKAGE AVAILABILITY 
54 Q,F 74 N,F 

LOGIC DIAGRAM 

CLOCK 

TRUTH TABLE 
(Each Latch) 

In In+1 
0 Q 

1 1 

0 0 

NOTES: 
,. 'n-bit time befOt"e clock negative going transition. 
2. tn+ 1-bit time aller clock negetlve-golng transition. 

NC - No intemal connection. 

110 

54n4 

CL=15pF 
RL=400D 

MIN TYP MAX 

10 

35 

30 

30 
0 

25 40 
25 40 

35 
28 40 

55 

54n4LS 

CL=15pF 
RL=2kD 

MIN TYP MAX UNIT 

10 MHz 

35 ns 

30 ns 

30t ns 

ot ns 

25 40 ns 
25 40 

28 35 

55 

PIN CONFIGURATION 

F,Q,N PACKAGE 



SWITCHING CHARACTERISTICS vcc = 5V, T A = 25°C 

54/74 

CL=15pF 
TEST CONDITIONS RL=4000 

FROM TO 
PARAMETER INPUT OUTPUT MIN TVP MAX UNIT 

tw Width of Pulse 20 ns 

tSetup Input setup time 20 ns 

Propagation delay time 

tPLH Low-to-hlgh 0 a 16 30 ns 

tpHL High-to-iow 14 25 

tpLH Low-to-high C a 16 30 

tPHL High-to-iow 7 15 

Load circuit and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
o -54H F,W 74H A,F 

LOGIC DIAGRAM 
AFPACKAGE " 9 

TRUTH TABLE 

In In+1 

J K a 
0 0 an WPACKAGE 

0 1 0 
1 0 1 

1 1 an 
NOTES: 
1. J~(J1A'J1B)+(J2A'J2B) 
2. K~(K1A'K1B)+(K2A'K2B) 
3. tn'" Bit time before clock pulse 
4. tn+ 1 =Bit time after clock pulse 
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SWITCHING CHARACTERISTICS vcc = 5V, T A = 25°C 

54n4H 

CL=25pF 
TEST CONDITIONS RL=2800 

FROM TO 
PARAMETER INPUT OUTPUT MIN TVP MAX UNIT 

fClock Clock frequency 40 50 MHz 

tw(CIOCk) Width of clock 
pulse 
High level 10 ns 
Low level 15 

tw(Clear) Width of clear 16 ns 
pulse 

tSetup Input setup time 
Data high 10 ns 
Data low 13 

tHold Input hold time 0 ns 

Propagation delay time 
tpLH Low-to-high Preset 8 12 ns 
tpHL High-to-Iow 
tpHL Clock low 23 35 

Clock high 15 20 

tpLH Low-to-hlgh Clock 5 10 15 
tpHL High-ta-Iow 8 16 20 

load circuit and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54H F,W 74H A,F 

A,FPACKAGE WPACKAGE 
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LOGIC DIAGRAM TRUTH TABLE 

In tn+1 
J K Q 

0 0 Qn 
0 1 0 

1 0 1 

1 1 Qn 
NOTES: 
1. J - Jl • J2' J3 
2. K - Kl'K2'K3 
3. tn - bit time belore elocl< pulse. 

SWITCHING CHARACTERISTICS vcc = 5V, T A = 25°C 4. tn+ 1- btt time alter clock pulse. 
5. NC - no Intemal connection. 

54n4H 

CL=25pF 
TEST CONDITIONS RL=28CHl 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX UNIT 

fClock Clock frequency 40 50 MHz 

tw(Clock) Width of clock 

pulse 

High level 10 ns 

Low level 15 o 
tw(Clear) Width of clear 15 ns 

pulse -" tSetup Input setup time 

Data high 10 n8 9 
Data low 13 

tHold Input hold time 0 ns -
Propagation delay time --tpLH Low-to-hlgh Preset 8 12 ns -
tpHL Hlgh-to-Iow 

Clock Low 23 35 

Clock high 15 20 

tpLH Low-to-hlgh Clock 5 10 15 

tpHL Hlgh-to-Iow 8 16 20 

Load elreu" and typical wavelorms are shewn at the Iront of section . 
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SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54H F.W 74H A.F 

A,F,W PACKAGE 

LOGIC DIAGRAM 

SWITCHING CHARACTERISTICS vcc = 5V. TA = 25°C 

54/74H 

CL=25pF 
TEST CONDITIONS RL = 2800 

FROM TO 
TRUTH TABLE 

PARAMETER INPUT OUTPUT MIN TVP MAX UNIT In In+1 

fClock Clock frequency 40 50 MHz J K Q 

tw(Clock) Width of clock 0 0 an 
0 1 0 

pulse 1 0 1 
High level 10 ns 1 1 On 
Low level 15 

NOTES: 

tw(Clear) Width of clear 16 ns 
pulse 

1. tn "" bit time before clock pulse 
2. tn+ 1 '" bit time after clock pulse 

tSetup Input setup time 
Data High 10 ns 

Data low 13 

tHold Input hold time 0 ns 

Propagation delay time 

tpLH Low-to-high Preset 8 12 ns 

tpHL High-to-Iow 23 35 

Clock high 15 20 

tpLH Low-to-hlgh Clock 5 10 15 

tpHL Hlgh-to-Iow 8 16 20 

Load circuit and typical waveforms are shown at the front of section. 
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SPEED/PACKAGE AVAILABILITY 
54H F,W 74H B,F 

BLOCK DIAGRAM 

PRESET II ~~~ ~ CLEAR 

CLOCK 

SWITCHING CHARACTERISTICS vcc = 5V, T A = 25°C 

54n4H 

CL=25pF 
TEST CONDITIONS RL = 2800 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP 

fClock Clock frequency 40 50 

tw(CIOCk) Width of clock 
pulse 

High level 10 

Low Level 15 

tw(Clear) Width of clear 16 
pulse 

tsetup Input setup time 

Data high 10 

Data low 13 

tHold Input hold time 0 

Propagation delay time 

tPLH Low-to-hlgh Preset 8 

tPHL High-to-Iow 

Clock low 23 

Clock high 15 

tPLH Low-to-hlgh Clock 5 10 

tpHL Hlgh-to-Iow 8 16 

Load circuit and typical waveforms are shown at the front of section. 

110111111 

MAX UNIT 

MHz 

ns 

ns 

ns 

ns 

12 ns 

35 

20 

15 

20 

PIN CONFIGURATION 

B,F,W PACKAGE 

TRUTH TABLE 

In 

J K 

0 0 
0 1 

1 0 
1 1 

NOTES: 
I. tn-bit time before clock pulse. 
2. tn+ I-blttime after clock pulse. 

In+1 

a 

an 
0 

1 

On o -" 9 
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SPEEDIPACKAGE AVAILABILITY 
54 F 
54LS F.W 

DESCRIPTION 

74 A.F 
74LS A.F 

A low logic level at the clear Input resets the 
a output to a low level regardless of the 
levels at the other Inputs. With clear Inac­
tive (high). a high level at the clock Input 
enables the J and K Inputs and data will be 
accepted. The logic levels at the J and K 
Inputs may be allowed to change when the 
clock pulse Is high and the bistable will per­
form according to the function table. es 
long as minimum setup and hold times are 
observed. Input data Is transferred to the 
outputs on the negative-going edge of the 
clock pulse. 

LOGIC DIAGRAM 

Q 

CLOCK 

CLEAR 

SWITCHING CHARACTERISTICS vcc = 5V. T A = 25°C 

54/74 

CL=15pF 
TEST CONDITIONS RL=4000 

FROM TO 
PARAMETER INPUT OUTPUT MIN TVP MAX 

'Clock Clock frequency 15 20 

tw (Clock) Width of 
clock pulse 

Clock high 20 

Clock low 47 

tw (Clear) Width of 25 

clUrpulse 

tSetup Input setup time 0 

tHold Input hold time 0 

Propagation delay time 

tpLH Low-Io-hlgh Clear 16 25 

tpHL Hlgh-to-Iow 25 40 

tpLH Low-to-hlgh Clock 10 16 25 

tpHL Hlgh-to-Iow 10 25 40 

Load circuit and typical waveforms are shown at the front of section. 
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PIN CONFIGURATION 

TRUTH TABLE (Each Flip-Flop) 

INPUTS 

CLEAR CLOCK 

L 
H 
H 
H 
H 
H 

H ~ high level (steady state) 
L - low level (steady state) 
X .., Irrefevant 

x 
+ 
+ 
+ 
+ 
H 

j ~ transition from high to low level 

A,F,W PACKAGE 

OUTPUTS 

J K a 
X X L 
L L 

~ H L 
L H L 
H H TOGGLE 
X X ao 

00 - the level of 0 before the Indicated input conditions were established. 

a 
H 
00 
L 
H 

00 

TOGGLE: each output changes to the complement of Its previous level on each j clock tran­
sition. 

54174LS 

CL=15pF 
RL=2KO 

MIN TVP MAX UNIT 

30 45 MHz 

20 ns 

25 ns 

20+ ns 

0+ ns 

11 20 ns 

15 30 

11 20 

15 30 



SPEED/PACKAGE AVAILABILITY TRUTH TABLE PIN CONFIGURATION 
54H F,W 74H A,F 

tn tn+1 A,F,W PACKAGE 
J K a 
0 0 an 
0 1 0 

, 2 

vee PRESET CLEAR 2J PRESET CLOCK 2K 
14 13 12 11 9 

1 0 1 
1 1 an 

NOTES: 
1. In = bit time before clock pulse 
2. tn+ 1 ~ bit time after clock pulse 

3 5 8 1 
115 20 2Q GND 

SWITCHING CHARACTERISTICS vcc = 5V, TA = 25°C 

54174H 

CL=25pF 
TEST CONDITIONS RL=280Q 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX UNIT 

fClock Clock frequency 40 50 MHz 

tw (Clock) Width of clock 
pulse 

High level 10 ns 

Low level 15 
o -tw (Clear) Width of clear 16 ns " pulse 

tSetup Input setup time 9 
Data high 10 ns 

Data low 13 

tHold Input hold time 0 ns 

Propagation delay time 

tpLH Low-to-high Preset 8 12 ns 

tpHL Hlgh-to-Iow 

Clock low 23 35 

Clock high 15 20 

tpLH Low-to-high Clock 5 10 15 

tpHL High-to-Iow 8 16 20 

Load circuit and typical waveforms are shown at the front of section. 
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SPEED/PACKAGE AVAILABILITY 
54 F,W 
54LS F,W 

DESCRIPTION 

74 B,F 
74LS B,F 

A low level at preset or clear sets or resets 
the outputs regardless of the levels of the 
other Inputs. When preset and clear are 
Inactive (high), data at the J and K inputs 
meeting the setup time requirements are 
transferred to the outputs on the positlve­
gOing edge of the clock pulse. Clock trig­
gering occurs at a voltage level of the clock 
pulse and Is not directly related to the tran­
sition time of the positive-going pulse. 
Following the hold time interval, data at the 
J and K Inputs may be changed without af-

FUNCTIONAL BLOCK DIAGRAM 
(Each Flip-Flop) PIN CONFIGURATION 

B,F,W PACKAGE 

fecting the levels at the outputs. TRUTH TABLE (Each Flip-Flop) 

The J and K data inputs simplify hardware 
design as a O-type flip-flop can b~ imple­
mented by simply tying the J and K inputs 
together. 
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INPUTS 

PRESET CLEAR 

L H 
H L 
L L 
H H 
H H 
H H 
H H 
H H 

H = high level (steady state) 
L = low level (steady state) 
X '"' irrelevant 
1 = transition from low to high level 

CLOCK 

X 
X 
X 
t 
t 
t 
t 
L 

J 

X 
X 
X 
L 
H 
L 
H 
X 

OUTPUTS 

K Q Q 

X H L 
X L H 
X H· H· 
L L H 
L TOGGLE 
H 00 00 
H H L 
X 00 00 

00 = the level of a before the indicated steady·state input conditions were established 
TOGGLE: 8ach output changes to the complement of its previous level on each f clock tran-

sition. 
-This configuration is nonstable; that is. it will not persist when preset and clear inputs return 
to their inactive (high) level. 
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SWITCHING CHARACTERISTICS vcc = 5V, T A = 25°C 

TEST CONDITIONS 

FROM TO 
PARAMETER INPUT OUTPUT 

fClock Clock frequency 

tw (Clock) Width of clock 
pulse 

tw (Preset) Width of 
preset pulse 

tw (CLear)Wldth of clear 
pulse 

tSetup Input setup time 

tHold Input hold time 

Propagation delay time 

tpLH Low-to-hlgh Clock a,a 
tPHL Hlgh-to-Iow 

IpLH Low-to-hlgh Preset a 
tpHL Hlgh-to-Iow Preset a 
tpLH Low-to-hlgh Claar a 
tpHL Hlgh-to-Iow Clear a 
tpLH Low-to-hlgh ClR. PRI 

or ClK 
(as 

tpHL Hlgh-to-Iow appropriate) 

load circuit and typical waveforms are shown at the front of section. 

(Separate clock, preset and clear inputs) 

SPEED/PACKAGE AVAILABILITY 
54LS F,W 
54S F,W 

DESCRIPTION 

74L5 B.F 
745 B,F 

The preset or clear Inputs, when low, set or 
reset the outputs regardless of the levels at 
the other inputs. When preset and clear 
Inputs are inactive (high), a high level at the 
clock input enables the J and K inputs and 
data will be accepted. The logiC levels at the 
J and K Inputs may be allowed to change 
when the clock pulse Is high and the bista­
ble will perform according to the function 
table as long as minimum setup and hold 
times are observed. Input data Is trans­
ferred to the outputs on the negative-going 
edge of the clock pulse. 

54/74 54/74LS 

CL=15pF CL=15pF 
RL=4OCm RL=2KO 

MIN TYP MAX MIN TYP MAX 

25 33 25 33 

20 25 

20 25 

20 25 

10t 20t 

6t 5t 

4 10 16 

9 18 28 

10 15 

23 35 

10 15 

17 25 

8 25 

16 40 

IIJRIIIGI 

UNIT 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

o -" 9 
--

PIN CONFIGURATION 

B,F,W PACKAGE 
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BLOCK DIAGRAM 

SWITCHING CHARACTERISTICS vcc = 5V. T A = 25°C 

54174LS 

CL=15pF 
TEST CONDITIONS RL=2kO 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX 

fClockClock 30 45 

frequency 

tw(CIOCk) Width 20 
of clock 
pulse 
Clock high 
Clock low 

tw(Preset)Wldth 25 
of preset 
pulse 

tw(Clear)Wldth 25 
of clear 
pulse 

tSetup Input setup time 20i 
tHold Input hold time oi 
Propagation delay time 

tPLH Low-to-high CLR,PRE 11 20 
orCLK 

tpHL Hlgh-to-Iow 
(as 

15 30 appropriate) 

load circuit and typical waveforms are shown at the front of section. 
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FUNCTIONAL TABLE (Each Flip-Flop) 

INPUTS 

PRESET CLEAR 

L H 
H L 
L L 
H H 
H H 
H H 
H H 
H H 

H - high level (steady state) 
L ~ low level (steady state) 
X = irrelevant 
I ~ transition from high to low level 

CLOCK 

X 
X 
X 

i 
i 
~ 
i 
H 

J 

X 
X 
X 
L 
H 
L 
H 
X 

OUTPUTS 

K Q Q 

X H L 
X L H 
X H* H* 
L QO 00 
L H L 
H L H 
H TOGGLE 
X QO 00 

00'" the level of a before the indicated steady-state input conditions were established. 
TOGGLE: Each output changes to the complement of its previous level on each ! clock tran-

sition. 
*Thls configuration Is nonstable. that Is. it will not persist when preset and clear inputs return 
to their Inactive (high) level. 

54n4S 

CL=15pF 
RL=2800 

MIN TYP MAX UNIT 

80 125 MHz 

ns 

6 
6.5 

8 ns 

8 ns 

3i ns 

oi ns 

2 4 7 ns 

2 5 7 



(Separate clock and preset Inputs) 

SPEED/PACKAGE AVAILABILITY BLOCK DIAGRAM (Each Flip-Flop) 
54LS F,W 
54S A,F,W 

DESCRIPTION 

74LS A,F 
74S A,F 

A low level at the preset Input sets the 0 
output high regardless of the levels at the 
other Inputs. When preset Is Inactive (high), 
a high level at the clock Input enables the J 
and K Inputs and data will be accepted. The 
logic levels at the J and K inputs may be 
allowed to change when the clock pulse Is 
high and the bistable will perform according 
to the function table as long as minimum 
setup and hold times are observed. Input 
data Is transferred to the outputs on the 
negatlve-golng edge of the clock pulse. 

IS. 9) (4,10) 

SWITCHING CHARACTERISTICS VCC = 5V, TA = 25°C 

54/74LS 

CL=15pF 
TEST CONDITIONS RL=2kO 

FROM TO 

54/74S 

CL=15pF 
RL=2800 

PARAMETER INPUT OUTPUT MIN TYP MAX MIN TYP MAX 

fClockClock 30 45 80 125 
frequency 

tw(Clock) Width of 20 
Clock pulse 
Clock high 6 
Clock low 6.5 

tw(Preset) Width of 25 8 
preset pulse 

tw(Clear) Width of 25 
clear pulse 

tSetup Input setup 201 8 
time 

tHold Input hold time 01 31 
Propagation delay 
time 
tPLH Low-to-hlgh ClR,PRE 11 20 2 4 7 

or ClK 

tPHL Hlgh-to-Iow 
(as 

15 appropriate) 30 2 5 7 

Load circuit and typical waveforms are shown at the front of section. 

I!DOrlCl 

UNIT 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

PIN CONFIGURATION 

A,F,W PACKAGE 

TRUTH TABLE (Each Flip-Flop) 

Inputs Outputs 

Preset Clock J K Q Q 

L X X X H L 
H 1 L L 00 00 
H 1 H L H L 
H 1 L H L H 
H 1 H H Toggle 
H H X X 00 00 o -" 9 
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(Separate preset. common clock and clear) 

SPEED/PACKAGE AVAILABILITY 
54LS F.W 
54S A.F.W 

DESCRIPTION 

74LS A.F 
74S A.F 

PIN CONFIGURATION 

A,F,W PACKAGE 

The preset or clear inputs. when low. set or 
reset the outputs regardless of the levels at 
the other inputs. When preset and clear 
Inputs are inactive (high). a high level at the 
clock Input enables the J and K Inputs and 
data will be accepted. The logic levels at the 
J and K Inputs may be allowed to change 
when the clock pulse is high and the bista­
ble will perform according to the function 
tabie as long as minimum setup and hold 
times are observed. Input data is trans­
ferred to the outputs on the negative-going 
edge of the clock pulse. 

BLOCK DIAGRAM (Each Flip-Flop) 

SWITCHING CHARACTERISTICS VCC = 5V. TA = 25°C 

54174lS 54/74S 

CL=15pF CL=15pF 
TEST CONDITIONS RL=2kO RL=2800 

FROM TO 
PARAMETER INPUT OUTPUT MIN TVP MAX MIN TVP MAX 

fClockClock frequency 30 45 80 125 

tw(Clock) Width of 20 
clock pulse 
Clock high 6 
Clock low 6.5 

tw(Preset) Width of 25 8 
preset pulse 

tw(Clear) Width of 25 8 
clear pulse 

tsetup Input setup 201 31 
time 

tHold Input hold time 01 01 

Propagation delay time 
tpLH Low-to-high CLR,PRE 

or CLK 
11 20 2 4 7 

tpHL High-to-Iow 
(as 

15 30 2 5 7 appropriate) 

Load circuit and typical waveforms are shown at the front of section. 

122 IIIJDDIIDII 

UNIT 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

TO OTHER 
FLIP-FLOP 

TRUTH TABLE (Each Flip-Flop) 

Inputs Outputs 

Preset Clear Clock J K Q Q 

L H X X X H L 
H L X X X L H 
L L X X X H* H* 
H H 1 L L 00 00 
H H 1 H L H L 
H H 1 L H L H 
H H 1 H H Toggle 
H H H X X 00 00 

H :: high level (steady state) 
L :: low level (steady state) 
X :: irrelevant 
1 :: transition from high to low level 
00 :: the level of Q before the indicated steady-state 

input conditions were established 
TOGGLE: :: Each output changes to the complement of 

its previous level on each clock transition. 
*This configuration is nonstable; that is, it will not persist 
when preset and clear inputs return to their inactive (high) 
level. 



SPEED/PACKAGE AVAILABILITY BLOCK DIAGRAM (Each Latch) 
54 F,O 74 N,F 

TRUTH TABLE (Each Latch) 

INPUTS 

ENABLE OUTPUT 

CLEAR 01 G2 DATA a 

H L L L L 
H L L H H 
H X H X 00 
H H X X 00 
L X X X L 

H - high level, L - low level, X - Irrelevanl 
00 - Ihe level of 0 before lhess Inpul condilions were es­
tablished, 

PARAMETER MEASUREMENT INFORMATION 
SWITCHING TIMES FROM DATA INPUTS 

DATA 
INPUT i \ .... _____ ..JI _________ :: 

NOTES: 

I 
E~~~~~ I 

(See Not. 01 _-!.I----J 

3V 

OUTPUT 

DATA 
INPUT 

(See Note E) 

:'-__ J. 

l--tPHL-" !.r.:::- VOH 

T,·5V I.... ____ ...J --VOL 

3V 
1.5V 1.5V 1.5V 

I I I I J... ___ OV 

I I -I ~ trelease I --I I--thold 
ENABLE I I--tsetup-I ,..-__ .... ~I-tsetup-~ 3V 

INPUT I J \. ----'~ 
{see Note 01 __ ;..1 ___ ..l... _____ ....1 1.SV "-----L~':.. __ OV 

tPLH~ '-\ TPHL 

1,.5V \,.5V OUTPUT I 
A. Input pulses are supplied by generators having the following characteristics: t :s 10ns. tf :S 10ns. PAR = 1 MHz. duty cycle 

:S 50%, loot ~ 50 II. 
B. Cl includes probe and jtg capacitance. 
C. All diodes are 1 N3064. 
D. The other enable input is low. 
E. Clear Inpu1 Is high. 

PIN CONFIGURATION 

F,N,a PACKAGE 

o -" 9 
----
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SWITCHING CHARACTERISTICS vcc = 5V, TA = 25°C 

54n4 

CL=15pF 
TEST CONDITIONS "'-=4000 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX UNIT 

tw(Enable & Clear) Width 
of enable & 

18 ns 

clear pulse 

tSetup (Data) Data Input 
setup time 
High level 8 ns 
Low level 44 

tSetup (Clear) Clear Input 8 ns 
setup time 

tRelease Shift/load 2 ns 
release time 

tHold Input hold time 8 ns 

Propagation delay time 
tpLH Low-to-hlgh Enable Any a 19 30 ns 

tpHL Hlgh-to-Iow 15 22 

tpLH Low-to-hlgh Data a 10 15 

tpHL Hlgh-ta-Iow 12 18 

tpHL Hlgh-to-Iow Clear Any a 15 22 

SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 F,W 74 A,F 

A,F,W PACKAGE 

THRESHOLD VOLTAGE vcc = Min 

PARAMETER INPUT MIN TVP MAX UNIT 

VT+ Positive Going Threshold A 1.4 2 V ~. =~ 
B 1.55 2 V 

~w =~ 
VT _ Negative Going Threshold A 0.8 1.4 V 

B 0.8 1.35 V : . 

:! 
.~ 
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SWITCHING CHARACTERISTICS vee = 5V, T A = 25°e 

54/74 

CL=15pF 
TEST CONDITIONS CT=80pF 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX UNIT 

tw(in) 50 ns 

tw(out: RT=Open pin 9 
to Vee 

70 I 110 I 150 ns 
eT=O 

20 I 30 I 50 
eT=100pF 
RT=10kO 
Pin 9 open 

600 I 700 I 800 
CT=1I'F 

6 I 7 I 8 ns 

tHold Input hold time RT=Open pin 9 
toVec 

30 50 ns 

dv/dt Input slope B 1 VIs 
A1,A2 1 VII's o -Rext External timing (54) 

resistance 1.4 30 kO 
(74) 
1.4 40 " 9 

Cext External timing 0 1000 I'f 
Duty cycle (%) RT=2k 

I I 67 kO 
---

RT=Max Rext -
90 

Propagation delay time 
tpLH Low-to-high B Q 15 35 55 ns 
tPHL Hlgh-to-Iow B Q 20 40 65 

tpLH Low-to-high A1,A2 Q 25 45 70 
tpHL High-to-Iow A1,A2 Q 30 50 80 
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TYPICAL CHARACTERISTICS 

VARIATION IN OUTPUT PULSE WIDTH VARIATION IN OUTPUT PULSE WIDTH 
VERSUS SUPPLY VOLTAGE VERSUS FREE-AIR TEMPERATURE 

+1.0 1.0% 

, 
t; 
~ +0.5 

~ 

~ 
~ +0.5% 

~ 
r 
~ I---~ 
is ~ z 0 ~ .. "..." z 
0 .,.,.. \9\(1\11.' 

~ 

~ V 
~ -0.5 Cr - 60pF 

? AT = 10kll (ETernal) 
TA=2S"C 

~ /~ 
z 0% 
Z k~~ 0 

@-.1vv+ 
~ 

" w'~ . 
~ 

.",f:';;:" g -0.5% 

/ 
... 

j 

~ - 5417112"--- --1.0 -1.0% 

-- ~4/74'2i ___ 

4.5 4.75 5.0 5.25 5.5 ·75 ·SO ·25 0 25 SO 75 100 125 

Vee SUPPLY VOLTAGE-V T, FREE-AlA TEMPERATURE _ °c 

SCHMITT TRIGGER THRESHOLD VOLTAGE OUTPUT PULSE WIDTH 
VERSUS FREE-AIR TEMPERATURE VERSUS TIMING RESISTOR VALUE 

18 

.O~~ BACKLASH = (VT+l ~ (Vr ) 

~ 
Vee = 5V 

> 
~ 17 

~ r-~o 9.".~:" ~ a 16 
Y, , 

~ 
... ~ x 

............. 
I- 1.5 

f---r-°q. .. o .".~ " 
~ 
~ "", 
~ "'-0 
~ 1.4 <o~~ , 

............ ~ -j 1.3 

lOms 

1m, 
J:~ V 

" " Q.Wf 
i.--" r C, 

Q 100/,s 
~ 

~ 

~'01 " ~ 5 10.11$ 

§ 
~~ , 

...- .-, 1" 

J. 

lOOns ...- C1:"ioWf ...-
, .. ' e,' 

~~54/74121--'~ 

1.2 
-75 -so -25 0 25 so 15 100 125 

~5~t..l2l 
Vee = 5V 

1-- - TA'" 2S"C 
10ns 

1 2 4 7 10 20 40 70 100 

T, FREE-AIR TEMPERATURE -"c RT - TIMING RESISTOAVALUE -k.l1 

PROPAGATION DELAY TIME TO LOGICAL 1 LEVEL PROPAGATION DELAY TIME TO LOGICAL 0 LEVEL 
(8 INPUT TO Q INPUT) VERSUS FREE-AIR TEMPERATURE (8 INPUT TO Q OUTPUT) VERSUS FREE-AIR TEMPERATURE 

80 80 

Vee ~5V 

70 
CT = 80pf 
AT= Internal 

Vee .. sv 
CT - 8()pF 

70 I-- RT z Internal 

i 
I 

80 ev~ ! , 50 r~f: r=::: • ~ l--::::: t::-... 
! 

40 ct m 15pF ...... r--f::: p 
~ 
~ 30 

§ 

l 20 

j. 10 

f eo 
~:;::.. 

~ 
50 ~:t; r-.. t-..... i--

I ............ ..... 

• 40 
t...... ...-

~ 
t 
~ 30 

1 
j----, 54/74121-----

20 

10 

0 

1-- 1 1-
0 

-75 .6() -25 0 25 50 76 100 125 ·70 ... ·25 0 ,. 50 71i 100 12& 

TA-F ... A~rTllmperature-°C TA-F"'AirT~~oC 
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TYPICAL CHARACTERISTICS, (Continued) 

VARIATION IN INTERNAL TIMING RESISTOR VALUE 
VERSUS FREE-AIR TEMPERATURE 

.... 
! 

.,.. 
~ 
> 

I ., .. 
I 
I ..,. 
~ 
.s 
.~ 
.~ 
> 

J 
LV 

L 
V 

J--
I 

i 
" .. % 
~ 

_54/74121_ 

-'0% J J J 
·76 -50 -25 25 50 75 100 125 

TRUTH TABLE 

In INPUT In+1INPUT OUTPUT 
A1 A2 B A1 A2 B 

1 1 0 1 1 1 Inhibit 
0 x 1 0 x 0 Inhibit 
x 0 1 x 0 0 Inhibit 
0 x 0 0 x 1 One Shot 
x 0 0 x 0 1 One Shot 
1 1 1 x 0 1 One Shot 
1 1 1 0 x 1 One Shot 
x 0 0 x 1 0 Inhibit 
0 x 0 1 x 0 Inhibit 
x 0 1 1 1 1 Inhibit 
0 x 1 1 1 1 Inhibit 
1 1 0 x 0 0 Inhibit 
1 1 0 0 x 0 Inhibit 

1. A 1 and A2 are negative-edge-triggered logic inputs. and will trigger the one shot when ei­
ther or both go to logical 0 with B at logical 1. 

2. B Is a positive Schmitt-trigger input for slow edges or level detection. and will trigger the 
one Shot when B goes to logical 1 with either AI or A2 at logical O. (See Truth Table) 

3. External timing capacitor may be connected between pin (positive) and pin With no 
external capacitance, an output pulse width of 30ns Is obtained typically. 

4. To use the Internal timing resistor (2kD nominal~ connect pin to pin 
5. To obtain variable pulse width connect external variable resistance between pin and pin 

. No external current limiting is needed. 
6. For accurate repeatable pulse widths connect an external resistor between pin and 

pin with pin open-circuit. 
7. tn = time before input tranSition. 
8. tn+ 1 = time after input transition. 
9. x indicates that either a logical 0 or 1. may be present. 
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SPEED/PACKAGE AVAILABILITY 
74 A,F 

SWITCHING CHARACTERISTICS vcc ~ 5V, T A ~ 25°C 

TEST CONDITIONS 

FROM TO 
PARAMETER INPUT OUTPUT 

twq(mln) 

twq 

tw(in) 

Rext External timing 
resistance 

Cext External timing 
capacitance 
Wiring cap. at 
Rext/Cext terminal 

Propagation delay time 
tpLH Low-to-high Either A Q 

tpHL Hlgh-to-Iow Either A Q 

tpLH Low-to-hlgh Either B Q 

tpHL High-to-Iow Either B Q 

tpLH Low-to-high Clear Q 
tpHL High-to-Iow Clear Q 

Load circuit and typical waveforms are shown at the front of section. 
Iw = 0.32 RrC.xl (1 +0.7) 

RT 
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74 

CL~15pF 

RL~400U 

MIN TVP MAX 

45 65 

Cext ~ 1000pF 
Rext ~ 10kU 

3.08 3.42 3.76 

40 

(54) 
5 25 

(74) 
5 50 

No restriction 

I I 50 

Cext ~ 0 
Rext ~ SkU 

22 33 
30 40 

19 28 
27 36 

30 40 
18 27 

UNIT 

ns 

ns 

ns 

kU 

ILl 

pF 

ns 

PIN CONFIGURATION 

A,F PACKAGE 

INPUTS 

TRUTH TABLE 

INPUTS OUTPUTS 

A1 A2 B1 B2 Q Q 

H H X X L H 

X X L X L H 

X X X L L H 
L X H H L H 
L X t H -1L- '-' 

L X H t J"L. -w-

X L H H L H 

X L t H -1L- -cI" 

X L H t J"L. -.....r 

H ~ H H .JL.. c...r 

~ ~ H H ...J"\...- -.....r 

H H H ....n.... -.....r 

NOTES: 

A. H = high level (steady state). L = low level (steady statel. 
t = transition from low to high level, l = transition from 
high to low level, = one high-level pulse, 
one low-level pulse, X = irrelevant (any input, including 
transitions). 

B. NC = no internal connection. 
C. To use the internal timing resistor of N74122 (10kO nomi­

nal), connect Rint to V ce. 
O. An external timing capacitor may be connected between 

Cext and Rext/Cext (positive). 



SPEED/PACKAGE AVAILABILITY 
54 F.W 74 B.F 

DESCRIPTION 
These monolithic TIL retriggerable monostable multivibrators fea­
ture dc triggering from gated low-level-active (A) and high-Ievel­
active (B) Inputs. and also provide overriding direct clear Inputs. 
Complementary outputs are provided. A full fan-out to 10 normal­
Ized Series 54174 loads is available from each of the outputs at the 
low logic level. and In the high-level state. a fan-out of 20 Is avail­
able. The retrlgger capability simplifies the generation of output 
pulses of extremely long duration. By triggering the input before the 
output pulse is terminated. the output pulse may be extended. The 
overriding clear capability permits any output pulse to be termi­
nated at a predetermined time Independently of the timing 
components Rand C. 

Figure A illustrates triggering the one-shot with the high-level-active 
(B) Inputs. 

SWITCHING CHARACTERISTICS VCC = 5V. TA = 25°C 

54/74 

CL=15pF 
TEST CONDITIONS RL=400n 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP 

tw(mln) 

MAX 

tw Width of pulse Cext = 1000pF 

tw(in) 

Rext External timing 
resistance 

Cext External timing 

Wiring cap. at 
Rext/Cext terminal 

Propagation delay time 

tpLH Low-to-hlgh Either A Q 
tpHL High-to-Iow Either A Q 
tpLH Low-to-high Either B Q 
tpHL High-to-Iow Either B Q 
tPLH Low-to-hlgh Clear Q 
tpHL High-to-Iow Clear Q 

Load circuit and typical waveforms are shown at the front of section. 
54/74123: Iw ~ 0.32 RrCoxI (I + 0.7) 

AT 
54174123A: Iw - 0.25 RrC.X! (I + 0.7) 

RT 

Rext = 10K!) 
54174123 

3.08 3.42 3.76 
54174123A 

2.76 3.03 3.37 

40 

(54) 
5 25 

(74) 
5 50 

No restriction 

I I 50 

Cext = 0 
Rext = 5k!) 

22 33 
30 40 

19 28 
27 36 

30 40 
18 27 

IBn ... 

PIN CONFIGURATION 

B,F,W PACKAGE 

UNIT o -" 9 
p's 

-ns --
kn 

p.f 

pF 

ns 
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TRUTH TABLE 

INPUTS OUTPUTS 

A 8 Q Q 

H X L H 

X L L H 

L t --IL- -...r-

~ H ...f""1...- -...r-

NOTES: 
A. H _ high level (steady-state). t - low level (steady state). 

t .. transitkm from low to high level. l - transition from 
high to low Isvel, .. one high-level pulse. 
one low-level pulse. X = irrelevant (any input. including 
transitions). 

B. NC - no internal connection. 
C. To use the Internal timing resistor of N74t22 (tOkl! nomi­

nal), connect Rint to Vee· 
O. An external timing capacitor may be connected between 

Cext and Rext/Cext (positive). 

SPEED/PACKAGE AVAILABILITY 
54 F,W 74 A,F 

TYPICAL CHARACTERISTICS 

, , 
14--~_'_·1PU' __ ' 

o_~ ~ _____ ~ 
1 __ '-_IOUTPUT.,THOUTAHRlGOfR 

OU1PUTI'U~RCONTIIOLUSI""AUII'GGEIlI'ULSE 

.,-:..JlL-____ _ 

LJoo.""".oo,",,,. 
-~--_--_'~I-------

Figure A -typical input/output pul ... 

SWITCHING CHARACTERISTICS Vee = 5V, T A = 25'e 

54174 

CL=50pF 
TEST CONDITIONS RL=4000 

PARAMETER MIN TVP MAX UNIT 

Propagation delay time 

tpLH Low-to-hlgh 8 13 ns 

tPHL Hlgh-to-Iow 12 18 

Output enable time 

tZH To high level 11 17 ns 

tZL To low level 16 25 
Output disable time Ocr; tHZ From high level 8 ns 

tLl From low level 12 

Load circuit and typical waveforms are shown at the front of section. 

130 IRIIIIII 

10(1200400 100I:I 

Figure 8 - output pul .. width v •• 
external timing capacitance 

t These values of resistance exceed the maximums racorn-­
mended for use over the full temperature range of the 
554 t22 and 554123. 

NOTE: 
When using e~trolytic capacitor I insure that minimum rating 
is 20 volts so that 5% reverse voltage rating is 1.0 volt or 
greater. 

PIN CONFIGURATION 

A,F,W PACKAGE 



SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 F,W 74 A,F 

A,F,W PACKAGE 

SWITCHING CHARACTERISTICS vcc = 5V, TA = 25°C 

54174 

CL=SOpF 
TEST CONDITIONS RL=400Q 

PARAMETER MIN TYP MAX UNIT 

Propagation delay time 

tpLH Low-to-high 8 13 ns 

tpHL High-to-Iow 12 18 

Output enable time 

tZH To high level 11 18 ns 

tZL To low level 16 25 

Output disable time CL=5pF 

tHZ From high level 10 16 ns 

tLZ From low level 12 18 

Load circuit and typical waveforms are shown at the front 01 section. 

o -" 9 
SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 F,W 74 A,F 

A,F,W PACKAGE --
SWITCHING CHARACTERISTICS Vcc = 5V, T A = 25°C 

54174 

CL = SOpF 
TEST CONDITIONS RL = 133Q 

PARAMETER MIN TYP MAX UNIT 

Propagation delay time 

tpLH Low-to-high 6 9 ns 

tpHL High-to-Iow 8 12 

CL = 150pF Positive logic: Y = A+B 

tpHL Low-to-high 10 15 ns 

tpHL High-to-Iow 12 18 

Load circuit and typical waveforms are shown at the front of section. 
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SPEEDIPACKAGE AVAILABILITY 
54 F.W 
54LS F.W 

DESCRIPTION 

74 A.F 
74LS A.F 

Each circuit functions as a NAND gate. but because of the Schmitt action. It has different 
Input threshold levels for positive- and negatlve-going signals. The hysteresis or backlash. 
which Is the difference between the two threshold levels. Is typically 800 millivolts. 

These circuits are temperature compensated and can be triggered from the slowest of In­
put ramps and stili give clean. jitter-free output signals. 

SWITCHING CHARACTERISTICS Vee = 5V. TA = 25°e 

54174 54174LS 

CL = 15pF CL = 15pF 
TEST CONTJnONS RL = 40011 RL = 2kll 

PARAMETER MIN TVP MAX MIN TVP MAX UNIT 

Propagation delay time 

tpLH Low-to-hlgh 15 22 15 22 ns 

tpHL Hlgh-to-Iow 15 22 15 22 

Load cirCUit and typical waveforms are shown at the Iront of section. 

HYSTERESIS THRESHOLDS 
54/74 54174LS 

MIN TVP MAX MIN TVP MAX UNITS 

VT+ Positive going threshold 1.5 1.7 2.0 1.5 1.7 1.9 
VT- Negative going threshold 0.6 0.9 1.1 0.6 0.8 1.0 

SPEED/PACKAGE AVAILABILITY 
545 F.W 74S B.F 

SWITCHING CHARACTERISTICS Vee = 5V. TA = 25°e 

541748 

CL=15pF 
TEST CONDITIONS RL=28011 

PARAMETER MIN TVP MAX UNIT 

Propagation delay time 

tpLH Low-to-high 2 4 6 ns 

tpHL Hlgh-to-Iow 2 4.5 7 

eL=50pF 

tpLH Low-to-hlgh I 5.5 I 
tpHL Hlgh-to-Iow 6.5 

Load circuit and typical waveforms are shown al lhe Iront 0' secllon. 
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PIN CONFIGURATION 
A,F,W PACKAGE 

positive logic: y;aAi' 

PARAMETER MEASUREMENT 
INFORMATION 

NOTES: 
A. The Input waveform Is supplied by a generator with the 

'oIlowing characteristics: lout - 50 0 and PRR :S 1 MHz. 
tr :S 15 no. I, :s 6 no. 

PIN CONFIGURATION 

B,F,W PACKAGE 

Poaitive loglc:Y - ABCDEFGHIJKLM 



SPEED/PACKAGE AVAILABILITY 
548 F,W 748 B,F 

SWITCHING CHARACTERISTICS vee = 5V, TA = 25°e 

54174S 

TEST CONDITIONS 

PARAMETER MIN TYP MAX UNIT 

Propagation delay time 

tpLH Low-to-high 2 4 6 ns 

tpHL High-to-Iow 2 5 7.5 

eL=50pF 

15~5 I tpLH Low-to-high 

tpHL High-to-Iow 

Output enable time 

tZH To High level ns 
tZL To low level 

Output disable time 

tHZ From high level ns 

tLZ From low level 

Load circuit and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY 
548 W,F 748 B,F 

SWITCHING CHARACTERISTICS Vee = 5V, T A = 25°e 

PIN CONFIGURATION 

B,F,W PACKAGE 

TRUTH TABLE 

INPUTS 

A BCD E F G H I J K 

H H H H H H H H H H H 
ANY NUMBER OF INPUT8 LOW 

X X X X X X X X X X X 

H = high logic level. L = low logic level, X = irrelevant 
Z = high-impedance (output off) 

OUTPUT 

L CONTROL 

H L 
L 

X H 

PIN CONFIGURATION 

B,F,W PACKAGE 

54174S 

CL=15pF 
TEST CONDITIONS RL=2800 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX UNIT 

Propagation delay time 
tpLH Low-to-high A,B B,A = L, 8.5 13 ns 

e=L 
tpHL High-\o-\ow 11 15 

tpLH Low-to-high A,B B,A = H, 8 12 
e =L 

tpHL High-to-Iow 9 13.5 TRUTH TABLE 
tpLH Low-to-high A,B B,A = L, 10 15 

e =H 
INPUTS 

tpHL High-to-Iow 6.5 10 A B C 

tpLH Low-to-high A,B B,A = H, 8.5 12 L L L 
e=H L H L 

tpHL High-to-Iow 7 11 H L L 
tpLH Low-to-high e A=B 8 12 H H L 
tpHL High-to-Iow 9.5 14.5 L L H 
tpLH Low-to-high e A?'B 7.5 11.5 L H H 
TpHL High-to-Iow 8 12 H L H 

Load circuit and typical waveforms are shown at the front of section. H H H 
H = high level, L = low level 

BI!IDOliC9 

OUTPUT 

Y 

H 
H 
Z o -" 9 

OUTPUT 

Y 

L 
H 
H 
L 
H 
L 
L 
H 
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SPEED/PACKAGE AVAILABILITY 
S4LS F,W 74LS A,F 

FUNCTION TABLE 
INPUTS OUTPUT 

A 8 Y 

L L L 
L H H 
H L H 
H H L 

H ~ highleYol, L -Iowlevel 

SWITCHING CHARACTERISTICS vcc = SV, TA = 25°C 

FROM 
PARAMETER* (INPUT) TEST CONDITIONS 

tpLH Aor B Other Input low 

tpHL 

tpLH Aor B Other input high 
tpHL 

* tPLH - pr_tlon delay time, low-to-high level output 

tpHL - propagation delay time, high-to-Iow-Ievel output 

Load circuit and typical waveforms shown In front of book. 

SPEED/PACKAGE AVAILABILITY 
S4LS F,W 74LS B,F 
54S F,W 74S B,F 

DESCRIPTION 

CL = 1SpF, 

RL = 2kU 

LIMITS 

MIN TVP MAX UNIT 

18 30 
ns 

18 30 

18 30 
ns 

18 30 

The SS4LS138 and N74LS1:,l8 decode one-of-elght lines dependent on the condHions at 
the three binary select Inputs and the three enable inputs, Two active-low and one active­
high enable Inputs reduce the need for external gates or inverters when expandlng_ A 24-
line decoder can be Implemented without external inverters and a 32-lIne decoder requires 
only one Inverter, An enable Input can be used as a data Input for demultiplexing applica­
tions, Typlcel delay time through the three-level address circuitry is 22 nanoseconds_ 
Typical power dissipation Is 32 mllliwatts, 

BLOCK DIAGRAM 
=C7l TRUTH TABLE 
~ "' 

., r==p-- INPUTS 

PIN CONFIGURATION 

A.F,W PACKAGE 

PIN CONFIGURAnON 

8,F,W PACKAGE 

~ 

~ ENA8LE SELECT OUTPUTS 
OlOIZl 

'" 
~ 

r>7=: ~ 

~fI-Jl. ~ M" ..... 
M ". FlY r====r 
~ ". 
'* nIl 

~ 
~ 

01 02· C 8 A YO Y1 Y2 Y3 Y4 Y5 
X H X X X H H H H H H 
L X X X X H H H H H H 
H L L L L L H H H H H 
H L L L H H L H H H H 
H L L H L H H L H H H 
H L L H H H H H L H H 
H L H L L H H H H L H 

D7 "" 

}----

{ "" ~. 
OATA ... 11111: ~ ... . =. ,.,. , 

, ..... ... ... 

H L H L H H H H H H L 
H L H H L H H H H H H 
H L H Ii H H H H H H H 

'G2 - G2A + G2B 
H - high level, L - low level, X ~ irrelevant 
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H H 
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H H 
L H 
H L 



SWITCHING CHARACTERISTICS vee = 5V, T A = 25°e 

54/74LS 54n4S 

CL=15pF CL=15pF 
TEST CONDITIONS RL=2K{l RL=280{l 

FROM TO LEVELS OF 
PARAMETER INPUT OUTPUT MIN TYP MAX MIN TYP MAX DELAY 

Propagallon delay time 

IpLH Low-la-high Binary Any 13 20 4.5 7 2 
Select 

IpHL High-la-low 27 41 7 10.5 
IpLH Low-la-high 18 27 7.5 12 3 
IpHL Hlgh-Io-Iow 26 39 8 12 
tpLH Low-Io-hlgh Enable Any 12 18 5 8 2 
IpHL Hlgh-Io-Iow 21 32 7 11 

tpLH Low-la-high 17 26 7 11 3 
IpHL High-la-low 25 38 7 11 

Load circuit and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54L5 F,W 
545 F,W 

DESCRIPTION 

74L5 B,F 
745 B,F 

The 554L5139 and N74L5139 comprise Iwo Individual Iwo-iine-Io-four-line decoders in a 
single package. The active-low enable input can be used as a data line in demultiplexing 
applications. Typical total delay time is 22 nanoseconds through the three-gate-Ievel ad­
dress circuitry and power consumption is typically 34 mllliwatts total. 

BLOCK DIAGRAM 

B,F,W PACKAGE 

TRUTH TABLE (Each Decoder/Demultiplexer) 

SELECT f'A INf'\JTS ~Bo-!!!.I)_-I-/>--"':::::==L.I 

ENASLE2Go--'!"!!''' t.>-ii====;==t::IJ 

SELECT rA 

IHI'UTS~B e>-!1)_-I-/>--~-.L-I 

DATA 
OUTPUTS 

INPUTS 

ENABLE SELECT 

G B A 

H X X 
L L L 
L L H 
L H L 
L H H 

H=hlgh level. L=low level, X-irrelevant 

11)101111 

OUTPUTS 

YO Y1 Y2 

H H H 
L H H 
H L H 
H H L 
H H H 

UNIT 

ns 

o -" 9 

Y3 

H 
H 
H 
H 
L 
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SWITCHING CHARACTERISTICS vcc = 5V, T A = 25°C 

54174LS 54174S 

CL=15pF CL=15pF 
TEST CONDmONS RL=2KO RL=28CKl 

FROM TO LEVELS 
PARAMETER INPUT OUTPUT MIN TYP MAX MIN TYP MAX OF DELAY 

Propagation delay time 

tpLH Low-ta-hlgh Binary Any 13 20 5 7.5 2 

tpHL High-ta-low Select 22 33 6.5 10 

tpLH Low-to-hlgh 18 29 7 12 3 

tpHL High-ta-low 25 38 8 12 

tpLH Low-to-hlgh Enable Any 16 24 5 8 2 

tpHL High-ta-low 21 32 6.5 10 

Load eireu" and typical waveforms shown at the front of section. 

SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 F,W 
54LS F,W 

DESCRIPTION 

74 B,F 
74LS B,F 

This monlllthic BCD-to-declmal decoder/driver consists of eight Inverters and ten four-Input 
NAND gates. The Inverters are connected In pairs to make BCD input data available for 
decoding by the NAND gates. Full decoding of valid BCD input logic ensures that all out­
puts remain off for all Invalid binary input conditions. This decoder features high­
performance, n-p-n output transistors designed for use as Indicator/relay drivers or as 
open-collector loglc-clrcult drivers. Each of the high-breakdown output transistors (15 volts) 
will sink up to 80 milliamperes of current. Each Input Is one standard load. Inputs and out­
puts are entirely compatible for use with TTL or DTL logic circuits, and the outputs are 
compatible for Interfacing with most MOS Integrated circuits. Power dissipation is typically 
35 mliliwatts. 

BLOCK DIAGRAM FUNCTION TABLE 

OUTPUT 0 NO, 
INPUTS 

D C a A 0 
OUTPUT 1 

0 L L L L L 
OUTPUT 2 1 L L L H H 

2 L L H L H 
OUTPUT 3 3 L L H H H 

4 L H L L H 
OUTPUT 4 

5 L H L H H 
OUTPUT 5 6 L H H L H 

7 L H H H H 
OUTPUT 6 8 H L L L H 

9 H L L H H 
OUTPUT 7 

H L H L H 
H L H H H 
H H L L H 

OUTPUT 9 H H L H H 
H H H L H 
H H H H H 

H - high level. (off). L _ low Ieval (on) 
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a,F,W PACKAGE 

OUTPUTS 

OUTPUTS 

1 2 3 4 5 8 7 

H H H H H H H 
L H H H H H H 
H L H H H H H 
H H L H H H H 
H H H L H H H 

H H H H L H H 
H H H H H L H 
H H H H H H L 
H H H H H H H 
H H H H H H H 

H H H H H H H 
H H H H H H H 
H H H H H H H 
H H H H H H H 
H H H H H H H 
H H H H H H H 

UNIT 

ns 

8 9 

H H 
H H 
H H 
H H 
H H 

H H 
H H 
H H 
L H 
H L 

H H 
H H 
H H 
H H 
H H 
H H 



SWITCHING CHARACTERISTICS vee = 5V. T A = 25°e 

54/74 

CL=15pF 
TEST CONDITIONS RL=100!l 

PARAMETER MIN TYP 

Propagation delay time 

tpLH Low-to-high 

tpHL High-to-iow 

Load circuit and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY 
54 F.W 74 B.F 

BLOCK DIAGRAM 

(151 

Pin (16) • Vee. Pin (8)· GND 
Pin (15) - No connection 

54n4LS 

CL=45pF 
RL=885!l 

MAX MIN TYP MAX 

50 50 

50 50 

RlloneR 

UNIT 

ns 

ns 

PIN CONFIGURATION 

B,F,W PACKAGE 

[

4 , 

, , 

INPUTS 6 3 

, . 
8 

OUTeuTS I: 
U 3) 

2 INPUTS 

" , 
" 8 

A 
OUTPUT 

NC - no internal connection 

TRUTH TABLE 
INPUTS OUTPUTS 

1 2 3 4 5 6 7 6 9 D C B A 

H H H H H H H H H H H H H 
X X X X X X X X L L H H L 
X X X X X X X L H L H H H 
X X X X X X L H H H L L L 
X X X X X L H H H H L L H 
X X X X L H H H H H L H L 
X X X L H H H H H H L H H 
X X L H H H H H H H H L L 
X L H H H H H H H H H L H 
L H H H H H H H H H H H L 

H = high logic level, L ". low logic level. X = irrelevant 
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SWITCHING CHARACTERISTICS vee ~ 5V, TA ~ 25°e 

54/74 

CL ~ 15pF 

TEST CONDITIONS RL~400{l 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX 

Propagation delay time 
tPLH Low-to-hlgh Any Any 9 14 
tpHL High-to-Iow 7 11 
tpLH Low-to-high 13 19 

tpHL High-to-iow 10 15 

Load circuit and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY 
54 F,W 74 B,F 

BLOCK DIAGRAM 

OUTPUT CONTROL 

Pin (16)-VCC' pin (8)~GND 

138 

WAVEFORM UNIT 

I n phase output ns 

Out of phase 
output 

PIN CONFIGURATION 

B,F,W PACKAGE 

.. ,oj 
OUTPUTS 

u GS 



TRUTH TABLE 
INPUTS OUTPUTS 

E1 0 1 2 3 4 5 6 7 A2 A1 AO GS EO 

H X X X X X X X X H H H H H 
L H H H H H H H H H H H H L 
L X X X X X X X L L L L L H 
L X X X X X X L H L L H L H 
L X X X X X L H H L H L L H 
L X X X X L H H H L H H L H 
L X X X L H H H H H L L L H 
L X X L H H H H H H L H L H 
L X L H H H H H H H H L L H 
L L H H H H H H H H H H L H 

SWITCHING CHARACTERISTICS vee ~ 5V, TA ~ 25°e 

54/74 

CL~15pF 

TEST CONDITIONS RL~400Q 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX WAVEFORM UNIT 

Propagalion delay lime 

IPLH Low-Io-high 0-7 AO,A1,A2 10 15 In phase oulpul ns 
IpHL High-Io-Iow 9 14 

o -" IpLH Low-Io-high 13 19 OUI of phase 
oulpul 

IpHL High-Io-Iow 10 15 9 
IpLH Low-Io-high 0-7 EO 6 10 OUI of phase 

oUlpul 
IpHL High-Io-Iow 9 14 
IpLH Low-Io-high 0-7 GS 14 21 In phase oUlpul --IpHL Hlgh-Io-Iow 12 18 
IpLH Low-Io-high E1 AO,A1,A2 10 15 In phase oulpul 
IpHL High-Io-Iow 10 15 
IpLH Low-Io-high E1 GS 8 12 In phase oUlpul 
IpHL High-Io-Iow 10 15 
IpLH Low-Io-high E1 EO 8 13 In phase oUlpul 
IpHL High-Io-Iow 13 19 

Load circuit and typical waveforms are shown at the front of section. 
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SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 a,F 74 N,F 

F,N,Q PACKAGE 

TRUTH TABLE 
INPUTS OUTPUT 

D C B A STROBE ·0 El E2 E3 q ES Ea E7 Ea Eg El0 Ell E12 E13 E14 E1S W 

X X X X 1 X X X X X X X X X X X X X X X X 1 

0 0 0 0 0 0 X X X X X X X X X X X X X X X 1 

0 0 0 0 0 1 X X X X X X X X X X X X X X X 0 

0 0 0 1 0 X 0 X X X X X X X X X X X X X X 1 

0 0 0 1 0 X 1 X X X X X X X X X X X X X X 0 

0 0 1 0 0 X X 0 X X X X X X X X X X X X X 1 

0 0 1 0 0 X X 1 X X X X X X X X X X X X X 0 

0 0 1 1 0 X X X 0 X X X X X X X X X X X X 1 

0 0 1 1 0 X X X 1 X X X X X X X X X X X X 0 

0 1 0 0 0 X X X X 0 X X X X X X X X X X X 1 

0 1 0 0 0 X X X X 1 X X X X X X X X X X X 0 

0 1 0 1 0 X X X X X 0 X X X X X X X X X X 1 

0 1 0 1 0 X X X X X 1 X X X X X X X X X X 0 

0 1 1 0 0 X X X X X X 0 X X X X X X X X X 1 

Q 1 1 0 0 X X X X X X 1 X X X X X X X X X 0 

0 1 1 1 0 X X X X X X X 0 X X X X X X X X 1 

0 1 1 1 0 X X X X X X X 1 X X X X X X X X 0 

1 0 0 0 0 X X X X X X X X 0 X X X X X X X 1 

1 0 0 0 0 X X X X X X X X 1 X X X X X X X 0 
1 0 0 1 0 X X X X X X X X X 0 X X X X X X 1 

1 0 0 1 0 X X X X X X X X X 1 X X X X X X 0 

1 0 1 0 0 X X X X X X X X X X 0 X X X X X 1 

1 0 1 0 0 X X X X X X X X X X 1 X X X X X 0 

1 0 1 1 0 X X X X X X X X X X X 0 X X X X 1 

1 0 1 1 0 X X X X X X X X X X X 1 X X X X 0 

1 1 0 0 0 X X X X X X X X X X X X 0 X X X 1 

1 1 0 0 0 X X X X X X X X X X X X 1 X X X 0 
1 1 0 1 0 X X X X X X X X X X X X X 0 X X 1 

1 1 0 1 0 X X X X X X X X X X X X X 1 X X 0 

1 1 1 0 0 X X X X X X X X X X X X X X 0 X 1 

1 1 1 0 0 X X X X X X X X X X X X X X 1 X 0 

1 1 1 1 0 X X X X X X X X X X X X X X X 0 1 

1 1 1 1 0 X X X X X X X X X X X X X X X 1 Q 
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LOGIC DIAGRAM 
DATA SELECT IBINARV) , DATA INPUTS 

~ E3 EZ £, Eo STROBE 
(ENA8LEI 

" JI J 
JII II _II JI JIIIIII 

ttIT1~~~flf\T1tt 
II Jil, 

OUTPUT W 

SWITCHING CHARACTERISTICS vcc = 5V, T A = 25°C 

54n4 

CL=15pF 
TEST CONDITIONS RL=4000 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX UNIT 

Propagation delay time 

tpLH Low-to-hlgh A,B,C Y 35 52 ns 
(4 levels) 

tpHL High-to-iow 20 30 

tpLH Low-to-hlgh A,B,C,D W 23 35 
(3 levels) 

tpHL High-to-iow 22 33 
tpLH Low-to-high Strobe Y 35 52 
tpHL High-to-iow 19 30 

tPLH Low-to-high Strobe W 15.5 24 
tpHL High-to-iow 21 30 

tpLH Low-to-high 00- 07 Y 19 29 
tpHL High-to-Iow 16 24 
tpLH Low-to-hlgh Eo-E15 W 13 20 
tpHL High-to-iow 8.5 14 

load circuit and typical waveforms are shown at the front of section. 

IIJDalll1 

o -" 9 
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SPEED/PACKAGE AVAILABILITY 
54 F,W 
54L8 F,W 
548 F,W 

74 B,F 
74L8 B,F 
748 B,F 

BLOCK DIAGRAM 

142 

PIN CONFIGURATION 

1 
' , 

DATA 

<NeU" : 

B,F,W PACKAGE 

" A} 
DATA 

B SELECT 

C 

positive logIc, see function table 

TRUTH TABLE 

INPUTS OUTPUTS 

SELECT STROBE 
C B A S Y W 

X X X H L H 
L L L L DO DO -
L L H L 01 01 
L H L L 02 02 
L H H L 03 03 
H L L L 04 04 
H L H L 05 05 
H H L L 06 06 
H H H L 07 07 

H = high level. L "" low level, X = irrelevant 

OQ, D1 ... 07 '" the level of the 0 respective input 



SWITCHING CHARACTERISTICS vee = 5V, T A = 25°C 

54174 54174LS 54174S 

CL=15pF CL=15pF CL=15pF 
TEST CONDITIONS RL=400f! RL=2kf! RL =280f! 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX MIN TYP MAX MIN TYP MAX UNIT 

Propagalion delay lime 

IpLH Low-Io-high A,B,C Y 35 52 27 43 12 18 ns 

(4 levels) 

IpHL High-Io-Iow 20 30 31 50 12 18 

IpLH LOW-Io-high A,B,C,O W 23 35 
(3 levels) 

IpHL High-Io-Iow 22 33 

IpLH Low-Io-high A,B,C W 24 39 10 15 
(3 levels) 20 32 9 13.5 

IpHL High-Io-Iow 

IpLH LOw-Io-high Slrobe Y 35 52 23 37 11 16.5 

IpHL High-Io-Iow 19 30 25 42 12 18 

IpLH LOW-Io-high Slrobe W 15.5 24 19 31 9 13 

IpHL High-Io-Iow 21 30 16 26 8.5 12 

IpLH Low-Io-high 00-07 Y 19 29 

IpHL High-Io-Iow 16 24 

IPLH Low-Io-high EO-E15 W 13 20 o -IpHL High-Io-Iow 8.5 14 

IpLH Low-Io-high Any 0 Y 16 26 8 12 

IpHL High-Io-Iow 20 32 8 12 

IpLH Low-Io-high Any 0 W 13 21 4.5 7 " 9 
IpHL High-Io-Iow 9 15 4.5 7 

Load circuit and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 F,W 74 A,F 

WPACKAGE 

BI!IDOIIBB 143 



TRUTH TABLE 

INPUTS 

C B A 00 01 02 03 

X X X X X X X 
0 0 0 0 X X X 
0 0 0 1 X X X 
0 0 1 X 0 X X 
0 0 1 X 1 X X 
0 1 0 X X 0 X 
0 1 0 X X 1 X 
0 1 1 X X X 0 
0 1 1 X X X 1 
1 0 0 X X X X 
1 0 0 X X X X 
1 0 1 X X X X 
1 0 1 X X X X 
1 1 0 X X X X 
1 1 0 X X X X 
1 1 1 X X X X 
1 1 1 X X X X 

When used to indicate an input. X = Irrelevant. 

04 05 06 

X X X 
X X X 
X X X 
X X X 
X X X 
X X X 
X X X 
X X X 
X X X 
0 X X 
1 X X 
X 0 X 
X 1 X 
X X 0 
X X 1 
X X X 
X X X 

07 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
0 
1 

OUTPUTS 

W 

1 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 

LOGIC DIAGRAM 

DATA SELECT 
(BINARY) 

I 

SWITCHING CHARACTERISTICS Vee ~ 5V, T A ~ 25°e 

54 

CL ~ 15pF 
TEST CONDITIONS RL ~ 4OO!l 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX UNIT 

Propagalion delay lime 
IpLH Low-Io-high A,B,e,D W 23 35 ns 

(3 levels) 
IpHL High-la-law 22 33 ns 

IpLH Low-la-high DO-D7 W 13 20 ns 

TpHL High-la-low 8.5 14 ns 

Load circuit and typical waveforms are shown at the front of section. 

144 ImRDlleB 

DATA INPUTS 
I 

OUTPUT W 



SPEED/PACKAGE AVAILABILITY 
54 F,W 
54LS F,W 
54S F,W 

TRUTH TABLE 
SELECT 

74 B,F 
74LS B,F 
74S B,F 

INPUTS DATA INPUTS STROBE 

B A CO C1 C2 C3 

X X X X X X 
L L L X X X 
L L H X X X 
L H X L X X 
L H X H X X 
H L X X L X 
H L X X H X 
H H X X X L 
H H X X X H 

Select inputs A and B are common to both sections. 
H = high level. L = low level, X "" irrelevant 

BLOCK DIAGRAM 

STROBE 
(ENABLEI 

,G,,=:--'1/ 

, co~!......-':'~==::::::=t====:fl 

,C3 <>='------+=rl=f='L...I 
121 

1141 

1101 
2CO 

2C' 
1111 

2C2 
1121 

2C3 
1131 

2G 1151 
STROBE 

(ENABLE) 

G 

H 
L 
L 
L 
L 
L 
L 
L 
L 

OUTPUT 

V 

L 
L 
H 
L 
H 
L 
H 
L 
H 

SWITCHING CHARACTERISTICS Vee ~ 5V, T A ~ 25°e 

TEST CONDITIONS 

FROM TO 
PARAMETER INPUT OUTPUT MIN 

Propagation delay time 

tpLH Low-to-high Data Y 

tpHL High-to-iow 

tPLH Low-to-high Address Y 

tpHL High-to-Iow 

tpLH Low-to-high Strobe Y 

tpHL High-to-iow 

tpLH Low-to-high Select Y 

tpHL High-to-Iow 

Load circuit and typical waveforms are shown at the front of section. 

54174 

CL~30pF 

RL~400{l 

TVP 

12 

15 

22 

22 

19 

15 

BmnOIH:B 

PIN CONFIGURATION 

B,F,W PACKAGE 

54174LS 54174S 

CL~15pF CL~15pF 

RL~2K{l RL~280{l 

MAX MIN TVP MAX MIN TVP MAX UNIT 

18 10 15 6 9 ns 
23 17 26 6 9 
34 

34 

30 16 24 10 15 
23 21 32 9 13.5 

19 29 11.5 18 
25 38 12 18 
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SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 Q,F 74 N,F 

F,N,Q PACKAGE 

LOGIC DIAGRAM 

TRUTH TABLE 
INPUTS OUTPUTS 

G1 G2 D B B A 0 2 3 4 5 6 7 6 9 10 11 12 13 14 15 

L L L L L L L H H H H H H H H H H H H H H H 
L L L L H L H H L H H H H H H H H H H H H H 
L L L L H H H H H L H H H H H H H H H H H H 
L L L H L L H H H H L H H H H H H H H H H H 
L L L H L H H H H H H L H H H H H H H H H H 
L L L H H L H H H H H H L H H H H H H H H H 
L L L H H H H H H H H H H L H H H H H H H H 
L L H L L L H H H H H H H H L H H H H H H H 
L L H L L H H H H H H H H H H L H H H H H H 
L L H L H L H H H H H H H H H H L H H H H H 
L L H L H H H H H H H H H H H H H L H H H H 
L L H H L L H H H H H H H H H H H H L H H H 
L L H H L H H H H H H H H H H H H H H L H H 
L L H H H L H H H H H H H H H H H H H H L H 
L L H H H H H H H H H H H H H H H H H H H L 
L H X X X X H H H H H H H H H H H H H H H H 
H L X X X X H H H H H H H H H H H H H H H H 
H H X X X X H H H H H H H H H H H H H H H H 

H "" High. L '" Low, X=< Irrelevant 

SWITCHING CHARACTERISTICS Vee = 5V, T A = 25°e 

54174 

CL=15pF 
TEST CONDITIONS RL=400 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX UNIT 

Propagation delay time 

tpLH Low-to-high A,B,e,D 24 36 ns 
(3 levels) 

tPHL High-to-Iow 22 33 

tpLH Low-to-high Either 20 30 

tpHL High-to-iow Strobe 18 27 

Load circuit and typical waveforms Bre shown at the front of section. 
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SPEED/PACKAGE AVAILABILITY 
54 F,W 74 B,F 

TRUTH TABLE 
2-LlNE TO 4-LlNE DECODER 

INPUTS OUTPUTS 

SELECT STROBE DATA 

B A 1G 1C 1YO 1Y1 1Y2 1Y3 

X X H X H H H H 
L L L H L H H H 
L H L H H L H H 
H L L H H H L H 
H H L H H H H L 
X X X L H H H H 

1-LlNE TO 4-LINE DEMULTIPLEXER 

INPUTS OUTPUTS 

SELECT STROBE DATA 

B A 2G 2C 2YO 2Y1 2Y2 2Y3 

X X H X 
L L L L 
L H L L 
H L L L 
H H L L 
X X X H 

t C = inputs lC and 2C connected together 
*G = inputs 1G and 2G connected together 

H H H H 
L H H H 
H L H H 
H H L H 
H H H L 
H H H H 

SWITCHING CHARACTERISTICS Vcc ~ 5V, TA ~ 25°C 

54174 

CL~15pF 

TEST CONDITIONS RV400f! 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX 

Propagation delay time 

tpLH Low-to-high A,B,2C, 
1G,2G 

Y 13 20 

tpHL High-to-Iow 18 27 

tpLH Low-to-high A,B Y 21 32 

tpHL High-to-Iow 21 32 

tpLH Low-to-high 1C Y 16 24 

tpHL High-to-Iow 20 30 

Load circuit and typical waveforms are shown at the front of section. 

PIN CONFIGURATION 

B,F,W PACKAGE 

3-LlNE TO 8-LlNE DECODER TO 1-LINE TO 8-LlNE 
DEMUL 1'IPLEXER 

INPUTS OUTPUTS 

STROBE 
OR 

SELECT DATA (0) (1) (2) (3) (4) 

ct B A Gt 2YO 2Y1 2Y2 2Y3 1YO 

X X X H H H H H H 
L L L L L H H H H 
L L H L H L H H H 
L H L L H H L H H 
L H H L H H H L H 
H L L L H H H H L 
H L H L H H H H H 
H H L L H H H H H 
H H H L H H H H H 

t C = inputs 1 C and 2C connected together 
:f:G=inputs 1G and 2G connected together 

LOGIC DIAGRAM 

I 

LEVELS OF 
LOGIC UNIT 

2 ns 

3 

3 

(5) (6) 

1Y1 1Y2 

H H 
H H 
H H 
H H 
H H 
H H 
L H 
H L 
H H 

SELECT DATA 

, " 

ImnOllel 

(7) 

1Y3 o 
H 
H -" H 
H 
H 9 
H 
H 
H 
L 
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SPEED/PACKAGE AVAILABILITY 
54 F,W 74 B,F 

TRUTH TABLES 
2-LlNE TO 4-LlNE DECODER 

INPUTS OUTPUTS 

SELECT STROBE DATA 

B A 1G 1C 1YO 1Y1 1Y2 1Y3 

X X H X H H H H 

L L L H L H H H 

L H L H H L H H 

H L L H H H L H 

H H L H H H H L 

X X X L H H H H 

1-LlNE TO 4-LlNE DEMULTIPLEXER 

INPUTS OUTPUTS 

SELECT STROBE DATA 

B A 2G 2C 2YO 2Y1 2Y2 2Y3 

X X H X H H H H 
L L L L L H H H 
L H L L H L H H 
H L L L H H L H 
H H L L H H H L 
X X X H H H H H 

SWITCHING CHARACTERISTICS vcc = 5V, T A = 25°C 

54174 

CL=15pF 
TEST CONDITIONS RL=400D 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX 

Propagation delay time 

tpLH Low-to-hlgh A,B,2C, Y 15 23 

1G,2G 

tpHL High-to-iow 20 30 

tPLH Low-to-hlgh A,B Y 23 34 

tpHL High-to-iow 23 34 

tpLH Low-to-high 1C Y 18 27 

tpHL High-to-iow 22 33 

Load circuit and typical waveforms are shown at the front of section. 
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PIN CONFIGURATION 

B,F,W PACKAGE 

3-LlNE TO 8-LlNE DECODER TO 1-LlNE TO 8-LlNE 
DEMULTIPLEXER 

INPUTS 

STROBE 
OR 

SELECT DATA (0) (1) 

ct B A G* 2YO 2Y1 

X X X H H H 
L L L L L H 
L L H L H L 
L H L L H H 

L H H L H H 
H L L L H H 
H L H L H H 

H H L L H H 

H H H L H H 

tc - InpulS IC and 2C connected together 
*G - Inputs tG and 2G connacted together 

OUTPUTS 

(2) (3) (4) (5) (8) 

2Y2 2Y3 1YO 1Y1 1Y2 

H H H H H 

H H H H H 

H H H H H 

L H H H H 

H L H H H 

H H L H H 
H H H L H 

H H H H L 

H H H H H 

LOGIC DIAGRAM 

SELECT SELECT DATA 
A • 1C 

LEVELS OF 
LOGIC UNIT 

2 ns 

3 

3 

(7) 

1Y3 

H 

H 

H 

H 

H 

H 

H 

H 

L 



SPEED/PACKAGE AVAILABILITY 
54 F,W 74 B,F 
54LS F,W 74LS B,F 
545 F,W 745 B,F 

BLOCK DIAGRAM 

1A 

1B 

2A 
5 

2B 

3A 
11 

3B 
10 

4A 
14 

13 
4B 

STROBE G 
15 

SELECT S 

SWITCHING CHARACTERISTICS vee ~ 5V, T A ~ 25°e 

54174 

CL~15pF 

TEST CONDITIONS RL~400n 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX MIN 

Propagalion delay lime 

IpLH Low-la-high Dala Any 9 14 

IpHL High-la-low 9 14 

IpLH Low-la-high Enable Any 13 20 

IpHL High-la-low 14 21 

IpLH Low-la-high Selecl Any 15 23 

IpHL High-la-low 18 27 

IpLH Low-la-high Sirobe Any 

IpHL High-la-low 

Load circuit and typical waveforms are shown at the front of section. 

B(gnOlil:B 

PIN CONFIGURATION 

B,F,W PACKAGE 

positive logic: low level at S selects A inputs 
high level at S selects B inputs 

TRUTH TABLE 

INPUTS OUTPUT Y 

STROBE SELECT A B 

H X X X L 
L L L X L 
L L H X H 
L H X L L 
L H X H H 

H = high level, L = low level. X = irrelevant 

54174LS 54174S 

CL~15pF CL~15pF 

RL~2kn RL~280n 

TYP MAX MIN TYP MAX UNIT 

9 14 5 7.5 ns 

9 14 4.5 6.5 

15 23 9.5 15 

8 27 9.5 15 

13 20 8.5 12.5 

14 21 7.5 12 
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SPEED/PACKAGE AVAILABILITY 
54 F.W 74 B.F 
54LS F.W 74LS B.F 
548 F.W 74S B.F 

BLOCK DIAGRAM 

lA 

lB 
3 

2A 
5 

2B 

3A 
11 

3B 
10 

14 
4A 

13 
4B 

STROBE G 
15 

SELECT S 

SWITCHING CHARACTERISTICS vee ~ 5V. T A ~ 25°e 

54174 

CL~15pF 

'tE$'t CONDITIONS RL~400n 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX 

Propagation delay time 

tpLH Low-to-high Data Any 9 14 

tpHL High-to-Iow 9 14 

tpLH Low-to-high Enable Any 13 20 

tPHL High-to-Iow 14 21 

tpLH Low-to-high Select Any 15 23 

tpHL High-to-Iow 18 27 

tpLH Low-to-high Strobe Any 

tpHL High-to-Iow 

Load circuit and typical waveforms are shown at the front of section. 
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MIN 

PIN CONFIGURATION 

B,F,W PACKAGE 

SELECT 1 

(
'A 2 

INPUTS 

,. 3 

OUTPUT 2Y 7 

positive logic: low level at S selects A inputs 
high level at S selects B inputs 

TRUTH TABLE 

INPUTS OUTPUT Y 

STROBE SELECT A B 

H X X X H 
L L L X H 
L L H X L 
L H X L H 
L H X H L 

H = high level, L = low level, X = irrelevant 

54174LS 54174S 

CL~15pF CL~15pF 

RL~2kn RL~280n 

TYP MAX MIN TYP MAX UNIT 

7 12 4 6 ns 

7 12 4 6 

13 20 8 12 

16 24 8 12 

11 17 6.5 11.5 

12 18 7 12 



SPEED/PACKAGE AVAILABILITY 
54 F,W 
54lS F,W 

DESCRIPTION 

74 B,F 
74lS B,F 

PIN CONFIGURATION 

B,F,W PACKAGE 

CLEAR 1 

This synchronous presettable decade counter features an internal carry look-ahead for ap­
plications in high-speed counting designs. Synchronous operation is provided by having all 
flip-flops clocked simultaneously so that the outputs change coincident with each other 
when so instructed by the count-enable inputs and internal gating. This mode of operation 
eliminates the output counting spikes which are normally associated with asynchronous 
(ripple clock) counters. A buffered clock input triggers the four flip-flops on the rising 
(positive-going) edge of the clock input waveform. 

15 RIPPLE CARRY OUTPUT 

This counter is fully programmable; that is, the outputs may be preset to either level. As 
presetting is synchronous, setting up a low level at the load input disables the counter and 
causes the outputs to agree with the setup data after the next clock pulse regardless of the 
levels of the enable inputs. The clear function for the 54/74lS160 is asynchronous and a 
low level at the clear input sets all four of the flip-flop outputs low regardless of the levels of 
clock, load or enable inputs. 

The carry look-ahead circuitry provides for cascading counters for n-bit synchronous appli­
cations without additional gating. Instrumental in accomplishing this function are two count­
enable inputs and a ripple carry output. Both count-enable inputs (P and T) must be high to 
count, and input T is fed forward to enable the ripple carry output. The ripple carry output 
thus enabled will produce a high-level output pulse with a duration approximately equal to 
the high-level portion of the Q A output. This high-level overflow ripple carry pulse can be 
used to enable successive cascaded stages. Transitions at the enable P or T inputs are al­
lowed regardless of the level of the clock input. 

The 54/74lS160 features a fully independent clock circuit. Changes made to control inputs 
(enable P or T, load or clear) that will modify the operating mode have no effect until clock­
ing occurs. The function of the counter (whether enabled, disabled, loading or counting) will 
be dictated solely by the conditions meeting the stable setup and hold times. 

PARAMETER MEASUREMENT INFORMATION 

TYPICAL CLEAR, PRESET, COUNT AND INHIBIT SEQUENCES 

Illustrated below is the following sequence: 
1. Clear outputs to zero 
2. Preset to BCD seven 
3. Count to eight, nine, zero, one, two, and three 
4. Inhibit 

CLEAR 

a. 
LOAD 

{ : DATA 

INPUTS ----+---' 

CLOCK ---!-, 

ENABLE P ---+--+'rt-------1-----.J 
ENABLE T ---t--+' 

Os - --. 

OUTPUTS <lc = = -, 
NOTES: 

{' 
, 

DATA 

INPUTS : 

VOLTAGE WAVEFORMS 

VOL 

VOH 

VOH 

VOH 

V OH 

VOL 

{
aA===1 

Q
o= = =' A The input pulses are supplied by a generator having the following characteristics: PAR .:S 

lMHz, duty cycle:s 50%, Zout "" 50n Ir:S 15n5. If:S 6ns. 

8. Outputs QD and carry are tested at tn+ 10. where tn is the bit time when aU outputs are 
low. 

C. Vref = 1.3V. 

Load circuit is shown at front of section (totem pole outputs). 

FIGURE 1-SWITCHING TIMES 
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CLOCK 
INPUT 

~ 

____________________ w 

r----4~~~~------------------~ 
__________________ ov 

r------------~ 
__________________ ov 

L'-=-------- ov 
Ir--------- VOH 

~~---t_--_t_...J.---------------- VOL 
~'tL!i~.!"'!!~t!l!2.!r!.~--- VOH 

I "0""''''' OUll'UTS I V ... 

'-----I---+-J ---------------- VOL 

ENABLEPor 
ENABLE T 

NOTES: 

Vn , 

VOLTAGE WAVEFORMS 

A. The input pulses are supplied by generators having the following characteristiCS. PAR S-
1 MHz. duly cycle :s 50 %. ZOU1 ~ 501l. 1, :s 15no. 1f :s 6no. 

B. Enable P and enable T setup times are measured at tN + 0 
C. V,ef ~ 1.3V. 

Load circuit is shown at front of book (totem pole outputs). 

BLOCK DIAGRAMS 

152 

~ 

AA 

.. 

AO 

~ 
AD 

A. -'" -v 

CO 
'NA :r co 
'NA 

UNT 
BLET 

54/74 

~ 
r:;-o: ~.....,; 

CLOCK 

~""r 
_ 0, 

~' a,-.....o 
CLOCK 

~ K CLEAR 

r-->= -;--;;; f-~ 
CLOCK 

::Dl- K CLEAR 

r---:-?--J::' Q
D ~ 

CLOCK 

I~ '0 
I ,KCLrR 

~ 
~ ~!":~~ 

N-BIT SYNCHRONOUS COUNTERS 
This application demonstrates how the look-ahead carry circuit can 
be used to implement a high-speed n-bit counter. The 54/74LS160 
will count in BCD. Virtually any count mode (modulo-N, N1-toN2, 
N1-to-maximum) can be used with this fast look-ahead circuit. 

TYPICAL APPLICATION DATA 

54n4LS 

CLEAR /11 



SWITCHING CHARACTERISTICS vee = 5V, TA = 25'e 

54174 54/74LS 

CL=15pF CL=15pF 
TEST CONDITIONS RL=4000 RL=2KO 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX MIN TYP MAX 

fClock Clock frequency 

tW(Clock) Width of clock 

Input pulse 

tw(Clear) Width of clear 

Input pulse 

tSetup Input setup time DA-DD 

Enable P 

Load 

A,B,C,D 

Enable P, 

Enable T 

Load 

tHold Input hold time Any 

A,B,e,D 

Others 

Propagation delay time 

tpLH Low-to-high Clock 

tpHL High-to-Iow 

tpLH Low-to-hlgh Clock 

(load input high) 

tpHL Hlgh-to-Iow 

tpLH Low-to-hlgh Clock 

(load input low) 

tpHL High-to-Iow 

tpLH Low-to-high Enable T 

tpHL Hlgh-to-Iow 

tpHL Hlgh-to-Iow Clear 

Load circuit and typical waveforms are shown at the tront of section. 

SPEED/PACKAGE AVAILABILITY 
54 F,W 
54LS F,W 

DESCRIPTION 

74 B,F 
74LS B,F 

25 32 

25 

20 

15 

20 

25 

a 
a 

a 
0 

Carry 23 

23 

a 13 

15 

a 17 

19 

Carry 10 

10 

a 20 

This synchronous presettable binary counter features an internal carry look-ahead for ap­
plications In high-speed counting designs. Synchronous operation is provided by having all 
flip-flops clocked simultaneously so that the outputs change coincident with each other 
when so instructed by the count-enable inputs and internal gating. This mode of operation 
eliminates the output counting spikes which are normally associated with asynchronous 
(ripple clock) counters. A buffered clock input triggers the four flip-flops on the rising 
(positive-going) edge of the clock input waveform. 

This counter is fully programmable; that is, the outputs may be preset to either level. As 
presetting is synchronous, setting up a low level at the load input disables the counter and 
causes the outputs to agree with the setup data alter the next clock pulse regardless of the 

B!!IDOIICII 

25 32 

25 

20 

ot 

20t 

20t 

25t 

lOt 

35 23 35 

35 23 35 

20 16 24 

23 18 27 

25 17 25 

29 19 29 

14 15 23 

14 15 23 

30 26 38 

PIN CONFIGURATION 

B,F,W PACKAGE 

UNIT 

MHz 

ns 

ns 

ns 

ns 

ns 
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levels of the enable Inputs. The clear function for the 54174LS161 Is asynchronous and a 
low level at the clear Input sets all four of the flip-flop outputs low regardless of the levels of 
clock, load or enable Inputs. 

The carry look-ahead circuitry provides for cascading counters for n-blt synchronous appli­
cations without additional gating. Instrumental In accomplishing this function are two count­
enable Inputs and a ripple carry output. Both count-enable Inputs (P and n must be high to 
count, and input T Is fed forward to enable the ripple carry output. The ripple carry output 
thus enabled will produce a high-level output pulse with a duration approximately equal to 
the high-level portion of the QA output. This high-level overflow ripple carry pulse can be 
used to enable successive cascaded stages. Transitions at the enable P or T Inputs are al­
lowed regardless of the level of the clock Input. 

The 54/74LS161 features a fully independent clock circuit. Changes made to control Inputs 
(enable P or T, load or clear) that will modify the operating mode have no effect until clock­
Ing occurs. The function of the counter (whether enabled, disabled, loading or counting) will 
be dictated solely by the conditions meeting the stable setup and hold times. 

BLOCK DIAGRAMS 

54/74 

154 IRIDIIOI 

54/74LS 

CLOCK'.!""-' -1---1--.-1 
LOAD 191 

CLEAR !1) 

'" 

DATAC!!"'-' -t*~=t=>'TH---fAj 

.. 

a, 



PARAMETER MEASUREMENT INFORMATION 
TYPICAL CLEAR, PRESET, COUNT, AND INHIBIT SEQUENCES 

Illustrated below is the following sequence: 
1. Clear outputs to zero 
2. Preset to binary twelve 
3. Count to thirteen, fourteen, fifteen, zero, one, and two 
4. Inhibit 

CLEAR --U (ASYNCHRONOUS) 

LOAD 

A 1 ___________ _ 

l~p:TT~ B-;==+==~= =- -=--_ -_-= = =--=- -= { 

r'- - - - - - - - - - -

1 _________ _ 

CLOCK 

ENABLE p---+-I--------l------1 
ENABLE T----4--+r--------1----, 

OUTPUTS{::~ ~--"----t=~= ~_ 
ac==~ 00==-1 

RIPp~0T~~~RY----_+:'".2 ~13:-:-:"~" !:-O -':"-"'2 f-------­
I I---- COUNT ~~_I---INHIBIT~~_ 

CLEAR PRESET 

NOTES 
A. The input pulses are supplied by a generator having the following characteristics: PRR :5 

1 MHz, Duty Cycle :s 50 %, lout ~ son t f S 15ns, tf .::s 6ns. 
B. Outputs QD and carry are tested at tn+ 16, where tn is the bit time when all outputs are 

low. 
C. Vref ~ 1.3V. 

3V 

1,-------vOH 

~------VOH 

~------VOH 

·~~,s__----------VOL 

FIGURE 1-VOLTAGE WAVEFORMS 

CLOCK INPUT 

ENA:rLE P 

3V 

~-f-~~~t--------------------w 

--------------ov 
~----------3V 

-------------- ov 

I'-~---------OV 
~---------VOH 

ENABLE T"-_+-________ -I-...J 

RIPPLE 
CARRY OU;;.;T"'PU;;.;T'-! _____ -+ __ -I-I ___ -J 

FIGURE 2-VOLTAGE WAVEFORMS 
NOTES 

A. The input pulses are supplied by generators having the following characteristics: 
PRR.:$lMHz, Duty cycle:$ 50%, Zout ~ 500, tr .:$ 15ns, tf:$ 6ns. 

B. Enable P and T setup times are measured at tn+o. 
C. Vref ~ 1.3V. 

Load circuit is shown at front of book (totem pole output). 

TYPICAL APPLICATION DATA 
N-BIT SYNCHRONOUS COUNTERS 
This application demonstrates how the look-ahead carry circuit can 
be used to implement a high-speed n-bit counter. The 54/74LS161 
will count in binary. Virtually any count mode (modulo-N, N1-toN2 
N 1-to-maximum) can be used with this fast look-ahead circuit. ' 

CARRY 
OUTPUT 

CARRY 
OUTPUT 

CARRY 
OUTPUT 

TO MORE 
SIGNIFICANT 
STAGES 
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SWITCHING CHARACTERISTICS vcc = 5V, TA = 25°C 

54174 54/74LS 

CL=15pF CL=15pF 
TEST CONDITIONS RL =400!1 RL=2k!1 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX MIN TYP MAX 

fCloCk Clock frequency 25 32 25 
tw (Clock) Width 

of clock 25 25 
Input pulse 

tw (Clear) Width 
of clear 20 20 
Input pulse 

tSetup Input setup time DA-DD 15 
Enable P 26 

Load 25 
A,B,C,D Q ot 

Enable P, Q 20t 
EnableT 

Load a 
tHold Input hold time Any 

A,B,C,D 
Others 

Propagation delay time 
tpLH Low-to-high Clock Carry 
tpHL High-to-Iow 

tpLH Low-to-hlgh Clock a 
(load input high) 

tpHL High-ta-Iow I 
tpLH Low-to-hlgh Clock a 

(load input low) 

tpHL High-to-Iow 

tpLH Low-to-high EnableT Carry 

tpHL High-ta-Iow 
tpHL High-to-Iow Clear a 
load circuit and typical waveforms shown at the front of section. 

SPEED/PACKAGE AVAILABILITY 
54 F,W 
54LS F,W 

DESCRIPTION 

74 B,F 
74LS B,F 

20t 

0 
25t 
10t 

23 35 
23 35 

13 20 

15 23 

17 25 

19 29 

10 14 
10 14 
20 30 

This synchronous presettable decade counter features an internal 
carry look-ahead for applications in high-speed counting deSigns. 
Synchronous operation is provided by having all flip-flops clocked 
simultaneously so that the outputs change coincident with each 
other when so instructed by the count-enable inputs and internal 
gating. This mode of operation eliminates the output counting 
spikes which are normally associated with asynchronous (ripple 
clock) counters. A buffered clock input triggers the four flip-flaps on 
the rising (positive-going) edge of the clock input waveforms. 

This counter Is fully programmable; that is, the outputs may be pre­
set to either level. As presetting is synchronous, setting up a low 
level at the load input disables the counter and causes the outputs 
to agree with the setup data after the next clock pulse regardless of 
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32 

23 35 
23 35 

16 24 

18 27 

17 25 

19 29 

15 23 
15 23 
26 38 

UNIT 

MHz 

ns 

ns 

ns 

ns 

ns 

PIN CONFIGURATION 

8,F,W PACKAGE 



the levels of the enable inputs. The clear function for the 
54/74LS 162 is synchronous and a low level at the clear input sets 
all four of the flip-flop outputs low after the next clock pulse, re­
gardless of the levels of the enable inputs. This synchronous clear 
allows the count length to be modified easily as decoding the maxi­
mum count desired can be accomplished with one external NAND 
gate. The gate output is connected to the clear input to synchron­
ously clear the counter to 0000 (LLLL). 

The carry look-ahead circuitry provide'S for cascading counters for 
n-bit synchronous applications without additional gating. Instru­
mental in accomplishing this function are two count-enable inputs 
and a ripple carry output. Both count-enable inputs (P and T) must 
be high to count, and input T is fed forward to enable the ripple 
carry output. The ripple carry output thus enabled will produce a 
high-level output pulse with a duration approximately equal to the 
high-level portion of the QA output. This high-level overflow ripple 
carry pulse can be used to enable successive cascaded stages. 
Transitions at the enable P or T inputs are allowed regardless of the 
level of the clock input. 

The 54/74LS162 features a fully independent clock circuit. Changes 
made to control inputs (enable P or T, load or clear) that will modify 
the operating mode have no effect until clocking occurs. The func­
tion of the counter (whether enabled, disabled, loading or counting) 
will be dictated solely by the conditions meeting the stable set up 
and hold times. 

BLOCK DIAGRAMS 

LOA~ 

TAA 

,A' 

AO 

, 
"-v 

AO 

M ..r--. 
-v 

UN' 00 
'NA :r 00 

eNA 
UN' 
BlE T 

54174 

r=u= ,---J 0" -~ 
CLOCK 

~.KCLEAR 
~ 

--

[=I-->'_ c----;;l~ 
CLOCK 

~KCLEAR 

- 0, r=u=. " 0, r.,.-o 
CLOCK 

~KCLEAR 
~ 

r-r=u=" °or- ~ 

l~. ceoo< "eI--
J K CLEAR 

~I 
RIPPLE 
CARRY 

-0 

Bi!lDOIIeB 

54174LS 

CLEAR 11) 
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SWITCHING CHARACTERISTICS vcc = 5V, TA = 25°C 

54174 54/74LS 

CL=15pF CL=15pF 
TEST CONDITIONS RL=400!l RL=2K!l 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX MIN TYP MAX UNIT 

fClock Clock 
frequency 25 32 25 32 MHz 

tw(Clock) Width 
of clock 25 25 ns 
Input pulse 

tw(Clear) Width 
of clear 20 20 ns 
input pulse 

tsetup Input 
setup time DA-DD 15 ns 

Enable P 20 
Load 25 
Clear 20 

A,B,C,D a ot 
Enable P, a 20t 
Enable T 

Load a 20t 
Clear a 20t 

tHold Input hold time Any 0 ns 
A,B,C,D 25t 
Others 10t 

Propagallon delay timE 
tpLH Low-Io-high Clock Carry 23 35 23 35 ns 
tpHL Hlgh-to-Iow 23 35 23 35 

IpLH Low-Io-hlgh Clock a 13 20 16 24 
tpHL Hlgh-Io-Iow 15 23 18 27 

(load Input high) 

tpLH Low-to-hlgh Clock I a 17 25 17 25 
(load Input low) 

IpHL High-Io-Iow 19 29 19 29 

IpLH Low-Io-hlgh EnableT Carry 10 14 15 23 

IpHL High-Io-Iow 10 14 15 23 
IpHL Hlgh-Io-Iow Clear a 20 30 26 38 

Load circuit typical and waveforms are shown at the front of section. 

158 



PARAMETER MEASUREMENT INFORMATION 
TYPICAL CLEAR, PRESET, COUNT AND INHIBIT SEQUENCES 
Illustrated below Is the following sequence: 

1. Clear outputs to zero 
2. Preset to BCD seven 
3. Count to eight, nine, zero, one, two, and three 
4. Inhibit 

CLEAR 

LOAD 

C1.OCK 

ENABLE~P==i=~t=======t===; ENABLE !. 

{
QA==_ 
OB--

OUTPUTS --ac===, 
Oo==~ 

CARRR~P~~~u;;r""'----"r:--t:8~" '::0--;'-",....3;t--------
I I I-----COUNr •• INHIBIT_ 

CLEAR PRESET 

r----t----r------------------~ 
v," ____________ ov 

lsetup lr---------- 3v 
Vref Vref 

--------Oy 
--------3V 

DATA INPUTS 

AJj,C, an",' O;.....-,.I:-"'-H"'ll-"-:-----r l~~ __ --------ov 
ENABLE P ., 
ENABLEr "---1--------.,-"' 
RIPPLE 
CARRY 

OU~UT ___ ~-----~--_+-----J Val 

Ir---------- 3V 

·Ir---------- VOH 

De AND Oc OUTPUTS 

VOLTAGE WAVEFORMS 
NOTES: 
A. The input pul ... are supplied by generators having the following characteristics: PRR ::s 1 

MHz. duty cycle::S 50%, Zoot" 50 II: tr< 15 ns, tf::S 6 ns. 
B, Enab~ P and enable T setup times are measured at tn+O' 
C. Vraf - 1.3 V. 

FIGURE 2-SWITCHING TIMES 

3V 

~----------- Val 

VOLTAGE WAVEFORMS 
NOTES: 

A. The input pulSes are supplied by a generator having the following characteristics: PAR :5 
lMHz, duty cycle.:S 50%, Zout I'll 500; tr.:S 15 ns, tt:S 6 ns; vary PAR to measure fmax. 

B. Outputs 00 and carry are tested at tn+ 10 where tn is the bit time when all outputs are 
low. 

C. Vref - 1.5 V. 

Load Circuit information is shown at the front of the book. 

FIGURE 1-SWITCHING TIMES 

TYPICAL APPLICATION DATA 
N-BIT SYNCHRONOUS COUNTERS 
This application demonstrates how the look-ahead carry circuit can 
be used to implement a high-speed n-blt counter. The 54/74LS162 
will count in BCD. Virtually any count mode (modulo-N, N1-toN2, 
N1-to-maximum) can be used with this fast look-ahead circuit. 

Jffu Jffu ~ TBS:T 
WAB co LOA BC 0 LOA Be D LOA BCD 

~:~~~~~E '" ~ENI' L- ENI' l..-ENI' 

~:~~~~~E-
RIPPLE 

.L.....ENT 
RIPPLE RIPPLE RIPPLE 

'" CARRY CARRY - '" CARRY r- '" CARRY r- TO MORE· 
OUTPUT OUTPUT OUTPUT OUTPUT SIGNifiCANT 

STAGES 

" " " " 
CLROAOBOc°O CLROAOBOc°O 

crr

orlT CLROAOeClc°o 

CLEAR 
11111 11111 lJ.ill ~ ~ ~ 

OUTPUTS OUTPUTS OUTPUTS OUTPUTS 
CLOCK 
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SPEED/PACKAGE AVAILABILITY 
54 F,W 
54LS F,W 

74 B,F 
74LS B,F 

54174LS 
ENABLETJ:"~"-~--------------. 

ENABLE P -",,-" r=;:~::;~I:) 

CLOCK-""c'-' -1--1-0-1 
LOAD 191 

CLEAR (11 

'" 

DESCRIPTION 

a, 

BLOCK DIAGRAM 

COUNT 
ENABLE T 

This synchronous presettable binary counter features an internal carry look-ahead for ap­
plications in high-speed counting designs. Synchronous operation is provided by having all 
flip-flops clocked simultaneously so that the outputs change coincident with each other 
when so Instructed by the count-enable inputs and internal gating. This mode of operation 
eliminates the output counting spikes which are normally associated with asynchronous 
(ripple clock) counters. A buffered clock input triggers the four flip-flops on the rising 
(positive-going) edge of the clock input waveforms. 

This counter is fully programmable; that is, the outputs may be preset to either level. As 
presetting is synchronous, setting up a low level at the load input disables the counter and 
causes the outputs to agree with the setup data after the next clock pulse regardless of the 
levels of the enable inputs. The clear function for the 54174LS163 is synchronous and a low 
level at the clear input sets all four of the flip-flop outputs low after the next clock pulse, 
regardless of the levels of the enable inputs. This synchronous clear allows the count length 
to be modified easily as decoding the maximum count desired can be accomplished with 
one external NAND gate. The gate output is connected to the clear input to synchronously 
clear the counter to 0000 (LLLL). 

160 ItgODIIIIB 

PIN CONFIGURATION 

CLEAR 1 

{' 
, 

DATA 

INPUTS : 

54174 



The carry look-ahead circuitry provides for cascading counters for n-blt synchronous appli­
cations without additional gating. Instrumental In accomplishing this function are two count­
enable Inputs and a ripple carry output. Both count-enable inputs (P and T) must be high to 
count, and input T Is fed forward to enable the ripple carry output. The ripple carry output 
thus enabled will produce a high-level output pulse with a duration approximately equal to 
the high-level portion of the QA output. This high-level overflow ripple carry pulse can be 
used to enable successive cascaded stages. Transitions at the enable P or T inputs are al­
lowed regardless of the level of the clock input. 

The 54174LS163 features a fully independent clock circuit. Changes made to control Inputs 
(enable P or T, load or clear) that will modify the operating mode have no effect until clock­
Ing occurs. The function of the counter (whether enabled, disabled, loading or counting) will 
be dictated solely by the conditions meeting the stable setup and hold times. 

PARAMETER MEASUREMENT INFORMATION 
TYPICAL CLEAR, PRESET, COUNT, AND INHIBIT SEQUENCES 
Illustrated below Is the following sequence: 

1. Clear outputs to zero 
2. Preset to binary twelve 
3. Count to thirteen, fourteen, fifteen, zero, one, and two 
4. Inhibit 

CLEAR ~ (SYNCHRONOUS) 

LOAD ---tu,.---------------

{

A I r-----------
I .... __________ _ 

DATA B I: - - - - - ---- -
INPUTS c...J L.._========== , 

o...J ; L_=== ===-= = == 
CLOCK 

I 
I , 

, 
ENABLE P I: 
ENABLE T I: 

3V 

~.{~~ =~~~j;~=-~-~!Li ::~~~~ r.---------- VOL 

R'PPL'CARRY ~ ~L--,:--+I ______ _ 
OUTPUT 12 13 14 16 '0 2, 

CLEAR 
INPUT 

I I I----COUNT--~· ... I·~-INHIBIT_ 
CLEAR PRESET 

,--~--~----------w 

LOAD--~~~--~ ,---------3V 
INPUT 

DATAINPUT$ 
A. B.C. and D __ +-____ -f 
ENABLE Por 

ENABLE T 

RIPPLE 
CARRY 

_-+ ___ -+...J 

OUTPUT --+-----+--4----..J VOL 

CLOCK 
INPUT ,---------w 

aOUTPUTS ----=~ I--------VOH 

VOLTAGE WAVEFORMS 
NOTES: 
A. The input pulses are supplied by generators having the following characteristics: PRR :S 1 

MHz. duly cycle ::s 50%, Zoul ~ 50 II: '163, 'r ::s 10 ns, If:S 10 ns: and for 'LS160 Ihru 
'LSI63, 'r ::s 15 ns, If::S 6 ns. 

B. Enable P and enable T setup times are measured at tn+O' 
C. Vref - 1.3 V. 

FIGURE 2--SWITCHING TIMES 

VOLTAGE WAVEFORMS 
NOTES: 

A. The inpul pu_ are supplied by a generalor having Ihe following charaCleristlcs: PRR ::s 1 
MHz. duty cycle::S 50%, ZOUI - 50 n; Ir::S 15 ns, If::S 6 no. Vary PRR 10 measure fmax. 

B. ~~u'" 00 and carry are lesled al In+ 16 where In is the bit lime when all oulputs are 

C. Vref = 1.3 V. 
Load clrcuil is shown al lha fronl of lha booI<. 

FIGURE 1-SWITCHING TIMES 

TYPICAL APPLICATION DATA 
N-BIT SYNCHRONOUS COUNTERS 
This application demonstrates how the look-ahead carry circuit can 
be used to Implement B high-speed n-bit counter. The 54/74LS163, 
will count In binary. Virtually any count mode (modulo-N. N1-toN2, 
N1-to-maximum) can be used with this fast look-ahead circuit. 

~ ~ ~ 'lifu 
LOA BCD LO ABC 0 LO ABC 0 LOA BCD 

~~~:~E '" ,., ,., ,., 

~=:S~~~E-
RIPPLE RIPPLE 

~ 
RIPPLE RIPPLE I-~, CARRY ,., CARRY ,., CARRY I-- ,., CARRY TO MORE 

OUTPUT au",,, OUTPUT OUTPUT SIGNIFICANT 
ST.t.GES 

" " " " 
CLRQAOBOc°O CLRO.Os<lc°o 'CfYiii CLRO.OsOcOo 

CLEAR I I I I I I I II I TOO ~ ~ ~ 
OUTPUTS OUT1'UTS OUTPUTS au"",, 

CLOCK 
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SWITCHING CHARACTERISTICS vcc = 5V. T A = 25°C 

TEST CONDITIONS 

FROM TO 
PARAMETER INPUT OUTPUT 

fClock Clock frequency 

tw(Clock) Width of clock 

Input pulse 

tw(Clear) Width of clear 

Input pulse 

tSetup Input setup time DA-DD 

Enable P 

Load 

Clear 

A.B.C.D Q 

Enable P Q 

EnableT 

Load Q 

Clear Q 

tHold Input hold time Any 

A.B.C.D 

Others 

Propagation delay tlma 

tpLH Low-ta-hlgh Clock Carry 

tpHL Hlgh-ta-Iow 

tpLH Low-ta-hlgh Clock Q 

(load Input high) 

tpHL Hlgh-ta-Iow I tpLH Low-to-hlgh Clock Q 
(load Input low) 

tpHL Hlgh-ta-Iow 

tpLH Low-ta-hlgh EnableT Carry 

tpHL Hlgh-ta-Iow 

tpHL Hlgh-ta-Iow Clear Q 

Load circuit and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY 
54 F.W 
54LS F.W 

DESCRIPTION 

74 A 
74LS A 

54/74 

CL=15pF 
RL=4000 

MIN TVP MAX 

25 32 

25 

20 

15 

20 

25 

20 

0 

23 35 

23 35 

13 20 

15 23 
17 25 

19 29 
10 14 
10 14 
20 30 

This 8-blt shift register features gated serial inputs and an asynchronous clear. The gated 
serial Inputs (A and B) permit complete control over incoming data as a low at either (or 
both) Input(s) entry of the new data and resets the first flip-flop to the low level at the next 
clock pulse. A high-level Input enables the other input which will then determine the state of 
the first flip-flop. Data at the serial inputs may be changed while the clock Is high or low. 
but the only Information meeting the setup requirements will be entered. Clocking occurs 
on the low-to-high level transition of the clock Input. All Inputs are diode-clamped to mini­
mize transmission-line effects. 
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CL=15pF 
RL=2KO 

MIN TVP MAX 

25 32 

25 

20 

ot 

20t 

20t 

20t 

20t 

25t 

lOt 

23 35 

23 35 

16 24 

18 27 
17 25 

19 29 
15 23 
15 23 
26 38 

PIN CONFIGURATION 

SERIAL 
INPUTS 

A,F,W PACKAGE 

{
A, . , 

UNIT 

MHz 

ns 

ns 



FUNCTIONAL BLOCK DIAGRAM 

SERIAL{A ' 
INPUTS B 2 

OUTPUT OUTPUT OUTPUT 

Oc 00 DE 

PARAMETER MEASUREMENT INFORMATION 

CLOCK 
PULSE 

GENERATOR 

SERIAL INPUTS 
A AND B 

PULSE GENERATOR 

(PRR->;:::M:;:',;".' +-__ -J 

NOTES: 
A. The pulse generators have the following characteristics: duty cycle :550%. Zout ~ 50n; Ir 

:s 15 ns, It:S 6 ns. 
B. CL includes probe and jig capacitance. 
C. All diodes are 1 N3064 or 1 N916. 
D. Q A output is illustrated. Relationship of serial input A and B data to other a outputs is il­

lustrated in the typical shift sequence. 
E. Outputs are set to the high level prior to the measure of tpHL from the clear input. 
F. Vref ~ 1.3V. 

TRUTH TABLE 

54174 

SERIAL INPUTS A AND B 

INPUTS OUTPUT 
ATtn ATtn+1 

A B QA 

H H H 
L H L 
H L L 
L L L 

54174LS 

INPUTS OUTPUTS 

CLEAR CLOCK A B QA QB QH 

L X X X L L L 
H L X X QAO QBO QHO 
H t H H H QAn QGn 
H t L X L QAn QGn 
H t X L L QAn QGn 

H = high level (steady state). L = low level (steady state) 
X = irrelevant (any input, including transitions) 
t = tranSition from low to high level. 
0AO· 0eo. 0HO ~ the level of 0A 0e. or 0H. respeclively. 

before the indIcated steady-state input 
conditions were established. 

QAn' QGn = the level of 0A or 0G before the most-recent 
t transition of the clock; indicates a one-bit 
shih. 

TYPICAL CLEAR, SHIFT, AND CLEAR SEQUENCES 

r-

"'.--.~------~"---j-! ----
"--.~------~L_-+i ___ _ 
o,,--~.------~'-t-i ---
0, ~ __________ r--l i 
".n' r---j'-+---
~ ________ ~rl~ ___ _ 

I 
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SWITCHING CHARACTERISTICS vee = 5V, T A = 25°e 

54174 

CL=15pF 
TEST CONDITIONS RL = 8000 

FROM TO 
PARAMETER INPUT OUTPUT MIN TVP MAX 

fCountCountfiequency 25 36 

tw Width of pulse 20 

tSetup Input setup time 15 

tHold Input hold time 0 

Propagation delay time 

tpLH Low-to-hlgh Clock 8 17 27 

CL-50pF 

10 I 20 30 
tpHL High-to-iow 10 21 32 

CL=50pF 

10 I 25 37 

tPHL High-to-iow Clear 24 36 
CL-50pF 

I 28 42 

load circuit and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY 
54 F,W 74 B 

TYPICAL SHIFT, LOAD" INHIBIT SEQUENCES 

SHIFT/LOAD -u 
I 

A---.Ii"l 
I' 
I 

c---.li"l~ __ ~ ______________________ __ 
I, 
I 

'---.Ii"l~ __ ~ ______________________ __ 
I, 
I 

G---.Ii"l~ __ ~ ______________________ __ 
I 

H~~ __ ~ ______________________ __ 

I I 
OUTPUTQH ==1 I H 

I 
I , 

I 
LO~INHI8IT---1.I~.----

54n4LS 

CL=15pF 

MIN 

25 

20 

15t 

5t 

RL=2k 

TVP MAX UNIT 

36 MHz 

ns 

ns 

ns 

17 27 ns 

21 32 

24 36 

PIN CONFIGURATION 

B,F,W PACKAGE 

TRUTH TABLE 

INPUTS 

SHIFTI CLOCK PARALLEL 

LOAD INHIBIT CLOCK SERIAL A ••• H 

L X X X a ... h 
H L L X X 
H L t H X 
H L t L X 
H H t X X 

H = high leYel (steedy state). L = tow level (steady state) 
X - Irrelevant (any input, including transitions) 
4 - transition from tow to high level 

INTERNAL 

OUTPUTS 

QA QB 

a b 
QAO QBO 

H QAn 
L QAn 

QAO QBO 

a ... h - the level of steady-state input at inputs A thru H. respectively. 

OUTPUT 

QH 

h 

QHO 
QGn 
QGn 
QHO 

0AO' 0BO' 0HO - theleYel of 0A AB' or 0H. respectively. before the Indicated steady­
state Input conditions were established. 0An' 00n - the level of 0A or 0G' respectively. 
before the most recent t transition of the clock . 
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LOGIC DIAGRAM 

PARALLEL INPUTS 

CUlCK StUFT/LOAD 

SWITCHING CHARACTERISTICS vcc = 5V, TA = 25°C o 
54n4 -CL=15pF " TEST CONDITIONS RL=400U 

FROM TO 
PARAMETER INPUT OUTPUT MIN TVP MAX UNIT 9 
fmax 20 26 MHz 

tw Width of pulse Clock 25 ns 

Load 15 

tSetup Input setup time ns 

Clock 30 

Enable 

Parallel 10 

Serial 20 

Shift 45 

tHold Input hold time 0 ns 

Propagation delay time 

tpLH Low-to-high Load Any 21 31 ns 

tpHL High-to-Iow 27 40 

tpLH Low-to-high Clock Any 16 27 

tPHL High-to-Iow 21 34 

tpLH Low-to-high H QH 11 20 

tPHL High-to-Iow 24 36 

tpLH Low-to-high H OH 18 27 

tPHL High-to-Iow 18 27 

Load circuit and typical waveforms are shown at the front of section. 

IRIDII:I 165 



PARAMETER MEASUREMENT INFORMATION 

CLOCK / INHIBIT 
INPUT 

--------' 

~---------------r-ID;Ub~:Wh;I' 
1.SV clock is hIgh) 

I 
~tsetup - - -OV 

CLOCK 
INPUT \ ~,'V L,v 3V 

'\.. ___________ li'-· ~·-----OV 
~tsetup~ I..-tw(clock)-+-j! 

\'V E\----i---------i------3V 

'-_____ -;.. ____ ...J 1--",,",--1 I I OV 

FANDH~ INPUTS 1 5V 1 5V 
(See Notes • . 
A and BI 

I I 

SHIFT! 
LOAD 

t.-tw(load)----..I I I 3V 

I I 
~---------L _____ w 

tPHL~ ~'PLH ~I'PHL ~'PLH I---I'PHL ~tPLH 

OUTPUT 
QH I \llr-----,...---\ .... _____ :'---Jl'-----;i----<' 1 L::~ 

tPLH~ ~tPHL ~tPLH ~ltPHL l.-....jtPLH ~tPHl 

g~TPUT _____ /\'--__ 1,.-------' 1 ~- -VOH 

NOTES: A. The remaining six data inpun and the serial input are low. 
B. Prior to test, high-level data is loaded into H input. 
C. The input pulse generaton h8Vil the following characteristics: tr";; 10 os, tf ,;;;10 os, PAR;;;; 1 MHz, duty cycle';' 50%, Zout "" son 

When testing 1max. vary clock PRR 

W 

t~~6/ J: ______________________ -DV 

~tsetup 

I W 
SERIAL 
INPUT 

CLOCK 
INPUT 

1,5V I 
I I 
~tsetup 

1,------

NOTES: A. The eight data inputs and the clock-inhibit input are low. Results are monitored at 
output QH at tn+7. 
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B. The input pulse generators have the following characteristics: tr';;;; 10 ns, 
tf';;;; 10 ns, PRR .;;;; 1 MHz, duty cycle';;;; 50%, Zout .:::: 50Q. 
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SPEED/PACKAGE AVAILABILITY 
54 F,W 74 B 

TRUTH TABLE 
INPUTS 

SHIFTI CLOCK 

CLEAR LOAD INHIBIT CLOCK SERIAL 

L X X X 
H X L L 
H L L t 
H H L t 
H H L t 
H X H t 

H & high level (steady state), L - low level (steady state) 
X - irrelevant (any input, Including transitions) 
t - transition from low to high level 

X 
X 
X 
H 
L 
X 

a ... h = the level of steady state Input at inputs A thru H. respectively. 

INTERNAL 

PARALLEL OUTPUTS OUTPUT 

A ••• H QA QB QH 

X L L L 
X aAO aBO aHO 

a ... h a b h 
X H aAn aGn 
X L aAn °Gn 
X aAO aBO aHO 

0AO' 0eo' 0HO - the level of 0A' 0B' or 0H' respectively, before the indicated steady-state Input condijions were estab­
lished. 

0An' aGn'" the level of QA or QQ. respectively. before the most recent t transition of the clock. 

LOGIC DIAGRAM 

SHIFTI 
LOAD 

TYPICAL CLEAR, SHIFT, LOAD, INHIBIT AND SHIFT SEQUENCE 

I 

CLOCKINHIBI;'L---;l:==========+==:r---l~1 _---.Ji[j========== 
C\..EAR ~I I I 

SER'ALINPUT~ i: 

PARAlUl 
INPUTS 

I I I I 
I I L.lJ I I 

: I I I 

.-1i-+'----------+-~fHTI I 
I I 

• I I 
: I 

, I I 

I 
OUTPUTQH :::'.'-'--________ ---' 

.-.. 

PIN CONFIGURATION 

1
>· 

ow 

n. 

om 

B,F,W PACKAGE 

CLOCK 
INHIBIT 
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SWITCHING CHARACTERISTICS vcc = 5V, T A = 25°C 

54174 

CL=15pF 
TEST CONDITIONS RL = 4000 

FROM TO 
PARAMETER INPUT OUTPUT MIN TVP MAX UNIT 

fCount Count frequency 25 35 MHz 

tw(Clock or Clear) 20 

Width of clock 
or clear pulse 

tSetup Input setup time Mode 30 

Control 

Data 20 

tHold Input hold time 0 

Propagation delay time 

tpLH Low-to-high Clock 8 17 26 

tPHL High-to-Iow 8 20 30 

tpHL High-to-Iow Clear 23 35 

Load circuit and typical waveforms are shown at the front of section. 

PARAMETER MEASUREMENT INFORMATION 

~ twiclear) ~;-----------------------

~:--------------------:: 
CLEAR 
INPUT 

CLOCK 
INPUT 

I (See Notl F) 

I ~ 

~t" ---3V 

1,5V 

~ I-thold OV 

ns 

ns 

ns 

ns 

DATA 
INPUT 

~::l1~ST_---~)-------' 

I 

I 
I 
I 

~"':"P~3V 
~l: ____ ov 

I 
I 

-I I -i,cn'al-
~ (c:'~~'a) tPlH I.- I 

-------.1 ~ IClK-O) I ,-----(2/~---""+_ v \sv fsv \s~ ---OH 

\.. -----------'. . VOL 

OUTPUT a 

A. The clock pulse has the following characteristics: tw(clock) 2: 20 ns and PAR = 1 MHz. The clear pulse has the following 
characteristics: tw(clear) 2: 20n5 and thold = 0 ns. When testing 'max. vary the clock PRR. 

B. CL includes probe and jig capacitance. 

C. A)) diodes are 1 N3064. 

D. A clear pulse is applied prior to each test. 

E. Propagation delay times (tpLH and tpHd are measured at tn+ 1. Proper shifting of data is verified at tn+8 with a functional 
test. 

F. tn = bit time before clocking transition 

tn + 1 '" bit time after one clocking transition 

tn+8= bit time after eight clocking transitions 
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SPEED/PACKAGE AVAILABILITY 
54 F.W 
54LS F.W 

DESCRIPTION 

74 B 
74LS B 

The register file Is organized as 4 words of 4 bits each and separate on-chip decoding is 
provided for addressing the four word locations to either write-In or retrieve data. This 
permits simultaneous writing Into one location and reading from another word location. 

Four data Inputs are available which are used to supply the 4-blt word to be stored. Loca­
tion of the word Is determined by the write-address Inputs A and B In conjunction with a 
wrlte-enable signal. Data applied at the Inputs should be In Its true form. That Is. If a high­
level signal Is desired from the output. a high level is applied at the data Input for that par­
ticular bit location. The latch Inputs are arranged so that new data will be accepted only If 
both Internal address gate Inputs are high. When this condition exists. data at the 0 Input Is 
transferred to the latch output. When the write-enable Input. GW. is high. the data Inputs 
are Inhibited and their levels can cause no change In the information stored in the Internal 
latches. When the read-enable Input. GR. Is high. the data outputs are inhibited and remain 
high. 

The Individual address lines permit direct acquisition of data stored in any four of the 
latches. Four Individual decoding gates are used to complete the address for reading a 
word. When the read address Is made In conjunction with the read-enable Signal. the word 
appears at the four outputs. 

This arrangement-data-entry addressing separate from data read addressing and Individ­
ual sense line-eliminates recovery times. permits simultaneous reading and writing. and is 
limited in speed only by the write time (30 nanoseconds typical) and the read time (25 na­
noseconds typical). The register file has a nondestructive readout in that data is not lost 
when addressed. 

All Inputs except the read enable and write enable of the 54/74LS170 are buffered to lower 
the drive requirements to one Series 54LS174LS standard load. respectively. Input-

PIN CONFIGURATION 

a,F,W PACKAGE 

{
AS' 

AEAO-
SELECT A .. 

{
04. 

OUTPUTS 

0 3 7 

" w. } WRITE_ 

13 Wa SELECT 

12 WRIT} 
OW ENABLE 

11 REAO 

10 Q: A
} 

OUTPUTS 

• Q 2 

READ FUNCTION TABLE 
(See Notes A and 0) 

READ 
INPUTS OUTPUTS 

Ra RA GR Q1 Q2 Q3 Q4 

L L L WOB1 WOB2 WOB3 WOB4 

L H L W1B1 W1B2 W1B3 W1B4 

H L L W2B1 W2B2 W2B3 W2B4 

H H L W3B1 W3B2 W3B3 W3B4 

X X H H H H H 

clamping diodes minimize switching tranSients to simplify system design. High-speed. dou- WRITE FUNCTION TABLE 
ble-ended AND-OR-INVERT gates are employed for the read-address function and drive (See Notes A. B. and C) 
hlgh-slnk-current. open-collector outputs. Up to 256 of these outputs may be wire-AND 
connected for Increasing the capacity up to 1024 words. Any number of these registers 
may be paralleled to provide n-blt word length. 

IRolIIIII 

WRITE 
INPUTS WORD 

Wa WAGW 0 1 2 3 

L L L Q=D QO QO QO 

L H L QO Q=D QO QO 

H L L QO QO Q=D QO 

H H L QO QO QO Q=D 

X X H QO QO QO QO 

NOTES: 

A. H - high level, L - low level, X _ Irrelevant. 
B. (0 - 0) - The four selected Internal flip-flop outputs will 

Bssume the states applied to the four external data in­
puts. 

C. 00 - The level of a before the Indicated Input condnlQr)s 
were establlshad. 

O. WOB 1 - The flrsl bll 01 word 0, elc. 
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BLOCK DIAGRAM 

ro:~'" t»-----r-;d-~~r==;;;;F~;='li=;:iD 
I 

I 

I" 
I 

1~~0¢s~, 

I 

I'~'" ~~~~===;tij::a=> 

l~,,, ~===rtit:tD 

,., 
". 

PARAMETER MEASUREMENT INFORMATION 

01, D2, 03,0.D4 

INPUT Gw 

INPUT RA arRS 

INPUT GR 

Ql,Q2,03,o,04 

NOTES; 

V,el 

'----I--j-l- __ - - - - - - - - - __ OV 

'hold(D) 

VOLTAGE WAVEFORMS 
FIGURE 1 

I 

I 

I 

{91 I 
ill

r 

I 
~OUTPUTS 

I 

,,""M I'", \-------------------~ 
01'D2'D3'0'04~1 . 

nLt~" / -~~;'" JVref V .. 1 
'OC 

VOLTAGE WAVEFORM 1 

OATAIIW'UT Vr •• 

01.02,03,0'04 

WRITE-ENAlILE 
IM'UTGw 

OUTPUT 
01.D2,03,o,Q4 

~ ____ -.J _ _______________ -0'" 

- - - - - - -'-------------1- ______ OV 

VOLTAGE WAVEFORM 2 
FIGURE 2 

A. High-level input pulses at the select and data inputs are illustrated in Figure 2; however, times associated with low-level pulses are measured from the same reference pOints. 
B. When measuring delay times from a read-select input, the read-enable input is low. When measuring delay times from the read-enable input. both read-select inputs have been established at 

steady states. 
C. In Figure 2. each select address is tested. Prior to the start of each of the above tests. both write and read address inputs are stabilized with W A "" RA and We = Re. During the test GR is 

low. 
D. Vr.!. 1.3V. 

Load circuits are shown at the front of book (open collector outputs). 
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SWITCHING CHARACTERISTICS vee = 5V, TA = 25°e 

54174 54174LS 

CL=15pF CL=15pF 
TEST CONDITIONS RL=400!l RL=2K!l 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX MIN TYP MAX UNIT 

tw Width of pulse 25 25 ns 
tSetup Input setup time Data Write 10 10 ns 

Enable 
Write Write 15 15 

Enable Select 

tHold Input hold time Data Write 15 15 ns 
Enable 

Write Write 5 5 
Enable Select 

tLatch 25 25 ns 

Propagation delay time 

tpLH Low-to-hlgh Read AnyQ 10 15 20 30 
Enable 

tpHL High-to-Iow 20 30 20 30 

tpLH Low-to-hlgh Read AnyQ 23 35 25 40 
Select 

tpHL High-to-iow 30 40 24 40 

tpLH Low-to-high Write AnyQ 25 40 30 45 o 
Enable -tpHL High-to-Iow 34 45 26 40 

" tpLH Low-to-hlgh Data AnyQ 20 30 30 45 
tpHL High-to-Iow 30 45 22 35 9 

Load circuit and typical waveforms are shown at the front of section. 
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SPEED/PACKAGE AVAILABILITY 
74S N 

TRUTH TABLE 
FUNCTION SECTION 1 

Write Address 1WO, 1W1, 1W2 

Write Enable 1GW 

Data Inputs 1DA, 1DB 

Read Address 1RO, 1R1, 1R2 

Read Enable 1GR 

Data Outputs 1QA,1QB 

Clock 

172 

BLOCK DIAGRAM 

DATA 
INPUTS 

WRITE 
ENABLE 

>ow 

WRITE 
ADDRESS ,. 
...-h 
III 

SECTION 2 

2W/RO, 2W/R1, 2W/R2 

2GW 

2DA,2DB 

Common with write 
address 

2GR 

2QA,2QB 

CK 

READ 
ENAflLE 

'" 

READ 
ENABLE 

'" 

PIN CONFIGURATION 

F,NPACKAGE 

DESCRIPTION 

Binary write address selects one of eight two-bit word locations. 

When low, permits the writing of new data into the selected word 
location on a positive transition of the clock Input. 

Data at these inputs is entered on a positive transition of the 
clock input into the location selected by the write address inputs 
if the write enable input is low. Since the two sections are 
independent, it is possible for both write functions to be 
activated with both write addresses selecting the same word 
location. If this occurs and the information at the data inputs is 
not the same for both sections (i.e., 1DA~2DA and/or 
1DB~2DB) the low-level data will predominate in each bit and 
be stored. 

Binary write address selects one of eight two-bit word locations. 

When read enable is low, the outputs assume the levels of the 
data stored in the location selected by read address inputs. 
When read enable is high, the associated outputs remain in the 
high-impedance state and neither significantly load nor drive the 
lines to which they are connected. 

The positive-going transition of the clock input will enter new 
data into the addressed location if the write enable input is low. 
The clock is common to both sections . 

•• l1li. 



SWITCHING CHARACTERISTICS vcc = 5V. TA = 25°C 

TEST CONDITIONS 

FROM TO 
PARAMETER INPUT OUTPUT MIN 

fClock Clock frequency 20 

tw Width of pulse 25 

tSetup Input setup time Write tw+ 1O 
Select 

High level 30 
data 

Low level 45 

data 

Write 35 

enable 

tHold Input hold time 0 

tReleaseShlftlload 
release time 

Propagation delay time 

tpLH Low-to-hlgh Read 

select 

tpHL High-to-Iow 

tpLH Low-to-hlgh Clock 

tpHL Hlgh-to-Iow 

Output enable time 

tZH To high level 

tZL To low level 

Output disable time 

tHZ From high level 
tLZ From low level 

Load circuit and typical waveforms are shown at the front of section. 

PARAMETER MEASUREMENT INFORMATION 
"" POINT 

I I 

CLOCK t-- 'w-.-., 3\1 

INPUT~1.5V ~ 
!..-"lONS~~ -: - --QV 

t-.:::=:==:= tSETU'--' t-!::::-: 3V 
FROMOUT'PUT WRrTE---'.~/--
UNDERTEST'-4---.-~:l-I-- ~~~~~~~z:v ______ J/~ov 

DATA !.=-=ISETUP~_ 2R!!:E~~3V 
INPUT),I I 
IHIGH-L~1.5V 

::::) ~tSETUP ~~.:i~--"-EL-"-'S'·V 
INPUT::::--"\L,!;V ~ 3V 
flOW-LEVEL ~l.:t' ___ _ 
w::::J 

I ~tSETUP =:T~t;;l~: 
ENABlE~1.5V I ~ 
INPUTS ~i.~...:c=::H 
OUll"UT I ~VOL 

I.IPl~rVOH 
OUTPUT 1F,.5V 

------------,~ - VOL 

SWITCHING TIMES FROM CLOCK INPUT 

54/74 

CL=50pF 
RL=400U 

TYP MAX UNIT 

MHz 

ns 

ns 

ns 

10 ns 

33 45 ns 

30 45 

35 50 
35 50 

14 30 ns 
16 30 

CL = 5pF 

6 I 20 ns 
11 20 

ENABLE AND DISABLE TIMES FROM READ ENABLE 
A. Input waveforms are supplied by pulse generators haYing the following characteristics: tr 

~7ns, tf~ 7ns, PRR ~ t MHz, Zout ~ 5011 
S, Waveforms 1 is for an output with Internal conditions such that the output is tow except 

when disabled. Waveform 2 Is for an output with internal conditions such that the out­
put Is high except when disabled. 

C. Write select setup time, as specified, will protect data written into previous address. 
D. Load circuit is shown on page 148. 
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SPEED/PACKAGE AVAILABILITY 
54 F.W 
54LS F.W 

DESCRIPTION 

74 B 
74L8 B 
748 B 

Information at the 0 inputs meeting the 
setup time requirements is transferred to 
the a outputs on the positive-going edge of 
the clock pulse. Clock triggering occurs at a 
particular voltage level and is not directly 
related to th~ transition time of the positive­
going pulse. When the clock input is at ei­
ther the high or low level. the input signal 
has no effect at the output. 

-{>---, 
PIN (16) "vee PIN (8) " GND 

SWITCHING CHARACTERISTICS VCC ~ 5V. TA ~ 25°C 

54174 

CL~15pF 

TEST CONDITIONS RL ~400{l 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX 

fClock Clock frequency 25 35 

tw Width of pulse 20 
Clock 
Clear 

tSetup Input setup time 

Data 20 

Clear inactive 25 

tHold Input hold time 0 

Propagation delay time 
tpLH Low-to-high Clock 20 30 

tPHL High-to-Iow 21 30 

tpHL High-to-Iow Clear a 23 35 

Load circuit and typical waveforms are shown at the front of section. 

174 

MIN 

30 

20 

20t 

25t 

5\ 

PIN CONFIGURATION 

B,F,W PACKAGE 

TRUTH TABLE (Each Flip-Flop) 

INPUTS OUTPUTS 

CLEAR CLOCK 

L X 
H t 
H t 
H L 

H = high levet (steady state) 
L = low level (steady state) 
X = irrelevant 

D 

X 
H 
L 
X 

r = transition from low to high levet 

Q 

L 
H 
L 

aO 

00= the level of Q before the indicated steady-state input 
conditions were established 

54174LS 54174S 

CL~15pF CL~15pF 

RL~2k{l RL ~280{l 

TYP MAX MIN TYP MAX UNIT 

40 75 110 MHz 
12 ns 

ns 
8 

15 

2 ns 

20 30 9 12 ns 
21 35 11 17 

23 35 13 22 



SPEED/PACKAGE AVAILABILITY FUNCTIONAL BLOCK DIAGRAM 
54 F,W 
54LS F,W 

DESCRIPTION 

74 B 
74LS B 
74S B 

Information at the 0 inputs meeting the 
setup time requirements Is transferred to 
the 0 outputs on the positive-going edge of 
the clock pulse. Clock triggering occurs at a 
particular voltage level and Is not directly 
related to the transition time of the positive­
going pulse. When the clock input is at ei­
ther the high or low level, the 0 input signal 
has no effect at the output. 

lD 0--":''',,:,' ----I 

20 0----+-+-; 

3D 0----++; 

'0 0---'--'--++-1 

CLOCK o-'-.:.·e>o-.J 
11) 

CLEAR 0---<>1:)0--...... --' 

PIN (16) = Vee. PIN (8) .. GNO 

SWITCHING CHARACTERISTICS VCC = 5V, TA = 25°C 

54174 

CL=15pF 
TEST CONDITIONS RL=400U 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX 

fClock Clock frequency 25 35 

tw Width of pulse 20 
Clock 
Clear 

tSetup Input setup time 
Data 20 
Clear inactive 25 

tHold Input hold time 0 

Propagation delay time 
tpLH Low-to-high Clear 16 25 
tpHL High-to-Iow 23 35 

tpLH Low-to-high Clock 20 30 

tpHL High-to-Iow 21 30 

tpLH Low-to-high Clear Q 
tpHL High-to-Iow Clear 0 

Load circuit and typical waveforms are shown at the front of section. 

10 

10 

20 

4Q 

MIN 

30 

20 

20 
25 

5 

PIN CONFIGURATION 

B,F,W PACKAGE 

CLEAR 1 

TRUTH TABLE (EACH FLIP-FLOP) 

INPUTS 

CLEAR CLOCK 

L X 
H t 
H t 
H L 

H ~ high level (steady state) 
L - low level (steady state) 
X = irrefevant 

D 

X 
H 
L 
X 

t '" transition from low to high level 

OUTPUTS 

Q Q 

L H 
H L 
L H 

0 0 00 

00'" the level of a before the indicated steady-state Input 
conditions were established 

54174LS 54174S 

CL=15pF CL=15pF 
RL=2kU RL=280U 

TYP MAX MIN TYP MAX UNIT 

40 75 110 MHz 

12 ns 

ns 
8 

15 
2 ns 

16 25 ns 
23 35 

20 30 9 12 
21 35 11 17 

13 15 
13 22 
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SPEED/PACKAGE AVAILABILITY 
54 F,W 74 A 

SPEED/PACKAGE AVAILABILITY 
54 F,W 74 A 

176 

BLOCK DIAGRAM 

COUNTI 
LOAQ 

NOTE: 
For electrical specifications, refer to 8280 data sheet. 

BLOCK DIAGRAM 

NOTE: 
For electrical specifications. reter to 8281 data sheet. 

PIN CONFIGURATION 

A,FPACKAGE 

Asynchronous input: 
low input to clear sets 0A, 0B- QC .and aD low. 

WPACKAGE 

Asynchronous input: 
low input to cl.ar sets 0A' OS, 0c and 0D low. 

PIN CONFIGURATION 

A,FPACKAGE 

Asynchronous input: 
low input to clear sets 0A. OS, QC and 0D row. 

WPACKAGE 

Vee 

Asynchronous input: 
low input to clear sets QA' OS, QC and 00 low. 



SPEED/PACKAGE AVAILABILITY 
54 F,W 74 A 

745 A 

LOGIC DIAGRAM 

Vee ~ (14) 
GND ~ (7) 
( ) '" denotes pin numbers tor 14·pin dual in-line package only 

NOTE: 
For electrical specifications, refer to 8270 and 82570 data sheets. 

SPEED/PACKAGE AVAILABILITY 
54 F,W 74 B 

745 B 

LOGIC DIAGRAM 

"0,1> 

Vee ~ (16) ,", 
GND ~ (8) 
( ) = denotes pin numbers 

NOTE: 

'" o. ", '" 

For electrical specifications, refer to 8271 and 82871 data sheets. 

'. 

1" 00 

-mOOlIeS 

PIN CONFIGURATION 

INPUTS {: 

SERIAL 
'N 

OUTPUT Q A 

OUTPUT Qs 

Vee 

SERIAL 

" 

A,F PACKAGE 

~ __ J 

WPACKAGE 

PIN CONFIGURATION 

Vee 

aD OUTPUT 

Oc OUTPUT 

0c OUTPUT 

QA OUTPUT 

B,F,W PACKAGE 

INPUTS { : 

SERIAL 

'N 
OUTPUT Q A 

OUTPUT 0 8 

Vee 

SHIFT 

50) OUTPUTS 

Do 

0c OUTPUT 
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SPEED/PACKAGE AVAILABILITY 
54 F.W 74 A 

LOGIC DIAGRAM 

~-EVEN 
OUTPUT 

~-OOD 

OUTPUT 

PIN CONFIGURATION 

A,F,W PACKAGE 

INPUTS 

SWITCHING CHARACTERISTICS vee = 5V. T A = 25°e TRUTH TABLE 

TEST CONDITIONS 

FROM TO 
PARAMETER INPUT OUTPUT 

Propagation delay time 

tPLH Low-to-high Data EEven 
tpHL Hlgh-to-Iow 

tpLH Low-to-high Data EOdd 
tpHL Hlgh-to-Iow 

tpLH Low-to-high Data EEven 
tpHL H''Jh-to-low 

tpLH Low-to-high Data EOdd 
tpHL High-to-Iow 

tPLH Low-to-high Even. Odd EEven. 
tpHL High-to-Iow EOdd 

load circuit and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY 
54 a.F 
54L5 a.F 
545 a.F 

TRUTH TABLE 

INPUT OUTPUT 
Cn Cn+4 

H H 
H L 
L H 
L L 

178 

74 N 
74L5 N 
745 N 

ACTlVE-
HIGH 
DATA 

(FIGURE1) 

ASB 
A>B 
A<B 
A~B 

ACTIVE-
LOW 
DATA 

(FIGURE 2) 

A~B 

A<B 
A>B 
'ASB 

54/74 INPUTS OUTPUTS 

CL=15pF E OF 1'.I4.T E E 
RL=4000 OTHRU7 EVEN ODD EVEN ODD 

EVEN 1 0 1 0 
MIN TVP MAX UNIT ODD 1 0 0 1 

Odd Input = OV 
EVEN 0 1 0 1 
ODD 0 1 1 0 

40 60 ns X 1 1 0 0 
45 68 X 0 0 1 1 

32 48 x = irrelevant 

25 38 

Even Input = OV 

32 48 
25 38 

40 60 
45 68 

13 20 
7 10 

PIN CONFIGURATION 
N,Q,F PACKAGE 

24 Vee SUPPL V VOLTAGE 

INV. CARRY Cn 7 

FUNCTION-SELECT 53 3 

FUNCTION_SELECT SO 6 
} 

I{ ~ :,-,,::~:::::}! 
13 F3 FUNCTION 



DESCRIPTION 
The S541N74LS181 arithmetic logic unit (ALU)lfunction generators have a complexity of 75 
equivalent gates on a monolithic chip. These circuits perform 16 binary arithmetic opera­
tions on two 4-blt words as shown In Tables 1 and 2. These operations are selected by the 
four function-select lines (SO, S1, S2, S3) and Include addition, subtraction, decrement, and 
straight transfer. When performing arithmetic manipulations, the internal carries must be 
enabled by applying a low-level voltage to the mode control input (M). A full carry look­
ahead scheme is made available in these devices for fast, Simultaneous carry generation by 
means of two cascade-outputs (pins 15 and 17) for the four bits in the package. When used 
In conjunction with the 182 full carry look-ahead circuit, high-speed arithmetic operations 
can be performed. 

If high speed is not of importance, a ripple-carry input (Cn) and a ripple-carry output (Cn+4) 
are available. However, the ripple-carry delay has also been minimized so that arithmetic 
manipulations for small word lengths can be performed without external circuitry. 

The S54/N74LS181 will accommodate active-high or active-low data if the pin designations 
are Interpreted as follows: Subtraction is accomplished by 1's complement addition where 
the 1's complement of the subtrahend is generated internally. The resultant output Is 
A-B-1 which requires an end-around or forced carry to provide A-B. 

The S54/74LS181 can also be u~i1ized as a comparator. The A = B output is internally de­
coded from the function outputs (FO, F1, F2, F3) so that when two words of equal 
magnitude are applied at the A and B Inputs, it will assume a high level to Indicate equality 
(A = B). The ALU should be In the subtract mode with Cn = H when performing this com­
parison. The A = B output is open-collector so that it can be wire-AND connected to give a 
comparison for more than four bits. The carry output (Cn+4) can also be used to supply 
relative magnitude information. Again, the ALU should be placed in the subtract mode by 
placing the function select inputs S3, S2, S1 SO at L, H, H, L, respectively. 

These circuits have been designed to not only Incorporate all of the designer'S require­
ments for arithmetic operations, but also to provide 16 possible functions of two Boolean 
variables without the use of external circuitry. These logic functions are selected by use of 
the four function-select inputs (SO, S1, S2, S3) with the mode-control input (M) at a high 
level to disable the internal carry. The 16 logic functions are detailed in Tables 1 and 2 and 
Include eXClusive-OR, NAND, AND, NOR, and OR functions. 

FUNCTIONAL BLOCK DIAGRAM 

Ir.! 12DI 

,1 1231 

IwnOllCS 

o -" 9 
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ALU SIGNAL DESIGNATIONS 
The S54/N74LS181 can be used with the signal designations of either Figure 1 or Figure 2. 

The logic functions and arithmetic operations obtained with signal designations as in Figure 1 are given in Table 1; those obtained with the 
signal designations of Figure 2 are given in Table 2. 

PIN NUMBER 2 

Active-high data (Table 1) AO 

Active-low data (Table 2) Ao 

TABLE 1 

S3 

L 

L 

L 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

FIGURE 1 
(FOR TABLE 11 

SELECTION 

S2 S1 

L L 

L L 

L H 

L H 

H L 

H L 

H H 

H H 

L L 

L L 

L H 

L H 

H L 

H L 

H H 

H H 

FIGURE 2 
(FOR TABLE 2) 

SO 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

1 

BO 

BO 

*Each bit is shifted to the next more significant position. 
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23 22 

A1 B1 

A1 B1 

M~H 

LOGIC 
FUNCTIONS 

F~A 

F~A+B 

F~AB 

F~O 

-
F~AB 

-
F~B 

F~ A (!) B 
-

F~AB 
-

F~A+B 

F~A (j) B 

F~B 

F~AB 

F~1 

-
F~A+B 

F~A+B 

F~A 

21 20 19 18 9 10 11 13 7 16 15 17 

A2 B2 A3 B3 FO F1 F2 F3 Cn Cn+4 X y 

A2 B2 A3 B3 FO F1 F2 F3 Cn Cn+4 P G 

ACTIVE-HIGH DATA 

M~L: ARITHMETIC OPERATIONS 

Cn~H Cn~L 

(NO CARRY) (WITH CARRY) 

F~A F~A PLUS 1 

F~A+B F~(A+B) PLUS 1 

F~A+S F~(A+S) PLUS 1 

F~MINUS 1 (2's COMPL) F~ZERO 
-

F~A PLUS AS PLUS 1 F~A PLUS AB 

F~(A+B) PLUS AS F~(A-B) PLUS AS PLUS 1 

F~A MINUS B MINUS 1 F~ A MINUS B 

F~AS MINUS 1 F~AS 

F~A PLUS AB F~A PLUS AB PLUS 1 

F~A PLUS B F~A PLUS B PLUS 1 

F~(A+S) PLUS AB 
-

F~(A+B) PLUS AB PLUS 1 

F~AB MINUS 1 F~AB 

F~A PLUS A* F~A PLUS A PLUS 1 

F~(A+B) PLUS A F~(A+B) PLUS A PLUS 1 

F~(A+S) PLUS A F~(A+S) PLUS A PLUS 1 

F~A MINUS 1 F~A 



TABLE 2 

ACTIVE-LOW DATA 

SELECTION M=H M=L: ARITHMETIC OPERATIONS 

LOGIC Cn=L Cn=H 
S3 S2 S1 SO FUNCTIONS (NO CARRY) (WITH CARRY) 

L L L L F=A F=A MINUS 1 F=A 

L L L H F=AB F=AB MINUS 1 F=AB 

L L H L F=A+B F=AB MINUS 1 F=AB 

L L H H F=1 F=MINUS 1 (2'8 COMPL) F=ZERO 

L H L L F=A+B F=A PLUS (A+B) F=A PLUS (A+B) PLUS 1 

L H L H F=B F=AB PLUS (A+B) F=AB PLUS (A+B) PLUS 1 
--

L H H L F=AE!) B F=A MINUS B MINUS 1 F=A MINUS B 

L H H H F=A+B F=A+B F=(A+B) PLUS 1 

H L L L F=AB F=A PLUS (A+B) F=A PLUS (A+B) PLUS 1 

H L L H F=A(i) B F=A PLUS B F=A PLUS B PLUS 1 

H L H L F=B F=AB PLUS (A+B) F=AB PLUS (A+B) PLUS 1 

H L H H F=A+B F=A+B F=(A+B) PLUS 1 

H H L L F=O F=A PLUS A* F=A PLUS A PLUS 1 

H H L H F=AB F=AB PLUS A F=AB PLUS A PLUS 1 

H H H L F=AB F=ABPLUS A F=AB PLUS A PLUS 1 

H H H H F=A F=A F=A PLUS 1 
o -" 9 
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SWITCHING CHARACTERISTICS vcc = 5V, T A = 25°C 

54/74 54174LS 54n4S 

M=OV M=OV M=OV 
SO =S3=4.5V SO=S3=4.5V SO=S3=4.5V 
S1=S2=OV S1=S2=OV S1=S2=OV 
·SO=S3=OV ·SO=S3=OV ·SO=S3=OV 

TEST CONDITIONS ·S1=S2=4.5V ·S1=S2=4.5V ·S1=S2=4.5V 

FROM TO 
PARAMETER INPUT OUTPUT MIN TVP MAX MIN TVP MAX MIN TVP MAX UNIT 

Propagallon delay lime 

IPLH Low-Io-hlgh Cn CN+4 12 18 18 27 7 10.5 ns 

IpHL Hlgh-Io-Iow 13 19 13 20 7 10.5 

IpLH Low-Io-hlgh Cn AnyF 13 19 17 26 7 12 

IpHL Hlgh-Io-Iow SUM or DIFF Mode 12 18 13 20 7 12 

IpLH Low-Io-hlgh Any A, B G 13 19 19 29 8 12 
SUM Mode 

IpHL High-la-low 13 19 15 23 7.5 12 
IpLH Low-Io-hlgh ·AnyA,B G 17 25 21 32 10.5 15 

DIFFMode 

IPHL Hlgh-Io-Iow 17 25 17 26 10.5 15 
IPLH Low-Io-high AnyA,B P 13 19 20 30 7.5 12 

SUM Mode 

IPHL Hlgh-Io-Iow 17 25 20 30 7.5 12 
IPLH Low-Io-high ·Any A,B P 17 25 20 30 10.5 15 

DIFF Mode 
IpHL Hlgh-Io-Iow 17 25 22 33 10.5 15 
IpLH Low-Io-hlgh AnyA,B AnyF 28 42 11 16.5 

SUM Mode 
IpHL High-la-low 21 32 11 16.5 
IpLH low-la-high ·Any A,B AnyF 32 48 14 20 

DIFFMode 

IPHL Hlgh-Io-Iow 23 34 14 22 
IpLH Low-la-high ·Any A,B A=B 35 50 33 50 15 23 

DIFF Mode 
IpHL Hlgh-Io-Iow 32 48 41 62 20 30 
IpLH Low-la-high AnyA,B Cn+4 25 38 12.5 18.5 

SUM Mode 
IpHL Hlgh-Io-Iow 25 38 12.5 18.5 
IpLH low-la-high ·Any A,B Cn+4 27 41 15.5 23 

DIFFMode 
IpHL 27 41 15.5 23 
IplH Low-Io-hlgh AI,BI Fi 21 32 
IpHL High-Io-Iow SUM Mode 13 20 
IpLH low-Io-high ·AI,BI FI 21 32 
IpHL High-la-low DIFF Mode 15 23 

M= .5V M= .5V 
IpLH low-Io-high AnyA,B Any F 32 48 14 20 

logic Mode 
IpHL High-la-low 23 34 14 22 

M = 4.5V 

tplH low-la-high AI,BI Fi I 22 33 
tpHL High-la-low logic Mode 19 29 

Load circuit and typical waveforms are shown at the front of section. 
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LOGIC DIAGRAM 
OJ" 

PIN DESIGNATIONS 
DESIGNATION PIN NOS. FUNCTION 

GO, Gl, G2, G3 3, 1, 14, 5 
Active-Low 

Carry Generate Inputs 

PO, Pl, P2, P3 4,2,15,6 
Active-Low 

Carry Propagate Inputs 

Cn 13 Carry Input 

Cn+x, Cn+y, 12,11,9 Carry Outputs 
Cn+z 

G 10 
Active-Low 

Carry Generate Output 

P 7 
Active-Low 

Carry Propagate Output 

VCC 16 Supply Vollage 

GND 8 Ground 

SWITCHING CHARACTERISTICS VCC = 5V, T A = 25°C 

54/74 

CL=15pF 
TEST CONDITIONS RL=4000 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX 

Propagalion delay 
lime 

tpLH Low-to-high 11 17 

tPHL Hlgh-to-Iow 15 22 

IpLH Low-Io-high GO,Gl,G2, Cn+x, 
G3,PO,Pl, Cn+y, 

IpHL High-to-Iow P2,P3 Cn+z 

tpLH Low-to-high GO,Gl,G2, G 
G3,Pl,P2, 

tPHL High-to-Iow P3 

IpLH Low-to-hlgh PO,Pl,P2 P 
P3 

tpHL High-Io-Iow 
tpLH Low-Io-high Cn Cn+x, 

Cn+y, 

tpHL High-to-Iow Cn+z 

Load circuit and typical waveforms are shown at the front of section. 

54n4S 

CL=15pF 
RL = 2800 

MIN TYP MAX UNIT 

ns 

4.5 7 
4.5 7 

5 7.5 
7 10.5 

4.5 6.5 

6.5 10 
6.5 10 

7 10.5 

PIN CONFIGURATION 

INPUTS I G' 

" 
GO 

PO 

G' 
P3 

B,F,W PACKAGE 

11 C n+v " CO'"] 
OUT­
PUTS 

.. G 

9 C n +z 

INPUT/OUTPUT SCHEMATICS 

EQUIVALENT OF EACH INPUT 

VCCo--_---- INPUr 
Co 
P3 

R.. P2 
PO.Pl,G3 

GO,G4 
GO 

R .. NOM 
2.Bkn 
1.4kn 
940n 
700n 
400n 
'50n 

TYPICAL OF ALL OUTPUTS 

------r--o vcc 

50nNOM 

OUTPUT 

SPEED/PACKAGE RELIABILITY 
54 F,W 
54S F,W 

74 B 
74S B 
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SPEED/PACKAGE AVAILABILITY 
54 F,W 
54LS F,W 

DESCRIPTION 

74 B 
74LS B 

The 54174LS190 is a synchronous, reversi­
ble up/down counter having a complexity of 
58 equivalent gates. Synchronous operation 
is provided by having all flip-flops clocked 
simultaneously so that the outputs change 
coincident with each other when so in­
structed by the steering iogic. This mode of 
operation eliminates the output counting 
spikes normally associated with asynchron­
ous (ripple clock) counters. 

The outputs of the four master-slave flip­
flops are triggered on a low-to-high-Ievel 
transition of the clock input if the enable 
input is low. A high at the enable input in­
hibits counting. Level changes at either the 
enable input or the down/up input should 
be made only when the clock input is high. 
The direction of the count is determined by 
the level of the down/up input. When low, 
the counter counts up and when high, it 
counts down. 

These counters are fully programmable; 
that is, the outputs may be preset to either 
level by placing a low on the load input and 
entering the desired data at the data inputs. 
The output will change to agree with the 
data inputs independently of the level of the 
clock input. This feature allows the counters 
to be used as modulo-N dividers by simply 
modifying the count length with the preset 
Inputs. 

The clock, down/up, and load inputs are 
buffered to lower the drive requirement 
which significantly reduces the number of 
clock drivers, etc., required for long parallel 
words. 

Two outputs have been made available to 
perform the cascading function: ripple ciock 
and maximum/minimum count. The latter 
output produces a high-level output pulse 
with a duration approximately equal to one 
complete cycle of the clock when the 
counter overflows or underflows. The ripple 
clock output produces· a low-level output 
pulse equal in width to the low-level portion 
of the clock input when an overflow or un­
derflow condition exists. The counters can 
be easily cascaded by feeding the ripple 
clock output to the enable input of the suc­
ceeding counter if parallel clocking is used, 
or to the clock input if parallel enabling· is 
used. The maximum/minimum count output 
can be used to accomplish look-ahead for 
high-speed operation. 
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BLOCK DIAGRAM 

CLOCK 
(14) ....... 

V 

DOWN! (5) ...... 
U, V T ... 

V 

DATA (15) 

INPUT A 

141~ ENABLE 
G Ln-

OATA 
INPUTS 

1'1 

INPUT 

OATA 
(NPUTe 

(10) 

INPUT 

OATA ''I INPUT 0 
INPUT 

LOAD 
1111 ..... 

-.-

ImnDI':1 

--I 

....... 
V 

PIN CONFIGURATION 

B,F,W PACKAGE 

'N,",-[ 0 .... , 

O"'""'"{ }","n 
" """"'O's t"AO"G' 

INPUTS 

DOWN/UP 6 

OUTPUTS 

12 MINIMAX 

{
a, • 

OUTPUTS 

00 ' 
",0.0 } 
100ATAC ,NPUTS 

II OATAO 

r-IP (13) RIPPLE 
CLOCK 

(12) MAX/MIN 
OUTPUT 

~ ~( - J QA ~ OUTPUT QA 

f--o CLOCK 

n wr-~+- K ~A1 

~K 
I fRan ~ 

i-- J as - OUTPUT De 

f--ol>OCOCK 

-K a'l T »- h 

~-{ 
_ PR@SET _~ 

J Oc OUTPUT Oc 

--C CLOCK 

_K ~l 
Ik ~ 
~ 

~ ~'" ~ , Go r--,:::.o oU,"U' 00 

L.......c P.CLOCK 

-L-J ¥1 



SWITCHING CHARACTERISTICS vcc ~ 5V, TA ~ 25°C 

54174 54/74LS 

CL~15pF CL~15pF 

TEST CONDITIONS RL~4000 RL~2KQ 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX MIN TYP MAX UNIT 

fClock Clock frequenc, 20 25 MHz 

fmax 20 25 MHz 

Iw(Clock)Widlh 25 25 ns 

of clock 
inpul pulse 

Iw(LOad) 35 35 ns 

ISelup(D)'npul selup 20 20t ns 

lime 

IHold(D)'npUI hold 0 ot ns 

lime 

IEnableEnable lime 20t ns 

10 cycle 

Propagalion delay limE 
IpLH Low-Io-high Load QA,QB, 

QC,QD 22 33 22 33 ns 

IpHL High-Io-Iow 33 50 33 50 

IpLH Low-Io-high Dala A, QA,QB, 14 22 14 22 
B,C,D QC,QD 

IpHL High-Io-Iow 35 50 35 50 

IpLH Low-Io-high Clock Ripple 13 20 13 20 
Clock 

o -" 9 
IpHL High-Io-Iow 16 24 16 24 

IpLH Low-Io-high Clock QA,QB, 16 24 16 24 

QC, QD 
IpHL High-Io-Iow 24 36 24 36 

IpLH Low-Io-hlgh Clock Max/Min 28 42 28 42 

IpHL High-Io-Iow 37 52 37 52 

IpLH Low-Io-high Down/Up Ripple 30 45 30 45 
Clock 

IPHL High-Io-Iow 30 45 30 45 

IpLH Low-Io-high Down/Up Max/Min 21 33 21 33 

IpHL High-Io-Iow 22 33 22 33 

IpLH Low-Io-high Enable E Ripple 21 33 
Clock 

IpHL High-Io-Iow 22 33 
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PARAMETER MEASUREMENT INFORMATION 
TYPICAL LOAD, COUNT, AND INHIBIT SEQUENCES 
Illustrated below is the following sequence: 
1. Load (preset) to BCD seven. 
2. Count up to eight, nine (maximum), zero, one, and two. 
3. Inhibit. 
4. Count down to one, zero (minimum), nine, eight, and seven. 

LOAD 

{

A 

B 
DATA 

'NPUTS : 

RIPPLEClOCK ___ 1 7 1 2 

OATA 

I II---COUNT UP----!-'NH'B'T.j 
'-or-' 
LOAD 

, 0 9 8 1 

I----COUNT DOWN-----I 

,,;;10n5 

aOUTP"U.c.T _______ -.J 

~-----....!.-!.-""'~ ::: 

FIGURE 1- DATA SETUP TIME VOLTAGE WAVEFORMS 

NOTES: 
A. CL includes probe and jig capacitance. 
B. AU diodes are 1 N3064. 
C. The input pulses are supplied by generators having the following characteristics: Zout = 50 

n. duty cycle.:$ 50%, PAR :S 1 MHz. 
D. V,ef = 1.3V. 

INPUT 
(SEE NOTE CJ 

NON INVERTING 
OUTPUT 

INVERTING 
OUTPUT 

<10ns 

10% 

See waveform sequences in figures 3 through 6 for propagation times from a specific input to 
a specific output. For simplification, pulse rise times, reference levels, etc., have not been 
shown in figures 3 through 6. 

FIGURE 2 - GENERAL VOLTAGE WAVEFORMS FOR 

PROPAGATION TIMES 

WAO~ 
ANY DATA INPUT -----B;= 
CORRESPONOING--===-1 f------

OOUTPUT------ IPLH j.-IPHL IPLH::o:j _lpHL 

NOTE: 
E. Conditions on other inputs are irrelevant. 

FIGURE 3 - LOAD TO OUTPUT AND DATA TO OUTPUT 

LOAOi.J 

~,ait:ft 
________________ ~-IpLH -- tpHL 

NOTE: 
F. All data inputs are low, 

FIGURE 4 - ENABLE TO RIPPLE CLOCK, CLOCK TO RIPPLE 

CLOCK, DOWN/UP TO RIPPLE CLOCK, AND DOWN/UP 

TO MAX/MIN 

LOAO-U u 
{SEE NOTES G TO H)==========-~I-::-:::-::-=--::-:::-::-=--::-:::-::-=--=-= 

NOTES: 
G, To test 0A' 0B' and QC outputs: Data inputs A. B. and C are shown by the solid line, 
Data input 0 is shown by the dashed line. 
H. To test 0D output: Data inputs A and 0 are shown by the solid line. Data inputs Band C 
are held at the low logic level. 

FIGURE 5 - CLOCK TO OUTPUT 

LOAO~ u 

OAT""'ANOO:-::~= (SEE NOTEJI.==== 

NOTE: 
J. Data inputs Band C are shown by the dashed line. Data input 0 is shown by the solid line. 

FIGURE 6 - CLOCK TO MAX/MIN 
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SPEED/PACKAGE AVAILABILITY 
54 F,W 
54S F,W 

DESCRIPTION 

74 B 
74S B 

The 54/74LS191 is a synchronous, reversi­
ble binary up/down counter having a 
complexity of 58 equivalent gates. Syn­
chronous operation is provided by having 
all flip-flops clocked simultaneously so that 
the outputs change cOincident with each 
other when so instructed by the steering 
logic. This mode of operation eliminates the 
output counting spikes normally associated 
with asynchronous (ripple clock) counters. 

The outputs of the four master-slave flip­
flops are triggered on a low-to-high-Ievel 
transition of the clock input if the enable 
input is low. A high at the enable input in­
hibits counting. Level changes at either the 
enable input or the down/up input should 
be made only when the clock input is high. 
The direction of the count is determined by 
the level of the down/up input. When low, 
the counter counts up and when high, it 
counts down. 

These counters are fully programmable; 
that is, the outputs may be preset to either 
level by placing a low on the load input and 
entering the desired data at the data inputs. 
The output will change to agree with the 
data inputs independently of the level of the 
clock input. This feature allows the counters 
to be used as modulo-N dividers by simply 
modifying the count length with the preset 
inputs. 

The clock, down/up, and load inputs are 
buffered to lower the drive requirement 
which significantly reduces the number of 
clock drivers, etc., required for long parallel 
words. 

Two outputs have been made available to 
perform the cascading function: ripple clock 
and maximum/minimum count. The latter 
output produces a high-level output pulse 
with a duration approximately equal to one 
complete cycle of the clock when the 
counter overflows or underflows. The ripple 
clock output produces a low-level output 
pulse equal in width to the low-level portion 
of the clock input when an overflow or un­
derflow condition exists. The counters can 
be easily cascaded by feeding the ripple 
clock output to the enable input of the suc­
ceeding counter if parallel c:locking is used, 
or to the clock input if parallel enabling is 
used. The maximum/minimum count output 
can be used to accomplish look-ahead for 
high-speed operation. 

BLOCK DIAGRAM 

CLOCK 
1141r-.... .... 

~~NI~ 

I "-
DATA ""~ 

INPUT A 

",£ ENABLE 
0 -'D-

INPUT a ", 
INPUT 

DATA 1101 
III/PUTe 
INPUT 

DATA ", III/Puro 
INPUT 

LOAO~ 

l!!InOlleR 

PIN CONFIGURATION 

B,F,W PACKAGE 

,,,,,-[n","" , 

oe'Mc{ J"MC 
[

"'"",0' 
INPUT,:> 

DOWN/UP ~ 

" "",,,oe01, OU1PUTS 

1'2 MINIMAX 

ou,"e,"{ "eOAO } 

10 DATAC INPUTS 

~ 

-" 
"V 

I) 

9 DATA D 

asynchronous inputs: low input to load sets 
°A-A.OB-B.OC-C'OD-D 

~~~'6i: 
{12) ~~~~ 

~~. J QA OUTPUTap. 

CLOCK 

, IT, 
CLEAfI 

~ ;0, 

~ 
-J ool----- OUTPUTQs 

r---c CLOCK 

~, "1 ~ 

~ ===L>- h-

t-- i J PA~SE6c l--~ OUTPUT Oc 

~K ~ CLOCK 

~, ~1 
h-~ 

~ ~ 

~EP~"~H~~' J 00 OUTPUT 00 

~ L-o CLOCK 

~l 
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SWITCHING CHARACTERISTICS vcc ~ 5V, T A ~ 25°C 

FROM 
PARAMETER INPUT 

fClock Input clock 

frequency 

tw(Clock) Width of 
clock input pulse 

tw(Load) Width of load 
input pulse 

tsetup Input setup time 

tHold Input hold time 

tEnable Enable time 

to cycle 

tpLH Load 

tpHL 

tpLH Data A,B, 

C,D 

tpHL 

tpLH Clock 

tpHL 

tpLH Clock 

tpHL 

tpLH Clock 

tpHL 

tPLH Down/up 

tpHL 

tpLH Down/up 

tpHL 

tpLH Enable 

tpHL E 

*fmax = maximum clock frequency 

tpLH => propagation delay time, low-to-high-Ievel output 

tpHL = propagation delay time high-to-Iow-Ievel output 
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TO TEST 
OUTPUT CONDITIONS 

OA,OB, 

OO,OD 

OA,OB, 

OC,OD 

Ripple clock 

See Figures 1 

OA,OB, and 3 thru 6 

OC,OD 

Max/min 

Ripple clock 

Max/min 

Ripple clock 

11100111:11 

54174 54174LS 

CL~15pf RL~400n CL~15pf TL~2Kn 

MIN TYP MAX MIN TYP MAX UNIT 

20 20 25 MHz 

25 25 ns 

35 35 ns 

20 20t ns 

0 ot ns 

20t 

22 33 22 33 ns 

33 50 33 50 

14 22 14 22 ns 

35 50 35 50 

13 20 13 20 ns 

16 24 16 24 

16 24 16 24 ns 

24 36 24 36 

28 42 28 42 ns 

37 52 37 52 

30 45 30 45 ns 

30 45 30 45 

21 33 21 33 ns 

22 33 22 33 

21 33 ns 

22 33 ns 



TYPICAL LOAD, COUNT, AND INHIBIT SEQUENCES 
Illustrated below is the following sequence: 
1. Load (preset) to binary thirteen. 
2. Count up to fourteen, fifteen (maximum), zero, one, and two. 
3.lnhlbit. 
4. Count down to one, zero (minimum), fifteen, fourteen, and thirteen. 

LOAD 

{

A 

B 
DATA 

INPUTS : 

CLOCK 

DOWN/UP 

ENABLE 

RIPPLECLOCK ___ 17 8 9 0 , 2 2 2 1 0 9 8 7 

J."J)---COUNT UP-+'NH'BIT--! I---COUNT 00Wf<--..J 
LOAD 

-:{~ __ ~ ~o~' ________ 3V 

.~ ov 

.J<-:=---........... 3V 

-------ov 
..;;10ns 

aOu~~U~T _______ ___ 
,--------'-.:.... ...... ~ ::: 

VOLTAGE WAVEFORMS 
FIGURE 1- DATA SETUP TIME VOLTAGE WAVEFORMS 

NOTES: 
A. CL includes probe and jig capacitance. 
B. All diodes are 1 N3064. 
C. The input pulses are supplied by generators having the following characteristics: Zout ... 50 

n. duty cycle S 50%. PRR .:S 1 MHz. 
D. Vrel ~ 1.3 V. 

INPUT 
(SeE NOTEel 

NONINVERTtNG 
OUTPUT 

INVERTING 
OUTPUT 

..;;10ns 

, .. 

See waveform sequences in figures 4 through 7 for propagation times from a specific input to 
a specific output. For simplification, pulse rise times. reference levels. etc.. have not been 
shown in figures 4 through 7. 

FIGURE 2 - GENERAL VOLTAGE WAVEFORMS 

FOR PROPAGATION TIMES 

LOAO~ 
ANVDATAINPUT:::=: _____ ~ 

CORRESPONDING' ,_ 

o OVTPUT- - - - - - ;'LH I-I--;'H-L -;'-LH-~ ;'HL 

NOTE: 
E. CondiUons on other inputs are irrelevant. 

FIGURE 3 - LOAD TO OUTPUT AND DATA TO OUTPUT 

LOAD-U--------------------

'PH' 

NOTE: 
F. All data inputs are low. 

FIGURE 4 - ENABLE TO RIPPLE CLOCK, 
·CLOCK TO RIPPLE CLOCK, 

DOWN/UP TO RIPPLE CLOCK, 

LOAD~ u 
OAT A INPUTS =':":::':':":::':-=-':":::':-=-':":~-JI =-:=-=-=-:-::=-=-=-=-:=-=~-:-::: (SEE NOTES G TO HI 

DOWN/UP====:--:====::===;--;::====== 

~ ~'''H ?;J :-"HL 
OUTPUT (51 UNDER TE5T= = :=", ___ .-..:...fr--"'''------..:..I.--[L~=-__ _ 

ENABLE-LOW' .... 

NOTE: 

G. To test 0A, OB, 0e, and 0D outputs: All four data Inputs are shown by the solid fine. 

FIGURE 5 - CLOCK TO OUTPUT 

lOA0-U u 

D"".C.ANDD---:::::~==== (SEE NOTEJ1= 

COUNT~ ~ 
U;w-_,-,:,:y-'''''",H-..:::!..l:-~;'H:::' ___ ~~ ~ tpHL MAX/MIN L_ 

ENABLE-LOW 

NOTE: 
H. Data Inputs Band e are shown by the dashed lIoe lor the ·190 and 'LS190 and the solid 

Une for the '191 and 'LS191: Data input 0 is shown by the solid line for both devices. 

FIGURE 6 - CLOCK TO MAXIMIN 
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SPEED/PACKAGE AVAILABILITY 
54 F,W 
54LS F,W 

DESCRIPTION 

74 B 
74LS B 

This monolithic circuit Is a synchronous reversible (up/down) counter having a complexity. 
of 55 equivalent gates. Synchronous operation Is provided by having all flip-flops clocked 
simultaneously so that the outputs change coincidently with each other when so instructed 
by the steering logic. This mode of operation eliminates the output counting spikes which 
are normally associated with asynchronous (ripple-clock) counters. 

The outputs of the four master-slave flip-flops are triggered by a low-to-hlgh-Ievel transition 
of either count (clock) Input. The direction of counting Is determined by which count Inputs 
is pulsed while the other count input Is high. 

All four counters are fully programmable; that is, each output may be preset to either level 
by entering the desired data at the data Inputs while the load input Is low. The output will 
change to agree with the data inputs independently of the count pulses. This feature allows 
the counters to be used as modulo-N dividers by simply modifying the count length with the 
preset inputs. 

A clear Input has been provided which forces all outputs to the low level when a high level 
Is applied. The clear function Is Independent of the count and load inputs. The clear, count, 
and load inputs are buffered to lower the drive requirements. This reduces the number of 
clock drivers, etc., required for long words. 

These counters were designed to be cascaded without the need for external circuitry. Both 
borrow and carry outputs are available to cascade both the up- and down-counting func­
tions. The borrow output produces a pulse equal In width to the count-down input when the 
counter underflows. Similarly, the carry output produces a pulse equal in width to the 
count-down Input when an overflow condition exists. The counters can then be easily cas­
caded by feeding the borrow and carry outputs to the count-down and count-up inputs 
respectively of the succeeding counter. 

SWITCHING CHARACTERISTICS Vee = 5V, TA = 25·e 

54n4 

CL=15pF 
TEST CONDITIONS RL=400D 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX 

'Count Count Up Carry 25 32 

tw Width of pulse 

tSetup Input setup time 

tHold Input hold time 

Propagation delay time 
tPLH Low-to-high Count up Carry 17 26 

Count Down Borrow 16 24 
Either Count Q 25 38 

Load Q 27 40 

tPHL Hlgh-to-Iow Count Up Carry 16 24 
Count Down Borrow 16 24 
Either Count Q 31 47 

Load Q 29 40 
Clear Q 22 35 

190 

PIN CONFIGURATION 

MIN 

25 

20 

20t 

ot 

B,F,W PACKAGE 

, .AUA} 
Ir.PUTS 

1. CLEAR 

13 BORROW} 
OUTPUTS 

12 CARRY 

logic: Low input to load sets 0A ~ A, 
Oe ~ e, 0c - C, and 00 - 0 

54n4LS 

CL=15pF 
RL=2k 

TYP MAX UNIT 

32 MHz 

ns 

ns 

ns 

17 26 ns 
16 24 
25 38 
27 40 

16 24 ns 
16 24 
31 47 
29 40 
22 35 



BLOCK DIAGRAM 

PARAMETER MEASUREMENT INFORMATION 

TEST CIRCUIT 

------, 
I 
I 
I 
I 
I 

I I(~Ng"'B) : 

t_: __ :?~.:t~~T.! __ -=--! 
r----loADc-;aRCUi;;---' 
L ___ ...!~:::!=;::~ ___ I 

==~~~;C;~;~~_J 
r - - -"lOAocliiCUiT '4 - - -, 
L ___ ~~':'~C::,~:"'l!... __ J 

VOLTAGE WAVEFORMS 

NOTES: 
A. The pulse generators have the following characteristics: lout R:: 50 n. and for the data 

pulse generator PAR :S 500 kHz, duty cycle = 50%; for the load pulse generator PRR is 
two times data PRR, duty cycle = 50 %. 

B. CL includes probe and jig capacitance. 
C. Diodes are 1 N3064. 
D. trandtf~7ns 
E. Vref is 1.3 volts 

FIGURE 1-CLEAR, SETUP, AND LOAD TIMES 

TYPICAL CLEAR, LOAD, AND COUNT SEQUENCES 
Illustrated below Is the following sequence: 
1. Clear outputs to zero. 
2. Load (preset) to BCD seven. 
3. Count up to eight, nine, carry, zero, one, and two. 
4. Count down to one, zero, borrow, nine, eight, and seven. 

~~~~~-'U'----~:-T---------+-
---r+--;-+--t--------------;:---r----'LJr-------+-­

I 

I~· .. -'-·I 
NOTES: 

A. Clear overrides load. data. and count inputs. 
8. When counting up, count-down input must be high; when counting down, count-up input 

must be high. 
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PARAMETER MEASUREMENT INFORMATION 

r--- -LQADCrRCUIT1- --..., 
L. ___ ~~ • .!'~"!:';'::,'~~_J 
,..----COADCiRcu,T3- ---, 
~ ___ I!,""!:::!,,~f~'~I __ J 
r---lOAociiicUif"i" --., 

!Somo .. Load C;'''''''1) I ------------' r - - - LO'ADCiRcUiT";" - - -, 
L ___ ~~~~=t~ __ J 

L-----~=~~~~~~~~~;=~J 
~~~~3~------------------

TEST CIRCUIT 
NOTES: 
A. The pulse generator has the following characteristics: PRR :s 1 MHz. Zout """ 50 n. duty 

cycle = 50%. 
B. CL includes probe and jig capacitance. 
C. Diodes are 1 N3064 
D. Count cycle is 1 through 10. 
E. Waveforms for outputs QA' aS. and QC are omitted to simplify the drawing. 
F. trand tf:5 7 ns 
G. Vref is 1.3 volts 

FIGURE 2-PROPAGATION DELAY TIMES 

SPEED/PACKAGE AVAILABILITY 
54 F,W 
54LS F,W 

DESCRIPTION 

74 B 
74LS B 

This monolithic circuit is a synchronous reversible (up/down) counter having a complexity 
of 55 equivalent gates. Synchronous operation is provided by having all flip-flops clocked 
simultaneously so that the outputs change coincidently with each other when so instructed 
by the steering logic. This mode of operation eliminates the output counting spikes which 
are normally associated with asynchronous (ripple-clock) counters. 

The outputs of the four master-slave flip-flops are triggered by a low-to-high-Ievel transition 
of either count (clock) input. The direction of counting is determined by which count inputs 
is pulsed while the other count input is high. 

All four counters are fully programmable; that is, each output may be preset to either level 
by entering the desired data at the data inputs while the load input is low. The output will 
change to agree with the data inputs independently of the count pulses. This feature allows 
the counters to be used as modulo-N dividers by simply modifying the count length with the 
preset inputs. 

A clear input has been provided which forces all outputs to the low level when a high level 
Is applied. The clear function is independent of the count and load inputs. The clear, count, 
and load inputs are buffered to lower the drive requirements. This reduces the number of 
clock drivers, etc., required for long words. 

These counters were designed to be cascaded without the need for external circuitry. Both 
borrow and carry outputs are available to cascade both the up- and down-counting func­
tions. The borrow output produces a pulse equal in width to the count-down input when the 
counter underflows. Similarly, the carry output produces a pulse equal in width to the 
count-down Input when an overflow condition exists. The counters can then be easily cas­
caded by feeding the borrow and carry outputs to the count-down and count-up inputs 
respectively of the succeeding counter. 

192 IrgOOllG1 

VOLTAGE WAVEFORMS 

PIN CONFIGURATION 

B,F,W PACKAGE 

logiC: Low input to load sets QA =A, 
0B ~ B. Oc ~ C. and 00 ~O 



BLOCK DIAGRAM 
>A .. 

ClEAR '...uTD 
DAU 
INPUTS 

DOWN DATA 
COUNT INPUT A 

SWITCHING CHARACTERISTICS vcc ~ 5V. TA ~ 25°C 

FROM 
PARAMETER" (INPUT) 

!Count 
tw Input pulse width 

tSet-up Input setup time 

tHold Input hold time 

tpLH Count-up 
tpHL 

tpLH Count-down 
tpHL 

tpLH Either-count 
tpHL 

tpLH Load 
tpHL 

tpHL Clear 

• tmax = maximum clock frequency 
tpLH = propagation delay time, low·to-high-Ievel output 
tpHL = propagation delay time, high-to-Iow-Ievel output 

TO TEST 
(OUTPUT) CONDITIONS 

Carry 

Borrow 

Q See Figures 1 and 2 

Q 

Q 

B(gDOIH:B 

54174 54174S 

CL~15pf RL~400{l CV15pfRL~2k 

MIN TYP MAX MIN TYP MAX UNIT o 
25 32 25 32 MHz 
20 20 ns -" 20 20t ns 

0 ot ns 9 
17 26 17 26 
16 24 16 

ns 
24 --16 24 16 24 ns 

16 24 16 24 

25 38 25 38 
31 47 31 

ns 
47 

27 40 27 40 
ns 

29 40 29 40 

22 35 22 35 ns 
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PARAMETER MEASUREMENT INFORMATION 

TEST CIRCUIT 

VOLTAGE WAVEFORMS 
NOTES: 
A. The pulse generators have the following characteristics: Zout =:I 50 0 and for the data 

pulse generator PRR S 500 kHz, duty cycle = 50 %: for the load pulse generator PRR is 
two times data PRR. duty cycle = 50 %. 

B. CL includes probe and jig capacitance. 
C. Diodes are 1 N3064 
D. trandtf.s7ns 
E. Vr.f is 1.3volts 

FIGURE 1-CLEAR, SETUP, AND LOAD TIMES 

TYPICAL CLEAR, LOAD, AND COUNT SEQUENCES 
Illustrated below is the following sequence: 
1. Clear outputs to zero. 
2. Load (preset) to binary thirteen. 
3. Count up to fourteen, fifteen, carry, zero, one, and two. 
4. Count down to one, zero, borrow, fifteen, fourteen, and thirteen. 

I 

\
'" :::::::::::! I 

CIII ----!-fl -j1t±=C_---..! 
~ ~::::~~~----~---t-r--~r----: 

~ :::=H--f r----r 
II I U I 
I I I I 
I I I I t..r-------r-
I I I I' 

~ t=. ~~~~ ~-.~ 

NOTES: 
A. Clear overrides load, data. and count inputs. 
B. When counting uP. count-down input must be high; when counting down. count-up Input 

must be high. 

TEST CIRCUIT 

C0t1:IT- ~rl;:tr~ ___ 3V 

INPUT~ 8 V.." 9 15 Vref 16 -Vr~' 
, ..... ,,0' H'" .,,"t:: ----OV 

OUTPUT aD Fr-' ~ VOH 

(SII, Note E) ....j..)tPHIr-- VOL 

~""L-+ 
CARRY ~L~ VOH 
OUTPUT Vref1\:...Jt~ref_ 

--VOL 

1,~~Tvn~ h r-'\ nh._ ~ .. y-___ 3V 
INPUT 1 10% 2 • ~Vrlf \...!.../ ". \.::...I Vref~~eI 

tSeeNoteD) _+_--- OV 

OUTeUT 00 --I"H~~ I -----!tPlH---------- VOH 

tSeeNoteE) bt -F: 
• -VOL 

~~ tPH~lH_ VOH 

V"f~VOL 

VOLTAGE WAVEFORMS 
NOTES: 
A. The pulse generator has the following characteristics: PRR S 1 MHz . .lout A:: 50 D. duty 

cycle ~ 50%. 
B. CL Includes probe and jig capacitance. 
C. Diodes are 1 N3064 
O. Waveforms for outputs 0A' 0B' and QC are omitted to simplify the drawing. 
E. trandtf:S7ns 
F. Vr.f is 1.3 volts 

FIGURE 2-PROPAGATION DELAY TIMES 
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SPEED/PACKAGE AVAILABILITY 
54 F.W 
54LS F.W 
54S F.W 

DESCRIPTION 

74 B 
74LS B 
74S B 

This bidirectional shift register is designed to incorporate virtually all of the features a sys­
tem designer may want in a shift register. The circuit contains 45 equivalent gates and 
features parallel inputs. parallel outputs. right-shift and left-shift seriai inputs. operating­
mode-control inputs. and a direct overriding clear line. The register has four distinct modes 
of operation. namely: 

Parallel (broadside) load 
Shift right (in the direction QA toward QD) 
Shift left (in the direction QD toward QA) 
Inhibit clock (do nothing) 

Synchronous parallel loading is accomplished by applying the four bits of data and taking 
both mode control inputs. SO and S1, high. The data are loaded into the associated flip­
flops and appear at the outputs after the positive transistion of the clock input. During load­
ing. serial data flow is inhibited. 

Shift right is accomplished synchronously with the rising edge of the clock pulse when SO is 
high and S 1 is low. Serial data for this mode is entered at the shift-right data input. When 
SO is low and S 1 is high. data shifts left synchronously and new data is entered at the shift­
left serial input. 

Clocking of the flip-flop is inhibited when both mode control inputs are low. The mode con­
trols of the S54194/N74194 should be changed only while the clock input is high. 

MODE 

CLEAR S1 SO CLOCK 

L X 
H X 
H H 

H L 

H L 

H H 

H H 

H L 

H = high level (steady state) 
l = low level (steady state) 

X 
X 
H 

H 

H 

L 

L 

L 

X = irrelevant (any input. including transitions) 
t = transition from low to high level 

X 
L 

t 
t 
t 
t 
t 
X 

8.b,e,d. =the level of steady state input at inputs A,B,C. or 
D. respectively 

0AO' 0BO. 0CO. 0DO ~ the level of 0A' aB' OCo or aD' 
respectively. before the indicated steady state input 
conditions were established 

QAn' 0Sn' aCn' aDn = the level of QA. aS. Qc. respec­
tively. before the most recent t tranSition of the clock 

TRUTH TABLE 

INPUTS 
SERIAL PARALLEL 

LEFT RIGHT A B C 

X X X X X 
X X X X X 

X X a b c 

X H X X X 
X L X X X 

H X X X X 
L X X X X 
X X X X X 

Il!InllllCG 

PIN CONFIGURATION 

B,F,W PACKAGE 

o -" 9 
OUTPUTS 

D QA QB QC QD 

X L L L L 

X QAO QBO QCO QDO 
d a b c d 
X H QAn QBn QCn 
X L QAn QBn QCn 
X QBn QCn QDn H 
X QBn QCn QDn L 
X QAO QBO QCO QDO 
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BLOCK DIAGRAM (94) BLOCK DIAGRAM (LS194, S194) 

SWITCHING CHARACTERISTICS vcc = 5V, TA = 25°C 

54174 54174LS 54174S 

CL=15pF CL=15pF CL=15pF 
TEST CONDITIONS RL=400!l RL=2k!l RL=280!l 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX MIN TYP MAX MIN TYP MAX UNIT 

fClock Clock frequency 25 36 25 36 70 105 MHz 

tw Width of pulse 20 20 ns 

Clock 7 

Clear 12 

tSetup Input setup time 

Mode control 30 30t 8 ns 

Serial, Parallel 20 20t 5 

Clear Inactive 25 25t 9 

tHold Input hold time Any 0 ot 3 ns 

Propagation delay time 

tpLH Low-to-high Clock 7 14 22 14 22 4 8 12 ns 

tpHL High-to-Iow 7 17 26 17 22 4 11 16.5 

tpHL High-to-Iow Clear 19 30 19 30 12.5 18.5 

Load circuit and typical waveforms are shown at the front of section. 
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TEST TABLE FOR SYNCHRONOUS INPUTS PARAMETER MEASUREMENT INFORMATION 
TYPICAL CLEAR, SHIFT, AND LOAD SEQUENCES DATA INPUT OUTPUT TESTED 

FOR TEST S1 SO (SEE NOTE E) 

'X:::'~:~J'O::ffi1i: ~C~~ 
INPUTS lSl::T;l 

--U: 
, ' 

A 4.5V 4.5V QAat tn+1 

B 4.5V 4.5V QB at tn+1 
: : C 4.5V 4.5V QC at tn+1 

D 4.5V 4.5V QD at tn+1 

L Serial Input 4.5V OV QA at tn+4 

R Serial Input OV 4.5V QD at tn+4 

CLEAR I,-------------------------w 

OUTPUT a ------'I 
VOL 

VOLTAGE WAVEFORMS 
NOTES: 

A. The clock pulse generator has the following characteristics: Zout ~ 50 {1 and PAR ~ MHz, 
tr!S 15 ns and If :S 6 ns. When testing 'max vary PRR. 

S. CL includes probe and jig capacitance. ' 
C. All diodes are 1 N3064 or 1 N916. 
O. A clear pulse is applied prior to each test. 
E. Vrel ~ 1.3V. 
F. Propagation delay times (tPLH and tpHL) are measured at tn + 1. Proper shifting of data is 

verified at In+4 with a functional test. 
G. tn : bit time before clocking transition. 

tn+ 1 = bit time after one clocking transition. 
In+4 = bit time after four clocking transitions. 

FIGURE 1-SWITCHING TIMES 

SPEED/PACKAGE AVAILABILITY 
54 F,W 
54LS F,W 
54S F,W 

DESCRIPTION 

74 B 
74LS B 
74S B 

This 4-bit register features parallel Inputs, parallel outputs, J-K serial inputs, shift/load con­
trol input, and a direct overriding clear. All inputs are buffered to lower the input drive 
requirements. The registers have two modes of operation: 

Parallal (Broadside) Load 
Shift (In direction QA toward QD) 

Parallel loading is accomplished by applying the four bits of data and taking the shift/load 
control input low. The data is loaded into the associated flip-flop and appears at the out­
puts after the positive transition of the clock input. During loading, serial data flow is 
inhibited. 

Shifting is accomplished synchronously when the shift/load control input is high. Serial data 
for this mode is entered at the J-K inputs. These inputs permit the first stage to perform as 
a J-K, D-, or T -type flip-flop as shown in the function table. 

PIN CONFIGURATION 

B,F,W PACKAGE 

{ " 
SERIAL INPUTS . , 

" , 
PARALLEL INPUTS {

A' 

, , 
o , 
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TRUTH TABLE 

SHIFTI 
CLEAR LOAD 

L X 

H L 

H H 

H H 

H H 

H H 

H H 

H - high level (sleady slale) 
L - low level (sleady Slale) 

CLOCK 

X 

t 
L 

t 

t 

t 

t 

X = irrelevant (any Input, including transitions) 
t ~ Iransition from low 10 high level 

INPUTS 

SERIAL 

J K 

X X 

X X 

X X 

L H 

L L 

H H 

H L 

a.b.c.d ~ Ihelevel of sleady-slale inpul al A.B.C. or D. respecllvely 

PARALLEL 

A B C D QA 

X X X X L 

a b c d a 

X X X X QAO 

X X X X QAO 

X X X X L 

X X X X H 

X X X X QAn 

a AO. aBO. 0CO. 000 = lhe level of a A. Oe. 0C. or 00. respecllvely. before lhe Indlcaled sleady-slale inpul conditions were eslablished 
0An. 0Bn, QCn - the level of QA, 0a, or 0CI respectively, before the most recent transition of the clock 

SWITCHING CHARACTERISTICS VCC = 5V, T A = 25°C 

54/74 54174LS 

CL=15pF CL=15pF 
TEST CONDmONS AL=4000 RL=2kn 

FROM TO 
PARAMETER INPUT OUTPUT MIN TVP MAX MIN TVP 

fClock Clock frequency 30 39 30 39 

tw(Clock) Width of clock 16 16 
Input pulse 

tw(Clear) Width of clear 12 12 
input pulse 

tsetup Input setup time 
Shift/Load 25 25t 
Serial/Parallel 15 15t 
Clear Inactive 25 25t 

tRelease Shift/Load 10 
release time 

THoid Input hold time Any 0 ot 

Propagation delay time 

tpLH Low-to-high Clock 6 14 22 14 
tpHL Hlgh-to-Iow 7 17 26 17 

tPHL Hlgh-to-Iow Clear 19 30 19 

198 

OUTPUTS 

QB QC QD QD 

L L L H 

b c d d 
QBO QCO QDO QDO 

QAO QBn QCn (lCn 

QAn QBn QCn QCn 
-

QAn QBn QCn QCn 

QAn QBn QCn QCn 

54/74S 

CL=15pF 
RL=400n 

MAX MIN TVP MAX UNIT 

70 105 MHz 

7 ns 

12 ns 

8 ns 
5 
9 

lOt 6 ns 

3 ns 

22 8 12 ns 
26 11 16.5 

30 12.5 18.5 



BLOCK DIAGRAM 

tThis connection is made on '195 only. 

PARAMETER MEASUREMENT INFORMATION 

~~::::_____"L...J~:::;,.:=--=-==---==--===T-=::----='-----

={'~L------+-+----
"',"fl..".!' I t.+--J 

--~----~------------~~~--------------

--+-----~----------~~L+:------------

-- -- --------------ov ... , 

(See No .. G) ______ f--____ ..J' 

-;;..-;:=k---- ov 

~----- -- VOH V,., 
vo, 

ASSOCIATED ____ __ 

OUTPUTQ 

VOLTAGE WAVEFORMS 
NOTES: 
A. The clock pulse generator has the following characteristics: Zout 0::1 50 nand PRR .s 1 

MHz 
tr .:$ 15 ns and tf .:s 6 ns. When testing fmax• vary the clock PRR. 

B. CL includes probe and jig capacitance. 
C. All diodes are 1 N3064. 
O. A clear pulse is applied prior to each test. 
E. Vref~ 1.3V. 
F. Propagation delay times (tpLH and tpHL) are measured at tn+ 1. Proper shifting of data is 

verified _8t tn+4 with a functional test. 
G. J and K inputs are tested the same as data A. B, C, and 0 inputs except that shift/load 

input remains high. 
H. tn =. bit time before clocking transition. 

tn+ 1 = bit time after one clocking transition. 
tn+4", bit time after four clocking transitions. 

FIGURE 1--SWITCHING TIMES 
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SPEED/PACKAGE AVAILABILITY 
54 F,W 
54LS F,W 
54S F,W 

DESCRIPTION 

74 A 
74LS A 
74S A 

PIN CONFIGURATION 

A,FPACKAGE 

COUNT/LOAD 1 

-t ' DATA INPUTS 

A • 

This high-speed monolithic counter consists of four DC coupled, master-slave flip-flops 
which are internally interconnected to provide a divide-by-two and a divide-by-five counter 
S54/N74LS196. This counter is fully programmable; that is, the outputs may be preset to 
any state by placing a low on the countlload input and entering the desired data at the 
data inputs. The outputs will change to agree with the data inputs independent of the state 
of the clocks. 
During the count operation, transfer of information to the outputs occurs on the negative­
going edge of the clock pulse. This counter features a direct clear which when taken low 
sets all outputs low regardless of the states of the clocks. 
This counter may also be used as a 4-bit latch by using the countlload input as the strobe 
and entering data at the data inputs. The outputs will directly follow the data inputs when 
the countlload is low, but will remain unchanged when the countlload is high and the clock 
inputs are inactive. 

SWITCHING CHARACTERISTICS vcc = 5V, TA = 25°C 
(54/74-Refer to 8290 Data Sheet 54174S-Refer to 82S90 Data Sheet) 

FROM TO 
PARAMETER1 (INPUT) (OUTPUT) TEST CONDITIONS 

fCIock Clock 1 OA 
Clock 2 OA 

tw Input pulse-width 
Clock 1 
Clock 2 
Clear 
Load 

tHold Input hold time 
High level 

Input setup time 
Low level 

tSetup 
High level 
Low level 

tEnable Count enable time 

(Note 1) CL = 15pF 
tpLH 

Clock 1 °A tpHL RL = 2kO 

tpLH 
tpHL Clock 2 Os 
tpLH 
tpHL Clock 2 Oc 

tpLH 
tpHL 

Clock 2 00 

tpLH 
tpHL 

A,S,C,D OA, OS, OC, 00 

tpLH Load Any 
tpHL 
tpHL Clear Any 

WPACKAGE 

54174LS 

MIN TYP MAX 

30 40 
15 
20 
30 

15 
20 

tw(Load)l 

tw(Load)j 

101 15 
20 

8 15 
13 20 
16 24 
22 33 
38 57 
41 62 
12 18 
30 45 
20 30 
29 44 
27 41 
30 45 
34 51 

1fmax = maximum Input count frequency tpLH = propagation delay time, low-to-hIQh-level output, tpHL = propagation delay time, hIQh-to-low-level output. 

NOTE: 

UNIT 

MHz 

ns 

ns 
ns 
ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

1. Count enable time is the internal immediately preceding the negative - going edge of the clock pulse 'during which internal the count/load and clear inputs must be high to ensure counting. 
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LOGIC DIAGRAM 

AO BO Co 

(4) (10) (3) 

DA DB DC 

PARAMETER MEASUREMENT INFORMATION 

CLOCK -lor 

CLOCK - 2 INPUT 

OUTPUT 
0A. 0B. Ce. or aD 

----!o-..,.,-f 

OUTPUT 
0A. OB, Oc;. or QO 

1.5V 

CLOCK-MODE VOLTAGE WAVEFORMS 

COUNT/LOAD ~5V 35V 
otCLEAR 

------ Ov 
-.---- 35V 

CLOCK - 1 INPUT 15V - OV 

... ~ 
~::: OUTPUT QA 

CLOCK ENABLE TIME VOLTAGE WAVEFORMS 

(11) 

DO 

DO 

CLEAR AND LOAD VOLTAGE WAVEFORMS 

NOTES: 
A. The input pulse is supplied by a generator having the fol­

lowing characteristics: PAR .:5 1 MHz, duty cycle S 50%. 
tr .:5 15 ns, and unless specified, tf :s 15 ns. When testing 
fmax- vary PRR. 

B. CL includes probe and jig capacitance. 
C. All diodes are 1 N3064. 
D. Unless otherwise specified, QA is connected to clock 2 . 

SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 F,W 
54LS F,W 

74 A 
74LS A 
74S A 

A,F PACKAGE WPACKAGE 

COUNT/LOAD 1 

Y' DATA INPUTS ~ 

" 01 
BJ" DATA INPUTS 

o -" 9 
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DESCRIPTION 
This high-speed monolithic counter consists of four DC coupled, master-slave flip-flops 
which are internally interconnected to provide a divide-by-two and a divide-by-eight 
counter S54/N74LS197. These four counters are fully programmable; that is, the outputs 
may be preset to any state by placing a low on the count/load input and entering the de­
sired data at the data inputs. The outputs will change to agree with the data inputs 
Independent of the state of the clocks. 

During the count operation, transfer of information to the outputs occurs on the negatlve­
going edge of the clock pulse. These counters feature a direct clear which when taken low 
sets all outputs low regardless of the states of the clocks. 

These counters may also be used as 4-bit latches by using the count/load input as the 
strobe and entering data at the data inputs. The outputs will directly follow the data inputs 
when the count/load Is low, but will remain unchanged when the count/load is high and the 
clock Inputs are inactive. 

SWITCHING CHARACTERISTICS VCC = 5V, TA = 25°C 

FROM TO LIMITS 

PARAMETER1 (INPUT) (OUTPUT) TEST CONDITIONS MIN TYP MAX UNIT 

fCount Clock 1 QA 30 40 MHz 

Clock 2 QA 15 

tpLH 8 15 
Clock 1 QA 

ns 
tpHL 14 21 

tpLH 12 19 
Clock 2 QB 

ns 
tpHL 23 35 

tpLH CL = 15pF 
34 51 

Clock 2 QC 
ns 

tpHL 42 63 

tpLH 
RL = 2kO 

55 78 
Clock 2 QD 

ns 
tpHL 63 95 

tpLH 18 27 
A,B,C,D QA,QB, ns 

tpHL QC,QD 29 44 

tpLH 26 39 

tpHL 
Load Any ns 

30 45 

tpHL Clear Any 34 51 ns 

1 'max" maximum Input count frequency 
tpLH 0= propagation delay time, low-to-high-Ievel output, tpHL = propagation delay time, high-to-Iow-level output. 

PARAMETERMEASUREMENTINFOrRM~A~T~IO~N~ ____________________________________ ~ 

CLOCK-lor 
CLOCK - 2 INPUT 

OUTPUT 
QA. Oa. Oc. or 00 

---!:=-f.:, 

OUTPUT 1.5V 
QA. 0B, Dc. Of 00 

'--- VOL 
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CLOCK MODE 

COUNT/LOAD ~JjV 35V 
or CLEAR 

------ ov 
----- 3.6V 

CLOCK -1 INPUT l.5V fN 

I. VVOO"L 

OUTPUT QA --------'. 

CLOCK ENABLE 

DATA INPUTS 
A,B,C,andO 

COUNT/LOAD 
INPUT 

_-+-_~JI 

OUTPUTS ~LI--
QA,OB.Oc,andQO ~1....::5.5_V __ --' 

!JV 

,,,~IPHl 
VUI 

'--_____ 15V 15V __ V(lIl 

CLEAR AND LOAD 



LOGIC DIAGRAM 

CLOCK 1 

(4) 

DA 

AO 

(5) 

Q 

(10) 

DB 

SPEED/PACKAGE AVAILABILITY 
54 F,O 74 N 

TRUTH TABLE 
INPUTS 

MODE SERIAL 

CLEAR S1 So CLOCK LEFT RIGHT 

L X X X X X 

H X X L X X 

H H H t X X 

H L H t X H 

H L H t X L 

H H L t H X 

H H L t L X 

H L L X X X 

H '" high level (steady state), L = low level (steady state) 
X = irrelevant (any input, including transitions) 
t = transition from low to high level 

BO 

Q 

(9) 

(3) 

DC 

PARALLEL 

A ••• H 

X 

X 

a ... h 

X 

X 

X 

X 
X 

a ... h = the level of steady state input at inputs A thru H, respectively. 

Co 

(2) 

Q 

OA 

L 

OAO 
a 
H 

L 

OBn 

OBn 

OAO 

(n) 

DD 

Q 

DO 

OUTPUTS 

Oa ... °G 

L L 

OBO OGO 

b 9 

OAn OFn 

OAn OFn 

OCn OHn 

OCn OHn 

OBO OGO 

(12) 

OH 

L 

OHO 
h 

OGn 

OGn 
H 

L 

OHO 

QAO. 0BO. aGO. aHO = the level of QA. aS- QG. or QH. respectively, before the indicated steady-state input conditions 
were established. 

QAn' 0Sn. etc. = the level of QA' aS. etc., respectively, before the most-recent t transition of the clock. 

o -" PIN CONFIGURATION 

F,N,O PACKAGE 9 
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SWITCHING CHARACTERISTICS vcc = 5V, TA = 25°C 

TEST CONDITIONS 

FROM TO 
PARAMETER INPUT OUTPUT 

fCount Count frequency 

tw Width of pulse 

tSetup Input setup time 

Mode control 

Data 

tHold Input hold time 

Propagation delay time 

tpLH Low-to-high Clock 

tPLH High-to-Iow 

tPHL High-to-Iow Clear 

Load circuit and typical waveforms are shown at the front of section. 

BLOCK DIAGRAM 

204 

SHIFT 
RIGHT 

0, 

54n4 

CL=15pF 
RL = 4000 

MIN TVP 

25 35 

20 

30 

20 

0 

8 17 

8 20 

23 

MAX UNIT 

MHz 

ns 

ns 

26 ns 

30 

35 

0, 0, 



TYPICAL CLEAR, LOAD, RIGHT-SHIFT, LEFT-SHIFT, 
INHIBIT & CLEAR SEQUENCES 

:-.lr-h 
, I , 

"''''''I 
OATA 
INPUTS 

, , 

CJ"Tl 
, I , 

I' ~ 
________ ~~--------~!I~'======~ 
==~--------+-~----------~~, ~ 

PARAMETER MEASUREMENT INFORMATION 

TEST TABLE FOR SYNCHRONOUS INPUTS 

DATA INPUT 
So 

OUTPUT TESTED 
FOR TEST S, (SEE NOTE E) 

A 4.5V 4.5V OA at tn+1 
S 4.5V 4.5V Os at tn+ 1 
C 4.5V 4.5V Oc at tn+1 
0 4.5V 4.5V 00 at tn+1 
E 4.5V 4.5V OE at tn+1 
F 4.5V 4.5V OF at tn+1 

--I 'wldeari ! ___ 

CC,,"""' -V~-;-v _---_--_---_--_---_--_--_---_--_--_---__ --__ --:: 
I In I~ tnl~ 

""~,<v ~ £:"\""-ov CLOCK(NPUT~! ~ll_5V ~~ __ Li-l,:lh,,\tI L 
_: 1~ldOCkl:-- -~ l"'l~-f-----llmld twt~I.-;-lhO\d OV 

~ ~ .. r~:"'c~Tc--- OV 

:~:~tST~ :~ ~l·~ __ OV 
TABLE I I 

I --jIC'(~~:r----

G 4.5V 4.5V OG at tn+1 
H 4.5V 4.5V OH at tn+1 

_.,.J tPI-IL L-

ImF~--VOH 
l.5V 1.5V 

VOC 

L Serial Input 4.5V OV OA at tn+8 
R Serial Input OV 4.5V OH at In+8 VOLTAGE WAVEFORMS 

NOTES: 
A. The clock pulse has the following characteristics: tw(cloCk) 2:! 20 ns and PRR = 1 MHz. The clear pulse has the following chara(;teristics: tw(clear) ~20 ns and thold = a ns. When testing 

fmax• vary the clock PRR. 
B. CL includes probe and jig capacitance. 
C. All diodes are 1 N3064. 
D. A clear pulse is applied prior to each test. 
E. Propagation delay times (tpLH and tpHL) are measured at tn+ 1. Proper shifting of data is verified at tn+8 with a functional text. 

tn+ 1 = bit time after one clocking transition 
tn+8 = bit time after eight clocking transitions 

Load circuit shown at front of section. 

ImlOllCI 205 

o -" 9 



TYPICAL CLEAR, SHIFT, LOAD AND INHIBIT SEQUENCES 

I 

?~::is~T--'L--;:::+===========~!+!I __ +:+========== , II I I 
ClEAR~: :: SERIAL J~L-__________ ;-: :;-----i-+----------
INPUTS~~ 'I 

I I II 

I I W 
I ) Ii 

·-:~--7:------------'~L---'--i-I----------
B) I III I 

1 I II I I 

"~:~--7:------------'~L---'-'-i-:----------
D I I III I 

I I I, I 

'~:~-~:------------'~~,L _~!~:----------
F I I III I 

SPEED/PACKAGE AVAILABILITY 
AND ELECTRICAL 
CHARACTERISTICS 
Refer to Bipolar Memory Section 

BLOCK DIAGRAM 

Ao ., 
" 
" 

" 
" .. 
" 

TRUTH TABLE 

DOUT 

MODE CEo WE DIN 82618/118 82617/117 54n482OO/201 54n48301 

READ 0 1 X STORED 
DATA 

WRITE "0" 0 0 0 1 
WRITE "1" 0 0 1 0 

DISABLED 1 X X High-Z 

·"0" '" All ~ inputs low; "1" = one or more CE inputs high. 

X = Don't care. 

208 

STORED STORED STORED 
DATA DATA DATA 

1 High-Z 1 
0 High-Z 1 

1 High-Z 1 

sagnOlleS 

PIN CONFIGURATION 
B,FPACKAGE 



BLOCK DIAGRAM 

"0 

" 
" 
" 

'. " '. 
" 

TRUTH TABLE 

MODE CE· 

READ 0 

WRITE "0" 0 
WRITE "1" 0 

DISABLED 1 

WE 

1 

0 
0 

X 

DIN 82818/118 

X STORED 
DATA 

0 1 
1 0 

X Hlgh-Z 

o "0" ~ All ~ Inputs low; "1" ~ one or more CE Inputs high. 

SPEED/PACKAGE AVAILABILITY 
AND ELECTRICAL 
CHARACTERISTICS 
Refer to Bipolar Memory Section 

BLOCK DIAGRAM 

...,~r------. 

828171117 

STORED 
DATA 

1 
0 

1 

Al !!!... 
A2~ 16 x 16 BIT STORAGE MATRIX 

ADDRESS 
LINES 

A'~L-__ -l 

CHIP {CEl ~:l CHIP 
ENABLE «:£2 ~ CONTROL 

CE, ---­L...-_---' 

Vee = (16) 
GND = (8) 
( ) = Denotes Pin Numbers 

WRITE AND 
SENSE AMPLIFIER 

CEl 

C"E2 

CEl 

DOUT 

541748200/201 541748301 

STORED STORED 
DATA DATA 

Hlgh-Z 1 
Hlgh-Z 1 

High-Z 1 

PIN CONFIGURATION 
B,FPACKAGE 

CE, 

CE2 

ce; . 

SPEED/PACKAGE AVAILABILITY 
AND ELECTRICAL 
CHARACTERISTICS 
Refer to Bipolar Memory Section 

PIN CONFIGURATION 

B,FPACKAGE 

TRUTH TABLE 
FUNCTION CE· WE OUTPUT 

Write L L 
(Store 01 H 
Complement) 

Read L H Stored Data 

Inhibit H X 
H 

H - high level, l - low level, X ~ irrelevant 
(O)l _ all ~ Inputs low; H - one or more CE Inputs high. 
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DESCRIPTION PIN CONFIGURATION 
The 54/74LS221 is a monolithic dual multivibrator which features a negative-transition-
triggered input either of which can be used as an inhibit Input. Pulse triggering occurs at a B,F,W PACKAGE 
particular voltage level and is not directly related to the transition time of the input pulse. 
Schmitt-trigger input circuitry (TTL hystersis) for B input allows jitter-free triggering from 
inputs with transition rates as slow as 1 volt/second, providing the circuit with excellent 
noise immunity of typically 1.2V. A high immunity to Vcc noise of typically 1.5V is also pro­
vided by internal latching circuitry. 

Once fired, the outputs are independent of further transitions of the A and B inputs and are 
a function of the timing components, or the output pulse can be terminated by the overrid­
ing clear. Input pulses may be of any duration relative to the output pulse. Output pulse 
length may be varied from 35ns to 49s (54LS221) or 70s (74LS221) by chOOSing appropri­
ate timing components. With Rext ~ 2k{l and Cext ~ 0, an output pulse of typically 30ns is 
achieved which may be used as a d-c. triggered reset Signal. Output rise and fall times are 
TTL compatible and independent of pulse length. Typical triggering and clearing sequences 
are illustrated as a part of the switching characteristics waveforms. 

Pulse width stability is achieved through internal compensation and is virtually independent 
of Vcc and temperature. In most applications, pulse stability will only be limited by the ac­
curacy of external timing components. 

Jitter-free operation is maintained over the full temperature and Vcc ranges for more than 
six decades of timing capacitance (10pF to 10"F) and more than one decade of timing re­
sistance (2k{l to 70k{l for the 54LS221, and 2k{l to 100k{l for the 74LS221). Throughout 
these ranges, pulse width is defined by the relationship: tw(out) ~ CextRext. In 20.7 Cext­
Rext. In Circuits where pulse cutoff is not critical, timing capacitance up to 1000"F and 
timing resistance as low as 1.4k may be used. Also, the range of jitter-free output pulse 
widths is extended if Vcc is held to 5V and free-air temperature is 25°C. Duty cycles as 
high as 90% are achieved when using maximum recommended RT. High duty cycles are 
available If a certain amount pulse width jitter is allowed. The variance in output pulse width 
from device to device is typically less than ±0.5% for given external timing components. 

Pin assignments for this device are identical to those of the 54LS123/74LS123 so that the 
54174LS221 can be substituted for those products in systems not using the retrigger by 
merely changing the value of Rext and/or Cext. 

PARAMETER MEASUREMENT INFORMATION 

TRIGGER FROM B, THEN CLEAR-CONDITION 1 TRIGGERING FROM POSITIVE TRANSITION OF CLEAR 

"""~" 1----... 6(IoS~ Oil 

\Ju __ u __ :: 

""""~::: 
TRIGGER FROM B, THEN CLEAR-CONDITION 2 

'''''~:: 
"",,"" f-- -'"'".,,- ~::: 
~O"'TPUT ,'" --- ''''''''''I----C ::~ 
B.nde .... '"?"" .... ,"" 

TRIGGERED 

QOUTP~===-~~::~ 
NOTTRIOGEREO ~f''''o"tl 

CLEAR OVERRIDING B. THEN TRIGGER FROM B TRIGGER FROM A 

NOTES: 
A. Input pulses are supplied by generators having the following characteristics: PAR ~ 1 MHz, Zout <:::: 50 n; tr ::5 15 ns, If :$ E) 

ns. 
8. All measurements are made between the 1.3V points of the indicated transitions 

210 9mOOliDII 

, Rext/ 

Cext 

positive logic: 
Low input to clear reset a low and 
Q high regardless of d-c levels at A 

or B input. 

TRUTH TABLE 
(EACH MONOSTABLE) 

INPUTS OUTPUTS 

CLEAR A B Q 

L X X L 
X H X L 
X X L L 
H L t --'L.. 

H ~ H --'L.. 

Also see description and switching characteristics 

H = hIgh level (steady state) 
L = low level (steady state) 
r = transition from low to high level 
~ = transition from high to low level 

..n.. = one high level pulse 
"U'" = one low level pulse 
X '" irrelevant 

Q 

H 
H 
H 

"">---r 

--u-

SPEED/PACKAGE AVAILABILITY 
54 F.W 
54LS F.W 

74 B 
74LS B 



HYSTERESIS VS. TEMPERATURE - TYPICAL VALUES 
54174 54174LS 

PARAMETER _55°C +25°C +125°C -55°C +25°C 125°C UNIT 

VT+ Positive going threshold Rext 

A Input 1.4 2 V 

S Input 1.55 2 V 

VT_ Negative going threshold 

A Input 0.8 1.4 V 

S Input 0.8 1.35 V TO Cext TO Rext/Cext 
TERMINAL TERMINAL 

Hysteresis 
TIMING COMPONENT CONNECTIONS 

SWITCHING CHARACTERISTICS VCC ~ 5V, TA ~ 25°C 

54174 54/74LS 

CL~15pF CL~15pF 

RL~400{l RL~2k{l 

Cexl ~ 80pF Cext ~ BOpF 
TEST CONDITIONS Rext ~ 2k{l Rext~2k{l 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX MIN TYP MAX UNIT 

tw(out) A,S a,a 70 110 150 70 110 150 ns 
Cext~O Cext~O 

Rext~2k{l Rext~2k{l 

20 I 30 50 15 I 25 70 
o -Cext~100pF Cext~100pF 

Rext~ 10k{l Rext~ 10k{l 

6501700 750 6001700 750 
Cext~ 11'f Cext~1l'f 

" 9 
Rext~10k{l Rext~10k{l 
6.5 7 7.5 6.0 7 7.5 ms 

tw(ln) 50 50 ns 

tw(clear) Width of clear 20 40 ns 

input pulse 

tsetup (clear) 15 15t ns 

dv I dt Rate of rise or 
fall of input 
pulse 
Schmitt,S 1 1 VIs 
Logic Input, A 1 1 VII'S 

Rext External timing (54) (54) 
resistance 1.4 30 1.4 70 k{l 

(74) (74) 
1.4 40 1.4 100 k{l 

Cext External timing 0 1000 0 1000 I'F 
capacitance 

Output duty cycle 67 67 % 
Rext~Max RT~Max Rext 

90 90 % 

Propagation delay time 
tpLH Low-to-high A a 45 70 45 70 ns 
tpHL High-to-low A a 50 80 50 80 

tpLH Low-to-high S a 35 55 35 55 
tpHL High-to-low S a 40 65 40 65 

tpLH Low-to-high Clear a 40 65 
tpHL High-to-low Clear a 27 55 

Load circuit and typical waveforms are shown at the front of section. 
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SWITCHING CHARACTERISTICS vee ~ 5V, T A ~ 25°e 

54/74 

CL~15pF 

TEST CONDITIONS RL~400!l 

PARAMETER MIN TYP MAX UNIT 

Propagation delay time 

tpLH Low-to-high 15 22 ns 

tpHL High-to-Iow 15 22 

Load circuit and typical waveforms are shown at the front of section. 

HYSTERESIS VS_ TEMPERATURE· TYPICAL VALUES 
54/74 

PARAMETER -55°C +25°C 

VT+ Positive going threshold 1.5 1.7 

VT- Negative going threshold 0.6 0.9 

Hysteresis 0.4 0.8 

SPEED/PACKAGE AVAILABILITY 
54L8 F,W 74L5 B 
548 F,W 745 B 

DESCRIPTION 
These monolithic data selectors/multiplexers contain full on-chip 
binary decoding to select one-of-eight data sources and feature a 
strobe-controlled three-state output. The strobe must be at a low 
logic level to enable these devices. The three-state outputs permit 
up to 49 54L5251 and 129 74L5251 outputs to be connected to a 
common bus. When the strobe input is high, both outputs are in a 
high-impedance state in which both the upper and lower transistors 
of each totem-pole output are off, and the output neither drives nor 
loads the bus significantly. When the strobe is low, the outputs are 
activated and operate as standard TTL totem-pole outputs. 
To minimize the possibility that two outputs will attempt to take a 
common bus to opposite logic levels, the output control Circuitry is 
designed so that the average output disable time is shorter than the 
average output enable time. 

BLOCK DIAGRAM 

:~:rc~ 111 

'" 00 

=~ 
'" " 

~l= "' '" 

., '" r>-"'<o'"'''' 
'N""TO ~ 

11 •• 

~J~ 
-----"'<>00",", 

~ 
1"1 

00 
mJ 

"' 
ll21 

<111 ~. 

""+ 
1.01 ~. 

a,to.R. 

'" 

+125°C 

2 

1.1 
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UNIT 

V 

V 

V 

PIN CONFIGURATION 

A,F,W PACKAGE 

SPEED/PACKAGE AVAILABILITY 
54 F,W 74 A 

PIN CONFIGURATION 

B,F,W PACKAGE 

, , 
DATA 

[ , , 
INPUTS , , 

o • 

I y • 

OUTPUTS 

W • 

TRUTH TABLE 

INPUTS 

SELECT STROBE 

C B A S 

X X X H 
L L L L 
L L H L 
L H L L 
L H H L 
H L L L 
H L H L 
H H L L 
H H H L 

H = high logic level, L = low logic level 
X = irrelevant, Z = high impedance (oft) 

OUTPUTS 

Y W 

Z Z 
DO DO -
01 01 

-
02 02 
03 03 
04 04 
05 C>5 
06 06 
07 07 

DO, 01 ... 07 "'" the level of the respective 0 input 



SWITCHING CHARACTERISTICS vee ~ 5V, TA ~ 25°C - PAGE 212 

54174LS 54174S 

CL~15pF CL~15pF 

TEST CONDITIONS RL~2kf! RL ~280f! 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX MIN TYP MAX UNIT 

tplH low-la-high A,B,e y 29 45 12 18 ns 
(4 levels) 

IpHl High-la-low 28 45 13 19.5 

IplH low-la-high A,B,C W 
(3 levels) 

20 33 10 15 

IpHl High-la-low 21 33 9 13.5 

IplH low-to-high Any 0 Y 17 28 8 12 

IpHl High-la-low 18 28 8 12 

IplH low-la-high Any 0 W 10 15 4.5 7 

IpHl High-la-low 9 15 4.5 7 

Oulpul enable lime 

IZH To high level Slrobe Y 17 27 13 19.5 

IZl To low level 26 40 14 21 

IZH To high level Slrobe W 17 27 13 19.5 

IZl To low level 24 40 14 21 

OUlpul disable lime Cl ~5pf 
o -Rl~2k{l " 1HZ From high level Slrobe Y 30 45 5.5 8.5 

tZl From low level 15 25 9 14 9 
1HZ From high level Slrobe W 30 45 5.5 8.5 

ILZ From low level 15 25 9 14 
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DESCRIPTION 
Each of these Schottky-clamped data selectors/multiplexers con­
tains inverters and drivers to supply fully complementary. on-chip. 
binary decoding data selection to the AND-OR gates. Separate 
output control inputs are provided for each of the two four-line sec­
tions. 

The three-state outputs can interface with and drive data lines of 
bus-organized systems. With all but one of the common outputs 
disabled (at a high-impedance state) the low-impeda~e of the sin­
gle enabled output will drive the bus line to a high or low logic level. 

SWITCHING CHARACTERISTICS Vee = 5V. T A = 25°e 

54174LS 54174S 

PIN CONFIGURATION 

OUTPUT 
CONTROL 

lG 

B SELECT 2 

I ' DATA 

'NPUTS : 

OUTPUT 

OUTPUT 
15 CONTROL 

2G 

CL=15pF CL=15pF 

OUTPUT 

2Y 

TEST CONDITIONS RL=2kn 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX MIN 

Propagation delay time 
tpLH Low-to-high Data Y 11 25 
tpHL High-to-Iow 13 20 

tpLH Low-to-hlgh Select Y 20 45 
tpHL High-to-Iow 21 32 

Output enable time 
tZH To high level Output Y 11 23 

control 
tZL To low level 15 23 
Output disable time CL =5pf RL=2k 
tHZ From high level Output Y 27 41 

control 
tLZ From low level 12 27 

tpH Control Y 

tpL 

tpLZ Control Y 

tpHZ 

Load circuit and wave forms shown at front of section (totem pole outputs). 

BLOCK DIAGRAM 

214 

RL=280n 

TYP MAX 

6 9 
6 9 

11.5 18 
12 18 

6 13 
7 14 

6 14 

UNIT 

ns 

ns 

54174S 
B,F,W PACKAGE 

]1 
o 

~ c 
~ < ~ 

5 8.5 SPEED/PACKAGE AVAILABILITY 

TRUTH TABLE 
SELECT 
INPUTS 

B A CO 

X X X 
L L L 
L L H 
L H X 
L H X 
H L X 
H L X 
H H X 
H H X 

54LS F.W 
54S F.W 

DATA INPUTS 

C1 C2 

X X 
X X 
X X 
L X 
H X 
X L 
X H 
X X 
X X 

C3 

X 
X 
X 
X 
X 
X 
X 
L 
H 

Address inputs A and B are common to both sections. 

74LS B 
74S B 

OUTPUT 
CONTROL 

G 

H 
L 
L 
L 
L 
L 
L 
L 
L 

H = high level. L = low level. X = irrelevant. Z = high impedance (off) 

OUTPUT 

Y 

Z 
L 
H 
L 
H 
L 
H 
L 
H 



SPEED/PACKAGE AVAILABILITY 
54LS F,W 
54S F,W 

DESCRIPTION 

74LS B 
74S B 

This Schottky-clamped high-performance multiplexer features three-state outputs that can 
Interface directly with and drive data lines of bus-organized systems. With all but one of the 
common outputs disabled (at a high-Impedance state) the low Impedance of the single 
enabled output will drive the bus line to a high or low logic level. To minimize the possibility 
that two outputs will attempt to take a common bus to opposite logic levels, the output­
enable circuitry is designed such that the output disable times are shorter than the output 
enable times. 

This three-state output feature means that n-bit (paralleled) data selectors with up to 258 
sources can be implemented for data buses. It also permits the use of standard TTL regis­
ters for data retention throughout the system. 

FUNCTION TABLE 
INPUTS OUTPUTY 

OUTPUT 
CONTROL SELECT A B 

H X X X Z 
L L L X L 
L L H X H 
L H X L L 
L H X H H 

H = H = high level, l = low level, X _ irrelevant, Z = high impedance (off) 

SWITCHING CHARACTERISTICS Vcc = 5V, T A = 25°C 

54174LS 54/74S 

CL=15pF CL=15pF 
TEST CONDITIONS RL=280{l 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX MIN TYP MAX UNIT 

Propagation delay time 

tpLH Low-to-hlgh Data Any 12 16 5 7.5 ns 

tpHL High-to-Iow 12 16 4.5 6.5 

tpLH Low-to-high Select Any 14 21 6.5 

tpHL Hlgh-to-Iow 14 21 6.5 

Output enable time 

tZH To high level Output Any 
control 

20 30 13 19.5 

tZL To low level 20 30 14 21 

Output disable time CL=5pF CL=5pF 

tHZ From high level Output Any 
114 

30 
15~5 

6.5 
control 

tLZ From low level 14 25 14 

Load circuit and wave forms shown at front of section (totem pole outputs). 

PIN CONFIGURATION 

B,F,W PACKAGE 

SELECT f 

{
A, 

INPUTS 
,. 3 

15 OUTPUT CONTROL 

{
'A • 

INPUTS ,. 
OUTPUT 2Y 7 

BLOCK DIAGRAM 

o -" 9 
--

215 



SPEED/PACKAGE AVAILABILITY 
54LS F,W 
54S F,W 

DESCRIPTION 

74LS B 
74S B 

FUNCTION TABLE 
INPUTS 

OUTPUT 
CONTnOL SELECT A 

H X X 
L L L 
L L H 
L H X 
L H X 

PIN CONFIGURATION 
OUTPUTY B,F,W PACKAGE 

B SELECT 1 

X Z 
X H 

{ A,' 
INPUTS 

'S , 
15 OUTPUT CONTROL 

X L 
L H 
H L 

{,.' . 
INPUTS 

'S 

This Schottky-clamped high-performance 
multiplexer features three-state outputs that 
can Interface directly with and drive data 
lines of bus-organized systems. With all but 
one of the common outputs disabled (at a 
high-impedance state) the low impedance of 
the single enabled output will drive the bus 
line to a high or low logic level. To minimize 
the possibility that two outputs will attempt 
to take a common bus to oPPosite logic 
levels, the output-enable Circuitry is de­
signed such that the output disable times 
are shorter than the output enable times. 

H = high level, L ,. low level. X = Irrelevant. Z '"" high Imped- OUTPUT 2Y 7 

This three-state output feature means that 
n-blt (paralleled) data selectors with up to 
258 sources can be Implemented for data 
buses. It also permits the use of standard 
TIL registers for data retention throughout 
the system. 

ance (off) 

SWITCHING CHARACTERISTICS Vce = 5V, TA = 25°C 

54/74LS 

CL=15pF 
TEST CONDITIONS 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX 

Propagation delay time 

tplH low-to-high Data Any 12 18 

tpHl Hlgh-to-Iow 12 18 

tplH low-to-hlgh Select Any 14 21 

tpHl High-to-Iow 14 21 

Output enable time 

tZH To high level Output Any 20 30 
control 

tZl To low level 20 30 

Output disable time Cl=5pF 

tHZ From high level Output Any 14 30 

IlZ From low level control 14 25 

Load circuit and waveforms shown at front of section (totem pole outputs). 

216 

BLOCK DIAGRAM 

~~Lo.":::;"I'>-----~~ 

54n4S 

CL=15pF 
RL=280!l 

MIN TYP MAX UNIT 

4 6 ns 

4 6 

8 12 

7.5 12 

13 19.5 

14 21 

Cl=5pF 

5.5 8.5 

9 14 



SPEED/PACKAGE AVAILABILITY 
54L5 F.W 
545 F.W 

74L5 A 
745 A 

SWITCHING CHARACTERISTICS vee ~ 5V. T A ~ 25°e 

54n4LS 54n4S 

CL~15pF CL~15pF 

TEST CONDITIONS RL~2k{l RL~280 

PARAMETER MIN TVP MAX MIN TVP 

Propagation delay time 

tpLH Low-to-high 10 15 3.5 

tPHL Hlgh-to-Iow 10 15 3.5 

Load circuit and typical waveforms are shown at the front of section. 

BIJIDIIIB 

PIN CONFIGURATION 

A,F,W PACKAGE 

MAX UNIT 

5.5 ns 
5.5 GND 7 

o -" 9 
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SPEED/PACKAGE AVAILABILITY 
54lS F,W 74lS B 

DESCRIPTION 
These low-power Schottky circuits are designed to be used in parallel multiplication appli­
cations. They perform binary multiplication in two's-complement form, two bits at a time. 

The M inputs are for the multiplier bits and the B inputs are for the multiplicand. The a 
outputs represent the partial product as a recoded base-4 number. This recoding effec­
tively reduces the Wallace-tree hardware requirements by a factor of two. 

PIN CONFIGURATION 

B,F,W PACKAGE 

1°' 
OUTPUTS 03 

0' 
The outputs represent partial products in one's-complement form generated as a result of 
multiplication. A simple rounding scheme using two additional gates is needed for each 
partial product to generate two's complement. 

'" OO} 
OUTPUTS 

The leading (most significant) bit of the product is inverted for ease in extending the sign to 
square (left justify) the partial-product bits. 

BLOCK DIAGRAM FUNCTION TABLE 

INPUTS 

LATCH 

CONTROL MULTIPLIER 

G M2 M1 MO 

l X X X 
H l l l 
H l l H 
H l H l 
H l H H 
H H l l 
H H l H 
H H H l 
H H H H 

Q4 

040 
H 
B4 
84 
84 
B4 
B4 
B4 
H 

" 0' 

OUTPUTS 

03 02 01 00 

030 020 01 0 000 

l l l l 
B4 B3 B2 B1 
B4 B3 B2 B1 
B3 B2 B1 80 
83 82 81 ~O 
84 83 82 B1 
84 83 82 81 
l l l l 

H '" high level, L = low level, X = irrelevant 
040 , . ,0°0 = The logic level of the same output before the high-to-Iow- transition of G. 
64 ... BO = The logic level of the indicated multiplicand (b) input. 

SWITCHING CHARACTERISTICS Vee ~ 5V, TA ~ 25°e 

FROM TO LIMITS 

PARAMETER (INPUT) (OUTPUT) TEST CONDITIONS MIN TYP MAX UNIT 

tw Width of enable pulse 25 ns 

tsetup Input setup time 
Any M input a 1n ns 
Any B input a 15~ ns 

tHold Input hold time 
Any M input a o~ ns 
Any B input a o~ ns 

tplH Propagation delay time Enable G Any a 22 35 ns 
low-to-high-Ievel output e l ~ 15pF, Rl ~ 2kO 

tpHl Propagation delay time Enable G Any a 20 30 ns 
High-to-Iow-Ievel output 

tplH Propagation delay time 
low-to-high-Ievel output 

Any M input Any 0 25 40 ns 

tpHl Propagation delay time Any M input Any a 22 35 ns 
High-to-Iow-Ievel output 

tplH Propagation delay time Any B input Any a 27 42 ns 
low-to-high-Ievel output 

tpHl Propagation delay time Any B input Any a 24 37 ns 
High-to-Iow-Ievel output 

Load Clrcu(ts and typical waveforms are shown at the front of section. 
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TYPICAL APPLICATION DATA 
Multiplication of the numbers 26 (multiplicand) by 29 (multiplier) 
In decimal, binary, and 2-bit-lit-a-time-binary is shown here: 

DECIMAL BINARY 2-BIT-AT-A-TIME BINARY 

26 
M 29 

234 
52 

754 

Sign 

Bit 

011010 
011101 

011010 Products 
011010 

o ~~~~F} ~arti',J 
000000 

~11011110010) 

Si9~ pJduct 
Bit 

Sign 

Bit 
011010 
1+2)1-111+1 ) 

00000011010 }3 
111100110 Partial 

0110100 Products 
------.:: 
01011110010 tl ) 

I 
Sign Product 

Bit 

Two pOints should be noted in the 2-bit-at-a-time-binary example 
above. First, in positioning !the partial products beneath each 
other for final addition, each partial product is shifted two places 
to the left of the partial products above it instead of one place as 
Is done in regular multiplication. Second, the msb of the partial 
product (the sign bit) is extended to the sign-bit column of the 
final answer. A substantial reduction of multiplication time, cost, 
and power is obtained by implementing a parallel partial­
product-generation scheme uSing a 2-bit-at-a-time algorithm, fol­
lowed by a Wallace Tree summation. 
Partial-product-generation rules of the algorithm are: 
1. Examine two bits of multiplier M plus the next lower bit. For 

the first partial product (PP1) the next lower bit is zero. 

2. Generate partial product (PPi) as shown in the following table: 
3. Weight the partial products by indexing each two places left rela­

tive to the next-less-significant product. 
4. Extend the most-significant bit of the partial product to the sign­

bit place value of the final product. 

EXAMPLE OF ALGORITHM 

M = 29 = 011101 Operator B = 26 = 011010 

flo Symbol 

110 +lB 00000011010 

011 -1 B 111100110 
+28 0110100 

The summation of these partial products was shown in the 2-bit-at­
a-time binary multiplication example above. 
The 54174LS261 generates partial products according to this algo­
rithm with two exceptions: 
1. The one's complement is !~enerated for the cases requiring the 

two's complement. The two's complement can be obtained by 
adding one to the one's complement; this rounding can be done 
by using one NAND gate ~Ind one AND gate as shown in Figure 
B. 

2. The most-significant bit is complemented to reduce the hardware 
required to extend the sign bit. This extension can be accom­
plished by adding a hard-wired logic 1 in bit position 221+ 15 of 
each partial product and also in bit position 216 of the first partial 
product (PP1). 

MUL TIPLER BITS 
FROM STEP 1 

OPERATOR TO OBTAIN 
I 221-1 221-2 221-3 SYMBOL PARTIAL PRODUCT 

0 0 0 0 Replace multiplacand by zero 
0 0 1 +lB Copy multiplicand 
0 1 0 +lB Copy multiplicand 
0 1 1 +2B Shift multiplicand left one bit 
1 0 0 -2B Shift two's complement of 

multiplicand left one bit 
1 0 1 -lB Replace multiplicand by 

two's complement 
1 1 0 -lB Replace multiplicand by 

two's complement 
1 1 1 0 Replace multiplicand by zero 

FIGURE A-FIRST PARTIAL PRODUCT, PP1 

LATCH 
CONTROL 

__ ~ ______ 2~ __ "_' ~ 
1!I INPUTS TO WAlLA,CE TREE 

FIGURE B-OTHER PARTIAL PRODUCTS, PPi 

Bi!lDOIICG 219 
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FIGURE C - MANIPULATION OF PARTIAL PRODUCTS FOR 
ENTRY INTO WALLACE TREE 

SPEED/PACKAGE AVAILABILITY 
54LS F,W 74LS A 

DESCRIPTION 
The 54/74LS266 is comprised of four inde­
pendent 2-input exclusive-NOR gates with 
open-collector outputs. The open-collector 
outputs permit tying outputs together for 
multiple-bit comparisons. 

In general, the 4 x 2 bit 54174LS261 can be expanded for use in 4m 
x 2n bit multipliers. Partial-product generation uses m x n 
54/74LS261s, m x n + 16 54174LSOOs, and m x n + 16 
54/74LS08s. The size of the Wallace Tree and ALU requirements 
vary depending on the size of the problem. The count for the 16 x 
16 bit multiplier is: 

32 
2 
2 

56 
7 
2 

S54LS261/N74LS261 
S54LSOOIN74LSOO 
S54LS08/N74LS08 
54H 183174H 183' 
S54LS181/N74LS181 
S54LS182/N74LS182' 

• Not currently available from Signetics. 

PIN CONFIGURATION 

A,F,W PACKAGE 

SWITCHING CHARACTERISTICS vee = 5V, T A = 25°e 

FROM 
PARAMETER* (INPUT) TEST CONDITIONS 

tpLH A or B Other input low 
tpHL 
tpLH Aor B Other input high 
tpHL 

*tPLH "" propagation delay time. low-to-high-Jevel output 
tpHL = propagation delay time. high-to-Iow-Ievel output 

Load circuit and waveforms are shown at the front of the book. 

FUNCTION TABLE 

INPUTS OUTPUT 

A B Y 

L L H 
L H L 
H L L 
H H H 

H = high level. L = [ow level 

220 

CL = 15pF, 

RL = 2kQ 

LIMITS 

MIN TYP MAX UNIT 

18 30 
30 

ns 
18 positive logic: y=~=AB+AB 
18 30 
18 30 

ns 

li~nD'1:1i 



SPEED/PACKAGE AVAILABILITY 
54 F,W 74 B 

TRUTH TABLE 

S· 

H 
l 
H 
l 

H=high level 
l=low level 

INPUTS 

R 

H 
H 
l 
l 

OUTPUT 

Q 

00 
H 
l 

H1 

Qo=the level of Q before these input conditions were estab­
lished 

-For latches with double S inputs: 
H=both S inputs high 
L=one or both S inputs low 

1 This autEut is -pseudo-stable; that is. it may not persist 
when the S and A inputs return to their inactive (H) level. 

SWITCHING CHARACTERISTICS Vee ~ 5V, TA ~ 25°e 

54174 

CL~15pF 

TEST CONDITIONS RL~400 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX UNIT 

Propagation delay time 

tplH low-Io-high S 12 22 ns 
IpHl High-to-Iow 9 15 
tpHl High-Io-Iow R 15 27 

Load circuit and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY 
545 F,W 745 A 

SWITCHING CHARACTERISTICS Vee ~ 5V, T A ~ 25°e 

54174S 

CL~15pF 

TEST CONDITIONS RL~1801l 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX UNIT 

Propagalion delay lime 

IplH low-to-high Data L: Even 14 21 ns 
IpHl High-to-Iow 11.5 18 
tplH low-to-high Data L: Odd 14 21 
IpHl High-to-Iow 11.5 18 

load circuit and typical waveforms are shown at the front of se(.;tion. 

SmOOllCII 

PIN CONFIGURATION 

B,F,W PACKAGE 

o -" 9 

PIN CONFIGURATION 

A,F,W PACKAGE 

INPUTS 

OUT- {EV-EN 5 
PUTS 1: 

ODD 

TRUTH TABLE 

NUMBER OF INPUTS 
OUTPUTS A THRU I 

THAT ARE HIGH L: EVEN L:ODD 

0,2,4,6,8 H l 
1,3,5,7,9 l H 

H=high level L=low Jeve) 
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BLOCK DIAGRAM 

SPEED/PACKAGE AVAILABILITY 
54lS F,W 74lS B 

DESCRIPTION 
This improved full adder performs the addition of two 4-bit binary numbers. The sum (2:) 
outputs are provided for each bit and the resultant carry (C4) is obtained from the fourth 
bit. This adder features full internal look ahead across all four bits generating the carry 
term in ten nanoseconds typically. This provides the system designer with partial look­
ahead performance at the economy and reduced package count of a ripple-carry imple­
mentation. 

The adder logic, including the carry, is implemented in its true form meaning that the end­
around carry can be accomplished without the need for logic or level inverSion. 

SWITCHING CHARACTERISTICS V cc = 5V, T A = 25°C 

FROM TO 
PARAMETER * (INPUT) (OUTPUT) TEST CONDITIONS 

tplH CO Any 2: 
tpHL 

tpLH Ai or Bi 2:i 
tpHl 

tpLH 
tpHl 

CO C4 

tpLH Ai or Bi C4 
tpHL 

*tPLH = propagation delay time, low-to--high-Ievel output 
tpHL = propagation delay time. high-to-Iow-Ievel output 

Load circuit and waveforms are shown at the front of the book. 
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Cl = 15pF, 

RL = 2kQ 

LIMITS 

MIN TYP MAX UNIT 

16 24 
15 24 

ns 

15 24 
15 24 ns 

11 17 
11 17 

ns 

11 17 
12 17 ns 

PIN CONFIGURATION 

B,F,W PACKAGE 

BLOCK DIAGRAM 



TRUTH TABLE 
OUTPUT 

WHEN WHEN 
INPUT CO~L CO~H 

WHEN WHEN 
C2~L C2~H 

A1 81 A2 82 ~1 2:2 C2 !1 !2 C2 

A3 83 A4 84 2:3 !4 C4 2:3 !4 C4 

L L L L L L L H L L 
H L L L H L L L H L 
L H L L H L L L H L 
H H L L L H L H H L 
L L H L L H L H H L 
H L H L H H L L L H 
L H H L H H L L L H 
H H H L L L H H L H 
L L L H L H L H H L 
H L L H H H L L L H 
L H L H H H L L L H 
H H L H L L H H L H 
L L H H L L H H L H 
H L H H H L H L H H 
L H H H H L H L H H 
H H H H L H H H H H 

H ,. high level. L = low level 

NOTE: Input conditions at A 1, B 1, A. 82. and CO are used 
to determine outputs l: 1 and 2:2 and the value of the 
internal carry C2. The values at C2, A3, 83, A4, and 
84, are then used to determine outputs 2;3. ~4, and 
C4. 

SPEED/PACKAGE AVAILABILITY 
54LS F,W 74LS A 

DESCRIPTION 
This monolithic counter contains four master-slave flip-flops and additional gating to pro­
vide a divide-by-two counter and a three-stage binary counter for which the count cycle 
length is divide-by-five. 

The 54/74LS290 has a gated zero reset and has gated set-to-nine inputs for use in BCD 
nine's complement applications. 

To use the maximum count length (decade or four-bit binary) of these counters, the B input 
is connected to the QA output. The input count pulses are applied to input A and the out­
puts are as described in the function table. A symmetrical divide-by-ten count can be 
obtained by connecting the QO output to the A input and applying the input count to the B 
Input which gives a divide-by-ten square wave at output QA. 

o -" 9 
--

PIN CONFIGURATION 

A,F,W PACKAGE 

Rg(11 

GND 7 

, a A } 

, aD 
L-___ .-J 
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BCD COUNT SEQUENCE 
(Sae Note A) 

COUNT 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

COUNT 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

OUTPUT 

QD QC QB 

L L L 
L L L 
L L H 
L L H 
L H L 
L H L 
L H H 
L H H 
H L L 
H L L 

BI-QUINARY (5-2) 
(S .. Note B) 

OUTPUT 

QA QD QC 

L L L 
L L L 
L L H 
L L H 
L H L 
H L L 
H L L 
H L H 
H L H 
H H L 

QA 

L 
H 
L 
H 
L 
H 
L 
H 
L 
H 

QB 

L 
H 
L 
H 
L 
L 
H 
L 
H 
L 

RESET ICOUNT FUNCTION TABLE 

RESET INPUTS OUTPUT 

Ro(1) RO(2) Rg(1) Rg(2) QD QC QB QA 

H H L X L L L L 
H H X L L L L L 
X X H H H L L H 
X L X L COUNT 
L X L X COUNT 
L X X L COUNT 
X L L X COUNT 

NOTES: 
A. Output QA is connected to input B tor BCD count. 
B. Output 0D is connected to input A for bi-quinary count. 
C. Output QA is connected to input 8. 
O. H = high level, L = low fevel, X = irrelevant 

BLOCK DIAGRAM 

INPUT A ~---f---<t> 

The J and K inputs shown without connection are for refer­
ence only and are functionally at a high level. 

SWITCHING CHARACTERISTICS VCC = 5V. T A = 25°C 

PARAMETER* 

fCount 

tw Input pulse widlh 

t5etup Input setup lime 

Propagation delay time 

tpLH , Low-to-hlgh level 

tpHL High-Io-Iow level 

tpLH Low-to-high level 

IpHL High-to-Iow level 

tpLH Low-to-high level 

tpHL High-to-law level 

tpLH Low-la-high level 

tpHL Higl1-to-low level 

tpLH Law-to-high level 

tpHL High-ta-Iow level 

tpHL High-to-Iow level 

tpLH Low-to-high level 

tpHL High-la-low level 

tpLH = low-to-high-level output 
tpHL = high-to-Iow-Ievel output 
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FROM 
(INPUT) 

A 
B 

A 
B 

Reset 

A 

A 

B 

B 

B 
5et-Io-O 

5et-to-9 

TO LIMITS 

(OUTPUT) TEST CONDITIONS MIN TYP MAX UNIT 

QA 32 42 MHz 
QB 16 

Q 15 ns 
Q 30 ns 
Q 15 ns 

25~ ns 

QA 
10 16 

CL = 15pF. 12 18 
ns 

QD RL = 2kU 32 48 
34 50 

ns 

QB 
10 16 
14 21 

ns 

QC 
21 32 
23 35 

ns 

I1D 
21 32 
23 35 

ns 
Any 

26 40 ns 

QA. QD 20 30 
QB. QC 26 40 

ns 

amnOllca 



PARAMETER MEASUREMENT INFORMATION 
-- - - - --- -----3V 

RESET TO 
9 INPUTS 

(See Note Al ~----------~?~2--------------~~~~----------w 

RESET TO 
o INPUTS 

(See Note AI--t----.1 

CLOCK A 

1setup,----.! 

- ----- - - - - - -3V 

'----+~~~--------------~2~~------------w 

Vref 
INPUT __ +-___ ~~--.1 '-----oV 

,...,~fI---I-_- - -VOH 

OUTPUTOA 
AND ----i-'" 

CLOCK S INPUT 

OUTPUT Os --I~, 
(See Note SI 

OUTPUT Oc--+-­
(See Note S) 

Vref 

tPLH Measure at t n+61---'_-.lj ,.----r,~--!::==::~ 

OUTPUTOD 

VOLTAGE WAVEFORMS 
NOTES: 
A. Input pulses are supplied by a generator having tha following characteristiCS: tr :s t 5ns. tr :s 5ns, PRR ~ 1 MHz, duty cycle ~ 50 %, Zoot ~ 50 ohms. 

~: ~~ ~~~::~r~:~~':J~~;=nence. 
D. each reset Input Is tested separately with the other reset at 4.5V. 
E. Reference waveforms are shown with dashed lines. 
F. Vref ~ 1.3V. 

SPEED/PACKAGE AVAILABILITY 
54LS F,W 74LS A 

DESCRIPTION 
This monolithic counter contains four master-slave flip-flops and a gated zero reset to pro­
vide a divide-by-two counter and a three-stage binary counter for which the count cycle 
length Is divide-by-elght. 
To use the maximum count length (decade or four-bit binary) of this counter, the B input Is 
connected to the QA output. The Input count pulses are applied to input A and the outputs 
are as described In the function table. 

IrgOBllI1 

PIN CONFIGURATION 

A,F,W PACKAGE 

-Go. 
OUTPUTS 

0 0 • 

• OA} 
• 0 0 

o -" 9 
--------

OUTPUTS 
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SWITCHING CHARACTERISTICS vcc = 5V, T A = 25°C 

FROM TO 
PARAMETER* (INPUT) (OUTPUT) 

fCount A °A 
B °B 

tw Input pulse width A ° 
B ° 

Reset ° 
tSetup Input setup time 

tpLH 
tpHL 

A °A 

tpLH A °D tpHL 

tpLH 
tpHL 

B °B 

tpLH B °c tpHL 

tpLH 

tpHL 

B °D 

tpHL Set-to-O Any 

*fmax = maximum count frequency 
tpLH = propagation delay time, low-to-high-Ievel output 
tpHL = propagation delay time, high-to-Iow-Ievel output 

TEST 
CONDITIONS 

CL = 15pF, 

RL = 400n 

PARAMETER MEASUREMENT INFORMATION 

RESET TO 9 
INPUTS 

(SeeNotesAl 

RESET TO 0 
INPUTS 

LIMITS 

MIN TYP MAX 

32 42 
16 

15 
30 
15 

25) 

10 16 
12 18 

46 70 
46 70 

10 16 
14 21 

21 32 
23 35 

34 51 
34 51 

26 40 

(See Notes A) _+-_-11 >------- -----ov 

NOTES: 

CLOCK A 
INPUTS 

OUTPUT OA 
AND 

CLOCK B 
INPUT 

OUTPUT 0B 
(See Notes B! 

OUTPUT Oc 
(See Note. a) 

OUTPUT 00 

ov 

VOLTAGE WAVEFORMS 

VOLTAGE WAVEFORMS 

UNIT 

MHz 

ns 
ns 
ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

A Input pulses are supplied by a generator having the following characteristics: tr ~ 15 ns, tf;$ 5 ns, PRR = 1 MHz, duty cy-
cle = 50 %, Zout "'" 50 ohms. 

B. CL includes probe and jig capacitance. 
C. All diodes are lN916 or lN3064. 
O. Each reset input is tested separately with the other reset at 4.5 V. 
E. Reference waveforms are shown with dashed lines. 
F. Vref = 1.3 V. 
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COUNT SEQUENCE 
(See Note C) 

OUTPUT 

COUNT QD QC QS 

0 L L L 
1 L L L 
2 L L H 
3 L L H 
4 L H L 
5 L H L 
6 L H H 
7 L H H 
8 H L L 
9 H L L 
10 H L H 
11 H L H 
12 H H L 
13 H H L 
14 H H H 
15 H H H 

QA 

L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 

RESET/COUNT FUNCTION TASLE 

RESET INPUTS OUTPUT 

RO(1) Ro(2) QD QC QS QA 

H H L L L L 
L X COUNT 
X L COUNT 

NOTES: 

A. Output Q A is connected to input B for BCD count. 
B. Output QO is connected to input A for bi-quinary count. 
C. Output QA is connected to input B. 
O. H = high level. L = low level. X = irrelevant 

BLOCK DIAGRAM 

INPUT A ~"",OI'--___ -<li> 

INPUT B '"-":.:;"'---__ --4-<>1> 

AO(1) -,'-,,",-' _r-..... 
RO(2) -,'",",,-' -L-J 

The J and K inputs shown without connection are for reter­
ence only and are functionally at a high leveL 



DESCRIPTION 
These 4-bit registers feature parallel inputs, parallel outputs, and clock, serial, mode, and 
output control inputs. The registers have three modes of operation: 

Parallel (broadside) load 
Shift right (the direction QA toward QO) 
Shift left (the direction QO toward QA) 

Parallel loading is accomplished by applying the four bits of data and taking the mode con­
trol input high. The data is loaded into the associated flip-flops and appears at the outputs 
after the high-to-Iow transition of the clock input. During parallel loading, the entry of serial 
data is inhibited. 

Shift right is accomplished when the mode control is low; shift left is accomplished when 
the mode control is high by connecting the output of each flip-flop to the parallel input of 
the previous flip-flop (QO to input C, etc.) and serial data is entered at input O. 

When the output control is high, the normal logiC levels of the four outputs are available for 
driving the loads or bus lines. The outputs are disabled independently from the level of the 
clock by a low logiC level at the output control input. The outputs then present a high 
impedance and neither load nor drive the bus line; however, sequential operation of the 
registers is not affected. 

BLOCK DIAGRAM 

FUNCTION TABLE 

INPUTS 

MODE PARALLEL 

CONTROL CLOCK SERIAL A B C D 

H H X X X X X 

H j X a b c d 

H j X Qst Qct Qot d 

L H X X X X X 

L j H X X X X 

L j L X X X X 

PIN CONFIGURATION 

A,F,W PACKAGE 
SERIAL 

INPUT 1 

fA 2 

'"'"'t 
MODE 

CONTROL 6 

8 OUTPUT 
CONTROL 

SPEED/PACKAGE AVAILABILITY 
54LS F,W 74LS A 

OUTPUTS 

QA QB QC QD 

QAO QSO QCO QDO 

a b c d 

QSn QCn QOn d 

QAO QSO QCO QOO 

H QAn QSn QCn 

L QAn QSn QCn 

When the output control is low, the outputs are disabled to the high impedance state, however, sequential operation of the registers is not affected. 

tShifting left reqUires external connection of ()B to A, QC to B, and aD to C. Serial data is entered at input D. 
H = high level (steady state), L = low level (steady state), X = irrelevant (any input, including transitions) 
~ = transition from high to low level. 
a, b, C, d = the level of steady state input at inputs A, B, C, or D, respectively. 
QAO. 0BO. QCO· 000 = the level of QA' aC, or aD' respectively, before the indicated steady state input conditions were established. 
0An' 0Bn' 0Cn' QOn = the level of QA' 0B' DC, or 00' respectively, before the most recent ~ transition of the clock. 

Il!InOllCB 227 
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SWITCHING CHARACTERISTICS vee = 5V, T A = 25°e 

PARAMETER 

fClock Clock frequency 

tw(Clock) Width of clock pulse 

tSetup Input setup time, high or low level 

tHold Input hold time, high or low level 

tpLH Propagation delay time, low-to-high-Ievel output 

tpHL Propagation delay time, high-to-Iow-Ievel output 

tZH Output enable time to high level 

tZL Output enable time to low level 

tHZ Output disable time from high level 

tLZ Output disable time from low level 

load circuit and waveforms are shown at the front of the book. 

SPEED/PACKAGE AVAILABILITY 
54 F,W 74 B 

SWITCHING CHARACTERISTICS Vce = 5V, T A = 25°e 

54174 

CL=15pF 
TEST CONDITIONS RL=400 

PARAMETER MIN TYP MAX UNIT 

tw Width of input pulse 20 ns 

tSetup Input setup time 
Data 15 ns 
Word select 25 

tHold Input hold time 
Data 5 ns 
Word select 0 

Propagation delay time 

tpLH Low-to-high 18 27 ns 

tpHL High-to-Iow 21 32 

Load circuit and typical waveforms are shown at the front of section. 
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LIMITS 

TEST CONDITIONS MIN TYP MAX 

20 28 

25 

20~ 

20~ 

CL = 15pF, 40 32 

RL = 2k!l 47 36 

15 25 

21 30 

39 60 

32 50 

PIN CONFIGURATION 

TRUTH TABLE 

INPUTS 

WORD 
SELECT CLOCK 

L ~ 
H ~ 
X H 

H • high level (steady state) 
L "'" low levet (steady state) 

QA 

A1 
A2 

QAO 

X = irrelevant (any input, including transitions) 
~ = transition from high to low level 

B,F,W PACKAGE 

OUTPUTS 

QB QC 

B1 C1 
B2 e2 

QBO Qeo 

A 1, A2. etc. = the level of steady-state input at A 1. A2, etc. 

UNIT 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

QD 

01 
02 

QDO 

QAO. aBO- etc. = the level of 0A' OS- etc. entered on the last ~ transition of the clock input. 



BLOCK DIAGRAM 

A' 0-:.::13) __ -, 

12) 
A2 

14) 
B' 

I') 
B2 

I.) c, 

15) 
C2 

171 0, 

16) 
02 

1,') 

CLOCK 

SPEED/PACKAGE AVAILABILITY 
AND ELECTRICAL 
CHARACTERISTICS 
Refer to Bipolar Memory Section 

TRUTH TABLE 

DOUT 
MODE CE· WE DIN 541745301 

READ 0 1 X STORED 
DATA 

WRITE "0" 0 0 0 1 
WRITE "1" 0 0 1 1 

DISABLED 1 X X 1 

·"0" "" all CE inputs low; "1" ... one or more ~ inputs high. 
X ... don't care. 

nB 

o -" 9 
BLOCK DIAGRAM PIN CONFIGURATION 

B,FPACKAGE 
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SPEED/PACKAGE AVAILABILITY 
54LS F.W 74LS A 

FUNCTION TABLE PIN CONFIGURATION 
(EACH GATE) 

SWITCHING CHARACTERISTICS Vcc = 5V. TA = 25°C 

FROM 
PARAMETER* (INPUT) TEST CONDITIONS 

tpLH 
tpHL 

A or B Other input low CL = 15pF. 

tpLH RL = 2kll 

tpHL 
Aor B Other input high 

*tpLH = propagation delay ti 

SPEED/PACKAGE AVAILABILITY 
54LS F.W 74LS B 

DESCRIPTION 

INPUTS 

A B 

L L 
L H 
H L 
H H 

H = high level 
L s low level 

OUTPUT 

L 
H 
H 
L 

LIMITS 

MIN TVP MAX UNIT 

10 23 
10 17 ns 

10 30 
10 22 ns 

The S54LS670 and N74LS670 MSI 16-blt TIL register files incorporate the equivalent of 98 
gates. The register file is organized as 4 words of 4 bits each and separate on-chip decod­
ing is provided for addressing the four word locations to either write-in or retrieve data. 
This permits simultaneous writing into one location and reading from another word loca­
tion. 
Four data Inputs are available which are used to supply the 4-bit word to be stored. Loca­
tion of the word Is determined by the write-address Inputs A and B In conjunction with a 
write-enable signal. Data applied at the inputs should be in its true form. That is. if a high­
level signal is desired from the output. a high-level is applied at the data input for that par­
ticular bit location. The latch inputs are arranged so that new data will be accepted only if 
both Internal address gate inputs are high. When this condition exists. data at the 0 input is 
transferred to the latch output. When the write-enable input. GW. is high. the data inputs 
are inhibited and their levels can cause no change in the Information stored in the internal 
latches. When the read-enable Input. GR. is high. the data outputs are inhibited and go into 
the high-Impedance state. 
The Individual address lines permit direct acquisition of data stored In any four of the 
latches. Four Individual decoding gates are used to complete the address for reading a 
word. When the read address Is made in conjunction with the read-enable signal. the word 
appeaars at the four outputs. 
This arrangement-data-entry addressing separate from data-read addressing and Individ­
ual sense line-eliminates recovery times. permits simultaneous reading and writing. and is 
limited In speed only by the write time (27 nanoseconds typical). The register file has a 
nondestructive readout in that data Is not lost when addressed. 
All inputs except read enable and write enable are buffered to lower the drive requirements 
to one SerIes 54LS174LS standard load. and input-clamplng diodes minimize switching 
transients to simplify system deSign. High-speed. double-ended AND-OR-INVERT gates are 
employed for the read-address function and have high-sink-current. three-state outputs. Up 
to 128 of these outputs may be wire-AND connected for Increasing the capacity up to 512 
words. Any number of these registers may be paralleled to provide n-blt word length. 
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A,F,W PACKAQ~ 

POSITIVE LOGIC: Y = A $ B = AB + AS 

PIN CONFIGURATION 

B,F,W PACKAGE 

ID' • 
DATA 03 2 

D4 

REAO_{R, . 
SELECT RA , 

{
04 • 

OUTPUTS 

0' , 

WAITE " WA} 
SELECT 

13 WB 

" WRmJ 
ENABLE 

l' READ 

'" o.} 
OUTPUTS 

• 0' 



WRITE FUNCTION TABLE 
(See Notes A, 8 and C) 

FUNCTIONAL BLOCK DIAGRAM 

WRITE 
INPUTS WORD 

WB WAGW 0 1 2 

L L L O=D 0 0 0 0 

L H L 0 0 O=D 0 0 

H L L 0 0 0 0 O=D 

H H L 0 0 00 00 

X X H 0 0 00 00 

READ FUNCTION TABLE 
(See Notes A and D) 

READ 
INPUTS OUTPUTS 

RB RA GR 01 02 03 

L L L W081 W082 W083 

L H L W181 W182 W183 

H L L W281 W282 W283 

H H L W381 W382 W383 

X X H Z Z Z 

NOTES: 

3 

0 0 

0 0 

0 0 

O=D 

0 0 

04 

W084 

W184 

W284 

W384 

Z 

A. H = high level. L = low level. X = irrelevant, Z = high 
impedance (off). 

B. (0 = D) = The four selected internal flip-flop outputs will 
assume the inverse of the states applied to the four exter­
nal data inputs. 

C. 0 0 = the level of Q before the indicated input conditions 
were established. 

D. WOS 1 = The first bit of word 0, etc. 

PARAMETER MEASUREMENT INFORMATION 
r----..." ----------- 311 \".311 

r=-'h-O"-'W-,-----------OV 

DATA INPUT 
01,02,03,0,04 
(See Note A~ 

WRITE· ENABLE 
INPUT GW 

READ-SELECT 

3V 

1.3V 

th';;iDi- ------ OV 

~r~~~-------- 3V 

~:eU~o~e\~r RS _______ -.J 

OUTPUT 
Q1. 02. 03, or Q4 

VOLTAGE WAVEFORMS (S1 AND S2 ARE CLOSED) 
NOTES: 
A. High-level input pulses at the select and data inputs are Ulustrated; however, times asso­

ciated with low-level pulses are measured from the same reference points. 
8. When measuring delay times from a read-select input, the read-enable input is low. 
C. Input waveforms are supplied by generators having the following characteristics: PRR .::S 2 

MHz, Zout '"'" 50 n, duty cycle :$ 50%, tr :s: 15 ns, tr :5 6 ns. 

01,02.03, or 04 

WRITE-ENABLE 
INPUT GW 

OUTPUT 
Q1, 02, 03, or Q4 

,------,----------- ---- 3V 

~-----_____ OV 

~-------OV 

1.3V 

'----- VOL 

VOLTAGE WAVEFORM 1 (S1 AND S2 ARE CLOSED) 

DATA INPUT 
m. 02. 03, or 04 

WRITE· ENABLE 
INPUT GW 

OUTPUT 
Q1, 02, 03, or 04 

'------.1-------------- OV 

VOLTAGE WAVEFORM 2 (S1 AND S2 ARE CLOSED) 
NOTES: 
A Each select address is tested. Prior to the start of each of the above tests both write and 

read address inputs are stabilized with W A = RA and We = RS' During the test GR is Jow. 
8. Input waveforms are supplied by generators having the following characteristics: PRR .:$ 1 

MHz, Zout ~ 50 n, duty cycle ::5 50 %, tr ::5 15 ns, tr :s 6 ns. 
Load circuit is shown at front of book (for three state outputs). 
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SWITCHING CHARACTERISTICS vee ~ 5V. T A ~ 25°e 

FROM TO LIMITS 

PARAMETER (INPUT) (OUTPUT) TEST CONDITIONS MIN TYP MAX UNIT 

tw Width of write-enable or 
read-enable pulse 25 ns 

tSetup Input setup time 
(See fig. 2) Data input Write-enable 10 

Write-select Write-enable 15 ns 

tHold Input hold time 
(See note 2 & fig. 2) Data input Write-enable 15 

Write-select Write-enable 5 
ns 

tLatch Latch time for new data 
(Note 3) 25 ns 

Propagation delay time 

tpLH Low-to-high 
Read select Any 0 

23 40 
ns 

tpHL High-to-Iow 25 45 

tpLH Low-la-high 
Write enable Any 0 

e L ~ 15pF. RL ~ 2kD 26 45 

tpHL High-to-Iow 28 50 
ns 

tpLH Low-la-high 
Data Any 0 25 45 

tpHL High-to-Iow 23 40 
ns 

tZH Output enable time 
to high level 15 35 

ns 
tZL Output enable time 

Any 0 
to low level 22 40 

tHZ Output disable time Read enable 
from high level 30 50 

tLZ Output disable time 
ns 

from low level 16 35 

NOTES: 
1. Voltage values are with respect to network ground terminal. 
2. Write-select setup time will protect the data written into the previous address. If protection of data in the previous address is not required, tsetup(w) can be ignored as any address selection 

sustained for the final 30 os of the write-enable pulse and during tHOld(w) will result in data being written into that location. Depending on the dUration of the input conditions, one or a num­
ber of previous addresses may have been written into. 

3. Latch time is the time allowed for the internal output of the latch to assume the state of new data. See Figure 2. This Is important only when attempting to read from a location immediately 
a~\ef \\"'oat location has received new data. 

SPEED/PACKAGE AVAILABILITY 
S9300 F.W N9300 B 

TRUTH TABLE 

J K Qat t 

L L L 
L H o at t (no change) 
H L Q at t (toggles) 
H H H 

PE = High. MR = High. (n + 1) indicates state after next 
clock. 
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PIN CONFIGURATION 
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SWITCHING CHARACTERISTICS vcc = 5V, TA = 25°C 

9300 

TEST CONDITIONS CL=15pf 

PARAMETER MIN TYP 

tPD+ Turn off delay 20 

tpD- Turn on delay 25 

fSR Shift right register 15 25 

CPpw Clock pulse width 35 15 

ts Setup time 35 17 

tr Release time 16 

ts(PE) Setup time for PE 45 26 

trIPE) Release time for 25 

PE 

tPD_(MR)Reset time for 35 

Mli 
tree (MR)ReCovery time 20 

for MR 

MRpw Min reset pulse width 15 

NOTE: 
For electrical specifications, refer to 54/74195 data sheet. 
Load circuit and typical waveforms shown in 54174195 section. 

SPEED/PACKAGE AVAILABILITY 
S9301 F,W 

TRUTH TABLE 

Ao A1 AZ AJ 
L L L L 
H L L L 
L H L L 
H H L L 
L L H L 
H L H L 
L H H L 
H H H L 
L L L H 
H L L H 
L H L H 
H H L H 
L L H H 
H \. H H 
L H H H 
H H H H 

NOTES: 

N9301 B 

0 1 2 3 
L H H H 
H L H H 
H H L H 
H H H L 
H H H H 
H H H H 
H H H H 
H H H H 
H H H H 
H H H H 
H H H H 
H H H H 
H H H H 
H H H H 
H H H H 
H H H H 

For electrical characteristics, refer to 8252 data sheet. 
H = High voltage level 
l =- low voltage level 

4 

H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

5 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

ii 
H 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 

MAX UNIT 

35 ns 

45 ns 

MHz 

ns 

ns 

0 ns 
ns 

10 ns 

ns 

ns 

ns 

'7 i 9 

H H H 
H H H 
H H H 
H H H 
H H H 
H H H 
H H H 
L H H 
H L H 
H H L 
H H H 
H H H 
H H H 
H H H 
H H H 
H H H 

o -" PIN CONFIGURATION 9 
B,F,W PACKAGE ----

LOGIC DIAGRAM 

o -PIN NUMBER 
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SPEED/PACKAGE AVAILABILITY 
89309 F,W 

TRUTH TABLE 

N9309 B,F 

SELECT INPUTS 

So Sl 

L L 
L L 
H L 
H L 
L H 
L H 
H H 
H H 

So Sl 

L 
L 
H 
H 
L 
L 
H 
H 

L '= low vOltage level 
H = high voltage level 

L 
L 
L 
L 
H 
H 
H 
H 

X '" either high or low logic level 

INPUTS 

AO A1 A2 

L X X 
H X X 
X L X 
X H X 
X X L 
X X H 
X X X 
X X X 

BO B1 B2 

L X X 
H X X 
X L X 
X H X 
X X L 
X X H 
X X X 
X X X 

OUTPUTS 

A3 FA FA 

X L H 
X H L 
X L H 
X H L 
X L H 
X H L 
L L H 
H H L 

B3 FB FB 

X L H 
X H L 
X L H 
X H L 
X L H 
X H L 
L L H 
H H L 

PIN CONFIGURATION 

B,F,W PACKAGE 

MULTIPLEXER OUTPUT f'8 

MULTIPLEXER OUTPUT FB i 

COMMON SELECT INPUTS 51 

{

SO' 

B, 
MULTIPLEXER INPUTS 

8, 
83 

FA MULTIPLEXER OUTPUT 

COMPLEMENTARY 

FA MULTIPLEXER OUTPUT 

So COMMON SELECT INPUT 

AO} , A, 
MULTIPLEXER INPUTS 

'l A2 

A3 

SWITCHING CHARACTERISTICS Vee ~ 5V, T A ~ 25°e 

TEST CONDITIONS 

FROM TO 
PARAMETER INPUT OUTPUT 

tpo+ Turn off delay 80 Za 

tpo_ Turn on delay 

Load circuit and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY 
89312 F,W N9312 B,F 
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9309 
CL~15pF 

MIN TYP MAX UNIT 

24 32 ns 

or 

24 36 

24 32 ns 

or 

24 36 

PIN CONFIGURATION 

MULTIPLEXER 

INPUTS 

91!100fiC9 

10 ' 

GND 

B,F,W PACKAGE 

lS Z MULTIPLEXER OUTPUT 

_ COMPLEMENTARY 
" Z MULTIPLEXER OUTPUT 

" S2} 
l! s, SELECT INPUTS 

11 So 

10 E ENABLE (ACTIVE LOW) INPUT 

9 17 MULTIPLEXER INPUT 



TRUTH TABLE 
E S2 &.; So 

H X X 
l l l 
l l l 
l l l 
l l l 
l l H 
l l H 
l l H 
l l H 
l H l 
l H l 
l H l 
l H l 
l H H 
l H H 
l H H 
l H H 

H = high voltage level 
L = low vOltage level 

X 
l 
l 
H 
H 
l 
l 
H 
H 
l 
l 
H 
H 
l 
l 
H 
H 

10 

X 
l 
H 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X = level does not affect output. 

11 12 13 i4 
X X X X 
X X X X 
X X X X 
l X X X 
H X X X 
X l X X 
X H X X 
X X l X 
X X H X 
X X X l 
X X X H 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 

SPEED/PACKAGE AVAILABILITY 
59324 F.W N9324 B.F 

LOGIC DIAGRAM 

LOGIC DIAGRAM 

15 16 17 Z Z 

X X X H l ® 
" X X X H l 

X X X l H 
X X X H l 
X X X l H 
X X X H l 
X X X l H 
X X X H l 
X X X l H 
X X X H l 
X X X l H 
l X X H l 
H X X l H 
X l X H l 
X H X l H 
X X l H l 
X X H l H 

0,. 
@ 

SWITCHING CHARACTERISTICS Vee = 5V. TA = 25°e 

9324 
CL=1SpF 

TEST CONDITIONS RL=400U 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX UNIT 

Propagation delay time 

tplH low-to-high A2 A>B 23 28 ns 

tpHl High-to-Iow 19 23 

tpLH Low-to-high A2 A=B 40 45 

tpHl High-to-Iow 35 42 

tplH low-to-high A2 A<B 29 37 

tpHl High-to-Iow 24 29 

tplH low-to-high E A=B 12 17 

tPHl High-to-Iow 10 16 

Load circuit and typical waveforms are shown at the front of section, 

ImnollCB 

00000000 

, , 

o -" PIN CONFIGURATION 
B,F,W PACKAGE 9 
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TRUTH TABLE 

E Ay By 

H X X 
L Word A=Word B 
L Word A> Word B 
L Word B>Word A 

H = high voltage level 
L = low voltage level 
X = either high or low voltage level 

A<B 

L 
L 
L 
H 

SPEED/PACKAGE AVAILABILITY 
59334 F,W N9334 B 

TRUTH TABLE 

A>B A=B 

L L 
L H 
H L 
L L 

PRESENT OUTPUT STATES 

C E D Ao A1 

L H X X X 
L L L L L 
L L H L L 
L L L H L 
L L H H L 
L L H H H 

H H X X X 

H L L L L 
H L H L L 
H L L H L 
H L H H L 
H L L H H 
H L H H H 

x = don't care condition 
L = low voltage level 
H = high voltage level 

A2 

X 
L 
L 
L 
L 
H 

X 

L 
L 
L 
L 
H 
H 

0N~ 1 = previous output state 

QO Q1 Q2 Q3 Q4 QS Q8 Q7 

L L L L L L L L 
L L L L L L L L 
H L L L L L L L 
L L L L L L L L 
L H L L L L L L 
L L L L L L L H 

°N-1 ~ 
L 0N-1 0N-1 ON-1 ~ 
H ON-1 0N-1 7 

ON-1 L °N-1 ~ 
ON-1 H ON-1 7 
ON-1 ) QN-1 L 

ON-1 ~ON-1 H 

SWITCHING CHARACTERISTICS VCC = 5V, T A = 25°C 

9334 

CL=1SpF 
TEST CONDITIONS RL =880n 

FROM TO 
PARAMETER INPUT OUTPUT MIN TVP 

Propagation delay time 

tpLH Low-to-high Delay Output 19 
enable 

tpHL High-to-Iow 16 

tpLH Low-to-high Delay Output 28 
Data 

tpHL High-to-Iow 16 

tpLH Low-to-high Delay Output 
Address 

tpHL Hlgh-to-Iow 

tPHL High-to-Iow Delay Output 21 
Clear 

Load circuit and typical waveforms are shown at the front of section. 

MODE 

CLEAR 
DEMULTIPLEX 

MEMORY 

ADDRESSABLE 
LATCH 

MAX UNIT 

23 ns 

24 

35 

24 

35 

35 

25 

236 ImOD1IDI 

PIN CONFIGURATION 
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LOGIC DIAGRAM 
E D AD c 

00 a' 04 

SPEED/PACKAGE AVAILABILITY 
N9601 A,F 

B!nOIIOB 

05 

PIN CONFIGURATION 

P,n,fo, External T,m<og 

NC _ No Internal ConnectIon 

Load circuit and waveform shown at front of section. 

o -" 9 
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SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
S9602 F,W N9602 B,F 

B,FPACKAGE 

BLOCK DIAGRAM 

r--II-_---'lNo,-OVcc 

Q 

9602 

Q 

Cx AX 

VCC WPACKAGE 

Q 
,. 

12 

11 9602 

Co 
Q 

13 
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SWITCHING CHARACTERISTICS vcc = 5V ± 10%, T A = _55° C to 125° C 

9802 

RX=5.0n 
CX=on 

TEST CONDITIONS CL=15pF 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX UNIT 

Propagation delay time 

tpLH Low-to-hlgli True 25 35 
ns 

tpHL High-to-Iow Complement 29 43 

t(min) True 72 90 
ns 

Complement 78 100 

RX=10k 

CX=1000pF 

t 3.08 13.42 3.76 ,.s 

VCC = 5V ± 5%, TA = O°C to 75°C 

Propagation delay time 
tpLH Low-to-high True 25 40 

tpHL High-to-Iow Complement 29 48 
ns 

t(min) True 72 100 ns 
Complement 78 110 

RX=10k 
o -CX=1000pF 

t 3.08 I 3.42 3.76 ,.s " 9 Load circuit and typical waveforms are shown at the front of section. 
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ORDERING INFORMATION 
Unless otherwise specified all devices are available in the "S" and 
"N" temperature ranges: 

"S" 
UN" = 

-55°C to +125°C 
O°Cto + 75°C 

ABSOLUTE MAXIMUM RATINGS 
Over Operating Free-Air Temperature Range (unless otherwise 
noted) 

The absolute maximum ratings constitute limiting values above 
which serviceability of the device may be Impaired. Provisions 
should be made in system design and testing to limit voltages In 
accordance with Table 1. 

NOTES: 

Input Voltage 
Output Voltage 
VCC (Note 2) 

Table 1 

Storage Temperature Range 
.t\.,B,N packages 
F,l,a,W packages 

+5.5V 
+7.0V 
+7.0V 

-65°C to +175°C 
-65°C to +200°C 

1. All devices must be derated at elevated temperatures based on nl8ximum allowable 
junction temperature. 
(See maximum storage temperature above and the thermal resistance of the package. 
given in section 8). 

2. Operating Vee for the 8200 Series is specified at +5V ::I:: 5%. None of the Signetics 
MSI elements will be damaged by supply voltages of 7 volts or less; however, in some 
of the more complex functions, power dissipation at such voitages could become ex­
cessive. It is recommended therefore. that such over-voltages be limited to a maximum 
of 1 second duration. 

PART IDENTIFICATION 
YSXXXZ 

240 

Y = Operating Temperature Range 
"s" = -55°C to +125°C (Military) 

"N" = O°C to + 75°C (Commercial) 

NOTE: 
82XX =standard MSI 
82SXX=Schottky MSI 
8TXX = interface circuit 

z 
V 
A 
B 
N 
F 
W 
I 
a 

= Package Type Designator 
= S-pin Dual-in-line Plastic Package 
= 14-pin Dual-in-line Plastic Package 
= 16-pin Dual-in-line Plastic Package 
= 24-pin Dual-in-line Plastic Package 
= 14, 16, 24-pln Dual-in-line Ceramic Package (Cerdip) 
= 14, 16-pin Ceramic Flat Package (Cerpac) 
= 14, 16, 24-pin Ceramic Dual-in-line Package 
= 14, 16, 24-pin Ceramic Flat Package 



SYSTEMS DESIGN CONSIDERATIONS 
DC Fan-Out and Noi .. Margin 
Because of the growing complexity of new MSI and memory prod­
ucts, loading and noise margin tables are not included in this 
section. The numbers are easily generated for individual cases as 
shown below. The lower of the two numbers Is the DC fan-out. 

DC FAN OUT ("0" Output Condition) 
"0" maximum output current of driving element 

"0" maximum Input current requirement 
of driven element 

DC FAN OUT ("1" Output Condition) 
"1" maximum output current of driving element 

"1" maximum Input current requirement 
of driven element 

DC Noise Margin ("0" state)'ls obtained by subrtracting the maxi­
mum "0" level output voltage for the driving gate from the 
minimum "0" threshold for the driven gate. 

DC Noise Margin ("1" state) Is obtained by subtracting the maxi­
mum "1" level Input threshold of the driven gate from the minimum 
"1" output voltage level of the driving gate. 

OUTPUT STRUCTURES 
Certain guidelines should be observed to ensure optimum system 
performance. Systems Incorporating TTL elements such as gates, 
binaries and MSI circuits have inherent Vee and GROUND tran­
sients attributable to the current spike produced by "totem pole" 
output structures. 

Figure 1 shows totem pole structures commonly used in MSI de­
signs as output buffers to increase fan-out and provide adequate 
switching speeds. 

DECOUPLING MSI 
The current spike produced by the totem pole output structure dur­
Ing switching transitions can cause MSI subsystems to malfunction 
If Vee Is not adequately decoupled to GROUND. With the large 
number of SSI and MSI devices available it is almost impossible to 
establish a general rule for decoupling. When In doubt, a capacitor 

of 2000pF or more, for each totem pole structure should be con­
nected from Vee to GROUND. The non-Inductive capaCitor 
(ceramic disc, tantalum slug, etc.) should be mounted with leads as 
short as possible and should be placed in close proximity to the 
MSI package to minimize lead length inductance. A properly de­
signed printed circuit board should have the total required 
capaCitance evenly distributed throughout the board. Example: A 
printed circuit board contains 25 packages averaging four totem 
pole structures per package. The total capacitance required Is 25 
packages x 4 totem pole structures x 2000pF or 0.21'F ceramic disc 
capaCitors evenly distributed, satisfy the VCC to GROUND decou­
pIIng requirements. 

POWER SUPPLY AND GROUND DISTRIBUTION 
SYSTEMS 
High-frequency distribution techniques should be used for VCC and 
GROUND. These techniques should include a large ground plane to 
minimize DC offsets and to provide an extremely low impedance 
path to reduce transient voltage signals on the printed circuit 
board. The power supply should be +5V ±5% with R-F (1GHz) by­
passing. Catastrophic damage can occur If Vce is not properly 
regulated. 

Power distributed from the main supply must, by necessity, come 
through a path which displays finite resistance (Rps), inductance 
(Lps) and capacitance (Cps), as illustrated In Figure 2. The resistive 
component of the power lines is small, producing very little DC volt­
age drop at the VCC and GROUND inputs to the printed circuit 
board. However, the inductance in the power lines can cause the 
noise generated by current spiking to be transmitted throughout 
the system on the VCC and GROUND lines. If the printed circuit 
boards are adequately decoupled, the power line noise will be re­
duced significantly. In order to repel power line noise transmitted to 
a printed circuit board, ferrite beads may be placed on the Incom­
Ing Vee and GROUND lines as shown in Figure 3. A 10l'f tantalum 
capacitor, per 25 packages, connected from VCC to GROUND 
should be placed on the printed circuit board In the position shown. 
In conjunction with the distributed ceramic disc capacitors, this 
approach will prevent most system malfunctions attributable to In­
ternally generated noise. 

COMMON TOTEM POLE OUTPUT STRUCTURES 

v" 
v, 

v, 

Figure 1 
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POWER CHARACTERISTIC IMPEDANCE 
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ISOLATION DIODES 
NEVER REVERSE THE Vee AND GROUND POTENTIALS. easta­
strophic failure can occur if more than 100mA is conducted through 
a forward biased substrate (isolation) diode. 

DISPOSITION OF UNUSED INPUTS 
Electrically open inputs degrade Ae noise immunity as well as the 
switching speed of an MSI circuit. To optimize performance. each 
input must be connected to a low Impedance source. Depending on 
their logical activating level. unused inputs should be tied to Vee. 
GROUND or a driving source. When paralleling an unused input 
with a driven input of the same multiple emitter transistor (MET). 
care should be taken to remain within the "1" level fan-out specifi­
cations for the driving source. The AND or NAND structures do not 
affect the "0" level fan-out of the driving source. When an unused 
input of an OR or NOR structure is commoned with a driven input. 
both the "1" and "0" level fan-out of the driving source are af­
fected. 

If fan-out of the driving source will be exceeded or if there is no 
convenient connection to an appropriate driven input. a second 
method of avoiding open inputs is useful. Inputs which activate on 
"0" (AND and NAND) may be tied directly to Vee or tied to Vee 
through a current limiting resistor of 1 KG or more. 

{ TOPC", 

{ TO P.C. #2 

The current limiting resistor is required if power supply transients 
can exceed S.SV for longer than 1l'sec; Since the power dissipated 
In the emitter junction under these conditions can destroy the junc­
tion. 

More than one unused input can be tied to Vee through a single 
resistor. 

INPUT CLAMP DIODES 
MSI circuits contain input clamp diodes as shown in Figure 4. At 
the input. these diodes limit negative. excursions which exceed 
- 1V by providing a low impedance current source from GROUND 
through the forward biased diode clamp. The clamps are deSigned 
to minimize ringing which may result from interconnect wires In 
excess of six Inches in length. 

INPUT CLAMP DIODES 

r--------
I Vee 

I 
I 
I 

?~;~~SED <>-+-..... _-' 
CLAMP 
DIODES 

SIGNAL PROCESSING 

DIFFUSED INPUT 
CLAMP DIODES 

Figure 4 

I 
I 

-A- ISOLATION 

~1~ DIODE 

The rise and fall times of all incoming data Signals should be less 
than 200ns. The amplitude of incoming data signals should be 2.4V 
or greater. Figure 5 shows the transfer characteristic of the classic 
TTL gate. In the input threshold region. from point one to pOint two. 
the gate has approximately 2SdB of gain. In this region. any discon­
tinuity of the input waveform will be amplified more than 10 times at 
the output of the gate. 
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Should the input voltage remain in the threshold region 
(approximately 200mV wide) for more than 15ns, a typical TTL gate 
tends to oscillate as shown in Figure 6. The equivalent circuit in 
Figure 7 illustrates the potential oscillatory feed-back paths. The 
primary contributor to oscillation is the changing power supply volt­
age with the chip, caused by the current spiking which occurs 
during switching transitions. Since output voltage is directly propor­
tional to Vee and threshold voltage tends also to drop with lower 
supply voltage, the net effect is a positive feedback loop from out­
put to input. 

TYPICAL TTL GATE OSCILLATION 
WITH SLOW INPUT TRANSITIONS 

Figure 6 

POTENTIAL OSCILLATORY FEEDBACK PATHS 
v" 

1 
GND 

Figure 7 

WIRED-AND APPLICATIONS OF OPEN-COLLECTOR 
MSI 
Open-collector MSI, when supplied with a proper load resistor (RL) 
can be paralleled with other similar MSI or open collector TTL gates 
to perform the WIRED-AND function, and simultaneously, will drive 
several TTL loads. For any of these conditions an appropriate load 
resistor value must be determined for the desired circuit configura­
tion. The user may choose a load resistor that must be between the 
following limits: A maximum resistor. value must be determined 
which will ensure that sufficient load current to the TTL loads to be 
driven, as well as leakage current to the paralleled outputs, Is avail­
able during the logical "1" state at the output. A minimum resistor 
value must be determined which will ensure that current through 
this resistor and sink current from the TTL loads will not cause the 
output voltage to rise above the logical "0" level even if one of the 
paralleled outputs is sinking all the current . 

LOGICAL "1" (off level) CALCULATIONS FOR RL 
MAX 
The maximum value of load resistance RL MAX) is determined by 
the maximum voltage drop across RL caused by the total leakage 
current which will still ensure a minimum logical "1" at the common 
collector node. As shown in Figure 8: 

Total leakage current I (1) total = n I (1) off + m I (1) in 
n = number of commoned collectors (driving gates) 
m = number of fan-outs (driven gates) 

V(l)ou,MIN 
nl(l)o .. 

1(1), .. 

R _ Vcc -Vll)ou,MIN 
LMU- nl(l)o,.+ml(l),N 

WHERE, V(l)ouT ·c,2.4V 

Figure 8 
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LOGICAL ''0'' (on level) CALCULATIONS FOR RL 
MIN 
The minimum value of load resistance (RL MIN) Is determined from 
the worst case maximum logical "0" state In which only one ele­
ment Is sinking current. This condition Is Illustrated In Figure 9: 

• CURRENT INTO THE OFF OUTPUTS 
IS NEGLIGIBLE AT A LOGICAL '0". 

FigureS 

R Vcc-V!O)ouTMAX 
lMIN -IIOloUT MAX-m1l0)'N 

WHERE: V(OIOl.lT o;;O.4V 

PROPAGATION DELAY 
Propagation delay for the 8000 Series elements Is specified In 
terms of ton and toff switching times which provides a figure of 
merit by which comparison can be made with similar products. The 
guaranteed delay times given In the electrical characteristics sec­
tion take Into consideration the logical "1" and logical "0" Input 
current and load capacitance as shown In the AC test figures. In­
verting and non-Inverting paths are measured as shown In Figure 
10. 

PROPAGATION DELAY WAVEFORMS 

NON-INVERTING PATHS INVERTING PATHS 
IN 

~ 
-1foffr,:: 
~ 

OUT 

Figure 10 
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82S OPTIMIZED SCHOTTKY MSI 
Series 82S optimized Schottky MSI circuits are implemented 
with Schottky-barrier-Diode (SBD) clamping to achieve ultra­
high speed previously only attainable with emitter-coupled 
logic and in addition low current PNP inputs provide numerous 
systems advantages. These integrated circuits are directly 
compatible with other TTL circuits such as the 8000 MSI 
circuits, 82/82S bipolar memories, 54174 and 54S174Sas well as 
MOS/CMOS. 

The Schottky barrier diode is a metal-semiconductor diode that 
is characterized by the absence of minority carriers near the 
forward biased junction, thus making it possible to switch the 
diode rapidly since there is no stored charge. Another major 
difference between the Schottky diode and a p-n junction diode 
is that the SBD has a lower forward voltage for a given current. 
SBD clamping from the base to the collector of a switching 
transistor is shown in Figure 1. The Schottky diode prevents the 
transistor from saturating and there is no stored charge either in 
the diode or the transistor. Thus recovery times that contribute 
significantly to the overall propagation delays experienced in 
saturated digital-logic design are eliminated. 

The Schottky-clamped transistors are formed by using 
Schottky-barrier-diodes in parallel with the base-collector 
junction. The SBD is realized physically by depositing metal 
over the base and N region of the collector forming a metal­
silicon diode. The effect of this diode, which has a lower forward 
voltage than the collector-base function is to hold the transistor 
out of saturation by diverting the excess base current. The 
reduction in stored-charge plus the use of smaller geometries 
results in a major improvement of switching characteristics. 

SCHOTTKY TRANSISTOR 

EQUIVALENT 
REPRESENTATION 
WITH TRANSISTOR 
(SCHOTTKY DIODE) 

FIGURE 1 

SYMBOL FOR 
SCHOTTKY 

TRANSISTOR 

The standard processing approach to charge storage reduction 
in conventional IC's has been gold doping. Since this is no 
longer necessary in Schottky circuits, elimination of gold 
doping has made it possible to use smaller geometries and 
shallower diffusions for higher speed transistors. 

By eliminating gold doping normally employed in conventional 
TTL processing to reduce storage time, PNP transistors can 
also be used to advantage by the circuit designers. 

In 82S MSI circuits PNP transistors are used to reduce input 
loading as illustrated in Figure 2. Maximum low level input 
current is specified at400!,A which allows the systems' deSigner 
to upgrade existing designs without encountering fanout 
limitations as well as interface with MOS and CMOS. 

INPUT TRANSISTORS COMPARISON 

ADVANCED SIGNETICS 
82S INPUT 

Vee 

l'N (0) = 400JAA 
2.8K 

FIGURE 28 

CONVENTIONAL 
74S INPUT 

lIN (0) = 2mA 

FIGURE 2b 

Since the 82S174S output structure is the same, far more devices 
can be driven from one output since the 82S input loading is 
only one-fifth that of standard 74S Schottky inputs. Should a 
termination resistor be needed when driving long lines in 
addition to 10 PNP loads, it can be accommodated easily 
without fan-out reduction. 

82S/74S OUTPUT STRUCTURE 

FIGURE 3 
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FEATURES 

-3 ns typical gate propagallon delay 
-20 mW per gate typical power dissipation 
_ Low current pnp inputs (400A max.) 
- Schottky diode clamped inputs 
- High output drive capability 

BENEFITS 

_ Compatible with 8000 series, 54/74, 545/745 TTL as well as 
DTL and C-MOS 
_ Terminated, controlled impedance lines not normally required 
-Drives high capacitive loads 
- Low A.C. noise susceptibility 

FUNCTION TABLE 

Absolute maximum ratings (Over operating free-air temperat­
ure range unless otherwise noted) 

The absolute maximum ratings constitute limiting values above 
which serviceability of the device may be impaired. Provisions 
should be made in system design and testing to limit voltages in 
accordance with Table 1. 
1m put Voltage 
Output Voltage (Off-State) 
VCC (Note 2) 
Storage or Junction Temperature Range 

A, B, N, F Packages 
Operating Free-Air Temperature 

NOTES 

+5.5V 
VCC 

+7.0 V 

-65°C to +175°C 
O°C to 75°C 

1.AII devices must be derated at elevated temperatures based on maximum allowable 
junction temperature. 
(See maximum storage temperature above and the thermal resistance of the package, 
given in Section 8). 
2.0perating vee for the 828 Series is specified at +5V..±..5%. None of the Signetics MSI 
elements will be jamaged by supply voltages of 7 volts or less; however, in some of 
the more complex functions, power dissipation at such voltages could become 
excessive. It is recommended therefore. that such over-voltages be limited to a 
maximum of 1 second duration. 

Function Typical Speed Comments 

82S30 8-lnput Digital Multiplexer 7 ns Replaces FSC 9312 or T.I. SN 29312 and 

82531 8-lnput Digital Multiplexer Signetics 8230 for higher speed. 

82S32 8-lnput Digital Multiplexer Replaces Signetics 8231 and Signetics 8232 
for higher speed. 

82S33 2-lnput 4-Bit 7 ns Replace equivalent non-Schottky parts for 

82534 Digital Multiplexer higher speed. 

82S41 Quad Exclusive OR 7 ns Replaces 8241 for higher speed. 

82542 Quad Exclusive NOR Replaces FSC 9386 and 8242 for speed. 

82S50 BIN to Octal Decoder 12 ns Replaces 8250 for higher speed. 

82S51 BCD to Decimal Decoder Replaces 8251 for higher speed. 

82S52 BCD to Decimal Decoder Replaces FSC 9301, T.I. SN29301, and 
8252 for higher speed. 

82S62 9-Bit Parity Checkerl 17 ns Replaces 8262 for higher speed and is 
Generator pin-for-pin replacement for 93S62. 

E2S66 2-lnput 4-Bit Digital 8 ns Replaces equivalent non-Schottky parts 

82S67 Multiplexers and Conditional for higher speed. 
Complementers 

82S70 4-Bit Shift Register 60 MHz Replaces 8270, T.I. 74178 and FSC 93178 

82S71 4-Bit Shift Register w/Clear for higher speed. 
Replaces 8271, T.I. 72179 and FSC 93179 
for higher speed. 

82S82 BCD Arithmetic Unit 20 ns Replaces many MSI and Gate elements Pri-

82S83 BCD Adder marily these are implementations that use 
multiples of 7483's and Gates. 

82S90 Presettable Decade Counter 100 MHz Replaces 8280, 8290, T.I. 74176, T.I. 74196, 

82S91 Presettable Binary Counter FSC 93176, FSC 93196. 
Replaces 8281, 8291, T.I. 74177, T.I. 72197, 
FSC 93177, FSC 93197 for higher speed. 
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8200 MSI SERIES PRODUCT FAMILY INFORMATION 
8200 MSI CHARACTERISTICS 

INPUT VOLTAGE 

PARAMETER VOL (V) 7 VOH(V)6 
LOW LEVEL HIGH LEVEL 

VCC~MIN VCC~MIN 

TEST VIN~* VIN~* 
CONDITIONS IOL~16mA IOH~-800ILA 

DEVICE MIN TYP MAX MIN TYP MAX 
IOL~9.6mA 

8200 0.4 2.6 3.5 

IOL~9.6mA 

8201 0.4 2.6 3.5 

IOL~9.6mA 

8202 0.4 2.6 3.5 

IOL~9.6mA 

8203 0.4 2.6 3.5 

8230 0.4 2.6 3.5 

8231 0.4 2.6 3.5 

8232 0.4 2.6 3.5 

8233 0.4 2.6 3.5 

8234 0.4 N/A 

8235 0.4 N/A 

8241 0.4 2.6 3.5 

IOL~25mA 

8242 0.4 N/A 

IOL~12.8mA 

8243 0.4 N/A 

8250 0.4 2.6 3.5 

8251 0.4 2.6 3.5 

8252 0.4 2.6 3.5 

IOL (FN. CG. CR)= 
8260 9.6 mA 2.6 3.5 

0.4 

IOL-9.6mA 
8261 0.4 2.6 3.5 

8262 0.4 2.6 3.5 

II!!1DOlil:1I 

OUTPUT CURRENT INPUT VOLTAGE 

ICBO(ILA) 8 INPUT 
LEAKAGE CURRENT VOLTAGE RATING 

VIN~2.0V VIN~10MA 

MIN TYP MAX MIN TYP MAX 

N/A 5.5 

N/A 5.5 

N/A 5.5 

N/A 5.5 

N/A 5.5 

150 5.5 

N/A 5.5 

N/A 5.5 o -100 5.5 

" 100 5.5 

N/A 5.5 9 
25 5.5 --
150 5.5 

N/A 5.5 

N/A 5.5 

N/A 5.5 

N/A 5.5 

N/A 5.5 

N/A 5.5 
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8200 MSI SERIES PRODUCT FAMILY INFORMATION 
8200 MSI CHARACTERISTICS 

INPUT CURRENT 

PARAMETER 
IIL(MA) IIH("A) 

LOW LEVEL HIGH LEVEL 

VCC=MAX VCC=MAX 
TEST VIN=OAV VIN=4.5V 

CONDITIONS 

OUTPUT CURRENT 

IOS(MA)9 
SHORT CIRCUIT 

VCC = MAX 
VOUT=OV 

DEVICE MIN TVP MAX MIN TVP MAX MIN TVP MAX 

8200 -0.1 -1.6 40 -20 -70 

8201 -0.1 -1.6 40 -20 -70 

8202 -0.1 -1.6 40 -20 -70 

8203 -0.1 -1.6 40 -20 -70 

8230 -0.1 -1.6 40 -20 -70 
Input INH 

80 

8231 -0.1 -1.6 40 -20 -70 
Input INH 

80 

8232 -0.1 -3.2 40 -20 -70 
Input INH 

80 

8233 -0.1 -1.6 40 -20 -70 

8234 -0.1 -1.6 40 N/A 

8235 -0.1 -1.6 40 N/A 

8241 -01. -3.2 80 -20 -70 

8242 -0.1 -3.2 80 -20 -70 

8243 -0.1 -1.6 40 N/A 
Data In 

80 

A,B,C 
8250 -0.1 -1.2 40 -10 -55 

D 
-0.1 -1.0 

8251 -0.1 -1.2 40 -10 -55 

8252 -0.1 -1.6 40 -10 -55 

XN,CINH,YN XN,CINH,YN FN,CG,CR -0.1 -3.2 80 8260 EINH. CINI. EINH. CINIo -20 -70 

Through CIN5 Through CIN5 Cp 

-0.1 -1.6 40 -30 -90 

8261 G,A,B,PI -1.6 G.A.B.PI 40 -20 -70 
P2 -3.2 P2 80 
P3 -4.8 P3 120 

P4,P5 -6.4 P4,P5 160 

8262 Data Inputs Data Inputs -20 -70 
-0.1 -1.6 80 

Inhibit Inhibit 
-0.1 -3.2 160 

248 

POWER/CURRENT 
CONSUMPTION (MW/MA) 

VCC=MAX 

VIN=OV 

MIN TVP MAX 

409/77.7 580/110 

409/77.7 580/110 

409/77.7 580/110 

409/77.7 580/110 

184/35 250/47.7 

184/35 250/47.7 

173/33 262/50.0 

200/38 252148 

160/31 210/40 

VIN=4.5V 
230/44 310/59 

225/42.4 300.57.1 

170/32 250/47.5 

315/60 500fl5.2 

124/23.8 

135/25.7 

135/25.7 

400/76.2 6001114.1 

115/22 158/30 

300/57 370/70 



8200 MSI SERIES PRODUCT FAMIL V INFORMATION 
8200 MS. CHARACTERISTICS 

INPUT VOLTAGE 

PARAMETER VOL (V)7 VOH(V)6 
LOW LEVEL HIGH LEVEL 

VCC~MIN VCC~MIN 

TEST VIN~* VIN~* 
CONDITIONS IOL~16mA IOH~-800I'A 

DEVICE MIN TYP MAX MIN TYP MAX 

IOl-9.6mA 
8263 0.4 2.6 3.5 

8264 0.4 N/A 

8266 0.4 2.6 3.5 

8267 0.4 N/A 

IOH~-500I'A 

8268 0.4 2.6 3.5 

8269 0.2 0.4 2.6 3.5 

IOl=11.2mA 
8270 0.4 2.6 3.5 

IOl~11.2mA 

8271 0.4 2.6 3.5 

IOl~9.6mA IOH~-500I'A 

8273 0.2 0.4 2.6 3.5 

8274 0.2 0.4 2.6 3.5 

8275 0.4 2.6 3.5 

8276 0.4 2.6 3.5 

8277 0.4 2.6 3.5 

8280 0.4 2.6 3.5 

8281 0.4 2.6 3.5 

GI!IDOIIOG 

OUTPUT CURRENT INPUT VOLTAGE 

ICBO(I'A) 8 INPUT 
LEAKAGE CURRENT VOLTAGE RATING 

VIN~2.0V VIN~10MA 

MIN TYP MAX MIN TYP MAX 

N/A 5.5 

200 5.5 

N/A 5.5 

25 5.5 

N/A 5.5 

N/A 5.5 

N/A 5.5 o -N/A 5.5 

" N/A 5.5 9 
N/A 5.5 

-N/A 5.5 -
N/A 5.5 

N/A 5.5 

N/A 5.5 

N/A 5.5 
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8200 MSI SERIES PRODUCT FAMILY INFORMATION 
8200 MSI CHARACTERISTICS 

INPUT CURRENT 

PARAMETER 
IIL(MA) IIH(I'A) 

LOW LEVEL HIGH LEVEL 

TEST VCC=MAX VCC=MAX 
CONDITIONS VIN=O.4V VIN=4.5V 

DEVICE MIN TYP MAX MIN TYP MAX 

8263 -0.1 -1.6 40 
50,51 50,51 
-0.1 -3.2 80 

8264 -0.1 -1.6 40 
50,51 50,51 
-0.1 -3.2 80 

8266 -0.1 -1.6 40 

8267 -0.1 -1.6 40 

OUTPUT CURRENT 

IOS(MA) 9 
SHORT CIRCUIT 

VCC=MAX 
VOUT=OV 

MIN TYP MAX 

-20 -70 

N/A 

-20 -70 

N/A 

X1,X2,XC,Y 1,Y2,YC LI: 
8268 -0.1 -1.6 40 -18 -57 

X,V COUT 
-0.1 -2.6 -18 -70 

CIN CIN 160 

-0.1 -8.0 

8269 -0.1 -3.2 80 -18 -55 

8270 -0.1 -1.2 40 N/A 

8271 -0.1 -1.2 40 N/A 

8273 -0.1 -1.6 40 -20 -70 

°N,SO,SI 
8274 -0.2 -1.2 40 -20 -70 

Clock 
-0.2 -1.6 

8275 Data Data -20 -70 
-0.1 -3.2 80 

Enable Enable 
-0.1 -6.4 160 

8276 -0.1 -1.6 40 -18 -55 

8277 Data,Reset,Clock Data,Reset,Clock N/A 
Separate Separate 

-0.1 -1.6 40 
Data,Select,Clock Data,Select,Clock 

Common Common 
-0.1 -3.2 80 

8280 Data Inputs Strobe,Data,lnputs -10 -60 
-0.1 -1.2 40 

Strobe Reset,Clk 1, Clk 2 
-0.1 -1.6 80 

Reset Clk 1,2 
-0.1 -3.2 

8281 Data Inputs Strobe,Data -10 -60 
Inputs,Clk 2 

-0.1 -1.2 40 
Strobe,Clk 2 Reset Clk 1 

-0.1 -1.6 80 
Reset,Clk 1 

-0.1 -3.2 

250 !i~nDlie!i 

POWER/CURRENT 
CONSUMPTION (MW/MA) 

VCC=MAX 
VIN=OV 

MIN TYP MAX 

378172 420/80 

400176 475/90.4 

200/38.1 275/52.4 

200/38.1 275/52.4 

152/29 185/35 

278/53 

168/32 247147 

271/52 344/65 

341/65 540/103 

380/72 567/108 

205/39 265/50 

205/39 340/65 

540/103 

184/35 236/45 

184/35 236/45 



8200 MSI SERIES PRODUCT FAMILY INFORMATION 
8200 MS' CHARACTERISTICS 

INPUT VOLTAGE 

PARAMETER VOL (V) 7 VOH(V). 
LOW LEVEL HIGH LEVEL 

VCC~MIN VCC~MIN 
TEST VIN~* VIN~* 

CONDITIONS IOL~1.mA IOH~-800I'A 

DEVICE MIN TYP MAX MIN TYP MAX 

IOL~9.6mA 
8284 0.4 2.6 3.5 

IOL~9.6mA 

8285 0.4 2.6 3.5 

8288 0.4 2.6 3.5 

IOL~9.6mA IOH~200I'A 
8290 0.4 2.6 3.5 

IOL;9.6mA IOH~200I'A 
8291 0.4 2.6 3.5 

II!IDOIIIB 

OUTPUT CURRENT INPUT VOLTAGE 

ICBO(I'A) 8 INPUT 
LEAKAGE CURRENT VOLTAGE RATING 

VIN~2.0V VIN~10MA 

MIN TYP MAX MIN TYP MAX 

N/A 5.5 

N/A 5.5 

N/A 5.5 o -" 9 
--N/A 5.5 

N/A 5.5 
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8200 MSI SERIES PRODUCT FAMILY INFORMATION 
8200 MSI CHARACTERISTICS 

INPUT CURRENT 

PARAMETER 
IIL(MA) IIH(IlA) 

LOW LEVEL HIGH LEVEL 

TEST VCC=MAX VCC=MAX 
CONDITIONS VIN=0.4V VIN=4.5V 

OUTPUT CURRENT 

IOS(MA)9 
SHORT CIRCUIT 

VCC=MAX 
VOUT=OV 

DEVICE MIN TYP MAX MIN TYP MAX MIN TYP MAX 

8284 Reset.Count. Reset.Count. -20 -70 
Enable.Clk. Enable,Clk 
Up/Down Up/Down 

-0.1 -1.6 40 
Carry In Carry In 

-0.1 -3.2 120 
Set Set 

-0.1 -6.4 200 

8285 Reset.Count Reset.Count -20 -70 
Enable. Clk Enable Clk. 
Up/Down Up/Down 

-0.1 -1.6 40 
Carry In Carry In 

-0.1 -3.2 120 
Set Set 

-0.1 -6.4 200 

8288 Data Inputs Data Strobe -10 -60 
Data Input 

-0.1 -1.2 40 
Data Strobe. 

Clk 2 
-0.1 -1.6 

Reset Clk 1 Reset, Clk 1 
Clk 2 

-0.1 -3.2 80 

Data Inputs Data Inputs. A 
8290 -0.1 -1.2 -20 -70 

Data Strobe 
Data Strobe 40 

-0.1 -1.6 
Reset Clk 1 B,C.D 

Reset 80 -10 -60 
-0.1 -2.8 

Clk1.Clk2 elk 2 120 
-0.1 -4.8 

Data Inputs Data Strobe, A 
8291 -0.1 -1.2 Data Inputs -20 -70 

Data Strobe 40 B.C,D 
-0.1 -1.6 Reset,Clk1 -10 -60 

Clock 2 Clk 2 80 
-0.1 -2.4 

Reset 
-0.1 -2.8 

Clock 1 
-0.1 -4.8 

252 G(gDDIIDG 

POWER/CURRENT 
CONSUMPTION (MW/MA) 

VCC=MAX 
VIN=OV 

MIN TYP MAX 

315/60 420/80 

315/60 420/80 

184/35 236/45 

190/36.5 255/48.5 

190/36.5 255/48.5 



8200 MSI SERIES PRODUCT FAMILY INFORMATION 
8200 MSI CHARACTERISTICS 

INPUT VOLTAGE 

PARAMETER VOL (V) 7 VOH(V)8 
LOW LEVEL HIGH LEVEL 

VCC=MIN VCC=MIN 
TEST VIN=* VIN=* 

CONDITIONS IOL=18mA IOH=-800IlA 

DEVICE MIN TYP MAX MIN TYP MAX 

IOL=3.2mA IOH=100IlA 
8292 0.4 2.6 3.5 

IOL=3.2mA IOH= 1OOIlA 
8293 0.4 2.6 3.5 

By DC tests per the truth table, all inputs have guaranteed thresholds of a.BV for low level, and 2.0V for high level. 

NOTES: 

OUTPUT CURRENT 

ICBO(IlA) 8 
LEAKAGE CURRENT 

VIN=2.0V 

MIN TYP MAX 

N/A 

N/A 

1. All voltage measurements are referenced to the ground terminal. Terminals not specifically referenced Bre tied to Vee. 
2. All measurements are taken with ground pin tied to zero volts. 
3. Positive current is defined as into the terminal referenced. 
4. Positive logic definition: "UP"'evel = "1", "DOWN" level is "0", 
5. Precautionary measures should be taken to ensure current limiting in accordance with Absolute Maximum Ratings. 
6. Output source current is supplied through a resistor to ground. 
7. Output sink current is supplied through a resistor to Vce. 
8. Connect an external 1 K ± 1 % resistor from Vce to the output for this test. 
9. Not more than one output should be shorted at one time. 

BagDOIIBB 

INPUT VOLTAGE 

INPUT 
VOLTAGE RATING 

VIN=10MA 

MIN TYP MAX 

5.5 

5.5 

o -" 9 
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8200 MSI SERIES PRODUCT FAMILY INFORMATION 
8200 MSI CHARACTERISTICS 

INPUT CURRENT 

PARAMETER 
IIL(MA) IIH(IlA) 

LOW LEVEL HIGH LEVEL 

TEST VCC~MAX VCC~M.'X 
CONDITIONS VIN~0.4V VIN~4.5V 

DEVICE MIN TYP MAX MIN TYP MAX 

Data Inputs, Data Inputs, 
8292 Data Strobe Data Strobe 

-0.1 -0.4 20 
Reset,Clk1 Reset,Clk 1 

-0.1 -0.6 40 
Clock 2 Clock 2 

-0.1 -1.2 80 

Data Inputs, Data Inputs, 
8293 Data Data 

Strobe Strobe 
-0.1 -0.4 20 

Reset,Clk 1 Reset,Clk 1 
Clk 2 Clk 2 

-0.1 -0.6 40 

254 

OUTPUT CURRENT 

IOS(MA) 9 POWER/CURRENT 
SHORT CIRCUIT CONSUMPTION (MW/MA) 

VCC~MAX VCC=MAX 
V OlJT=OV VIN~OV 

MIN TYP MAX MIN TYP MAX 

-5 -45 52.5/10 69/13.1 

-5 -45 52.5/10 69/13.1 



DESCRIPTION 
The 8200/8201/8202/8203 MSI Buffer Reg­
isters are arrays of ten clocked "0" flip­
flops especially suited for parallel-in paral­
lel-out register applications. They are also 
suitable for general purpose applications as 
parallel-in serial-out, serial-in parallel-out 
registers. 

The flip-flops are arranged as dual 5 arrays, 
(8200 & 8201) and single 10 arrays with re­
set, (8202 & 8203). The true output of each 
bit is made available to the user. 

The 8200 and 8202 feature true "0" inputs. 
The logic state presented at these "0" in­
puts will appear at the Q outputs after a 
negative transition of the clock. 

8201 
N,F,O PACKAGE 

CLK1 

0, CLK2 

03 

05 

06 

06 

08 

08 

010 

TRUTH TABLE 

Dn Dn RESET On+1 

8200 
1 - - 1 
0 - - 0 

8201 - 1 - 0 
- 0 - 1 

8202 
1 - 1 1 
0 - 1 0 

8203 
0 - 1 1 
1 - 1 0 

The 8201 and_ 8203 feature complementing 
"0" inputs ("0"). The logic state presented 
at these "0" inputs will invert and appear at 
the Q outputs after a negative going transi­
tion of the clock. This complementing input 
feature ("0") permits the use of standard 
ANO-OR-INVERT gates to achieve the ANO­
OR function without additional gate delays. 

8202 
N,F,O PACKAGE 

CLK 

0, 

03 

04 

05 

06 05 

07 06 

08 07 

09 08 

8200,01,02,03-N,F,Q 

PIN CONFIGURATION 

8200 
N,F,O PACKAGE 

8203 
N,F,O PACKAGE 

CLK 

0, 

06 

08 

SWITCHING CHARACl"ERISTICS TA~25°C, VCC~5V 

FROM TO LIMITS 

PARAMETER INPUT OUTPUT MIN TYP MAX UNIT 

Propagation delay time 

ton turn-on time Clock Q 30 45 ns 
Reset Q 30 45 

toff turn-off time Clock Q 25 40 
tsetup setup time 6 15 ns 
thold hold time2 0 5 ns 
tw input pulse width min, clock 12 17 ns 

Transfer rate 15 35 MHz 

255 
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8200,01,02,03-N,F,Q 

LOGIC DIAGRAMS 

8200 DUAL 5-BIT BUFFER REGISTER 8201 DUAL 5-BIT BUFFER REGISTER-INVERTED INPUTS 

11) 

Il& 
118) 

CLOCK lo---C~-+-"'-+~-+-"""'-+-~+-' 
111 CLOCK 1 o---i::~--t-::::'~+,....-r-:,+--+=,~+,,-J 

(23) 

~~'6:~~~) 
( ).denotes pin numbers 

~~'6:~~~) 
( )-denotes pin numbers 

~r:§D_~~~) 
( ). denotes pin numbers 

256 

1231 

0,0 
113) 

VCC·(24) 
GND~(12) 

123) 

( )=denotes pin numbers 

8202 10-BIT BUFFER REGISTER 

8203 10-BIT BUFFER REGISTER - INVERTED INPUTS 
I,g) 

04 
(13) 

0,0 

111 
CLOCKO-~~~-+~~~,~~~4--r.~-~~--t~~~~-r...+--t.I"'0~1_~+'~ 

0,o 
Reset$O-Q ~ 0 
(overrides clock) 
n is time prior to clock 
n+ 1 is time following clock 



8200,01,02,03-N,F,Q 

AC TEST FIGURES AND WAVEFORMS 

ton FROM RESET TO Q tpel FROM CLOCK TO Q 

Input pulse: 
Amplitude ~2,6V 
~: P,RR • 5 MHz 
Reset: P,RR ~ 5 MHz 
PW ~ 30 ns (at 50% point) 
tr "" tf = 5 ns 

0, 

0, 

03 

0, 

DO 

Os 

0, 

0, 

DO 

010 

5.0V 

Vee 2.6V 
a' 
0, 

15OS1 
03 

a. 
00 ro 

IN 916 
8202· 

Ds OUTPUTS 

0, 

oa 
00 

CLOCK~ 
R'SET -----:-:::-" ,,=---

1.SVLJ,·5V 
, 

1.SV r-:--\ 1.5V 
OUTPUT ____ J, I 1'-' ----

-! 'oNL. 

S.ov 

R Vee 
0, a' 
02 02 

03 03 

om 0, a. 
DO 

8202-
00 

Os Ds 
07 a, 
Oa OS 
DO 00 

010 a'. 
GNo 

DATA ____ .)/ INVERT FOR 0 L 
ClOCK~ 

OUTPUT ~ __ . .r-­
i~1.5V 

-,toN-

TYPICAL APPLICATIONS 

2O-BIT (4 WORDS X 5 BITS EACH) MEMORY CELL 

BI!IDOflDB 

2.6V 

,oon 

TO 

OUTPUTS 

Input pulse: 
Data ~ P,RR ~ 7,5 MHz 
Clock ~ P.RR ~ 15 MHz 
PW = 17 ns (at 50% point) 
tr = tf =- SnsMax 
Amplilude~2.6V 
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-- - - -:.' - ~. - - .C"_' -- _ __ - ,-'_',_ "'-- __ 

BUFF!R.$1m.·· 

TYPICAL APPLICATIONS (Cont'd) 

ONE OUT OF TEN - COUNTER/DISPLAY (SELF-CORRECTING) 

8200 0 l' 02 /B 
8200,01,02,03-N,F,Q 

-; 
I 
I 
I 
I 
I 

CLOCK~~~--i>--~~--+-~~--~---+----~~~~--~~--~---+~--~ I ____________________________________ J 

8202 

RESET o---------~_L..J 

TYPICAL APPLICATIONS 

MULTIPLICATION AT 10 MHz OF A 2O-BIT BINARY WORD 

0
1 

1 

1 

1 

CL 1 

1 

1 

lin 1 

o 

1 

1 

1 8260 
1 

1 

o 0 

8202 

8260 8260 

o 0 

8202 

OUTPUT BUFFER AD Q 

Cpn ..... l--+--I-+---+-+--+-f---+--++-'I 

Pn =0 (Xn)M where Xn == multiplicand 
M == multiplier 

258 BI!IDOliCIi 

8202 

01 
1 

~ 
I 

AD 

I: 
1 

I cPn 

X16 x 17 X18 X19 I: 

8260 

8202 

OOTPUT BUFFER 

J II : 
1 

1 

8260 : r-CO 

I 

o 

Pn 

CLEAR 



SPEED/PACKAGE AVAILABILITY 
8230, 31, 32-8, F, W 
82S30, 31, 32-8, F 

LOGIC DIAGRAMS 

8230/31 

An A, A2 INHIBIT 

Vee (16) 

GND (8) 
() denotes pin numbers 

8232 

1" 
17 0 

'. 
'. 
" 

'3 

" 

" 

'0 

Vee = (16) AO At A2 

GND (8) 
() denotes pin numbers 

INHIBIT 

PIN CONFIGURATION 

B,F,W PACKAGE 

DESCRIPTION 
The 8-lnput Digital Multiplexer is the logical equivalent of a single­
pole. 8 position switch whose position is specified by a 3-bit input 
address. 

The 8230 incorporates an INHI81T input which, when low, allows 
the one-of-eight inputs selected by the address to appear on the f 
output and, in complement. on the f output. With_the INHIBIT input 
high, the f output is unconditionally low and the f output is uncon­
ditionally high. The 8230 is a functional and pin-for-pin re­
placement for the 9312. 

The 8231 is a variation of the 8230 that provides open collector 
output f for expansion of input terms. The 8232 is similar to the 
8230 except in the effect of the INHIBIT input on the f output. With 
the INHIBIT input low, the selected input appears at the f output 
and. in complement, on the f output. With the INHIBIT input high. 
both the f and the f output are unconditionally low. 

TRUTH TABLE 
ADDRESS DATA INPUTS OUTPUT 

8230/ 
82S30 

82321 
A2 A1 Ao 17 Ie 15 14 13 12 11 10 INH f 8231/ 82S3~ 

82S31 
i i 

0 0 0 x x x x x x x 1 0 1 0 0 
0 0 1 x x x x x x 1 x 0 1 0 0 
0 1 0 x x x x x 1 x x 0 1 0 0 
0 1 1 x x x x 1 x x x 0 1 0 0 
1 0 0 x x x 1 x x x x 0 1 0 0 
1 0 1 x x 1 x x x x x 0 1 0 0 
1 1 0 x 1 x x x x x x 0 1 0 0 
1 1 1 1 x x x x x x x 0 1 0 0 

0 0 0 x x x x x x x 0 0 0 1 1 
0 0 1 x x x x x x 0 x 0 0 1 1 
0 1 0 x x x x x 0 x x 0 0 1 1 
0 1 1 x x x x 0 x x x 0 0 1 1 
1 0 0 x x x 0 x x x x 0 0 1 1 
1 0 1 x x 0 x x x x x 0 0 1 1 
1 1 0 x 0 x x x x x x 0 0 1 1 
1 1 1 0 x x x x x x x 0 0 1 1 

x x x x x x x x x x x 1 0 1 0 

)( = don't care 

91!1001iC9 259 
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SWITCHING CHARACTERISTICS TA=25°C, vcc = 5V 

LIMITS 

8230 8231 8232 82530 82531 82532 

PARAMETER TYP MAX TYP MAX TYP MAX TYP MAX TVP MAX TVP MAX UNIT 

Propagation Delay 

An to j 19 30 19 30 19 30 14 17 16 19 14 17 ns 

In to j 11 20 13 24 11 20 7 10 9 12 7 10 ns 

j to f 10 15 10 15 10 15 6 9 6 9 6 9 ns 

INH to j 18 30 18 30 - - 12 16 14 18 12 16 ns 

INN to f or j - - - - 11 20 - - - - - - ns 

AC TEST FIGURE AND WAVEFORMS (8230/31/32) AC TEST FIGURES AND WAVEFORMS 
SCOPE 8230,31,32 NON-INVERTING PATHS 

INPUT I\T BNC 

~ 4-PW--!,r-- 2.6V 

50%-!~, 
't ., all 

'--T~"V 
3OPF y 5K 

5111 
A B 

IN 

., 
lN916 ~.5V 

-I .... t-o-n-:-I----
OUT *.5V 

8302/32 8231 

360!! 

440!1 84.5!1 
8230,31,32 

INVERTING PATHS 
c o 

NOTES; 
1. 5K. 30pF road includes test jigs and scope impedance. 
2. Scope terminals to be <. 1 "7" from package pins. 
3. See truth table for logical conditions. 

AC TEST CONDITIONS- 8230, 31, 32 

IN I 

~ -ltOffl--
~ 

1.5V~ 

!!L.....Ii1- . -. ton 1 __ 

OUT ~V 

INPUTS WAVE- AC TEST CONDITIONS-82S30, 31, 32 
STEP DELAV FORM 

NO, TYPE/S FROM-TO 10 11 Ao INH TYPE 

1 ALL AOtOJ OV Vee P.G. OV C,D 

TEST INPUTS OUTPUTS 
NO. AO A, A2 INH 10 I, 12 13 14 IS 16 17 F F 

2 ALL !O to f P.G. OV OV OV C,D 1 PG 0 0 0 o 1 o 0 o 0 o 0 T T 
3 ALL f to f* P.G. OV OV OV C,D 
4 8230 INH to j Vee OV OV P.G. A,B 

8231 
5 8232 INH to j OV OV OV P.G. C,D 

2 0 PG 0 0 o 0 1 0 o 0 o 0 T 
3 0 0 PG 0 o 0 o 0 1 0 0 0 T 
4 0 1 1 PG o 0 o 0 0 1 o 0 T 

6 8232 INH to f Vee OV OV P.G. C,D 5 1 1 1 0 0 0 0 o 0 0 OPG T 

NOTE: 1. P.G. - pulse generalor 
.. Both f and i are simultaneously loaded. 

F. "I" = 2.7V "0" = GROUND 

NOTE 
1. AC test jigs must not have any switches. 
2. AC test jigs must have less than Va inch lead lengths from package pins. 
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TYPICAL APPLICATIONS 

EXPANSION OF 8231 TO MULTIPLEXER 64 LINES 

fn:::f0+11+f2. . f7 

True Output 
All Outputs may be tied together 
to drive 8 x 16mA (eight 1.6mA F.O.) 
or each Output may drive separately 
ten 1.6 rnA F.O 
NOTE: 
Each 8231 has 8 daa inputs which are not shown. 

~--'-------<----<> In INVERTED OUT~UT 

A.C. TEST FIGURE AND WAVEFORMS 

IfIIPUTPULSE 
PAR= lMH. 
'R = ',=2.50' 
PW=50n. 

ALL DIODES ARE 11113064 

'" lEST 
TABLE 

'. 
" '. 
" A, 
A, A, 
"" 

~t~NRCELS~~TE~:SR~=~~E~DAJ~~ ~~~~~~ ::~E IN OHMS 

1I1!100fiCII 

---H= --I J=' -----~ 

I ,; 7sv "'"'"'' J~ ~ 1{,~ " 
'NV~RTING OuTPUT ~ I H 0 

'~,ov I'" '" "' 
I I FlTOFF' ----VOO 

TON I----l 

~
---"" 

, 5V 15V 

NON INVERTING OUTPUT 

, -

o -" 9 

--
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DESCRIPTION 
These devices are 2-input, 4-bit Digital Mul­
tiplexers designed for general purpose 
data-selection applications. 

The inhibit state 50 = 51 = 1 can be used 
to facilitate transfer operations in an arith­
metic section. 

TRUTH TABLE 

80 8, In 

8233/82533 0 0 B 
1 0 A 
0 1 B 
1 1 0 

8234/82534 0 0 B 
1 0 A 
0 1 B 
1 1 1 

8235 0 0 AnBn 

PIN CONFIGURATION 

B,F,W PACKAGE 

The 8233 features non-inverting data paths; 
and, the 8234 features inverting data paths. 

The 8235 is designed for input to adders, 
registers and general paralleled data han­
dling due to its capability to perform 
CONDITIONAL COMPLEMENTING (TRUEI 
COMPLEMENT). When the two inputs for 
each bit position (Ai, Bi) are connected to­
get her, the f output will provide either the 
True or Complement of the input data. This 
capability is especially useful for transfer­
ring data into parallel adders where both 
true data for adding or multiplying and also 
complemented data for subtracting or div­
iding are needed. 

The 8234 and 8235 designs have open 
collector outputs which permit direct wiring 
to other open collector outputs (collector 
logic) to yield "free" four-bit words. As 
many as one hundred four-bit words can be 
multiplexed by using fifty 8234/8235s in the 
WIRED-AND mode. 

0 
1 
1 

1 
0 
1 

Bn 
An 
1 

SPEED/PACKAGE AVAILABILITY 
8233, 34, 35-B, F, W 

AC TEST FIGURE 

262 

SWlTCHPQSlTlONS 

AO 
.0..<)-

00 

8233 

8234 
8235 

INPUT PULSE 
P~A' ,MH. 
'lI'I.-25 n• 

PW=S/)n. 

ALlO'OD~SAR£ lNlO64 

R1 

360!! 

'" TEST 
TABLE 

8233/34/35 

R2 

84.5!! 

440!! 

82533,82534 

'co 

" " " .. 
" " A, 
" A, " 
" A, " .. 

Cl INCll'DES PROBE AND JIG CAPAcn ANCE 
ALlAESISTORSVA1UESARE TYPICAL AND 1111 OHMS 

Vee - (16) 
GND. (8) 

82533, 534-B, F 

( ) = denotes pin numbers 
LOGIC DIAGRAMS 

8233182533 (ACT'VE PULL-UP) 

OUTPUT 

A, A, 

'0 " '2 

8234182534 (OPEN COLLECTOR) 

Input pulse: 
Amplitude = 2.6v 
PWe 200ns 
PRR e 1 MHz 
tr =lf=5ns 

B235 (OPEN COLLECTOR) .. 

'. 

ImnOliDll 

" 



SWITCHING CHARACTERISTICS TA~25°C. VCC~5V 
LIMITS 

8233 8234 8235 82533 82534 UNIT 

PARAMETER TYP MAX TYP MAX TYP MAX TYP MAX TYP MAX 

ton Turn-on Time 

An.Bn to fn 16 25 16 25 -
8 0 to fn 27 38 27 38 27 

81 to fn 27 38 27 38 27 

An to fn - - - - 16 

Bn to fn - - - - 24 

toff Turn-off Time 
An. Bn to fn 16 25 16 25 -
8 0 to In 27 38 27 38 27 
81 to fn 27 38 27 38 27 
An to In - - - - 16 
Bn to fn - - - - 24 

PULSE REQUIREMENTS 

INPUT 

82833/82834 

1 1'-----"· 
!----PW_I 

I--- tf 
I 

l ....... i ton r---"i toff 

1 1 

-
38 

38 

25 

35 

-
38 
38 
25 
35 

1.5V --- - 1.5V 

OUTPUT ---/ 

INPUT 

I '-----'1 
I~PW-l 

~t- ton 1------1-- toff 
OUTPUT --_ I I 

I 1 

82533182534 

-++- ~it-----" 
." If;:' --~ 1'\." 

INPUT (PGI ~ --=-__ " 
INVERTING OUTPUT ~ I ~ 

I 
I I I 
~ TON~---VOO . ~1_:--Vl0 

NON-INVEATINGOUTPUT ~ ,,~v ~ voo 

7 12 7 12 ns 

13 18 13 18 ns 
11 16 11 16 ns 
- - - - ns 
- - - - ns 

7 12 7 12 ns 
13 18 13 18 ns 
11 16 11 16 ns 
- - - - ns 
- - - - ns 

AC TEST CONDITIONS- 8233, 8234, 8235 

PRODUCT PATH PARAMETER S1 S2 83 84 

All AO to 10 ton a b b c 
toff 

8233 
BO to 10 ton 

8234 toff 
c a c b 

8233 
80 to 10 ton b b b 

8234 toff 
a 

8233 
80 to 10 ton 

8234 toff 
b c a c 

8235 BO to 10 ton c a c b 
toff 

8235 BO to 10 ton b c a b 
toff 

8235 81 to 10 ton b b c a 
toll 

8233 
81 to 10 ton b b 

8234 toff 
c a 

AC TEST CONDITIONS-82S33, 82S34 

TEST INPUTS OUTPUTS 

NO. So Sl AO BO A1 B1 A2 B2 A3 B3 FO 
1 PG 0 1 0 1 0 1 0 1 0 T 
2 PG 0 1 0 1 0 1 0 1 0 T 
3 PG 0 0 1 0 1 0 1 0 1 
4 1 PG 1 0 1 0 1 0 1 0 
5 0 0 0 PG 0 0 0 0 0 0 T 
6 0 1 0 0 0 PG 0 0 0 0 
7 1 0 0 0 0 0 PG 0 0 0 
8 1 0 0 0 0 0 0 0 PG 0 

"1 "c2.7V "O"cGROUND 

NOTE 
1. AC test jigs must not have any switches. 
2. AC test jigs must have less than Va inch lead length from package 
pins. 

IimnoliCII 

F1 F2 F3 

T T T 
T 

T 

T 
T 

T 
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SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
8241, 42-A, F, W 
82841, 842-A, F 

DESCRIPTION 
The 8241 contains four independent gating 
structures to perform the Exclusive-OR 
function on two input variables. 

The output of the 8241 employs the totem­
pole structure characteristic of TTL devices. 

A,F PACKAGE 

The 8242 contains four independent Exclu­
sive-NOR gates which may be used to 
implement digital comparison functions. 
The 8242 outputs are bare collector to facil- f 0 

itate implementation of multiple-bit com-
parisons; a 4-bit comparison is made by 
connecting the outputs of the four inde-
pendent gates together. 

WPACKAGE 

TRUTH TABLE SWITCHING CHARACTERISTICS TA-25°C VCC-5V - -

A B f 

0 0 0 8241 

1 0 1 
8241/82841 0 1 1 

PARAMETER TYP MAX 

1 1 0 Propagation Deiay 

0 0 1 

8242/82842 
1 0 0 
0 1 0 
1 1 1 

ton Turn-on time 17 23 
toll Turn-oil time 11 17 

inverting path 
ton Turn-on time 
toll Turn-off time 

Non-i:werting path 
Ton Turn-on time 
toff Turn-off time 

LOGIC DIAGRAM 

8241, 82S41 QUAD EXCLUSIVE-OR 

12) 16) )5) )8) 19) (13) (12) 11) 

r 
I 

----l 

I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I I L ___________________________ ~ 
(3) (4) (10) (11) 

Vee 0 (14) 

GND ~ (7) 

'0 " 
() denotes pin numbers for 14-ptn dual-tn-line package 

264 II!IDDIICI 

LIMITS 

8242 82S41 82S42 

TYP MAX TYP MAX TYP MAX 

7 10 9 14 
7 10 9 14 

12 20 
14 23 

14 2 
20 28 

UNIT 

ns 



LOGIC DIAGRAM 

8242 4-BIT DIGITAL COMPARATOR (OPEN COLLECTOR) 

(14) 

(7) 

r 
I 

L 

Ao 

11) 

80 A, 

12) 16) 

10 

8, A2 82 A3 83 

15) 18) 19) (13) (12) 

-1 

I 

Vee 
GND 
( ) denotes pin numbers for 14 pin dual-in-hne package 

AC TEST FIGURE 

INPUT 

PULSE GENERATOR 

NOTE: 
1. S3m! resistor connected for 8242 only 
2. SkU and 30pF includes jig and scope 

f\1,n 

-

INPUT PULSE 
PRR .1MJ.Q 
'R-'j"2,$n, 

PW ~ 50", 
All DIODES ARE lNlO64 

8241,8242 

UNIT UNDER TEST 

~, 

/::~E 

'" " A, 

" A, 

" A, 
" 

82841 

i\:~NRCELS~~TE~::~!~ui:~DAJ~~ ~~;:6~~ -;"~~E IN OHMS 

IIIJDDlmll 

OUTPUT Vee 
) ( 

NOTE 1 

B4.2!l .... 

~~j 
.... 

5k!l 

...J 

2.6V 
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AC TEST FIGURE 

INPUT PULSE: 

PRR g , MH~ 

trmtf& 2.5"s 

50 

SEE 
TEST 

TABLE 

CL INCLUDES JIG AND PROBE CAPACITANCE 

A, ., 
A, 

., 
A3 

·3 

ALL RESISTORS VALUES ARE TYPICAL AND IN OHMS 

TEST TABLE-82S41 

INPUTS OUTPUTS 
--

A080A1 81 A282A383 FO F1 F2 F3 

o 0 PG 1 o 0 0 0 T 

o 0 1 PG 0 0 0 0 T 

3 PG 1 0 0 0 0 0 0 T 
1 PG 0 o 0 0 0 0 T 

5 0 0 0 0 1 PG 0 0 T 

6 0 0 0 o PG 1 0 0 T 

7 0 0 0 0 0 0 1 PG T 
8 0 0 0 000 o PG 1 T 

"1"=2.7V, "O"=GROUND 

NOTE 
1. AC test jigs must not have any switches. 
2. AC test jigs must have less than % inch lead length from package 
pins. 

PROPAGATION DELAY WAVEFORMS 
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IN 

NON-INVERTING PATHS 
A 

1~ 
--t'on r 
~ 

INVERTING PATHS 

c o 

IN 

1~ 
-j'offl;: 

~ 
OUT 

82842 

OUTPUTS 

"I-+-+-.... 

r - -l~Dz.RC-;;T;- --l 
I I 

I 280: 
I 

: ICL -15pf : 

L ___ .::: ____ J 

r---------, 
I LOAD CIRCUITS I 

'3 
L-___ : SAM~!: L~AD : 

L---___ ---'I CIRCUIT 1 I 
L _________ -' 

TEST TABLE-82S42 
TEST INPUTS OUTPUTS 

# ~O 80 A1 81 A2 82 A3 83 FO F1 
1 0 0 PG 1 0 0 0 0 T 
2 0 0 1 PG 0 0 0 0 T 
3 PG 1 0 0 0 0 0 0 T 
4 1 PG 0 0 0 0 0 0 T 
5 0 0 0 0 1 PG 0 0 
6 0 0 0 0 PG 1 0 0 
7 0 0 0 0 0 0 1 PG 

8 0 0 0 0 0 0 PG 1 

"1" = 2.7V, ''0'' = GROUND 

82841 

v.----,:' -~~1T ----" 
''''':::::::~ ~ ~" 

INPUT (PO) ____ J' 

NON-INVERTING PATH 

~ r-----~ - - - voo 
I I TON~ __ =Vl0 

82842 

OUTPUT -------,f-/ 

INVERTING PATH 

ImootlC. 

F2 

T 
T 

F3 

T 
T 



TYPICAL APPLICATIONS 

EQUALITY GATE USED FOR COMPARISON 
+5V 

AO~ 
BO ) 

::~ ) 
"1" '" WORDS ARE EQUAL 

An'~ 
Bn _1 ) 

An~ 
Bn 

) 

DESCRIPTION 
The 8243 8-Bit Position Scaler is an MSI array of approximately 70 
gate complexity. The primary function of the 8243 is to scale (or 
shift) data bit positions by a selection of a 3·bit binary selector 
code. 

The most significant bit input (17) may be shifted 8 positions to the 
least significant bit output (00)' At zero shift, or scale select, all 
eight input data bits are transferred and inverted to their respective 
outputs, (10 to 00, 11 to 01, 12 to 02, etc.) At a shift, or scale select, 
of one, each input bit (In) will shift to the next lower output bit (On-
1). See truth table for other shift codes. 

The 8243's advantages over shift registers are the speed of opera­
tion and lower complexity of external logic required to effect a scale 
function. The speed of the 8243 Scaler is a function of gate propa­
gation delays-the speed of equivalent shift registers is the time for 
clock periods plus the propagation delay to effect a scale function. 

The 8243 is provided with open collector outputs to provide expan­
sion to larger scaling functions. Data input logic zero loading is 
reduced to less than -1001'A when the unit is disabled. 

TRUTH TABLE 

ENABLE 
INHIBIT 1&2 50 51 S2 00 01 02 03 

0 1 0 0 0 10 11 12 13 
0 1 1 0 0 11 12 13 14 
0 1 0 1 0 12 13 14 IS 
0 1 1 1 0 13 14 IS 16 
0 1 0 0 1 14 IS 16 17 
0 1 1 0 1 IS 16 17 1 
0 1 0 1 1 16 17 1 1 
0 1 1 1 1 17 1 1 1 
1 X X X X 1 1 1 1 
X 0 X X X 1 1 1 1 

X indicates either logic "1" or logic "0" may be present 

04 05 

14 IS 
15 16 
16 17 
17 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 

BtgDOliCB 

PARITY GENERATOR/TESTER 

:~~~ 
A2~ ® 
A J 

8243-N,F,Q o 
PIN CONFIGURATION -" N,F,a PACKAGE 

9 

Os 07 

16 17 
17 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 

267 



LOGIC DIAGRAM 

NOTE: All inputs have diode clamps. 

Vee = (24) 
GND = (12) 
( )"'" denotes pin numbers 

SWITCHING CHARACTERISTICS T A ~ 25°e and Vee ~ 5.0V 

LIMITS 

PARAMETER TEST CONDITIONS TVP MAX UNIT 

Propagation delay 
Data in In,50,51,52, 20 32 ns 
Select Sn Enable 1 & 2 30 40 
Inhibit Inhibit ~ 10mA 25 35 
Enable 1 & 2 30 45 

NOTES 
In "0" threshold 0.7 volts for 88243. 

AC TEST TABLES 

SCALE OUTPUTS SCALE 
FACTOR 1 2 3 4 5 8 7 FACTOR 

0 A B C D E F G SCALE 0 
1 1 A B C D E F RIGHT 1 
2 1 1 A B C D E 2 
3 1 1 1 A B C D 3 
4 1 1 1 1 A B C 4 
5 1 1 1 1 1 A B SCALE ~ 0 5 
6 1 1 1 1 1 1 A AROUND ~ 0 6 
7 1 1 1 1 1 1 1 7 

SCALE OUTPUTS SCALE 
FACTOR 1 2 3 4 5 8 7 FACTOR 

0 A B C D E F G SCALE 0 
1 G A B C D E F RIGHT 1 
2 F G A B e D E & AROUND 2 
3 E F G A B C D 3 
4 D E F G A B C 4 
5 C D E F G A B SCALE ~ 0 5 
6 B C D E F G A AROUND ~ 1 6 
7 A B C D E F G 7 

268 

8243-N,F,Q 

OUTPUTS 
1 2 3 4 5 8 7 

A B C D E F G SCALE 
B e D E F G 1 LEFT 
C D E F G 1 1 
D E F G 1 1 1 
E F G 1 1 1 1 
F G 1 1 1 1 1 SCALE = 1 
G 1 1 1 1 1 1 AROUND = 0 
1 1 1 1 1 1 1 

OUTPUTS 
1 2 3 4 5 8 7 

A B C D E F G SCALE 
B C D E F G A LEFT 
C D E F G A B & AROUND 
D E F G A B C 
E F G A B C D 
F G A B C D E SCALE = 1 
G A B C D E F AROUND = 1 
A B C D E F G 



AC TEST FIGURE AND WAVEFORMS 

PROPAGATION DELAY, ENABLE TO OUTPUT 
5.W 

'. Vee 

" 
" 
" '. 

'NPUT '5 
'. 
" 

··1 
5'" 

ENA~ , ' , 
OUT~1.6V : y,;-
--:~-.--

-----.11011'-- ~ ~'ott 
I I I I 

6.OV 2.BV 

&oon 

'" 

INPUT PULSE: 
Amplitude = 2.6V 
PW = lOOns ~ 50% points 
PRR .5MHz 

IN 916 

tr = tf = 5ns (10% to 90% points) 
NOTE: 
Enable 1 with Enable2 at Vee or 
Enable2 with Enable 1 at V ce· 

PROPAGATION DELAY, DATA SELECT TO OUTPUT 

INPUT PULSE: 
Amplitude"' 2.6V 
PRR"5MHz 

EN, 

EN, 

'. 
" 

.r-r--+---lSo 

" 
" 

PW "" 1 OOns 'g 50 % points 
tr = If "" 5ns (10% to 90% points) 

5.W 

Vee 
5.W 

IN 916 

'""'" Do I--;---..-+::r-.,'I\,--o '.6V 

2", 51< 

TRUTH TABLE FOR ARRAY EXPANSION 
SCALE 

ADDRESS 8243-1 

MSB LSB BO B1 Bz B3 B4 BS 

0 0 0 AO A1 A2 A3 A4 /1·5 
0 0 1 1 AO A1 A2 A3 A4 
0 1 0 1 1 AO A1 A2 A3 
0 1 1 1 1 1 AO A1 A2 
1 0 0 1 1 1 1 AO A1 
1 0 1 1 1 1 1 1 AO 
1 1 0 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 

lit 
A6 
AS 
A4 
A3 
A2 
A1 
AO 
1 

8243-N,F,Q 

PROPAGATION DELAY, DATA INPUT TO DATA OUTPUT 
5.W 

Vee 
EN, 

EN, 

'. 
" 

Do 

'. 
" 
" 

'NH GND 

5.W 

IN 916 

1--.~I-+-I<I-"':socm;W;~ 2.6V 

2", 51< 

INPUT PULSE: 
Amplitude· 2.6V 
PW = lOOns @ 50% pOints 
PRR.SMHz 
tr = If = 5ns (10% to 90% points) 

PROPAGATION DELAY, DATA SELECT TO OUTPUT 

INPUT PULSE: 
Amplitude = 2.6V 
PRR " SMHz 
PW =< 100ns 'e 50% points 

5.OV 

Vee 
EN, 

EN, 

'. 
" 
So 

" 
Sz 

'NH 

tr "., If = 5ns (10% to 90% pOints) 

B7 B7 Ba B9 

A7 A7 1 1 
A6 A6 A7 1 
AS AS A6 A7 
A4 A4 AS A6 
A3 A3 A4 AS 
A2 A2 A3 ~ 
A1 A1 A2 A3 
AO AO A1 A2 

Do 

GND 

5.W 

IN916 

1--.~I-+-I<I-.....;;soon;;;:"'-o2.6V 

2", 51< 

So~ 
Oo~ __ . ~ ~ 

:~'.5V 
I I I I 

~Ion~ .......-.!1-4-fott 

8243-2 

B10 B11 B12 B13 

1 1 1 1 
1 1 1 1 
1 1 1 1 

A7 1 1 1 
A6 A7 1 1 
AS A6 A7 1 
A4 A5 A6 A7 
A3 A4 AS A6 

B14 

1 
1 
1 
1 
1 
1 
1 

A7 

IRIOIIDI 269 
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TYPICAL APPLICATIONS 

ARRAY EXPANSION 

{>cr-

BO B7 -{>o-

--11f f 11 l"f fffiffif----- -- -

270 

SCALING 
ADDRESS 

LSB 

MSB 

C7 
So 

S, 

S2 
17 

c C 

WHERE: Ai "" INPUT BITS 

Bi = OUTPUT BITS 

°0 

8243-1 

10 

00 r--oEN3 '--So 
r--oEN2 '--- S, 8243-2 

r--o INH. S2 
10 

I I 

-THESE LINES HAVE THE SAME INFORMATION 
AND MAY BE CONNECTED. 

BI-DIRECTIONAL 8-POSITION SHIFTER 
OUTPUTS 

1234567 

]I li c 15 ~ 
INPUTS 

20 2' 22 

SCALE 
FACTOR 

AROUND 

"' 06 Os O. 03 O2 0, 00 
ENABLE 1 
ENABLE 2 t------

IItgDOliC9 

°7 

17 

8243-N,F,Q 

r--o 
>--0 
-0 



SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
8250-A,F,W 
8251,52-B,F,W 
82S50-A,F 
82552-B,F 

DESCRIPTION 
The 8250. 8251 and 8252 are gate arrays 

8250, 82550 

A,F PACKAGE 

for decoding and logic conversion applica- D 

tions. 

The 8250 converts 3 lines of input to a one­
of-eight output. The fourth input line (D) is 
utilized as an inhibit to allow use in larger 
decoding networks. 

The 8251 and 8252 convert a 4 line input 
code (with 1-2-4-8 weighting) to a one-of­
ten output as shown in the Truth Table. 

The 8252 is a direct replacement for the 
9301 with all outputs being forced high 
when a binary code greater than nine is 
applied to the inputs. 

The selected output is a logic "0". 

TRUTH TABLE 
OUTPUT 5T A TES 

INPUT 
5TATE 8250/82550 

A B C 0 0 1 2 3 4 5 6 7 

0 0 0 0 0 1 1 1 1 1 1 1 
1 0 0 0 1 0 1 1 1 1 1 1 
0 1 0 0 1 1 0 1 1 1 1 1 
1 1 0 0 1 1 1 0 1 1 1 1 
0 0 1 0 1 1 1 1 0 1 1 1 
1 0 1 0 1 1 1 1 1 0 1 1 
0 1 1 0 1 1 1 1 1 1 0 1 
1 1 1 0 1 1 1 1 1 1 1 0 
0 0 0 1 1 1 1 1 1 1 1 1 
1 0 0 1 1 1 1 1 1 1 1 1 
0 1 0 1 1 1 1 1 1 1 1 1 
1 1 0 1 1 1 1 1 1 1 1 1 
0 0 1 1 1 1 1 1 1 1 1 1 
1 0 1 1 1 1 1 1 1 1 1 1 
0 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 

82521 
8251 82552 

8 9 8 9 

1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
0 1 0 1 
1 0 1 0 
0 1 1 1 
1 0 1 1 
0 1 1 1 
1 0 1 1 
0 1 1 1 
1 0 1 1 

SWITCHING CHARACTERISTICS TA~25°C. VCC~5V 

8250 8251 
PARAMETER TYP MAX TYP MAX 

ton TURN-ON DELAY 20 I 35 20 I 35 
toft TURN-OFF DELAY 20 35 20 35 

LlMIT5 

8252 
TYP MAX 

20 I 35 
20 35 

82550 
TYP MAX 

12 I 16 
12 16 

8250,82550 
WPACKAGE 

8251, 8252, 82552 

B,F,W PACKAGE 

82552 
TYP MAX UNIT 

12 

I 
16 ns 

12 16 ns 
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LOGIC DIAGRAMS 

Vee~(14) 

GND ~ (7) 
( )= Denotes pin numbers 

AC TEST FIGURE 

8250,82550 

vee ~ (16) 
GND ~ (6) 

A " 
(15) ... 

, ~ 
(14) V 

o c-l' 
(1) ... 

o--"--t:: 
12) ... 

I ... 

I ~ ... 

I ~ ... 

I ~ ... 

( ) = Denotes pin numbers 

8251, 8252, 82552 

0 

\13 

, 
)'2 

, 

j (1' 

, 
(10 . 

J 
191 

~) 
6 

141 

~) 
}. 

, 
16) 

}. 9 

(1J 

"Connections made on 8252 only 

8250, 8251, 8252 

272 

TURN-ON DELAY (ton) 

INPUT 

2.6V 

B4.S,n 

)N 916 

t-::---~.,..--() OUTPUT 

INPUT PULSE 
PRA= lMHz 
'R"r=25n. 
PV'/=50,,, 

All DIOOH ARE lN3064 

'" TEST 
TABLE 

~l~NAcgl'~TE5::e:~~E~OAJ~~ ~e:~~~ -:~~E IN OHMS 

82550 

TURN-OFF DELAY (toft) 

INPUT 

IN 916 

A 

D 

CD Non-sel('~ted inputs are connected to ground. 

lQADCIRCUITS 
2,3,4,5,6, JANOS 

SAME AS LOAOCIRCUtT 1 

2.6V 

84.5H 

OUT 
PUT 



AC TEST FIGURE (CONT'D.) 

INPVTPULSE 
PflR lMH, 
'R 'I 25", 
PW ~ !iO n. 

ALL DIOD~S AfIE INJ064 

'" lEST 
TABLE 

82552 

lOAD CIRCUITS I 
~. 3.4 5 6.7 8.9 AND 10 I 

SAME ASLOAOClflCUIT , I 
I ________ -1 

;~~";E~\'fg:SR~!~~ENSDAJ~~ ~e~~~~ ~",.';E IN OIfMS 

AC TEST TABLE 
82550 82552 

TEST INPUTS OUTPUTS TEST INPUTS OUTPUTS 
NO. A B C D 0 1 2 3 4 5 6 7 NO. A B C D 0 1 2 3 4 5 6 

1 1 1 PG 0 T 1 0 0 PG 0 T 
2 1 1 PG 0 T T 2 PG 1 0 0 T T 

3 PG 1 0 0 T T 3 0 0 0 PG T 

4 0 PG 1 0 T T 4 1 0 PG 0 T T 

5 0 0 0 PG T 5 1 PG 0 1 

6 1 0 PG 0 T T 6 PG 1 1 0 

"1" = 2.7V "0" = Ground 

VOLTAGE WAVEFORMS 

8250,8251,8252 82550,82552 

INPUT 

-I +-=--------,-1 J= --- --" 
10% l-t:% ::>IJ '''' ,v INPUTIP(;I~~ON ~ 

INVERTING OUTpUT r-----I, I I '0" I 

I I I 
~ TON~---VOO 
'~l~--Vl() 

NONINVERTINGOUTPUT~'~V ~VOO 

IImOOliDIL 

7 8 9 c: -T 

T 

~ 
C -
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TYPICAL APPLICATIONS 

BINARY NUMBER 

rAIN BIN CIN "DIN EIN FIN) 

tJ 21 ~ :z3 :z4 25 

r 

ii1234567 

INHIBIT 

TYPICAL APPLICATIONS 

ONE-OF-10 DECODER 

RESET 0-----1 

Vee 0---..... :)1 STROBE 
DECADE COUNTER 8280 

CLOCK 0---..... :)1 

BCD-TO-DECIMAL DECODER 8251 

CONTROL LINES 

274 

ONE-OF-64 DECODER 



DESCRIPTION 
The 8260 Arithmetic Logic Element is a monolithic gate array incorporating four full-adders 
structured in a look-ahead mode. The device may be used as four mutually independent 
exclusive NOR or AND gates by proper addressing of the inhibit lines. 

As a four-bit adder the 8260 permits high speed parallel addition of four sets of data and 
features both simultaneous addition on a character to character and on a bit to bit basis 
within the package. 

When true input variables' are used, the true sum is formed at the f output. Inverted input 
variables produce the complement of the sum of the true variables. 

The carry-outs available are: Internally Generated (CG); Propagated (Cp); and Ripple (CR)' 
This gives the 8260 complete flexibility when used in Ripple Carry or Anticipated Carry 
Adder Systems. 

BLOCK DIAGRAM 

r 

III1 

LOOK-AHEAD 

CARAY TERM 

LOGIC DIAGRAM 

131 { 141 
(5) C 1N 
161 
171 

r& 
-
--
An 'j' Bn 

I r 
II 

9 

r 
I 

I J 

TRANSFER TERM 

% -- ~ 
Xn ';' Y n OA Xn ' Y n 

S!!IDOfies 

PIN CONFIGURATION 8260-N,F,Q 

N,F,Q PACKAGE 

o -" 9 
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8260-N.F.a 
TRUTH TABLE 

CINH = 1 • An= 1 I CINH - 0 ~ An .. 
CIN A1 A1 X1 Y1 A2 A2 X2 Y2 A3 A3 X3 Y3 ~ EINH Xn Yn Bn 
-0 ro 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

1 1 0 0 1 0 0 0 1 0 0 0 1 0 
Bn 0 0 1 0 

0 1 0 0 0 1 0 0 0 1 0 0 An fn 
0 1 0 0 

0 1 1 1 0 1 1 1 0 1 1 1 0 0 1 0 1 1 1 
0 1 0 1 0 0 0 

1 0 0 0 1 0 0 0 1 0 0 0 1 0 0 1 0 1 0 
1 0 1 1 1 0 1 1 1 0 1 1 1 1 1 1 1 0 0 
1 1 0 1 1 1 0 1 1 1 0 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 

l 

SWITCHING CHARACTERISTICS T A = 25°C. VCC = 54 MODE OF OPERATION 

LIMITS L •• ,t Signific.nt CONTROLS 

PARAMETER TYP MAX UNIT INPUTS CIN Input, to be" CINH EINH f 

Propagation Delay Xn'Yn 0 0 0 Ln Add 
Xn• Yn• Cin to CR 14 20 ns 
Xn• Yn to Cpo CG 14 20 
Xn• Yn to fn 24 33 
Cin to fn 14 22 1 

0 0 1 -- Not used 

0 1 0 XnYn Coincidence 
+XnYn 

0 1 1 XnYn AND 

Xn'Yn 1 0 0 Ln Add 

1 
1 0 1 --- Not Used 

1 1 0 XnYn COincidence 
+XnYn 

1 1 1 XnYn AND 

-Least significant of a "Multiple Package"· adder system. 

AC TEST TABLE 
SWITCH POSITION 

STEP DELAY DRIVEN OTHER INPUTS WAVEFORM 

NO. FROM-TO INPUTS X1 Y1 X2 Y2 X3 Y3 x.. Y4 CIN EINH CINH TYPE 

Xn to CR A.S 
1 or 2 2 1 2 1 2 1 2 1 2 2 2 

Xn to Cp C.D 

Yn to CR A.S 
2 or 2 1 2 1 2 1 2 1 2 2 2 2 

Yn toCp C.D 

3 Xn• Yn to fn 2 1 1 1 1 1 1 1 1 1 1 1 A.S 

4 CIN to CR 2 2 2 2 2 2 2 2 2 2 2 2 A.S 

5 CIN to fn 2 1 2 1 2 1 2 1 2 2 2 2 C.D 
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AC TEST FIGURE 

BNC x, " 

err v, 
'2 

X 2 

V2 
'3 

"3 

V3 '. 0- X. 

V. CR 

BNC 
C G 

CP 
EINH 

r------<02 

~ 
NOTE: Scope terminals fa be 5 1'2" from Package Pins 

TYPICAL APPLICATIONS 
The 8260 contains the control logic necessary to allow operation <IS 
a general purpose arithmetic logic device. Below, the internal car­
ries are inhibited to effect Exclusive-NOR or coincidence operation. 
The 87260 may also be operated as four independent AND gates to 
implement masking and similar requirements of micro-pro­
gramming. 

The Ripple Adder System is the simplest but also the slowest appli­
cation of the 8260. The typical total addition time (input to sum 
output for 12-bit ripple adder is 42ns). 

The Fast Adder System provides complete carry look-ahead addi­
tion for words to 24 bits in length and is the fastest application of 
the 8260 units. The typical total addition time for a 24 bit fast adder 
is 42ns. 

FOUR-BIT COMPARATOR 

··0·· • A B 

8260-N,F,Q 

VOLTAGE WAVEFORM 

INPUT J\T BNC 

'.5~--'p_1;--2.6V 
(Ty-;;0-!t-:=- ov 

tr;; tf 2:3n5 

PW = 50ns 
f= 1MHz 

A 

'N J 'on 1 __ 

~ 
o 

~ -i'Off 1--

RIPPLE ADDER SYSTEM 

"Tied to Vee if not-true inputs are used, otherWise to ground 

SmOoriCS 277 
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TYPICAL APPLICATIONS 

24-BIT FAST ADDER SYSTEM 

*Tled to vee if not-true inputs are used, otherwIse to ground. 

DESCRIPTION 
The 8261 Fast Carry Extender is a monolithic gate array designed 
specifically to be used in conjunction with the 8260 Arithmetic Logic 
element. A 8260/8261 combination facilitates the implementation of 
the look-ahead technique in adder systems. thus considerably im­
proving propagation times. The circuit structure of this array is of 
the lamilar TTL type. 

LOGIC DIAGRAM 

Vee (14) 
GNO (7) 

A B 

( ) Denotes Pin Numbers 

278 

P1 P2 P3 P4 P5 

(13) (2) (4) (6) (9) 

Iln011:1 

8260-N.F.Q 

8261-A.F.W 

PIN CONFIGURATION 

A,F PACKAGE 

WPACKAGE 



---- . ." 
-,.-.-:------ .- _.- - _. --.. -

FAs_ 

SWITCHING CHARACTERISTICS TA ~ 25°C, VCC ~ 5V 

LIMITS 

PARAMETER TYP MAX UNIT 

ton Turn-on delay 
G to CE 16 25 ns 
P to CE 13 25 

toff Turn-off delay 
G to CE 16 23 ns 
P to CE 9 15 

AC TEST TABLE 

PIN INPUT 

DESIGNATION A B G1 G2 G3 G4 P4 

1 PULSE 1 1 1 1 1 1 

2 1 PULSE 1 1 1 1 1 

3 1 1 PULSE 1 1 1 1 

4 1 1 1 PULSE 1 1 1 

5 1 1 1 1 PULSE 1 1 

6 1 1 1 1 1 PULSE 1 

7 2 2 2 2 2 2 PULSE 

AC TEST FIGURE 
Vee 

" 
Vee " 

" 2.6V 
INPUT 

If cr-2- G, 
G, 

TYPICAL APPLICATION 

G, 
CE 

8261 A 

P2 G2 P, 

-
CG3 Cp3 CG2 Cp2 

GIN 1 CG CIN 1 CG 

8260 8260 

CIN 2 I-- CR CIN 2 CR 

c" 

16 BIT. TA 42ns, typical Fast A(jder System (5 packages) 
*Tied to Vee jf not-true inputs are used, otherwise to ground. Unused 8261 pins should be tied to Vee 

li~nD'iCli 

WAVEFORM 

A,B 

C,D 

CIN 1 

8260 
-

CIN 2 
c., 

B261-A,F,W 

VOLTAGE WAVEFORMS 

NOTES: 

A 

o 

INPUT AT BNC 

'.5~--tp-r2.6V 
ITY--::-0-It~ ov 

t r "" tf ~3n$ 
PW"" SOns 
f= 1MHz 

A Position 1 on all switches provides a logical" 1" 
Position 2 on all switches provides a logical "0" when 
input signal is not present 

B. All measurements are made at 1.5 volts level 

CG1 

CG CIN 1 

8260 

CR CIN 5 

279 
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SPEED/PACKAGE AVAILABILITY 
8262-A.F,W 

82S62-A,F 

DESCRIPTION 
The 8262 g-Input Parity Generator/Parity Checker is a versatile MSI 
device commonly used to detect errors in data transmission or in 
data retrieval. Two outputs (EVEN and ODD) are provided for versa­
tility. An INHIBIT input is provided to disable both outputs of the 
8262. (A logiC 1 on the INHIBIT input forces both outputs to a logic 
0). 

When used as a Parity Generator. the 8262 supplies a parity bit 
which is transmitted together with the data word. 

At the receiving end. the 8262 acts as a Parity Checker and indi­
cates that data has been received correctly or that an error has 
been detected. 

LOGIC DIAGRAM 

P9 

Vee ~ (14) 

GND ~ (7) 
( ) ~ Denotes Pin Numbers 

LOGIC EQUATIONS: 
Odd ~ 

INHIBIT 
,81 

EVEN OUTPUT 

t----'I' 191 

ODD OUTPUT 
)0-'----0161 

P1 (j) P2 Ei) P3 (j) P4@ P5 (j) P6 Ei) P7 (j) P8 ® Pg 

Even ~ 

SWITCHING CHARACTERISTICS TA~25°C. VCC~5V 

PIN CONFIGURATION 

A,F PACKAGE 

W PACKAGE 

TRUTH TABLE 8262 

MEASURE SWITCH POSIT!ON WAVEFORM 

DELAY FROM INH Pa Pg EVEN ODD 

P8 to ODD 1 2 1 1 

Pg to ODD 1 1 2 2 

P8 to EVEN 1 2 1 2 

Pg to EVEN 1 1 2 1 

INH to EVEN 2 1 1 2 

AC TEST TABLE-82S62 

8262 82562 Test Inputs Outputs 

PARAMETER TEST CONDITIONS TYP MAX TYP MAX UNIT 

ton Turn-on Times 

P1-P8 to even Under test: pulse 35 50 17 23 ns 

P1-P8 to odd Under test: pulse 30 45 18 28 ns 

Pg to even Under test: pulse 20 35 7 12 ns 

Pg to odd Under test: pulse 15 30 12 18 ns 

Inhibit to even Inhibit: pulse 8 15 7 9 ns 

Inhibit to odd Inhibit: pulse 8 15 6 9 ns 

toff Turn-off times 

P1-P8 to even Under test: pulse 38 55 17 23 ns 

P1-P8 to odd Under test: pulse 32 45 18 28 ns 

Pg to even Under test: pulse 23 40 7 12 ns 

Pg to odd Under test: pulse 20 35 12 18 ns 

Ihhibit to even Inhibit: pulse 10 18 7 9 ns 

Inhibit to odd Inhibit: pulse 10 18 6 9 ns 
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No. 

1 

2 

3 

4 

5 

6 

7 

P1 P: P3 P4 P5 P6 P7 PB P9 INH Even Odd 

PG a a a a a a a a a T T 
a a PG a a a a a a a T T 
a a a a PG a a a a 0 T T 
0 0 a 0 0 a PG 0 0 a T T 
a a 0 a 0 a a 0 PG a T T 
0 0 a 0 a a a 0 a PG T 
0 0 a 0 0 0 0 a 1 PG T 

"1" :: 2.7V "0":: Ground "T" :: Test 

NOTE: 
1. AC Test Jig Must Not Have Any Switches. 
2. AC Test Jigs Must Have Less Than Ys Inch Lead Length From 

Package Pins. 



AC TEST FlGURE AND WAVEFORMS 

8262 

l-o---+---+C:l--'IIIIv---o 2.W 

INPUT (Oll--~-+ 

14- 50ns ~ 
I I 
I I 

WAVEFORM 1 1.5V ____ .,.. 
I 

I 
I 
I 
I 
I 

1.5V 

: t.- ---.~ ~ff 

WAVEFORM 2 1.5V ----i~---.. \ .. --___ -..IF 

INPUT PULSE 
PAR ~ 1Mi'll 
'A ~ 'I ~ 2 5 n, 

ALL DIOD~S ARE lN3064 

'" nST 
T"'lIlE 

'. 
" 
" '. 
" " 
" 
" '. 

;1:~NRCELSl;~TE;:SR~!~:E~DAJ~~ ~e~~C~~~~CDE IN OHMS 

TYPICAL APPLICATION 

8-BIT 
DATA 

SOURCE 

CONTROL 

lb ~~ 
-P3 

c....-p. 
8262 

P5 
P6 
P1 
P8 
p. 

PARITY 
GENERATOR 

* Output can be conditioned for odd or even parity. 

,--------, 
1 LOADCIRCUIT2 I 

SAME AS lOADCIACUIT 1 I 
I I 
L ________ .-l 

lb ~~ 
- P3 

c....- p. 

l 
P5 
P6 
P1 
P8 
p. 

OUTPUT PARITY BIP 

82S62 

8262 

PARITY CHECKER 

I I 
I I 

'on ----t-- --I f= 1.0MHz 
t,:::: tr '" 5ns 

-++___ -:I± ____ " J:': ~:;\I 
INI'UTIPG) 10% ~ PW ~10% OV 

INV.EATINGOUTPUT~~ VIO 

I 1.5V I'" 
I I R ----yeo 
I I ~ _____ ...:'O:::..!N ~ ___ V10 

8-BIT 
DATA 

RECEIVER 

DUTPUT* 

ERROR SIGNAL 

An "even parity bit" checking code has a parity bit such that the sum of the 1 's in the data word plus the parity bit is always 
an even number. 

An "odd parity bit" checking code has a parity bit such that the sum of the ,'s in the data word plus the parity bit is always 
an odd number. 
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DESCRIPTION 
The 8263/8264 3-lnput, 4-Bit Multiplexer is 
a gating array whose function is analogous 
to that of a 4-pole, 3-position switch. Four 
bits of digital data are selected from one of 
three inputs. A 2-bit channel-seleCiition code 
determines which input is to be active. 

The Data Complement input controls the 
conditional complement circuit at the Multi­
plexer output to effect either inverting or 
non-inverting data flow. 

The 8263 employs active output structures 
to effect minimum delays: the 8264 utilizes 
bare collector outputs for expansion of in­
put terms. 

The 8264 may be expanded by connecting 
its outputs to the outputs of another 8264. 
Provision is made for use of a 3-bit code to 
determine which Multiplexer is selected; 
thus, eight Multiplexers .!TIay be common'ed 
to effect a 4-pole, 24-position switch. 

8264 
N,F,a PACKAGE 

8263-N,F,Q • 8264-N,F,Q 

PIN CONFIGURATION 

8263 
N,F,a PACKAGE 

'DATA COMPLEMENT 

TRUTH TABLE 

SWITCHING CHARACTERISTICS TA~25°C VCC ~5V 

LIMITS 

8263 8264 

PARAMETER TYP MAX TYP MAX UNIT 

Propagation Delay 
An to fn 17 26 25 36 ns 

SO, S1 to fn 25 36 25 36 

DC to fn 17 26 20 30 

OE to fn 20 30 

LOGIC DIAGRAM 

8263 (ACTIVE PULL-UP) 

(4) (5) (6) l1l l21 (~\ (23) (22) (21) (201 (19) (18) 

115) .----r.>---...+--+----,+-+--rr---1----, 

VCc·(24) 
GND.(12) 
( ) - denotes pin numbers 

DATA 
INPUT 

An Bn Cn 

An x x 

x Bn x 

x x Cn 
x x x 

An x x 
x Bn x 
x x Cn 
x x x 
x x x 

X either state 

(17) 

282 BmnonCB 

CHANNEL OUTPUT 
SELECT DATA ENABLE DATA 
So S1 COMPLEMENT (8264) OUTPUTS 

1 1 0 1 An 
0 1 0 1 Bn 
1 0 0 1 Cn 
0 0 0 1 0 

-
1 1 1 1 An 
0 1 1 1 Bn 
1 0 1 1 en 
0 0 1 1 1 
x x x 0 1 



8263-N,F,Q - 8264-N,F,Q 

LOGIC DIAGRAM 

8264 (OPEN COLLECTOR) 

(4) (5) (6) (1) (2) (3) (23) (22) (21) (20) (19) (1S) (H) 

So I CHANNEL 

r-11t1---++---i+1r-lItl---tt-+h-ttt-*-m--+n---*---Ca---=--~<>S1 I SELECT 
r--H1H-tt--++p--+H-+tt--thp---/tI-+tt--thr---'--<><~--' (161 

(15) 

COMPLEMENT 

Vee - (24) 
GND (12) 

10 12 13 

__ -- ---~ DATAQUTPUTS-------< .... 

( ) -, denotes pin numbers 

AC TEST FIGURE 

-......1)---<:0--1 AD 

BO 
Co fa 

A, 
0, 
C, 
A2 
8 2 I, 

C2 

A3 
B3 
C3 

OE, '2 
OE2 
OE3 
So 

S, 

DC '3 

-=- 8264 

NOTES 
1. Scope terminals to be <~ 1%" from package pins. 
2. Position 1 on switch provides a logical "1". 

POSition 2 on switch provides pulse. 
Position 3 on switch provides a logical "0". 

3. All measurements are made at 1.5V level. 
4. See truth table for logical conditions. 

440fl 

-::-

E=:-----;-;,-<l I OUTPUT 
ENABLE 

'0 

" 
2.6V 

'2 

-::-
'3 

8263 

OUTPUT 

IN 916 
'500 

2.6V 
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AC TESTING 

STEP DELAY DRIVEN 

NO. FROM-TO INPUTS AO BO Co A1 B1 C1 

1 An to In 2 2 1 1 2 1 1 

2 So to fn 2 3 1 1 3 1 1 

3 So to fn 2 1 3 1 1 3 1 

4 S1 to In 2 1 1 3 1 1 3 

5 DC to fn 2 1 1 1 1 1 1 

6 OEn to fn 2 1 1 1 1 1 1 

NOTE: 
Step number 6 is for 8264 only 
·Test one input at a time - others remain at "1" 

WAVEFORMS 

NON-INVERTING PATHS 

INPUT AT BNC 

1.5~ --PW--!L=- 2.6V 

(;Y-;:0---J~ 

A 

IN I 
~1.5V 
--I '-'on--'-I---

OUT \-1.5V 

B 

1~11 IN _ 'off--

I J,C::1.5v 
2!!L--..I' 

INVERTING PATHS 

C 

~ IN __ I 'on 1 __ 

OUT ~ 
tr=tf:53ns 
Amplitude ",2.6V 
PW~200ns 
PRR", lMHz 

o 
IN 

~ -I 'off 1--
~ 

SWITCHING POSITIONS 

A2 

2 

3 

1 

1 

1 

1 

OTHER INPUTS 

B2 

1 

1 

3 

1 

1 

1 

C2 A3 B3 C3 OE OE 

1 2 1 1 1 1 

1 3 1 1 1 1 

1 1 3 1 1 1 

3 1 1 3 1 1 

1 1 1 1 1 1 

1 1 1 1 . . 

EXPANDING THE 8264 

~ 

QUTPU TENABLE 

,L-.-----
~ i--

iii 
ii 
;' '~ "" i--r 

CHI\NNEL 

SELECT 

DATA 
COMPLEMENT 

~ 

~ 

:= 
~ 

:= 
'~ 

':= ,0 

" " ~ 

I--f.--
'0 
~ 
-

I--

"" i--r i--r 
I--f.--

-r 
-

-
'26' -f.--

-f.--

-,--
-
" .. 

-,--

OE So 

1 1 

1 2 

1 2 

1 1 

1 1 . 1 

..-

I 

8263-N,F,Q • 8264-N,F,Q 

S1 

1 

1 

1 

2 

1 

1 

DC 

1 

1 

1 

1 

2 

1 

WAVEFORM 

TYPES 

C,D 

A,B 

C,D 

C,D 

C,D 

C,D 

~ 
'0 

" 
" 
'3 

-~ ,0 
~ 

8264 ----<0 

-

" 
" 

- ---~-,--

.-----

" .. 
'-r 
.-----

" .. 
'--r-
r---

" .. 
'"--r-

Figure 1 

:::: 
~ 

;0 

" " 

,0 

--. 1::::::; 
~, " 

::::::: 
~ 

TYPICAL APPLICATIONS VARIABLE MODULUS COUNTER 
An approach to expanding the 8264 (bare collector output) is 
shown in Figure 1. The idea is to use common collectors with exter­
nal pull-up resistors (one resistor for each of the four outputs) and 
make use of the output enable code. 

As can be seen, the channel select lines are tied common, while a 
different enable code would be used to selecty a particular 8264. 
All non-selected 8264's have their outputs in the logic "1" condi­
tion, thus allowing the selected multiplexer to predominate. 

Figure 2 illustrates a typical example using the 8263 (totem pole 
output) along with the 8281 (4-bit binary counter) and the 8270171 
(4-bit shift register), to implement a variable modulus counter. The 
8270's act as a 3-register memory. The outputs 01 the 8270's are 
fed to the corresponding inputs of the 8263. Now there are three 
different presettable 4-bit words that can be chosen by the 8264. 
By alternating the channel select codes, the 8281 counter is preset 
with one of three words and produces an output whose repetition 
rate is dependent on the inputs from the multiplexer. 
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CLOCK 
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FIGURE 2 



DESCRIPTION 
The 8266/8267 2-lnput, 4-8it Digital Multi­
plexer is a monolithic array utilizing familiar 
TTL circuit structures. The 8267 features a 
bare-collector output to allow expansion 
with other devices. 

The multiplexer is intended for use at the 
inputs to adders, registers and in other par­
allel data handling applications. 

SPEED/PACKING AVAILABILITY 
8266,67-8 ,F, W 

82566,567-8,F 

The multiplexer is able to choose from two different input sources, each containing 4 bits: A 
= (AO, A1, A2, A3), 8 = (80, 81, B2, B3). The selection is controlled by the input 50, while 
the second control input, 51, is held at zero. 

For conditional complementing, the two inputs (An, Bn) are tied together to form the func­
tion TRUE/COMPLEMENT, which is needed in conjunction with added elements to perform 
ADDITION/5UBTRAGTION. Further, the inhibit state So = S1 = 1 can be used to facilitate 
transfer operations in an arithmetic section. 

LOGIC DIAGRAM 

AO "0 A, ., ., ., A3 03 

l 

'0 

" 

I 

J 

vee ~ (14) '0 " '3 

GND e. (7) 
( ) Denotes pin numbers 

SWITCHING CHARACTERISTICS T A = 25°C, VCC = 5V 

LIMITS 

8266 8267 82566 82567 

PARAMETER TYP MAX TYP MAX TYP MAX TYP MAX 

Propagation delay 
So to fn (short path) 18 28 18 28 12 18 15 20 
So to fn (long path) 20 30 27 36 - - - -

An to fn 13 20 15 20 5 10 8 12 

Bn, S1 to fn 14 25 21 28 - - - -

S1 to fn 10 15 13 18 

Bn to fn 8 12 10 15 

8266-B,F,W·8267-B,F,W 

PIN CONFIGURATION 

B,F,W PACKAGE 

TRUTH TABLE 
5ELECT LINES OUTPUTS 

So 51 fn (0, 1, 2, 3) 

0 0 Bn 
0 1 Bn o 
1 0 An 
1 1 1 -" 9 

UNIT 

ns 
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AC TEST FIGURE 

'1.8266/67 

An. Bn. So or 5, PER WAVE FORM ! 
INPUT ~ 

1-....--0 Bn~'()----r, 

~----~ I 
Ano-----+--r-~ 

5'" I 
I 
I 
I 
I 
I 
I 
L __ 

So 5, 

INPUT ?UlS~ 
PRR= lMH, 
'R-','25 n , 

PW=50n. 

ALL OIOD~S ",AE lNJ064 

'" TEST 
TABLE 

Vee 

2.BV 

8266 8267 

R1 330f! 
R2 84.5f! 470f! 

82S66,82S67 

" " 
" " " 
" 
" 
" 
" 
" 

~l~NRCE~~'fi~:SR~:~~E~OAJ~~ ~~~~C~r:r;.C~ IN OHMS 

AC TEST TABLE-82S66,82S67 

TEST INPUTS OUTPUTS 
NO. So S, AO BO A, B, A2 B2 A3 B3 FO F, F2 F3 

1 1 PG 1 1 1 1 1 1 1 1 T 
2 1 PG 1 1 1 1 1 1 1 1 T T T T 
3 PG 0 1 1 1 1 1 1 1 1 T T T 
4 0 0 0 0 0 PG 0 0 0 0 T 
5 0 0 0 0 0 0 0 PG 0 0 T 
6 1 0 PG 1 0 1 0 1 0 1 T 
7 1 0 0 1 0 1 0 1 PG 1 T 

"1"=2.7V "0"= Output 

NOTES: 
1. AC Test Jigs Must Not Have Any Switches. 
2. AC Test Jigs Must Have Less Than Va Inch Lead Length From Package Pins. 
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8266-B,F,W' 8267-B,F,W 

VOLTAGE WAVEFORMS 

8266,8267 82566. 82S67 

NON-INVERTING PATHS INVERTING PATHS 

INPUT AT BNC 

1.5~--pw--r 2.8V 

(TY-;:~::-

A 

IN I 
~1.5V 
-I '-"'-n -:-1---

OUT \'-1.5V 

B 

1~11 IN _ "" __ 

I I,L::"i.5v 
2!!!...-.../ 

TYPICAL APPLICATIONS 

AlS 

1-------
I 
I 

Sol 

c 

~II --.. ton __ 

OUT ~ 

o 
IN 

~ 
-1"'''1-­
~ 

tr =c tf!S 5ns 
Amplitude"" 2.6V 
PW ""'- 200n5 
PRR = lMHz 

As 

--++:::: --1tJ=' - - - -->v 

~~ 4{ 1.5'" I.W 

INPUT1PG) 10% ~ PW-- 1 ' 0% OV 

INVERTINGOUTPUT~H Vl0 

I 1.5V I 1.5V 

I I FlTOFF - - - -voo 
'0' I-----i 

~
---v" 

1.5V 1.5V 

NON INVERTING OUTPUT "'00 

A4 A3 ~ AI 

-i 1-------
I I 
I I 
I sol 
I 
I 
I 
I 
I 
I 
I 
I 

__ -.l 

The 8266 can be used in conuunction with the 8260 (Look-Ahead Carry Adder) to form an adder-subtractor. 

AO 

-i 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

__ -.l 
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DESCRIPTION 
The 8268 is a single-bit full adder with 
gated true and complementary inputs, 
complementary sum U::: and L) outputs and 
an inverted carry output. By taking advan­
tage of the unique true or inverted inputs 
and true or inverted outputs, parallel addi­
tion speed is greatly enhanced (by 
eliminating unnecessary inversions). 

The device is designed for medium speed 
parallel and serial adder systems. 

LOGIC DIAGRAM 

Vee' (14) 

GND, (7) 
( ) = Denotes pin numbers 

WPACKAGE 

1;(61 

SWITCHING CHARACTERISTICS TA ~ 25°e, Vee ~ 5V 

FROM TO TEST LIMITS 

PARAMETER INPUT OUTPUT CONDITIONS TYP MAX 

Propagation delay time 
tpLH Low-to-high 

elN COUT 
8 13 

tpHL High-to-Iow 8 13 

tpLH Low-to-high 
Yc COUT 

20 25 
tpHL High-to-Iow 20 25 

tpLH Low-to-high 
Xc I: 

35 45 
tpHL High-to-Iow 35 45 

tpLH Low-to-high Yc "f 25 35 

IpHL High-la-low 25 35 

tPLH Low-to-high 1 
X1, X2 X 30 40 

tpHL High-to-low1 15 20 

tPLH Low-ta-high 1 
Y1, Y2 Y 30 40 

tpHL High-to-low1 15 20 

NOTES: 
1. This test is a measure of the required worst-case data set-up time. 

288 IImootiCII 

UNIT 

ns 

8268-A,F,W 

PIN CONFIGURATION 

A,F PACKAGE 

TRUTH TABLE 

CIN Y X COUT I: L 
0 0 0 1 0 1 

0 0 1 1 1 0 

0 1 0 1 1 0 

0 1 1 0 0 1 

1 0 0 1 1 0 

1 0 1 0 0 1 

1 1 0 0 0 1 

1 1 1 0 1 0 

NOTES: 

1 X = x~xc;Y...~' YoYcwhereX '" x 1 'Y2: y '" Y1' Y2 
2. When X, or Y are use~ as inputs, X1 and X2 or Y 1 or Y2 

respectively must be tied to GND. 
3 When X,1 and X2 or Y 1 and Y 2 are used as inputs, X or Y 

respectively must be left open or used to perform the 
WIRED-AND function. 



AC TEST FIGURE AND WAVEFORMS 

+5.0 V OUTPUT 

CON 

Xc 
""''(>-+-+-+~-'''''''i<l--'V'Iv--02.6V 

SEE 
X, 

TEST X2 
TABLE 

Y, 

Y2 

YC 

TEST TABLE (See Note 5) 

TEST OUTPUTS APPLY APPLY APPLY 
NO. UNDER TEST INPUT A TO INPUTB TO +2.6V TO 

1 Gout None Gin None 

2 Cout None Gin None 

3 Cout Yc None Gin 

4 Cout Yc None Gin 

5 L.: Xc None Gin 

6 L.: Xc None Gin 

7 r Yc None Gin 
8 r Yc None Gin 
9 X None X1 X2 

10 X None X1 X2 
11 Y None Y1 Y2 

12 Y None Y1 Y2 

NOTES: 

8268-A.F.W 

-- t,. ---, _ .. 

£'Ql .............. ' : 

INPUT B ~ 1.5V C 
~ .. ". 

, 0 

INPUT A~: 1,5V : 1.5V 
, I 
, I 

OUTP:~~O 

1. Perform test in accordance with test table 
2 Each output is tested separately 
3 Voltage values are with respect to network GND terminal 
4 The generator has the following characteristics 

Vgen 2.6V, If = ,f s 15n5. PW 0.5ns, PRR ~ 1MHz. 
Inputs and outputs not otherwise specified are open 
Capacitance shown include probe and jig capacitance 

7 All resistances are in ohms 

APPLY APPLY OUTPUT 
GNDTO LOADING TO 

Y1 Gout 

Y1 Cout 

X1. Y1 Cout 

X1. Y1 Cout 

L.: 
X1. Y1 r 

Cout 

L.: 
X1. Y1 r 

Cout 

Y1 r 
Y1 r 

None X (GL ~ 15 pF) 

None X(GL ~ 15 pF) 

None Y (GL ~ 15pF) 

None Y (CL ~ 15 pF) 
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TYPICAL APPLICATIONS 

N-BIT PARALLEL ADDER 

PARALLEL DATA INPUTS 

~ 
INPUT REGISTER X ' T T T T 

SERIAL DATA INPUT, ~ Os DA DB DC DO 

MODE CONTROL I <>-- LOAD 8270 SHIFT 
CLOCK <>--<l C Ao So Co DO 

I I 

~, ~2 ~3 

8268-A,F,W 

PARALLEL DATA OUTPUTS 

T T T ~ 
MODE CONTROL I ~ LOADAO BO Co DO 

SHIFT 
8270 

CLOCK 0---< C DA DB DC DO 

I I 

~4 

SERIAL 

DATA 

OUTPUT 

·OUTPUT 
REGISTER 

1& 
CIN CIN 

-~~ 
CIN 

~I~ 
CIN X-

Xc X 

[J Xc ~NC ~ Xc X Xc r--
~ X, ~ r- X, X, ~ X, ~ NC 

r- X2 B2BB I f- X2 8268 ~- .- X2 B2BBi NC f-- X2 8268 "I 
,---r Y, CO 

f- Y , CO .-~ Y, 
~ 

f-- Y, 

~~--] m_~~M ~ f--- Y2 ~ Y2 

INPUT 
CONTROL 

NOTES: 

NC 
Y2 Y2 
Yc 

y NC f--f- Yc 
y- NC 

Yc 

BIT' (LSB) .". BIT2 BIT3 

I r---
CLOCK 0---< C Ao BO Co DO 

MODE CONTROL! 0-- SHIFT io-- LOAD 
8270 

SERIAL DATA INPUT 0-- Os DA DB DC DO 
INPUT REGISTER· Y 

1 1 1 1 
~ 

PARALLEL DATA INPUTS 

Y NC ~~ Yc 

.". BIT4 

EOR 
N NO CONNECTIO 

To expand storage register for serial/parallel operation. connect DO to Os of next stage and common the mode control lines and the clock line 01 the first stage to their respective second 
stage equivalents. 
.. To expand output register for parallel outputs common clock. shift and load lines with their respective counterparts. For serial data output. also connect DO of first register to Os of next 

register. 

4-BIT SERIAL ADD/SUBTRACTOR 

SERIAL 
DATA 0---+--+1 
INPUT 

SERIAL 
DATA 0---+--+1 
INPUT 

CLOCK 

290 

ADD/SUB 
CONTROL 
ADD "0" 
SUB"'" 

INHIBIT/ENABLE 
SUM CONTROL 

SUM 

8268 

CARRY FIF 

R 
1-! .... --4K' a 

C 8825 



DESCRIPTION TRUTH TABLE 
The 8269 4-Sit Comparator is an array of 
gates designed to perform the numerical 
comparison of two four-bit binary numbers. 
The outputs indicate whether the two num­
bers are equal in value, or which number is 
the greater. The 8269 is a functional and pin­
for-pin replacement for the DM8200. 

LOGIC DIAGRAM 

An 

A 
A 
A 
A 

"01 I 
, I ~ 
111) 

, 
1121 

, 
1131 

s, 

'" 

'" 

'" 
'" 

s, 
,'I 

vcc ~ (14) 
GND ~ (7) 

-D-

I 

1 
L../" 

I 
./ 

L/ 

( ) = denotes pin numbers 

L../ 

,iJ 

II 
1 1 

os=v 

INPUT OUTPUT 

Bn STROBE X Y 

> B 0 1 0 
< B 0 0 1 
= B 0 1 1 
~ B 1 0 0 

~ 
,I. ../ 

~~r 

~ ~.:. 
~=rr 

'-l:::f }-

SWITCHING CHARACTERISTICS TA=25°C VCC=5V 

FROM TO LIMITS 
PARAMETER INPUT OUTPUT TEST CONDITIONS MAX UNIT 

Propagation Delay Time 
tpLH Low-to-high Data Test Figure 1 40 ns 
tpHL High-to"low 30 
tpLH Low-to-high Strobe Test Figure 2 27 
tpHL High-to-Iow 18 

8269-A,F,W 

PIN CONFIGURATION 

A,F,W PACKAGE 

o .-
" 9 
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AC TEST FIGURE AND WAVEFORMS 

Input Pulse: 
f=1MHz 
PW", lOOns 
tr=tf= 10ns±lns 
AMP. = 3.0V 

PIN CONFIGURATION 
8271 

FIGURE 1 

B,F,W PACKAGE 

292 

39011 

DIODES 
IN 916 

---1t,~_:t,L 
I I I 

8269-A,F,W 

39011 

DIODES 

IN 916 

ie I 
INPUTA~I.:JV j",, ___ J 

"'oId~ ----;tt'j4--ve I 
STROBE~~""" 

t, --II f41 .. -----..J 
XOUTP\)T __ ~I 

I I'---+-' 
-1"'2,"- I 

YOUTPUT __ ---; 1:""' .... \1 ,u::v ~:t: ~F\,," ___ r 
_ ... ~ .1 ... ,1--

Input Pulse: 
Input A 
f=1MHz 
PW=100ns 
tr=t,= lOns± lns 
AMP. =3.0V 

8270 
A,FPACKAGE 

BfgDDlil:B 

FIGURE 2 

Strobe Input 
f=1MHz 
thold = Ons 
tset-up = 10ns 
tr = tf = 10ns±lns 

8270-A,F,W • 8271-B,F,W 

8270 

WPACKAGE 



SPEED/PACKAGE AVAILABILITY LOGIC DIAGRAM 
827G-B,F,W/8271-A,F,W r'--'----'-------'---=.~------------------------. 
82S7G-B,F/82S71-A,F 8270 

DESCRIPTION 
The 8270 Is a 4-blt Shift Register with both 
serial and parallel data entry capability. 

The data Input lines are single-ended true 
Input data lines which condition their spe­
cific register bit location after an enabled 
clocking transition. Since data transfer Is 
synchronous with clock, data may be trans­
ferred in any serial/parallel input/output 
relationship. 

The Internal design uses level sensitive bi­
naries which respond to the negative-going 
clock tranSition. A buffer clock driver has 
been included to minimize input clock load­
Ing. 

Mode control logic is available to determine 
three possible control states. These register 
states are serial shift right mode, parallel 
enter mode, and no change or hold mode. 
These states accomplish logical decoding 
for system control .. The truth table for the 
control mades is shown below. 

For applications not requiring the hold 
mode, the load input may be tied high and 
the shift input used as the mode control. 

The 8271 provides a direct reset (RO), and a 
00ut line in addition to the available outputs 
of the 8270 element. The fan-out specifica­
tion for this output is the same as the true 
outputs of the 8270 element. 

TRUTH TABLE 
CONTROL STATE LOAD SHIFT 

Hold 0 0 
Parallel Entry 1 0 
Shift Right 0 1 
Shift Right 1 1 

Vee = (14) lo-';_; -D ...... ~»----' 
GND ~ (7) 
( ) .. denotes pin numbers 

Vee ~ (16) 

GND ~ (8) 
( ) _ denotes pin numbers 

SWITCHING CHARACTERISTICS TA-25°C VCC=5V -

'" " 

'" " 

8270171 

PARAMETER TEST CONDITIONS MIN TYP MAX 

ton Turn-on delay time 
All binaries 25 40 

toff Turn-off delay time 
All binaries 25 40 

Clock Interval (High) Clock=2V 20 

Transfer Rate 15 22 

tsetup Set-up time 
Load 20 30 
Data 7 15 

'0 

" 

MIN 

11 

8 

40 

8271 

'" " 

'0 

'" 

82S70/S71 

TYP 

11 
11 

11 

11 

60 

3 
1 

{131 

'c 

MAX 
20 

16 

20 

16 

6 
3 

Co 

'" 

UNIT 

ns 

ns 

ns 

MHz 

ns 

I'll 

" 
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8270-A,F,W • 8271-B,F,W 

AC TEST FIGURES AND WAVEFORMS 

8270, 8271 

TURN ON/OFF AND TRANSFER RATE 

loon 

MOMENTARIL V --.-J 
PUSH TO START I 

294 

- LOAD 

- RESET - - SHIFT 

DA 

r LJ 

PULSE 

GENERATOR 

DB 

I 
l 
I 

1 
Vee 

A 

B 

e 

D 

Dc DO Os CLOCK 
0 

I I I I GND 

~ 

51H 

...J 

5.OV 

OUT 

r 

I 

2.6V CLOCK f"\.,.5V"--
INPUJ..J"1...J t, " tf" 5n$ 

T 

~ 
127n 

IN916 

2'~PF 
5K 

a 
LD AD 

UITS eiRe 

TYPICAL lOAD CIRCUIT 

DATA SET-UP TIME 

&I!IDDIIDB 

2O",~5"' -2.0V 

CLOCK 1.0V_ 

INPUT 
Notes: 

~: ~~~~~~r rate & min clock" 1" level: check that binary out­
puts are changing. 

~1.5V ~1.5V 
CLOCK ~ :\.:::..../c :\:: 

DATA INPUT ORPARALLEL~ 1----J L 
DATA INPUT ' 1.5~~ t---
RELATE[)~ r­
OUTPUT '-----/ 

NCltes 
1. Switch in position 1 to test serial data input. 
2. Switch in position 2 to test parallel data input. 

Adjust data input or parallel input delays to test condition and 
verify output operation. 



AC TEST FIGURE AND WAVEFORMS (CONTD ) 

Vcc=:S.OV 

1 
L I 

RESET AO 

SHIFT 
00 

tJ LOAD 

CLOCK Os 
DA DB DC 00 

PULSE { 
GENERATOR 

SOU SOU 2.0V 

I CL-16 PF 
':" (SEE NQTE 2) 

8270,8271 

SHIFT/LOAD SET-UP TIME 

I LOAO I 
l SEE FIG. 'J 

CLO~ / ~ / '\-

I '--_---J I '-------' I I 
I I-----t,.tIOI-------t I.--t,.tl 1 '------1 

: ,,: / i I . I . 
----, ~t'.tIOI -..l t----t,.tI11 

LOAD~,--___ ~Y""'----"'"""""-

SHIFT 

OUT~~ ________________________ -J~ 

NOTES: 
1. AU resistor values are in ohms. 
2. All capacitance values are in picofarads and include jig and 

probe capacitance. Capacitance as measured on Boonton 
Electronic Corporation Model 75A·SB Capacitance Bridge 
or equivalent. f = 1 MHz, V AC = mV rms. 

3. All diodes are 1 N916. 

82S70, 82S71 

NOTES 
1. All diodes are 1 N3064. 
2. CL includes Jig and Probe Capacitance 
3. Input pulses are supplied by pulse generators having ZOUT :::: 50n and the 

following characteristics: 
CLOCK INPUT PULSE 
tr ~ tf ~ 2.5ns (10% to 90%) 
Pulse amplitude:: 3V 
PRR (ton. toft) ~ 1 MHz 
tw (ton. tofO ~ 50 ns 
PRRR (Max. Freq.) ~ 40MHz 

4. Data input and output are any related pair. Serial and other data inputs are at 
ground. The serial input is tested with the A output when in the shift mode. 

SHIFT/LOAD AND OATA INPUT PULSE 
tr ::; tf :: 2.5 ns (10% to 90%) 
Pulse amplitude:: 3V 
PAR:: 1h of Clock Freq. 
tw ~ 50% Duty Cycle 
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AC TEST FIGURE AND WAVEFORMS (CONT'O.) 

RESET 
(ASYNCHRONOUS) 

SHIFT ------!--, 

LOAO ----1--' 

DATA 
(SEE NOTE 4) 

1.5V 

82S70, 82S71 

3V 

- --------------- DV 

3V 

1.5V 

- --- - - - -- - - - - DV 

----- - -- ---- - 3V 

DV 

- ------------ 3V 

DV 

!4----'SETUP---to.l 

- - - - 3V 

CLOCK ----1--- DV 

OUTPUT 
(SEE NOTE 4) 

TYPICAL APPLICATIONS 

DATA 
TO LEFT 

'oN=j 
...-------------- - - - VI OUT 'ON~ 

~ ... I._5_V _____ -, 

SHIFT-RIGHT/SHIFT-LEFT/PARALLEL ENTRY SHIFT REGISTER 

1.5V 

DATA 
TO RIGHT 

VOOUT 

CLOCK o-------------;CL 

SHIFT 

LOAD 

X 0--_>-1--1 '0 
1 

1 

18233 

Y o-----4--i ):>-...... ---+-'SI I 

~-T~---,~-r-T------r-r'--T------r-T-~~----r-~ 

x Y Function 
OO~ 
01 Shift Lefl 
1 0 Parpllel Load 
1 1 Shift qight 

296 

DATA 
FROM LEFT 

~,-------------~v~-----------------~~ 
PARALLEL DATA IN 

.~nDhCl 

DATA 
FAOMAIGHT 

Package Count: 1-8270 
1-8233 
V,-8H90 
V,-8H8D 



8273-B,F,W 
DESCRIPTION 
The 8273, 10-Blt Shift Register Is an array of binary elements Inter­
connected to perform the serial-In, parallel-out shift function. This 
device utilizes a common buffered reset and operates from either a 
positive or negative edge clock pulse. Clock 1 Is triggered by a 
negative going clock pulse and Clock 2 Is triggered by a positive 
going clock pulse. The unused clock Input performs the Inhibit func­
tion. The circuit configuration Is arranged as a single serial Input 
register with ten true parallel outputs. 

TRUTH TABLE 
INPUT iiHIf CLOCK 1 

1 1 Pulse 
0 1 Pulse 
1 1 1 
0 1 1 
1 1 Pulse 
0 1 Pulse 
1 1 0 
0 1 0 

NOTE: 
The unused clock Input pertorms the INHIBIT tunction. 

~-O-Q-O 

LOGIC DIAGRAM 

a, 
1111 

CLOCK 2 

0 
0 

Pulse 
Pulse 

1 
1 

Pulse 
Pulse 

oz 
1121 

03 
1131 

Qn +1 

1 
0 
1 
0 
Q 
Q 
Q 
Q 

<4 
1141 

Os 
1151 

Ofi 
(11 

PIN CONFIGURATION 

a/ 
121 

B,F,W PACKAGE 

a' 
131 

Og 

141 

~o----{~------~-+--~---+--~---___ ~--~--+---~--~--~---+--~--~~--~--+---~--~-, 

, 0" INPUT o-----------i 

CLOCK2 O-----:j~~--L------L-------J--------~------l--------L-------l------~L-------l-----~ 
CLOCK 1 

AC TEST FIGURE AND WAVEFORMS 

NOTES: 
1. Unused clack 2 Input must be grounded. 
2. Input pulse characteristics 

CLOCK 
Amplitude - 3.0V 
tr - tf S Sns. 

l~':n 
IN 916 

L~ .wp. 

11111'11. 

a,. 
151 
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SWITCHING CHARACTERISTICS TA=25°C, VCC=5V 

FROM 
PARAMETER INPUT 

Data Transfer Rate 
ton Turn-on delay Clock 1 

Clock 2 
Reset 

toff Turn-off delay Clock 1 
Clock 2 

tw(clock)Width of clock Clock 1 
Input pulse Clock 2 

tset-up Setup time Clock 1 
Clock 2 

thold Hold time Clock 1 
Clock 2 

DESCRIPTION 
The 8274 10-Bit Shift Register is an array of 
binary elements interconnected to perform 
the parallel-in serial-out shift function. The 
circuit has ten parallel inputs and a single 
true serial output. The 01 input can also be 
used for serial entry. Two control inputs, So 
and 81, determine the operating mode of 
the shift register as shown in the Truth Ta­
ble. A single buffered clock line connects all 
ten flip-flops which are activated on the 
high-Io-Iow transition of the clock pulse. 
Guaranteed input clock frequency is 
25M Hz. With the exception of the Hold 
Mode, the control inputs may be changed 
when the clock is in either the high or low 
state without causing false triggering. The 
Hold Mode can be entered only when the 
clock is low. Applications for the 8274 Shift 
Register include Parallel-to-Serial conver­
sion, Modem Data Transmision, Pseudo­
Random Code generation and Modulo-N 
Frequency Division. 

LOGIC DIAGRAM 

TO 
OUTPUT 

TRUTH TABLE 

So S1 

0 0 
0 1 
1 0 
1 1 

LIMITS 

TEST CONDITIONS MIN TVP M.A.¥. 

25 35 
Clock 2 = OV: 

Reset=4.5V 32 40 
Reset=4.5V 28 40 

Clock 1=4.5V 35 50 
Clock 2=OV 25 40 
Clock 1=4.5V 19 40 
Clock 2=OV 16 25 

Clock 1=4.5V 12 20 
Clock 2=OV 15 

Clock 1=4.5V 10 
Clock 2=OV 15 

Clock 1 =4.5V 10 

PIN CONFIGURATION 
OPERATING 

MODE 
B,F,W PACKAGE 

Hold 
Clear 
Load 
Shift 

~;-----------------~------------~.~ 

298 

SINGLE SERIAL 
DATA INPUT 

01 

D, D, 
PARALLEL OAT A INPUTS 

ImDnlml 

02 

8273-B,F,W 

UNIT 

MHz 

ns 

ns 

ns 

ns 

ns 

8274-B,F,W 



8274-B.F.W 
SWITCHING CHARACTERISTICS TA~25°C. VCC~5V 

LIMITS 

PARAMETER MIN TYP MAX UNIT 

Data Transfer Rate 25 30 MHz 

ton Turn-on delay 

Clock to output 27 40 ns 

toff Turn-off delay 

Clock to output 21 40 ns 

tw Width of clock pulse 15 20 ns 

tsetup Setup time 

On 16 10 ns 

50. 5 1 16 25 

AC TEST FIGURE AND WAVEFORMS 
2.6V 

84.511 

" 
18pF o -" CLOCK 9 

I 
PW I--

So I I 1 L I 1 

I 1 _I I.-'ho~ 

5.% f 1 \ 1 
1 I 

" 1 
I I I 
I 

---., t"'tup ~ I I 
I I t .. tup ----..1 l.-
I I I I 
I 1 Lu-0,. I I 
I I 

'"'" I 

I I I I -I I--- ""'~ ----'1 ton r-- -I'·flr-

a -\ 1 L Clock Pulse Characteristics 
Pulse Amplitude"" 3.0V 
tp tf :5 10ns 
PW :5 SOns 

BmnOliDB 299 



DESCRIPTION TRUTH TABLE (EACH LATCH) 
The 8275 is a QUAD LATCH circuit de­
signed to provide temporary storage of four 
bi\s 01 inlormation. A common application 
is as a holding register between a counter 
and a display driver (such as the 8280 and 
8T01.) Separate enable lines to latches 1-2 

ENABLE 

1 
1 
0 
0 

and 3-4 allow individual control of each pair 'No change. 

of latches. Initially, data is transferred on 
the rising edge of the enable pulse. While 
the enable is high, output Q follows the data 
input. When the enable falls, the input data 
present at fall time is retained at the Q out-
put. Both Q and a are accessible. 

LOGIC DIAGRAM 

o~o OTH: 
. LATCH 

ENABLE DATA 

DATA 

1 
0 
1 
0 

SWITCHING CHARACTERISTICS TA=25°C, VCC=5V 

FROM TO TEST LIMITS 

PARAMETER INPUT OUTPUT CONDITIONS MIN TYP 

tsetup Setup time 1 
Low 0 14 
High 12 

thold Hold time2 
Low 0 0 6 
High 0 15 

Propagation Delay Time 
tpLH Low-to-high 0 Q 16 
tpHL High-to-Iow 14 

tpLH Low-Io-high 0 Q 24 
tpHL High-Io-Iow 7 

tpLH Low-Io-high E Q 16 
tpHL High-Io-Iow 12 

tpLH Low-to-high E Q 16 
tpHL High-to-Iow 12 

NOTES: 
1. tsetup is defined as the time prior to the fall of the clock. 
2. thold is defined as the time after the fall of the clock. 

300 

Q 

1 
0 . . 

MAX 

20 
20 

30 
25 

40 
15 

30 
20 

30 
20 

8275-B,F,W 

PIN CONFIGURATION 
d 

B,F,W PACKAGE 
0 
1 . . 

UNIT 

ns 

ns 

ns 



TYPICAL APPLICATION 

OUTPUT STROBING OF RIPPLE COUNTER TO ACHIEVE 
SYNCHRONOUS OUTPUT CHANGES 

CL DCK I. ONESHOT J 
ft. 8T22 0 

I 
I (t'" lOOns) I 

I I STROBE 

Os C, ill EN, EN2 

DA RIPPLE AOUT DO 0 0 DA 

DATA 

COUNTER 

DB 
8280 

BOUT 0, a, D. 8250/51 
8281 QUAD 8230/31/32 
B288 LATCH 
8290 827.5 

DC 8291 COUT O2 O2 DC 

8292 
8293 

DO DOUT OJ oJ DO 

AD 

1 
Vce 

AC TEST FIGURE 
Vee 

IN 916 

1---~-.,....--jc::J---"N.-~-<> 0.26V 

IN 916 
84.511 

'SEE NOTE 1 

AC TEST WAVEFORMS 

I • ;'1 -~·'tl··---- 'P, 
i : :--t1 --I ( ~to 

" 90% 90% II 

-I 
I 
: r------vGEN 

o INPUT I 1.SV 1.5V I 1.5V 
10% l---tsETUP 1-1 : I 10% I 

I I I --ltHOLD,1 -1----------- OV 
I ~tll"4- I '--to~tsETUPO----~tHOlDO 

__ ",! ___ .j...J ::!:l..J+ ___ '_____ ..J-~---------~---VGEN 
ENABLE I I 90% 90% I I I I 
INPUT : I 1.5V 1.5V I : 1.5V 

(SEE NOTE 5) I 10% I I I 10% I I 
,-----, 1p I ,.,.J 

I I I 2~ I P2~ I--.--t OE.Q 

'Pet.(D-OI :. -I _ij'pd1(E-O) :--'pdO(~-O)\l, pd ( ) r ____ VVOOUUTT«o'» 

OUTPUT a :; UN : : ~5V _ __ ~ __ ~,--J I I ~ ______ -J 

I ____ tpd1(E-Q) __ 

I ~ 
I I ,..-_______ ....,. V 

'---'pd'(D-O) -.1, \- OUT(O) 

I /,.5V L 
VOUT(O) 

OUTPUT a : 1 5V 
tpdO(D-Q)'·"--~'--i . 

I I 
----1 t-- 'PetO(E-O) 

NOTES: 

1. The pulse generators have the fonowing chara;::teristics: Vgen = 3V. t1 = to~lOns, and 

Zout""50n. For pulse generator A, tp1 = l#s and PRR = 500Hz. For pulse generator S, tp2 = 500ns a~d Prr = 1MHz. Posi~ 
tions of O-input and enable input pulses are varied with respect to each other to verify setup and hold times. 

2. Each latch is tested separately. 
3. CL includes probe and jig capacitance. _ _ 
4. When measuring tpd 1 tD-O), tpdQ (0-0), tpdQ (0-0). and tpd 1(0-0), enable input must be held at logical 1, 

827S-B,F,W 
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Product available in 0° to 75°C temp. range only. 

DESCRIPTION 
The 8277 is a dual 8-Bit Shift Register which provides the designer 
with sixteen (16) bits of serial storage operating at a typical shift 
rate of 20M Hz. Features of the 8277 are: 

1. TRUE and COMPLEMENT outputs are provided on each regis­
ter's eighth bit. 

2. Positive edge triggering on clock input. 
3. SEPARATE CLOCK lines (pins 7 and 10) for each 8-bit register 

are provided as well as a COMMON CLOCK line (pin 9) for all 
sixteen storage bits. 

4. Common RESET (pin 1). 
5. AND-OR gating to the input of each 8-bit register is provided to 

accomplish the multiplex function. 
6. Direct replacement for 9328. 

SWITCHING CHARACTERISTICS TA=25°C, VCC=5V 

LIMITS 

PARAMETER MIN TYP MAX UNIT 

ton Turn-on delay 
Clock to output 25 40 ns 
Reset to output 25 40 

toff Turn-off delay 
Clock to output 25 40 ns 
Reset to output 25 40 

tw Width of clock pulse 15 ns 
Shift rate 15 20 MHz 

tsetup Data setup time 20 30 ns 

tHold Data hold time 5 ns 

LOGIC DIAGRAM 

0, 151 

Os i41 

DO 16) 

8277-B,F 

PIN CONFIGURATION 

B, F PACKAGE 

RESET , 

OM " 57B 
a7A , .. a7B 

DSA . 13 DSB 

D'A , 

DOA , 
" DOB 

CLKA , 

GND B , COMMON elK 

TRUTH TABLE 

DS DO D1 Reset Function 

0 0 x 1 Shift In "0" 
0 1 x 1 Shift in "1" 
1 x 0 1 Shift in "0" 
1 x 1 1 Shift in "1" 
x x x 0 Reset "Q" to "0' 

RESET 0-:-:,,;-<, l>-..,.----------J~t_--'-+-....!._+---JI--t_--'-+-~_+----JI-~-.J 
CLOCK SEPARATE 

CLOCK 
COMMON 

I" D, 
1121 

DS 113) 

Do 
(") 

CLOCK 

SE .. PA~R~AT~E~::::::::::::~:>---1---JL---1----L--~~--1----1--~ 
Vee" (16) 0"" 
GND ~ (8) 
( ) '" Denotes pin numbers 
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AC TEST FIGURE AND WAVEFORMS 

OUT 

lN914 84.m 

1---t-r-...... -f<J-JVII'v-o +2.GV 

B4.5!l 
1---t-r---t-f<J--'VVV-o +2.GV 

NOTES: 
Each register is tested separately 
All T delay measurements taken at 1.5V level. 
Tie all unused inputs to 2.6V 

4 18pF on outputs includes probe and jug capacitance. 

TYPICAL APPLICATION 

r '8 
OF 

OUT 

90% 

CP 10% ___ ..J1 

DATA 

I 

1.SV toFF~-1 
0 

I 
Q toNl4 1.SV ~/ l 

8-BIT SERIAL ADD/SUBTRACTOR 

SERIAL 
DATA 
INPUT 

OATA/SUM 

AUGEND/MINUEND 

0, 
0 1 DO 

Os 1 
t 

8277 

ADDEND/SUBTRAH END 

t~~ at 
I 

t 
I 

CLOCK 

1:; 
~ 

ADOISUB 
CONTROL 
ADD - "0" 
SUB • "'" 

CARY FIF 

R 
X, SUM I"- r--- K at-

,-- CN 

8268 r- C 6822 
1'121 

V, 

v Co J 

S 

X 

B277-8,F 

CLOCK PULSE: 
P.A. ' 3.0V 
P.R.R ' 15 MHz 
P.W. = 15 ns 
Tr '" Tf ~, Sns 

DATA PULSE: 
PA ,3.0V 
PRR ' 7.5 MHz 
P.W. = 2Sns 
Tr '" Tf = 5ns 
T SETUP' 25ns 
T HOLD' 0 ns 
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DESCRIPTION 
The 8280 Decade Counter and 8281 16-
State Binary Counter are four-bit subsys­
tems providing a wide variety of 
counter/storage register applications with a 
minimum number of packages. 

The 8280 Decade Counter can be con­
nected in the familiar BCD counting mode, 
in a dlvide-by-two and divide-by-five config­
uration or in the Bi-Qulnary mode. The Bi­
Quinary mode produces a square wave out­
put which is particularly useful in frequency 
synthesizer applications. 

The 8281 Binary Counter may be connected 
as a dlvlde-by-two, eight, or sixteen 
counter. 

Both devices have strobed parallel-entry 
capability so that the counter may be set to 
any desired output state. A "1" or "0" at a 
data input will be transferred to the asso­
ciated output when the strobe input is put 
at the "0" level. For additional flexibility, 
both units are provided with a reset input 
which is common to all four bits. A "0" on 
the reset line produces "0" at all four out­
puts. 

The counting operation is performed on the 
failing (negative-going) edge of the input 
clock pulse, however there is no restriction 
on the transition time since the individual 
binaries are level-sensitive. 

306 

WPACKAGE 

Do , 

DOUT 2 

RD 3 

Vee 4 

DSTROBE 5 

eOUT 6 

De 7 

LOGIC DIAGRAMS 

CLOCK 1 
<>----

'" 

13 BOUT 

11 GND 

9 AOUT 

8280-A,F,W' 8281-A,F,W 
PIN CONFIGURATION 

8280 

DSTROBE , 

BO 
'"~ 

COUT 2 

AOUT 5 

GND 7 

A,FPACKAGE 

9 BOUT 

Q 

CLOCK 2 

I~'--i===t===~~~====i=~=t==~==~r-~ 

11) 

CLOCK 1 
0-­

)" 

Q 

(10) 

DB 

8281 

Q 

13) 

DC 

Q 

CLOCK 2 

1~'---i===f==~==~1-~~-}--~~--+-----~ 

SmnOliCS 

(101 

DB 
o (111 

D 

Q 

DO 
1121 



SWITCHING CHARACTERISTICS TA~ 25°C, VCC ~ 5V 

LIMITS 8280/8281 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

ton Turn-on delay time 
Clock mode Bit A,B,C,D 15 25 ns 
Data/strobe 25 35 

toff Turn-off delay time 
Clock mode Bit A,B,C,D, 15 25 ns 
Data strobe 30 40 

Toggle rate 20 25 MHz 

tw Width of input pulse 
Strobe 20 35 ns 
Reset 20 35 

trelease Release time 
Strobe 30 40 ns 
Reset 50 75 

TYPICAL OUTPUT CHARACTERISTICS 

~ 10 

~ "12~,' C 

w 
l? 

2.5V « 
I-
...J 
0 
> 
I-

15V ::J 
a.. 
I-
::J 

~ ~ 
~ ~ r><"5C ~ 

~~ ~ 

~ 
50 

.5 
Il 

~ 
_CI) 30 

0 

o.sv '" ~~ "'" 
10 

"" ~ 10 15 20 25 30 

Isource (rnA) 

TYPICAL APPLICATIONS 

VARIABLE MODULUS COUNTER 
A, 

CLOCK 

L 

S!!IDOliCS 

8280-A,F,W·8281-A,F,W 

AC WAVEFORM 

/; 
1/ 

il! 
//I 

tr~ 

INPUT 
PULSE 

A 

/ 
,r 

, , , , 
, , , 

1-, , , 
, , 

OAV O.8V 

Vce(VOLTS) 

+125'C 

+25'C 

-55'C 

'.ov 
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AC TEST FIGURES AND WAVEFORMS 

Vee 

TOGGLE RATE 
OUTPUTS 

ABC 0 

IN 916 

1~~AO~"V f---+.f- CIRCUITS ..J:. - 1 ~ .. 
1----..... 

CIRCUIT UNDER TEST 

:: t:: 4561:0111213141516 

INPUT f1Il..fUUUl1l.I 
A OUTPUT J1.J1I1JlJ1..f1 
BOUTPUT~ 

COUTPUT~ 
OOUTPUT ______ ~ L 

8281 :: 1-jr-
1, n:- 3 4 5 6 7 B 9 10 

INPUT f1JlJUU1JUUUUL 
AOUTPUT~ 
BOUTPUT~ 

C OUTPUT _____ -' 

o OUTPUT 

Input pulse: 
Amplitude - 2.6V 
tA - 25ns. tB • 25ns. 
tr ,., If "" 5ns max. 

CLOCK MODE ton/totl DELAY 

~ 
I , , 

-+lloff 
OUT~PU:T::~::~ ____ , 

OUTPUT : 

, , 
~ ton 

I IN 91 .... ~, 
-- - TOO""",, ~'.'" 

y~ 

Input pulse: 
Amplitude· 2.6V 
P.W. _ 30ns 
Ir '" If :< 5ns. 

1, ton and toft are measured from the clock input of each 
binary to the Q output of that binary. 

2. Each Q output will be loaded with a load circuit as 
shown. 

8280-A,F,W·8281-A,F,W 

DATAISTROBE Ionltofl 

-IN9!6 

I .... " 
-- - TOOUTPUTS ~2.6V 

y~ 

~ROBE 1.5V 1.5V 
, I 

: I 
I I Strobe. P.A .• 2.6V 

P.W .• 300ns 
PRR - 1 MHz 

tr ... If = 5ns 

I ~---____ ~ 
I 

, 
DA.B.C.D : 

ton ------." 

I 
I 
I 

I 

OUTPUT r 

Data. P.A .• 2.6V 
P.W. _ SOOns 
PRR. 500 KHz 

tr • II - 50s. 

MINIMUM STROBE PULSE WIDTH 

}--

1.5V 

°A.B.C.O--+-'I-...... 
I I 

TO v' ... '" 2.'V OUTPUTS 

24pF 5K 

INPUT PULSE: 
Amplitude _ 2.6V 
tr = If = 5ns. 

I I 

OUTPUTS~ 
A.B.C.D I I 

308 I!JDDIID& 



AC TEST FIGURES AND WAVEFORMS 
MINIMUM RESET PULSE WIDTH 

l TO • 84Sn 

, - --OUTPUTS ~2.6V 

-----+1 PW I--
I I 
I I 

RESET ----I r.:---
1.5V---U- 1.5V 

OUTPUTS 

A.B.C.O~ 

24 •• yOK 

INPUT PULSE: 
Amplitude = 2.6V 
tr = tf = 5ns max. 

Note: Outputs must be previously brought high by placing a "0" on the 0 strobe input. 
A pulse generator may be substituted for the switch. 

NOTES: 

1. All resistor values are in ohms. 
2. All capacitance values are in picofarads and include jig and probe capacitance. 
3, Input pulse notations apply unless otherwise specified. 

STROBE/RESET 

CLOCK 

IItgDOli1:1I 

8280-A,F,W • 8281-A,F,W 

STROBE/RESET RELEASE TIME 

~.5V 
I 
I 
I 
I 
: \:.5V 
I 1\.·------

~ RELEASE :.-
I TIME I 

TIMING DIAGRAM 

Clock, Strobe/Reset: 
Ampl ~ 2.6V 
tr = tf = 50S max. 
PRR = 1 MHz 50 % Duty Cycle. 
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SPEED /PACKAGE AVAILABILITY 
82S N,F 

DESCRIPTION 
The 82S82 binary coded (BCD) arithmetic unit is a high speed Schottky MSI circuit with 
lookahead carrY/Dorrow that has been designed for easy systems usage. Depending on the 
state of the aao/subtract control line, the unit produces the BCD sum or difference of two 
decimal numbers presented to the BCD inputs in the 8-4-2-1 weighted BCD format. A 
comparison output (A=B) is provided as well. When in the subtract mode, this output 
indicates if two BCD numbers are equal and its open collector feature allows easy 
comparison of several decades. 

The 82S82 BCD arithmetic unit has been designed such that input and output logic levels 
including the carry/borrow are in their true logic form. Compared to multichip hardware 
solutions previously at the designer's disposal, the 82S82 arithmetic unit generates the BCD 
carry/borrow terms internally in the look-ahead mode and does BCD arithmetic directly. 
For more than one BCD decade the carry/borrow term may ripple between 82S82's. For 
ultra fast BCD arithmetic operations the Signetics 74182 fast-carry extender may be used 
together with the 82S82's. The 74182 suitably combines the 82S82's active low carry 
generate (CgOUT) and carry propagate (CpOUT) terms for complete look-ahead carry 
between decades. 

When the ADD/SUBTRACT control input is low, BCD addition is performed (A + B + CIN = 
F). Input codes above 9 to either the AN or BN inputs are not defined to give valid output 
sums except for the special case of binary to BCD conversion. In the normal BCD addition 
mode the F outputs show true BCD results and an active high carryout signal results for 
sums greater than 9. 

For subtraction the ADD/SUBTRACT control input must be high. Internally subtraction is 
performed by 9's complement addition yielding the difference (A - B-1 = F) of two BCD 
numbers when the CIN/BIN input is low. If the CIN/BIN is high during subtraction, the 
absence of a borrow in signal gives A-F=F. For A;" B the BCD difference is available at the F 
outputs in its true form. If A < B, the 10's complement of the correct answer appears at the F 
outputs with CIN/BIN high or if CIN/BIN is lowthe9's complement results. As long as A< B 
an active low borrow is also generated. 

Thp 82S82 BCD arithmetic unit is also useful for binary to BCD conversion. By summing B=O 
with binary inputs 0 ~ A ~ 15, where A is the number being converted, a true BCD output 
results. A carry is generated to the next decade for A> 9. 

The function table for the 82S82 summarizes the device operation. In those applications 
where only BCD addition is required, the Signetics 82S82 BCD adder should be considered. 

FUNCTION TABLE 

ADDI 
A(Aa.A4.A2,Al) B(Ba,B4,B2,Bl ) Cin~ F(Fa,F4,F2,Fl) Cout/~ 

COMPARE 
FUNCTION SUB (A= Bi 

Add BCD Augend BCD Addend l::=Carry IF Gin == 1 F~9 

F=A+B+l Cout/Bout==O X 

O"'No Carry IFCin=O F>9 

F=A+8 Cout,I'BQUt'"1 

Subtract BCD Minuend BCD Subtrahend Q-Borrow IFBin-O A>B X 
F = A - B-1 Cout/Bout'" 1 

A~B 

Cout/Bout=O 

l=No Borrow IF Bin = 1 A<B 
F = A - B Cout/Bo~=O 

A.?B 

Cout/Bout= 1 

If 

Compare BCD Word A BCD Word B A-B A<B A=B 

Cout/Bout=O Compare 
=1 
If 

A>B MB 

CoutlBout=l Compare 

=0 

Binary to 0 O~A~ 15 B=O X BCD A~9 X 

BCD Con- Cout = 0 

version A>9 

Cout == 1 
--- .-

310 Bi!lDOliDS 

N,F PACKAGE 

Ar5t)/SUB 2 

TRUTH TABLE 

BCD CODE 

DECIMAL BCD NUMBER 
EQUIVALENT 8 4 2 1 

0 0 0 0 0 
1 0 0 0 1 
2 0 0 1 0 
3 0 0 1 1 
4 0 1 0 0 
5 0 1 0 1 
6 0 1 1 0 
7 0 1 1 1 
8 1 0 0 0 
9 1 0 0 1 



SWITCHING CHARACTERISTICS TA = 25°C and VCC = 5.0V 
LIMITS 

CHARACTERISTIC TEST CONDITIONS MIN. TYP. MAX. UNITS 
Turn On/Turn Oft Delays 

Any AN. BN. Cin/Bin 

to FN 22 35 ns 

22 35 ns 

Any AN to Cout/Bout ton 32 40 ns 

toft 22 35 ns 

Any BN to Cout/Bout ton 35 45 ns 

toft 26 35 ns 

Cjn/Bfri to Cout/Bout ton 17 25 ns 

toft 
RL = 280n 

10 15 CL = 15pF ns 
-

Add/Sub to FN ton 25 35 ns 

toft 25 35 ns 
--

AN. BN. to CPout ton 19 25 ns 

toft 19 25 ns 
--

AN. BN to Cgout ton 19 25 ns 
toff 25 32 ns 

o -" AN. BN to (A = B) ton 32 50 ns 

toff 40 50 ns 9 
LOGIC DIAGRAM 

....... 

;gn 
!In flOUT 

A, (1g) 

.... 
I -:::-! c~::6~(2) 

8, 118) 

Il p?-I~: ~~ =~j P --D-- '''' """' • I .... 
2 (221 .... I 

,~ ~ ", ,}::- "§}- I 

.. 
~I 

~ ~.~ 
).iU ... l': nO! 

. I .. ~ 
,'" 

~II tn- r-D-8 III ,.. 

~~ 
.. 

A2 (20) LbSJ,oJ ~~ (1)1 F40UT 

111.412,) 
J-' 

AS (4) 
.. tn-}-

I 

~ ~ 
(14) FlOUT 

--

~ 
I1ICl'oUT 

C10I'ifi0i I~I o. 

.l} (B) C:ouTiIOllT 

!lZI GROUND 

~~lf ~~~~~~~;bNn b~~:~~S 
181 ellQul 

== 
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AC TEST FIGURES AND WAVEFORMS 

INPUT PULSE 

v'" 
0 

~ 

I 
" t---

I 
90% 

10% 

ton r-
INVERTING PATH --..;...--,'\,,'._5V _____ t---J 

IT- " A, 

t --
_1 

ton 

r-I 

PRR-1MHl 
tr·.,<;S ... 

ARRANGEMENT 
AS SHOWN FOR A, 

All OIODES ARE lN3084 
CllNClUDESPROBE ANO JIG CAPACITANCE 

" A, 

" 
A, .. 

-l 
l=280il l 

I 

I~~;F I 
I ~ I L ____ ...l 

TYPICAL APPLICATIONS 
2 DECADE ADDER/SUBTRACTER 

2 DECADES BCD 2 DECADES BCD 
ADDEND/SUBTRAHEND AUGEND/MINUEND 

" I \ I "-----.., 

I I 

I 
CARRY A, A2 A4 AS B, B2 B4 BS A, A2 A4 AS B, 

INPUT Cj"lB;;; Cole;; CinlB; 

r-- Aclif/Sub S2S82 Cg 0---0 - Add/Sub S2S82 

COMPS, 52 54 Sa 
Cp 0---0 

COMPS, 52 

I 1 
ADD = LOGIC "0" 

SUBTRACT = LOGIC .. , .. 

\ ..... 
2 DECADES BCD SUM/DIFFERENCE 

I 
I 
I 
I 
I 

I 
I 
I 
I 

--l 'off 

B2 B4 BS 

r---g~~:JT cotS;; 
Cg b--o 

54 58 
Cp 0--0 

COMPARE OUT 
A=B 

/ Vec 

FAST BCD ADDITION/SUBTRACTION USING FAST CARRY EXTENDER 

I I I I I I I I I I I I I ) ) ) I I I I III J I I I I I I I I 
A1 A2 A4 AS 8, 82 84 BS A, A2 A4 A8 8, 82 84 8S A, A2 A4 AS 8, 82 84 88 A, A2 A4 A8 B1 82 84 Ba 

Colli;;" CoISo Col~ Cole;; r---
o-r- Cint'Bj;. 82582 c,1>-- CintS;;; 82582 C,O-- r- Cin/~ 82S82 C,1>-- r- Cin/S;;; 82582 C, P----

AddISub 
Cp C>-

Add/Sub 
Cp C>- Add/Suu 

Cp C>-
Ada/Sub 

Cp p-
COMP 5, S2 S4 Sa COMP S, S2 S4 S8 COMP S, S2 S4 sa COMP S, S2 S4 S8 

I I I I I I I I I I I I I I I I 

Po GO Cn+x P, G, Cn+y P2 G2 Cn+z P3 G3 

CN 74182 FAST CARRY EXTENDER 

G P 
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TYPICAL APPLICATIONS (CONTD.) 
NUMBER COMPARISON OF BCD DECADE.S 

SIGN AND MAGNITUDE GENERATION FOR (A - B) 
2 DECADES 2 DECADES 

BCD SUBTRAHEND BCD MINUEND 

1 :> 
I 

;>nif~ ;l ;> ;l ;>1 

v CC 

ADD/SUB 
A, A2 A4 A8 B, B2 B4 B8 A, A2 A4 A8 B, B2 

- CD/llQ L CIN/BIN 82S82 
CG Ic>--o CIN/BIN 82S82 

BCD SUBTRACTER 

ADD/SUB Cp Ic>--o r-- ADD/SUB 

CaMP S, S2 S4 S8 CaMP S, S2 S4 S8 

1 ! 

J:. 1 1 ~ I 
A, A2 A4 A8 B, B2 B4 ~ A, A2 A4 A8 B, B2 B4 ~ 

CONDITIONAL 
'0', COMPLEMEN T 

.---
CIN/BIN 

ADD/SUB 
CaMP S, 

1 
I 

82582 

S2 S4 S8 

Co/BO L CG P--o CIN/B IN 

Cp P--<> .--- -
ADD/SUB 

COMP S, S2 S4 S8 

! 

2 DECADES BCD DIFFERENCE 

BINARY TO BCD CONVERSION 

TRUTH TABLE FOR BINARY TO BCD OONVERSION 
('0 .;; AN .;; '5, BN = 0) 

Add/Sub Cin/Bin AS A4 A2 A1 S8 S4 S2 S1 Cout/Bout 

0 0 , 0 , 0 0 0 0 0 , 
0 0 , 0 1 1 0 0 0 1 1 

0 0 1 1 0 0 0 0 1 0 1 

0 0 1 1 0 1 0 0 1 1 1 

0 0 1 1 1 0 0 1 0 0 1 

0 0 1 1 1 1 0 1 0 ~ 1 

0 1 1 0 1 0 0 0 0 1 1 

0 , 1 0 , 1 0 0 1 0 1 

0 1 1 1 0 0 0 0 1 1 1 

0 1 1 1 0 1 0 1 0 0 1 

0 1 1 1 1 0 0 1 0 1 1 

0 1 1 1 1 1 0 1 1 0 1 

SmoolU:S 

CO/BO 
CG 

Cp 

I 

B4 B8 

CO/SO ~ 

CGIo--o 

Cplo-o 

~ 
P--o 
P--o 

BCD OUTPUT 

A;>B 
A<B 

.. " 

SIGN POSITIVE 
SIGN NEGATIVE 

"0' 
'= NEGATIVE 
'= POSITIVE 

BCD CARRVDUT 
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SPEED/PAC~AGE AVAILABILITY 
DESCRIPTION 
The 82S83 4-bit binary coded (BCD) adder is a high speed 
Schottky MSI circuit that has been designed for easy systems 
usage. This unit produces the BCD sum of two decimal numbers 
presented in the 8-4-2-1 weighted BCD format. Carry-in and 
carry-out terms are provided for easy expansion to any number 
of decades. The 82S83 BCD adder has been designed such that 
input and output logic levels including the carry are in their true 
logic form. 

Compared to cumbersome hardware implementations previ­
ously at the designer's disposal that consist of binary addition 
followed by decimal correction, the 82S83 BCD adder generates 
the BCD carry terms internally in the look-ahead mode and does 
BCD addition directly. For valid BCD numbers (0 through 9) at 
the A and B inputs the BCD sum is formed at the output. If 
addition (A+B+CIN) would yield a number greater than 9, avalid 
BCD number and a carry result. 

Input codes above 9 are not defined except for binary to BCD 
conversion. Binary to BCD conversion is obtained by applying 
any 4-bit binary number to the AN or BN inputs while the 
remaining inputs are grounded. For input codes 0 through 9 a 
BCD number result at the output is usual If binary inputs 10 
through 15 are applied a carry term is generated and the carry 
output together with the sum out are the BCD equivalent of the 
binary input. Conversion of binary numbers greater than 16 can 
be achieved by cascading 82S83's. 

Subtraction can be done with the 82S83 by using 9's comple-
ment addition. Rather than implementing a 9's complement 
circuit with gates or ROM's, the 82583 BCD arithmetic unit 
should be used. The 82583 incorporates the 9's complement 
feature and performs BCD addition, BCD subtraction, and 
number comparison. 

SWITCHING CHARACTERISTICS 

TA = 25°e and vee = 5.0V 

LIMITS 
PARAMETER 

MIN. TYP. MAX. UNITS 

Turn-On/Turn-Off Delays 
Any AN, BN, Cin ton 20 35 ns 

to SN toff 20 35 ns 

Any AN, BN, to ton 33 40 ns 

Cout toff 17 25 ns 

Cin to Cout ton 17 25 ns 
toff 10 15 ns 

PIN CONFIGURATION 

B~O~~P~! 84 

8~o!~p~! 88 

BCD Input 
Word A* 

Carry Input CIN 

Carry Output COUT 

BCD Sum S 
Output. 4 

Ground 

TRUTH TABLE 

B,F PACKAGE 

'Weighted 184·2·1) 

BCD CODE 

16 \1 cc Supply Voltage 

BCD Input 
Word A* 

BCD Input 
Word A"" 

BCD Input 
Word A* 

B1 
BCD Input 
Word B* 

S1 
BCD Sum 
Output* 

BCD Sum 
Output· 

BCD Sum 
Output* 

Decimal BCD Number 
Equivalent 8 4 2 1 

0 0 0 0 0 
1 0 0 0 1 
2 0 0 1 0 
3 0 0 1 1 
4 0 1 0 0 
5 0 1 0 1 
6 0 1 1 0 
7 0 1 1 1 
8 1 0 0 0 
9 1 0 0 1 
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LOGIC DIAGRAM 

,--------;:=======}~,,'"' 

Saoul 

."Occ-----t:>o-----+---H+t-I--"+---, 

Vee ~ 1161. GND ~ f81 

I ioDENOTESPIN NUMBERS 

AC TEST FIGURE AND WAVEFORMS 
,,~ 

I 

INPUT PULSE 
90% 

_I 
10% 

toff IF r----------, , 
lOAD CIRCUITS I 

SAME AS I 

LOAD CIRCUIT 1 I , 
L ________ ...l F 

I 
I 
I 
I 
I 

ton r--
,NVERTING PATH --~"""\\.'_.5V ____ -+_......I 

INPUT PULSE 
PRR:: 1 MHz 
tr :: tf = 5 ns 

ALL DIODES ARE 1 N3064 
CL INCLUDES PROBE AND JIG CAPACITANCE 

NON-INVERTING PATH 

SmnOliCS 

I 

I 
I 
I 
I 

--l 'on 
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TYPICAL APPLICATIONS 

CARRY IN 

IN 
------, 

IN ______ -, 
4 X n BIT 

MUl TlPLIER 
REGISTER 

PARALLEL ADDITION OF FOUR DEC;:ADES 
4 DECADES BCD INPUTS 

4 DECADES BCD SUM 

BIT PARALLEL-WORD SERIAL BCD MULTIPLIER 

ROM MULTIPLIER 

~---------'MSD 
I--'-'-_J, 

2n BCD DIGIT PRODUCT 

4 X 8223 
PROMS 

LOOK-UP 
TABLE 

(100 8-BIT 
WORDS) LSD 

82S83 
4-BIT 

BCD ADDER 

BINARY TO BCD CONVERSION FOR TWO DECADES 

2' 

82583 co~-----------------, 

1ST DECADE 2ND DECADE 
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TYPICAL APPLICATIONS (CONTO ) 

BINARY TO BCD CONVERSION USING Ai INPUTS 

PARTIAL TRUTH TABLE FOR Ai > 9, Bi = 0 

CIN A1 A2 A4 A8 B1 B2 B4 B3 S1 S2 S4 S8 CO 

0 0 1 0 1 0 0 0 0 0 0 0 0 1 

0 1 1 0 1 0 0 0 0 1 0 0 0 1 

0 0 0 1 1 0 0 0 0 0 1 0 0 1 nTr 0 1 0 1 1 0 0 0 0 1 1 0 0 1 

0 0 1 1 1 0 0 0 0 0 0 1 0 1 A1A2A4A8~ 
0 1 1 1 1 0 0 0 0 

CARRY'N C" 82S83 Co CARRVQUT TO 

0 0 1 1 1 H'GHER DECADE 

5 1 52 S4Ss 

1 0 1 0 1 0 0 0 1 0 0 0 0 1 

""J,H,L" 1 1 1 0 1 0 0 0 0 0 1 0 0 1 

1 0 0 1 1 0 0 0 0 1 1 0 0 1 

1 1 0 1 1 0 0 0 0 0 0 1 0 1 

1 0 1 1 1 0 0 0 0 1 0 1 0 1 

1 1 1 1 1 0 0 0 0 0 1 1 0 1 

BINARY TO BCD CONVERSION USING Bi INPUTS 

PARTIAL TRUTH TABLE FOR Bi > 9, Ai = 0 

CIN A1 A2 A4 A8 B1 B2 B4 B8 S1 S2 S4 S8 CO 

0 0 0 0 0 0 1 0 1 0 0 0 0 1 

0 0 0 0 0 1 1 0 1 1 0 0 0 1 

0 0 0 0 0 0 0 1 1 0 1 0 0 1 
BINAAV"'WUTS 

0 0 0 0 0 1 0 1 1 1 1 0 0 1 

0 0 0 0 0 0 1 1 1 1 0 0 1 0 ~ 0 0 1 
CA~AV IN C'N 82583 Co CARRv OUT TO 

0 0 0 0 0 1 1 1 1 1 1 HIGHE" DECADE 

5,52 54 Sa 

1 0 0 0 0 0 1 0 1 1 0 0 0 1 

1 0 0 0 0 1 1 0 1 0 1 0 0 1 LEAST SIGNIFICANT DECADE 

o -" 9 
1 0 0 0 0 0 0 1 1 1 1 0 0 1 

1 0 0 0 0 1 0 1 1 0 0 1 0 1 -1 0 0 0 0 0 1 1 1 1 0 1 0 1 -
1 0 0 0 0 1 0 0 0 0 1 1 0 1 
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DESCRIPTION 
The Up/Down Counter is a monolithic 51 circuit containing gates 
and binaries interconnected to provide a bidirectional divide-by-ten 
(decade) or divide-by-sixteen (hexadecimal) result as a function of 
the clock input. 

The output code of the decade up/down counter is the commonly 
used BCD (8421) code. and the output sequence generated is the 
binary equivalent of the decimal numbers 0 through 9. 

The hexadecimal up/down counter provides the output sequence 0 
through 15 which Is presented in a weighted binary code (8421). 

Set and Reset on the binary elements provide asynchronous entry 
with respect to the clock line. causing a count of "0" or "15" (8284) 
or of "0" or "9" (8285). and also inhibit propagation of count ena­
ble data. 

Entry and propagation of data is performed in a synchronous man­
ner with the clock line. which is active on its negative going 
excursion. The input from a previous stage or other source is chan­
neled through "Carry In" and its propagation can be inhibited by 
the "Count Enable" line. "Carry In" and "Count Enable" input 
duality gives added flexibility in multiple package cascading appli­
cations. 

Direction of the counter is steered from a single line (Up/Down). 
where a "0" level will cause a "down" count and a "1" level will 
accomplish an "up" count. 

In addition to all a outputs of the four binaries the a output of the 
most significant binary (04) and the Carry Out term are available. 

SWITCHING CHARACTERISTICS TA=25°C VCC=5V 

FROM TO 
PARAMETER INPUT OUTPUT MIN 

ton turn-on time Clock 04.04 
Clock 01. 02. 03 
Reset an 
Reset an 

toff Turn-off time Carry In Carrx. Out 
Clock an. an 
Set an 

Clock Min High Interval 20 

Count Rate 20 

tSetup Setup time Carry In. 
Count Enable 

tHold Hold time Up/Down 

tw Input pulse width Set/Reset 

TYPICAL APPLICATIONS 

LIMITS 

TYP MAX 

32 45 
28 40 
24 35 
32 45 
15 25 

20 30 
25 35 
15 25 

15 

30 

15 25 

0 2 

20 25 

UNIT 

ns 

ns 

MHz 

ns 

ns 

ns 

8284-A.F.W·8285-A.F.W 

PIN CONFIGURATION 

A,FPACKAGE 

WPACKAGE 

SYNCHRONOUS EXPANSION UP/DOWN COUNTERS 

VCC 
COUNT CONTROL 

o 

CARRY OUT 

CLOCK 
~/~CONTAOLo-~-----------t------~~----------+-----~-----------+----~------------~----~ 

CLOCKo-------------~--------------------~----------------~----------------~~----~ 
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8284-A,F,W' 8285-A,F,W 

LOGIC DIAGRAMS 

CARRYIN~~~~~ RESEr !2 
seT ,13) 

1121 

Q 

::: 0; 
[9) ~3 

110)'1 4 

COUNT 
ENABLE IlJ 

CLOCKo----;~----+_----+---r_1_----------~~1_t__+------------+-_4rt1__+------------J 

UP/DOWN 
1(;1 

VCC ~ (14) 
GND ~ (7) 
( ) '" denotes pin numbers for 14 pin dual-in-line package 

~AAYINm~~~~ 
RESET 

SET 

(41 Q1 

~!: ~~ 
(101°°4 

COUNT <>-----t-J 
ENABLE ,I' 

VCC ~ (14) 
GND ~ (7) 
( ) = denotes pin numbers tor 14 pin dual-in·line package 

AC TEST TABLE 

MODE OF OPERATION SET RESET CARRY IN 

A. Asynchronous 1 0 x 
8284 Only 0 1 x 
8285 Only 0 1 x 

B. Synchronous 
1 1 0 
1 1 x 
1 1 1 
1 1 1 

COUNT 
ENABLE 

x 
x 
x 

x 
0 
1 
1 

.. Function is synchronous with NEGA liVE going transition of the Clock pin. 
X = don't care. 
CARRY OUT _ _ _ _ __ __ 

Carry OU18284 ~ Carry In (°1°2°3°4 UP + ° 1°2°3°4 DOWN 

Carry Ou18285 ~ Carry In (0104 UP + 010204 DOWN 

CARRY 

TO POINTS SHOWN 

UP/DOWN FUNCTION 

x "0" (0000) 
x "15" (1 1 1 1) 
x "9" (1001) 

x Hold' 
x Hold' 
0 "Down" Count' 
1 "Up" Count' 
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AC TEST FIGURES AND WAVEFORMS 

Vcc=S.OV 

SET/RESET MODE (ton and toff) 

Vee 

CARRV IN 0, 

COUNT ENABLE Oz IN 916 

CLOCK MODE (ton AND toff) 

Vee ~ 5.0V 

160U 
UP/DOWN ~ } 

OUTPUT 

2.6V 

Q, 

Q, 

Q, I TO 

CLOCK a.. 
PUlSt>'_A_ ....... -IRESET 0; 

0--.... +-1 SET 

5tH 

Pulse A and B 
Pulse amplitude::: 2.6V 
Pulse Width (0) ; 25ns 

Frequency = 5MHz 
tr ; Tf ; 5ns at 10% to 90% points 

"I'B"Tvp,eAl lOAD 

-: ":'" EACH OUTPUT 

~
r---25n. 

PULSE A 1/-
1.5V 

PULSE a-+----, 
01,2. 

3,OR4 

'ON 

'OFF 

CARRY IN/CARRY OUT (ton and toff) 

Vce 

COUNT ENABLE CARRV OUT 

CLOCK , .. " 
SET CARRY OUT 1-.... .,...~~I<J. ...... M.-02.6V 

CARRV IN 

carry in pulse 
Pulse amplitude; 2.6V 
Pulse width (0) ; SOns 

Frequency; 10MHz 
tr ::: tf :: 5ns at 10% to 90% points 

320 

' .. ' 

CARRVIN~ 

eARRv OUT 'ON 

'OFF 

Q. 

(-- OUTPUTS -- -~~(]-w..-<l26V 

'" 
, 18pF 

PULSE B<>-1 ....... ~-I' 

NOTE· ALL RESISTORS VALUES ARE TYPICAL AND IN OHMS. 

~25"1 ~ 

PULSEA~ 

~1.5V 
PULSE B -----' ~ 

~ 25"I~ 

~ I+-'oN!l 

Q'.2.30R4 ~I 1.5V 

!I4~v 
~ I-'oFFO 

--I25n'~ 
PULSEA~ 

~ 
PULSE B ~ 25n,11--

Qt,2.30R4~V 

- 1.5V ~1+-'oFF 

~ 1+-'oN 

IIl!1onlllll 

TYPICAL LOAD 
EACH OUTPUT 

Reset Tied To Vee 
81' Position 1 
82' Position 1 

PULSE A 
Pulse amplitude"" 2.0V 
Pulse width (0) ~ 25ns at 1.5V 
Frequency .. 5MHz 
tr ". 1f = 5nsat 10% 
to 90% points 

Set Tied to Vee 
5 l' Position 2 
82' Position 2 

PULSE B 
Pulse amplitude = 2.0V 
Pulse Width ~ 25ns at 1.5V 
Frequency = 5 MHz 
tr"" It = 5nsal 10% 
to 90 % points 



DESCRIPTION PIN CONFIGURATION 
The 8288 Divide by Twelve Counter is a four-bit subsystem consisting of divide by two and 
divide by six counters in a 14 pin package. For Divide-by-Twelve operation, output A is A,F PACKAGE 
connected externally to the clock 2 input. 

The 8288 has strobed paralleled data entry capability so that the counter may be preset to 
any desired output state. A "1" or "0" at a data input will be transferred to the associated 
output when the strobe input is put at a "0" level. For additional flexibility, the 8288 is 
provided with a common reset. A "0" on the reset line produces ''0'' at all four outputs. 

The counting operation is performed on the falling (negative going) edge of the input clock 
pulse, however, there is no restriction on transition time since the individual binaries are 
level sensitive. The data strobe and reset functions are asynchronous with respect to the 
clock. 

LOGIC DIAGRAM 

vee. (14) 
GND. (7) 
( ) ... denotes pin numbers 

(10) 

DB 
131 

Dc 
(11) 

DD 

SWITCHING CHARACTERISTICS TA=25°C. VCC=5V 

TEST LIMITS 

PARAMETER CONDITIONS MIN TYP 

ton Turn-on delay time 
Clock mode BltA,B,C.D 15 
Data/strobe 20 

toff Turn-off time 
Clock mode BitA.B.C.D 15 
Data/strobe 25 

Toggle rate 20 25 

thold Hold time VIN = 0.8V:Reset=2V: 
Strobe Clock 1 = 2V: Clock 2 = Output A 25 
Reset Data strobe = 2V: VIN = O.8V: 20 

Clock 1 = 2V: Clock 2 = Output A 

trelease Release time 30 
Strobe 
Reset 50 

.~nI!IIC9 

MAX UNIT 

25 ns 
35 

25 ns 
40 

MHz 

35 ns 
35 

40 ns 

75 

DSTROBE 1 

COUT 2 

AOUT 5 

GND 7 

WPACKAGE 

DO 1 

DOUT 2 

VCC • 

DSTROBE • 

COUT ' 

DC 7 

TRUTH TABLE 

OUTPUT 

Count 0 C 

0 0 0 
1 0 0 
2 0 0 
3 0 0 
4 0 1 
5 0 1 
6 0 1 
7 0 1 
8 1 0 
9 1 0 

10 1 0 
11 1 0 

AC WAVEFORMS 

NOTE: 
Input pulse notations apply 
unless otherwise specified. 

8288-A.F,W 

o -" 9 
--

B A -
0 0 -
0 1 
1 0 
1 1 
0 0 
0 1 
1 0 
1 1 
0 0 
0 1 
1 0 
1 1 
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AC TEST FIGURES AND WAVEFORMS 

TOGGLE RATE 

;:~IIl= 
1 12 3 4 5 6 7 8 9 10 11 12 

INPUT n.nnJ1IlflJ1.nI 
A OUTPUT ..fl...f1...f1. 
BOUTPUT~ 
C OUTPUT ---.J 
OOUTPUT ______________ ~ L 

CLOCK MODE Ion'loff DELAY 

Inpul pulse 
Amplitude = 3.4V 
tA· lOOns 
t, .2Ons 

te = 300ns 

1. ton and toff are measured from the clock input of each binary to the a 
output of that binary. 

2. Each a output will be loaded with the following load circuit: 

NOTES: 

~NPUT 1.5V 
, , , 

OUTPUT 

I 
I , 

OUTPUT I 

, , , 
------..: ton 

1. All resistor values are in ohms. 

! TO ".S 
--OUTPUTS--~2.6V 

""li" 

Input pulse: 
Amplitude·2.SV 
P.W .• 30ns 
t,.tf·5ns 

2. All capacitance values are in picofarads and include Jig and probe capacitance. 

8288-A,F,W 

DATA/STROBE ton 'off 

Co2 

"oUT 

'OUT 

CoUT 

COUT 

! IN'" TO 84.S 
--OUTPUTS-~2.6V 

' .. ' li." 

~R08E, 1.5V 1.SV 

, ' 
, I 
, I 

r---;-: I::-:N"'V':::R=T"'FO~R-'\ 

: '." L Input Pulse 
Amplitude = 2.SV 
tr =tf=5ns 

STROBE HOLD TIME 

STROBE 

A 

I.tHOlO" 
I I 
I I 

} 
IN 916 ... " 

--- ... "~""~'W y5K 

B 

!--tHOlO"; 

I I 
I I 

0A. B. C. 0 ------------""'"'\ 

'------- Input pu\se 
Amplitude=2.SV 
tr=tf=5ns 

OUTPUTSJ 
A,B,C,D \'----
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8288-A,F,W 

AC TEST FIGURES AND WAVEFORMS (CONT'D) 

STROBE/RESET 

STROBE/RESET RELEASE TIME 

A'5V 
I 

IN 916 84 !>~! 
~--~--'r--l<}~26V 

MINIMUM RESET PULSE WIDTH 

--tpw_ 
I I 
I I 

Input pulse: : Clock. strobe/reset amplitude = 2.6V 
::CL:.:O:.:C.:.;K ___ --+1 __ ---, Ir = If = 5ns max. PRR = 1MHz 50% 

: ~ .sv duty cycle. 

RESET:-:::-i r-:-:-:---
1.5V-U- 1.6V Amplitude = 2.6V 

Ir = If = 5ns max. 
r 1 ...... ____ _ 

I I 
---... RELEASE l.-

I TIME I OUTPUTS 
A.B.C.D~ 

Note: outputs must be previously brought 
high by placing a "0" on the 0 strobe input. 
A pulse generator may be substituted for the 
switch. 

SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
8290, 8291 
82890, 82891 

A,F,W 
A,F 

8290/91 82890/82891 
A,F PACKAGE 

DSTROBE , 

COUT , 

AOUT 5 

GND 7 

PIN DESIGNATIONS 

DD 1 

DOUT 2 

VCC 4 

DSTROBE 5 

COUT 6 

Dc 7 

8290/91 
WPACKAGE 

CP1 Clock input to counter first stage (active low going 
edge) 

CP2 Clock input to counter last three stages (active low 
going edge) 

OS Data Strobe Input for enabling data entry (active low) 

RS Reset Input for resetting all stages and outputs to zero 
(active low) 

DA, DB, DC, DD Data Inputs 

AO, BO, CO, DO Data Outputs 

smnoncs 323 
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DESCRIPTION 
The 8290 Decade Counter and 8291 Binary Counter are high 
speed devices providing a wide variety of counter/storage 
register applications with a minimum number of packages. 

The 8290 Decade Counter can be connected in the familiar BCD 
counting mode, in a divide-by-two and divide-by-five configura­
tion or in the Bi-Quinary mode. The Bi-Quinary mode produces 
a square wave output which is particularly useful in frequency 
synthesizer applications. 

The 8291 Binary Counter may be connected as a divide-by-two, 
four, eight, or sixteen counter. 

Both devices have strobed parallel-entry capability so that the 
counter may be set to any desired output state. A "1" or "0" at a 
data input will be transferred to the associated output when the 
strobe input is put at the "0" level. For additional flexibility, both 
units are provided with a reset input which is common to all four 
bits. A "0" on the reset lines produces "0" at all four outputs. 

The counting operation is performed on the falling (negative 
going) edge of the input clock pulse. 

Triggering requirements are compatible with any of the 8000 
Series elements. 

FUNCTIONAL DESCRIPTION 
1. 82S90 Decade Counter 

The 82S90 can be used in three basic modes as follows: 

a. BCD Counter. The CP2 input must be connected to the 
AO output and CP1 receives the count input. The count 
sequence obtained is BCD in accordance with the truth 
table. 

b. Bi-Quinary Counter. If a symmetrical output is required 
for divide by 10 operation, the DO outp'ut must be 
connected to the CP1 input and the count input applied to 
CP2. A symmetrical square wave is then obtained at AO of 
one-tenth the input frequency present at CP2 in accor­
dance with the truth table. 

c. Separate Divide by Two and Five Counters. Because the 
inherent structure of the counter is that of two separate 

LOGIC DIAGRAM 

D. D. DC 

8290 

DD 

vcc = (14) 
GND = (7) 

8290-A,F,W·8291-A,F,W 

divide by two and divide by five sections, no other 
connections are required for this mode of operation. An 
input presented to CP1 will appear at AO output at half 
the input frequency. An input presented to CP2 will 
appear at outputs BO, CO and DO as a binary divide by 
five count (i.e., from 0 = 000 to 4 = 100). Operation of the 
OS and RS inputs remain common to all four flip flops as 
with any other count mode. 

2. 82S91 Binary Counter 
The 82S90 can be used in two basic count modes as follows: 
a. Binary Counter-For this mode of operation AO output 

must be connected to CP2 input and the count input 
connected to CP1. Subdivisions of the count input 
frequency then appear at AO = -2, BO = -4, CO = -8, 
DO = -16 as shown in the truth table. 

b. Separate Divide by Two and Divide by Eight Counters­
In similar manner to the 82S90 the 82S91 inherent 
structure allows separate use of the first and last three 
stages. In the first stage the input count frequency 
presented to CP2 appears at outputs BO = -2, CO =-4 
and DO = -8 simultaneously. Operation of the DSand RS 
inputs remains corJlmon to all stages. 

3. Operation of the OS Data Strobe and RS Reset Inputs: 
a. Data Strobe OS Input When OS =Othe four stages of the 

82S90191 can be used as four separate latches with the 
outputs AO - DO following the data presented to the 
inputs DA - DO regardless of clock inputs. 

With OS = 1 the four stages remain unchanged until the 
next clock inputs, which activate counting in accordance 
with the various modes described previously. The Reset 
RS inputs when low overrides OS as described below. 

b. Reset RS Input With RS = 0 the clock inputs CP1/CP2 
and OS input are overriden, all stages ofthe 82S90191 are 
cleared and zeros appear althe counter outputs AO- DO. 
When RS = 1, operation is controlled by OS or DP1/CP2 
clock inputs as described. 

8291 

D. 

(10) 

D. '" DC 
111) 

DD 

( ) '" denotes pin numbers 
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TRUTH TABLE 

8290 8291 

BI-QUINARY(5-2) DECADE (BCD) BINARY 
INPUT BO Co DO DO AO BO Co DO AO BO Co DO 

0 0 0 0 0 0 0 0 0 0 0 0 0 
1 1 0 0 0 1 0 0 0 1 0 0 0 
2 0 1 0 0 0 1 0 0 0 1 0 0 
3 1 1 0 0 1 1 0 0 1 1 0 0 
4 0 0 1 0 0 0 1 0 0 0 1 0 
5 0 0 0 1 1 0 1 0 1 0 1 0 
6 1 0 0 1 0 1 1 0 0 1 1 0 
7 0 1 0 1 1 1 1 0 1 1 1 0 
8 1 1 0 0 0 0 0 1 0 0 0 1 
9 0 0 1 1 1 0 0 1 1 0 0 1 
10 0 1 0 1 
11 1 1 0 1 
12 0 0 1 1 
13 1 0 1 1 
14 0 1 1 1 
15 1 1 1 1 

SWITCHING CHARACTERISTICS T A ~ 25°C, VCC ~ 5V 

TEST 8290/8291 82S90/82S91 

PARAMETER CONDITION MIN TYP MAX MIN TYP MAX 

Propagation delay time 
ton Turn-on time 

Clock mode Bit A 12 25 9 12 
Bits B,C,D 15 30 10 13 

Strobed data All Bits 31 42 15 22 

tott Turn-ott time 
Clock mode Bit A 12 23 5 8 

Bits B,C,D 15 25 6 10 
Strobed data All Bits 33 42 13 20 

tw Input pulse width 
Strobe 15 25 5 10 
Reset Clock 2 ~ Aout 25 40 7 15 

trelease Release time 
Strobel reset Clock 2 ~ Aout 20 30 10 15 

Toggle rate 40 60 

Switching test 
Clock mode 1 75 

NOTES: 
1. This test guarantees the device will reliably trigger on a pulse with 75ns tall-time. 

Sl,gnoliCS 

UNIT 

ns 

ns 

ns 

ns 

ns 
ns 

ns 

MHz 

ns 

INPUT AND OUTPUT STRUCTURES 

82S90,82S91 

DATA, STROBE 
and RESET INPUTS 

Vee 0----...,....--_ 
2.Sk 

82S90,82891 

CLOCK INPUTS 

82890,82891 
OUTPUTS 

900 50 

o -" 9 
--

325 



AC TEST FIGURES AND WAVEFORMS 

326 

CLOCK MODE ton/ton DELAY 

Vee 

8290,8291 l TO R, 
__ ou"un __ ~'.,v 

e'LfR, 

~ 
I 
I 

-:'off 
OUTPUT I 

OUTPU~I 
: 1.6V 

I 'on 

Note: 
Ion and toff are measured from the 
clock input of each binary to the 0 
output of that binary. 

8290,82591 

Input pulse: 
Amplitude ~ 2.6V 
PW ~ 30ns. 50% to 50% 
tr =tf=5ns 
PRR ~ lMHz 

CLOCK MODE SWITCHING TEST 

8290 

12345678910 

INPUT ru1IlI1J'Ul11fl 
AOUTPUT ..rLnJ"'Lfl.... 
BOUTPUT~ 
COUTPUT~ 
o OUTPUT II.. 

8291 

1 2 3 4 5 6 7 8 910111213141516 

INPUT IUUUlIUUUUU11UU 
A OUTPUT I1IlIlfi.f1I1.I 
BOUTPUT~ 
COUTPUT~ 
o OUTPUT I L 

l~~~~,.v 
\ e'Lf 

Input pulse: 
Amplitude ~ 3.4V 
PW = lOOns, 50% to 50% 
PRR ~ 2.5MHz 
t, ~ 20ns. tt ~ 75no 

8290-A,F,W • 8291-A,F,W 

TOGGLE RATE 

Vee 

8290,8291 

I TO 
~--OUTPUTS_ 

82S90,82S91 
'V 

TO 

8290182S91 __ OUTPUTS __ A,·"" 
Ct -l5pF 

12345678910 I ru1IlI1J'Ul11fl ~ ~ INPUT 

A OUTPUT ..rLnJ"'Lfl.... 
BOUTPUT~ 
COUTPUT~ 
o OUTPUT ______ ----l1I.. 

8291,82591 
1 23456 78910111213141516 

INPUT IUUUlIUUUUU11UU 
A OUTPUT I1IlIlfi.f1I1.I 
BOUTPUT~ 
COUTPUT~ 
o OUTPUT I L 

Input pulse: 
Amplitude = 2.6V 

tr = If = 5ns max. 
PRR ~ 40 MHz. 50 % duty cycle. 

STROBED DATA tonlton DELAY 

l TO 8290,8291 R, 

--OUTPUTS--~2.6V 

e'liR
, 

82S90,82S91 

Strobe, 

PA ~ 2.6V 

ST~OBE 1.5V 1.5V 
I I 
I I 

PW ~ 300ns. 50 % to 50 % 
PRR ~ lMHz 
Ir =lf=5ns 

: ~-'---"",\ 
I 

OA,B,C,D: 

'on 
OUTPUT 

Data. 
PA.2.6V 
PW· 500ns. 50% to 50% 
PRR ~ 500kHz 
Ir =lf=5ns 



AC TEST FIGURE AND WAVEFORMS (CONT'D.) 

MINIMUM STROBE PULSE WIDTH 

OA.B.C.O-i-!I--'" 
I I 

1.5V 

8290/91 

82S90/82S91 

Input pulse: 
Amplitude eo 2. BV 

tr = tf '" 5ns 
:~.<" OUTPUTS---1T 1.5V !~ 

A.B.C.D I I 

STROBE/RESET RELEASE TIME 

~'V STROBEIRESET I 

! w 8290/91 " 
---{)UTPUTS--~2.6V 

0, Li" 
82590/82S91 

w 
--OUTPUTS---,>-!<J--'--I>K>H>h 

~~~i~T~6~~B2E~~ESET 

~'-v __ 

PRR = lMHl, 50% DUTY CYCLE 
!,~tf~5n'MAX 

---1 R~~~~SE \-- ~ 

~ 

NOTES 

1. All resistor values are in ohms. 

82590/91 

i w 
, --OUTPUTS--

8290/91 

INPUT PULSE: Amplitude = 2.6V tr = tf = 5ns. 

Note: Outputs must be previously brought high by plac­
ing a "0" on the 0 strobe input. A pulse generator may 
be substituted for the switch. 

2. All capacitance values are in picofarads and include jig and probe capacitance. 
3. All diodes are 1 N916. 
4. R1 ~ 20k, R2 ~ 146!!.C1 ~ 30pF. 
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DESCRIPTION 
The 8292 Decade Counter and 8293 Binary Counter are low power 
devices providing a wide variety of counter/storage register appli­
cations with a minimum number of packages. 

The 8292 Decade Counter can be connected in the familiar BCD 
counting mode, in a divlde-by-two and divide-by-five configuration 
or In the Bi-Quinary mode. The Bi-Quinary mode produces a square 
wave output which is particularly useful in frequency synthesizer 
applications. 

The 8293 Binary Counter may be connected as a divide-by-two, 
four, eight, or sixteen counter. 

Both devices have strobed parallel-entry capability so that the 
counter may be set to any desired output state, A "1" or "0" at a 
data input will be transferred to the aSSOCiated output when the 
strobe input Is put at the "0" level. For additional flexibility, both 
units are provided with a reset input which is common to all four 
bits. A "0" on the reset line produces "0" at all four outputs. 

The counting operation is performed on the falling (negative-going) 
edge of the Input clock pulse. 

Triggering requirements are compatible with any of the 8000 Series 
elements. 

TRUTH TABLE 
8292 

BI QUINARY (5-2) DECADE(BCD) 

Input BO Co DO Au AD So Co DO Au 
0 0 0 0 0 0 0 0 0 0 

1 1 0 0 0 1 0 0 0 1 

2 0 1 0 0 0 1 0 0 0 

3 1 1 0 0 1 1 0 0 1 
4 0 0 1 0 0 0 1 0 0 
5 0 0 0 1 1 0 1 0 1 
6 1 0 0 1 0 1 1 0 0 
7 0 1 0 1 1 1 1 0 1 
8 1 1 0 1 0 0 0 1 0 
9 0 0 1 1 1 0 0 1 1 
10 0 
11 1 
12 0 
13 1 
14 0 
15 1 

328 

8293 

BINARY 

BO Co 
0 0 
0 0 
1 0 
1 0 
0 1 
0 1 
1 1 
1 1 
0 0 
0 0 
1 0 
1 0 
0 1 
0 1 
1 1 
1 1 

DO 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 

8292-A,F, W-8293-A,F,W 

PIN CONFIGURATION 

A,FPACKAGE 

DSTROBE ' 

COUT ' 

AOUT' 

GND ' 

DO ' 

DOUT I 

VCC' 

DSTROBE • 

COUT' 

DC ' 

WPACKAGE 

" DOUT 

• BOUT 

" GND 

• AOUT 



SWITCHING CHARACTERISTICS TA~25°C vcc ~ 5V 

PARAMETER TEST CONDITIONS 

Propagation delay time 
ton Turn-on time 

Clock mode 
All bits 

Strobed data 

toff Turn-off time 
Clock mode 

All bits 
Strobed data 

.tw Input pulse width VIN ~ O.SV: reset, 
clock 1 ~ 2V: 

Strobe clock 2 ~ Aout 
Reset Vin, reset 

clock 1 ~ 2V: 
clock 2 ~ Aout 

trelease Release time 
Strobe/reset clock 2 ~ Aout 

Toggle rate 

NOTES: 
1. This test guarantees the device will reliably trigger on a pulse with 75n5 fall-time. 

LOGIC DIAGRAM 

A. 
151 

110) 
DB 

8292 

B. 
191 

(31 
DC 

(11) 
DO 

LIMITS 

MIN TYP 

5 

37 
80 

32 
SO 

60 

45 

SO 

10 

~ 
(12) 

Vee ~ (14) 

GND, (7) 

MAX 

55 
100 

55 
100 

75 

60 

( ) = denotes pin numbers 

BjgnOliD9 

UNIT 

ns 

ns 

ns 

MHz 

... 
IS, 

(10) 
DB 

8293 

"0 
19' 

13' 
Dc 

8292-A,F, Wo8293-A,F, W 

c. 
12' 

{lll 
DO 

(12) 
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AC TEST FIGURES AND WAVEFORMS 
CLOCK MODE tonI toft DELAY 

~NPUT 1.5V 
I 
I , 
I , 

........ ltoFF 
OUTPUT I 

OUTP~TI 
: 1.5V 

----'1 toN -

NOTE: 

i m .40 
--OUTPUTS--~2.6V 

"" LI"" 

Input pulse: 
Amplitude = 2.6V 
P.W. = 30ns. 50% to 50% 
If = If =5ns 
PRR = lMHz 

1. ton and toff are measured from the clock 
input of each binary to the Q output of 
that binary. 

STROBED DATA tonltoff DELAY 

Vee 

STR~BE 1.5V 1.5V 
I , 
I , 

I r-~~~~~ 
I 

Strobe, 
P.A. = 2.6V 
P.W. = 300ns, 50% to 50% 
PRR. lMHz 
Ir = It -" 5ns 

Data, 
P.A. = 2.6V 
P.W. "" 500ns, 50% to 50% 
PRR = 500KHz 
tr =lf=5ns 

8292-A,F,W'8293-A,F,W 

CLOCK MODE SWITCHING TEST 

Im~'"'" (--OUTPUTS--

, JCl-I5pF '-::' 

8292 

1 2 3 4 5 6 7 8 9 10 

INPUT n..IlfUlIUlfifl 
A OUTPUT JIJ""lJL.n..rl. 
BOUTPUT~ 
COUTPVT~ 
o OUTPUT rL 

8293 

1 2 345678910111213141516 
INPUT IUlIlIUUUlIUlIl 
A OUTPUT 11IlJ111.fl.fl. 
BOUTPUT~ 
COUTPUT~ 
o OUTPUT I L 

Input pulse: 
Amplitude = 3.4V 
P.W. = lOOns, 50% to 50% 
PRR = 2.5MHz 
If = 20n5 
If = 75n5 

MINIMUM STROBE PULSE WIDTH 

DA.B.C.D-+-',-~ 
I, , , 

OUTPUTS 

v" 

!--pw ..... t 

I 
\ 

,. ",----
1.5V 

A,B,C,D I I 

Input pulse: 
Amplitude = 2.6V 
Ir = If = 5ns max. 
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AC TEST FiGURES AND WAVEFORMS (CONT'D.) 
MINIMUM RESET PULSE WIDTH 

-------l PW 14--
I I 
I I 

RESET ----t r--:-=--
1.5V--U- 1.5V 

OUTPUTS~ 
A,3,C,O L-

Input pulse: 
Amplitude 2.6V 
Ir = If = 5ns max. 

NOTE: outputs must be previously brought high by placing a "O"on the D strobe light. 

A pulse generator may be substituted for the switch. 

TOGGLE RATE 

8292 
1 2 3 4 5 6 j 8 9 10 

INPUT f1.flI1JlflJlfl 
AOUTPUT~ 

"OUTPUT~ 

COUTPUT~ 

o OUTPUT r-t.. 

8293 
1 2 3 4 5 6 7 8 910111213141616 

INPUT nnnnnnnIUU1flfi 
A OUTPUTJl.IlI1Il1lJl.I 

BOUTPUT~ 

COUTPUT~ 
o OUTPUT I L 

W 
-OUTPUTS-- --.-kf-l.-{>f-t>lH:loh 

Input pulse: 
Amplitude = 2.6V 
PAR = 5MHz, 50% duty cycle 
Ir = If = 5ns max. 

8292-A,F, W'8293-A,F ,W 

STROBE/RESET RELEASE TIME 

STROBE 

CLOCK 

~.5V 
I , 
I 
I 
: ~.5V 
I ,"'.-----
: RELEASE :..--

----., TIME I 

Ao _____ -..Jr-

NOTES: 

1. All resistor values are in ohms. 

. ~"""' .. 

~ J. LOAD CIRCUIT 1 -=-

Clock. strobe/reset: 
Amplitude = 2.6V 
PRR = 1MHz, 50% duty cycle 
Ir = If = 5ns max. 

2. All capacitance values are in picofarads and include jig and probe capacitance. 
3. All diodes are 1 N916. 
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DESCRIPTION TYPICAL CHARACTERISTIC CURVES 
The 10,000 series of monolithic integrated logic circuits presents 
the system designer with an integrated circuit family designed to 
permit system implementation with a relatively small number of in­
dividual types. This approach offers cost savings, reduced power 
supply requirements, small physical size and high reliability. 

ECL II circuits feature very fast propagation times relative to rise 
and fall times. This and the constant current feature impose fewer 
restrictions on system design, layout and fabrication than other 
high-speed families. 

FEATURES 
• Full replacements for Motorola 10,000 series parts 
• Excellent noise immunity 
• Simultaneous ORINOR outputs 
• High fan-in and fan-out 
• Internal temperature compensation 

DEFINITIONS 
Current drawn by the input of the test unit when a 
maximum logic "1" (VIH max) is applied at that input 

VBB 

VBE 

VCB 

VCC 

vEE 
Yin 

VIH max 

VIHmin 

VIL max 

Output current 

Reverse current drawn from a transistor input of the 
test unit when VEE is applied at that input 

Bias reference supply voltage (-1.29 V nominal at 
25°C) 

Base-to-emitter voltage drop of a transistor 

Collector-to-base voltage drop of a transistor 

Most positive power supply voltage for a circuit 

Most negative power supply voltage for a circuit 

Input voltage 

Maximum input logiC "1" level voltage 

Minimum input logic "1" level (threshold) voltage 

Maximum input logic "0" level (threshold) voltage 

VIL min Minimum input logic "0" level voltage 

VOH max Maximum output "1" or high-level voltage 

VOH min Minimum output "1" high-level voltage 

VOL max 

VOL min 

Vout 

332 

Maximum output "0" or low-level voltage 

Minimum output "0" or low-level voltage 

Output voltage 

BtgnOliC9 

~ 
~ 
~ 
< . 
~ 

5 
~ 

-0.1 

-0.9 

-1.3 

-2.1 

TYPICAL "OR" TRANSFER 
CHARACTERISTICS 

'( r( I rff 
III I III 'if...- I 

VEE -30V f--
I I V r--- -36V 

f"- f-- _44V 

II) f-- -SlV 

rn "- -6.0 

f-- Ii-" -1.0V 

f--

...-/ 
-SOY 

TA +25 C 

·23 
-1.8 ., 0 -0.6 

VIN' INPUT VOL TAGE (VOLTS) 

TYPICAL "NOR" TRANSFER 
CHARACTERISTICS 

." f--+-~-

.'.3 L....!.._..L----l_...L_L..--1._...L---l_...J 
·18 

VIN' INPUT vOLTAGE (VOL TSI 

TYPICAL INPUT VOLTAGE 
VERSUS INPUT CURRENT 

2 Guarantees m~~ 'mum 

.. , 

I- leakage of O.2,..A 
Z liN mall 

~ 0.1 rnA I---+--+-+l--+--+,J----l--!-f-----l . 
o 
z 

-~ i ~_+-I--rlJ 
o • 

VEE' -S2V 

IR f1\iIJI 2 TA=~5C 

-02,'~5 ... ':....-....J.,I'--.,.l.,--.,..l,,+-.~,ooL..-4--..,..L.50--..,..l."---..l 
-1.115 VaB -0.700 VOH milK 



TYPICAL OUTPUT VOLTAGE 
VERSUS OUTPUT CURRENT 

I----l~-+~+-~I__+~_+_______I -{).500 V 

1---'~--+-~-+-___ I-----7~--t----t -1 000 V 
1 Guaranleed VOH mal< al lOUT - 0 

I , , , 

2 Guarantees \/OH mm at lOUT 

I----l~-+~-+-~I__+~_+_______I -1.250 V 

Vee 
VOL max_ TA ~25 C 

-1.500 L----'_....L.._-'-_'---"-_--'---' 
-3.0mA -2.0mA -1.0mA 

~1 SmA -O.SmA 

25°C lOGIC lEVELS 
General Conditions: vEE ~ -5.2V, VCC ~ Gnd 

10,100 
INPUTS OUTPUTS 10,200 

VIL min -1.850 
VIH max -0.810 

VOL min -1.850 

VOL max -1.650 
VOH min -0.960 
VOH max -0.980 

VILA max -1.475 
VIHA min -1.105 

VOLA max -1.630 
VOHA min -0.980 

With suitable inputs: 
Typical Output HIGH State -0.900 
Typical Output LOW State -1.750 
Typical VSS -1.290 
(Switching Threshold) 

Stabilized temperature. with ~ 500 ifpm air flow, 
OIL package outputs terminated through SOU resistor to -2.0V. 

TEMPERATURE lOGIC lEVELS 

10,500 
10,600 

-1.850 
-0.720 
-1.850 
-1.620 
-0.930 
-0.950 
-1.475 
-1.105 
-1.600 
-0.950 

-0.825 
-1.725 
-1.290 

MAXIMUM RATINGS 

I PARAMETER RATING UNIT 

Ratings above which device life may be impaired 

VEE Power Supply Voltage (VCC~O) -8 VOC 
VIN Input Voltage (VCC~O) o to VEE VOC 
10 Output Source Current o to +20 mAdc 
Tstg Storage Temperature Range -55 to + 125 °c 

Recommended maximum ratings above which performance may 
be degraded: 

T A Operating Temperature Range 

BASIC ECl GATE CIRCUIT 

Typical values: 
Logical "1" = -O.9V 

Logical "0" '" -1.75V 

OIFFERENTlAL 
AMPLIFIER 

For Logical" 1" Input, "NOR" Output = -0. 90V 
"OR" Output" ·1.75V 

For Logical "0" Input. "NOR" Output = -1. 75 
"OR" Output ~ ~O.90V 

"'" NETWORK 

J 

VEE--5,2V "NOR" "OR" 
OUTPUT OUTPUT 

The 10,000 series line of monolithic integrated logic circuits was 
designed as a non-saturating form of logic which eliminates transis­
tor storage time as a speed limiting characteristic. 

PARAMETER -30°C +85°C 

The typical 10,000 series circuit comprises a differential-amplifier 
input with internal bias reference and with emitter-follower output 
to restore dc levels. High fan-out operation is possible because of 
high input impedance of the differential amplifier and low output 
impedance of the emitter followers. Power supply noise is virtually 
eliminated by the nearly constant current drain of the differential 
amplifier, even during transition time. Sasic gate design provides 
for simultaneous output of both the function and its complement. VIH max, VOH max 

VOH min 
VOHA min 
VIHA min 
VILA max 
VOLA max 
VOL max 
VIL min, VOL min 

·Outputs loaded son to -2.0V 

-0.890 
-1.060 
-1.080 
-1.205 
-1.500 
-1.655 
-1.675 
-1.890 

-0.700 
-0.890 
-0.910 
-1.035 
-1.440 
-1.595 
-1.615 
-1.825 

As shown in the schematic above, it is recommended that -5.2V be 
applied at VEE with Vce ~ Gnd. 

The nominal output logic swing of 0.85V varies from a low state of 
VL ~ -1.75V to a high state of VH ~ -0.90V. 

An internal voltage of -1.29V is applied to the "bias input" of the 
differential amplifier and the logic signals are applied to the "signal 
input". If a logical "0" is applied, the current through R3 is supplied 
by the internally biased transistor. A drop of 0.85V occurs across 
R2. The OR output then is -1.75V, one VSE drop below 0 .. 85V. 
Since no current flows in the "signal input transistor, the NOR out­
put is a VSE drop below ground, -0.90V. When a logical "1" level is 
applied to the "signal input", the current through R2 is switched to 
the "signal input" transistor and a drop of 0.85V occurs across R 1. 
The OR output then goes to -0.90V, and the NOR output goes to 
-1.75V. 

NOTE: Unused inputs should be connected to VEE. 
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The voltage applied to the bias input is obtained from an internal 
regulated, temperature-compensated bias network. The tempera­
ture characteristics of the bias network compensate for variations 
in circuit operating point over the temperature range or supply volt­
age changes, and insure that the threshold pOint is in the center of 
the transfer characteristic curves. 
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ECl PRODUCT INFORMATION 

T •• t Volta!!. Valu •• (V) 
T •• t VIH VIL VIHA VILA VEE 

Temperature MAX MIN MIN MAX 

-30°C -0.890 -1.890 -1.205 -1.500 -5.2 
+25°C -0.810 -1.850 -1.105 -1.475 -5.2 
+85°C -0.700 -1.825 -1.035 -1.440 -5.2 

ECl DC ELECTRICAL CHARACTERISTICS - See Notes Page 12 

INPUT CURRENT OUTPUT VOLTAGE 

IEIMA) VOLA IV) VOHAIV) 
PARAMETER SUPPLY IlL (PA) IIHI.A) VOL IV) VOHIV) THRESHOLD THRESHOLD 

CURRENT LOW LEVEL HIGH LEVEL LOW LEVEL HIGH LEVEL LOW LEVEL HIGH LEVEL 

OUTPUT=501l OUTPUT=501l OUTPUT = 50!! OUTPUT=501l 

LOAD LOAD LOAD LOAD 

TO-2V T0-2V TO-2V TO-2V 

TEST VIN="ILMIN VIN=VILMIN VIN=VILAMAX VIWVILAMIN 
CONDITION' VIN=VILMIN VIH=VIH MAX ORVIHMAX ORVIHMAX ORVIHAMIN ORVIHAMIN 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

0100 
-30'C N/A N/A N/A -1.S90 -1.675 -1.060 -O.S90 -1.655 -1.0S0 

+25'C 20 26 0.5 245 -1.S50 -1.650 -0.960 -0.S10 -1.630 -0.9S0 
+S5'C N/A N/A -1.S25 -1.615 -0.S90 -0.700 -1.595 -0.910 

Pin 9 
-30'C N/A 

+25'C 470 
+S5'C N/A 

0101 Pin4 
-30'C N/A N/A N/A -1.S90 -1.675 -1.060 -O.S90 -1.655 -1.0S0 

+25'C 20 26 0.5 265 -1.S50 -1.650 -0.960 -0.S10 -1.630 -0.9S0 
+S5'C N/A N/A N/A -1.S25 -1.615 -0.S90 -0.700 -1.595 -0.910 

Pin 12 
-30'C N/A 

o -+25'C 535 
+S5'C N/A " 0102 
-30'C N/A N/A N/A -1.S90 -1.675 -1.060 -O.S90 -1.655 -1.0S0 
+25'C 20 26 0.5 265 -1.S50 -1.650 -0.960 -0.S10 -1.630 -0.9S0 9 
+S5'C N/A N/A N/A -1.S25 -1.615 -0.S90 -0.700 -1.595 -0.910 

0103 
-30'C N/A N/A N/A -1.S90 -1.675 -1.060 -0.S90 -1.655 -1.0S0 

+25°C 20 26 0.5 245 -1.S5O -1.650 -0.960 -0.S10 -1.630 -0.9S0 
+S5'C N/A N/A N/A -1.S25 -1.615 -0.S90 -0.700 -1.595 -0.910 

0104 Pin 12 
-30'C N/A N/A N/A -1.S90 -1.675 -1.060 -O.S90 -1.655 -1.090 

+25°C 2S 35 0.5 265 -1.S50 -1.650 -0.960 -O.S10 -1.630 -0.9S0 
+S5'C N/A N/A N/A -1.S25 -1.615 -0.S90 -0.700 -1.595 -0.910 

Pin 13 
N/A 

-30'C 220 
+25'C N/A 
+S5'C 

0105 
-30'C N/A N/A N/A -1.S90 -1.675 -1.060 -O.S90 -1.655 -1.0S0 

+25'C 15 21 0.5 265 -1.S50 -1.650 -0.960 -O.S10 -1.630 -O.9S0 
+S5'C N/A N/A N/A -1.S25 -1.615 -O.S90 -0.700 -1.595 -0.910 

0106 
-30'C N/A N/A N/A -1.S90 -1.675 -1.060 -0.S90 -1.655 -1.0S0 
+25'C 15 21 0.5 265 -1.S60 -1.650 -0.960 -0.S10 -1.630 -0.9S0 
+S5'C N/A N/A N/A -1.S25 -1.615 -0.S90 -0.700 -1.595 -0.910 

0107 Pins 4,9,14 

-30'C N/A N/A N/A 1-1.S9O -1.675 -1.060 -0.S90 -1.655 -1.0S0 
+25'C 2S 0.5 265 -1.S50 -1.650 -0.960 -0.S10 -1.630 -0.9S0 
+S5'C N/A NA N/A -1.S25 -1.615 -O.S90 -0.700 -1.595 -0.910 

Pins 5,7.15 

-30'C N/A 

220 I ,25'C 
+S5'C N/A 
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ECL PRODUCT INFORMATION 

ECl DC ELECTRICAL CHARACTERISTICS - See Notes Page 12 

INPUT CURRENT OUTPUT VOLTAGE 

IE (mA) VOU(V) VOHA(V) 
PARAMETER SUPPLY IlL (PA) IIH(oA) VOL (V) VOH(V) THRESHOLD THRESHOLD 

CURRENT LOW LEVEL HIGH LEVEL LOW LEVEL HIGH LEVEL LOW LEVEL HIGH LEVEL 

OUTPUT. 5011 OUTPUT=5011 OUTPUT = 50!! OUTPUT = 50!! 
LOAD LOAD LOAD LOAD 

TO-2V TO-2V TG-2V TO-2V 
TEST VIN=VILMIN VIN=VILMIN VIN=VILAMAX VIH = VILAMIN 

CONDITION' VIN=VILMIN VIH=VIH MAX ORVIHMAX OR VIH MAX OR VIHA MIN ORVIHAMIN 

MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX 

0108 Pin 2 
-3O'C N/A N/A N/A -2.000 -1.675 -1.060 -0.890 -1.655 -1.060 

+25'C 28 36 0.5 265 -1.990 -1.650 -0.960 -0.810 -1.630 -0.960 
+85'C N/A N/A N/A -1.920 -1.615 -0.890 -0.700 -1.595 -0.910 

Pin 3 
-30'C -1.890 -1.675 

+25°C -1.850 -1.650 
+85'C -1.825 -1.615 

0109 
-3O'C N/A N/A N/A -1.890 -M75 -1.060 -0.890 -1.655 -1.060 

+25'C 10 14 0.5 265 -1.850 -1.650 -0.960 -0.810 -1.630 -0.980 
+85'C N/A N/A N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

0110 
-3O'C N/A N/A N/A -1.890 -1.675 -1.060 -0.890 -1.655 -1.060 

+25'C 30 38 0.5 425 -1.850 -1.650 -0.960 -0.810 -1.630 -0.960 
+85'C N/A N/A N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

0111 
-3O'C N/A N/A N/A -1.890 -1.675 -1.060 -0.890 -1.655 -1.060 

+2S'C 38 0.5 425 -1.850 -1.650 -0.960 -0.810 -1.630 -0.960 
+85'C N/A N/A N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

0112 
-30'C N/A N/A N/A -1.890 -1.675 -1.060 -0.890 -1.655 -1.080 

+2S'C 0.5 420 -1.850 -1.650 -0.960 -0.810 -1.630 -0.980 
+85'C N/A N/A N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

0113 N/A 
-3O'C N/A N/A Pin 6 220 -1.890 -1.675 -1.060 -0.890 -1.655 -1.080 

+25'C 42 0.5 Pin 1 265 -1.850 -1.650 -0.960 -0.810 -1.630 -0.980 
+85'C N/A N/A N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

Pin 9 
N/A 

545 
N/A 

0114 
-30'C N/A N/A N/A -1.890 -1.675 -1.060 -0.890 -1.655 -1.080 

+25'C 28 35 ·1.0 45 -1.850 -1.650 -0.960 -0.810 -1.630 -0.980 
+85'C N/A N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

0115 
-30'C N/A N/A -1.890 -1.675 -1.060 -0.890 -1.655 -1.080 
+25'C 26 ·1.0 95 -1.850 -1.650 -0.960 -0.810 -1.630 -0.980 
+85'C N/A N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

0116 
-3O'C N/A N/A -1.890 -1.675 -1.060 -0.890 -1.655 -1.080 

+25'C 16 21 ·1.0 95 -1.850 -1.675 -1.060 -0.890 -1.655 -1.080 
+85'C N/A N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

0117 Pin 4 
-30'C N/A N/A N/A -1.890 -1.675 -1.060 -0.890 -1.655 -1.080 

+25°C 20 26 0.5 265 -1.850 -1.650 -1.650 -0.960 -1.630 -0.980 
+85'C N/A N/A N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

Pin 9 
N/A 

350 
N/A 

0118 Pin 6,7 
-3O'C N/A N/A N/A -1.890 -1.675 -1.060 -0,890 -1.655 -1.060 
+2S'C 20 26 0.5 265 -1.850 -1.650 -0.960 -0.810 -1.630 -0.980 
+85'C N/A N/A N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

N/A 
370 

N/A 

'ICBO 
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ECl PRODUCT INFORMATION 
ECl DC ELECTRICAL CHARACTERISTICS - See Notes Page 12 

INPUT CURRENT OUTPUT VOLTAGE 

IE (mA) VOLA (V) VOHA (V) 
PARAMETER SUPPLY IlL ("A) IIH("A) VOL (V) VOH(V) THRESHOLD THRESHOLD 

CURRENT LOW LEVEL HIGH LEVEL LOW LEVEL HIGH LEVEL LOW LEVEL HIGH LEVEL 

OUTPUT e 501l OUTPUT e 501l OUTPUTe501l OUTPUT e 501l 

LOAD LOAD LOAD LOAD 

TO-2V TO-2V T0-2V TO-2V 

TEST VINeVILMIN VINeVILMIN VINeVILAMAX VIWVILAMIN 
CONDITION· VINeVILMIN VIHeVIH MAX ORVIHMAX ORVIHMAX OR VIHA MIN ORVIHAMIN 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

0119 Pin 7,9 
-30°C N/A N/A N/A -1.890 -1.675 -1.060 -0.890 -1.655 -1.080 

+25°C 20 26 0.5 265 -1.850 -1.650 -0.960 -0.810 -1.630 -0.980 
+85°C N/A N/A N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

Pin 10 
N/A i 

370 
N/A 

0121 Pin 7.9 
-30°C N/A N/A N/A -1.890 -1.675 -1.060 -0.780 -1.655 -1.080 

+25°C 20 26 0.5 265 -1.850 -1.650 -0.960 -0.700 -1.630 -0.980 
+85°C N/A N/A N/A -1.825 -1.615 -0.890 -0.590 -1.595 -0.910 

Pin 10 
N/A 

370 
N/A 

VINe4.0Vdc VIN,O.4Vdc VINe 1.8Vdc VIW1.8Vdc 
or O.4Vdc or 4.0Vdc or 1.1Vdc or 1.1Vdc 

0124 
-30°C N/A -1.890 -1.675 -1.060 -0.890 -1.655 -1.080 

+25°C -66 N/A N/A -1.850 -1.650 -0.960 -0.810 -1.630 -0.980 
+85°C N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 o -0125 
_30°C N/A N/A 14 0.5 2.5 0.5 2.5 " +25°C 40 N/A ·1.0 115 0.5 2.5 0.5 2.5 

+85°C N/A N/A 0.5 2.5 0.5 2.5 

0129 Pin 8, Pin 5 = Gnd Pin 4,6,7,13 Pin 4,6,7,13 -1,890 -1.675 -1.060 -0.890 -1.655 -1.080 9 
-30°C N/A N/A N/A -1.850 -1.650 -0.960 -0.810 -1.630 -0.980 

+25°C 152 -1.0 95 -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 
+85°C N/A N/A N/A 

Pin 8, Pin 5eVEE Pin 10,11,12 Pin 10 
-30°C N/A N/A N/A 

+25°C 172 0.5 450 
+85°C N/A N/A N/A 

Pin 11,12 
N/A 

245 
N/A 

0130 Pin 6,11 
-30°C N/A N/A N/A -1.890 -1.675 -1.060 -0.890 -1.655 -1.080 

+25°C 28 35 0.5 220 -1.850 -1.650 0.960 -0.810 -1.630 -0.980 
+85°C N/A N/A N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

Pin 9 
N/A 

265 
N/A 

Pin 4,5,7 
N/A 

285 
N/A 

0131 Pin 4,5 Note 2 Note 2 Note 2 Note 2 
_30°C N/A N/A N/A -1.890 -1.675 -1.060 -0.890 -1.655 -1.08 

+25°C 45 56 0.5 330 -1.850 -1.650 -0.960 -0.810 -1.630 -0.98 
+85°C N/A N/A N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.91 

Pin 6 
N/A 

220 
N/A 

Pin 7 
N/A 

245 
N/A 

·leBO 
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ECl PRODUCT INFORMATION 
ECl DC ELECTRICAL CHARACTERISTICS - See Notes Page 12 

INPUT CURRENT OUTPUT VOLTAGE 

IE (mA) VOLA (V) VOHA (V) 
PARAMETER SUPPLY IlL ("A) IIH("A) VOL (V) VOII(V) THRESHOLD THRESHOLD 

CURRENT LOW LEVEL HIGH LEVEL LOW LEVEL HIGH ICEVEL LOW LEVEL HIGH LEVEL 

OUTPUT 0 501l OUTPUTo501l OUTPUT 0 501l OUTPUTo501l 

LOAD LOAD LOAD LOAD 

TO-2V TO··2V TO-2V TO-2V 

TEST VINoVILMIN VIN,VILMIN VINoVILAMAX VIWVILAMIN 

CONDITION" VINoVILMIN VIWVIHMAX ORVIHMAX ORVIHMAX OR VIHA MIN ORVIHAMIN 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Pin 9 

N/A 
265 

N/A 

0132 Pin 4,5,7 

-30'C N/A N/A N/A -1.890 -1.675 ·1.060 -0.890 -1.655 -1.08 
+25'C 55 0.5 290 -1.850 ·1.650 ·0.960 -0.810 -1.630 -0.98 
+85°C N/A N/A N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.91 

Pin 6 

N/A 
390 

N/A 

Pin 10,11 
N/A 

220 
N/A 

0133 Pin 3 Notes 5&6 Notes 5&6 

-30'C N/A N/A N/A -1.890 -1.675 -1.060 -0.890 -1.655 -1.08 
+25°C 75 0.5 245 -1.850 ·1.650 -0.960 -0.810 -1.630 -0.98 
+85'C N/A N/A N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.91 

Pin 4 
N/A 

220 
N/A 

Pin 5,13 

N/A 
350 

N/A 

0134 Pin 4,5,7 
-30'C N/A N/A N/A -1.890 -1.675 -1.060 -0.890 -1.655 ·1.08 

+25'C 55 0.5 290 -1.850 ·1.650 -0.960 ·0.810 -1.630 -0.98 
+85'C N/A N/A N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.91 

Pin 6,10 
N/A 

265 
N/A 

0135 Pin 6,7,9,10,11 Note 7 NotE! 7 Note 7 Note 7 
-30'C N/A N/A N/A -1.890 -1.675 -1.060 -0,890 -1.655 -1.08 
+25'C 68 0.5 265 -1.850 -1.650 -0.960 -0.810 -1.630 -0.98 
+85'C N/A N/A N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.91 

Pin 4,5,12,13 
N/A 

390 

0136 Pin 5,6,11,12 Note 3 Note, 3 Note 3 Note 3 
-30'C N/A N/A N/A -1.890 -1.675 -1.060 -0.890 -1.655 -1.080 

+25'C 120 150 0.5 220 -1.850 -1.650 -0.960 -0.810 -1.630 -0.980 
+85'C N/A N/A N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

Pin 7 

N/A 
265 

N/A 

Pin 9,10 
N/A 

245 
N/A 

Pin 13 
NIA 

290 
N/A 

338 9!!1oolmB 



ECl PRODUCT INFORMATION 
ECl DC ELECTRICAL CHARACTERISTICS - See Notes Page 12 

INPUT CURRENT OUTPUT VOLTAGE 

IE (mA) VOLA (V) VOHA (V) 
PARAMETER SUPPLY IlL ("A) IIH ("A) VOL (V) VOH(V) THRESHOLD THRESHOLD 

CURRENT LOW LEVEL HIGH LEVEL LOW LEVEL HIGH LEVEL LOW LEVEL HIGH LEVEL 

OUTPUT ~SOIl OUTPUT~SOIl OUTPUT-SOil OUTPUT~SOIl 

LOAD LOAD LOAD LOAD 

TO-2V TO-2V TO-2V TO-2V 

TEST VIN~VILMIN VIN~VILMIN VIN~VILAMAX VIH ., VILA MIN 

CONDITION" VIN~VILMIN VIH' VIH MAX ORVIHMAX ORVIH MAX ORVIHA MIN ORVIHAMIN 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

0137 Pin 5,6,11,12 Note 3 Note 3 Note 3 Note 3 
-30"C N/A N/A N/A -1,890 -1.675 -1.060 -0.890 -1.655 -1.080 
t-25°C 120 150 0.,5 220 -1.850 -1.650 -0.960 -0.810 -1.630 -0.980 
+85"C NlA N/A N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

Pin 7 
N/A 

265 
N/A 

Pin 9,10 
N/A 

245 
N/A 

Pin 13 

N/A 
290 

N/A 

0139 
-30"C 

+25"C SEE BIPOLAR MEMORIES SECTION FOR ELECTRICAL SPECIFICATIONS 

f85"C 

0140 

-30"C 

f25"C SEE BIPOLAR MEMORIES SECTION FOR ELECTRICAL SPECIFICATIONS 
o -+85"C 

" 0141 Pin 5,6 

-30"C N/A N/A N/A -1.890 -1.675 -1.060 -0.890 -1.655 -1.08 

+25"C 82 102 0.5 220 -1.850 -1.650 -0.960 -0.810 -1.630 -0.98 9 
+85"C N/A N/A N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.91 

Pin 7 

N/A 

245 --N/A 

Pin 4 

265 

N/A 

0142 

-30"C 

+25"C SEE BIPOLAR MEMORIES SECTION FOR ELECTRICAL SPECIFICATIONS 

+85"C 

0145 Pin 3,6,7,9,10 

-30"C N/A N/A N/A -1.890 -1.675 -1.060 -0.890 -1.675 -1.080 

+25"C 116 145 0.5 200 -1.850 -1.650 -0.960 -0.810 -1.630 -0.980 

+85"C N/A N/A N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

Pin 4,5,11,12 

N/A 

220 

N/A 

Pin 13 

N/A 

470 

N/A 

0148 

-30"C 

+25"C SEE BIPOLAR MEMORIES SECTION FOR ELECTRICAL SPECIFICATIONS 

+85°C 
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ECl PRODUCT INFORMATION 
ECl DC ELECTRICAL CHARACTERISTICS 

INPUT CURRENT OUTPUT VOLTAGE 

IE (mA) VOLA (V) VOHA(V) 
PARAMETER SUPPLY In. (~A) IIH(~A) VOL (V) VOH(V) THRESHOLD THRESHOLD 

CURRENT LOW LEVEL HIGH LEVEL LOW LEVEL HIGH LEVEL LOW LEVEL HIGH LEVEL 

OUTPUT~5011 OUTPUT~50!I OUTPUT ~ 50!! OUTPUT~50!I 

LOAD LOAD LOAD LOAD 
T0-2V TO-2V TO-2V TO-2V 

TEST VIN~VILMIN VIN~VILMIN VIN~VILAMAX VIH=VILAMIN 
CONDITION' VIN~VILMIN VIH~VIH MAX ORVIHMAX OR VIH MAX OR VIHA MIN ORVIHAMIN 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

0158 Pin 4,9 

-30'C N/A N/A N/A -1.890 -1.675 -1.060 -0.890 -1.655 -1.060 

+25'C 32 40 0.5 265 -1.850 -1.650 -0.960 -0.810 -1.630 -0.980 

+85'C N/A N/A N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

Pin 7 

N/A 

575 

N/A 

0159 Pin 4,9 

-30'C N/A N/A N/A -1.890 -1.675 -1.060 -0,890 -1.655 -1.080 

+25'C 32 40 0.5 265 -1.850 -1.650 -0.960 -0.810 -1.630 -0.980 

+85'C NiA N/A N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

Pin 7 

N.A 

575 

N/A 

0160 Pin 3 

-30'C N/A N/A N/A -1.890 -1.675 -1.060 -0.890 -1.675 -1.080 

+25°C 62 78 0.5 265 -1.850 -1.650 -0.960 -0.810 -1.630 -0.980 

+85'C N/A N/A N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

Pin 4 

N/A 

220 

N/A 

0161 

-30'C N/A N/A N/A -1.890 -1.675 -1.060 -0.890 -1.655 -1.080 

+25'C 57 76 0.5 220 -1.850 -1.650 -0.980 -0810 -1.630 -0.980 

+85'C N/A N/A N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

0162 

-30'C N/A N/A N/A -1.890 -1.675 -1.060 -0.890 -1.655 -1.080 

+25'C 57 76 0.5 220 -1.850 -1.650 -0.960 -0.810 -1.630 -0.980 

+85'C N/A N/A N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

0164 

-30'C N/A N/A N/A -1.890 -1.675 -1.060 -0.890 -1.675 -1.080 

+25'C 56 75 0.5 265 -1.850 -1.650 -0.960 -0.810 -1.630 -0.980 

+85'C N/A N/A N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

0165 Pin 4 

-3O'C N/A N/A N/A -1.890 -1.675 -1.060 -0.890 -1.655 -1.080 

+25'C 105 131 0.5 245 -1.850 -1.650 -0.960 -0.810 -1.630 -0.980 

+85'C N/A N/A N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

Pin 5 

N/A 

220 

N/A 

0170 

-3O'C N/A N/A N/A -1.890 -1.675 -1.080 -0.890 -1.655 -1.080 

+25'C 54 68 0.5 265 -1.850 -1.650 -0.960 -0.810 -1.630 -0.980 

+85'C N/A N/A N/A -1.825 -1.615. -0.890 -0.700 -'.595 -0.910 
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ECl PRODUCT INFORMATION 
ECl DC ELECTRICAL CHARACTERISTICS - See Notes Page 12 

INPUT CURRENT OUTPUT VOLTAGE 

IE (mA) VOLA (V) VOHA (V) 

PARAMETER SUPPLY IlL (.A) IIH (.A) VOL (V) VOH(V) THRESHOLD THRESHOLD 

CURRENT LOW LEVEL HIGH LEVEL LOW LEVEL HIGH LEVEL LOW LEVEL HIGH LEVEL 

OUTPUT~501l OUTPUT~50!! OUTPUT~501l OUTPUT~50!! 

LOAD LOAD LOAD LOAD 

TO-2V TO-2V TO-2V TO-2V 

TEST VIN~VILMIN VIN~VILMIN VIN ~ VILA MAX VIWVILAMIN 

CONDITION" VINoVILMIN VIWVIHMAX ORVIHMAX ORVIH MAX ORVIHA MIN ORVIHAMIN 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

0171 

-30·C NIA NIA NIA -1.890 -1.675 -1.060 -0.890 -1.655 -1.080 

+25·C 60 75 0.5 220 -1.850 -1.650 -0.960 -0.810 -1.630 -0.980 

+85·C NIA NIA NIA -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

0172 

-30·C NIA NIA NIA -1.890 -1.675 -1.060 -0.890 -1.675 -1.080 

+25°C 60 77 0.5 220 -1.850 -1.650 -0.960 -0.810 -1.630 -0.980 

+85°C NIA NIA NIA -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

0173 Pin 5,6 

-30·C NIA NIA NIA -1.890 -1.675 -1.060 -0.890 -1.675 -1.080 

+25·C 66 0.5 295 -1.850 -1.650 -0.960 -0.810 -1.630 -0.980 

+85·C NIA NIA NIA -1.825 -1.615 -0.890 -0.700 -1.595 -0.91 

Pin 7,9 

NIA 

250 

NIA o 
0174 

Pin 4 

-30·C NIA NIA NIA -1.89~ -1.675 -1.060 -0.890 -1.655 -1.080 

+25·C 55 73 0.5 220 -1.850 -1.650 -0.960 -0.810 -1.630 -0.980 

+85·C NIA NIA NIA -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

-" 9 
Pin 14 

NIA 

330 

NIA --
0175 Pin 6.7.10 

-30·C NIA NIA NIA -1.890 -1.675 -1.060 -0.890 -1.655 -1.080 

+25·C 97 0.5 290 -1.850 -1.650 -0.960 -0.810 -1.630 -0.980 

+85·C NIA NIA NIA -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

Pin 11 

NIA 

650 

NIA 

0176 Note 7 Note 7 

Pin 5 

-30·C NIA NIA NIA -1.890 -1.675 -1.060 -0.890 -1.655 -1.080 

+25·C 88 110 0.5 220 -1.850 -1.650 -0.960 -0.810 -1.630 -0.980 

+85·C NIA NIA NIA -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

Pin 9 

NIA 

310 

! 
NIA 
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ECl PRODUCT INFORMATION 
ECl DC ELECTRICAL CHARACTERISTICS - See Notes Page 12 

INPUT CURRENT OUTPUT VOLTAGE 

IE (mA) VOLA (V) VOHAIV) 
PARAMETER SUPPLY ~L I#A) IIHI#A) VOL IV) VOHIV) THRESHOLD THRESHOLD 

CURRENT LOW LEVEL HIGH LEVEL LOW LEVEL HIGH LEVEL LOW LEVEL HIGH LEVEL 

OUTPUT~50!I OUTPUT ~5OIl OUTPUT ~5OIl OUTPUT~50!I 

LOAD LOAD LOAD LOAD 

TO-2V TO-2V TO-2V TO-2V 

TEST VIN~VILMIN VIN~VILMIN VIN~VILAMAX VIH~VILAMIN 

CONDITION" VIN~VILMIN VIH~VIHMAX ORVIHMAX ORVIHMAX OR VIHA MIN ORVIHAMIN 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

0179 Pin 4,7,11 

-30'C N/A N/A N/A -2.000 -1.675 -1.060 -0.890 -1.655 -1.060 
+2S'C 39 72 0.5 270 -1.990 -1.650 ..(1.960 ..(1.810 -1.630 ..(1.980 

+8S'C N/A N/A N/A -1.920 -1.615 -0.890 ..(1.700 -1.595 -0.910 

PinS,9 

N/A 

225 

N/A 

Pin 10,13 

N/A 

440 

N/A 

Pin 12 

N/A 

395 

N/A 

Pin 14 

N/A 

355 

N/A 

0181 Pin 9,11,19,20 

-30'C N/A N/A N/A -2.000 -1.675 -1.060 -0.890 -1.655 -1.060 

+25'C 145 0.5 245 -1.990 -1.650 -0.960 ..(I.al0 -1.630 -0.960 

+85'C N/A N/A N/A -1.920 -1.615 ..(1.890 -0.700 -1.595 -0.910 
Pin 10,16,18,21 

N/A 

220 

N/A 

Pin 13,23 

N/A 

200 

N/A 

Pin 14,15,17 

N/A 

265 

N/A 

Pin 22 

N/A 

290 

N/A 

0190 VIN~+0.S7 VIN~+0.S7 VIN~±0.17 VIN~±O.17 

or-0.5 or·O.S 
-30'C N/A N/A N/A -1.890 -1.675 -1.060 ..(1.890 -1.655 -1.060 

+2S'C 36 45 50 -1.850 -1.650 -0.960 ..(1.810 -1.630 -0.960 
+85°C N/A N/A N/A -1.825 -1.615· ..(1.890 ..(1.700 -1.595 ..(1.910 

0191 Pin 7 

-3O'C N/A N/A N/A Note 1 -0.365 0.220 0.400 -0.345 0.200 

+25'C 30 38 0.5 245 -0.330 0.305 0.490 -0.310 0.285 

+8S'C N/A N/A N/A -0.295 0.400 0.585 -0.275 0.360 
Ping 

N/A 

265 

N/A 

342 



ECl PRODUCT INFORMATION 
Eel DC ELECTRICAL CHARACTERISTICS 

INPUT CURRENT 

IE (~A) 
PARAMETER SUPPLY IlL (~A) 

CURRENT LOW LEVEL 

TEST 

CONDITION' VIN~VILMIN 

MIN TYP MAX MIN TYP MAX 

0192 

_30 o e N/A N/A 

+25°e 76 95 1111 0.5 

+85°e N/A N/A 

0210 

-30 o e N/A 

+25°e 38 

+85°C N/A 

0211 

_30 o e N/A 

+25°e 38 

+85°e N/A 

0212 

_30 o e N/A 

+25°e 38 

+85°C N/A 

0216 

-30 o e N/A 

+25°C 20 25 "1.0 

+85°e N/A 

0231 

-30 o e N/A N/A 

+25°e 52 65 0.5 

+85°e N/A N/A 

.. For more test information see notes on individual data sheets. 

NOTE: 

IIH(~A) 
HIGH LEVEL 

VIH~VIH MAX 

MIN TYP MAX 

N/A 

320 

N/A 

N/A 

425 

N/A 

N/A 

425 

N/A 

N/A 

425 

N/A 

N/A 

115 

N/A 

Pin 4,5 

N/A 

410 

N/A 

Pin 6,7 

N/A 

220 

N/A 

Pin 9 

N/A 

290 

N/A 

VOL (V) 
LOW LEVEL 

OUTPUT~50{! 

LOAD 

T02V 

VIN~VILMIN 

ORVILMAX 

MIN TYP MAX 

-1.890 -1.695 

-1.850 -1.650 

-1.825 -1.615 

Note 2 

-1.890 -1.695 

-1.850 -1.650 

-1.825 -1.615 

1. VOL (min) is determined by load network (approx. -O.500V with 845!:! to VEE and 90U to ground. 

2. Output level to be measured after a clock pulse has been applied to the CF input (Pin 6Jl'\:V1H max 

3. Measure output before and after clock pulse V~VIH appears at clock input (Pin 13). VILMin 

4. For additional electrical specifications see data sheet 
5. Before test set Q, 02 outputs to logic low. 
6. Before lest set all Q outputs to ~ logic high. 
7. Output levels to be measured after a ,::Iock pulse has been applied to C input (Pin 9). 

leBO 
** Output=25U for 10123. 

OUTPUT VOLTAGE 

VOLA (V) VOHA(V) 
VOH(V) THRESHOLD THRESHOLD 

HIGH LEVEL LOW LEVEL HIGH LEVEL 

OUTPUT~50{! OUTPUT ~5OIl OUTPUT~50{! 

LOAD LOAD LOAD 

T02V T02V T02V 

VIN~VILMIN VIN~VILAMAX VIH~VILAMIN 

OR VIH MAX OR VIHA MIN ORVIHAMIN 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

o -
-1.060 -0.890 -1.655 -1.080 

-0.960 -0.810 -1.630 -0.980 

-0.890 -0.700 -1.595 -0.910 " 9 
Note 2 Note 2 Note 2 

-1.060 -0.890 -1.655 -1.080 

-0.960 -0.810 -1.630 -0.980 

-0.890 -0.700 -1.595 -0.910 
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ECl PRODUCT INFORMATION 
ECl AC CHARACTERISTICS (50n Load) - See Notes Page 19 

Propagalion 2 Rise Time (ns) Fall Time (ns) 
PARAMETER Delay, (ns) 20-80% 20-80% I selup 5 I hold 8 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

10100 t4+2-,t4-2+ t2+ t2-
- 30°C 1.0 3.1 1.1 3.6 1.1 3.6 
+25°C 1.0 2.0 2.9 1.1 2.0 3.3 1.1 2.0 3.3 N/A N/A 
+85°C 1.0 3.3 1.1 3.7 1.1 3.7 

10101 t4+2-,t4-2+ t2+,t5+ t2-,t5-
t4+5-,t4-5-

30°C 1.0 3.1 1.1 3.6 1.1 3.6 
+25°C 1.0 2.0 2.9 1.1 3.3 1.1 3.3 N/A N/A 
+85°C 1.0 3.3 1.1 3.7 1.1 3.7 

10102 t12+ 15-,t12-15+, t15+,t9+ t15-,t9-
t12+9+,t12-9-

- 30°C 1.0 3.1 1.1 3.6 1.1 3.6 
+25°C 1.0 2.0 2.9 1.1 3.3 1.1 3.3 N/A N/A 
+85°C 1.0 3.3 1.1 3.7 1.1 3.7 

10103 t12+ 15+,t12-15- t15+,t9+ t15-,t9-
t12+9-,t12-9+ 

- 30°C 1.0 3.1 1.1 3.6 1.1 3.6 
+25°C 1.0 2.0 2.9 1.1 2.0 3.3 1.1 2.0 3.3 N/A N/A 
+85°C 1.0 3.3 1.1 3.7 1.1 3.7 

10104 t12+ 14+,t12-15-, t15+,t9+ t15-,9-
t12+9-,t12-9+ 

- 30°C 1.0 4.3 1.5 3.7 1.5 3.7 
+25°C 1.0 2.2 4.0 1.5 2.0 3.5 1.5 2.0 3.5 N/A N/A 
+85°C 1.0 4.2 1.5 3.6 1.5 3.6 

t13+15+ 
t13+8-

+25°C 1.0 2.7 4.0 

10105 t4+3-,t4-3+, t3+,t2+ t3-,t2-
t4+2+,t4-2-

- 30·C 1.0 3.1 1.1 3.6 1.1 3.6 
+25°C 1.0 2.0 2.9 1.1 3.3 1.1 3.3 N/A N/A 
+85°C 1.0 3.3 1.1 3.7 1.1 3.7 

10106 t4+3-,t4-3+ t3+ t3-
- 30°C 1.0 3.1 1.1 3.6 1.1 3.6 
+25°C 1.0 2.0 2.9 1.1 3.3 1.1 3.3 N/A N/A 
+85°C 1.0 3.3 1.1 3.7 1.1 3.7 

Pins 4,9,14 
10107 t++,t+-,t-+,t- - t+ t-

- 30°C 1.0 3.8 1.1 3.5 1.1 3.5 
+25°C 1.1 2.0 3.7 1.1 2.5 3.5 1.1 2.5 3.5 N/A N/A 
+85°C 1.1 4.0 1.1 3.8 1.1 3.8 
- 30°C 

Pins 5,7,15 
+25°C 1.1 2.8 3.7 
+85°C 

10108 t4+2+,t4-2, t2+,t3+ t2-,t3-
t4+3-,t4-3+ 

- 30°C N/A N/A N/A 
+25°C 1.4 2.3 3.4 1.1 2.2 4.0 1.1 2.2 4.0 N/A N/A 
+85°C N/A N/A N/A 
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ECL PRODUCT INFORMATION 

ECl AC CHARACTERISTICS (50n Load) - See Noles Page 19 

Propagation 2 Rise Time (ns) Fall Time (ns) 
PARAMETER Delay, (ns) 20-80% 20-80% t setup 5 t hold 6 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 
15+2+,15-2-, 
15+3-,15-3+ 

- 30°C N/A 
+25°C 1.4 2.8 3.7 
+85° N/A 

10109 14+2+,14-2-, 12+,13+ 12-,13-
14+3-,14-3+ 

- 30°C 1.0 3.1 1.1 3.6 1.1 3.6 
+25°C 1.0 :2.0 2.9 1.1 3.3 1.1 3.3 N/A N/A 
+85°C 1.0 3.3 1.1 3.7 1.1 3.7 

10110 15+2.+,15-2-, 12+,13+,14+ 12-,13-,14-
15+3.+,15-3-, 

15+4,15-4-
- 30°C 1.4 3.5 1.0 3.5 1.0 3.5 
+25°C 1.4 2.4 3.5 1.1 2.2 3.5 1.1 2.2 3.5 N/A N/A 
+85°C 1.5 3.8 1.2 3.8 1.2 3.8 

10111 15+2-,15-21, 12+,13+,14+ 12-,13-,14-
15+3-,15-31, 
15+4-,15-41 

- 30°C 1.4 3.5 1.0 3.5 1.0 3.5 
+25°C 1.4 2.4 3.5 1.1 2.2 3.5 1.1 2.2 3.5 N/A N/A 
+85°C 1.5 3.8 1.2 3.8 1.2 3.8 o 

10112 15+2+,15-2-, 12+,13+,14+ 12-,13-14-
15+3-,15+3+, -" 15+4-,15-4+ 

+25°C 1.4 ~!.4 3.5 1.1 2.2 3.5 1.1 2.2 3.5 N/A N/A 9 
10113 14+2+,14-2- 1+ 1-

- 30°C 
+25°C 3.0 2.0 2.0 N/A N/A --+85°C 

19+2-,19-2+ 
- 30°C 
+25°C 3.4 
+80°C 

10114 14+2+,14-2-,3 12+,13+ 12-3-
14+3-,14-3+ 

- 30°C 1.0 4.4 1.5 3.8 1.5 3.8 
+25°C 1.0 ~~.5 4.0 1.5 2.1 3.5 1.5 2.1 3.5 N/A N/A 
+85°C 0.9 4.3 1.5 3.7 1.5 3.7 

10115 14+2-,14-2+ 12+ 12-
- 30°C 1.0 3.1 1.1 3.6 1.1 3.6 
+25°C 1.0 2.9 1.1 3.3 1.1 3.3 N/A N/A 
+85°C 1.0 3.3 1.1 3.7 1.1 3.7 

10116 14+2+,14-2-, 12+,13+ 12-,13-
14+3,14-3+ 

- 30°C 1.0 3.1 1.1 3.6 1.1 3.6 
+25°C 1.0 2.0 2.9 1.1 2.0 3.3 1.1 2.0 3.3 N/A N/A 
+85°C 1.0 3.3 1.1 3.7 1.1 3.7 

10117 14+2+,14-2-, 12+,13+ 12-3-
14+3-,14-3+ 

- 30°C 1.4 3.9 0.9 4.1 0.9 4.1 
+25°C 1.4 2.3 3.4 1.1 2.2 4.0 1.1 2.2 4.0 N/A N/A 
+85°C 1.4 3.8 1.1 4.6 1.1 4.6 
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ECl PRODUCT INFORMATION 
ECl AC CHARACTERISTICS (50n Load)-SEE NOTES PAGE 19 

Propagalion 2 Riae Time (na) Fall Time (na) 
PARAMETER Delay, (na) 20-80% 20-80% I aelup 5 I hold 6 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

10118 16+2+,16-2- 1+ 1-
- 30 0 e 1.4 3.9 0.8 4.1 0.8 4.1 
+25°e 1.4 2.3 3.4 1.5 2.5 4.0 1.5 2.5 4.0 N/A N/A 
+85°e 1.4 3.8 1.5 4.6 1.5 4.6 

10119 13+2+,13-2- 1+ 1-
- 30 0 e 1.4 3.9 0.8 4.1 0.8 4.1 
+25°e 1.4 2.3 3.4 1.5 2.5 4.0 1.5 2.5 4.0 N/A N/A 
+85°e 3.4 1.4 3.8 1.5 4.6 1.5 4.6 

10121 14+3-,14-3+, 13+,12+ 13-,12-
14+2+,14-2-

- 300 e 1.4 3.9 0.9 4.1 0.9 4.1 
+25°e 1.4 2.3 3.4 1.1 2.5 4.0 1.1 2.5 4.0 N/A N/A 
+85°e 1.4 3.8 1.1 4.6 1.1 4.6 

10124 (Nole 4) 16+ 1+,16-1- 11+ 11-
17+1+,17-1-, 
17 +3+,17-3+ 

- 300 e 1.0 6.8 1.1 4.2 1.1 4.2 
+25°e 1.5 6.0 1.1 3.9 1.1 3.9 N/A N/A 
+85°e 1.0 6.8 1.1 4.3 1.1 4.3 

10125 16+5-,16-5+ 14+ 14-
12+14-,12-4+ 

- 30 0 e 1.0 4.5 6.0 3.3 3.3 N/A N/A 
+25+85 1.0 6.0 3.3 3.3 

Dala Inpul 17+14+ 1+ 1-
10129 +25°e 6.6 12.0 27.0 1.5 4.3 1.5 4.3 25.0 0 

Dala Inpul 17-14-
3.7 10.0 15.0 

Clock Inpul 111-14+ 
2.7 5.0 11.0 

Slrobe I npul 112±14± 
1.6 4.0 7.0 

Resellnpul 110+ 14-
2.0 5.0 8.0 

Hysleresis 
Mode 17+14+ 

18.0 
Hysleresis 

Mode 17-14-
10.0 

10130 17+2+ 12+ 12-
- 30°C 1.0 3.6 1.0 3.6 1.0 3.6 N/A N/A 
+25°C 1.0 2.5 3.5 1.0 2.7 3.5 1.0 2.7 3.5 
+85°C 1.0 3.8 1.1 3.8 1.1 3.8 

15+2+,14+2-
- 30°C 1.0 3.6 
+25°e 1.0 2.7 3.5 
+85°C 1..1 3.9 

16-2+ 
- 30°C 1.0 4.3 
+25°C 1.0 4.0 
+85°C 1.0 4.1 

10131 19+2-,19+2+, 12+ 12-
Clock Inpul 16+2+,16+2-

- 30°C 1.4 4.6 1.0 4.6 1.0 4.6 
+25°C 1.5 3.0 4.5 1.1 2.5 4.5 1.1 2.5 4.5 2.5 1.5 
+85°C 1.5 5.0 1.1 4.9 1.1 4.9 
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ECl PRODUCT INFORMATION 
ECl AC CHARACTERISTICS (501l Load) - See Noles Page 19 

Propagation 2 Rise Time (ns) Fall Time (ns) 
PARAMETER Delay, (ns) 20-80% 20-80% t setup 5 t hold 6 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Sellnpul 15+2+,112+5+, 
15+3-,112+ 14-

- 30°C 1.1 4.4 
+25°C 1.2 ~~.8 4.3 
+85°C 1.2 4.8 

Resel Inpul 14+2,113+ 15-
14+3+,113+ 14+ 

- 30°C 1.1 4.4 
+25°C 1.2 2.8 4.3 
+85°C 1.2 4.8 

10132 +25°C 
Dala 14+2+ t2+ t2- Data Data 

1.0 2'.5 3.3 1.5 3.5 1.5 3.5 2.5 1.5 
Reset t6+2- Select Select 

1.0 3.0 3.8 3.5 1.0 
Clock 17-2+ 

1.0 4.0 5.7 
Select t11+2+ 

1.0 3.7 4.6 

10133 t3+2+ t2+ t2-
- 30°C 1.0 5.6 1.0 3.6 1.0 3.6 
+25°C 1.0 5.4 1.1 3.5 1.1 3.5 N/A N/A 
+85°C 1.1 5.9 1.1 3.8 1.1 3.8 o -t4+2+ " - 30°C 1.0 5.4 
+25°C 1.0 5.4 
+85°C 1.2 6.0 9 

15-2+ 
- 30°C 1.0 3.2 
+25°C 1.0 3.1 
+85°C 1.0 3.4 

10134 +25°C t2+ t2- Data Data 
Data 14+2+ 1.5 2.0 3.5 1.5 2.0 3.5 2.5 1.5 1.5 0.0 

1.0 2.5 3.3 Selecl Select 
Clock 110-2+ 

1.0 4.0 5.7 3.5 2.5 1.0 0.5 
Select 16+2+ 

1.0 3.5 4.6 

10135 +25°C t9+2+,t9+2- t2+,t3+ t2-,13-
Clock Inpul 1.0 3.0 4.5 1.1 2.0 4.5 1.0 2.0 4.5 2.5 1.0 1.5 1.0 
Set Inpul 15+2+,112+5+, 

t5+3-,112+4+ 
1.0 3.0 5.0 

Resellnpul 14+2-,t4+3+, 
113+ 15-,113+ 14+ 

1.0 3 .. 0 5.0 

10136 
Clock Inpul 113+ 14+,113+ 14-, t4+,114+ t4-,114- Dala Inpuls Dala Inpuls 

112+ 13+,112-13- 112+ 13+,t12-13-
- 30 0.8 4.8 4 0.9 4 0.9 +25°C +25°C 
+25 1.0 3 .. 3 4.5 3.3 1.1 2.0 3.3 1.1 2.0 3.5 2.1 -1.0 -1.9 
+85 1.4 5.0 3.3 1.1 3.5 3.3 1.1 3.5 Selecl Inpuls Select Inpuls 

Clock Input 113+4+,t13+4- 19+ 13+,17 + 13+ +9+ 13+,17 + 13+ 
- 30 2.0 10.9 +25°C +25°C 
+25 2.5 7.,0 10.5 7.5 5.4 -2.5 -5.4 
+85 2.4 11.5 
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ECl PRODUCT INFORMATION 
ECl AC CHARACTERISTICS (5011 Load) - See Noles Page 19 

Propagation 2 Rise Time (ns) Fall Time (ns) 
PARAMETER Delay, (ns) 20-80% 20-80% t setup 5 t hold 6 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Carry In Inpul Carry In Inpul 

---
Carry In 10 110-4+,110+4+ 110-13+,113+ 10+ +25°C 
Carry OUI 

Nole 7 - 30 1.6 7.4 +25°C 110-13+ 
+25 1.6 5.0 6.9 -1.0 -1.9 -1.6 -2.4 
+85 1.9 7.5 

113+,110+ 
3.1 2.2 

10137 
Clock Inpul 113+ 14+,113+ 14-, 14+,114+ 14-,114- Data Inpuls Data Inputs 

112+13+,112-13- t12+ 13+,112-13-
- 30 0.8 4.8 4 0.9 4 0.9 +25°C +25°C 
+25 1.0 3.3 4.5 3.3 1.1 2.0 3.3 1.1 2.0 3.5 2.1 -1.0 -1.9 
+85 1.4 5.0 3.3 1.1 3.5 3.3 1.1 3.5 Selecl Inpuls Selecl In puIS 

Clock Inpul 113+4+,113+4- t9+ 13+,17 + 13+ +9+ 13+,17 + 13+ 
- 30 2.0 10.9 +25°C +25°C 
+25 2.5 7.0 10.5 7.5 5.4 -2.5 -5.4 
+85 2.4 11.5 --- ---

Carry In Inpul Carry In Inpul 
Carry In 10 110-4+,110+4+ 110-13+,113+ 10+ +25°C 
Carry OUI 

Nole 8 - 30 1.6 7.4 +25°C 110-13+ 
+25 1.6 5.0 6.9 -1.0 -1.9 -1.6 -2.4 
+85 1.9 7.5 113+,110+ 

3.12.2 

10141 14+3+ 13+ -3- 112+4+ 14+ 12+ 
- 30 0.9 3.9 1.0 3.4 1.0 3.4 N/A N/A 
+25 1.0 2.9 3.8 1.1 1.7 3.3 1.1 1.7 3.3 2.5 1.5 
+85 1.2 4.2 1.1 3.6 1.1 3.6 N/A N/A 

10145 SEE DATA SHEET FOR ELECTRICAL SPECIFICATIONS 

10158 13+2+,13-2- 1+ 1-
- 30°C 1.1 3.8 1.0 4.1 1.0 4.1 
+25°C 1.2 2.2 3.3 1.0 2.5 3.8 1.0 2.5 3.8 N/A N/A 

+85°C 1.1 3.8 1.1 4.1 1.1 4.1 
19+2+,19-2-

- 30°C 1.4 5.0 
+25°C 1.5 3.0 4.5 
+85°C 1.4 5.0 

10159 13+2-,13-2+ 1+ 1-
- 30°C 1.1 3.8 1.0 4.1 1.0 4.1 
+25°C 1.2 2.2 3.3 1.0 2.5 3.8 1.0 2.5 3.8 N/A N/A 
+85°C 1.1 3.8 1.1 4.1 1.1 4.1 

19+2+,19-2-
17 +2-,17 -2+ 

- 30°C 1.4 5.0 
+25°C 1.5 3.0 4.5 
+85°C 1.4 5.0 

10160 13+2+,13+2-, 12+ 12-
13-2-,13-2+, 

14+2+,14+2-, 
14-2-,14-2+ 

- 30°C 1.8 8.1 1.1 3.5 1.1 3.5 
+25°C 2.0 5.0 7.5 1.1 2.0 3.3 1.1 2.0 3.3 N/A N/A 
+85°C 2.0 8.0 1.1 3.5 1.1 3.5 
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ECl PRODUCT INFORMATION 
ECl AC CHARACTERISTICS (50n Load) - See Noles Page 19 

Propagation 2 Rise Time (ns) Fall Time (ns) 
PARAMETER Delay, (ns) 20-80% 20-80% t setup 5 t hold 6 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

10161 114+ 13-,114-13+ 113+ 113-
- 30°C 1.5 6.0 1.1 3.3 1.1 3.3 
+25°e 1.5 4.0 6.0 1.1 2.0 3.3 1.1 2.0 3.3 N/A N/A 
+85°e 1.5 6.0 1.1 3.3 1.1 3.3 

10162 114+ 13+,114-13- 1+ 1-
- 30°C 2.5 6.2 1.0 3.3 1.0 3.3 
+25°e 1.5 4.0 6.0 1.1 2.0 3.3 1.1 2.0 3.3 N/A N/A 
+85°e 1.5 6.4 1.1 3.5 1.1 3.5 

10164 14+ 15+,14-15- 1+ 1-
- 30°C 1.5 4.7 0.9 3.3 0.9 3.3 
+25°e 1.5 3.0 4.5 1.1 2.0 3.3 1.1 2.0 3.3 N/A N/A 
+85°e 1.6 4.8 1.2 3.6 1.2 3.6 

17+ 15+,17-15-
- 30°C 1.9 6.3 
+25°e 2.0 4.0 6.0 
+85°e 2.2 6.5 

12+ 15+,12-15+ 
- 30°C 0.9 3.3 
+25°e 1.0 2.0 2.9 
+85°e 1.0 3.1 

10165 +25°e 
Dala Inpul 15+ 14+,15-14-, 13+ 13- I selup H t hold H 

o -17+3+,111+15+, 
t13+2+ " 7.0 10.0 2.0 3.3 2.0 3.3 3.4 4.5 -2.3 -.5 

Clock Input 14-3+10,t4-3-11 t setup L I hold L 
14-14+ 10,.14-14-11 3.0 4.5 -2.7 -.5 9 

3.0 5 

-10170 t3+2+,13+2-, 12+ 12-,115+,+ 15 -
t3-2-,13-2+ --- 30°C 1.5 6.5 N/A N/A 

+25°e 2.0 4.0 6.0 1.1 2.0 3.3 1.1 2.0 3.3 
+85°e 1.5 6.5 

13+ 15+,t3+ 15-, 
13-15-,t3-15+ 

- 30°C 2.0 10.0 
+25°e 3.0 6.0 9.0 
+85°e 5.0 10.0 

t13+ 15+,113+ 15-, 
113-15-,t13-15+ 

- 30°C 0.9 3.3 
+25°e 1.0 2.0 3.0 
+85°e 0.9 3.3 

10171 t9+ 13+,t9-13- 113+ 113-
- 30°C 1.5 6.2 1.0 3.3 1.0 3.3 
+25°e 1.5 4.0 6.0 1.1 2.0 3.3 1.1 2.0 3.3 N/A N/A 
+85°e 1.5 6.4 1.1 3.4 1.1 3.4 

10172 19+ 13-,19-13+ t+ t-
- 30°C 1.5 6.2 1.0 3.3 1.0 3.3 
+25°e 1.5 4.0 6.0 1.1 2.0 3.3 1.1 - 2.0 3.3 N/A N/A 
+85°e 1.5 6.4 1.1 3.4 1.1 3.4 

10173 t6+ 1+,t6-1-, 1+ 1-
Dala Input 15+ 1+,15-1-

- 30°C 0.8 3.7 1.2 4.0 1.2 4.0 
+25°e 1.0 2.5 3.5 1.5 3.5 1.5 3.5 N/A N/A 
+85°e 1.1 5.3 1.4 4.0 1.4 4.0 
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ECl PRODUCT INFORMATION 
ECl AC CHARACTERISTICS (50n Load) - See Notes Page 19 

Propagation 2 Rise Time (ns) Fall Time (ns) 
PARAMETER Delay, (ns) 20-80% 20-80% t setup 5 t hold 6 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Clock Input t7-1+,t7-1-
- 30°C 1.6 7.2 
+25°C 1.6 6.8 
+85°C 1.4 6.8 

Select t9+ 1+,t9+ 1-, 
t9-1+,t9-1-

- 30°C 1.1 6.2 
+25°C 1.3 5.7 
+85°C 1.2 6.7 

10174 t13+ 15+,t13-15- t+ t-
- 30°C 1.4 4.8 1.0 3.4 1.0 3.4 
+25°C 1.5 3.5 4.5 1.1 2.0 3.3 1.1 2.0 3.3 N/A N/A 
+85°C 1.4 4.8 1.1 3.6 1.1 3.6 

t7+15-,t7-15+ 
- 30°C 1.9 6.4 
+25°C 2.0 5.0 6.0 
+85°C 2.1 6.4 

t14+15-,t14-15+ 
- 30°C 1.0 3.1 
+25°C 1.0 2.0 2.9 
+85°C 0.9 3.2 

10174 +25°C t13+ 15+,t13-15- 1+ t-
3.5 2.0 2.0 N/A N/A 

t7+15-,t7-15+ 
5.0 

t15+5-,t14-5+ 
2.0 

10175 
Data Input t10+ 14+,t10-14- 1+ t-

- 30°C 1.0 3.6 1.0 3.6 1.0 3.6 
+25°C 1.0 3.5 1.1 3.5 1.1 3.5 N/A N/A 
+85°C 1.0 3.6 1.1 3.7 1.1 3.6 

Clock Input t6-14+,t6-14-
- 30°C 1.0 4.7 
+25°C 1.0 4.3 
+85°C 1.0 4.4 

Reset Input t11+4-,t11+14-
(Note 10 - 30°C 0.9 4.0 

+25°C 1.0 3.9 
+85°C 1.0 4.2 

10176 t9+2+,t9+2- t2+ t2-
- 30°C 1.4 4.6 1.0 4.2 1.0 4.1 
+25°C 1.5 4.5 1.1 2.0 4.0 1.1 2.0 4.0 2.5 1.5 1.5 -0.5 
+85°C 1.5 5.0 1.1 4.4 1.1 4.4 

10179 +25°C t11+6+,t11-6- t6+ t6-
1.0 5.5 1.1 3.5 3.5 1.1 3.5 3.5 N/A N/A 

10181 SEE DATA SHEET FOR ELECTRICAL SPECIFICATIONS 

10190 +25°C t4+2-,t4-2+ t2+ t2-
1.5 2.5 3.5 1.5 2.5 3.5 1.5 2.5 3.5 N/A N/A 

10191 t7 +2+,t7 -2- t2+ t2-
1.4 2.2 3.3 1.5 2.5 3.5 1.5 2.5 3.5 N/A N/A 

t9+2-,t9-2+ 
1.7 2.8 4.0 
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ECl PRODUCT INFORMATION 

ECl AC CHARACTERISTICS (50n Load) - See Noles Page 19 

Propagation 2 Rise Time (ns) Fall Time (ns) 
PARAMETER Delay, (ns) 20-80% 20-80% t setup 5 t hold 6 

MIN lYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

10192 +25°C 16+ 1+.16+2-. 1+ 1-
Dala Inpuls 16-1-.16-2+ 

1.5 2.8 4.5 1.5 3.0 1.5 3.0 N/A N/A 
Enable Inpuls 17+1+.17-1-. 

17+2+117-2-
2.0 4.0 6.0 

10210 +25°C 1.7 

10211 +25°C 1.7 

10212 +25°C 1.7 
NOTE 12 

10216 +25°C 14+2+.14-2-. 12+.13+ 12-.13-
14+,1-.14-3+ 

1.0 2.5 1.0 1.5 2.5 1.0 1.5 2.5 N/A N/A 

10231 19-2-.19+2+. 12+ 12-
16+2+.16+2-

- 30°C 1.4 3.4 0.9 3.3 0.9 3.3 
+25°C 1.5 2.0 3.3 1.0 1.3 3.1 1.0 1.3 3.1 1.0 0.75 
+85°C 1.5 3.7 1.0 3.5 1.0 3.5 

Sellnpul 15+2+.112+ 15+. 
15+3-.112+ 14-

- 30°C 1.0 3.4 
+25°C 1.1 2.0 3.3 
+85°C 1.1 3.7 

Resellnpul 14+2-.113+ 15-. 
14+3+.113+ 14+ 

- 30°C 1.0 3.4 
+25°C 1.0 2.0 3.3 
+85°C 1.1 3.7 

ECl AC CHARACTERISTICS NOTES 
1 Unused outputs connected to a 50U resistor to ground. 
2 In making propagation delay measurement. input pulse is applied at first pin listed (for example. 6+ 1 +) output pulse is measured at second pin listed. 
3. Delay is 2.0ns with differentiallnput. 
4. (+3.5Vdc to 50%) See switching time test circuit propagation delay tor this circuit is specified from +1.SVdc in to the 50% point on the output waveform The +3.SVdc is shown here be-

cause all logic and supply levels are shifted 2 volts positive. 
S 'setup is the ~inimum ,time before the positive tr~~sition of the clock pulse (C) that inforr~ation must be present at the data input (0) 
6 thold IS the minimum time after the positive transition 01 the clock pulse (C) that Information must remain unchanged at the data Input (0). 
7. Before test set all Q outputs to a logic high. 
8. Before test set Q 1, Q2 outputs to 10~jic low. 
9. Output latched to low state prior to test 

10 Output latched to high state prior to test. 
11 1.B refers to single-ended drive: differential drive results in 1.Sns delay 
12 Individually test each input, apply V1H max to pin under test. 
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LOGIC DIAGRAM 
B,F PACKAGE 

10 __ +..-.r-...... 

" 
12 __ +..-.:r ...... 
13 

Positive logic: high level =' l' 

VCCl ' " VCC2 ' 16, VEe ,8 

FEATURES 

14 

15 

• Fait propagation delay ~ 20ns TYP 
• Common input for gating 
• Low power dissipation ~ 100mW/package type (no load) 
• High fanout capability - can drive son lines 
• High Z inputs - internal SOkn pulldowns 
• High immunity from power supply variations: VEE 

- 5.2 V ±5% recommended 
• Open emitter logic and bussing capability 

SWITCHING TIME TEST CIRCUIT 

Input pulse 
1+ ' 1- ,2.0 ± 0.2n. 
(20% 1080%) 

Vee'" -3.2Vdc 

CIRCUIT SCHEMATIC 
VCC2 

REFERENCE 
CIRCUIT 
(2 per Ie) 

VCC2 

O~------------~------~ 
16 

GATE (4 per Ie) 

ALL Rp'= 50kn " 13 
• COMMON INPUT 

16 

PROPAGATION DELAY WAVEFORMS C25°C 

NOTES: 

10100-B,F 

1. Each Eel 10,000 series device has been designed to meet the DC specifications shown in 
the test table. after thermal equilibrium has been established. The circuit is in a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is 
maintained. Voltage levels will shift approximately 3 mV with an air flow of 200 Hnear fpm. 
Outputs are terminated through a 50-ohm resistor to 2.0 volts. 

2. For AC tests. all input and output cables to the scope are equal lengths of 50-ohm coaxial 
cable. Wire length should be < 1j~ inch from TPin to input pin and TP out to output pin. A 
50-ohm termination to ground is located in each scope input. Unused outputs are con­
nected to a 50-ohm resistor to ground. 

3. Test procedures are shown for only one input or set of input conditions. Other inputs are 
tested in the same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electric:ally open. 
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LOGIC DIAGRAM 
FPACKAGE 

VCC1 ~ 1, VCC2 ~ 16. VEE' 8 :: 0---1"-......... 1>---0: 
Positive logic: high level = "1" 

FEATURES 
• Fast propagation delay = 20 ns TYP 
• Complementary OR/NOR outputs - excellent for driving 

twisted pairs 
• Common input for gating 
• Low power dissipation = 100 mW/package TYP (no load) 
• High fanout capability - can drive 50 ohm lines 
• High Z input. - internal 5Okf! pulldowns 
• High immunity from power supply variation.: VEE - 5.2 

±5% recommended 
• Opan emitter logic and bus.ing capability 

SWITCHING TIME TEST CIRCUIT 
VOUT VUUT 

UR NOR 

V" VCC1 VCC] W 

TO CHANNEL A .] 0 Vile CHANNEL 

l. t~.J .. ,t ~ r- ---, 
I U::r 

PULSE 

I I 
GENERATOR 

I I 
I LX=i: 
I I 
I I 
I LX=i: 
I I 
I I 

""" =LJ:~ L--fi 
Input pulse *O'I'F 
t+ = t - = 2.0 ± 0.2 ns 
(20% t080%) VEE: -3.2Vdc 

1010-1-F 

CIRCUIT SCHEMATIC 

Veo 16 o-"'""~~-, 

REFERENCE 

l]p .. ,ICI __ 

veC2 16 

GATE 14PER lei 

OR 

NOR 

12O-~-----I""'---- __ 
COMMON .NPUT Rp 

(1 PER Ie) 

All Rp ~ 50 kll 

PROPAGATION DELAY WAVEFORMS @ 25°C 

NOTES: 

::-\ +111V 

V

,N 1\ ____ '0% -----Ji _____ '031V 

Your 
OR 

VOUT 

NOR 

I_'~~-I 
I I 

1. Each Eel 10.000 series device has been designed to meet the DC specifications shown in 
the test table, after thermal equilibrium has been established. The circuit is in a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 linear tpm is 
maintained. Voltage levels will shift approximately 4 mV with an air flow of 200 linear fpm. 
Outputs are terminated through a 50-ohm resistor to 2.0 volts. 

2. For AC tests, aU input and output cables to the scope are equal lengths of 50-ohm coaxial 
cable. Wire length should be < 1/4 inch from TPin to input pin and TP out to output pin. A 
50-ohm termination to ground is located in each scope input. Unused outputs are con­
nected to a 50-ohm resistor to ground. 

3. Test procedures are shown for only one input or set of input conditions. Other inputs are 
tested in the same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 
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LOGIC DIAGRAM 
B,FPACKAGE 

VCC1~1 VCC2- 16,VEE-8 

Posi1ive logic: high l.vel~"1" 

FEATURES 
o Fa.t propagation delay ~ 2.0 n. TYP 
o Low power di •• ipatlon ~ 100 mW/package (no load) 
o High fanout capability - can drive 500 lin .. 
o High Z input. - internal 50 kO pulldown. 
o High immunity from power .upply variationa: VEE 

.,5"10 recommended 
o Open emitter logic and bu .. ing capability 

SWITCHING TIME TEST CIRCUIT 

INPUT 

PULSE 
GENERATOR 

Input pulse 
1+ ~ t - - 2.0 '" 0.2 ns 
(20% 1080%) 

354 

VOUT VOUT 
OR NOR 

TO 
CHANNEL 

"8" 

TPOUT 

-5.2 V 

CIRCUIT SCHEMATIC 
vee2 o-.,..-~-..., 

REFERENCE 
CIRCUIT 
(2per Ie I 

,. 

Vee B 

130-....,r----.J 

Rp 

AIIRp~50kn 

·OR output transistor 4th gate only 

VCC2 16 

10102·B,F 

PROPAGATION DELAY WAVEFORMS @ 25°C 

NOTES: 

::-\ +111V 

V

,N i\~50% ---Ji _____ '031V 

VOUT 

OR 

VOUT 

NOR 

1. Each EeL 10,000 series device has been designed to meet the DC specifications shown in 
the test table, after thermal equilibrium has been established. The circuit is in a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is 
maintained. VoUage levels will shift approximately 3 mV with an air flow of 200 linear fpm. 
Outputs are terminated through a 50-ohm resistor to 2.0 Yolts. 

2. For AC tests, all Input and output cables to the scope are equal lengths of 50-ohm coaxial 
cabte. Wire length should be < 114 inch from TPin to input pin and TP out to output pin. A 
SO-ohm termination to ground is located In each scope input. Unused outputs are con­
nected to a SO-ohm resistor to ground. 

3. Test procedures are shown for only one input or set of input conditions. Other inputs are 
tested in the same manner. 

4. All Yoltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 
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LOGIC DIAGRAM 
B,FPACKAGE 

:~2 

:~3 
10~'4 
11~-

15 12~ 
9 

13 

VCCl $ ,,~VCC2 $ 16, VEE = 8 

Positive Logic: High Level = "1" 

FEATURES 
• Fa.t propagation delay = 2.0 n. TYP 
• Power di •• ipation = 10GmW/package TYP 
• Ver, high fanout capability - can drive 500 line. 
• High Z input. with 5OkO pull-down re.i.tor. 
• High nol.e Immunity from power .upply variation.: VEE = 5.2V 

±5% 
• Open emi"er logic and bu •• ing capability 

SWITCHING TIME TEST CIRCUIT 

INPUT 

PULSE 
GENERATOR 

Inpul pulse 
1+ - I - ~ 2.0 ± 0.2 ns 
(20% 1060%) 

VOUT VOUT 
OR NOR 

TO 
CHANNEL 

"8" 

TPOUT 

CIRCUIT SCHEMATIC 

REFERENCE 
CIRCUIT 
(2 per Ie I 

GATE (4 .... ,C I 

VCC2 0-..... - ..... ----, 
16 

12 o--r---1~_ 

Rp 

13 0----1P-----.... 

Rp 

All Rp $ SOkl! 
·NOR OUlput Transistor 4th Gate Only 

10103-B.F 

16 
Vee1 

PROPAGATION DELAY WAVEFORMS @ 25°C 

~ +l.ttV 

Y,N 1\ ___ 50% -----it _____ .. ~, 
'_t++_1 
1 , 

1 
VOUT OR 1 20% 

1 , 
, 

I , 
1 

I -*:t+lr-80-%----~:------,-1LI.-:--VOUT NOR 1 50% 
1 
1 20% 

1-.-+---1 1-t+---1 

NOTES: 
1. Each ECl 10,000 series device has been designed to meet the DC speciflcetions shown in 

the test table. after thermal equilibrium has been established. The circuit is in a test socket 
or mounted on 8 printed circuit board and transverse air flow greater than 500 linear fpm Is 
maintained. Voltage levels will shift approximately 3 mV with an air flow of 200 linear fpm. 
Outputs are terminated through a 50·ohm resistor to 2.0 volts. 

2. For AC tests. all input and output cables to the scope are equal lengths of 5()..ohm coaxial 
cable. Wire length should be < 'I< inch from TPin to Input pin and TP oul to output pin. A 
5()..ohm termination to ground is located in each scope Input. Unused outputs are con· 
nected to a 50·ohm resistor to ground. 

3. Test procedures are shown for only one input or set of input conditions. Other inputs are 
tested In the same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not speclflcally 
referenced are left electrically open. 
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LOGIC DIAGRAM 
B,F PACKAGE 

:~2 

;~3 

10 o----r-'\ -'4 
11~ 

12~9 
13~15 

tpd ~ 2.7ns typical 

FEATURES 
• High speed 

propagation delay = 2.7ns typical 
• Low power dissipation = 40mW/gate typ­

ical 
• High fanout capability, can drive 50n 
linn 

• High Z inputs, internal 50Kn pulldown 
reaistora 

• Open emitter outputs for bussing appli­
cations 

SWITCHING TIME TEST CIRCUIT 

INPUT 

PULSE 
GENERATOR 

I 

---,---0--:-
I 

356 

O.1j.1FJ 
INPUT PULSE 
t+=t-=2.0±.O.2ns 
(20% to 80%) 

VEE =-3.2 Vdc 

10104-B,F 

CIRCUIT SCHEMATIC ('/.0 of Circuit Shown) 

,. 
VCC2 

r - -------- ------ - - ---- - - - -----
! 
! 
L"~l 

9 ~-- ____ "'I-------- ~ 

tT-~+----I---o 15 

12o-y--------I---Y'a::: 
~ 

13O---II--i~Y~-<~T~""""'~nl--_----i~7 
l., >--:z 

'7 

8VEEo---~--~------------+-----~--------------~----~ 

PROPAGATION DELAY WAVEFORMS @ 25°C 

~ +1.11 V 

Y,N 1\'----~% -----''-_____ .~, 
VOUT 

AND 

VOUT 

NAND 

20% 

VOUT OR-AND-INVEAT VOUTOR-AND 

NOTES: 

I-.++----l 
1 1 
1 
1 

1 

1. Each EeL 10,000 sarles device has been designed to meet the DC specifications shown In 
the test table, after thermal equilibrium has been established. The circuit Is in a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is 
maintained. Voltage levels will shift approximately 4 mV with an air flow of 200 lineer fpm. 
Outputs are terminated through a SO-ohm resistor to 2.0 volts. 

2. For AC tests, all Input and output cables to the scope are equal lengths of 50-ohm coaxial 
cable. Wire length should be < 1/4 Inch from TPln to input pin and TP out to output pin. A 
50-ohm termination to ground Is located in each scope Input. Unused outputs are con­
nected to a 50-ohm resistor to ground. 

3. Test procedures are shown for only one input or set of input conditions. Other Inputs are 
tested in the same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open . 

•• 11111. 



LOGIC DIAGRAM 
B,F PACKAGE 

9~~=:I[::::~t==::::::0067 ~~o= ~,-L- . 

VCC1 ~ 1. VCC2 ~ 16. VEE ~ 8 

Positive logic: high level = '1' 

FEATURES 
• Fast propagation delay = 2.0 ns TYP 
• Power dissipation = 75 mW/package TYP (no load) 
• Very high fanout capability - can drive 50 !} lines 
• High Z inputs - internal 5Ok!} pulldowns 
• High immunity from power supply variations: VEE 

±5% recommended 
• Complementary OR/NOR outputs 
• Open emitter logic and bussing capability 

SWITCHING TIME TEST CIRCUIT 

-5.2V 

CIRCUIT SCHEMATIC 

9' 

Rp 

REFERENCE CIRCUIT 
( lper Ie) 

Rp 

10 

All Rp ~ 50 kO 
·3rd input on one gate only. 

VCC2 16 

11 

10105-B,F 

VCC2 16 

veE 8 veel 1 

Rp 

PROPAGATION DELAY WAVEFORMS @ 25°C 

NOTES: 

::-\ +111V 

V

,N ~~50% ---It _____ .031V 

-VOUT 

OR 

Your 
NOR 

1_'---1 
I 1 

20% 

80% 

1. Each Eel 10,000 series device has been designed to meet the DC specifications shown in 
the test table. after thermal equilibrium has been established. The circuit is in a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is 
maintained. Voltage levels will shift approximately 3 mV with an air flow of 200 linear fpm. 
Outputs are terminated through a 50-ohm resistor to 2.0 volts. 

2. For AC tests, all input and output cables to the scope are equal lengths of 50-ohm coaxial 
cable. Wire length should be < 1/4 inch from TPin to input pin and TP out to output pin. A 
50-ohm termination to ground is located in each scope input. Unused outputs are con­
nected to a 50-ohm resistor to ground. 

3. Test procedures are shown for only one input or set of input conditions. Other inputs are 
tested in the same manner. 

4. All lIoltage measurements are referenced to the ground terminal. Terminals not specificaUy 
referenced are left electrically open. 
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LOGIC DIAGRAM 
B,FPACKAGE 

12==L)o-13 15 
14 

VCCI ~ 1. VCC2 - 16. VEE - 8 

Positive logic: high level = '1' 

FEATURES 
• Fast propagation delay ~ 2.0 ns TYP 
• Low power dissipation ~ 75 mW/package TYP (no load) 
• Very high 'anout capability - can drive 50 {2 lines 
• High Z inputs - internal 50 k{2 pulldowns 
• High immunity 'rom power supply variations: VEE - 5.2 V 

±5% recommended 
• Open emitter logic and bussing capability 

SWITCHING TIME TEST CIRCUIT 

PULSE GENERATOR 

Input pulse 
t+ = t - = 2.0 ± 0.2 ns 
(20% to 80%) VEE = -3.2 Vdc 

Your 

COAX 

CIRCUIT SCHEMATIC 

REFERENCE CIRCUIT 
(1 pet Ie) 

GATE (3per Ie 1 

Rp 

AU Rp ~ 50 kll. 

Rp 

·4th input on one gate only. 

10106-B,F 

VCC2 16 

VCC2 16 Vee1 1 

Rp 

PROPAGATION DELAY WAVEFORMS @ 25°C 

NOTES: 

Your 
NOR 

-1.-.1--

+1.11 V 

+0.31 V 

1. Each EeL 10,000 series device has been designed to meet the DC specifications shown in 
the test table. after thermal equilibrium has been established. The circuit is in a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is 
maintained. Voltage levels will shift approximately 3 mV with an air flow of 200 linear fpm. 
Outputs are terminated through a 50-ohm resistor to 2.0 volts. 

2. For AC tests. all input and output cables to the scope are equal lengths of 50-ohm coaxial 
cable. Wire length should be < 1j~ inch from TPin to input pin and TP out to output pin. A 
50-ohm termination to ground is located in each scope input. Unused outputs are con­
nected to a 50-ohm resistor to ground. 

3. Test procedures are shown for only one input or set of input conditions. Other inputs are 
tested in the same manner. 

4, All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 
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LOGIC DIAGRAM 
B,FPACKAGE 
'~2 
5~3 

1~11 
9~lQ 

14~'2 
15~13 

vee1· 1, vee2 • 16, vEE-8 
Posillvelogic: high level.'1' 

FEATURES 
• Faat propogation delay 

-2.0 n. TVP (Input. 4,9,14) 
-2.8 n. TVP (input. 5,7,15) 

• Low power dl .. ipation=115 mW/p.ck.ge TVP (no load) 
• Very high fanout capability - c.n drive .ix 50 0 lin .. 
• High Z Input. - internal 5OkO pulldown. 
• High Immunity from power .upply variation.: VEE 

± 5% recommended 
• Complementary OR/NOR output. 
• Open emltt.,.. for bu .. lng and logic capability 

SWITCHING TIME TEST CIRCUIT 

"CCl Vee2 "OUT VOUT 
"IN '20Vllc NOR OR 

~ ~ MITJ',·JjjeOAX 
'~'Nr I j 

PULSE GENERATOR 1 II .I T TPOUT ,-
....::::::l) ):.-+-.-

I I 
I ]J X I 
L_h-.l 

1 lOI., 
Input pulse '1IH VEE 32 V<I( 

1+ = 1 - - 2.0 '" 0.2 ns 
(20% 1080%) 

-5.2V 

CIRCUIT SCHEMATIC 

"ee2 16 

REFE 
CIRC 

RENeE 
UtT (1 p8f Ie 1 

GATE 
3", r Ie I 

eel 
CO 

OR 

0-

~ 

Rp 

VEE II 

I 

J 

7 ..... 

~ ~ r'" I 

0-rV 
~ " 

'" ,.., 
~ Rp 

1 

10107-B,F 

8 VEE 

PROPAGATION DELAY WAVEFORMS @ 25°C 

NOTES: 

::-\ +111V 

V'N 1\~50% ----Ji _____ +031V 

VOUT 

OR 

VOUT 

NOR 

20% 

80% 

1. Each Eel 10,000 series device has been designed to meet the DC specifications shown in 
the test table. after thermal equilibrium has been established. The circuit is in a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm Is 
maintained. Voltage levels will shift approximately 4 mV with an air flow of 200 linear fpm. 
Outputs are terminated through a 50-ohm resistor to 2.0 volts. 

2. For AC tests, all input and output cables to the scope are equal lengths of 5()..ohm coaxial 
cable. Wire length should be < 1~ Inch from TPin to input pin and TP out to output pin. A 
SO-ohm termination to ground is located In each scope input. Unused outputs are con­
nected to a 5O-ohm resistor to ground. 

3. Test procedures are shown for only one input or set of input conditions. Other inputs are 
tested In the same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left etectrically open . 
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LOGIC DIAGRAM 
B,FPACKAGE 

(5) 
(2) 

(4)~ 
(3) 

(6) 

17) 

(11) 
(15) 

110)~ 
11') 

(12) 

113) 

VCC'-" VCC2- '6, VEE-B 
Pas;llv. logic: high level" 1" 

SWITCHING TIME TEST CIRCUIT 

LOGIC DIAGRAM 
B,FPACKAGE 

VCC1~1, VCC2- 16, VEE-8 
Positive logic: high level",,'l' 

360 

VEE'" -3.2Vdc 

VOUT VOUT 
AND NAND 

FEATURES 
• High .peed propagation delay 

2.3n. typical for AND 
2.8n. typical for NAND 

• Low power - 145mW/packilge typical 
• High fanout - can drive 50 lin .. 
• High Z input. with SOkO pull down .... i.tor. 
• Open emitter output. for bu •• ing application. 
• U.eful AND/NAND function 

10108-B,F 

PROPAGATION DELAY WAVEFORMS @ 25°C 
,-_____ +111 V 

~,-50_'Y" ____ ~i _____ .... " 
VOUT 
AND 

VOUT 
NAND 

NOTES: 

20% 

1_1++_1 
1 1 
1 
1 
1 

1. Each EeL 10,000 series device has been designed to meet the DC specifications shown in 
the test table. after thermal equilibrium has been established. The circuit is in a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is 
mair.tained. Voltage levels will shift approximately 4 mV with an air How of 200 linear fpm. 
Outputs are terminated through a SO-ohm resistor to 2.0 votts. 

2. For AC tests. all input and output cables to the scope are equal lengths ot 5O-ohm coaxial 
cBb~. Wire length should be < 14 inch from TPln to input pin and TP out to output pin. A 
50-ohm termination to ground is located in each scope input. Unused outputs are con· 
nected to a SO·ohm resistor to ground. 

3. Test procedures are shown for only one input or set of input conditions. Other inputs are 
tested in the same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 

10109B,F 

FEATURES 
• Fa.t propagation delay=2.0 n. TVP 
• Low power di •• ipation=50mW/package TVP (no load) 
• High fanout capability - can drive SOkO lin .. 
• High Z input. - internal SOkO pulldown. 
• High Immunity from power .upply variation.: VEE = -S.2V ±5% 

recommended 
• Complementary OR/NOR output. 
• Open emlttera for bu •• lng and logic capability 



SWITCHING TIME TEST CIRCUIT 

REFERENCE CIRCUIT 
(1 per Ie) 

16 VCC2 

GATE (2per Ie) 

Input pulse 
t+ ... t-= 2.0 ± 0.2ns 
(20% to 80%) 

Rp Ap Rp Rp 

9' 10 11 
INPUTS 

CIRCUIT SCHEMATIC 

VIN VCCI • VCC2 
TO CHANNEL"A" +2.OVdc 

~'f 1 t·", 
,..-- -, 
I 13 

16 VCC2 

12 

Rp 

13 

VOUT 
NOR 

j==1-__ iL- ...... ::....-J TO C~.:~NEL 

I 

l!:t3-rl:: 13:::t==f- I L_n..J 
I.". O.1",F 

Vee· -3.2Vdc 

All Rp _ SakI!. 
fr 5th input on one gate only. 

Vee1 

10109B,F 

PROPAGATION DELAY WAVEFORMS @ 25°C 

NOTES: 

:::-\ +111V 

V

IN i\~50% --....Jt _____ -031V 

Your 
OR 

VOUT 

NOR 

20% 

I~'H~I 
I I 
I 
I 
I 

1. Each EeL 10,000 series device has been designed to meet the DC specifications shown in 
the test table, after thermal equilibrium has been established. The circuit is in a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is 
maintained. Voltage levels will shift approximately 2 mV with an air flow 01 200 linear tpm. 
Outputs are terminated through a 50-ohm resistor to - 2.0 volts. 

2. For AC tests, all input and output cables to the scope are equal lengths of 50-ohm coaxial 
cable. Wire length should be < 114 inch from TPin to input pin and TP out to output pin. A 
50-ohm termination to ground is located in each scope input. Unused outputs are con­
nected to a 50-ohm resistor to ground, 

3. Test procedures are shown for only one input or set of input conditions. Other inputs are 
tested in the same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 
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LOGIC DIAGRAM 
B,FPACKAGE 

VCCI ~ 1. 15. VCC2 - 16. VEE = 8 
Positive logic: high level = '1' 

FEATURES 
o Fa.t propagation delay = 2A n. TYP (all output. loaded) 
o Power di •• ipation = 150mW/package TYP (no load) 
o Very high fanout capability - can drive .ix 5OkO line. 
o High Z input. - internal 5OkO pulldown. 
o High Immunity from power .upply variation.: VEE = - 5.2V 

±5% recommended 
o Open emitter. for bu •• ing and logic capability 

SWITCHING TIME TEST CIRCUIT 

Input pulse 
1+ ~ 1- ~ 2.0 ± 0.2 ns 
(20% 1080%) 

362 

VEE _32Vdc 

CIRCUIT SCHEMATIC 
vee2 16 

REFERENCE CIRCUIT 
(1I.1e' Ie I 

(jATE (2pe"C) 

110---------, 

All Rp ~ 50k!l . 
• Vee 1 for other gate is pin 1. 

VEE 8 
vee 2 16 

10110B,F 

" 

13 

" 

PROPAGATION DELAY WAVEFORMS @ 25°C 

__ I t++ 1_- +0.31 V 

Vour ~80% ,-
OR- 50% 

I 20% I 
~I '-I~:-:-----'-I ,.I~ 

NOTES: 
1. Each Eel 10,000 series device has been designed to meet the DC specifications shown 

in the test table, after thermal equilibrium has been established. The circuil is in a test 
socket or mounted on a printed circuit board and transverse air flow greater than 500 lin­
ear tpm is maintained. Voltage levels will shift approximately 5 mV with an air flow of 200 
linear fpm. Outputs are terminated through a 50-ohm resistor to 2.0 volts. 

2. For AC tests. all input and output cables to the scope are equal lengths of 5O-0hm 
coaxial cable. Wire length should be < 11. inch from TPin to input pin and TP out to output 
pin. A 50-ohm termination to ground is located in each scope input. Unused outputs are 
connected to a 50-ohm resistor to ground. 

3. Test procedures are shown tor only one input or set of input conditions. Other inputs are 
tested in the same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 



10111B,F 

LOGIC DIAGRAM CIRCUIT SCHEMATIC 
B,FPACKAGE 

'~: 6 0---..-.0_ 

7 

'~::: 
10 ----014 

11 

VCC1 ~ 1, 15, VCC2 ~ 16, VEE ~ 8 

Positive logic: high level = '1' 

" 

J K . 
'I 

" " 

TOOTHjllGATE 

I 
I 

l 
'---

D >-
" 

>-: 

'I 

K 
":~ 

'co " .. 
, 0. 
" 

·VCC1 for other gate IS pin 1. AI! Rp = 50kU. 

FEATURES 
• Fast propagation delay = 2.4 ns TYP (all outputs loaded) 

PROPAGATION DELAY WAVEFORMS @ 25°C 

• Power dissipation = 1S0mW/packsge TYP (no load) 
• Very high fanout capability - can drive six 50 jJ. lines 
• High Z inputs - internal 50kU pulldowns 
• High immunity from power supply variations: VEE -S.2V 

fs% recommended 
• Open emitters for bussing and logic capability 

SWITCHING TIME TEST CIRCUIT 

Vee 1 =VCC2 
VIN +2.0Vdc 

COAX ~ ~~ 1 ~i: ; ~L~ r-- --, 
I I 

INPUT PULSE 
GENERATOR TPIN I I 

I )0--.---' 

Input pulse 
t+ = t- = 2.0 ± 0.2 ns 
(20% 1080%) 

VEE=-3.2Vdc 

COAX 

NOTES: 

VOUT 
NOR 

1. Each Eel 10.000 series deVIce has been designed to meet the DC specifications shown 
In the test table, after thermal equilibrium has been established. The circuit is in a test 
socket or mounted on a printed circuit board and transv~rse air flow greater than 500 lin­
ear fpm is maintained. Voltage levels WIll shift approximately 5 mV with an air flow 01 200 
Unear 1pm. Outputs are terminated through a 50-ohm resistor to 2.0 volts. 

2. For AC tests, all input and output cables to the scope are equal lengths of 50-ohm 
coaxial cable. Wire length should be < 1J4 inch from TPin to input pin and TP out to output 
pin. A 50-ohm termination to ground IS located in each scope input. Unused outputs are 
connected to a 50-Ohm resistor to ground. 

3. Test procedures are shown for only one input or set of input conditions. Other inputs are 
tested in the same manner. 

4. AU voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 
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10112B,F 

LOGIC DIAGRAM CIRCUIT SCHEMATIC 

B,FPACKAGE 

:~4 
7 3 

9~2 10 12 

11 13 

VCCl ~ " 15, VCC2 ~ 16, VEE ~ 8 
Positive logic: high level = '1' 

FEATURES 

14 

• Fast propagation delay = 2.4 ns TYP (all 
outputs loaded) 

• Power dissipation = 150 mW/package 
TYP (no load) 

• Very high fanout capability - can drive 
six 50 fl lines 

• High Z inputs - internal 50kfl pulldowns 
• High immunity from power supply 

variations: VEE = -5.2 V±5% 
recommended 

• Open emitters for bUBsing and logic 
capability 

SWITCHING TIME TEST CIRCUIT 

Vee] 

" 

ECIRCUIT AEFERENC 
OPE Riel 

" 
ER lei 

VOUT 
VCC1=VCC2 

VIN +2.0Vdc 

COAX t~, 1 ·",i 
r--- ---, 

TP'N I I 
5 I 

INPUT 

COAX 

10,.J-~==l~"')c"""'---;""12 

'1 13 

I 
I " 
l ___ ~ 

! ~ O.1pF 

Input pulse VEE=-3.2Vdc 

1+ = t - = 2.0 ± 0.2 ns 
(20% t080%) 

364 

l ] 
----

'I 
'. 

~ ~ 

Vee] VCC1 * 

" " 
~ 

"i 

I L '-----0 

K K ;:t- V 

'. '. 
'" L---o , 

PROPAGATION DELAY WAVEFORMS @ 25° C 

NOTES: 

~ 
+1.11 V 

V
,N i 50% 

1 '--____ ...J 1- _____ 'O.31V 

Your 
OR 

VOUT 

NOR 

1. Each Eel 10,000 series device has been designed to meet the DC specifications shown 
in the test table, after thermal equilibrium has been established. The circuit is in a test 
socket or mounted on a printed circuit board and transverse air flow greater than 500 lin­
ear 'pm is maintained. Voltage levels will shift approximately 5 mV with an air flow of 2.00 
linear fpm. Outputs are te'rminated through a 50-ohm resistor to 2.0 volts. 

2. For AC tests, all input cmd output cables to the scope are equal lengths of 50-ohm 
coaxial cable. Wire length should be < 1/. inch from TPin to input pin and TP out to output 
pin. A 50-ohm termination to ground is located in each scope input. Unused outputs are 
connected to a 50-ohm resistor to ground. 

3. Test procedures are shown for only one input or set of input conditions. Other inputs are 
tested in the same mannm. 

4. All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 

5. Pin 1 ~ Pin 15 ~ Pin 16 ~ Vec ~ 0 V, Pin 8 ~ VEE ~ -5.2 V. 
6. Pin 1 ~ Pin 15 ~ Pin 16 .• VCC ~ +2.0 V, Pin 8 ~ VEE ~ -3.2 V. 



LOGIC DIAGRAM 

B,FPACKAGE 

11 <>==:)[:>-t--Jl 10 0 

ENABLE 

VCCI - 1. VCC2 ~ 16. VEE ~ 8 
Positive logic: high level = '1' 

FEATURES 

15 

" 

o Performa 4-bit compare function (If outputa are wire- ORad 
together) 

o High functional denaity - four excluaive OR gatea/package 
o Faat propagation delay for excluaive or: 2.5 na TYP 
o Low power diaaipation: 165 mW/package TYP (no load) 
o High fanout capability - can drive four 50 0 linea 
o High Z inputa - internal 5OkO pulldowna 
o High immunity from power aupply variationa: VEE - 5.2V 

±5% recommended 
o Open emitter logic and buaaing capability 
o Output enable gating makea powerful logic function 

APPLICATIONS 
o QUAD EXCLUSIVE-OR 

(For parity, error correcting, and other logic functlona). 
o FOUR-BIT COMPARATOR 

(For logic, teat equipment, error detection applicationa). 
o GATED FOUR-BIT COMPARATOR 

(Enable input permita wire-ORing multiplea of four bita) 

TRUTH TABLE 

E9 IN 7 IN6 OUT3 

L L L L 

L L H H 

L H L H 

L H H L 

H 1> 1> L 

1> ~ Don't Care. 

SWITCHING TIME TEST CIRCUIT 

Vee1 '" v CC2 = 

+2.0 Vdc 

25~F I I O.1 /l F VOUT 

: TPOUT) 

I 

I 
I 
I 
I 
I 
I 

L - - - -"h- - _-.J 

InpUI pulse 
1+ - 1 - ~ 2.0 ± 0.2 ns 
(20% 1080%) 

1 ~ 01,F 

VEE = -3.2 Vde 

10113 B,F 

PROPAGATION DELAY WAVEFORMS @ 25°C 

NOTES: 

1. Each EeL 10,000 series device has been designed to meet the DC specifications shown in 
the test table. after thermal equilibruim has been established. The circuit Is in a test socket 
or mounted on a linear printed circuit board and transverse air flow greater than 500 fpm is 
maintained. Voltage levels will shift approximately 4 mV with an air flow of 200 linear fpm. 
Outputs are terminated through a 50-ohm resistor to -2.0 volts. 

2. For AC tests. all input and output cables to the scope are equal lengths of 50 ohm coaxial 
cable. Wire length should be < 1/4 inch from TPin to input pin and TP out to output pin. A. 
5O-0hm termination to ground Is located in each scope input. Unused outputs are con~ 
nected to a 5O-0hm resistor to ground. 

3. Test procedures are shown for only one Input or set of input conditions. Other inputs are 
tested in the same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not speclfically 
referenced are left electrically open. 
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LOGIC DIAGRAM 

FPACKAGE 

:=t£--> -:: 

::=t> ::: 
L-_____ Ol1 

VCC1 - 1. VCC2 ~ 16. VEE ~ 8 

Positive logic: high level = "1" 

FEATURES 
• Guaranteed common mode noise rejection of 1 volt 
• Fast propagation delay '= 2.0ns TYP (differential input) 
• Output level specified - inputs open 
• High fanout capability - can drive 50!) lines 
• Very high input Z - no 50k pulldowns 
• High immunity from power supply variations: VEE -S.2V 

±S% recommended 
• Complementary outputs 
• Open emitter logic and bussing capability 
• Vaa voltage available on pin 11 or 
• Outputs go to logic "0" level when input left open 

COMMON MODE REJECTION TEST 

TEST CONDITIONS' VOH VOL 

VIHH VILH VIHL VILL MIN TYP MIN TYP UNIT 

-30°C +0.110 -0.890 -1.890 -2.890 -1.060 -0.890 -1.890 -1.675 V 

+ 25°C +0.100 -0.850 -1.810 -2.850 -0.960 -0.810 -1.850 -1.650 V 

+85°C +0.300 -0.825 -1.700 -2.825 -0.890 -0.700 -1.825 -1.615 V 

*LogiC levels shifted positive lV for test. 

PROPAGATION DELAY WAVEFORMS @ 25°C 

v,,, JOO 
1 
1-'> -I 1- ,. -I 

:~I,"" Jrl 
I 50% 

1 1 L.:.:.'O%~_---+__ 1 
-1'·1- -1"1-
·~I " I-~ _____ '.-;-I, 1-· 

l::~" ~ 
----+1--

1- ".-~ 1- ,. _I 

NOTES: 
1. Each Eel 10.000 series device has been designed to meet the DC specifications shown 

in the rest table, after thermal equilibrium has been established. The circuit is in a test 
socket or mounted on a printed circuit board and transverse air flow greater than 500 lin­
ear fpm is maintained. Voltage levels will shift approximately 3 mV with an air flow of 200 
linear fpm. Outputs are terminated through a 50~ohm resistor to -2.0 volts 

2. For AC tests, an input and output cables to the scope are equal lengths of 50-ohm 
coaxial cable. Wire length should be < 1/4 inch from TPin to input pin and TP out to output 

CIRCUIT SCHEMATIC 

14 

AMPLIFIER 
(3 PER IC) 

15 

12 

SWITCHING TIME TEST CIRCUIT 

Input pulse 

NotE: 

(51 

1+ = T - :0 2.0 ± O.2ns 
(20% to 80%) 

Vee1 = VCC2 

+2.0 Vdc 

M± f too" 

VEE" -3.2 Vdc 

REFERENCE 
11 PER IC} 

Vout V out 

OR NOR 

10114F 

pin. A 50-ohm termination to ground is located in each scope input. Unused outputs are 
connected to a 50-ohm resistor to ground. 

3. Test procedures ate shown tor only one input or set of input conditions. Other inputs are 
tested in the same manner. 

4 All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open 

5. One input from each gate must be tied to VBB (Pin 11 during testing) 
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LOGIC DIAGRAM 

B,F PACKAGE 

:~2 

,o~ '4 

" 

VCC1 ~ 1. VCC2 ~ 16. VEE ~ 8 

Positive logic: high level = "1" 

SWITCHING TIME TEST CIRCUIT 
VCC1~ VCC2 

+2.0 Vdc 

COAX ",m· .. , 
INPUT 

TPOUT 

NOH(5) 

Input pulse IO.,pF 
t+ = t- =" 2.0 ± 0.2 ns 
(20% 1080%) VEE,,-3.2Vdc 

Huuf 

COAX 

10115B,F 

FEATURES 
• Good common mode noise rejection 
• Fast propagation delay = 2.0 ns TYP 
• Low power dissipation = 100mW/package TYP (no load) 
• High fanout capability - can drive son lines 
• High system density - four receivers per package 
• Very high input Z - no SO k pulldowns 
• High immunity from power supply variations: VEE - S.2V 

±S% recommended 
• Open emitter logic and bussing capability 
• VBB voltage available on pin 9 

CIRCUIT SCHEMATIC 

Vee, VCC2 16 

13 

AMPLIFIER 
(4 per Ie) 

12 VEE 8 

REFERENCE 
(, per Ie) 

9VBB 

PROPAGATION DELAY WAVEFORMS @ 25°C 

NOTES: 

Your 
NOR 

1. Each Eel 10,000 series device has been designed to meet the DC specifications shown in 
the test table, after thermal equilibrium has been established. The circuit is in a test socket 
or mounted on a printed circuil board and transverse air flow greater than 5DO linear tpm is 
maintained. Voltage levels will shift approximately 3 mV with an air flow of 200 linear fpm. 
Outputs are terminated through a SO·ohm resistor to 2.0 volts. 

2. For AC tests, all input and output cables to the scope are equal lengths of 50·ohm coaxial 
cable. Wire length should be < '14 inch from TPin to input pin and TP out to output pin. A 
50·ohm termination to ground is located in each scope input. Unused outputs are con­
nected to a 50-ohm resistor to ground. 

3. Test procedures are shown for only one input or set of input conditions. Other inputs are 
tested in the same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 

5. One input from each gate must be tied to VBB (Pin 9) during testing. 
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LOGIC DIAGRAM 

B,FPACKAGE 

::>---tt> :: 

:: :I-------It> : :: 
L ____ .... OOl1 

VCCl ~ 1. VCC2 ~ 16. VEE = 8 
Positive logic: high level =< "1" 

FEATURES 

v •• 

• Good common mode noi .. rejection 
• F .. t propagation delay = 2.0 ns TVP 
• Low power dissipation = 83 mW/package TVP (no load) 
• High 'anout capability - can drive 500 lin .. 
• Very high Input Z - no 50 k pulldowns 
• High immunity 'rom power supply variations: VEE -S.2 V 

±S% recommended 
• Complementary outputa 
• Opan emitter logic and bussing capability 
• VBB voltage available on pin 11 

OPERATION NOTE 
If any amplifier in a package is not used, one input of that amplifier 
must be connected to VBB (pin 11) to prevent upsetting the cur­
rent source bias network. 

CIRCUIT SCHEMATIC 

14 Yec, 

13 

368 

AMPLIFIER 
(3 PER Ie) 

12 

15 

REFERENCE 
(1 PER Ie) 

SWITCHING TIME TEST CIRCUIT 

C08" 

Input 

Inpul pulse 
1+ = 1- = 2.0 '" 0.2 ns 
(20% t080%) 

Veet = VCC2 

+2.0 Vdc 

~,t l t··, 

VEE = -3.2 Vdc 

V out V out 

OR NOR 

10116B,F 

PROPAGATION DELAY WAVEFORMS @ 25°C 

J50% ~_---:'3:'vV 
I I 1_,,-_1 I-t-+_I 

----+:~~180% I £1 
V out OR I 50% I 

I I ~20% ___ +--: _-' I 
I -It-I--- I -It+ I-

I -I" I-- I ----l t- 1_ 

VO", NOR ___ +i _¥J1 ~""5:-:-%----1"i --""'~ 
r t++-~ ~ t-- _I 

NOTES: 
1. Each Eel 10,000 series device has been designed to meet the DC specifications shown in 

the test table. after thermal equilibrium has been established. The circuit is In a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm 
is maintained. Voltage levels will shift approximately 3 mV with an air flow of 200 linear 
tpm. Outputs are terminated through a SO-ohm resistor to 2.0 volts. 

2. For AC tests. all input and output cables to the scope are equal lengths of 50-ohm coaxial 
cable. Wire length should be <'.4 inch from TPin to input pin and TP out to output pin. A 
50-ohm termination to ground is located in each scope input. Unused outputs are con­
nected to a 50-ohm reSistor to ground. 

3. Test procedures are shown tor only one Input or set of input conditions. Other inputs are 
tested In the same manner. 

4. All voltage measurements Bre referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 

5. One input from each gate must be tied to VSS (Pin t t) during testing. 



LOGIC DIAGRAM 

B,F PACKAGE 

10 

11 ~t-+--015 

12 ~ __ .r-"""'--' 
13O----L-"t>-----' 

vee1 • 1, Vee2 • 16, VEE· B 
Positive logic: high level = "1" 

FEATURES 
• Fast propagation delay for two logic 

levels = 2.3 ns TVP 
• Power dissipation = 100 mW/package 

TVP (no load) 
• Very high fanout capability - can drive 

SO!"! linea 
• High Z inputs - SO k!"! pulldowns 
• High immunity from power supply 

variations: VEE = - S.2V ±S% 
recommended 

• Open emitters for bussing and logic 
capability 

• Outputs may be cross coupled back to 
inputs to make a latch function 

SWITCHING TIME TEST CIRCUIT 

Veel = VCC2 
+2.0 Vdc 

"'m "", r--- ----, 
I 

Input pulse 
t+ "" t - = 2.0 ± 0.2 ns 
(20% to 80%) 

10117-B.F 

CIRCUIT SCHEMATIC 

Vout 

Coax 

REFERENCE 

(1 PER IC~ 

GATE 
(2 PER lei 

PROPAGATION DELAY WAVEFORMS @ 250 C 

NOTES: 
1. Each EeL 10,000 series device has been designed to meet the DC specifications shown in 

the test table. after thermal equilibrium has been established. The circuit is in a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is 
maintained. Voltage levels will shift approximately 4 mV with an air flow of 200 linear fpm. 
Outputs are terminated through a 50-ohm resistor to 2.0 volts. 

2. For AC tests, all input and output cables to the scope are equal lengths of 50-ohm coaxial 
cable. Wire length should be < '/4 inch from TPin to input pin and TP out to output pin. A 
50-ohm termination to ground is located in each scope input. Unused outputs are con­
nected to a 50-ohm resistor to ground. 

3. Test procedures are shown for only one input or set of input conditions. Other inputs are 
tested In the same manner. 

4. AU voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 
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LOGIC DIAGRAM 

B,FPACKAGE 

100--"'=:='1 

11 

12 

130--":;::=3 

14 

VCCI - 1. VCC2 - 16. VEE = 8 
Positive logic: high level = '1' 

FEATURES 

15 

• Fast propagation delay for 2 logic levels 
= 2.3 ns TYP 

• Low JIOwer dissipation = 
100mW/package TYP (no load) 

• High fanout capability - can drive 50n 
line 

• High Z inputs - internal 5Ok!) pulldowns 
• High immunity from power supply 

variations: VCC= -S.2V ±S% 
recommended 

• Open emitter logic and bussing 
capability 

SWITCHING TIME TEST CIRCUIT 

Vee1 = VCC2 +2.0 Vdc 

Input pulse 
1+ '= t - "" 2.0 ± 0.2 ns 
(20% t080%) 

370 

10118B,F 

CIRCUIT SCHEMATIC 

REFERENCE (1 PER Ie) GATE ~2 PER Ie) 

ALL Rp- SOkn. 

VCC2 ,. 

NOTE: ALL RESISTORS VAlues ARE TYPICAL AND IN OHMS. 

PROPAGATION DELAY WAVEFORMS @ 25°C 

NOTES: 

Your 
OR-AND 

50% 

-_I t++I-- +O.31V 

1. Each Eel 10,000 series device has been designed to meet the DC specifications shown in 
the test table. after thermal equilibrium has been established. The circuit is in a test socket 
or mounted on a printed circuit board anc transverse air flow greater than 500 linear fpm is 
maintained. Voltage levels will shift approximately 4 mV with an air flow of 200 linear fpm. 
Outputs are terminated through a 50-ohm resistor to 2.0 volts. 

2. For AC tests. all Input and output cables to the scope are equal lengths of 50-ohm coaxial 
cable. Wire length should be < V. inch from TPin to input pin and TP out to output pin. A 
50-ohm termination to ground is located in each scope input. Unused outputs are con­
nected to a 50-ohm resistor to ground. 

3. Test procedures are shown for only one input or set of input conditions. Other inputs are 
tested in the same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 



10119-8,F 

LOGIC DIAGRAM CIRCUIT SCHEMATIC 

12 

13 

15 

B,F PACKAGE 

VCCl ~ 1. VCC2 ~ 16. VEE = 8 
Positive logic: high level = "1" 

FEATURES 
• Fast propagation delay for 2 logic levels 

= 2.3 ns TVP 
• Low power dissipation = 100 

mW/package TVP (no load) 
• High fanout capability - can drive SOil 

line 
• High Z inputs - internal SO kll pulldowns 
• High immunity from power supply 

variations: VEE = - S.2V ±S% 
recommended 

• Open emitter logiC and bussing 
capability 

SWITCHING TIME TEST CIRCUIT 

All Rp = 50 kIt 

Vm Vee, = V CC2 V out 

""-'F' T .,",±"'~" 
,--- --, 

Input 

Pulse Generator 

Input pulse 
t+ = t- = 2.0 ± 0.2ns 
(20% to 80%) 

I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 

TPout 

L_-n--' 
.,.... O.lpF 

1 
VEE = -3.2 Vdc 

(2 Sl>ownout 014) 

CI ..... pArtd Refetflnee 

(1 PER Ie) 

PROPAGATION DELAY WAVEFORMS @ 25°C 

NOTES: 

50% 

I 
---L--I-

VOUT 
OR-AND 

--I "'I~- +0.31 V 

1. Each Eel 10,000 series device has been designed to meet the DC specifications shown in 
the test table. after thermal equilibrium has been established. The circuit is in a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is 
maintained. Voltage levels will shift approximately 2 mV with an air flow of 200 linear fpm. 
Outputs are terminated through a 50-ohm resistor to 2.0 volts. 

2. For AC tests, all input and output cables to the scope are equal lengths of 50-ohm coaxial 
cable. Wire length should be < 1/. inch from TPin to input pin and TP out to output pin. A 
50-ohm termination to ground is located in each scope input. Unused outputs are con­
nected to a 50-ohm resistor to ground. 

3. Test procedures are shown for only one input or set of input conditions. Other inputs are 
tested in the same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 
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LOGIC DIAGRAM 

B,FPACKAGE 

VCC1 = 1. VCC2 = 16. VEE - 8 
Positive logic: hi,gh level = "1" 

FEATURES 
• Faat propagation delay for 2 logic levela 

= 2.3 na TVP 
• Low power dillipation = 100 

mW/package TVP (no load) 
• High fanout capability - can drive two 
son linea 

• High Z inputa - internal 50 kn pulldowna 
• High immunity from power aupply 

variationa: VEE = - S.2V ±S% 
recommended 

• Opan emitter logic and bUlling 
capability 

SWITCHING TIME TEST CIRCUIT 

Vee, = VCC2 
V in +2.0 Vdc 

tr:' __ L~:I-,: 
TPm 

Input pulse 
t+ - t - - 2.0 ± 0.2 ns 
(20% t080%) 

372 

I 
I 
I 
I 

I 
I 
I L---h 

VEE = -3.2 Vdc 

10121B,F 

CIRCUIT SCHEMATIC 
lti VCC2 

,~, 

H 
J 

f- --.-J , 

- t--

~ ~ ~~ r:;?- ~ ~ 
~I 

'. '. t >- ". '. '. 

<>- ..... 

I ,~, 

lJ-~ ~ K~ ~=;s ?- ~ ~ 
". '. '. i ". ". ". . 

EQUATIONS (Positive Logic) 

2 = (4+5+6) '(7+9+10) '(10+11+12) '(13+14+15) 
3 = (4+5'+6) + (1"+'9+W) + (10+ 11+ 12) + (13+ 14+ 15) 

Vout 

= (4+5+6) '(7+9+10) '(10+11+12)' (13+14+15) 

Vout 

Coax 

PROPAGATION DELAY WAVEFORMS @ 25°C 
~ +111V 

V

,N i\,---~% -----Ji _____ 'O.31V 

VOUT 

OR-ANO I 
I 
I 
I 
I 

VOUT I 
OR_AND_INVERT I 

NOTES: 
1. Each Eel 10,000 series device has been designed to meet the DC specifications shown in 

the test table, after thermal equilibrium has been established. The circuit is in a test socket 
or mounted on 8 printed circuit board and transverse air flow greater than 500 linear tpm is 
maintained. Voltage levels will shift approximately 2 mV with an air 1low 01 200 linear tpm. 
Outputs are terminated through a 50-ohm resistor to 2.0 volts. 

2. For AC tests, all input and output cables to the scope are equal lengths of SO-ohm coaxial 
cable. Wire length should be < 1/4 inch from TPin to input pin and TP out to output pin. A 
50-ohm termination to ground is located in each scope input. Unused outputs are con­
nected to a 50-ohm resistor to ground. 

3. Test procedures are shown for only one input or set of input conditions. Other inputs are 
tested in the same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 



LOGIC DIAGRAM 
B,FPACKAGE 

Vee ~ 9 GND ~ 16 VEE - 8 

Positive logic: high level = '1' 

FEATURES 

'2 
'5 

'3 

'4 

• Fast propagation delay = 5.0ns TYP 
• Power dissipation 340mW/package 

TYP 
• Very high fanout capability 
-- can drive eight son lines 
-- DC output loading factor of 9Ox8 

• Complementary outputs 

CIRCUIT SCHEMATIC ('14 of Circuit Shown) 

Vee O-----r--------, 
NO' 

OUTPUTS 

3,4,12,13 

10124-B,F 

1,2,15,14 

• Standard Eel 10,000 series output levels ~~------~-------~--~--~---o8 Vee 
NOTE ALL RESISTORS VALUES ARE TYPICAL AND IN OHMS-

• Open emitter outputs for bussing and 
logic capability 

• TTL compatible input strobe 
• Input-clamp diodes 
• Four translators per package 

SWITCHING TIME TEST CIRCUIT 

+6.0 Vdc 

O.l/JF J 
COAX 

Input pulse 
1+ ~ ,- ~ 5.5 ± 0.5 ns 
(100% to 90%) 

NOTES: 

Vee 

+7.0$dC 

25pF J J 0.1 /J.F 

- - COAX 
9 

+2.0 Vdc -3.2 Vdc 

VEE 

VOUT VOUT 
NAND AND 

COAX 

1. Each Eel 10,000 series device has been designed to meet the DC specifications shown in 
the test table, after thermal equilibrium has been established. The circuit is in a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 fpm is main­
tained. Voltage levels will shift approximately 6 mV with an air flow of 200 linear fpm. 
Outputs are terminated through a 50-ohm resistor to - 2.0 volts. 

2. For AC tests, all input and output cables to the scope are equal lengths of 50-ohm coaxial 
cable. Wire length should be <1f4 inch from TPin to input pin and TPout to output pin. A 50-
ohm termination to ground is located in each scope input. Unused outputs are connected 
to a 50-ohm resistor to ground. 

3. Test procedures are shown for only one input conditions. Other inputs are tested in the 
same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 

SWITCHING CHARACTERISTICS - Test Limits 25°C 

PARAMETER MIN TYP MAX UNIT 

IR Reverse Current 
Pin 6 200 p.A 
Pin 7 50 p.A 

IF Forward Current 
Pin 6 -12.8 mA 
Pin 7 - 3.2 mA 

BVIN Input Breakdown Voltage 5.5 V 
POSitive Power Supply 
Drain Current 

ICCH 16 mA 
ICCl 25 mA 

PROPAGATION DELAY WAVEFORMS @ 25°c 

VOUTAND 

VOUT NAND 
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LOGIC DIAGRAM 
B,FPACKAGE 

:~4 
:~5 
10~12 
11 o------V" -
14~13 
'5 o-----V" -

L-0, 
VBB 

VCc~ 09 GNe - 16 VEE - 8 
Positive logic: high level '"' '1' 

SWITCHING CHARACTERISTICS - Test Limits 25·C 

PARAMETER MIN TYP MAX UNIT 

Positive Power 
Supply Drain 
Current 

ICCH 52 mA 

ICCl 39 rnA 
Input leakage 

ICBO Current 1.0 uA 
Short Circuit 

lOS Current 40 100 rnA 

VBB Reference Voltage 
-30·C -1.420 -1.280 V 
+25·C -1.350 -1.230 V 
+85·C -1.295 -1.150 V 

CIRCUIT SCHEMATIC 

374 

FEATURES 
• Fast propagation delay = 5.0ns TYP 
• Power dissipation=380mW/package TYP 
• Differential inputs, ECl compatible 
• ECl 10,000 level VBB available 
• Inverting or non-inverting function 
• Schottky TTL totem pole outputs 
• Recommended power supplies: 

VCC=+5.0V DC ±S% 
VEE= -S.2V DC ±S% 

• Four translators per package 
• Output levels specified for input voltage 

range +0.2V to - 2.2V 
• Common mode noise rejection of ± 1 volt 

when used as Differential line Receiver 

APPLICATIONS 
• Quad differential line receiver 
• Quad ECl to nl translator 
• Quad MOS to nl sense amp 
• Quad level detector 

'" (12) 

10125-B,F 



SWITCHING TIME TEST CIRCUIT 

COAX 

PULSE 
GENERATOR 

Vee 

5'· I O•1 /o1F 

9-::-

-5.2 Vdc o---~~:==~t>---o 

Input pulse 
t+ = t - = 2.0 ± 0.2 ns 
(20% to 80%) 

-5.2 Vdc 
VEE 

One input from each gate must be tied to VBe 
(Pin 1) during testing. 

VOUT 

COAX 

450 

IeL 

Vee 
.s.OVdo 

280 

ALL DIODES 
IN3064 

OR EaUIV. 

-::-

1012S-B,F 

PROPAGATION DELAY WAVEFORMS @ 25°C 

r--- -0.890 V 

----- -1.690V 

NOTES: 
1. Each Eel 10,000 series device 'has been designed to meet the DC specifications shown in 

the test table. after thermal equilibrium has been established. The circuit is in a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 fpm is main­
tained. The Vas level will shift approximately 5 mV with an air flow of 200 linear fpm. 

2. For AC tests, all input and output cables to the scope are equal lengths of 50-ohm coaxial 
cable. Wire length should be <11. inch from TPin to input pin and TPout to output pin. A 50-
ohm termination to ground Is located in each scope channel input. 

3. Test procedures are shown for only one Input or set of input conditions. Other inputs are 
tested in the same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 
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LOGIC DIAGRAM 

FPACKAGE ....----, 
DO 0----1 ~>----..., D 

c 

D1 0----1 ~_++-+-ID 

D2 

FEATURES 
• Fast propagation delay -

12.0ns typical data to output 
4.0ns typical strobe to output 

• High fanout capability - can drive 50!! lines 
• On chip latches 
• Accepts TTL and IBM data inputs; ECl 10K data outputs 
• Hysterlsls control pin 

10129-F 

• High input Z - SOk!! pull-down resistors on ECl inputs (no 
pulldowns on data inputs) 

SWITCHING TIME TEST CIRCUIT 

+5.0Vdc Vee = +7.0Vdc Vout 

INPUT 

PULSE GENERATOR 
10129 

1,16 

.o!~-------------' Vee = 9, VeE = 8 

(POSITIVE LOGIC) 

TRUTH TABLE (fIJ - Don't Care) -

STROBE AESET C 

L fIJ fIJ 

H L H 
H fIJ L 
H fIJ L 
fIJ H H 

VOLTAGE WAVEFORMS 

GNO"",16 

D Qn+1 

fIJ L 
fIJ Qn 
L L 
H H 
fIJ L 

+2.0Vdc VEE = -3.2Vdc 

NOTES: 
1. Unused outputs connected to ground through a 50n resistor. 
2. son termination to ground located in each scope channel Input. 
3. All input and output cables to the scope are equal lengths of 50n coaxial cable and TP out 

to output pin, 

Flgurl1- DATA TO OUTPUT 
(Clock and AIHt are low. Strobe is high) 

,---- +S.ov 

DATA----J 
'-_____ J ______ +2.4V 

- - - - - - - - - - - +1.'1V 

Q ____ -+..J '-______ --'-___ +0.31 V 
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VOLTAGE WAVEFORMS (Conl'd.) 10129-F 

Figure 2 - STROBE TO OUTPUT 
(Data i8 high. Clock and Re8et are low) 

Figure 3 - RESET TO OUTPUT 
(Data and Strobe are high) 

STROBE ____ J 

'----- +0.31 V 

Figure 4 - CLOCK TO OUTPUT 
(Re8et i8 low. Strobe i8 high) 

'----- +0.31 V 

CLOCK 

' '------- to.llV 

DATA \'---~/ 
'\ - - - - ,sov 

Figure 5 - TSET UP AND THOLO 

CLOCK----__ 

LOGIC DIAGRAM 
F PACKAGE 

R,4o--t---L_~~ 

C 9 

eE2 1 1 v-----j~" 

D2 10 o-----t_-r~ 
52 '20--------' 

Vee, ~ " Vee2 ~ '6, VEE ~ 8 
Positive logic: high level "1" 

'4 

'5 

. +24V 

~ _____ +1.l1V 

'------ +2.400V 

- - - - - - - - +0.31 V 

I~ _______ +1.l1V 

- - - - - - - - - to.31 V 
/r-------------- to.31V 

Q ----.I 

FEATURES 
• Fa8t propagation delay ~ 2.5 n8 TYP (data) 
~ 2.8 n8 TYP (8et, re8et) 
~ 3.0 n8 TYP (clock) 

• Low power di88ipation ~ 140 mW/package 
TYP (no load) 

• High fanout capability - can drive 50n 
line8 

• High Z inputl - internal 50kn pulldownl 
• High immunity from power 8upply 

variationl: VEE ~ - 5.2V ±5% 
recommended 

• Open emitter logic and bUlllng capability 
• Pin compatible with 10131 

APPLICATIONS 
• High Ipeed regi8ter8 
• Control latchel 
• StatuI latchel 

S!!IDoriOS 

TRUTH TABLE 

0 C 

L L 
A I 

" H 

" H 

" H 

" H 

e CE, C 
" = Don't care 
N,D. Not defined 

10130F 

S R Qn+1 

" " 1 

" " H 
L L an 
H L H 
L H L 
H H N.D. 
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CIRCUIT SCHEMATIC 
<Ii , 

C - CE + C. All Rp ~ 50 kll. 

SWITCHING TIME TEST CIRCUIT 

1 

Lu-r--±"" 
Input pulse 
t+ = t- = 2.0 ± 0.2n5 
(20 to 80%) 

378 

VEE -3.2 Vdc 

a, , 

Vout 

Coax 

a, 

" 

10130F 

c" 
'-IH---?"-+''o 0, 

L-__ ~~~~--~~ 

PROPAGATION DELAY WAVEFORMS @ 25°C 

+1.11 V 

1 __ t7_2_ +0.31 V 

Q OUTPUT 

+1.11 V 

l ____ tsetup ____ l_thOld~ +0.31 V 

----~~~-------
+0.31 V 

_---II 
NOTES: 
1. Each Eel 10,000 series device has been designed to meet the DC specifications shown in 

the test}able. after thermal equilibrium has been established. The circuit is in a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is 
maintained. Voltage levels will shift approximately 4 mV with an air flow of 200 linear fpm. 
Outputs are terminated through a 50-ohm resistor to 2.0 volts. 

2. For AC tests. all input and output cables to the scope are equal lengths of 50-ohm coax)a) 
cable. Wire length should be < 1f4 inch from TPin to input pin and TP out to output pin. A 
50-ohm termination to ground is located in each scope input. Unused outputs are con­
nected to a 50-ohm resistor to ground. 

3. Test procedures are shown for only one input or set of input conditions. Other inputs are 
tested in the same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 
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LOGIC DIAGRAM 

5, 5 ~==r::J.....ii71 
0, 70-

Ce1 6~ -""'-

EE2 11 V--__ ~ 

02 10 o----L--..~;J 
S2 120-----.......J 

vee1 - 1. Vee2 - 16. Vee ~ 8 
Positive logic: high level ., "1" 

,. 

'5 

FEATURES 
• fTOG = 125 MHz MIN 

= 160 MHz TYP 
• Fast Propagation delay 

= 2.8ns TYP (set, reset) 
= 3.0ns TYP (clock) 

• Low power dissipation = 235 mW/pack­
age TYP (no load) 

• High fanout capability-can drive 50 
lines 

• High Z Inputs-internal 50 k pull-
downs 

• High immunity from power supply 
variations: VEE = -5.2V 5% recom­
mended 

• Open emitter logic and bussing capabil­
ity 

• Pin compatible with 10130 

APPLICATIONS 
• Control logiC 
• Status logic 
• Counters 
• Shift register 
• Prescalers 

TRUTH TABLE 10131F 

0 C' S R On+1 

0 L L L an 
L H L L L 
H H L L H 
0 0 H L H 
0 0 L H L 
0 0 H H N.D. 

An H represents a transition from L to H between t = and t = 
n + 1 

e = ee + eE 
N.D. = No1 Defined 

CIRCUIT SCHEMATIC (V. of Circuit Shown) 

SLAVE 

v.,., 

~Ll~ W (*-~~~O< 
l~~1 -{R><~}-

"l ~~ ~ ~ 
1)*-7 

>-k 
V 

TO OTHER FLIP fLOP 

379 
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TOGGLE FREQUENCY TEST CIRCUIT 

Coax 

Input Pulse 
C, 

Generator 

veel = VCC2 = 

+2.0 Vdc 

0 

10131 

Coax 

rTPout 

L TPiO 
D Q 

I O.' j.JF 

VEE = 3.2 Vee 

PROPAGATION DELAY WAVEFORMS @ 25°C 
R Input 

S Input 
_____ I ~ ___ I ~ t4+2_ 

I_I: 1_.,. I _1 11_., 
t5+2+ 

I Jr-__ ~1£1 80%-

_____ 5_0%-1-1
1 ;:; II .-::..::;'0:.;;%:....-__ _ 

a Output • - -

Q Output ____ .5_._3-_---I_~ 1-- ----I 1-- 14+3+ 

50%~ ___ ;f,0:0% 
13 _____ I 1__ ___I 1 __ 13+ 

/50% '\ - - ---'1.11V 
______ ~ +0.31 V m:%-------
------'- I 1 -

_, tsetupl--

-------'/~----------

NOTES: 
1 Each Eel 10,000 series device has been designed to meet the DC specifications shown in 

the test table, after thermal equilibrium has been established. The circuit is in a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is 
maintained. Voltage levels will shift approximately 4 mV with an air flow of 200 linear fpm. 
Outputs are terminated through a 50-ohm resistor to -2.0 volts. 
For AC tests, all input and output cables to the scope are equal lengths of 50-ohm coaxial 
cable. Wire length should be < 1/4 inch from TPin to input pin and TP out to outpUf pin. A 
50-ohm termination to ground is located in each scope input. Unused outputs are con­
nected to a 50-ohm resistor to ground. 

3. Test procedures are shown for only one input or set of input conditions. Other inputs are 
tested in the same manner. 

4 All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 

SWITCHING TIME TEST CIRCUIT 

Input Pulse 
Generator 

Coax 

o-----~ 

0-

VCC1 ' VCC2 = 

+2.0 Vdc 

10131 

10M 

VEE '" 3.2 Vdc 

380 S~nDIH:S 

10131F 

Vout 

Coa~ 

rTPout 
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LOGIC DIAGRAM 
F PACKAGE 

X04 

X15 

CEO 10 o----++_--\ 
Cc 7 

R6 

GE19 

YO 13 

Y112 

VCCl = " VCC2 = 16, VEE = 8 
Positive logic: high level"" '1' 

FEATURES 

2 Z 

3 Z 

15W 

14W 

• High speed combined multiplexer - latch improves system 
performance. 

• Multiplexed inputs to reduce package count 
• Fast propagation delay ~ 2.5 ns TYP (data) 
~ 3.7ns TYP (select) 
~ 3.0ns TYP (reset) 
~ 4.0ns TYP (clock) 

• Low power dissipation ~ 200 mW/package TYP (no load) 
• High fanout capability - can drive 50 I.l lines 
• High Z inputs - internal 50 kl.l pulldowns 
• High immunity from pow'er supply variations: VEE - 5.2V 

±5% recommended 
• Open emitter logic and bussing capability 

APPLICATIONS 
• Combined multiplexer - Register for: 

high speed central processors 
high speed peripherals 
high spHd minicomputers 
high speed accumulators 
communication systems 

TRUTH TABLE 

R Xin 

L L 
L L 
L L 
L L 

L H 

L H 
L H 

L H 
H ¢ 

q, = Don't care 

Xin = A· XO + A· Xl 

Cc 

L 
L 
H 
H 

L 
L 
H 
H 
H 

CE 

L 
H 

L 
H 

L 
H 

L 
H 
¢ 

Zn + 1 

L 

Zn 
Zn 
Zn 
H 

Zn 
Zn 
Zn 
L 

SWITCHING TIME TEST CIRCUIT 

Input pulse 
t+ = t - = 2.0 ± 0.2 ns 
(20% 1080%) 

+2.0 Vdc 

""' t J t"''' "om 

1-=:--- ----i COAX 

I 
I 

I 
I I L---n---.-J 

IO.1PF 

v ':' 
EE 3.2 Vdc 

1"132 
10132-F 

PROPAGATION DELAY WAVEFORMS @ 25°C 

NOTES: 

~1'50% J \1 50~ - - --- - - ::~:: 
t setup ~-- thold ;lr50-%---------------------+111V 

__________ ...J - - - - - _____ +0.31 V 

/ 
1. Each Eel 10,000 series device has been designed to meet the DC specifications shown in 

the test table, after thermal equilibrium has been established. The circuit is in a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is 
maintained. Voltage levels will shift aproximately 4 mV with an air flow of 200 linear fpm. 
Outputs are terminated through a 50·ohm resistor to ·2.0 volts. 

2. For AC tests, all input and output cables to the scope are equal lengths of 50·ohm coaxial 
cable. Wire length should be < 1/ .. inch from TPin to input pin and TP out to output pin. A 
50·ohm termination to ground is located in each scope input. Unused outputs are con­
nected to a 50-ohm resistor to ground. 

3. Test procedures are shown for only one input or set of input conditions. Other inputs are 
tested in the same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are lett electrically open. 

Ii!!lDOliCli 381 
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LOGIC DIAGRAM 
FPACKAGE 

DO 3 

1305 

02 9 

G110 

03 14 

VCC1 ~ 1, VCC2 ~ 16, VEE ~ 8 

Positive logic: high level = '1' 

APPLICATIONS 
• Temporary storage element in: 

high speed central procellors 
high speed peripherals and memories 
high speed digital communications 
instrumentation 
test equipment 

• Bus-oriented storage register for: 
mini-computers 
array procellors 

SWITCHING TIME TEST CIRCUIT 

COAX 

INPUT 

Input pulse 
1+ "" t- = 2.0 ± 0.2 ns 
(20% to 80%) 

382 

Vee1 '" VCC2 
+2.0 Vdc 

VEE = -3.2 Vdc 

VOUT 

FEATURES 
• Fast propagation delay 
~ 4.0ns TYP clock or data to output 
~ 2.0ns TYP enable to output 
~ 0.7ns TYP setup and hold times 

• Gated outputs for BUS-oriented applications 
• High density - four latches plus gating 

10133-F 

• low power dissipation ~ 290 mW/package TYP (no load) 
• High fanout capability - can drive four 50 f! lines 
• High immunity from power supply variations: VEE ~ - S.2V 

±S% recommended 
• Meets ECl 10,000 series standard interface specifications 

TRUTH TABLE 

G 

H 

L 

L 

L 

C~CC+CE 
e: Don't Care 

C 

'" L 

H 

H 

0 Qntl 

'" 
l 

'" 
Qn 

L L 

H H 

PROPAGATION DELAY WAVEFORMS @ 25°C 

+0.31 V 

VourOR 

VOUTNOR ____ oJ' 

D_~/~% 

QI / 
NOTES: 
1. For AC tests. all input and output cables to the scope are equal lengths of 50-ohm coaxial 

cable. Wire length should be < 1/4 inch from TPin to input pin and TP out to output pin. A 
50-ohm termination to ground is located in each scope input. Unused outputs are con­
nected to a 50-ohm resistor to ground. 

2. Each Eel 10,000 series device has been designed to meet the DC specifications shown in 
the test table. after thermal equilibrium has been established. The circuit is in a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 tpm is 
maintained. Voltage levels will shift approximately 5 mV with an air flow of 200 linear fpm. 
Outputs are terminated through a 50-ohm resistor to - 2.0 volts. 



LOGIC DIAGRAM 

FPACKAGE 

AO • 

All1 

XO 4 

Xl 5 

CEO 10 0-----++--1 
Cc 1 

eEl 9 

YO 13 

Y112 

2 2 

3 Z 

l5W 

14W 

VCC1 ~ 1, VCC2 ~ 16, VEE' 8 
Positive logic: high level = '1' 

PROPAGATION DELAY WAVEFORMS @ 25°C 
+l11V J % 

X INPUT I 
t4+2+ --=n=-- --- ------ +031V 

I Ir-.O%------
Z INPUT 

I +031V 

--·I--_'"h_O;;:...ld __ I r--- +111V 

____ --Jl "'~ -------+031V 

/ 
NOTES: 
1. Each EeL 10,000 series device has been designed to meet the DC specifications shown in 

the test ta.ble, after thermal equilibrium has been established. The circuit is in a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 fpm is main­
tained. Voltage levels will shift approximately 4 mV with an air flow of 200 linear fpm. 
Outputs Bre terminated through a 50-ohm resistor to 2.0 volts. 

2. For AC tests. all input and output cables to the scope Bre equal lengths of 50-ohm coaxial 
cable. Wire length should be < 1/4 inch from TPin to input pin and TP out to output pin. A 
50-ohm termination to ground is located in each scope input. Unused outputs are con­
nected to a 50-ohm resistor to ground. 

3. Test procedures are shown for only one input or set of input conditions. Other inputs are 
tested in the same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 

10134-F 
FEATURES 
• High speed combined multiplexer - latch improves system 

performance. 
• Multiplexed inputs to reduce package count 
• Fast propagation delay = 2.5ns TYP (data) 

= 3.5ns TYP (select) 
= 4.0ns TYP (clock) 

• Low power dissipation = 225 mW/package TYP (no load) 
• High fanout capability - can drive 50 11 lines 
• High Z inputs - internal 50 kll pulldowns 
• High immunity from power supply variations: VEE = -5.2V ±5% 

recommended 
• Open emitter logic and bussing capability 

APPLICATIONS 
• Combined multiplexer 

• High speed central processors 
• High speed peripherals 
• High speed minicomputers 
• High speed accumulators 
• Communication systems 

TRUTH TABLE 

C 

L 
L 
L 
L 
H 

tP = don't care 
C~C~CC 
Xin~ AO·XO+AO·X1 

AO 

L 
L 
H 
H 

'" 

XO 

L 
H 

'" '" '" 

SWITCHING TIME TEST CIRCUIT 

VCC1 " VCC2 " 

+2.0 Vdc 

X1 

'" '" L 
H 

'" 

""'t i 1"'" 
1":---- ----I 

Input pulse 
t+ = t - = 2.0 ± 0.2 ns 
(20% 1080%) 

VEE = -3.2 Vdc 

I 
I 
I 
I 

Zn + 1 
L 
H 
L 
H 
Zn 

COAX 

383 
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LOGIC DIAGRAM 
F PACKAGE 

51 50------, 

J, 10-----1 

R, 6 o--~-f 

R' 4 0--+----' 

C 9 

S2 . '2 0---+------, 

J2 '0 o--~-f 

.2 "o----f 

R2 '30-------' 

Vee, ~ '. Vee2 ~ '6. VEE ~ 8 
Positive logic: high level = '1' 

Q1 

0, 

Q2 15 

02 14 

TOGGLE FREQUENCY TEST CIRCUIT 

Coax 

Clock 11\\llll 

(Ol-....... ---<>------iCE 

50-ohm termination to 
ground located in each 
scope channel input. 

All input and output cables 
to the scope are equal 
lengths of 50-ohm coaxial 
cable. Wire lengths should be 
< II. inch from TPin to input 
pin and TP out to output pin. 

384 

YOU! 

af---C---o----' 

10131 

(1 I-'---~------, 

rO hF 

VEE = 32 Vde 

Coax 

2.'0 

FEATURES 
• frOG ~ 140MHz TYP 
• Fast propagation delay 
~ 3.0ns TYP (set, reset) 
~ 3.0ns TYP (clock) 

• Low power dissipation ~ 235mW/package TYP (no load) 
• High fanout capability - can drive SO!l lines 
• High Z inputs - internal SOk!l pulldowns 
• High immunity from power supply variations 
• Open emitter logic and bussing capability 

APPLICATIONS 
.' Control logic 
• Status logic 
• Counters 
• Shift register 

R-S TRUTH TABLE 

R 

L 
L 
H 
H 

N. O. = not defined 

S 

L 
H 
L 
H 

CLOCK J-K TRUTH TABLE* 

J K 

L L 
H L 
L H 
H H 

Qn+1 

an 
H 
L 

N.D. 

Qn+1 

an 
L 
H 

an 

10135-F 

"Output states change on positive transition of clock for J-K input condition present. 

SWITCHING TIME TEST CIRCUIT 

Input Pulse 

Gene'<llOf 

Coax 

Vee, = v CC2 = 

+2,0 Vde 

25j.iF I 

10131 

r0 1IJF 

V out 



PROPAGATION DELAY WAVEFORMS @ 25°C 
R Input 

S Input 

OOutpot 

Q Output 

tsetup _I 1----

o ora 

/r------

10135-F 
NOTES: 
1. Each Eel 10,000 series device has been designed to meet the DC specifications shown in 

the test table. after thermal equilibrium has been established. The circuit is in a test socket 
or mounted on a printed circuil board and transverse air flow greater than 500 linear fpm Is 
maintained. Voltage levels will shift approximately 5 mV with an air flow of 200 linear fpm. 
Outputs are terminated through a SO-ohm resistor to 2.0 volts. 

2. For AC tests. all input and output cables to the scope are equal lengths of 5()..ohm coaxial 
cable. Wire length should be < 1J4 inch from TPin to input pin and TP out to output pin. A 
50-ohm termination to ground is located in e8ch scope input. Unused outputs are con­
nected to 8 SQ.-ohm resistor to ground. 

3. Test procedures are shown for only one input or set of input conditions. Other inputs are 
tested in the same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenCed are left electrically open. 

10136-F, 10137-F 

Description BLOCK DIAGRAM 
The 10136 and 10137 are high speed synchronous counters that .--------------------------, 
can count up, count down, preset, or stop count at rates exceeding FPACKAGE 
100MHz. '0 CARRV 'N 0------...., 

I The 10136 is a 16-state (Hexadecimal) counter and the 10137 is a 
10-state (Decade) counter. 

The flexibility of these devices allows the designer to use one basic 
counter design for all applications. The synchronous count feature 
makes these MSI parts suitable for either computers or instrumen­
tation. 

The carry input enables the counter, and prevents it from changing 
state when the clock goes high. The inputs Sl and S2 control the 
state of the counter: stop count, increment (count up), decrement 
(count down), and preset (program) count. The other inputs are 
clock, and the four D inputs for presetting the counter. 

The counter changes state only on the positive-going edge of the 
clock. Any other input may change at any time except during the 
positive transition of the clock. The next state of the counter is de­
termined by the configuration of the inputs only during the positive 
transition of the clock. 

In addition to the four O's outputs there is a carry out which goes 
low on the terminal count. In the preset mode the carry out on the 
10136 will stay low but the carry out on the 10137 will depend on 
the condition of 01 and/or 02. 

APPLICATIONS 
Either the binary counter (10136) or the decade counter (10137) can 
be useful in high speed central processors and peripheral control-

13 
SYSTEM 
CLOCK 

'2 DO 

11 0, 

O2 

0 3 

S, 

S2 

VCCl - 1. VCC2 = 16. VEE' 8 
Positive logic: high level = '1' 

1----<> 00 " 

1----<>Ql 15 

1----<>°2 2 

1----<>°3 3 

r----<)!gi!!~~~RY 4 

lers, mini-computers, high speed digital communication equipment, 
and instrumentation. 

When used as a prescaler, it is possible to extend the input fre­
quency of the 10136,37 to over 200MHz with the 10231. 

FUNCTION SELECT TABLE 
81 82 OPERATING MODE 

L L Preset (Program) 

L H Increment (Count Up) 

H L Decrement (Count Down) 

H H Hold (Stop Count) 

110011111 385 
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I 
10136-F. 10137-F 

SEQUENTIAL TRUTH T ABLE1 - 10136 SEQUENTIAL TRUTH T ABLE1 - 10137 
INPUTS OUTPUTS INPUTS OUTPUTS 

C!!ry Clock Carry 
S1 S2 00 01 02 03 IN 2 00 01 02 03 Out 

Carry Clock Carry 
S1 S2 00 01 02 03 iN 2 00 01 Q2 03 Out 

L L L L H H 1> H L L H H L 
L H 1> 1> 1> 1> L H H L H H H 
L H 1> 1> 1> 1> L H L H H H H 
L H 1> 1> 1> 1> L H H H H H L 

L L H H H L 

'" 
H H H H L H 

L H 1> 
'" '" 

1> L H L L L H H 
L H 

'" '" '" 
1> L H H L L H L 

L H 

'" '" '" '" 
L H L L L L H 

L H 1> 1> 1> 1> H L H H H H H 
L H 1> 1> 1> 1> H H H H H H H 
H H 1> 1> 1> '" '" 

H H H H H H 
L L H H L L 1> H H H L L L 

L H 

'" '" '" '" 
L H H L L L H 

L H 

'" '" '" '" 
H H H L L L H 

L H 

'" 
1> 

'" 
1> H H H L L L H 

H H 

'" '" '" '" '" 
H H L L L H 

H L 1> 1> 1> 1> L H L H L L H L L H H L L 
'" 

H H H L L H 
H L 1> 1> 1> 1> L H H L L L H 
H L 1> 1> 1> 1> L H L L L L L 
H L 1> 

'" '" '" 
L H H H H H H 

H L 

'" '" '" '" 
L H L H L L H 

H L 
'" '" '" '" 

L H H L L L H 
H L 

'" '" '" '" 
L H L L L L L 

q,= Don't care. IfI .... Don't care. 
1 :. Truth table shows logic states assuming inputs vary in sequence shown from top to bot- 1 "" Truth table shows logic states assuming inputs vary in sequence shown from top to bot-

tom. tom. 
2 == A clock H is defined as a clock input transition from a low to a high logic level. 2= A c10ck H is defined as a clock input transition from a low to a high logic level. 

LOGIC DIAGRAM - 10136 

51 9 

386 BI!IDOIII. 



LOGIC DIAGRAM - 10137 

S10.:.--.-I 

S2 7 

f 

12 

DO 

f 

14 

QO 

11 

D1 

UNIVERSAL COUNTER APPLICATIONS 

12-BIT SYNCHRONOUS COUNTER 

lSB 

15 

Q1 D2 

~r~~iM 0--+-----------........... ----------' 

9~nD11C9 

10136-F. 10137-F 

031----+ 

Q3 

o -" 9 
Q2 D3 Q3 

50 MHz PROGRAMMABLE COUNTER 

MS. 

Cout fout 

387 



TEST CIRCUIT 
SWITCHING TIME 

COAX 

V ee1 = V CC2 ' +2.0Vdc VOUT 

COAX 

GIN 
c 
00 01 

01 02 

02 
03 

03 

51 COUT TPout 

52 

JO.1 J1F 
VEE = -3.2Vdc 

1 50-ohm termination to ground located in each scope channel input. 

10136-F, 10137-F 

COUNT FREQUENCY 

V ee1 = VCC2 = +2.0Vdc 

COAX 

GIN 00 

00 
01 

01 02 

02 
Q3 

03 

51 
COUT 

52 

JO.'>,F 
VEE ~3.2Vdc 

2. All input and output cables to the scope are equal lengths of 50-ohm coaxial cable. 

Wire length should be 1/4 inch from TPin to input pin and TP out to output pin, 

3. Unused outputs are connected to a 50-ohm resistor to ground 

PROPAGATION DELAY WAVEFORMS @ 25°C 

- :::::=:;;.)-----~ CAA1f\'TN~ C 
CLOCK ~ _)d) 

~ ~--+l,l'V 

.,J50% ~ '--

CLOCK ----l 1_ tC+Q+ _I l-tc+o- +O.31V 

OQUTPUT ~I ~I~ 'o+-I~ 
~--, 

+O.31V 

o or S __ I _ tsetup H .... _ tsetup L 

Q~~~~--~\~-----

388 

50-ohm termination to ground located In each channel input. 

(8) is the minimum time to wait after the counter has been enabled to clock it 

(b) is the minimum time before the counter has been disabled that it may be clocked 

(c) is the minimum time before the counter is enabled that a clock pulse may be applied with 

no effect on the state of the counter. 

(d) IS the minimum time to wait after the counter is disabled that a clock pulse may be applied 
with no effect in the state of the counter 

(c) and (d) may be negative numbers 

NOTE: 
'setup is the minimum time before the positive transition of the clock pulse (e) that information 

must be present at the input 0 or S. thold is the minimum time after the positive transition of 

the clocl< pulse (C) that information must remain unchanged at the input 0 or S. 

lii,gnOlil:li 



SWITCHING CHARACTERISTICS VEE= - 3.2V, VCC=2V RL =50n TO GND 

PARAMETER MIN TYP 

tCE-Q+,tCE + Q_ Access Time - Chip Enable to Output 5.0 
tA+Q+,tA_Q+ Address to Output 8.5 
tA+Q_,tA_Q_ 

Write Strobe Mode 
tSET(D± R/VJ+) Data Set-up 11.0 7.5 
tSET(CE- R/VJ+) Chip Enable Set-up 16.5 11.0 

:l.S 

DESCRIPTION LOGIC DIAGRAM 

F PACKAGE 
16) (11) (12) 

The 10141 is a four-bit shi:ft register that 
features four separate input terminals for 
parallel data entry and one each input ter­
minal for serial shift left and serial shift right 
data entry. The device alslo provides an 
output terminal for each stage, thus allow­
ing any combination of serial in/parallel in­
serial out/parallel out operation modes to 
be used. 

I-----+-.-__+_ _ ~ _ DO 

Two additional inputs are provided to con­
trol the four different operating modes of 
the device; parallel data entry, shift left, 
shift right, and stop. All shift operations 
occur on the positive-goin~1 edge of the 
clock input. 

When operation of the device is restricted 
to one or two modes, the unused 
input/output pins can be IElft open since 
50kn pulldown resistors are included on 
all input pins and all outPIJtS are open­
emitter. In addition, all outputs have son 
drive capability. 

FEATURES 
• High speed shift frequency = 200 MHz 

(TYP) 
• Low power 42S mW no load (TYP) 

'----.------+-+- - - -

(13) 

Vee' ~ PIN 1 

VCC2 - PIN 16 

VEEsPINB 

TRUTH TABLE 

fll 

MAX 

7.5 
13.0 

121 

• High lanout - son drive capability CONTROL OPERATING OUTPUTS 
• High Z inputs with SOkn pulldown resis­

tors 
• Open emitter outputs lor bussing appli-

cations 
• Four operating modes 
• Serial and parallel data entry 

TEST CIRCUIT 

SWITCHING TIME 

VCC1- V CC2 
+2.0Vdc 

S1 

L 
L 
H 
H 

S2 MODE 

L Parallel Entry 
H Shift Right 
L Shift Left 
H Stop Shift 

QOCN+1) Q1CH+1) Q2CN+1\ 

DON DIN D2N 
QIN Q2N Q3N 
DLN QON QIN 
QON QIN Q2N 

SHIFT FREQUENCY 

10145-F,1 

UNITS 

ns 
ns 

ns 
ns 

10111 

10141-F 

(15) 114) o -" 9 Q3IN+1\ 

D3N 
DRN 
Q2N 
Q3N ----



FEATURES 
• High Ipeed: propagation delay 

~ 2.2 nS TYP data to output 
~ 3.0 nS TYP leleet to output 

• Output enable on 10159 'or output bUlling 
• low power: 162 mW/Package TYP 
• Drives son line 
• Standard Eel 10,000 series interface 
• Open-emitter outputs 

TRUTH TABLE (10158) 
INPUTS OUTPUTS 

Dno Dni S Zn 

L X L L 
H X L H 
X L H L 
X H H H 

x '" Don't Care 

TRUTH TABLE (10159) 

INPUTS OUTPUTS 

Dno Dni S E Zn 

X X X H L 
L X L L H 
H X L L L 
X L H L H 

X H H L L 

x "" Don't Care 

SWITCHING TIME TEST CIRCUIT 

~2,O Vdc 

"," f I ± "" 
i--- -- I 

Input pulse 

I I 
1 1 

I I 
1 1 
1 I 

INPUT 1 1 
(oJf--~---I INPUTS OUTPUTS 

PULSE 

GENERATOR 
1 

1 

I 
1 

1 

I 
I I 1+ = t - = 2.0 ± 0.2 ns 

(20% to 80%) rlL -----h....J 
01J.1F '* ~Ol;lF 

+0.31 Vdc 

392 

10158F. 10159F 
LOGIC DIAGRAM 

F PACKAGE 

D30 
(10) 

'3 

D" 
(") 

D,O 
112) 

" 
D" 

(13) 

D10 
131 

" 
D" 

141 

DOO 
151 

'0 

DO, 
161 

INVERT ON 10159 
ONL Y (SEE TRUTH 

E" 
171 TABLE) 

·10159 only (pin 7 open on 10158) 
VCC1" VCC2 " 16 VEE" 8 
Positive logic high level = "1" 

PROPAGATION DELAY WAVEFORMS @ 25°C 

VI" 

1-",-1 1- ". -I 
1 1 1 XO% 1 E 

50% I 
! ,-_"_'Y' ---+1 _~ 1 

--I ,- 1- - 1 -I " 1-

YOU! NOR 

50% \ 

20% 

-1:"I-r--80-%-----,:r--,~-1LI,:-

-----rl-J 1 1_'''_: 1- ,,,_I 

NOTES: 
1, Each'Eel 10,000 series device has been designed to meet the DC specifications shown in 

the test table, after thermal equilibrium has been established. The circuit is in a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is 
maintained. Voltage levels wilt shift approximately 3 mV with an air fl()w of 200 linear fpm 
Outputs are terminated through a 50~ohm resistor to - 2.0 volts. 

For AC tests, all input and output cables to the scope are equal lengths of 50-ohm coaxial 
cable. Wire length should be < 1f4 inch from TPin to input pin and TP out to output pin. A 50-
ohm termination to ground is located in each scope input. Unused outputs are connected 
to a 50-ohm resistor to ground. 

3. Test procedures are shown for only one input or set of input conditions. Other inputs are 
tested in the same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 

5. One input from each gate must be tied to VBB (Pin 11) during testing 

Smooties 



FEATURES 
• High lunctional density on one chip reduces package count and 

saves system power 
• Fast propagation delay ~ 4.0ns TYP 
• Low power dissipation ~ 325mW/package type (no load) 
• High lanout capability - can drive son lines 
• High Z inputs - internal SOkn pulldowns 
• Controlled output rise and lall times -2.0ns TYP (20% to 80%) 

(Output loaded) 
• High immunity from power supply variations: VEE ~ - 5.2V ±5% 

recommended 
• Open emitter logic and bussing capability 

APPLICATIONS 
DETECTION OR GENERATION OF PARITY IN: 
• High speed central proce88ors 

High speed peripherals 
High speed minicomputers 
Communication systems 
Instrumentation 

SWITCHING TIME TEST CIRCUIT 

INPUT 

PULSE 

GENERATOR 

Input pulse 
t+ = t~ = 2.0 ± 0.2 ns 
(20% to 80%1) 

NOTES: 

INPUTS 

+2.0 Vdc 

25" ± f 101
"' 

- -

10 
11 

12 
13 

,4 
'5 

VEE = -3.2 Vdc 

1 Each ECl 10,000 series device has been designed to meet the DC specifications shown in 
the test table, after thermal equilibrium has been established. The circuit is in a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is 
maintained. Voltage levels will shift appro;(imately 5 mV with an air flow of 200 linear fpm. 
Outputs are terminated through a 50-ohm resistor to -2.0 volts. 

LOGIC DIAGRAM 

F PACKAGE 

INPUTS 

12 

'3 V----,rL-" 

'4~-]Lr"""" 

15 v---,'"'---" 

VCC1 • " VCC2 • 16, VEE' 8 
Positive logic: high level = '1' 

TRUTH TABLE 

INPUT 

Sum of 
High Level 

Inputs 

Even 

Odd 

lDll1£ 

10160-F 

OUTPUT 

Pin 2 

Low 

High 

PROPAGATION DELAY WAVEFORMS @ 25°C 

~----+'.llV 

VOUT 

VOUT ---~---' 

2. For AC tests, aU input and output cables to the scope are equal lengths of 50-ohm coaxial 
cable. Wire length should be < l/~ inch from TPin to input pin and TP out tb output pin. A 
50-ohm termination to ground is located in each scope input. Unused outputs are con­
nected to a 50-ohm resistor to ground. 

3. Test procedures are shown for only one input or set of input conditions. Other inputs are 
tested in the same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 
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FEATURES 
o Fast propagation delay 
~ 4.0n8 TYP address to output 
~ 4.5ns TYP enable to output 

o Low power dissipation = 295 mW/package TYP (no load) 
o High fanout capability - can drive eight 50 Glines 
o True parallel decoder - eliminates unequal delay times 
o High immunity from power supply variations: VEE ~ - 5.2V ±5% 

recommended 
o High Z inputs - internal 50 kG pulldowns 
o Open emitter outputs 
o Meets ECL 10,000 series standard interface specifications 

APPLICATIONS 
o 1-of-8 decoder 
o1-line to 8-line demultiplexer 

TRUTH TABLE 

Enable 
INPUTS INPUTS 

E1 EO A2 A1 AO DO 

L L L L L L 
L L L L H H 
L L L H L H 
L L L H H H 
L L H L L H 
L L H L H H 
L L H H L H 
L L H H H H 
H L (II (II (II H 
L H (II (II (II H 
H H (II (II III H 

" "" don't care. 

OUTPUTS 

01 02 03 04 05 

H H H H H 
L H H H H 
H L H H H 
H H L H H 
H H H L H 
H H H H L 
H H H H H 
H H H L H 
H H H H H 
H H H H H 
H H H H H 

PROPAGATION DELAY WAVEFORMS @ 25°C 

NOTES: 

l1Lii '-:- +0.31 V 

I I 
I 
I 

--i,+-i~ 

06 

H 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 

07 

H 
H 
H 
H 
H 
H 
H 
L 
H 
H 
H 

1. Each EeL 10,000 series device has been designed to meet the DC specifications shown in 
the test table, after thermal equilibrium has been established. The circuit is in a lest socket 
or mounted on a printed circuit board and transverse air flow greater than 500 linear tpm is 
maintained. Voltage levels will shift approximately 5 mV with an air flow of 200 linear tpm. 
Outputs are terminated through a 50-ohm resistor to -2.0 volts. 

2. For AC tests, all input and output cables to the scope are equal lengths of 50-ohm coaxial 
cable. Wire length should be < 1,4 inch from TPin to input pin and TP out to output pin. A 
50-ohm termination to ground is located in each scope input. Unused outputs are con­
nected to a 50-ohm resistor to ground. 

3. Test procedures are shown for only one input or set of input conditions. Other inputs are 
tested in the same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrIcally open. 

LOGIC DIAGRAM 

FPACKAGE 

E, 15 n-..r ...... _-l--J 
'0 2 Q--L.--"'--+-------<...,L.,I 

(Internal connections are emitter-dot OR) 
VCC1 = 1, VCC2 = 16, VEE = 8 

Positive logic: high level = '1' 

SWITCHING TIME TEST CIRCUIT 

+2.0 Vdc ',"' tIt "", 
r--- ---, 
I I 
I I 
I I 
I 10161 I 

I I 
I I 

(01--4--1 INPUTS OUTPUTS 

PULSE 

GENERATOR 
I 
I 
I 
I 
I 
I 

VOUT 

D, 
10 

0 5 
12 

0 , 

5 

DO 
6 

rlL -----hJ 
0.1.u F ,* ,*O.1 IJ F 

Input pulse 
t+ = L- = 2.0 ± 0.2 ns 
(20% to 80%) 

+0.31 Vdc 

394 amnOIIe• 
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FEATURES: 
o Fast propagation delay 
~ 4.0ns TYP address to output 
~ 4.5ns TYP enable to output 

o low power dissipation ~ 295 mW/package TYP (no load) 
o High fanout capability - can drive eight 50 n lines 
o True parallel decoder - eliminates unequal delay times 
o High immunity from power supply variations: VEE ~ - 5.2V ±5% 

recommended 
o High Z inputs - internal 50 kn pulldowns 
o Open emitter outputs 
o Meets ECl 10,000 series standard interface specifications 

APPLICATIONS 
o 1-of-8 Decoder 
o 1-line to 8-line demultiplexer 

TRUTH TABLE 

INPUTS OUTPUTS 

E1 EO A2 A1 AO DO 01 02 03 04 05 06 

L L L L L H L L L L L L 
L L L L H L H L L L L L 
L L L H L L L H L L L L 
L L L H H L L L H L L L 
L L H L L L L L L H L L 
L L H L H L L L L L H L 
L L H H L L L L L L L H 
L L H H H L L L L L L L 
H L I'l I'l I'l L L L L L L L 
L H I'l I'l I'l L L L L L L L 
H H I'l I'l I'l L L L L L L L 

III = don't cafe 

PROPAGATION DELAY WAVEFORMS @ 25°C 

NOTES: 

50% 

I 
---J'--I- --I "'1--

t 1.11 V 

+0.31 V 

-VOUT ~ 80% r 
~ 50% -Ii 

-~:'-I'--·~-%----~~I":- -

07 

L 
L 
L 
L 
L 
L 
L 
H 
L 
L 
L 

1. Each Eel 10,QOO series device has been designed to meet the DC specifications shown 
in the test table, after thermal equilibrium has been established. The circuit is in a test 
socket or mounted on a printed circuit board and transverse air flow greater than 500 lin~ 
ear fpm is maintained. Voltage levels will shift approximately 6 mV with an air flow of 200 
linear fpm. Outputs are terminated through a 50-ohm resistor to -2.0 volts. 

2. For AC tests, all input and output cables to the scope are equal lengths of 50-ohm 
coaxial cable. Wire length should be < If. inch from TPin to input pin and TP out to output 
pin. A 50-ohm termination to ground is located in each scope input. Unused outputs are 
connected to a 50-ohm resistor to ground. 

3. Test procedures are shown for only one input or set of input conditions. Other inputs are 
tested in the same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 

LOGIC DIAGRAM 

14 

El 
15 

F PACKAGE 

~g:=l~)c=i~--~====:t=r==: 
(Internal connections are emitter-dot OR) 
VCC1 = 1, VCC2 = 16, VEE = 8 

Positive logic: high level= '1' 

SWITCHING TIME TEST CIRCUIT 

PULSE 

GENERATOR 

VCC1"'VCC2 

+2.0 Vdc 

.. , ± Ii"" ,--- ----, 
1 

I 
1 

I 
1 

1 

I 
1 

I 
1 

I 
I 

INPUTS OUTPUTS 

I 1 

0, 

10 

°5 
" 

D3 

D, 

... , t Lr----r ± .... 
Input pulse 
t+ = t- = 2.0 ± 0.2 ns 
(20% to 80%) 

+0.31 Vdc 

BmlOliGB 

10162-F 
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FEATURES 
• Fast propagation delay 
~ 3.5ns TYP data to output 
~ 5.0ns TYP address to output 
~ 2.0ns TYP enable to output 

• Output enable to permit output bussing 
• low power disaipation ~ 290 mW/package TYP (no load) 
• High fanout capability - can drive a 50 n line 
• High immunity from power supply variations: VEE ~ - 5.2V ±5% 

recommended 
• Meets ECl 10,000 aeries standard interface specifications 

APPLICATIONS 
• 8-to-1 multiplexer 
• 8-to-1 data selector 
• Parallel to serial conversion 
• Barrel shift logic 

SWITCHING TIME TEST CIRCUIT 

Vee, = VCC:2 
+2.0 Vdc 

PULSE GENEAA~T~O=R~_J=bk=*:f~~C>o>--r-""L~ 

Input pulse 
t+ '" t - = 2.0 ± 0.2 ns 
(20% to 80%) 

NOTES: 

VEE = -3.2 Vdc 

1 Each Eel 10,000 series device has been designed to meet the DC specifications shown in 
the test table, atter thermal equilibrium has been established. The circuit is in a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is 
maintained. Voltage levels will shift approximately 5 mV with an air flow of 200 linear fpm. 
Outputs are terminated through a 50-ohm resistor to -2.0 volts. 

2. For AC tests, all input and output cables to the scope are equal lengths of 50-ohm coaxial 
cable. Wire length should be < V .. inch from TPin to input pin and TP out to output pin. A 

LOGIC DIAGRAM 

A, 
10 

Eo , 

0 , 

5 

0, 

°3 
3 

°5 
12 

DO 

13 

0, 
14 

VCC1 ~ " VCC2 ~ 16, VEE ~ 8 

Positive logic: high level= '1' 

TRUTH TABLE 

F PACKAGE 

ADDRESS INPUTS 
----
ENABLE A2 A1 

L L L 
L L L 
L L H 
L L H 

L H L 
L H L 
L H H 
L H H 

H 0 0 

If '" don't care. 

10164-F 

15 

AO Z 

L DO 
H 01 
L 02 
H 03 

L 04 
H 05 
L 06 
H 07 

0 L 

PROPAGATION DELAY WAVEFORMS @ 25°C 

+1.1 V 

+0.31 V 

50-ohm termination to ground is located in each scope input. Unused outputs are con­
nected to a 50-ohm resistor to ground. 

3. Test procedures are shown for only one input or set of input conditions. Other inputs are 
tested in the same manner. 

4. AU voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 
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10165F 

DESCRIPTION LOGIC DIAGRAM 
The 10165 is a device designed to provide a ,-----------------------------------, 

3-bit binary coded output for each of 8 in- F PACKAGE 
put lines. Priority selecticln circuitry is 
included so that the output reflects the 
highest priority input present and ignores 
lower order inputs. Each of the outputs is 
stored in a D type latch which allows syn­
chronous sample and store operation. The 
operation of the latch may be bypassed by 
holding the C input low. The 03 output is 
high when any of the inputs are high. This 
allows extension to another device when 
more than 8 inputs are to be encoded. 

FEATURES 
• High functional density reduces package 

count 
• Fast propagation delay ~ 7.0ns typical 
• Low power dillipation~545mW/package 

typical (no load) 
• Open emitter logiC and bUlling capa­

bility 
• High Z inputs - internal 50 kn resistors 
• High fanout capability - can drive son 

lines 
• Controlled output rise and fall times -

- 2.0ns typical (20% to 80%) (all outputs 
loaded) 

• High immunity from power supply varia­
tions-VEE ~ -S.2V±S% recommended 

TRUTH TABLE 

DATA INPUTS 

DO 01 02 03 04 DS 06 

H I1l I1l I1l I1l I1l I1l 

L H I1l I1l I1l I1l I1l 

L L H '" I1l I1l I1l 

l L L H I1l I1l I1l 

L L L L H I1l I1l 

l L L L L H I1l 

L L L L L L H 
L L L L L L L 
L L L L L L L 

it '" don't care 
PD ~ 545mW typ/pkg (no load) 
tpd = 7.0ns typ (data to output) 

OUTPUTS 

07 Q3 Q2 Q1 QO 

I1l H L L L 
I1l H L L H 
I1l H L H L 
I1l H L H H 
I1l H H L L 
I1l H H L H 
I1l H H H L 
H H H H H 
L L L L L 

?- -{) 
, 

, 

~ " 

" 

" ~ tt=:? 
" 2. 

~ 

~ 

o!--f")_ 

1 

~ 

SWITCHING TIME TEST CIRCUIT 

Coax 

50-ohm termination to 
ground located in each 
scope channel input. 

All input and output cables 
to the scope are equal 
lengths of 50 ohm coaxial 
cable. Wire length should be 
-11. inch from TPin to input 
pin and TP out to output pin. 

amOOllGII 

DO 

Dl 

Vee' '" VCC2 '" 
+2.0Vdc 

QO 

02 Q1 

D3 

D4 

D5 

D6 

D7 

VEE 
-3.2Vdc 

Q2 

Q3 

VCC1=P,nl 
VCC2=Pon16 

VEI,=P,n6 

IT 
[J 
u 
IT 

Vout 

Coax 
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FEATURES 
• Optimized for byte-organized systems 
• Fast propagation deley 

= 4.0 ns TVP (input to output A) 
= I.Ons TVP (input to output B) 
= 2.0ns TVP (carry to output B) 

• Carry inputs for .. sy expansion or odd/even control 
• Up to 9 bit check in 4.0ns 
• Up to 27 bit check in I.Ons with no edditlonal gates required 
• Low power dissipation = 280mW/package TVP (no load) 
• High fanout capability - can drive 5O{llinea 
• High Z inputs - internal 5Ok{l pulldowns 
• High immunity from power supply variationa 
• Open emitter outputs for logic and bussing capability 

APPLICATIONS 
DETECTION OR GENERATION OF PARITY IN: 
• High speed central processors 
• High speed peripherals 
• High speed minicomputers 
• Communicetion systems 
• Instrumentation 

10165F 

PROPAGATION DELAY WAVEFORMS @ 25°C 

a Input 

o 

50% c ____ 
J 

LOGIC DIAGRAM 

lDo--+-<"_ 
11 
12<>-........ ..-

VCCI ~ I, VCC2 - 16, VEE ~ 8 
Positive logic: high level ~ 'I' 

TRUTH TABLE 

INPUT 

SUM OF HIGH 
LEVEL INPUTS 
PINS 3-12 

EVEN 

ODD 

SUM OF ALL 

FPACKAGE 
CARRY INPUTS 

13 14 

HIGH LEVEL INPUTS 
(INCLUDING CARRY INPUTS) 

EVEN 

ODD 

+1.11V 

+1.11V 

\'------- +O.31V 

10170-F 

OUTPUT 

PIN 2 

LOW 

HIGH 

PIN 15 

LOW 

HIGH 

398 IlJo.nal 



SWITCHING TIME TEST CIRCUIT 

~~Ll 
0-0 
+0.31 V 

Input pulse 
t+ = t- = 2.0 ± 0.2n5 
(20% 1080%) 

Vee1 = v CC2 
~2 a Vdc 

t1 O.lI1F 

VEE = -3.2 Vdc 

PROPAGATION DELAY WAVEFORMS @ 25°C 

~----+'l1V 

V OUT ----'--" 

NOTES: 
1. Each EeL 10,000 series device has been designed to meet the DC specifications shown in 

the test table, after thermal equilibrium has been established. The circuit is in a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 fpm is main­
tained. Voltage levels will shift approximately SmV with an air flow of 200 linear fpm. 
Outputs are terminated through a 50-ohm resistor to - 2.0 volts. 

2. For AC tests, all input and output cables to the scope are equal lengths of 50-ohm coaxial 
cable. Wire lengths should be < 114 inch from TPin to input pin and TP out to output pin. A 
50-ohm termination to ground is located in each scope channel input. Unused outputs are 
connected to a 50-ohm resistor to ground. 

3. Test procedures are shown for only one input or set of input conditions. Other inputs are 
tested in the same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 
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FEATURES 
• Fast propaga!ion delay 
~ 4.0 ns TVP addre .. to output 
~ 4.5 ns TVP enable or data to output 

• low power di .. ipation ~ 310 mW/package TVP (no load) 
• High fanout capability - can drive eight 50 Glines 
• True parallel decoder - eliminates unequal delay times 
• High immunity from power supply variations: VEE ~ - 5.2V ±5% 

recommended 
• High Z inputs - internal 50 kG pulldowns 
• Open emitter outputs 
• Meets ECl 10,000 series standard interface specifications 

APPLICATIONS 
• Dual 1 line to 4 line demultiplexer 
• Crossbar switch applications 
• High fanout 1 of 4 decoder 
• Memory chip select decoder 

TRUTH TABLE 
INPUTS OUTPUTS 

EO A1 AO DAIN DAO DA1 DA2 

L L L L L H H 
L L L H H H H 
L L H L H L H 
L L H H H H H 
L H L L H H L 

L H L H H H H 
L H H L H H H 
L H H H H H H 
H 111 111 111 H H H 

DB is similar. QI = don't care 

SWITCHING TIME TEST CIRCUIl' 

~r'·11V 
IN 

50% 

1_1 ____ _ 
--1'--1---

Input pulse 
t+ = t - = 2.0 ± 0.2 os 
(20% to 80%) 

NOTES: 

~-50X, 

I 20% 

-1.-1-

___ I t + + I ________ ~ +0.31 V 

---I.+I~ 

DA3 

H 
H 
H 
H 
H 
H 
L 
H 
H 

1. Each EeL 10,000 series device has been designed to meet the DC specifications shown in 
the test table, atter thermal equilibrium has been establishe~d, The circuit is in a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is 
maintained. Voltage levels will shift approximately 6 mV with an air flow of 200 linear fpm. 
Outputs are terminated through a 50-ohm resistor to 2.0 volts. 

2. For AC tests, aJJ input and output cables to the scope are equal lengths of 50·ohm coaxial 
cable. Wire length should be < 1(4 inch from TPin to input pin and TP out to output pin. A 
50·ohm termination to ground is located in each scope input. Unused outputs are can· 
nected to a 50·ohm resistor to ground. 

3. Test procedures are shown for only one input or set of input conditions. Other inputs are 
tested in the same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 

LOGIC DIAGRAM 

FPACKAGE 

(Internal connections are emitter·dot or) 
VCC1 ~ 1, VCC2 ~ 16, VEE ~ B 

Positive logic: high level = '1' 

OB3 

10 

PROPAGATION DELAY WAVEFORMS @ 25°C 

PULSE 

GENERATOR 

VCCf"VCC2 

+2.0 Vdc 

""'IT I_ 10

'" 

,--- ---I 
1 I 
I I 
1 1 
I 101 1 I 
I I 
I I 

I 
I 
I 
I 
I 
I 

INPUTS OUTPUTS 

I 1 

"''' ± Lr-_-TJ ±.,,' 
- +0.31 Vdc VEC-3.2 Vdc -

400 s(gnonos 
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FEATURES 
• Fast propagation delay 
~ 4.0ns TYP address to output 
~ 4.5ns TYP enable or data to output 

• low power dissipation ~ 310 mW/package TYP (no load) 
• High fanout capability - can drive eight SO U lines 
• True parallel decoder - eliminates unequal delay times 
• High immunity from power supply variations: VEE ~ - 5.2 V ±5% 

recommended 
• High Z inputs - internal SO kU pulldowns 
• Open emitter outputs 
• Meets ECl 10,000 series standard interface specifications 

APPLICATIONS 
• Dual 1-line to 4-line Demultiplexer 
• Crossbar Switch Applications 
• High Fanout 1 of 4 Decoder 
• Memory Chip Select Decoding 

TRUTH TABLE 

INPUTS OUTPUTS 

EO A1 AO DAIN DAO DA1 DA2 

L L L H H L L 
L L L L L L L 
L L H H L H L 
L L H L L L L 
L H L H L L H 
L H L L L L L 
L H H H L L L 
L H H L L L L 
H (Ij (Ij (Ij L L L 

DB is Similar. " = don't care 

PROPAGATION DELAY WAVEFORMS @ 25°C 

NOTES: 

~~i--~'" 
I~I"I-
1 I I~ ___ ~ 
I I 
1 

-1,-+ 1---

+ 0.31 V 

DA3 

L 
L 
L 
L 
L 
L 
H 
L 
L 

1. Each Eel 10,000 series device has bE~en designed to meet the DC specifications shown in 
the test table, after thermal equilibruim has been established. The circuit is in a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 fpm is main­
tained. Voltage levels will shift approximately 5mV with an air flow of 200 linear fpm. 
Outputs are terminated through a 50-ohm resistor to -2.0 volts. 

2. For AC tests. all input and output cables to the scope are equal lengths of 50-ohm coaxial 
cable. Wire length should be <11. inch from TPin to input pin and TPout to output pin. A 
50-ohm termination to ground is located in each scope input. Unused outputs are con­
nected to a 50-ohm resistor to ground. 

3. Test procedures are shown for only one input or set of input conditions. Other inputs are 
tested in the same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 

LOGIC DIAGRAM 

F PACKAGE 

(Internal connections are emitter-dot or) 
Vee1 ~ 1, Vee2 ~ 16, VEE ~ 8 

Positive logic: high level = '1' 

SWITCHING TIME TEST CIRCUIT 

vCCl'''VCC2 

+2.0 Vdc 

""' f Ii"''' 
1--- ---I 
I I 
I I 
I I 
I I 
I I 
I I 

lO;f--~~--IINPUTS OUTPUTS 

PULSE 

GENERATOR 
I 
I 
I 
I 
I 
I 
I I 

DB, 

'0 

DB, 

11 

DB, 

12 

DBO 

13 

rlL -----L 
0", ~ 1 to", 

Input pulse 
t+ = t - = 2.0 ± 0.2 ns 
(20% 1080%) 

+0.31 Vdc 

ImIOf.DB 
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FEATURES 
• Simultaneous multiplexing and latching function improves sys­

tem performance 
• Quad latch and multiplexer on one chip increases system den­

sity 
• Fast propagation delay 
~2.5ns TYP (data to output) 
~3.7ns TYP (select to output) 
~4.3ns TYP (clock to output) 

• Low power dissipation ~ 325 mWI Package TYP (no load) 
• High fanout capability - can drive 50 Q lines 
• High Z inputs - internal 50 kQ pulldowns 
• High immunity from power supply variations: 

VEE ~ ±5.2V ±5% recommended 
• Open emitter outputs - allow wire or and data bussing 

APPLICATIONS 
• Combined multiplexer - register for: 

• High speed central processors 
• High speed peripherals 
• High speed minicomputers 
• Communication systems 
• Instrumentation 

TRUTH TABLE 

Dn C Q n (N+1) 

!... l l 
:':' 
H l H 

III H Qn(N) 

On = S • Dna + S • On 1 III = don't care 

SWITCHING TIME TEST CIRCUIT 

Vee1 VCCl 
'lOVdc 

" 'ITl "., 
wi" r--- -- --i"j' 
"'" I 
''""' I I 

\ I I TPOUT ~ 
"" I I 

I I 
I I 
I I 
I I 

: ~~r: 
I -~ [U I 
I I 

t+ '= t- '" 2.0 + 0.2 ns 

(20% to 80%) 

I 
J 

111m 

LOGIC DIAGRAM 

FPACKAGE 
DOl 

CLOCK 

00 

01 

02 

15 

03 

14 

VCC1~1, VCC2~16. VEE~8 
Positive logic: high level = '1' 

PROPAGATION DELAY WAVEFORMS @25°C 

-.L :111 V 

DI~_: __________ _ 
t4 +2+ --I 1-- +0.31 V 

II,~---"'"" 

I 
Q OUTPUT 

+1.11 V 

D 
I 

t setup _--~_I---------I thold +0.31 V 

_______ ....I[ ~ n n n:::: 
o 
_____ I 

NOTES: 

10173-F 

1. Each ECl 10,000 series device has been designed to meet the DC specifications shown in 
the test table, after thermal equilibrium has been established, The circuit is in a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 fpm is 
maintained. VOltage levels will shift approximately 6 mV with an air flow of 200 linear fpm. 
Outputs are terminated through a 50-ohm resistor to -2.0 volts. 

2. For AC tests, all input and output cables to the scope are equal lengths of 50-ohm coax.ia\ 
cable. Wire length should be < 1/. inch from TPin to input pin and TP out to output pin. A. 
50-ohm termination to ground is located in each scope input. Unused outputs are con­
nected to a 50-ohm resistor to ground. 

3. Test procedures are shown for only one input or set of input conditions. Other inputs are 
tested in the same manner. 

4. All voltage measurements are referenced to the ground termina1. Terminals not specifically 
referenced are left electrically open. 

402 Gmn011C1 



FEATURES 
• Fast propagation delay 
~3.5 ns TYP data to output 
~5.0ns TYP address to output 
~ 2.0 ns TYP enable to output 

• Output enable to permit output bussing 
• low power dissipation ~ 290 mW/package TYP (no load) 
• High fanout capability - can drive two 50 0 lines 
• High immunity from power supply variations: VEE ~ - 5.2V 

±5% recommended 
• Meets ECl 10,000 series standard interface specifications 

APPLICATIONS 
• Dual 4 to 1 multiplexer 
• Dual 4 to 1 data selector 
• Cross bar switch applicstions 

SWITCHING TIME TEST CIRCUIT 

INPUT 

PULSE 
GENERATOR 

Input pulse 
t+ = t~ =2.0 ::I:: 0.2 ns 
(20% '080%) 

NOTES: 

hO'"F 
VEE = -3.2 Vdc 

1. Each EeL 10,000 series device has been designed to meet the DC specifications shown in 
the test table, after thermal equilibrium has been established. The circuit is in a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 tpm is 
maintained. Voltage levels will shift approximately 5 mV with an air flow of 200 linear fpm. 

LOGIC DIAGRAM 

FPACKAGE 

XO 3 o----------'r ...... 

X, 5 O--------+-4--'r ...... 

X2 4 O-----r=t=1~t=[~ 

X3 6 O-----"i:::f=1F=f::r-~ 

ENABLE 14 o----------t-+-1--r----------+ 

YO '3 o--------t--J=!=F=L.-/ 

Yl11 

Y212 

Y310 o-----~====L; 

Vce, ~ " VCC2 ~ 16, VEE ~ 8 
Positive logic: high level = '1' 

TRUTH TABLE 

ENABLE ADDRESS INPUTS 

E A1 AO 

H III III 

L L L 

L L H 

L H L 

L H H 

8= don't care 

OUTPUTS 

Z W 

L L 

XO YO 

X1 Y1 

X2 Y2 

X3 Y3 

PROPAGATION DELAY WAVEFORMS @ 25°C 

r----- +1.11 V 

Outputs are terminated through a 50-ohm resistor to -2.0 volts. vOUT ___ ,.;..._" 
2. For AC tests. all input and output cables to the scope are equal lengths of 50-ohm coaxial 

cable. Wire length should be < 14 inch from TPin to input pin and TP out to output pin. A 
50-ohm termination to ground is located in each scope channel input. Unused outputs are 
connected to a 50-ohm resistor to ground. 

3. Test procedures are shown for only one input or set of input conditions. Other inputs are 
tested in the same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 

10174-F 

B~nDlle9 403 
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DESCRIPTION 
The 10175 is a device which incorporates five 0 type latches with a 
common reset and two-input clock. While both of the clock inputs 
are low the outputs will follow the inputs. The outputs are latched 
when either of the clocks goes high. The reset is enabled only when 
the clock is in the high state. Open emitter outputs permit the de­
vice to be wire "OR"ed with other open emitter outputs. 

FEATURES 
o High speed - 2.5ns data to output delay typical 
o Common asynchronous reset function 
o High Z inputs - internal 50kn resistors 
o High fanout capability - drives 50 ohms 
• Controlled output rise and fall times - 2ns typical 
o Two separate clock pins - can be used for clock enable func­

tion 

SWITCHING TIME TEST CIRCUIT 

COAX 

PRF'" 1.0 MHz 
t+== t == 2.0ns 
(2D%to 80%) 
VOL == O.31V 
VOH '" 1.11V 

VCC1==Vcct" 
+2.D Vdc 

···m'" .. r---- ---:1 
DO 14 

91 
I 
I 
I 
I 

D41 

C06"-~-'" 

14 

101 

I 
I 
I 

11 L ---E --J 

6 *0.1 pF 

veel '" pin 1 
VCC2 '" pin 16 

VEE e pin 8 

Po e 400mW 1yp/ pkg (no load) 
tpd == 2.5n8 typ (data to output) 

50-ohm termination to ground located in each scope channel input 

Vout 

COAX 

All input and output cables to the scope are equal lengths of 50 ohm coaxial cable. Wire 
length should be < 1/4 inch from TPin to input pin and TP out to output pin. 

LOGIC DIAGRAM 

DO 10 

01 12 

02 13 

D3 9 

D4 5 

cos 
CT 7 

RESET 11 

TRUTH TABLE 

0 CO 
L L 
H L 
X H 
X X 
X H 
X X 

404 SmOOllCS 

10175-F 

FPACKAGE 

14 00 

C 
R 

15 Q1 

C 
R 

2 02 

R 

3 03 

C 
R 

4 04 

C1 RESET Qn+1 

L L L 
L L H 
X L an 
H L an 
X H l 
H H L 



VOLTAGE WAVEFORMS 

CLOCK 

OUTPUT 

NOTES: 

DATA 

CLOCK 

OUTPUT---.....J 

RESET INPUT 

CLOCK INPUT 

+1.11V 

10175F 

DATA INPUT 

~----, - - -+1.11V 

50% 

~
--+'"V 

50% 50% 

D +O.31V 

tSETUP ....--...1 .... tHOLD . ..------ +' 11V 
50% 

------' - - - - - +0.3'V 

1. tsetup is the minimum time before the positive transition of the clock pulse (c) that informa- 2. thold is the minimum time after the positive transition of the clock pulse (c) that information 
tion must be present at the data input (D). must remain unchanged at the data input (0), 

DESCRIPTION 
The 10176 contains six D-type master-slave flip flops in a single 
package. Data present on the "0" inputs are entered into all six 
master blstables when the common clock input is low. This data is 
subsequently transferred to the slave bistable when the clock goes 
from low to high. Thus. outputs change only on a positive-going 
clock input transition. Data present at the inputs. therefore. will not 
affect the outputs except on the low to high clock transition. 

FEATURES 
• High speed 

Toggle freque~cy ~ 150 MHz typical 
Propagation delay ~ 4.0 ns typical 

• Low power 
480 mW per package typical 

• High fanout 
500 drive capability 

• High Z inputs with 5OKO pulldown resistors 
• Open emitter outputs for bussing applications 

TRUTH TABLE 

C D 

L III 
L~H L 
L~H H 
H~L III 

.= Don't Care 

On+1 

an 
L 
H 
an 

LOGIC DIAGRAM 
FPACKAGE 

DO 5O--------i 

D, 6o----t----i 

D2 7o----t----i 

CLOCK 9 

D3 '0 o----t----t 

D5'2o------if--I 

VCC, ~ pin' 

VCC2 ~ pin 2 
VEE ~ pin 8 

1------<1 2 00 

t-----03 a, 

1------04 02 

1-----0'3 03 

1------o'4~ 

~-----o'505 

Bl!IlDneB 

10176-F 

405 

o -" 9 
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SWITCHING TIME TEST CIRCUIT 

• VIN 

,,,,1 
PULSE TP 

INPUT PULSE 

f+ = 1- = 2 0 ~ 02m 

120% 10 80%1 

Input pulse 
t+ = t - = 2.0 ± 0.2 ns 
(20% to 80%) 

DESCRIPTION 

veel ~ vCC2 = 2.0Vdc VOUT 

j 
TP 

The 10179 is a look-ahead carry device that can be used with the 
10180 (dual arithmetic unit) or the 10181 (4 bit ALU) to perform 
high speed arithmetic on long words. The device is capable of ex­
amining carry data from four arithmetic units and generating both 
2nd and 4th order look-ahead carries to greatly increase system 
speed over that which can be obtained using ripple-carry tech-

10176-F 

PROPAGATION DELAY WAVEFORMS @ 25° 

ON'-_____ -'I 

NOTES: 

1. Each EeL 10,000 series device has been designed to meet the DC specifications shown in 
the test table, after thermal equilibrium has been established. The circuit is in a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is 
maintained. Voltage levels will shift approximately 5 mV with an air flow of 200 linear tpm. 
Outputs are terminated through a 50-ohm resistor to 2.0 volts. 

2, For AC tests, all input and output cables to the scope are equal lengths of 50-ohm coaxial 
cable. Wire length should be < 1/4 inch from TPin to input pin and TP out to output pin. A 
50-ohm termination to ground is located in each scope input. Unused outputs are con­
nected to a 50-ohm resistor to ground. 

3. Test procedures are shown for only one input or set of input conditions. Other inputs are 
tested in the same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 

10179-F 
LOGIC DIAGRAM 

F PACKAGE 

P3 13 

G2 

niques. ~12~------r===~f=~~~--r=f=t=t=i-/ 
Additional features of the 10179 include high Z inputs with pull 
down resistors to allow unused inputs to be left open and open­
emitter outputs with SOil drive capability. 

FEATURES 
• High speed: propagation delay ~ 

3.0ns TYP carry. propagate 
4.0n8 TYP generate 

• Low power: 200mW TYP (no load) 
• High Ian out: can drive 50n lines 
• High Z inputs with 50kll pull down resistors. 
• Open emitter outputs 

G1 o-~-t-t-t-4--t-----j 

PO 14 

VCC1 = 1. VCC2 = 16. VEE = 8 
Positive logic: high level "1" 

406 &I!IIOliC& 
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LOGIC EQUATIONS SWITCHING TIME TEST CIRCUIT 
PG~ 

GG~ 

PO + P1 + P2 + P3 
(GO + P1 + P2 + P3) 
(G1 + P2 + P3) 
(G2 + P3) G3 

vcel ;- vCC2 = +2.0 Vdc 

Cn+2~ (Cn + PO + P1) (GO + P1) G1 
Cn+4~ (en + PO + P1 + P2 + P3) 

(GO + P1 + P2 + P3) 

COAX *···1 t·". 
(G1 + P2 + P3) (G2 + P3) G3 

PROPAGATION DELAY WAVEFORMS @ 25°C 

NOTES; 

\~50% -----Ji __ ~"" 
--l'--I~- -"++1- +0.31 V 

~:: ~ 
i\~ 

-1,-1-

1. Each ECl 10,000 series dellice has been designed to meet the DC specifications shown in 
the test table, after thermal equilibrium has been established. The circuit is in a test socket 
or mounted on a printed circuit board and tranSllerse air flow greater than 500 linear fpm is 
maintained. Voltage lellels will shift approximately 4 mV with an air flow of 200 linear fpm. 
Outputs are terminated through a 50-ohm resistor to 2.0 lIolts. 

2. For AC tests, all input and output cables to the scope are equal lengths of 50-ohm coaxial 
cable. Wire length should be < '/. inch from TPin to input pin and TP out to output pin. A 
50-ohm termination to ground is located in each scope input. Unused outputs are con­
nected to a 50-ohm resistor to ground. 

3. Test procedures are shown for only one input or set of input conditions. Other inputs are 
tested in the same manner. 

4. All lIoltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 

APPLICATION 

INPUT 
PULSE 
GENERATOR 

INPUTS 

Input pulse 
t+ '" t- =: 2.0 ± 0.2ns 
(20% t080%) 

16-BIT ALU 

10181 10181 101a1 

Co Cn+4 Co Cn+4 .-- Co Cn+4 

P G P G P G 

I I I 1 1 
-I 

PO GO P' G' Cn+2 P2 G2 

c_ Co 10179 

SmnOliCIi 

r-- ---, 
0----i 1 
o---t 1-0 
0--/ 1 

~ 10'79 ~ 
0--/ ~ 
0--/ L---o 

~L---cl 
l 10 'PF 

VEE = -3.2 Vdc -

10181 

Co Cn+4 r--o 
P G 

1 1 
P3 G3 

Cn+4 f---

10 1 til 

10179-F 

V out 

COAX 

OUTPUTS 

o -" 9 
--

407 



DESCRIPTION 
The 10181 is an extremely versatile high speed arithmetic logic unit 
capable of performing 16 logic operations and 16 arithmetic func­
tions on two four-bit words. Using advanced circuit design 
tecnniques and double layer metalization the 10181 represents the 
state-of-the-art in standard EeL/LSI functions. As a result, the 
10181 has the same power dissipation as the comparable TTL func­
tion, while Increasing the speed of operation by a factor of 4. 

The M input selects the arithmetic or logic mode of operation on 2 
four-bit words. The desired arithmetic or logic function is selected 
by applying the appropriate binary word to the select inputs (50 
thru 53). Full internal carry is incorporated for ripple-through opera­
tion. Group carry propagate (PG) and carry generate (GG) are 
provided to allow fast addition of very long words using a second 
order look-ahead in conjunction with the 10179 full look-ahead 
carry block. The internal carry is enabled when the mode control 
input (M) has a low-level voltage applied (arithmetic operation). Full 
addition of two 32-bit words, with carry in and carry out can be per­
formed in 18 ns. All inputs have 50kll internal pulldown resistors, 
and outputs are all open emitters for versatility in interconnect 
techniques. 

FEATURES 
• Faat propagation delaya: 

= 3.1 na TVP (Cn to Cn+4) 
= 5.0 na TVP (en to 1'1) 
= 7.0 na TVP (A1. 81 to 1'1) 
= 5.0 na TVP (A1 to Cn+4) 

• 18 logic operationa 
• 18 arithmetic operationa 
• Power dillipation = 800 mW/package TVP (no load) 
• High Z inputa - internal 50 kll pulldowna 
• High immunity from power aupply variationa: VEE= -5.2 V ±5% 

recommended 
• Open emittera for bUlling and logic capability 

FUNCTIONAL TRUTH TABLE 

Logic Functiona 
Function Select M ia High 
83 82 81 80 F 
L 
L 
L 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 

L 
L 
L 
L 
H 
H 
H 
H 
L 
L 
L 
L 
H 
H 
H 
H 

L 
L 
H 
H 
L 
L 
H 
H 
L 
L 
H 
H 
L 
L 
H 
H 

L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
H 
L 
11 

F=A 
F= A+~ 
F=A+B 
F = Logical "1" 
F = A'B 
F=B 
F = A 0 B 
f = A +_B 
F = A'B 
F = A (l) B 
F=a 
F=A+B 
F = Logical "0" 
F = A'B 
F = A·a 
F=A=A 

Arithmetic Operation 
Mia Low 

Cn of LSB I!!uat ba High 
F 

F = A minus 1 
F = A plus (A + a) 
F = A plus (A + B) 
F = A times 2 
F = (A • B) minus 1 
F = (A • B) plus (A + Bi 
F = A plus B 
F = A plus (A • B) 
F= (A' a) minus 1 
F = A minus B minus 1 
F = (A • ID plus (A + B) 
F = (A • B) plus A 
F = minus 1 (two's complement) 
F= (A + a) plus 0 
F = (A + B) plus 0 
F = A plus 0 

-'F outputs of ALU are one's complement of function listed below. 

BLOCK DIAGRAM 
FPACKAGE 

:: ~>-------.... 
17 

14 

21 

20 

18 

19 

16 

11 

10 

-
I 1 I i 

Ao So 5, S:z sa 
80 

A, 

8 , 

A2 

B2 

A3 

Cn 

FO 

F1 

F2 

F3 

22 

23 - Cn+4 

VCC1 ~ " VCC2 ~ 24, VEE ~ 12 
Positive logic: high level "" '1' 

LOGIC DIAGRAM 

'S'313E==~ 

8b20 

AD 21 o---+H+~")ol 

6119 

6211 

A2 16 o---f+t-f.4 

639 

10181F 

A310 ;~;;~=~~~::~d~i!~~I~~:~:= 
4 GG 

Cn 22 

M23 

Positive logic: high level = "1" 

408 I!DDliClI 



10181F 

SWITCHING CHARACTERISTICS 
TEST +25°C 

PARAMETER INPUT OUTPUT CONDITIONSt MIN TYP MAX UNIT 

t++ Propagation Delay Cn Cn+4 - - 3.2 - ns 
t- - - 3.1 

I t+ Rise Time - 2.0 
t- Fall Time - 2.0 -
t++ Propagation Delay Cn F1 M is Low - 4.9 - ns 
t+- - 5.0 -
t-+ - 4.9 -
t- - - 5.0 -
t+ Rise Time - 2.0 -
t- Fall Time - 2.0 -
t++ Propagation Delay A1 F1 - - 7.0 - ns 
t+- - 7.0 -
t-+ - 7.0 -
t- - - 7.0 -
t+ Rise Time - 2.0 -
t- Fall Time - 2.0 -

t++ Propagation Delay A1 PG - - 3.0 - ns 
t-- - 3.0 -

I t+ Rise Time - 2.0 -
t- Fall Time - 2.0 -
t++ Propagation Delay A1 GG - - 4.0 - ns 
t- - - 5.0 -

I t+ Rise Time - 2.0 -
t- Fall Time - 2.0 -

o -" t+- Propagation Delay A1 Cn+4 - - 5.4 - ns 
t-+ - 4.4 -

I t+ Rise Time - 2.0 -
t- Fall Time - 2.0 -

9 
t++ Propagation Delay 81 F1 8~ and ~2 High - 7.0 - ns 
t+- 80 or 83 Low - 7.0 -

I 
t-+ - 7.0 
t- - - 7.0 -
t+ Rise Time - 2.0 8 

--
t- Fall Time - 2.0 -

t++ Propagation Delay 81 PG §.O Low. - 3.0 - ns 
t- - 81 High - 3.0 -

I t+ Rise Time - 2.0 -
t- Fall Time - 2.0 -
t++ Propagation Delay 81 8G ~2 High. - 4.0 - ns 
t- - 83 Low - 5.0 -

I t+ Rise Time - 2.0 -
t- Fall Time - 2.0 -
t+- Propagation Delay 81 Cn+4 81 and 82 High. - 5.4 - ns 
t-+ SO or 53 Low - 4.4 -

I t+ Rise Time - 2.0 -
t- Fall Time - 2.0 -
t++ Propagation Delay 81 F1 81 or 82 Low - 7.5 - ns 
t+- - 8.0 -
t-+ - 7.5 -
t- - - 8.0 -
t+ Rise Time - 2.0 -
t- Fall Time - 2.0 -

B~nDlilB 409 



SWITCHING CHARACTERISTIC 

PARAMETER 

t+- Propagation Delay 
t-+ 
1+ Rise Time 
t- Fall Time 

t-+ Propagation Delay 
1+-
1+ Rise Time 
t- Fall Time 

1+- Propagation Delay 
t-+ 
1+ Rise Time 
t- Fall Time 

+High _ +1.IIV 
Low = +0.31V 

INPUT OUTPUT 

B1 PG 

B1 GG 

B1 Cn+4 

VCCI = VCC2 = +2.0 Vdc = -3.2 Vdc. VEE = -3.2 Vdc 

SWITCHING TIME TEST CIRCUIT 

TO CHANNEL "A" 

PULSE GENERATOR 

Input pulse 
1+ = 1 - = 2.0 ± 0.2 ns 
(20% 1080%) 

DESCRIPTION 

VEE" -3.2 Vdc 

TEST 

CONDITIONSt 

S1 low 

S2 low 

SOorS10rS2 
or S3 low 

TO CHANNEL "6" 

~ COAX 

j}TPOUT 

MIN 

-
-
-
-
-
-
-
-

-
-
-
-

The 10190 is both a general purpose ECl 10,000 series line re­
ceiver and an MST (IBM 370) to ECl translator. With the VCC 
Terminal (Pin 9) connected to ground, the device will accept either 
single-ended or differential ECl 10K signals. With VCC connected 
to +1.25 Volts, the device will accept MST logic levels (+0.4 and -
0.4 nominal). In either case, the output of the 10190 is standard 
ECl10K. 

410 

10181F 

+25·C 

TVP MAX UNIT 

4 - ns 
4 -

I 2.0 -
2.0 -
5.2 - ns 
5.7 -

I 2.0 -
2.0 -
5.9 - ns 
5.6 -

I 2.0 -
2.0 -

Each ECl 10,000 series has been designed to meet the dc specifi­
cations shown in the test table, after thermal equilibrium has been 
established. The circuit is in a test socket or mounted on a printed 
circuit board and transverse air flow greater than 500 linear fpm is 
maintained. Outputs are terminated through a 50-ohm resistor to 
-2.0 volts. 

PROPAGATION DELAY WAVEFORMS @ 25°C 

TPOUT 

TPOUT 

,---___.- - - - - - - - +1.11V 

"-______ +O.31V 

I~t++-I 

1 I .r---t-"'" 
I 
1 

I-t+--I t----t-+~ 

20% 

80% 

All input and output cables to the scope are equal lengths of 50-
ohm coaxial cable. Wire length should be <'I. inch from TPin to 
input pin and TPout to output pin. 

10190F 

When used in the translator mode, one of the differential inputs is 
tied to ground and the other to the MST source. VCC is non-critical 
between +0.5 and +2.0 Volts. 

In the ECl line receiver mode, a singie ended input is accommo­
dated by connecting the other input to an external VBB source. 



FEATURES 
• High lpeed; propagation delay ~ 2.5 nl TYP 
• High common mode noi .. rejection 
• Output drivel 50 n linel 
• Dual-purpole 

Quad line receiver (ECL-ECL) 
Tranliltor (MST ~ECL) 

• High input impedance 
• Non-critical VCC tolerance in tranllator mode (0.5 to +2.0 Voltl) 
• Opan emitter outputl 
• Immune to power lupply faultl 
• Defined output (low) with both inputl open 

APPLICATIONS 
• Line receiver 
• MST to ECL tranllator 

PROPAGATION DELAY WAVEFORMS @ 25°C 

NOTES: 

VOUT 
NOR 

+2.4V 

+1.6V 

1. Each EeL 10,000 series device has been designed to meet the DC specifications shown in 
the test table. after thermal equilibrium has been established. The circuit is in a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 linear tpm is 
maintained. Voltage levels will shift approximately 3 mV with an air flow of 200 linear tpm. 
Outputs are terminated through a SO-ohm resistor to 2.0 volts. 

2. For AC tests, all input and output cables to the scope are equal lengths of 50-ohm coaxial 
cable. Wire length should be < 'I .. inch from TPin to input pin and TP out to output pin. A 
50-ohm termination to ground is located in each scope input. Unused outputs are con­
nected to a 50-ohm resistor to ground. 

3. Test procedures are shown for only one input or set of input conditions. Other inputs are 
tested in the same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 

LOGIC DIAGRAM 

F PACKAGE 

:~2 

:~3 

1O~ 
" 

12~ 13 

tpd ~ 2.5 ns TYP 

Vee - 9. VEE ~ 8. GND ~ 1.t6 

SWITCHING TIME TEST CIRCUIT 

Vee 
+3.25V 

14 

15 

,.,··rho>, 
-=- -=-

COAX 

Input pulse 

trJPUT 

PULSE 

GENERATOR 

+2.DV 

t+ =- t - .. 2.0 ::I:: 0.2 ns 
(20% to 80%) 

TPOUT 

h 
VEL ~ 3.2Vdc 

10190F 

COAX o -" 9 

411 



DESCRIPTION 
The 10191 Is a Hex Eel to MST (IBM 370) translator. With a stan­
dard 10,000 series logic level on the Input, the output responds with 
an Identical MST logic level at the output. 

In addition, the translators have a common enable line which drives 
aU six outputs to the low state when an Eel logic "1" level is 
present on the Une. 

The 10191 Is a companion device to the 10190 which is an MST to 
Eel translator. With these two devices, a complete, high-speed In­
terface is available to communicate between a standard 10,000 
series Eel system and a standard MST system. 

FEATURES 
• High lpeed; propagltion dellY ~ 2.2nl TVP 
• Six trlnilitorl per packlge 
• 90 OHM output drive clpability 
• Common enlble Input 
• High impedlnce inputl with SOl( pulldown reliltorl 
• Open emitter outputl 

TRUTH TABLE 
E Dn On 

o 
o 

o 
1 
X 

o 
1 
o 

PROPAGATION DELAY WAVEFORMS @ 25°C 
a.gov 

~~50% ----It _____ -1.70V 

1_.----1 1_"'-1 

r ~~~-~-----+i--~~ 
--1.- j..:::: 1 -I " I--
--j " I- I -----j '-1-

VOUT -*1 r~-=O-%---It-:I - ...... ~I 
IVIN ; .) 
__ -1-1 _.....J 20% 

t--.-.----1 1-"----1 

NOTES: 
1. Each Eel 10,000 series device has been designed to meet the DC specifications shown in 

the test table. after thermal equilibrium has been established. The circuit is in a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is 
maintained. Voltage levels will shift approximately 4 mV with an air flow of 200 linear fpm. 
Outputs are terminated through a oon to gnl and a 8450 to VEE-

2, For AC tests. all input and output cables to the scope are equal lengths of 50-ohm coaxial 
cable. Wire lengths should be < 1,4 Inch from TPin to input pin and TP out to output pin. A 
50-ohm termination to ground is located in each scope input. Unused outputs are con­
nected to a 9O-ohm resistor to ground and a 8450 to VEE' 

3. Test procedures are shown for only one input or set of input conditions. Other inputs are 
tested in the same manner. 

LOGIC DIAGRAM 
FPACKAGE 

DO 

0, 

02 

03 
10 

D. 11 

Os 12 

tpd (dala) - 2.2 n5 TYP 

tpd (E) ; 2.8 n5 TYP. 

Vec - t. VEE - 8. GND - 16 

00 

0, 

02 

03 

D. 

Os 

SWITCHING TIME TEST CIRCUIT 

Input pulse 

INPUT 

PULSE 
GENERATOR 

-1.7V 0------+ 

t+ - T - 2.0 '" 0.2n. 
(20% t080%) 

Vee 
+1.25V 
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FEATURES PIN CONFIGURATION 
• Capable of party line operation 
• Differential or single-ended mode 

OUTPUT OUTPUT 
INPUTS CURRENT VOLTAGE B,F PACKAGE 

• l8mA current mode outputs 
• 3-logic-state complementary outputs E 1 Q Q Q Q 

• Drives long lines 
• Excellent noise immunity 
• Fast propal1ation delay - 4.0ns TYP 
• Two powerful enable lines 

0 0 10 11 H L 
0 1 11 10 L H 
1 X 10 10 H H 

• Power dillipation - 490mW/pkg. TYP 
• Four drivers per package 
• Outputs accept voltage range ±5.5V to -1.8V 

APPLICATIONS 
• Single ended bus driver - saves cost, space, wiring 
• Differential mode bus driver - improved noise immunity for 

long lines 
• Party line operation - single ended or differential mode 
• ECl 10 MOS translator - for 5V MOS inputs 
• Quad level translator 

DC ELECTRICAL CHARACTERISTICS 
TEST VOLTAGE VALUES - V 

TEST VIH MAX VILMIN VIHA MIN VILA MAX TEMPERATURE 

-30°C -0.890 -1.880 -1.205 -1.500 
+25°C -0.810 -1.850 -1.105 -1.475 
+85°C -0.700 -1.825 -1.035 -1.440 

liMITS 

TEST +25°C 

PARAMETER CONDITIONS MIN TYP MAX 

IE Power Supply 

Drain Current 76 95 118 

IlL Low Level 

Input Current VIH MAX .5 

IIH High Level 

Input Current VIL MIN 320 

IOL Low Level 

Output Current VIH MAX 0 0 0.2 

IOH High Level 

Output Current VIL MIN 14 16 18 
VOUT Output Voltage -1.6 5.5 

VEE 

-5.2 
-5.2 
-5.2 

UNIT 

rnA 

p.A 

p.A 

rnA 

rnA 

V 

SWITCHING TIME TEST CIRCUIT 

VOUT VOUT 

COAX 

Vee 

~ ~ __ b __ , 
'& I 

PULSE GENERATOR I >-----' 

Input pulse 
t+ = t~ = 2.0 ± O.2ns 
(20% t080%) 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

: I 
L--=r-----.-.J 

±2M I t O'"F 
VEE '" -5.2V 
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SmDOliCS 413 
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PROPAGATION DELAY WAVEFORMS @ +25°C 

,------ O.89V 

-1.69V 

VaUT Q ---+---" 

vaUT Q ___ +-_-J 

NOTES: 
1. Each Eel 10,000 series device has been designed to meet the DC specifications shown in 

the test table, after thermal equilibrium has been established. The circuit is in a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 linear tpm is 
maintained. Voltage levels will shift approximately 2mW with an air flow of 200 linear fpm. 
Outputs are terminated through a 50·ohm resistor to ground. 

2. For AC tests. all input and output cables to the scope are equal lengths of 50-ohm coaxial 
cable. Wire length should be <11 .. inch from TP1N to input pin and TPOUT to output pin. A 
50-ohm termination to ground is located in each scope input. Unused outputs are con­
nected to a 50-ohm resistor to ground. 

3. Test procedures are shown for only one input or set of input conditions. Other inputs are 
tested in the same manner. 

4. All "Voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 

FEATURES 
• Fast propagation delay ~ 1,7ns TYP (all outputs loaded) 
• Power dissipation ~ 150m/Wpackage TYP (no load) 
• Very high fanout capability-can drive six SOf! lines 
• Internal SOkf! pulldown resistors 
• Open emitters for bussing and logic capability 

BASIC DRIVER OPERATION 
OUTPUT VOLTAGES 
V1 ~ VT 
Vo ~ VT - Rl X 16mA TYP 
OUTPUT STATES 
Enabled: QO ~ VIN, QO ~ VIN 
Disabled: lOUT ~ OmA 

10192B,F 

RECOMMENDED TERMINATION VOLTAGE 
Output collectors will accept voltages from +5.5V to -2.5V. Hence, 
VT Ihould not exceed +5.5V and Rl and VT should be chosen so 
that Vo does not go more negative than -2.5V. 

QUAD BUS DRIVER 

,----..... --0 VT (0-5.5 VOL TS) 

.JL I 

RL' RL' 

E o--I--t-----..... '-

·RL's ARE EXTERNAL RESISTORS 

-5.2V 

10210-B,F' 10211-B,F' 10212-B,F 

B,F PACKAGE 

10210 10211 10212 

5~: 6 4 
7 ~~2 7 3 

4 

~~4 7 3 

2 

~
12 

9 13 
10 14 
11 1~~12 11 13 

14 

1~~12 11 13 

14 

414 &mnOIICIi 
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FEATURES: CIRCUIT SCHEMATIC 
• Good common mode noiae rejection 
• Faat propagation delay = 

1.8na TYP (single .. nded) 
1.5ns TYP (differential) 

14 
vCC1o--. ______________________ • 15 

• Low power dissipation 100mWI 
package TYP (no load) 

• High fanout capability-can drive son 
lines 

• Very high input Z (No SOk pulldowna) 
• High immunity from power supply varia­

tions (-5.2V ± 5% recommended) 
• Complementary outputs 
• Open emitter logic and bussing capabil­

ity 
• VBB voltage availabie on pin 11 
• Pin compatible with 10118 

SWITCHING TIME TEST CIRCUIT 

v ee1 '" VCC2 

+2,0 Vdc 

Vout Vout 

Input pulse 

Coax 

Input 

Note 
(5) 

I 

t+ = t- = 2.0 ± 0.2n5 
(20% to 80%) 

NOTES: 

OR NOR 

~>t f t"·> 

VEE = -3.2 Vdc 

1. Each Eel 10,000 series device has been designed to meet the DC specifications shown in 
the test table. after thermal equilibrium has been established. The circuit is in a test socket 
or mounted on a printed circuit board and transverse air flow greater than SOO linear fpm is 
maintained. Voltage levels will shift approximately 3 mV with an air flow of 200 linear fpm. 
Outputs are terminated through a 50-ohm resistor to 2.0 volts. 

2. For AC tests. all input and output cables to the scope are equal lengths of 50-ohm coaxial 
cable. Wire length should be < 'I. inch from TPin to input pin and TP out to output pin. A 50-
ohm termination to ground is located in each scope input. Unused outputs are connected 
to a 50-ohm resistor to ground. 

3. Test procedures are shown for only one input or set of input conditions. Other inputs are 
tested in the same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 

5. One input from each gate must be tied to VBa (Pin 11) during testing. 

13 

VBB 
11 

L-__________ 4-________________ ~ __ --__ _4----_oV~E 
AMPLIFIER 

(3 Per Ie) 12 
REFERENCE 

(1 PER Ie) 

LOGIC DIAGRAM 

B,FPACKAGE 

:: t2~~:: 

,:=t..",c..----» -:: 

PROPAGATION DELAY WAVEFORMS @ 25°C 

+1.11 V 

I_t+_---I 
I I 

I 
VOUT OR I 

I 
I 
I 
I 
-I t+ 1;:::: __ --t"1 _---,.-1 t-I-*80% ill 1l VOUT NOR I 50% 

: 20% 

1-t++4 I-t-----I 

BmOonCB 415 
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FEATURES 
• fTOG ~ 200 MHz MIN ~ 225 MHz TYP 
• Fast propagation delay 
~ 2.0 ns TYP (set, reset) 
~ 2.0 ns TYP (clock) 

• Low power dissipation ~ 270 mW/package TYP (no load) 
• High fanout capability - can drive SOO lines 
• High Z inputs - internal SOkO pulldowns 
• High immunity from power s~pply variations VEE ~ -5.2V ± 5% 

recommended 
• Open emitter logic and bussing capability 
• Pin compatible with 10130 and 10131 

APPLICATIONS 
• Control logic 
• Status logic 
• Counters 
• Shift register 
• Prescalera 

CIRCUIT SCHEMATIC (V. of Circuit Shown) 

~ 

LOGIC DIAGRAM 
B, F PACKAGE 

S, 50-------, 

D, 7 0, 

CE,6 

e E2 1'...,---..._ 
D2 10 ( °2 

S2 12 

VCC1~1, VCC~16, VEE~8 

Positive logic: high level = "1" 

TRUTH TABLE 
0 C· S R 

0 L L L 
L H L L 
H H L L 
0 *0 H L 
0 0 L H 
0 0 H H 

• An H represents a tranSItion from L to H between t=n and t=n + 1 
C~CC+CE 
N. D. = not defined 

~ ~ w ~ ~2-

10231B,F 

14 

15 

On+1 

On 
L 
H 
H 
L 

N,D, 

K- f-o 

y ~?-1 K~ >- l{[5}~l=?-
~ L-

7 

'-'L~L 1- r- vjt-

>- --K 

'" v ..... 

TO OTHER FL\P FLOP 

416 SmlUliCB 



10231B,F 
TOGGLE FREQUENCY TEST CIRCUIT 

Vee1 -= VCC2 " +2.0 VJc 

Coax 25~F I Coax 

Clock Input 

(Or-------~------~------~CE 01----c>------1 

10231 

D Qt-------..... ------~ 

SWITCHING TIME TEST CIRCUIT 

NOTE: 

Input Pulse 
Generator 

COilX 

Vee1 = v CC2 ~ 

+2.0 Vde 

Q 

10231 

rO.1.uF 

VEE = -3.2 Vdc 

VOU! 

Setup is the minimum time before the positive transition of the clock pulse (C) that information 
must be present at the data input (0). 

Hold is the minimum time after the positive transition of the clock pulse (C) that information 
must remain unchanged at the data input (O). 

270 

PROPAGATION DELAY WAVEFORMS @ 25°C 

R INPUT ------.\ .... ____________ ..J-F\. --- +1.11 V 

- 1 +0.31 V 

1 
+1.11 V 50% 

S INPUT _________ ..J 

ts+2+- --I '-- ___ I 
1_1:1_'2+ I 

5'%: J= o OUTPUT 

Q OUTPUT ts+3+-----I 1-- --I 1--r--::'4::::+,...3+ ______ __ 

----50%~~I'-__ ____'l_t.o:0% 
t3 ____ I t--- ___ I 1-- t3+ 

________________ /50% \ - - - - - :~::: : 

m~-------
___ ..J I 1 -

~tsetupr--

o----~/~---------
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RAMs 

RAMs 
RAMs 
82812 
828112 
82825 
3101A 
74889 
748189 
82821 
82816 
82817 
828116 
825117 
54/748200 
541748201 
54/748301 
82809 
82810 
82811 
93415 
93425 

ROMs 

ROMs 
ROMs 
828226 
828229 
828214 
828215 
828230 
825231 
8228 
825280 
825281 

PROMs 

PROMs 
PROMs 
82823 
825123 
10139 
82827 
828126 
828129 
828130 
825131 
825114 
825115 
825136 

Bipolar Memories 
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RAMS 
Random Access Memories 
A complete line of Schottky-clamped TTL, read/write memory ar­
rays is offered. All feature open collector or tri-state output options 
tor optimization of word expansion in bussed organizations. Mem­
ory expansion is further enhanced by full on-chip address decoding, 
chip enable function, and PNP Input tranSistors which reduce input 
loading requirements. 
All devices offer high performance read access and write cycle 
times making these devices ideally suited in high speed memory 
applications such as "caches", buffers, scratch pads, writeable 
control store, main store, etc. 

ABSOLUTE MAXIMUM GUARANTEED RATINGS 
LIMITS 

PARAMETER 
MIN MAX 

UNIT 

TA Operating Ambient Temperature 
S82S - Military Range -55 +125 °C 
N82S - Commercial Range 0 +75 °C 

TSTG Storage Temperature -65 +150 °C 
VIN Input Voltage +5.5 Vdc 
VOUT Output Voltage +5.5 Vdc 
VCC Power Supply Voltage +7 Vdc 

NOTES: 
MAXIMUM ALLOWABLE POWER DISSIPATION 

#OF 8JA1 PMAX -mW 
MATERIAL PACKAGE PINS °C/W O+125°C O+75°C 

1. Stresses above those listed under "Maximum, Guaranteed Ratings" may cause permanent 
damage to the device. This is a stress rating only, and functional operation of the device of 
these or any other condition above those indicated in the operation section of the device 
specifications is not implied. 

Plastic S 16 155 - 480 
XA 18 130 384 577 THERMAL RATINGS 

N 24 100 500 750 
XF 28 100 500 750 TEMPERATURE MILITARY COMMERCIAL 

Plastic2 SA 16 85 588 850 Maximum junction 175°C 150°C 
XAS 18 73 685 >1000 Maximum ambient 125'C 75°C 
NA 24 75 666 1000 Allowable thermal rise 
XFA 28 75 666 1000 ambient to junction 50°C 75°C 

Cerdip F 16 90 556 835 
18 90 556 835 
24 60 830 >1000 

Ceramic I 16 83 600 900 
24 50 1000 >1000 
28 50 1000 >1000 

NOTES: 
1. On a mounted suriace, in still air. 
2. Improved thermal characteristics due to built~in heat spreader. 

AC TEST LOAD AND WAVEFO~R~M""S,,"---_______ --.-___ _ 

'o----iWE 

-tn" (INCLUDES JIG & 

CE SCOPE CAPACITANCE) 

GND 

9!!1onfiC9 

ALL INPUT PULSES 

.3::-------4~-----l\o.}"" 

~5",~ j5nI: 

MEASUREMENTS ALL CIRCUIT DELAYS ARE MEASURED AT THE +1.SV LEVEL OF INPUTS 
AND OUTPUT 
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BIPOLAR RAMS PRODUCT INFORMATION 
ELECTRICAL CHARACTERISTICS 8828 DEVICE8 - -55°C 5 TA 5 +125°C, 4.5V 5 VCC 5 5.5 (8EE NOTE8 PAGE 4) 

N828 DEVICE8 - O°C 5 TA5+75°C, 4.75V 5 VCC 5 5.25 

INPUT VOLTAGE OUTPUT VOLTAGE INPUT CURRENT 
PARAMETERS VIL(V) VIH(V) VIC 1(V) VOL 2(V) VOH6(V) IIL(ILA) 

LOW LEVEL HIGH LEVEL CLAMP VOLTAGE LOW LEVEL HIGH LEVEL LOW LEVEL 

IOUT=-2.0 rnA 
TEST IIN=-12 rnA IOL=16 rnA CE1=CE2="O" 

CONDITIONS VCC=MIN VCC=MAX VCC=MIN VCC=MIN "1" STORED VIN=O.45V 

DEVICE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

32-BIT IIN=-18 mA IOL=9.6 mA 
82812 N 0.85 2.0 -1.2 .45 N/A -250 

IIN=-18 mA IOUT=-3.2 mA 
828112 0.85 2.0 -1.2 N/A 2.6 -250 

64-BIT IIN=-18 mA IOL=32 mA 
82821 N 0.85 2.0 -1.2 0.45 N/A -1.6 mA 

82825 8 0.80 
2.0 -1.5 

0.35 0.5 N/A -10 -150 
N 0.85 0.35 0.45 -10 -100 

IIN=-18 mA 
3101A 8 0.80 -1.2 0.35 0.5 N/A -10 -150 

N 0.85 2.0 -1.5 0.35 0.45 -10 -100 

74889 8 0.80 
2.0 

-1.5 0.35 0.5 N/A -10 -150 
N 0.85 -1.5 0.35 0.45 -10 -100 

IIN=-18mA VIN=0.5V 
74S189 8 0.80 

2.0 
-1.2 0.35 0.5 2.4 -250 

N 0.80 -1.2 0.35 0.45 2.4 -250 

2S6-BIT 
IOH=-3.2 mA 

82S16 8 0.80 
2.0 -1.5 

0.35 0.5 2.4 -10 -250 
N 0.85 0.35 0.45 2.6 -10 -100 

82817 8 0.80 
2.0 -1.5 

0.35 0.5 N/A -10 -250 
N 0.85 0.35 0.45 -10 -100 

IOH=-3.2 mA 
82S116 0.85 2.0 -1.5 0.35 0.45 2.6 -10 -100 

82S117 0.85 2.0 -1.5 0.35 0.45 N/A -10 -100 

IIN=-18 mA IOH=-5.2 mA 
54/74S200 8 0.80 

2.0 -1.2 
0.35 0.50 2.4 -10 -250 

IOH=-10.3 mA 
N 0.85 0.35 0.45 2.4 -10 -100 

IOH=-5.2 mA 
54174S201 S 0.80 0.35 0.50 2.4 -10 -250 

2.0 -1.2 IOH=-10.3 mA 
N 0.85 0.35 0.45 2.4 -10 -100 

2 lii!lnotics 



BIPOLAR RAMS PRODUCT INFORMATION 
ELECTRICAL CHARACTERISTICS 5825 DEVICE5 - -55° :s T A :s + 125°C, 4.5V :s VCC:S5.5 (5EE NOTE5 PAGE 4) 

N825 DEVICE5 - O°C:S TA:S +75°C, 4.75V:S VCC < 5.25 -

PARA- INPUT CURRENT OUTPUT CURRENT SUPPLY CURRENT CAPACITANCE 

METERS IIH(I'A) IOLK4(I'A) IO(OFF)4(JLA)\ IOS(mA)5 
HIGH LEVEL LEAKAGE HI-Z STATE SHORT CIRCUIT ICC3(mA) INPUT (pF) OUTPUT4(pF) 

VCC~MAX 

TEST _VOUT~5.5V VCC~MAX VOUT~OV VIN~2.0V VCC~5.0V 

CONDITIONS VIN~5.5V CE1 OR CE2~"1" VOUT~5.5V VCC~MAX VCC~MAX VCC~5.0V VOUT~2.0V 

DEVICE MIN TYP MAX MIN TYP MAX MIN TYPMAX MIN TYP MAX MIN TYP MAX MIN TYPMAX MIN TYPMAX 

32-BIT7 
82512 N 25 40 40 N/A 110 160 5 8 

825112 25 N/A N/A N/A N/A N/A N/A 

64-BIT 
82521 25 40 N/A N/A 130 N/A N/A 

VCC~MIN NOTE 7 
82525 5 25 

<1 100 N/A NlA 
80 120 

5 8 
N 10 80 105 

3101A 5 25 <1 100 N/A N/A 80 105 
5 8 

N 10 < 1.0 100 

VOUT~2.4V 

<1 40 NOTE 8 
74589 5 25 <1 100 N/A N/A 80 120 N/A 8 

N 10 <1 100 80 105 

VOUT~2.4V 

745189 5 25 N/A 50 -30 -100 75 110 5 8 
VOUT~·4V 

N 25 -50 -30 -100 75 110 5 8 

256-BIT 

82516 5 1 50 80 120 
N 1 25 N/A 1 40 80 115 

VOUT~0.45V 
-1 -50 

-20 -70 -1 -40 5 8 

82517 5 80 120 
N 1 25 1 40 N/A N/A 80 115 5 8 

825116 N 1 25 N/A 1 40 
VOUT~ 0.45V -20 -70 80 115 5 8 

-1 -40 

825117 N 1 25 1 40 N/A N/A 80 115 5 8 
VIH~2.7V 

54/745200 5 
1 25 N/A 1 50 

-30 -100 80 130 5 8 
N 1 40 

TA~+125°C 99 

N 1 2!5 N/A VIH~2V 
-30 -100 80 130 5 8 

VOUT~O.4V 
5 -1 -50 
N -1 -40 

VIH~2.7V 

54/745201 5 
1 25 N/A 1 50 

-30 -100 80 130 5 8 
N 1 40 

TA~+125°C 99 

N 1 2!5 N/A 
VIH~2V 

-30 -100 80 130 5 
8 

VOUT~O.4V 

5 -1 -50 
N -1 -40 

SmnOliCS 3 
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BIPOLAR RAMS PRODUCT INFORMATION 
ELECTRICAL CHARACTERISTICS 8828 DEVICE8 - -55°C S TA S +125°C, 4.5V S VCC S 5.5 

N828 DEVICE8 - O°C < TAS+75°C, 4.75V < VCC < 5.25 - - -
INPUT VOLTAGE OUTPUT VOLTAGE INPUT CURRENT 

PARAMETER8 
VIL(V) VIH(V) VIC 1(V) VOL2(V) VOH6(V) IIL(I'A) 

LOW LEVEL HIGH LEVEL CLAMP VOLTAGE LOW LEVEL HIGH LEVEL LOW LEVEL 

IOUT~-2.0 mA 
TEST IIN~-12 mA IOL~16 mA CE1~CE2~"O" 

CONDITIONS VCC~MIN VCC~MAX VCC~MIN VCC~MIN "1" STORED VIN~O.45V 

DEVICE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

541748301 8 0.80 
2.0 -1.2 

0.35 0.50 
N/A 

-10 -250 

N 0.85 0.35 0.45 -10 -100 

576-BIT 
IOL~6.4 mA 

82809 8 0.80 2.2 -1.0 -1.5 0.35 0.50 
N/A 

-10 -150 
N 0.85 2.0 0.35 0.5 -10 -100 

1024-BIT9 
82810 8 0.80 

2.1 -1.0 -1.5 
0.35 0.50 

N/A 
-10 -150 

N 0.85 0.35 0.45 -10 -100 

82811 8 0.80 
2.1 -1.0 -1.5 

0.35 0.50 
2.4 

-10 -150 
N 0.85 0.35 0.45 -10 -100 

93415A N 0.85 2.1 -1.0 -1.5 0.35 0.45 -10 -100 

93425A N 0.85 2.1 -1.0 -1.5 0.35 0.45 2.4 -10 -100 

NOTES, 

1. Test each input one at the time. 

2 Measured with the logic "0" stored. Output sink current is supplied through a resistOf to Vee-
3 ICC is measured with the write enable and chip enable inputs grounded: all other inputs at 4.SV. and the outputs open. 

4. Measured with V1H applied to CEo 

5. Duration of the $hort circuit should not exceed one second. 

6. Measured with CE(S) = OV 1 and output(s) at logic" 1". 

7. 10"C S TA.:s 75°C 

8. All voltage values are with respect to ground terminal. 

9 The Operating Ambient Temperature Ranges are guaranteed with transverse air flow exceeding 400 linear feet per minute and a two minute warm-up. Typical thermal resistance values of the 

4 

package at maximum temperature are: 
0JA Junction to Ambient at 400 fpm air flow - 50"'CfWatt 
0JA Junction to Ambient - still air - 90··CtWatt 
2iJA Junction to Case - 20°C/Watt 

liillDOfiCIi 



BIPOPLAR RAMS PRODUCT INFORMATION 
ELECTRICAL CHARACTERISTICS 8828 DEVICE8 - _55 0 :> T A :> + 125°C, 4.5V :> VCC:>5.5 

N828 DEVICE8 - O°C < TA < +75°C 4 75V < VCC < 5 25 - - - -

PARA- INPUT CURRENT OUTPUT CURRENT SUPPLY CURRENT 

METER8 IIH(I'A) IOLK4(I'A) IO(OFF)4(I'A) IOs(mA)5 
HIGH LEVEL LEAKAGE HI-Z STATE SHORT CIRCUIT ICC3(mA) 

VCC~MAX 

TES"T _VOUT~5.5V VCC~MAX VOUT~OV 
CONDITIONS VIN~5.5V CE1 OR CE2~"1" VOUT~5.5V VCC~MAX VCC~MAX 

DEVICE MIN TYP MAX MIN TYP MAX MIN TYPMAX MIN TYP MAX MIN TYP MAX 

VIH~2.7V 

54/748301 8 
1 ~~5 

1 50 
N/A N/A 80 130 

N 1 40 
TA~+125°C 99 

N 1 25 
VCC~MIN, 

N/A N/A 80 130 
VOUT~2.4V 

8 1 50 
N 1 40 

576-BIT 

82809 8 1 40 1 60 
N/A N/A 

150 200 
N 1 25 1 40 150 190 

1024-BIT9 
82810 8 1 40 1 60 

N/A N/A 
N 1 25 1 40 

82811 8 1 40 
N/A 

1 100 
-20 -100 

N 1 25 1 60 
VOUT~0.45V 

-1 -100 
-1 -60 

93415A N 1 25 1 40 N/A N/A 120 155 
TA ~ 25°C 

95 130 
TA:> O°C 

170 

93425A N 1 215 N/A 1 60 -20 -100 120 155 
VOUT~0.45V TA ~ 25°C 

-1 -60 95 130 
TA:> O°C 

170 

SmnOliCS 

CAPACITANCE 

IMPUT(pF) OUTPUT4(pF) 

VIN~2.0V VCC~5.0V 

VCC~5.0V VOUT~2.0V 

MIN TYPMAX MIN TYPMAX 

-
5 8 

5 8 

5 8 

4 7 

4 7 

4 7 

4 7 

5 

.. 
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AC TEST FIGURE (UNLESS OTHERWISE SPECIFIED) 

TYPICAL 

RAM 

DO, 

":'2 
I 
I 
I 
I 
I 

DO, 

Vee 

~R' 
itc, 

(INCLUDESJIG& 
SCOPE CAPACITANCE) 

MEMORY TIMING DEFINITIONS 

TCE 

TSE 

TCD 

TSD 

TAA 

TWSC 

TWHC 

TWSA 

TWHA 

TWSD 

TWHD 

TWp 
TWO 

6 

Delay between beginning of CHIP ENABLE low (with ADDRESS 
valid) and when DATA OUTPUT becomes valid. 
Delay between beginning of OUTPUT SELECT low (with AD- TWR 
DRESS valid) and when DATA OUTPUT becomes valid. 
Delay between when CHIP ENABLE becomes high and DATA 
OUTPUT is in off state. T CDS 
Delay between when OUTPUT SELECT becomes high and 
DATA OUTPUT is in off state (Hi-Z or "1"). TCDH 
Delay between beginning of valid ADDRESS (with CHIP ENA-
BLE low) and when DATA OUTPUT becomes valid. TSL 
Required delay between beginning of valid CHIP ENABLE and 
beginning of WRITE ENABLE pulse. TSW 
Required delay between end of WRITE ENABLE pulse and end 
of CHIP ENABLE. T ADH 
Required delay between beginning of valid ADDRESS and be-
ginning of WRITE ENABLE pulse. TDL 
Required delay between end of WRITE ENABLE pulse and end 
of valid ADDRESS. TLRW 
Required delay between beginning of valid DATA INPUT and 
end of WRITE ENABLE pulse. 
Required delay between end of WRITE ENABLE pulse and end 
of valid INPUT DATA. TWSL 
Width of WRITE ENABLE pulse. 
TRANSPARENT OUTPUT 
Delay between beginning of WRITE ENABLE pulse and when 
DATA OUTPUT reflects the contents of the DATA INPUT. 
NON-TRANSPARENT OUTPUT 

Delay between beginning of WRITE ENABLE pulse and when 
DATA OUTPUT is in off state (Hi-Z or "1"). 
Delay between end of WRITE ENABLE pulse and when DATA 
OUTPUT becomes valid. (Assuming ADDRESS still valid - not 
as shown.) 
Minimum delay between leading edge of CHIP ENABLE and 
trailing edge of STROBE, for latching valid output data. 
Required delay between trailing edge of STROBE and end of 
CHIP ENABLE, for latching valid output data. 
Minimum delay between ADDRESS valid time and trailing edge 
of STROBE, for latching valid output data. 
Minimum width of STROBE pulse required to update contents of 
output data latches. 
Required delay between trailing edge of STROBE and end of 
valid ADDRESS. 
Delay between leading edge of STROBE and when output data 
latches are released. 
Minimum delay required between trailing edge of STROBE and 
leading edges of WRITE ENABLE or WRITE SELECT for latch­
ing old output data (being read) while new data is being written 
(at the same address). 
Minimum delay between leading edge of WRITE ENABLE or 
WRITE SELECT and trailing edge of STROBE for latching data 
being written in output data latches. 



DESCRIPTION 
The 82S 121 112 is a Schottky TIL 32-bit multi port memory organized as 8 words of 4 bits each. 

Data is stored in a single storage matrix which is addressed via two independent sets of 
address inputs, designated respectively as Port A and Port B. 

Data can be read from memory via either Port A or B, through their respective output sets. 
However, input data (latched on the leading edge of write enable in the input data latches) 
is written only in memory locations specified by the address on Port A, regardless of Port 
B. 

When both Port addresses are equal, data from the same location can be read in either or 
both Port output sets by means of output select lines SA and 5B; also, during Write, new 
data stored in memory is immediately transferred on both Port output sets. 

When both Port addresses are different, two different locations can be simultaneously read 
from memory; also it is possible to simultaneously read through Port B while writing new 
input data through Port A by utilizing the "AN" address to specify the location of the word 
to be written, and the "BN" address to specify the word to be read. 

Both devices are ideally suited for high speed accumulator and buffer memories, and can 
be readily expanded to form larger arrays by means of their output select and write enable 
lines. 

BLOCK DIAGRAM 

Wi' 
WE 

ADDRESS 
(READ/WRITE) 

/ 

I, '2 

(READ/WRITE) /' 

/ 
/ 

/ 
/ 

/ 
/ 

[ 8 WORD X 4 BIT 1 
STORAGE MATRIX 

/ 
/ 

/ 
/ 

/ 

/ 
/ 

/ 
/ 

/' (READ ONL YJ 

ADDRESS 
(READ ONl YJ 

(20) 

SB 

SmnOliCS 

82512 - N ·828112 - N 

PIN CONFIGURATION 
N PACKAGE 

7 
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e 

----



TRUTH TABLE 

MODE 

Disabled 

Read 

Write 

x eo Don't care 
II • Contents of 

WE 

0 

or 

X 

1 

WE IN 

X 

X 

1 

0 1/0 

PORT 
-

SA Sa ADDRESS 

1 1 X 

0 1 

1 0 A=B 

0 0 

0 1 
1 0 A,..B 
0 0 

1 1 
0 1 A=B 
1 0 
0 0 

1 1 
0 1 A,..B 
1 0 
0 0 

82S12 82S112 

(ON)A (ON)a (ON)A (ON)a 

1 1 Hi-Z Hi-Z 

Stored Stored 
Hi-Z Data 1 Data 

1 
Stored 

Hi-Z 
Stored 

Data Data 
Stored Stored Stored Stored 
Data Data Data Data 

[AN] 1 [AN] Hi-Z 
1 [BN] Hi-Z [BN] 

[AN] [BN] [AN] [BN] 

1 1 Hi-Z Hi-Z 
IN 1 In Hi-Z 
1 IN Hi-Z IN 

IN IN IN IN 

1 1 Hi-Z Hi-Z 
IN 1 IN Hi-Z 
1 [BN] Hi-Z [BN] 
IN [BN] IN [BN] 

AC ELECTRICAL CHARACTERISTICS O°C.,;TA .,;75°C· -475 V .,;VCC .,;525 V 

PARAMETER TEST CONDITIONS 

Power Consumption Outputs Enabled 
Write Pulse Width T1 TA = 25°C Only 

T1 100G .,;TA .,;75°C 
Address Set Up Time T2 
Address Hold Time T3 
Data Input Hold Time T4 
Write Access Time T5 
Data Input Set Up Time T6 
Output Enable Time T7 
Output Disable Time T8 
Address Access Time T9 

8 ImOnliCI 

82S 12-N • 82S 112-N 

LIMITS 
UNITS 

MIN TYP MAX 

110/550 160/840 mNmW 
15 30 ns 

45 ns 
10 ns 

0 ns 
15 ns 
30 ns 

5 ns 
10 30 ns 
10 30 ns 
20 40 ns 



AC WAVEFORMS 

" 

PORT ADDRESS. AN - aN 

PORT ADDRESS- AN aN 

AN~BN ~_.'v __________ ,--=_--,--__ _ 
1/= TSD 

--t----" I '-- - --:. - --"..I '------t--
__ +-___ -_'W_'~D-~ .. /----'W-"-O----_.... I 

I 

WRITE CYCLE (PORT A ONLY) 

" 

TWSA ---

PORT ADDRESS: AN I BN 

AN =:X-.5V ,-----------------­
BN~.5V 

READ CYCLE 

PORT AODRESS: AN '" BN 

'-___ --""-, c.--.::.'0"_ v 0' 

--+---f----,..- - - - - - - - - - 2. - - - VOH 

'----------'--- Voc 

SIMULTANEOUS READ-WRITE CYCLE 
(PORT A - WRITE: PORT B - READ) 

9(gDI!IIC9 9 
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BLOCK DIAGRAM 

11) 
AO 

115) 
A, 

114) 
A2 

113) 
A3 

12) 
CE 

Vee'" (16) 
GND'" (8) 

~ 
" " 
~ 
IX' 

" " <t 

( )"' Denotes Pin Numbers 

13) 
WE~ 

16 x 4 MEMORY 
CELL ARRAY 

- - -

" 01 '2 02 ' 3 03 '4 04 

N82S25-B,F· S82S25-F· N3101A-B,F· S3101A-F 

PIN CONFIGURATION 

B,F PACKAGE 

TRUTH TABLE 

MODE CE WE In On 

Read 0 1 X Stored DATA 

Write "0" 0 0 0 1 
Write "1" 0 0 1 1 

Disabled 1 X X 1 

x = Don't care. 

S82S25/S3101A -55°C ,;;;TA ';;;+125°C, 4.5V ,;;;VCC ,;;;5.5V 
AC ELECTRICAL CHARACTERISTICS N82S25/N3101A O°C,;;;T ,;;;+75°C, 4.75V ,;;;VCC ,;;;5.25V 

I PARAMETER TEST CONDITIONS 582525/531 01A'''-'''-T=''-'--N-8-2-:S:-2-=5-:/N:-3:-1'-O'-1 A--'-U- N- I-T--' 

MIN Typ8 MAX MIN TYP MAX 

Propagation Delays 

TAA1 25 50 30 35 
TAA2 Address Access Time 35 60 35 50 ns 

TCE Chip Enable Access Time 20 35 20 35 ns 

TCD Chip Enable Output 20 35 20 35 ns 
Disable Time 

TWO Write Enable to Output 20 30 20 25 ns 
Disable Time 

TWR Write Recovery Time 35 60 35 50 ns 

Write Set-up Times R1 = 2700 
R2 = 6000 

5 TWSA Address to Write Enable CL = 30pF 10 -8 -8 ns 

TWSD Data In to Write Enable 25 5 20 5 ns 

TWSC CE to Write Enable 0 -5 0 -5 ns 

Write Hold Times 
5 0 5 0 ns 

TWHA Address to Write Enable 5 -3 5 -3 ns 
TWHD Data In to Write Enable 5 0 5 0 ns 
TWHC CE to Write Enable 30 18 30 18 ns 
TWp Write Enable Pulse Width 

(Note 7) 

NOTES 
1-3101A Only 

2-82525 Only 

10 SrnnoliCS 



74S89-B,F . 54S89-F 

PIN CONFIGURATION 

(1) 
AO 

(13) 
A3 

(2) 
CE 

Vee'" (16) 
GND; (8) 
( ) == Denotes Pin Numbers 

16 x 4 MEMORY 
CELL ARRAY 

TRUTH TABLE 
MODE 

Read 
Write "0" 
Write "1" 
Disable 

AD 

c, 

w, 

0, 

CE 

0 
0 
0 
1 

AC ELECTRICAL CHARACTERISTICS S74S89 ~55°C ~TA ~+125°C, 4.5V "",vcc ""'5.5V 
N74S89 O°C <TA <+75°C 475°C 4 75V <VCC ""525V ~ ~ ~ ~ 

PARAMETER TEST CONDITIONS 
5545189 

MIN Typ8 MAX MIN 
Propagation Delays 

TAA Address Access Time 35 60 

TCE Chip Enable Access Time 20 35 
TCD Chip Enable Output 20 35 

Disable Time 

TWR Write Recovery Time 35 60 

Write Set-up Times R1 = 270n 

TWSA Address to Write Enable R2 = 600n 10 ~8 0 

TWSD Data In to Write Enable CL = 30pF 25 5 25 

TWSC CE to Write Enable 0 ~5 0 

Write Hold Times 

TWHA Address to Write Enable 10 0 5 

TWHD Data In to Write Enable 10 ~3 5 -
TWHC CE to Write Enable 5 0 5 

TWp Write Enable Pulse Width 30 18 30 
(Note 7) 

S(gnOliCS 

B. F PACKAGE 

WE In On 

1 X Stored DATA 

0 0 1 
0 1 0 
X X 1 

N74S189 
Typ8 MAX UNIT 

35 50 ns 
20 35 ns 
20 35 ns 

35 50 ns 

~8 ns 
5 ns 

~5 ns 

0 ns 
~3 ns 

0 ns 
18 ns 

11 
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74S189-B,F· 54S89-F 

BLOCK DIAGRAM PIN CONFIGURATION 

Vee '"/16) 
GNO'-(8) 
( I ~ Denotes Pin Numbers 

BrT 1 BIT 2 BIT 3 BIT 4 

I 
DATA IN AND OUT 

TRUTH TABLE 
MODE CE 

Read 0 

Write "0" 0 
Write "1" 0 

Disabled 1 

x = Don't care. 

AC ELECTRICAL CHARACTERISTICS 54S189 -55°C .;TA .;+125°C, 4.5V .;VCC .;5.5V 
N74S189 O°C .;TA .;+75°C, 4.75V .;VCC .;5.25V 

S54S189 
PARAMETER TEST CONDITIONS 

MIN TYP 1 MAX 

Propagation Delays 

TAA Address Access Time RL = 3000 25 50 

TCE Chip Enable Access Time CL = 30pF 12 25 

TCD Chip Enable Output 12 25 
Disable Time RL = 3000 

TWO Write Enable to Output CL = 5pF 12 
Disable Time 

TWR Write Recovery Time 22 40 

Write Set-up Times 

TWSA Address to Write Enable 0 
TWSD Data In to Write Enable 25 

CE to Write Enable TWSC 0 
RL = 3000 Write Hold Times 

TWHA Address to Write Enable 
CL = 30pF 

7 

TWHD Data In to Write Enable 5 
TWHC CE to Write Enable 0 

TWp Write Enable Pulse Width 25 
(Note 2) 

NOTES: 
1. Typical values are at Vee = +5.0V, and TA = 25°C. 

2. MinImum required to guarantee a WRITE into the slowest bit. 

12 Smn31iCS 

B, F PACKAGE 

WE In Dn 

1 X Stored DATA 

0 0 HI-Z 
0 1 HI-Z 

X X HI-Z 

N74S189 
UNIT 

MIN TYP 1 MAX 

25 35 ns 
12 17 ns 
12 17 ns 

12 ns 

22 35 ns 

0 
25 ns 

0 ns 
ns 

0 ns 
0 ns 
0 ns 

25 ns 



AC WAVEFORMS 
ACCESS TIME FROM ADDRESS 

ADDRESS 

----' - . '---------- OV 
INPUTS ==f------~ 3V (SEE NOTE B) ~t5V 1,.5V 

Dn_______ VOH TAA~ _TAA~ 
(S1 AND S2 CLOSED) ,'.5V __ ~.:V ___ VOL 

CHIP ENABLE AND DISABLE TIME 

CE 
ISEE NOTE CI r:'.-=5v::----- 3V 

'---------'---------------·OV 

On. WAVEFORM 1 

IS' CLOSED. S2 OPEN. -----1--'-'" 
SEE NOTE A) 

+-TCD 

On. WAVEFORM 2 

IS' OPEN, S2 CLOSED, -------' 
SEE NOTE Al 

-+-Teo 
""4.5V 

---L- v '-____ -+ __ -"________ OL 

L O.5V 

r-----+--~,---.J- - VOH 
--T ~5V 

ov 

READ CYCLE 

NOTES: 

748 189-B, F . 54889-F 

3V 

3V 

Wf----__... 

On. WAVEFORM 1 

IS' CLOSED. S2 OPEN. ------+---.;;;;;i"" 
SEE NOTE Al 

On. WAVEFORM 2 

IS' OPEN. S2 CLOSED. ----------",,:!-. 
SEE NOTE Al 

4-- TWR----1 
VOH 

'-_____ ~~5~V 

WRITE CYCLE 

A. Waveform 1 Is for the output with internal conditions such that the output is low except when disabled. Waveform 2 is for the output with internal conditions such that the output is high ex~ 
capt when disabled. 

B. When measuring delay times from address inputs, the chip enable inputs are low and the write enable input is high. 
C. When measuring delay times from chip enable inputs, the address inputs are steady-state and the write enable I.lput is high. 
O. Input waveforms are supplied by pulse generators having the following characteristics: tr S 2.5ns, If .:s: 2.5ns, PRR :S 1 MHz, and Zout ~ 500. 
E. tpLH propagation delay time, low40-high-level output, tpHL propagation delay lime, high-Io-Iow-Ievel output. 
F. tZH propagation delay time, hi-Z to high-level output, tZl propagation delay time, hi-Z to low-level output. 
G. tHZ propagation delay time, high-level to hi-Z output, tlZ propagation delay time, low-level to hl-Z output. 
H. Minimum required to guarantee a WRITE into the slowest bit. 

AC TEST LOAD 

CL INCLUDES PROBE AND JIG CAPACITANCE. 
ALL DIODES ARE' N3064. 
ALL RESISTORS VALUES ARE TYPICAL AND IN OHMS. 

SI,gDOliCS 13 
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N82S21-B,F· S82S21-F 

DESCRIPTION PIN CONFIGURATION 
The 82S21 is a TTL 64-bit Write-While-Read Random Access Memory organized as 32 words of2 
bits each. The 82S21 is ideally suited for high speed buffers and as the memory element in high 
speed accumulators. 
Words are selected through a 5-input decoder when the CHIP enable input CE is at logic "1". WS 0 
and WS1 are the write select inputs for bit 0 and bit 1 of the word selected. TOE is the write enable 
input. When WSN and WE are both at logic "0" data on the 010 and 011 data lines are written into 
the addressed word. The read function is enabled when either WSn or WE is at logic "1". 

An internal latch is on the chip to provide the Write-While-Read capability. When the latch control 
line, Strobe, is logic" 1" and data is being read from the 82S21 , the latch is effectively bypassed. 
The data at the output will be that of the addressed word. When Strobe goes from a logic "1" to 
logic "0" the outputs are latched and will remain latched regardless of the state of any other 
address or control line. When Strobe goes from "0" to "1" the outputs unlatch and the outputs will 
be that of the present address word. 

TRUTH TABLE 

B,F PACKAGE 

WE 1 

CE WE WSO WS1 STROBE MODE OUTPUTS 

X X X X 0 Output Hold Data from last addressed word when CE ~ "1" 

0 X X X 0 Disabled Logic "1" 
1 1 X X 1 od Read (transparenVlatched) Data stored in addressed word 

1 0 1 1 1 or t Read (transparenVlatched) Data stored in addressed word 

1 0 0 0 0 Write Data Data from last word address when Strobe went from 
"1" to "0" 

1 0 0 0 1 Write Data Data being written into memory 

1 0 0 1 X Write Data into Bit 0 Only If Strobe ~ 0: Data from last word address when 
Strobe went from "1" to "0" 

1 0 1 0 X Write Data into Bit 1 Only If Strobe = 1: Data being written into the selected 
bit, or stored in the addressed location. 

LOGIC DIAGRAM 
o .;T A .;75°C, 4.75 

AC ELECTRICAL CHARACTERISTICS .;VCC .;5 25V 

14 

(13) AO y;;: 
(12) A, 

4>= 
(11) A2 

4><= 
(10)A3~ 

(4)A4 4><= 

(5) cE'----t>--~~ij...;,'I=:-=JIL-: 

(6) STROBE'----------_+~--_,__+~-___, 

Vee'" /16) 
GND ~ (8) 
( )" Denotes Pm Numbers 

PARAMETER 

Read Access Time Address 
to Output t1 

Address Set-Up Time t2 
Data Set-Up Time t3 
Address Hold Time t4 
Control or Write Pulse Width t5 
Write Access Time t6 
Address to Latch Set-Up Time t7 
Latch Address to Address 

Hold Time t8 

Delatch Access Time t9 
Data Hold Time tlO 

LIMITS 
UNITS 

MIN TYP MAX 

25 50 ns 
8 15 ns 

15 20 ns 
0 ns 

15 20 ns 
20 25 ns 
25 50 ns 

7 10 ns 

15 25 ns 
0 5 ns 



AC WAVEFORMS 

r 
/ 

STROBE-J-- ----------------------ov 
~ ,--------------·3V 

AOO ___ '1 ,-----------------------------------
,-------------""""'\- - - - - - -+3V 

1.SV 

,'--,---
:'-TCE~: I.-TCO": 

I 
STROBE- J. 

---------------------~ 
,-------------------------,,}-------.3V 

1.SV 

CE 

,--"""-....:..-\----1-----.3V ---+-------+-------.1 ~----'---------r_- VnH f_sv 
~-----J:'--=-----J ___ ,- -VOL 1.SV I 1 

WSN. WE I 1-TWHO- - I - - - ov 
TWSA---"L l"--TwsD~I...----..1 I ....--TAA--______ ' 

TRANSPARENT READ (OUTPUT LATCHES NOT USED) 
----+-- ~., *~-- ..... ---.3V I 1,~ 1~ I 

DIN I , ___ ::2:' ___ .1 I ov 

1 

r-------"v 

ADD 

l.5V '-_________________ -J, OV 1.5V TRANSPARENT WRITE (OUTPUT LATCHES NOT USED) 

r----------------,.- - -+ - - - - - -+3V 

1.5V : 

~~-------oV 
1.SV 

CE----+--' 

"V ADO-J 

~." 
AT.5V , 
I-OV 

STROBE---+--...J .. 
,-------"~l'-'----Tr--VOH 

l.5V 
OON ___ +-__ .;-. ______ -' '1. _____ ""-0'_' ----...J---VOL 

I .. -----'-TAA---__ : 

1.SV 

-r 
i,.5VI TWSC I I 1.5V: 

CE-t-J:..----...:....-----TWp ___ :~~~T~W~HC~_::.:' ~=~=== 
I II I 

1.5V l.5V I 
.......... TwSA ______ 1 +- -----+----4------Ov 

I I...-.-TWSD~I~ITWHD I 

DIN - - - -- - --1- j~v ____ ~~ ____ ~5; - -! ----'::v 
LATCHED READ (OUTPUT LATCHES USED) I'" TWSL .I------..ITADH 

I f:. ~~----+----+3V 
I 15V 15V I 

STROBE-----------+I----~ I..--.--TSW~I I _ -ov :---------+ TWO _: : 

OON-n--n-;-nnr~]i:·Jf.J(,...,·~-V-_-_-,_-',o-::.-_-_-_-~::: 

LATCHED WRITE (OUTPUT LATCHES USED) 

AN"~ 

ADDR-.J '--~===========~= 'I._-_-_-_-_-.3V 
1.5V \,.5V 

.---+--' 1 II' -t---
TWSC~I ____ TWp~I------"ITWHC 

---+-----, I 1,---+-----

WS"N,WIO .....--.TWSA ___ I r---- -----oV 

l--lLRW--1 1""'--' TWHA -----.. 

mo"~:-----------:-----------::v 
1 I.....--.-TWSO-'------r-ITWHO 

OIN- - - -1- ---i~'~ __ ~ ___ ~v-- - - --." 

1 -------;I-------------------------------------VO" oO, _____ --+r--------________ AN_~_' O_U_Te_UT_V_A_Cl_D ___________________ VOL 
READ WHILE WRITE 
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N82S 16 • 117 • 116 • 117 -B, F • S82S 16 • 17 • 116 • 117-F 

BLOCK DIAGRAM 

'0 ., 
" '3 

'. 
's 
's ., 

TRUTH TABLE 

eel 

ef> 

eE3 

MODE 
- - DOUT 
CEo WE DIN 82S161116 

READ 0 1 X STORED 
DATA 

WRITE "0" 0 0 0 1 

WRITE "1' 0 0 1 0 

DISABLED 1 X X High-Z 

.''0'' ;;: All CE Inputs low; "1" = one or more CE Inputs high. 

X = Don't care. 

82S17/117 

STORED 
DATA 

1 
0 

1 

AC ELECTRICAL CHARACTERISTICS O°C ... TA C+75°C, 4.75V ... VCC "'5.25V 

PARAMETER TEST CONDITIONS 

Propagation Delays 

TAA Address Access Time 

TCE Chip Enable Access Time R1 = 270n 

TCD Chip Enable Output Disable Time R2 = 600n 

TWD Write Enable to Output Disable Time CL = 30pF 

Write Set-up Times 

TWSA Address to Write Enable 

TWSD Data In to Write Enable 

TWSC CE to Write Enable 

Write Hold Times 

TWHA Address to Write Enable 

TWHD Data In to Write Enable 
TWHC CE to Write Enable 

TWp Write Enable Pulse Width 

16 

PIN CONFIGURATION 

., 

LIMITS 

MIN Typ1 MAX 
UNIT 

30 40 ns 
15 25 ns 
15 25 ns 
30 40 ns 

0 -5 ns 
25 15 ns 

0 -5 ns 

0 -5 ns 
0 -5 ns 
0 -5 ns 

25 15 ns 



54S200' 201' 301-F' 74S200' 201' 301-B,F 

BLOCK DIAGR.~A,-,"M~ ___________ ---, PIN CONFIGURATION 
B,F PACKAGE 

A, 
AS 

A, 
A, 

TRUTH TABLE 
-

MODE CE' 

READ 0 

WRITE "0" 0 
WRITE "1" 0 

DISABLED 1 

-
WE 

1 

0 
0 

X 

DIN 

X 

0 
1 
X 

DOUT 
54174S301 5417 4S2001201 
STORED STORED 

DATA DATA 
1 High-Z 
1 High-Z 

1 High-Z 

NOTES' 
1. All typIcal values are Vee = 5V, TA "" 25 Q C. 
2. When measuring delay times from address inputs, the chip enable inputs are tow and the write 

enable input is high. 
3. When measuring delay times from chip enable inputs, the address inputs are steady-state and 

the write enable input is high. 
4. Input waveforms are supplied by pulse generators having the following characteristics: tr ~ 

2.5n5, tf oS; 2.5n$, PRR oS 1 MHz, and Zout = son. 
5. tpLH propagation delay time, low-to-high-to-Iow-Ievel output. 
6. tZH propagation delay time, Hi-Z to high-level output, tZl propagation delay time, Hi-Z to 

low-level output. 
71HZ propagation delay time, high-level to Hi-Z output, tLZ propagation delay time, low-level to 

Hi-Z output. 

*"0" = AI! CE Inputs low; 1;; = One or more CE Inputs high. 
8. Minimum required to guarantee a WRITE into the slowest bit. 

X '- Don't care 

AC ELECTRICAL CHARACTERISTICS S54S200/201/301 -55"C '-S TA '-S +12S'C, 4.5V '-SVCC '-SS.SV 
N74S200/201/301 O°C '-ST A '-S + 70°C 4 7SV ""VCC ""S 25V 

="-'-F' 
~ ~ . 

• 

S54S200/201 N74S200/201 S54S301 N74S301 
PARAMETER TEST CONDITIONS 

rrvp ~VP ~VP1 IrVp1 
UNIT 

MIN MAX MIN MAX MIN MAX MIN MAX 

IplH Access Time From 40 70 40 50 40 70 40 SO ns 

IpHl Address 2, 4, 5 Rl = 2700 Rl = 2700 40 70 40 S06 40 70 40 SO ns 

IZH Enable Time From Cl = 15pF Cl = 1SpF 4S6 35 45 35 ns 

IZl Chip Enable 3, 4, S 45 35 

1HZ Disable Time From 30 6 206 30 20 ns 

IlZ Chip Enable 3, 4, 5 Rl = 270n Rl = 270n 30 20 
1HZ Disable Time From Cl = 5pF CL = 5pF 40 30 40 30 ns 

ILZ Write Enable 406 30 6 
IZH Sense-Recovery Time 4 50 40 50 40 ns 

IZl Width of Write Enable SO 40 50 40 
tw Pulse 8 50 40 ns 

Setup Time: 4 
Address-to-Write 0 0 0 0 ns 

Enable 

tsetup Data-to-Write Enable RL = 2700 Rl = 2700 50 40 50 40 ns 

Chip Enable-to- C l = 15pF CL = 1SpF 0 0 0 0 ns 

Write Enable 
Hold Time: 
Address-From-Write 10 10 10 10 ns 

Enable 

thold Data-From- Write 10 10 10 10 ns 

Enable 
Chip Enable-From- 0 0 0 0 ns 

Write Enable 

SmnOliCS 17 
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54S200/201/301-F·74S200/201/301-B,F 

SWITCHING PARAMETER MEASUREMENT INFORMATI,...-O_N _______________ ---. 

ACCESS TIME FROM ADDRESS 
ADDRESS 

INPUTS 
{See Note B) 

____ .J 

/ _______ 3V 

1.SV 

,-------- --~OV 

~PHL ~'PLH 
OUTPUT VOH 

(Sl andSl CLOSED) 1.SV _ __~.~V ____ VOL 

CHIP ENABLE AND DISABLE TIME 

CHIP ENABLE 
INPUTS 

(See Note C) 

151 CLO~~~~~~~~N~ ---+--=-" 
See Note A) 

WAVEFORM 2 
(51 OPEN, 52 CLOSED, _____ -f 

See Note Al 

___ -----3V 

READ CYCLE 

AC TEST LOAD 

Vee 

I 
51 

POQH 
FAOM OUTPUT o---~I--""'-11<}-~ 

C L INCLUDES PROBE AND JIG CAPACITANCE 

ALL DIODES ARE lN3064 

CHIP ENABLE 
INPUTS 

WRITE E~:~~~ ____ ---.. 

WAVEFORM 1 
(51 CLOSED, S20PEN.-----+--"7r 

See NoteAJ 

'HZ 
WAVEFORM 2 

(51 OPEN,S~~~eE~i--------~ 

WRITE CYCLE 

NOTES: 
A Waveform 1 is for the output with internal conditions such that the output is low except 

when disabled. Waveform 2 is for the output with internal conditions such that the output 
is high except when disabled 

8 When measuring delay times from address inputs, the chip enable inputs are low and the 
write enable input is high. 

C. When measuring delay times from chip enable inputs, the address inputs are steady-state 
and the write enable input is high. 

D. Input waveforms are supplied by pulse generators having the following characteristics; Ir ::; 
2.5ns, If ::; 2.5n5, PAR :5 MHz, and Zout "" 50n. 
tpLH propagation delay time, low-to-high-Ievel output, tpHL propagation delay time, high­
to-low-level output. 
tZH propagation delay time, hi-Z to high-level output, IZl propagation delay time, hi-Z to 
low-level output. 

G 1HZ propagation delay time, high-level to hi-Z output, tLl propagation delay time, law-level 
to hi-Z output. 

H. Minimum required to guarantee a WRITE into the slowest bit. 

ALL RESISTOR VALVES ARE TYPICAL. 

18 l(gnOliUB 



DESCRIPTION 
The 82S09 Is a 576-Bit, Schottky clamped TTL, random access memory, organized as 
64X9. This organization allows byte manipulation of data, including parity. Where parity is 
not monitored, the ninth bit can be used as a flag or status indicator for each word stored. 
With a typical access time 01 30ns, it is ideal for scratch-pad, push-down stacks, buffer 
memories, and other internal memory applications in which cost and performance require­
ments dictate a wide data path in favor of word depth. 

The 82S09 is fully TTL compatible, and features open collector outputs, chip enable input, 
and a very low current PNP input structure to enhance memory expansion. 

During WRITE operation, the logiC state of the device output follows the complement of the 
data input being written. This feature allows faster execution of WRITE-READ cycles, en­
hancing the performance of systems utilizing indirect addressing modes, and/or requiring 
Immediate verification following a WRITE cycle. 

SLOCK DIAGRAM 

AO 
~. 

A, A., 
A, ADDRESS 

BUFFER A, 
A, 

A, 13' 

'0 
" 

141 
151 

" 
16' 
17' 

" 181 

" 191 

" (10) '. 
" 
" 

(11) 

(12) 

1:32 
DECODER 

l~jPUT 

BUfFER 

32 X 18 
MATRIX 

9:18MUX 

WRITE AMPL. 

Vee ~ (28) 
GND ~ (14) 

( )~ DENOTES PIN NUMBER 

(24) 

(23) 
00 
0, 

" (22) 
0, 

(21) 
0 0, 

" 
(20) 0, 

~ (19) 0, 
~ 

(18) 
0. 

(17) 0, 
(16) 15, 

PIN CONFIGURATION 

I PACKAGE 

TRUTH TABLE 

MODE CE WE IN 

READ 0 1 X 

WRITE "0" 0 0 0 
WRITE "1" 0 0 1 

DISABLED 1 X X 

x = Don't care. 

C ELECTRICAL CHARACTERISTICS3 882809 -55°C ""TA "" +125°C, 4.5V ""VCC ""5.5 
A N82809 O°C ""T A "" + 75°C, 4.75V ""VCC ""5.25 

S82S09 N82S09 
PARAMETER TEST CONDITIONS 

bB-_ 
N82S09-1 

ON 

Complement 
of Data Stored 

1 
0 

1 

UNIT 
MIN TYP1 MAX MIN TYP1 MAX 

Propagation Delays 

TAA Address Access Time 30 80 30 45 ns 

TCE Chip Enable Access Time 15 50 15 30 ns 

TCD Chip Enable Output Disable Time 15 50 15 30 ns 

TWO Write Enable to Output Valid Time 25 80 25 50 

Write Set-up Times CL = 30pF 

TW8A Address to Write Enable R1 = 600n 10 0 5 0 ns 

TW8D Data In to Write Enable 
R2 = 900n 50 25 35 25 ns 

TW8C CE to Write Enable 10 0 5 0 ns 

Write Hold Times 
TWHA Address to Write Enable 10 0 5 0 ns 

TWHD Data In to Write Enable 5 0 5 0 ns 

TWHC CE to Write Enable 10 0 5 0 ns 
TWp Write Enable Pulse Width (Note 2) 50 25 35 25 ns 

NOTES: 
1. All voltage values are with respect to network ground terminal. 
2. All typical values are at vee = 5V, TA = 25°C. 
3. ICC is measured with the write enable and memory enable input grounded, all other inputs at 4.5V, and the outputs open. 
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BLOCK DIAGRAM 

,,32 
IX) 

DECODER 

PIN CONFIGURATION 
F PACKAGE 

TRUTH TABLE 

ADD· ~==A:n:. A:n=~)l_...!:!~~~!!.._J 
DOUT 

RESS 
BUFFER 

- -
MODE CE WE DIN 

READ 0 1 X 

WRITE "0" 0 0 0 
WRITE "1" 0 0 1 

DISABLED 1 X X 
x '" Don t care. 

AC ELECTRICAL CHARACTERISTICS3 882810/11 -55°C dA,,; +125°C, 4.5V ,,;VCC ,,;5.5 
N82810/11 O°C "'TA < + 75°C 4 75V ""VCC <525 ~ ~ ~ ~ . 

582510/11 N82S10/11 
PARAMETER TEST CONDITIONS 

MIN Typl MAX MIN Typ1 

Propagation Delays 

TAA Address Access Time 

TCE Chip Enable Access Time 

TCD Chip Enable Output Disable Time 

TWO Write Enable to Output Disable Time 

TWR Write Recovery Time 

Write Set-up Times CL = 30pF 

TW8A Address to Write Enable Rl = 270n 

TW8D Data In to Write Enable R2 = 600n 

TW8C CE to Write Enable 
--

Write Hold Times --
TWHA Address to Write Enable 

TWHD Data In to Write Enable 

TWHC CE to Write Enable 

TWp Write Enable Pulse Width (Note 2) 

NOTES: 
1. Typical values are at Vee = +5.0V, and TA "" +25"C. 
2. Minimum required to guarantee a WRITE into the slowest bit. 
3. The Operating Ambient Temperature Ranges are guaranteed with transverse air flow exceed-

ing 400 linear feet per minute and a two minute warm-up. Typical thermal resistance values of the 
package at maximum temperature are: 

15 
55 

5 

10 
5 
5 

50 

{} JA Junction to Ambient at 400 fpm air flow - 50"C/Watt 
(-;) JA Junction to Ambient - still air - 90"C/Watt 
(-) JA Junction to Case - 20"C/Watt 

20 SmDOliCS 

30 70 30 
15 45 15 
15 45 15 
20 45 20 
20 45 20 

0 5 0 
35 40 35 

0 5 0 

0 5 0 
0 5 0 
0 5 0 

25 35 25 

82810 82811 
93415A 93425A 

STORED STORED 
DATA DATA 

1 High-Z 
1 High-Z 

1 High-Z 

UNIT 
MAX 

45 ns 
30 ns 
30 ns 
30 ns 
30 ns 

ns 
ns 
ns 

ns 
ns 
ns 
ns 



~~_M_BlJr)( leT INfI 'RWIIt 'N 

ROMS 
Mask Programmable Read Only Memories 
Signetics offers the industry's broadest line of High Performance 
Bipolar ROMs. Most ROMs have pi n and performance compatible 
PROMs offering the user the ultimate in flexibility and long term 
cost red uction. 

All ROMs are fully TTL compatible and include on-chip decoding 
and chip enable function for ease of memory expansion. Tri-state 
and open collector functions are available, and low input current 
requirements reduce the need for input buffering. 

THERMAL RATINGS 

TEMPERATURE MILITARY COMMERCIAL 

Maximum junction 175°C 150'C 
Maximum ambient 125°C 75'C 
Allowable thermal rise 

ambient to junction 50°C 75°C 

MAXIMUM ALLOWABLE POWER DISSIPATION 

I MATERIAL PACKAGE # OF PINS 8JA1 
'C/W 

Plastic B 16 155 
XA 18 130 
N 24 100 
XF 28 100 

Plastic' BA 16 85 
XAS 18 73 
NA 24 75 
XFA 28 75 

Cerdip F 16 90 
18 90 
24 60 

Ceramic I 16 83 
24 50 
28 50 

NOTES: 
1. On a mounted surface, in still air. 
2. Improved thermal characteristics due to built-in heat spreader. 

PARAMETER 
LIMITS 

UNITS 
MIN MAX 

TA Operating Ambient Temperature 
S82S - Military Range -55 +125 °C 
N82S - Commercial Range 0 +75 °C 

TSTG Storage Temperature -65 +150 °C 
V,N Input Voltage +5.5 Vdc 
VOUT Output Voltage +5.5 Vdc 

VCC Power Supply Voltage +7 Vdc 

NOTES: 
1. Stresses above those listed under "Maximum, Guaranteed Ratings" may cause 

permanent damage to the device. This is a stress rating only, and functional operation of 
the deVice of these or any other condition above those indicated in the operation section 
of the device specifications is not implied. 

PMAY - mW 
O+125°C O+75°C 

-- 480 
384 577 
500 750 
500 750 

588 850 
685 >1000 
666 1000 
666 1000 

556 835 
556 835 
830 >1000 

600 900 
1000 >1000 
1000 >1000 
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BIPOLAR ROMS PRODUCT INfORMATION 
ELECTRICAL CHARACTERISTICS 5825 DEVICE5 - -55°C 5 T A 5 + 125°C, 4.5V 5 VCC 5 5.5 

N825 DEVICE5 - O°C 5 TA 5 +75°C, 4.75V 5 5.25 

INPUT VOLTAGE OUTPUT VOLTAGE 
PARAMETER VIL(V) VIH(V) VIC 1(V) VOL2(V) 

LOW LEVEL HIGH LEVEL CLAMP VOLTAGE LOW LEVEL 

TEST Vee ~ MIN VCC ~ MAX liN ~ -18 mA IOL ~ 16 mA 
CONDITIONS Vce ~ MIN VCC ~ MIN 

DEVICE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

1024-BIT 
825226 5 .80 

2.0 -0.8 -1.2 0.5 N .85 

825229 S .80 
2.0 -0.8 -1.2 0.5 N .85 

2048-BITS 
lOUT ~ 9.6 rnA 

825214 5 .80 
2.0 -0.8 -1.2 0.5 

N .85 

lOUT ~ 9.6 rnA 
825215 5 .80 

2.0 -0.8 -1.2 0.5 N .85 

825230 5 .80 
2.0 -0.8 -1.2 

0.5 
N .85 0.45 

825231 5 .80 
2.0 -0.8 -1.2 

0.5 
N .85 0.45 

4096-BIT 
lOUT ~ 11.2 rnA 

8228 N .85 2.0 -1.2 0.5 

8192-BITS lOUT ~ 9.6 rnA 
825280 5 .80 

~~.O -0.8 -1.2 
0.5 

N .85 0.45 

lOUT ~ 9.6 rnA 
825281 5 .80 

2.0 -0.8 -1.2 
0.5 

N .85 0.45 

NOTES: 

1. Test each input one at the time 
2. Measured with the logic "0" stored Output sink current is supplied through a resistor to Vee 
3. tcc is measured with the write~able and chip enable inputs grounded: all other inputs at 4.5V, and the outputs open 
4 Measured with VIH applied to CE 
5. DUration of the ~ort circuit should not exceed one se~cond 
6. Measured with CE (5) '" av, and outputs (5) at logic "1", 
7. All 'Ioltage values are with respect to network ground terminal. 

22 SmnOliCS 

VOH6 (V) 
HIGH LEVEL 

lOUT ~ -2.0 mA 
CE1 ~ eE ~"O" 
"1" STORED 

MIN TYP MAX 

2.4 

2.4 

2.4 3.3 
2.7 3.3 

2.4 3.3 
2.7 3.3 

N/A 

lOUT ~ -2.4 rnA 

2.4 

lOUT ~ -1.0 rnA 
2.7 

CE2 ~"1" 

2.7 3.3 

CE2 ~ "1" 

2.7 3.3 

INPUT CURRENT 

ilL (ILA) 
LOW LEVEL 

VIN ~ O.45V 

MIN TYP MAX 

-150 
-100 

-150 
-100 

-150 
-100 

-150 
-100 

-150 
-100 

-150 
-100 

-150 
-100 

-150 
-100 



BIPOLAR ROMS PRODUCT INFORMATION 

INPUT CURRENT OUTPUT CURRENT 
PARAMETER IIH (itA) 10LK (itA) 10 (OFF) lOS (mA)6 

HIGH LEVEL LEAKAGE HI-Z STATE SHORT CIRCUIT 

TEST VIN ~ 5.5V 

VCC ~ MAX 
VOUT ~ 5.5V VCC ~ MAX VOUT ~ OV 

CONDITIONS CE1 OR CE2 ~ "1" VOUT ~ 5.5V VCC ~ MAX 

DEVICE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

1024-BIT 
828226 8 50 60 -15 -85 

N 40 40 -20 -70 

828229 8 50 
Your ~ 0.5V 

-60 -15 -85 
N 40 -40 -20 -70 

2048-BIT 

828214 8 50 N/A 100 -15 -85 
N 25 40 -20 -70 

Your ~ 0.5V 
82S215 8 50 N/A -100 -15 -85 

N 25 -40 -20 -70 

828230 8 50 60 60 -15 -85 
N 40 40 40 -20 -70 

Your ~ 0.5V 
-60 
-40 

828231 S 50 60 -15 -85 
N 40 40 -20 -70 

Your ~ 0.54 
-60 
-40 

4096-BIT 

8228 -20 -70 

8192-81T5 CE2 ~ "0" 
82S280 S 50 N/A 100 -15 -85 

N 25 40 -20 -70 
Your ~ 0.5V 

-100 
-40 

CE ~ "0" 
82S281 8 50 N/A 

2 100 -15 -85 
N 25 40 -20 -70 

Your ~ 0.5V 
-100 

-40 

S!!IDOliCS 

SUPPLY CURRENT 

ICC (mA)6 

VCC ~ MAX 

MIN TYP MAX 

105 125 
105 120 

105 125 
105 120 

130 185 
130 175 

130 185 
130 175 

120 140 
120 135 

120 140 
120 135 

135 150 
130 140 

135 150 
130 140 

CAPACITANCE 

CIN (pF) cour4 (pF) 
INPUT OUTPUT 

VIN ~ 2.0V VCC ~ 5.0V 

VCC ~ 5.0V VOUT ~ 2.0V 

MIN TYP MAX ~IN TYP MAX 

5 8 

5 8 

5 8 

5 8 

5 8 

5 8 

5 8 

5 8 
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AC TEST FIGURE (UNLESS OTHERWISE SPECIFIED) 

Vee 
tR1 

tiel 
(INCLUDES JIG Be 
SCOPE CAPACITANCE) 

TYPICAL AC WAVEFORMS (UNLESS OTHERWISE 
SPECIFIED) 

READ CYCLE 

,~:-----------------"--\ <: ------ov 

0.--1----'-"-----.- .:,~-----m---. ---- -- ---~'~): '0" 

. ------ - - VOL 

All Inputs: tr = tf =- 50S (10% to 90%) 

24 

INPUT WAVEFORMS 

INPUT PULSES 

ov----'l 

+3.0V ---"" 

Measurements: All Circuit Delays are measured at the + 1.SV level of inputs and outputs. 

MEMORY TIMING DEFINITIONS 

MEMORY TIMING DEFINITIONS 
TCE Delay between beginning of CHIP ENABLE low (with ADDRESS 

valid) and when DATA OUTPUT becomes valid. 
T CD Delay between when CHIP ENABLE becomes high and DAT,II 

OUTPUT is in off state. 
Delay between beginning of valid ADDRESS (with CHIP ENA· 
BLE low) and when DATA OUTPUT becomes valid. 
Minimum delay between leading edge of CHIP ENABLE anc 
trailing edge of STROBE, for latching valid output data. 

T CDH Required delay between trailing edge of STROBE and end 01 
CHIP ENABLE, for latching valid output data. 
Minimum delay between ADDRESS valid time and trailing edgE 
of STROBE, for latching valid output data. 

T SW Minimum width of STROBE pulse required to update contents 01 
output data latches . 

9!!100liC9 

Required delay between trailing edge of STROBE and end 0' 
valid ADDRESS. 
Delay between leading edge of STROBE and when output data 
latches are released. 



FULLY COMPATIBLE W/82S126/129 

BLOCK DIAGRAM 

III 

1321 

NI·Cr FUSE ARRAY 

32 x 32 
MATRIX 

0 , 

N82S226-B.F·S82S226-F 
N82S229-B,F· S82S229-F 

PIN CONFIGURATION 
B, F PACKAGE 

AC ELECTRICAL CHARACTERISTICS 
8828226/229 -55°C ,,;;T A ,,;; + 125°C, 4.5V ,,;;VCC ,,;;5.5V 
N82S226/229 O°C ,,;;T A ,,;;+ 75°C, 4.75V ,,;;VCC ,,;;5.25V 

PARAMETER TEST CONDITIONS 
MIN 

S82S226/229 

TYP' MAX 

Propagation Delay 

TAA Address to Output CL = 30pF 35 70 

TCD Chip Disable to Output R1 = 270n 15 35 

TCE Chip Enable to Output R2 = 600n 15 35 

NOTES: 
1. Positive current is defined as into the terminal referenced. 
2. Typical values are at Vee = 5.0V, TA = +25"C. 

I 
FULLY COMPATIBLE W/82S114/115 

DESCRIPTION 
The 828214 and 82S215 are Schottky-clamped Read Only Memories, incorporating on-chip 
data output registers. 

The 82S214 and 82S215 are fully TTL compatible, and include on-chip decoding and two 
chip enable inputs for ease of memory expansion. They feature Tri-State outputs for optimi­
zation of word expansion in bussed organizations. A D-type latch is used to enable the Tri­
State output drivers. In the TRANSPARENT READ mode, stored data is addressed by 
applying a binary code to the address inputs while holding STROBE high. In this mode the 
bit drivers will be controlled solely by CEl and CE2 lines. 

In the LATCHED READ mode, outputs are held in their previous state (1,0, or High-Z) as long as 
8TROBE is low, regardless of the state of address or chip enable. A positive 8TROBE transition 
causes data from the applied address to reach the outputs if the chip is enabled, and causes 
outputs to go to the High-Z state if the chip is disabled. 

A negative 8TROBE transition causes outputs to be locked into their last Read Data condition ilthe 
chip was enabled, or causes outputs to be locked into the High-Z condition if the chip was disabled. 

SmnOliCS 

N82S2261229 

MIN TYP' MAX 
UNIT 

35 50 ns 
15 20 ns 
15 20 ns 

N828214-1 .8828114-1 
N828215-1 .8828115-1 

PIN CONFIGURATION 
I PACKAGE 

) 82S215 PIN CONNECTION 

25 

'­
W --= o 
E w 
E 



%&2S-1-15 
82S 214-1 • 82S215-1 

BLOCK DIAGRAM 

ADDRESS 
LINES 

A,o--"----+1 
AS 0--- - - - ___ 

STROBEo""'''-'-----,----! 

Vee ~ 124), GND ~ 021. ( ) ~ Oe"o'~. Pin Number 

AC ELECTRICAL CHARACTERISTICS 

AC WAVEFORMS 

r------- +3.0V 

r------ +3.0V 

~-------~----VOH 

LATCHED READ (INPUT LATCHES USED) 

,,.------------------ +3.0V 

ST~~B~~ ________________________ . ov 

r - - - - - - - - - - - - - - - - - - - - - +3.0V 
1.5V 
'-------------_______ oV 

~----- +3.0V 
CHIP ENABLE 1.SV "-_____ oV 

0,- .. OS 

TRANSPARENT READ (INPUT LATCHES NOT USED) 

N82S214/215 -55°C ",:T A ",: + 125°C, 4.5V "':VCC "':5.5V 
S82S214/215 O°C ",:TA"': +75°C, 4.75V "':VCC "':5.25V 

'-"-
N82S214/215 S82S214/215 

PARAMETER TEST CONDITIONS UNIT 
MIN TYP' MAX MIN TYP' 

TAA Address Access Time LATCHED or TRANSPARENT READ 35 60 35 
TCE Chip Enable Access Time R1 = 4700, R2 = 1k!l, CL = 30pF 20 40 20 

(Note 4) 
TCD Chip Disable Time 20 40 20 

TADH Address Time 0 -10 5 -10 

TCDH Chip Enable Hold Time 10 0 10 0 

TSW Strobe Pulse Width LATCHED READ ONLY 30 20 40 20 

TSL Strobe Latch Time R1 = 4700, R2 = 1kO, CL = 30pF 60 35 90 35 

TDL Strobe Delatch Time (Note 5) 30 

TCDS Chip Enable Set-up Time 40 50 

NOTES: 
1. Positive current is defined as into the terminal referenced. 
2. Typical values are at Vee = +5.0V and TA = +25°C. 
3. No more than one output should be grounded at the same time and strobe should be disabled. Strobe is in "1" state. 
4. If the strobe is high, the device functions in a manner identical to conventional bipolar ROMS. The timing diagram shows valid data will appear T A nanoseconds after 

the address has changed and T CE nanoseconds after the output circuit is enabled. T CD is the time required to disable the output and switch it to an "off" or high 
impedance state after it has been enabled. 

5. In Latched Read Mode data from any selected address will be held on the output when strobe is lowered. Only when strobe i., raised will new location data be 
transferred and chip enable conditions be stored. The new data wJII appear on the outputs if the chip enable conditions enable the outputs. 

26 SI,gOOliCS 

MAX 

90 ns 
50 ns 

50 ns 

ns 
ns 
ns 
ns 

35 ns 
ns 



FUllY COMPATIBLE W/82S130/131 N82S231-F' S82S231-F 

BLOCK DIAGRAM 

", 
A2~ 

", A;O---

PIN CONFIGURATION 
F PACKAGE 

AC ELECTRICAL CHARACTERISTICS 8828230/231 -SS'C dA ,.;;+12S'C. 4.SV ,.;;VCC ,.;;S.SV 
N828230/231 O°C ,.;;TA ,.;;+7S'C. 4.7SV ,.;;VCC ";;S.2SV 

TEST CONDITIONS 
5825230/231 N82S230/231 

PARAMETER 
Typ2 Typ2 MIN MAX MIN MAX 

Propagation Delay 

TAA Address to Output Cl = 30pF 40 70 40 SO 

TCD Chip Disable to Output R1 = 270n 20 30 20 30 

TCE Chip Enable to Output R2 = 600n 20 30 20 30 

NOTES: 
1. Positive current is defined as Into the terminal referenced. 
2. Typical values are at Vee = 5.0V, TA = +2S0C. 

SmOOliCS 

UNIT 

ns 
ns 
ns 
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_:.sIT r '[-m=rD-..,flb 

BLOCK DIAGRAM 

ADDRESS 
LINES 

A<_ 
AS_ 
"<;~ 

A7~ 

A8~ 

A9~ 

WORD 
SELECT 
1:64 
DECODER 

1:16 
A2 DECODER 

A3_ 

-

'I 

64X64 
STORAGE 
MATRIX 

64 4 BfT 
MULTIPLEXER 

:~ BIT SELEC"}-

L-....,....~_.....---.--..J 

Vee'" (16) 
GND = (8) 
( ) = Denotes Pin Numbers 

(9) 

0, 02 03 04 

'-----v-----' 
OUTPUT DATA 

ELECTRICAL CHARACTERISTICS Od A .;75°C, 4.75 .;VCC .;5.25V 

PARAMETERS 
LIMITS 

MIN TYP MAX 

Access Time-Address to Output 50 70 

NOTES: 
1. Positive current is defined as into the terminal referenced. 
2. No more than one output should be grounded at the same time. 
3. Manufacturer reserves the right to make design and process changes and improvements. 

-N8228-1 

PIN CONFIGURATION 

I PACKAGE 

UNITS 

ns 

4. Applied voltages must not exceed 6.0V. Input currents must not exceed ±30mA. Output currents must not exceed ± 1 OOmA. Storage temperature must be between 
-60°C to + 150°C. 

5. Rise and fall time for this test must be less than 5ns. Input amplitudes are 2.8V and all measurements are made at 1.5V. 

OBJECTIVE SPECIFICATION 
BLOCK DIAGRAM 

28 

AS 
ADD 

A7 INV. 
"d 

A. 1164 
DEC. 

AS 

A, 

0 1 

I 
I 
I 
I 

31 

128 X 64 
MEMORY ARRAY 

::~DD ~Il. ~Il. [~116 ~116 ~Il. ~116 ~Il. ~Il. Al INV DEC. DEC. DEC. DEC. DEC. DEC. DEC. DEC. 

AO 

"2Ft~UT ~UT ~UT ~UT ~UT ~UT ~UT EZ BUF BUF BUF BUF BUf BUF BUF BUF 

'3 
E4 01 02 03 04 Os 06 07 Os 

Vce "- 24 
GND = 12 

B(gnDliCB 

N82S280/281-1 • S82S280/281-1 

PIN CONFIGURATION 

I PACKAGE 



PROMS 
Field Programmable Read Only Memories 
Signetics offers the industry's broadest line of Bipolar High Perfor­
mance PROMs. These PROMs are field programmable, which 
means that custom patterns are immediately available by following 
the provided fusing procedures. Signetics PROMs are supplied with 
all outputs at logical "0". Outputs are programmed to a logic" 1" at 
any specified address by fusing a Ni-Cr link matrix. 

All PROMs are fully TTL compatible, and include on-chip decoding 
and chip enable functions for ease of memory expansion. Tri-state 
and open collector output functions are available, and low input 
currents reduce input buffer requirements. 

Most Signetics PROMs also have pin and performance compatible 
ROMs, offering the user the ultimate in flexibility and cost reduc­
tion. 

THERMAL RATINGS 
TEMPERATURE MILITARY COMMERCIAL 

Maximum junction 175°e 150°C 
Maximum ambient 125°C 75°C 
Allowable thermal rise 

ambient to junction 500 e 75°C 

MAXIMUM ALLOWABLE POWER DISSIPATION 

MATERIAL PACKAGE # OF 8JA1 

PINS °C/W 

Plastic B 16 155 
XA 18 130 
N 24 100 
XF 28 100 

Plastic' BA 16 85 
XAS 18 73 
NA 24 75 
XFA 28 75 

Cerdip F 16 90 
18 90 
24 60 

Ceramic I 16 83 
24 50 
28 50 

NOTES: 
1. On a mounted surface, in still air. 
2. Improved thermal characteristics due to built·jn heat spreader. 

ABSOLUTE MAXIMUM GUARANTEED RATINGS 
LIMITS 

PARAMETER 
MIN MAX 

UNIT 

TA Operating Ambient Temperature 
S82S - Military Range -55 +125 °C 
N82S - Commercial Range 0 +75 °C 

TSTG Storage Temperature -65 +150 °C 
VIN input Voltage +5.5 Vdc 
VOUT Output Voitage +5.5 Vdc 
Vce Power Supply Voltage +7 Vdc 

NOTES: 
1. Stresses above those listed "Maximum, Guaranteed Ratings" may cause permanent dam­

age to the device. This is a stress rating only, and functional operation of the device of 
these or any other condition above those indicated in the operation section of the device 
specifications is not implied. 

2. For operating at elevated temperatures. the device must be derated based on a + 150°C 
maximum junction temperature and a thermal resistance of 160°C/W junction to ambient. 

3. For operating at elevated temperatures, the devices must be derated based on a + 1aO°C 
maximum junction temperature and a thermal resistance of 1 10°C/W junction to ambient. 

PMAX - mW 
O+125°C O+75°C 

-- 480 
384 577 
500 750 
500 750 

588 850 
685 >1000 
666 1000 
666 1000 

556 
556 835 
830 >1000 

600 >1~g 1000 
1000 >1000 

9agnatic9 29 
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BIPOLAR PROMS PRODUCT INFORMATION 

ELECTRICAL CHARACTERISTICS S82S DEVICES - -55°C!> TA!> +125°C, 4.5V!> VCC!> 5.5 
N82S DEVICES - O°C!> TA!> +75°C, 4.75V + VCC!> 5.25 

INPUT VOLTAGE OUTPUT VOLTAGE 
PARAMETER8 

VIL(V) VIH(V) VIC1(V) VOL2(V) VOH6(V) 
LOW LEVEL HIGH LEVEL CLAMP VOLTAGE LOW LEVEL HIGH LEVEL 

lOUT ~ -2.0 rnA 
TEST liN ~ -18 rnA IOL ~ 16 rnA CE1 ~ CE2 ~ "0" 

CONDITIONS VCC ~ MIN "CC ~ MAX VCC ~ MIN VCC ~ MIN "1" STORED 

DEVICE MIN TYP MAX MINI TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

256-8IT 
82S23 S 0.80 

2.0 -1.2 
0.5 

N/A N 0.85 0.45 

82S123 S 0.80 
2.0 -1.2 

0.5 
2.4 N 0.85 0.45 

10139 FOR ELECTRICAL SPECIFICATIONS SEE DATA SHEET 

1024-81T 

liN ~ -12 rnA 
IOUT~ 32rnA 

82S27 N .80 2.0 -1.5 0.45 0.50 N/A 

82S126 S .80 
2.0 -1.2 0.5 N/A N 85 

82S129 S .80 
2.0 -1.2 0.5 2.4 N .85 

82S130 S .80 
2.0 -1.2 

0.5 
N/A 

N .85 0.45 

82S131 S .80 
2.0 -1.2 

0.5 
2.4 

N .85 0.45 

2048-81T 
IOl ~ 9.6 rnA 

82S114 N .85 2.0 -1.2 0.5 2.7 3.3 

IOl ~ 9.6 rnA 
82S115 N .85 2.0 -1.2 0.5 2.7 3.3 

4096-81T 
82S136 S .80 

2.0 -1.2 
0.5 

N/A 
N .85 0.45 

10UT ~ 2.4 rnA 
82S137 S .80 

2.0 -1.2 
0.5 

2.4 N .85 0.45 

8192-8IT 

825184 5 .80 2.0 -0.8 -1.2 0.5 N/A 
N .85 0.45 

lOUT ~ -2.4 rnA 

825185 5 .80 2.0 -0.8 -1.2 0.5 2.4 
N .85 0.45 

NOTES: 
1. Test each input one at a time. 
2. Measured with the logic "0" stored. Output sink current is supplied through a resistor to Vee-
3. lee is measured with the write~able and chip enable inputs grounded: all other inputs at 4.5V, and the outputs open. 
4. Measured with V1H applied to CE 
5 DUration 01 the short circuit should not exceed one second 
6. Measured with CE(s) "" ?V, and output(s) at logic "1", 
7. AU voltage values are with respect to network ground terminal. 

30 9tgnOfiC9 

INPUT CURRENT 

IIL(I'A) 
LOW LEVEL 

VIN ~ O.45V 

MIN TYPE MAX 

-150 
-100 

-150 
-100 

VIN ~ 5V 

-1.6rnA 

-150 
-100 

-150 
-100 

-150 
-100 

-150 
-100 

-100 

-100 

-150 
-100 

-150 
-100 

-150 
-100 

-150 
-100 



alPOLAR PROMS PRODUCT INFORMATION 

ELECTRICAL CHARACTERISTICS 

INPUT CURRENT OUTPUT CURRENT 
PARAMETER8 

IIH (!LA) IOLK4 (!LA) 104(OFF)(!LA) 
HIGH LEVEL LEAKAGE HI-ZSTATE 

VCC ~ MAX 
TEST VOUT ~ 5.5V VCC ~ MAX 

CONDITIONS VIN ~ 5.5V FE1 or CE2 ~ "1" VOUT ~ 5.5V 

DEVICE MIN TYPMAX MIN TYPMAX MIN TYPMAX 

256-8IT 
82523 5 

50 
50 

N/A N 40 

825123 5 
50 N/A 

50 
N 40 

VOUT ~ 0.5V 
-50 
-40 

SUPPLY CURRENT 

IOS5 (mA) 
SHORT CIRCUIT ICC (mA)3 

VOUT ~ OV 
VCC ~ MAX VCC ~ MAX 

MIN TYPMAX MIN TYP MAX 

N/A 
65 85 
65 77 

-20 -100 65 85 
-20 -90 65 77 

10139 FOR ELECTRICAL 5PECIFICATION5 5EE DATA 5HEET 

1024-81T 

82527 N 1000 100 N/A N/A 120 140 

825126 5 50 60 
N/A N/A 

105 125 
N 40 40 105 120 

825129 5 50 
N/A 

60 -15 -85 105 125 
N 40 40 -20 -70 105 120 

VOUT ~ 0.5V 
-60 
-40 

825130 5 50 60 
N/A N/A 120 140 N 40 40 

825131 5 50 
N/A 

60 -15 -85 
120 140 N 40 40 -20 -70 

VOUT ~ 0.5V 
-60 
-40 

2048-81T 

825114 N 25 N/A 
VOUT ~ 0.5V 

-40 -20 -70 135 185 

825115 N 25 N/A 

4096-81T 
825136 5 50 

N/A N/A N/A 120 140 N 40 

825137 5 50 
N/A 

60 -15 -85 
120 140 N 40 40 -20 -70 

VOUT ~ 0.5V 
-60 
-40 

8192-8IT 
825184 5 50 60 N/A 80 130 

N 40 40 80 120 
825185 5 50 

N/A 60 -15 -85 80 130 
N 40 40 -20 -70 80 120 

VOUT ~ 0.5V 
-60 
-40 

9(gDOliC9 

CAPACITANCE 

CIN (pF) cour4 (pF) 
INPUT OUTPUT 

VIN ~ 2.0V VCC ~ 5.0V 
VCC ~ 5.0V VOUT ~ 2.0V 

MIN TYPMAX MIN TYPMAX 

5 8 

5 8 

5 8 

5 8 

5 8 

5 8 

5 8 

5 8 

5 8 

5 8 

5 8 

5 8 
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AC TEST FIGURE (UNLESS OTHERWISE SPECIFIED) 

Vee 

(UNLESS 

~R' 

iteL 

(INCLUDES JIG & 
SCOPE CAPACITANCE) 

TYPICAL AC WAVEFORMS OTHERWISE SPECIFIED) 

I READ CYCLE 

32 

INPUT WAVEFORMS 

INPUT PULSES 

+3.0V----------r--------" 

ov---"I 

+3.0V---" 

Measurements: All Circuit Delays are measured at the + 1.SV level of inputs and outputs. 

MEMORY TIMING DEFINITIONS 

TCE 

TCD 

TAA 

TCDS 

TCDH 

TSL 

TSW 

TADH 

TDL 

Smooties 

Delay between beginning of CHIP ENABLE low (with ADDRESS 
valid) and when DATA OUTPUT becomes valid. 
Delay between when CHIP ENABLE becomes high and DATA 
OUTPUT is in off state. 
Delay between beginning of valid ADDRESS (with CHIP ENA­
BLE low) and when DATA OUTPUT becomes valid. 
Minimum delay between leading edge of CHIP ENABLE and 
trailing edge of STROBE, for latching valid output data. 
Required delay between trailing edge of STROBE and end of 
CHIP ENABLE, for latching valid output data. 
Minimum delay between ADDRESS valid time and trailing edge 
of STROBE, for latching valid output data. 
Minimum width of STROBE pulse required to update contents of 
output data latches. 
Required delay between trailing edge of STROBE and end of 
valid ADDRESS. 
Delay between leading edge of STROBE and when output data 
latches are released. 



N82823/123-8,F·882823/123-F 

LOGIC DIAGRAM 

32x B ARRAY 

TYPICAL FUSING PATH 

1.2K 

7 Vee 

Vee ~ (16) 

GND (8) 

Vee 

4K 

eE 

32 
WORD 
LINES 

FUSE CONTROL 

5K 

PIN CONFIGURATION 

3K 

B,F PACKAGE 

r---------, , , , 

, , 
DISABLE I 

I _ 
L _________ _ 

1K 

---, 
I 

AC ELECTRICAL CHARACTERISTICS 
882823/8828123 -55°C ,,;TA"; +125°C. 4.5 ,,;VCC ,,;5.5V 
N82823/N828123 O°C ,,;TA"; +75°C. 4.75 ,,;VCC ,,;5.25V 

883823/8828123 N82S23!N82S123 
PARAMETER TEST CONDITIONS1 

MIN TYP2 MAX MIN TYP2 MAX 

Propagation Delay 

TAA Address to Output CL ~ 30pF 35 65 35 50 

TCD Chip Disable to Output R1 ~ 2700 25 40 25 35 

TCE Chip Enable to Output R2 ~ 6000 25 40 25 35 

NOTES: 
1. Positive current is defined as into the terminal referenced. 
2. Typical values are at Vee = 5.0V, TA = +25°C. 

9agnolic9 
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MANUAL PROGRAMMER 

TIMING SEQUENCE 

STARTI 

~----- ----

,~C. =----__ -=--_-'m-'-----========., 
"~~'m'~' ~---
"--,~~===-=======.=--, -----
,, ___ I~'m,_1 ~------

~====-----------,_, ____ ~I_-'m,==l ----------
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N82S23/123-B,F· S82S23/123-F 

PROGRAMMING SPECIFICATIONS (Testing of these limits may cause programming of device) T A - +25°C -

LIMITS 
PARAMETER TEST CONDITIONS 

MIN TYP MAX 
UNIT 

Power. Supply Voltage 

VCCP 
1 To Program 'CCp ~ 250 ± SOmA 9.5 10.0 10.5 V 

(Transient or steady state) 

VCCH Upper Verify Limit 5.3 5.5 5.7 V 

VCCl lower Verify limit 4.3 4.5 4.7 V 

V 3 
S 

Verify Threshold 0.9 1.0 1.1 V 

'CCP Programming Supply Current V CCP ~ + 10.0 ± 0.5V 200 250 300 mA 

Input Voltage 

V,H logical "1" 2.4 5.5 V 

V,l logical "0" 0 0.4 0.6 V 

Input Current 

"H logical "1" V,H ~ +5.SV 50 p.A 

',l logical "0" V,l ~ +0.4V -500 p.A 

VOUT 
2 Output Programming Voltage 'OUT ~ 65 ± 3mA 15.0 15.5 16.0 V 

(Transient or steady state) 

'OUT 
Output Programming Current VOUT ~ +15.5 ± 0.5V 62 65 68 mA 

TR Output Pulse Rise Time 10 50 p'S 

-
tp CE Programming Pulse Width 1 2 ms 

tv Verify Delay 50 p'S 

to Pulse Sequence Delay 10 P.s 

TpR Programming Time VCC ~ VCCP 2.5 sec 

TpS Programming Pause VCC ~ OV 

TpR 
4 

T PR + T PS 
Programming Duty Cycle 

PROGRAMMING PROCEDURE 
1. Terminate all device outputs with a 10kf! resistor to VCC. 
2. Select the Address to be programmed, and raise VCC to 

VCCP ~ + 10 ± 0.5V. 
3. After 10p.s delay, apply lOUT ~ 65 ± 3mA to the output to be 

programmed. Program one output at a time. 
4. After 10p.s delay, pulse the CE input to logic "0" for 1 to 2 ms. 
5. After 10p.s delay, remove lOUT from the programmed output. 
6. After 10p.s delay, return VCC to OV. 

NOTES: 
1 Bypass Vee to GND with a O.01,1.lF capacitor to reduce voltage spikes. 
2 Care should be taken to insure that + 15.5 ± O.SV output voltage is maintained during the 

entire fusing cycle. The recommended supply is a constant current source clamped at the 
specified vOltage limit. 

3 Vs is the sensing threshold of the PROM output voltage for a programmed bit. 11 normally 
constitutes the reference voltage applied to a comparator circuit to verify a successful fus­
ing attempt. 

4 Continuous fusing for an unlimited time is also allowed, provided that a 33 % duty cycle is 
maintained. This may be accomplished by following each Program Verify cycle with a Rest 
period (Vee = OV) of 4ms. 

5 sec 

33 % 

7. To verify programming, after 50"s delay, raise VCC to VCCH ~ 
+5.5 ± .2V, and apply a logic "0" level to the CE input. The pro­
grammed output should remain in the "1" state. Again, lower 
VCC to VCCl ~ +4.5 ± .2V, and verify that the programmed 
output remains in the "1" state. 

8. Raise VCC to VCCP ~ + 10 ± 0.5V and repeat steps 3 through 7 
to program other bits at the same address. 

9. After 10p.s delay, repeat steps 2 through 8 to program all other 
address locations. 
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DESCRIPTION 
The 10139 is an ECL 256-Bit Read Only Memory organized as 32 
words with 8 bits per word. The words are selected by five binary 
address lines; full word decoding is incorporated on the chip. A chip 
enable input is provided for additional decoding flexibility, which 
causes all eight outputs to go to low state when the chip enable input 
is high. This device is fully compatible with all of Signetics series 
10,000 products. Address to output access time is 15ns typical. 
Power dissipation is 580 milliwatts typical with separate internal 
bond wires and metal systems for VCC1 and VCC2. The 10139 may 
be programmed to any desired pattern by the' user. The 10139 is 
suitable for use in high performance ECl. systems. The 10139 
features open emitter outputs, a 50kfl pulldown input termination 
and a temperature range of -30°C to +85°C. 

BLOCK DIAGRAM 

PIN CONFIGURATION 
F PACKAGE 

VCC~('~6~) ______________________________________________ ~ ____ ~ ____________________ , 

36 
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10139-F 

DC ELECTRICAL CHARACTERISTICS (TA = +25°C, vcc = OV, RL = 50n, VEE = -5.2V) 

PARAMETER TEST CONDITIONS MIN TVP MAX 

lEO Power Supply Drain Current 110 145 

IlL Low Level Input Current VIL = -1.S50V 30 

IIH High Level Input Current VIH = -0.S10V 265 

VOH High Level Output Voltage VIH = -0.S10V 
VIL = -1.S50V -0.960 -0.S10 

VOL Low Level Output Voltage VIH = -0.S10V 
VILA = 1.S50V -1.990 -1.650 

VOHA VIHA = -1.105V 
VILA = -1.475V -0.9S0 

VOLA VIHA = -1.105V 
VILA = -1.475V -1.630 

SWITCHING CHARACTERISTICS 
(T A ~ +25°C VCC ~ OV VEE ~ -52V RL ~ 50D) , 

PARAMETER MIN TVP MAX UNIT 

Chip Enable Prop Delay 10 15 ns 

Output Rise Time (20 to SO%) 4.2 ns 
Output Fall Time (20 to 80%) 4.2 ns 

T AD Access Time Address to Output TAD 15 20 ns 

MANUAL PROGRAMMING CIRCUIT TYPICAL PROGRAMMING SEQUENCE 

,ROGRAII",ev h' ~-I 1-
lM;E;A~I- - - i L..s-

,...--!:,.-----, 1 

AOORESS...J 

1 

1 
1 

u 

UNIT 

mA 

/LA 
/LA 

V 

V 

V 

V 

FT-HST ~ 
! 4600 

I 1 2 3 8 I 1 2 3 8 I' 2 • 1 

,::::~J"liflJ1J4JhllJ4~ 
I I 1 1 I I OUTPUTS 

1 ~ II ------J 1_'<1' I 
1 ~~ ~ 1 

I I 1 1 
-I ~~ 
I. .1 
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10139-F 

PROGRAMMING SPECIFICATIONS 

TEST CONDITIONS 
LIMITS 

UNITS 

Power Supply Voltage 

VCCP To Program 

VCCV To Verify 

ICCp Programming Supply Current VCC~12.0V 

Address Voltage 

VIH logical "1" 

VIL logical "0" 

Max. Time at VCC~VCCP 

lOp Output Programming Current 

tp Output Program Pulse Width 

Output Pulse Rise Time 

Programming Pulse Delay (1) 
td following VCC change 
td 1 between output pulses 

NOTE: 
(1) Maximum is specified to minimize the amount of time Vee is at 12 volts. 

RECOMMENDED PROGRAMMING PROCEDURE 

The 10139 is shipped with all bits at logical "0" (low). To write logi­
cal "1's", proceed as follows: 

STEP 1 

Connect VEE (Pin 8) to ground and Vec (Pin 16) to +5.2 volts. 
Address the word to be programmed by applying 4.0 to 4.6 volts 
for a logic "1" and 0.0 to 1.0 volts for a logic "0" to the appropriate 
address inputs. 

STEP 2 

Raise VCC (Pin 16) to 12 volts. 

STEP 3 

MIN TYP MAX 

11.5 12.0 12.5 V 
5.0 5.2 5.4 V 

250 mA 

4.0 4.6 V 
0.0 1.0 V 

1.0 Sec. 

2.0 2.5 3.0 mA 

0.5 1.0 ms 

10.0 IlS 

0.1 1.0 ms 
0.01 1.0 ms 

STEP 5 

Verify that the selected bit has programmed by connecting a 460n 
resistor to ground and measuring the voltage at the output pin. If a 
logic "1" is not detected at the output, the procedure should be 
repeated once. 

STEP 6 

Repeat Step 3 for each bit of the selected word specified as a logic "1". 
(Program only one bit at a time; the delay between output programming 
pulses should be equal to or less than 1.0 ms.) 

Alter a minimum delay of 100 /Ls apply a 2.5 mA current pulse to the first STEP 7 
bit to be programmed (0.5 ""PW",,1 ms). 

STEP 4 

Return VCC to 5.2 volts. 

CAUTION: To prevent excessive chip temperature rise, Vee should not be allowed to remain 
al 12 volts for more than 1 second. 

After all the desired bits of the selected word have been pro­
grammed, change address data and repeat Steps 2 and 3. 

~OTE: It all the maximum times listed above are maintained. the entire memory will program 
In less than 1 second. Therefore, it would be permissible for Vee to remain at 12 volts during 
the entire programming time. 
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BLOCK DIAGRAM 

Vee = (16) 

GND = 18) 

( ) = DENOTES PIN NUMBERS 

(1) 

132) 

NI·Cr FUSE ARRAY 

32 X 32 
MATRIX 

AC ELECTRICAL CHARACTERISTICS DOC ,,;;TA ,,;;+75°C, 4.75V ,,;;VCC ,,;;5.25V 

PARAMETER TEST CONDITIONS 
MIN 

Propagation Delay 

TAA Address to Output CL = 30pF 

TCD Chip Disable to Output R1 = 2700 

TCE Chip Enable to Output R2 = 6000 

NOTES: 
1. Positive current is defined as into the terminal referenced. 
2. Typical values are at Vcc = S.OV, TA = +2S0C. 

SmnOliCS 

PIN CONFIGURATION 
F PACKAGE 

LIMITS 

TYP2 MAX 

30 40 
15 20 
15 20 

II S : ; 97 

N82S27-F 

UNIT 

~-

ns 
ns 
ns 
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N82S27-F 

PROGRAMMING SPECIFICATIONS (Testing of these limits may cause programming of device.) TA ~ +25°C 

LIMITS 
PARAMETER TEST CONDITIONS 

MIN TYP MAX 
UNIT 

Power Supply Voltage 

Vecp 
1 To Program ICCp ~ 300 ± 50mA 5.0 5.25 V 

(Transient or steady state) 
VCCH Upper Verify Limit 5.0 5.25 5.5 V 

VCCL Lower Verify Limit 4.5 4.75 5.0 V 

V 3 Verify Threshold 0.9 1.0 1.1 V 
s 

ICCp Programming Supply Current V CCP ~ +5.0 ± 0.25V 250 300 350 mA 

Input Voltage 
--

VIH Logical "1" (Except CE1) 3.0 5.0 V 
-

VIN Program Level (CE1 Only) 14.0 14.5 15.0 V 

VIL Logical "0" 0 0.4 0.5 V 

Input Current 

IIH Logical "1" VIH ~ +3.0V 100 p.A 
-1.6 IlL Logical "0" VIL ~ +0.5V mA 

-
liN Program Level (CE1 Only) VIN ~ +15.0V 15 mA 

VOUT 
2 Output Programming \loltage lOUT ~ 115± 10mA 16.5 17.0 17.5 V 

(Transient or steady state) 

lOUT Output Programming Current VOUT ~ +17.0±0.5V 105 115 125 mA 

T 5 
R 

Output Pulse Rise Time 0.2 0.5 p's 

tp Programming Pulse Width 1 2 ms 

tD Pulse Sequence Delay 10 P.s 

TpR Programming Time VCC ~ VCCP 2.5 sec 

TpS Programming Pause VCC ~OV 5 sec 

TpR 
4 

Programming Duty Cycle 

TpR+TpS 

PROGRAMMING PROCEDURE 
The 82S27 is shipped with all bits at logical '''0'' (low). To write logi­
cal "1", proceed as follows: 

SET-UP 

a. Apply GND to pin 12. 
b. Terminate all device outputs with a 10kfl resistor to VCC· 
c. Set CE2 to logic "0". 

PROGRAM-VERIFY SEQUENCE 

Step 1 Raise VCC to VCQP and address the word to be pro­
grammed by applYing TTL "1" and "0" logic levels to the 
device address inputs. 

Step 2 After 10p.s delay, apply to CE1 (pin 13) a voltage source of 
14.5 ± 0.5V, with 15mA sourcing current capability. 

Step 3 After 10p.s delay, apply a voltage source of + 17.0 ± 0.5v to 
the output to be programmed. The source must have a cur­
rent limit of 115mA. Program one output at the time. 

Step 4 After 10p.s delay, remove + 11.0V supply from pro­
grammed output. 

33 % 

Step 5 To verify programming, after 10p.s delay, return CE1 to OV. 
Raise VCC to VCCH ~ ±5.25 ± .25V. The programmed 
output should remain in the "1" state. Again, lower VCC to 

VCCL ~ +4.75 ± .25V, and verify that the programmed 
output remains in the "1" state. 

Step 6 Raise VCC to VCCP and repeat steps 2 through 5 to pro­
gram other bits at th'e same address. 

Step 7 RepE-at steps 1 through 6 to program all other address lo­
cations. 

NOTES: 

1. Bypass Vee to GND with a O.01JlF capacitor to reduce voltage spikes. 
2. Care should be taken to insure the 17 ± O.5V output voltage is maintained during the entire 

fusing cycle. The recommended supply is a constant current source clamped at the speci­
fied voltage limit. 

3 Vs is the sensing threshold of the PROM output voltage for a programmed bit. It normally 
constitutes the reference voltage applied to a comparator circuit to verify a successful fus­
ing attempt. 

4. Continuous fusing for an unlimited time is also allowed, provided that a 33 % duty cycle is 
maintained. This may be accomplished by following each Program Verify cycle with a Rest 
period (Vee • OV) of 4ms. 

5 Measured with a 1 k dummy load connected across the fusing source. 
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TYPICAL FUSING PATH 

TYPICAL PROGRAMMING SEQUENCE 

1-------1 
I I 
I I 
I I 
I I 
I I 

I 

r--- Y'I~~fD3~ESS 
I 
I 
I 

"'''==--------------------,,---------------, 
~:~II AFIRST II 

TpR -\PROGRAMI 2.5 SEC. MAX 

_~ r-' , n ITPS-IPAUSE~ 
.;~ '" f- p:i.:,:~~.--------------Il-;r ----------- ----I ~ -----
+'-:'~-r----l [--------1 I I r----ov---.J L-__________ J L ____ -' _________ J . . 
+17.0V---- ----1'01-- r---, J r __ -:l'ol-- ! 1'of-

I I I I I 
OUTPUT ISN11 18N I 

VOLTAGE TA I I I I 

OV o~'p~ ------) L--~L L-----i--------- L ______ --1 

S!!IDOliCS 

N82S27-F 

OUTPUT 
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MANUAL PROGRAMMER 

O.33"f 

100pF 

(START! 

02111-----' 

03101-----' r+-I-----, 

D, .1------' 

NOTE. ALL RESISTORS VALUES ARE TVPICAL AND IN OHMS 

TIMING SEQUENCE 

IL ___ _ 
T, ~I----------'~,--------~L-------
T, ~'~=:J~========:::;_----
T, 
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N82S126/129-B,F .• S82S126/129F 

BLOCK DIAGRAM PIN CONFIGURATION 
fII,-C. FUSE ARRAY 8 ,F PACKAGE 

Au 

AI 

A, 

A, 

n." .. MATRIX .. .. 
A, 

TYPICAL FUSING PATH 

vccO-----------------~------------_4----_4----~--~~--+_~__, 

t-----+--oI---<l OUTPUT 

L ~~PUT BU~E~ ---1 

DISABLE 

PARAMETER TEST CONDITIONS I 58251261129 N8251261129 
UNIT I MIN TYP2 MAX MIN TYP2 MAX 

Propagation Delay 

TAA Address to Output CL = 30pF 

i 
35 70 35 50 ns 

TCD Chip Disable to Output R1 = 270n 15 35 15 20 ns 

TCE Chip Enable to Output R2 = 600n I 15 35 15 20 ns 

NOTES: 
1. Positive current is defined as into the terminal referenced. 
2. Typical values are at Vee = 5.0V, TA = +25°C. 
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N82S126/129-B,F .• S82S126/129F 

PROGRAMMING SPECIFICATIONS (Testing of these limits may cause programming of device.) TA = +25°C 

LIMITS 
PARAMETER TEST CONDITIONS 

MIN TYP MAX 
UNIT 

Power Supply Voltege 

Vccp 
1 

To Program ICCp = 350 ± 50mA 8.5 8.75 9.0 V 

(Transient or steady state) 

VCCH Upper Verify limit 5.3 5.5 5.7 V 

VCCL Lower Verify limit 4.3 4.5 4.7 V 

Vs3 Verify Threshold 0.9 1.0 1.1 V 

iCCp Programming Supply Current VCCP = +8.75 ± .25V 300 350 400 mA 

Input Voltage 

VIH Logical "1" 2.4 5.5 V 

VIL Logical "0" 0 0.4 0.8 V 

Input Current 

IIH Logical "1" VIH = +5.5V 50 /LA 

IlL Logical "0·· VIL = +0.4V -500 /LA 

VOUT 
2 

Output Programming Voltage lOUT = 200 ± 20mA 16.0 17.0 18.0 V 

(Transient or steady state) 

lOUT Output Programming Current VOUT = +17 ± 1V 180 200 220 mA 

TR Output Pulse Rise Time 10 50 /LS 

tp CE Programming Pulse Width 1 2 ms 

to Pulse Sequence Delay 10 /LS 

TpR Programming Time VCC = VCCP 2.5 sec 

TpS Programming Pause VCC = OV 5 sec 

TpR 
4 

Programming Duty Cycle 33 % 
TpR + TpS 

PROGRAMMING PROCEDURE 
1. Terminate ali device outputs with a 10KO resistor to Vec. 6. To verify programming, after 10/Ls delay, lower VCC to VCCH = 

+5.5 ± .2V, and apply a logic "0" level to both CE inputs. The 
programmed output should remain in the "1" state. Again, lower 
VCC to VCCL = +4.5 ± .2V, and verify that the programmed 
output remains in the "1" state. 

2. Select the Address to be programmed, and raise VCC to 
VCCP = 8.75 ± .25V. 

3. After 10/Ls delay, apply VOUT = +17 ± 1V to the output to be 
programmed. Program one output at the time. 

4. After 10/Ls delay, pulse both CE inputs to logic "0" for 1 to 2 
ms. 

5. After 10/Ls delay, remove +17V from the programmed output. 

NOTES: 

7. Raise VCC to VCCP = 8.75 ± .25V, and repeat steps 3 through 
6 to program other bits at the same address. 

8. After 10/Ls delay, repeat steps 2 through 7 to program ali other 
address locations. 

1. Bypass Vee to GND with a O.01,.,.F capacitor to reduce voltage spikes. 
2. Care should be laken to insure the 17 ± 1V output voltage is maintained during the entire fuSing cycle. The recommended supply is a constant current source clamped at the specified yolt· 

age limit. 
3. Vs is the sensing threshold of the PROM output voltage for a programmed bit. It normally constitutes the reference voltage applied to a comparator circuit to verify a successful fusing at· 

tempt. 
4. Continuous fusing for an unlimited time is also allowed. provided that a 33 % duty cycle is maintained. This may be accomplished by following each Program Verify cycle with a Rest period 

(Vee ~ OV) of 4ms. 
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MANUAL PROGRAMMER 
N82S126/129-B,F.· S82S126/129F 

O.33jJF 

2Si! 
NOM 

r-________________________ ~C~H~"~EN~A~B~'E1_-------r----------------~~~.L~~ 

12-15V 

TIMING SEQUENCE 

STARTI L..--____________ _ r--
~-----------------~---~ 

Tl~.~ _.~----------- 'm. ____________ '-, ___ _ 

'2~ ___ ,m.~~1 == ________ _ 
" __________ -11----- H~I '--------
,, ___ ---1I-'m.--1 

~===------" _______________ --.JI..- --l.S"" - - -~ .... I '---------

BIDOlmB 

LlTRONIX 
DC2 

LlTRONIX 
DC2 

,. 
LITRONIX 
DC2 

LiTRONIX 
DC2 

45 

~ 
W -a== o e 
w e 



N825130-F·5825130-F 

BLOCK DIAGRAM PIN CONFIGURATION 

NI Cr FUSE ARRAY F PACKAGE 

I' 64. S 

AO 

A, 
0, 

A2 64, S 

A3 
1:64 DE· °2 

A4 CODER -----
AS 

°3 
A6 64 x S 

A7 
°4 

AS 

64, S 
164) 

TYPICAL FUSING PATH 

1------, 
I I 
I I 

~~~~~~~ I 

vcco----------------r------------+---_1----~_f--~_+_1--, 

I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

~----+-4.---o OUTPUT 

L ....:>~PUT BU~E~ J 
DISABLE 

8828130/131 -SsoC ,;;;TA ';;;+12SoC, 4.S ,;;;VCC ,;;;S.SV 
AC ELECTRICAL CHARACTERISTICS N828130/131 O°C ,;;;TA';;; +7SOC, 4.7S ,;;;vcc ';;;S.2SV 

PARAMETER TE5T CONDITION 51 
8825130/131 N828130/131 

I MIN TYP2 MAX MIN TYP2 

Propagation Delay 

TAA Address to Output CL = 30pF 40 70 40 

TCD Chip Disable to Output R1 = 2700 20 30 20 

TCE Chip Enable to Output R2 = 6000 20 30 20 

NOTES: 
1. Positive current is defined as into the terminal referenced. 
2. Typical values are at Vee = 5.0V, TA = +25°C. 
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MANUAL PROGRAMMER 

,---+---1' A, 

,---+---1' A, 

,---+---1' A, 

,---+---1' A, 

,---+---1' A, 

,---+---1' A, 

,---+--1, A, 
r --
L ______ _ 

ADDRESS 

TIMING SEQUENCE 

825130 
OA 

82$131 
TO BE 

'"0 
GRAMMED 

03 10 f------' r+-+---, 

0, '1------' 

STARTIL. _______________ _ 

Tl~_----------

"'-~Ir=' ~-
" __ ---'1-,,,,,-'-1 _________ _ 

-------.I~--------------

", _________ ---'1-15m.--L..I _____________ _ 

s~nDliCS 

82S130-F .82S131-F 

UTRONIX 
DC> 

LlTRONIX 
DC> 

LlTRONIX 
DC> 

O.33.«F 
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N82S130-F· S82S130-F 

PROGRAMMING SPECIFICATIONS (Testing of these limits may cause programming of device.) T A = +25°C 

LIMITS 
PARAMETER TEST CONDITIONS 

MIN TYP MAX I UNIT 

Power Supply Voltage 

VCCP 
1 To Program ICCp = 350 ± 50mA 8.5 8.75 9.0 V 

(Transient or steady state) 

VCCH Upper Verify Limit 5.3 5.5 5.7 V 

VCCL Lower Verify Limit 4.3 4.5 4.7 V 

V 3 
S 

Verify Threshold 0.9 1.0 1.1 V 

ICCp Programming Supply Current VCCP = +8.75 ± .25V 300 350 400 mA 

Input Voltage 

VIH Logical "1" 2.4 5.5 V 

VIL Logical "0" 0 0.4 0.8 V 

Input Current 

IIH Logical "1" VIH = +5.5V 50 I'A 

IlL Logical "0" VIL = +0.4V -500 I'A 

VOUT 
2 Output Programming Voltage lOUT = 200 ± 20mA 16.0 17.0 18.0 V 

(Transient or steady state) 

lOUT Output Programming Current VOUT = +17 ± 1V 180 200 220 mA 

TR Output Pulse Rise Time 10 50 I'S 

tp CE Programming Pulse Width 1 2 ms 

to Pulse Sequence Delay 10 I'S 

TpR 
5 Programming Time VCC = VCCP 2.5 sec 

TpS Programming Pause VCC = OV 5 sec 

TpR 
4 

Programming Duty Cycle 33 % 
TpR +TpS 

PROGRAMMING PROCEDURE 
1. Terminate all device outputs with a 10kf! resistor to VCC. 
2. Select the Address to be programmed, and raise VCC to VCCP 

= 8.75 ± .25V. 

grammed output should remain in the "1" state. Again, lower 
VCC to VCCL = +4.5 ± .2V, and verify that the programmed 
output remains in the "1" state. 

3. After 10l's delay, apply VOUT = + 17 ± 1V to the output to be 
programmed. Program one output at the time. 

4. After 10l's delay, pulse the CE input to logic "0" for 1 to 2 ms. 
5. After 10l's delay, remove + 17V from the programmed output. 
6. To verify programming, after 10l's delay, 10we~CC to VCCH = 

+5.5 ± .2V, and apply a logic "0" level to the CE input. The pro-

NOTES: 

7. Raise VCC to VCCP = 8.75 ± .25V, and repeat steps 3 through 
6 to program other bits at the same address. 

8. After 10l's delay, repeat steps 2 through 7 to program all other 
address locations. 

~: ~~~:~~~S~~~ ~~~n ~~~n~r'~~~: ~~ja~it~~ ~U~~~~~~I~~~:~: :~~:ined during the entire fusing cycle. The recommended supply is a constant current source clamped at 'he specified volt­
age limit. 

3. Vs is the sensing threshold of the PROM output voltage for a programmed bit. It normally constitutes the reference voltage applied to a comparator circuit to verify a successful fusing at­
tempt. 

4. Continuous fusing for an unlimited time is also allowed, provided that a 33 % duty cycle is maintained. This may be accomplished toy following each Program-Verify cycle with a Rest period 
(Vee = OV) of 4ms. 

5. On the first programming attempt (from cold start) a maximum limit of 5 sec. is allowed. In most cases, depending on the truth table, this will decrease total programming time. 
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N82S114-1· N82S115-1 

DESCRIPTION PIN CONFIGURATION 
The 82S114 and 82S115 are fully TTL compatible, and include on­
chip decoding and two chip enable inputs for ease of memory ex­
pansion. They feature Tri-State outputs for optimization of word 
expansion in bussed organizations. A D-type latch is used to ena­
ble the Trl-State output drivers. In the TRANSPARENT READ 
mode, stored data is addressed by applying a binary code to the 
address Inputs while holding STROBE high. In this mode the bit 
drivers will be controlled solely by CE1 and CE2 lines. 

I PACKAGE 

In the LATCHED READ mode, outputs are held in their previous state 
(1, 0, or High-Z) as long as STROBE is low, regardless of the state of 
address or chip enable. A positive STROBE transition causes data from 
the applied address to reach the outputs if the chip is enabled, and 
causes outputs to go to. the High-Z state if the chip is disabled. 

A negative STROBE transition causes outputs to be locked into their 
last Read Data condition if the chip was enabled, or causes outputs to 
be locked into the High-Z condition if. the chip was disabled. 

BLOCK DIAGRAM 

Aoo--;---~-l 

512 X 8 OR 256 X 8 MATRIX 
ADDRESS BUFFER! 
LINES DECODER 

A7o-----'----i 
A8~--------_L __ _J-~~r_~,__r~-r_._,_~ 

STROBE~(~18~1-----~--~ 

CE, "-'=.-,T-..... 

eE2 V7=-->-_J 

FE1 : (131. FE2 : (111 

vee: (241. GND: (121. I ) ~ Denotes Pin Number 
OUTPUT LINES 

AC ELECTRICAL CHARACTERISTICS O°C ~TA ~+75°C, 4.75V ~VCC ~5.25V 

I PARAMETER TEST CONDITIONS 

TAA Address Access Time LATCHED or TRANSPARENT READ 

TCE Chip Enable Access Time R1 = 270n, R2 = 600n, CL = 30pF 

TCD Chip Disable Time (Note 4) 

TADH Address Hold Time 

TCDH Chip Enable Hold Time 

TSW Strobe Pulse Width LATCHED READ ONLY 

TSL Strobe Latch Time R1 = 270n, R2 = 600n, CL = 30pF 

TDL Strobe Delatch Time (Note 5) 

TCDS Chip Enable Set-up Time 

NOTES: 
1. Positive current is defined as into the terminal referenced. 
2. Typical values are at Vee = +S.OV and T A = +2SoC. 
3. No more than one output should be grounded at the same time and strobe should be disabled. Strobe is in "1" state. 

) 82S115 PIN CONNECTION 

LIMITS 
MIN TYP' 

35 
20 
20 

0 -10 
10 0 
30 20 
60 35 

40 

4. If the strobe is high, the device functions in a manner identical to conventional bipolar ROMs. The timing diagram shows valid data will appear TA nanoseconds after 
the address has changed and TeE nanoseconds after the output circuit is enabled. T CD is the time required to disable the output and switch it to an "off" or high 
impedance state after it has been enabled. 

5. In Latched Read Mode data from any selected address will be held on the output when strobe is lowered. Only when strobe is raised will new location data be 
transferred and chip enable conditions be stored. The new data will appear on the outputs if the chip enable conditions enable the outputs. 

9~nD'iC9 

MAX 

60 
40 
40 

30 

UNIT 

ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 
ns 
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82S114/115 MANUAL PROGRAMMER 

"co 
LlTIION'" 

co, 

0, uTRONIX OC, 
82S114 

0, 
82S115 
TO ~E 
,"0 

0, GRAMMW LllIION,,, 

0, 

0, 

'. 
0, "CO 

0, 

TIMING SEQUENCE 

STARTIL ________ _ -----------~ 
-LI ___ _ 

', ___ 1--- --L-I ______ _ 
,, ____ I~-,",,- ·LI ___________ _ 
", ____ ---.-JI- ---"m, ~L ______ _ 
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PROGRAMMING SPECIFICATIONS (Testing of these limits may cause programming of device )TA ~ +25°C 

LIMITS 
PARAMETER TEST CONDITIONS 

MIN TYP MAX 
UNIT 

Power Supply Voltage 
VCCpl To Program ICCp ~ 200 ± 25 mA 4.75 5.0 5.25 V 

(Transient or steady state) 

VCCH Upper Verify Limit 5.3 5.5 5.7 V 

VCCL Lower Verify Limit 4.3 4.5 4.7 V 

VS3 Verify Threshold 0.9 1.0 1.1 V 

ICCp Programming Supply Current VCCP ~ +5.0 ± .25V 175 200 225 mA 

Input Voltage 
V,L Low Level Input Voltage 0 0.4 0.8 V 

V,H High Level Input Voltage 2.4 5.5 V 

Input Current (FE1 a FE2 Only) 
I,L Low Level Input Current V,L ~ +0.45V -100 ,..A 

'IH High Level Input Current V,H ~ +5.5V 10 mA 
Input Current (Except FE1 a FE2) 

IlL Low Level Input Current V,L ~ +0.45V -100 ,..A 

'IH High Level Input Current V,H ~ +5.5V 25 ,..A 

VOUT2 Output Programming Voltage lOUT ~ 200 ± 20 mA 16.0 17.0 18.0 V 
(Transient or steady state) 

lOUT Output Programming Current VOUT ~ +17 ± 1V 180 200 220 mA 

TR Output Pulse Rise Time 10 50 ,..s 

tp FE2 Programming Pulse Width 1 1.5 ms 

to Pulse Sequence Delay 10 ,..s 

TpR Programming Time VCC ~ VCCP 10 sec 

TpS Programming Pause VCC ~ OV 
TpR4 

Programming Duty Cycle ---
TpR + TpS 

RECOMMENDED PROGRAMMING PROCEDURE 
The 82S114/115 are shipped with all bits at logical "0" (low). To 
write logical "1", proceed as follows: 

SET-UP 
a. Apply GNO to pin 12. 

b. Terminate all device outputs with a 10KU resistor to VCC. 

c. Set CE1 to logic "0", and CE2 to logic "1" (TTL levels). 

d. Set Strobe to logic "1" level. 

PROGRAM-VERIFY SEQUENCE 
Step 1 Raise VCC to VCCP, and address the word to be pro­

grammed by applying TTL "1" and "0" logic levels to the 
device address inputs. 

Step 2 After 10 ItS delay, apply to FE1 (pin 13) a voltage source of 
+ 5.0 ± 0.5V, with 10 mA sourcing current capability. 

Step 3 After 10"s delay, apply a voltage source of + 17.0 ± 1.0V to 
the output to be programmed. The source must have a cur­
rent limit of 200 mAo Program one output at the time. 

Step 4 After 10"s delay, raise FE2 (pin 11) from OV to +5.0 ± 0.5V 
for a period of 1ms, and then return to OV. Pulse source 
must have a 10 mA sourcing current capability. 

NOTES: 
1. Bypass Vee to GNO with a 0.01 ",F capacitor to reduce voltage spikes. 
2. Care should be taken to insure the 17 ± 1V output voltage is maintained during the entire 

fusing cycle. The recommended supply is a constant current source clamped at the speci­
fied voltage limit. 

7 sec 

60 % 

Step 5 After 10"s delay, remove + 17.0V supply from programmed 
output. 

Step 6 To verify programming, after 10"s delay, return FE1 to OV. 
Raise VCC to VCCH ~ +5.5 ± .2V. The programmed out­
put should remain in the "1" state. Again, lower VCC to 
VCCL ~ +4.5 ± .2V, and verify that the programmed out­
put remains in the" 1" state. 

Step 7 Raise VCC to VCCP, and repeat steps 2 through 6 to pro­
gram other bits at the same address. 

Step 8 Repeat steps 1 through 7 to program all other address lo­
cations. 

3 Vs is the sensing threshold of the PROM output voltage for a programmed bit. It normally 
constitutes the reference voltage applied to a comparator circuit to verify a successful fus­
ing attempt. 

4. Continuous fusing for an unlimited time is also allowed. provided that a 60 % duty cycle is 
maintarned. This may be accomplished by following each Program Verrfy cycle with a Rest 
perrod (Vee = OV) of 3 mS. 
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TYPICAL FUSING PATH 

V~o-----------~-----------1----~---4~r-. 

AC WAVEFORMS 

52 

TRANSPARENT READ 1 

(Output Latches Not Used) 

,, ______________________ +3.0V 

STROBE' __ --' ________ • _________________________ -- OV 

~_------------ _____________ +3.0V 

',.5V '-________________ OV 

._------+3.0V 

CHIP ENABLE 1.5V '-____ OV 

0,,··°8 

G~nDlleG 

+---11-""'-0 OUTPUT 

LATCHED READ2 
(Output Latches Used) 

N82S114-lo N82S115-1 

,----------+3.0V 

,------+3.0V 



BLOCK DIAGRAM 

(15) A, 

A, m l 

A, 

An 

" " 

N828136-F • N828137-F 
8828136-F .8828137-F 

PIN CONFIGURATION 
F PACKAGE 

AC ELECTRICAL CHARACTERISTICS 8828136/137 -SSOC ",TA '" +125°C, 4.5 "'VCC "'5.5V 
N828136/1370°C ",TA "'+75°C, 4.75 "'VCC "'5.25V 

TEST CONDITIONS' 
S82S1361137 N82S1361137 

PARAMETER 
MIN Typ2 MAX MIN Typ2 MAX 

UNIT 

Propagation Delay 

TAA Address to Output CL = 30pF 40 80 40 60 ns 

TCD Chip Disable to Output R1 = 270n 20 40 20 30 ns 

TCE Chip Enable to Output R2 = 600n 20 40 20 30 ns 
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882S136/N82S136-F 
S82S137/N82S137-F 

PROGRAMMING SPECIFICATIONS (Testing of these limits may cause programming of device.) T A = +25°C 

LIMITS 
PARAMETER TEST CONDITIONS 

MIN TYP MAX 
UNIT 

Power Supply Voltage 

VCCP 
1 To Program ICCp = 350 ± 50mA 8.5 8.75 9.0 V 

(Transient or steady state) 

VCCH Upper Verify Limit 5.3 5.5 5.7 V 

VCCL Lower Verify Limit 4.3 4.5 4.7 V 

V 3 
S 

Verify Threshold 0.9 1.0 1.1 V 

ICCp Programming Supply Current VCCP = +8.75 ± .25V 300 350 400 rnA 

Input Voltage 

VIH Logical "1" 2.4 5.5 V 

VIL Logical "0" 0 0.4 0.8 V 

Input Current 

\IH Logical "1" VIH = +5.5V 50 jJ.A 

IlL Logical "0" VIL = +O.4V -500 jJ.A 

VOUT 
2 Output Programming Voltage lOUT = 200 ± 20mA 16.0 17.0 18.0 V 

(Transient or steady state) 

lOUT Output Programming Current VOUT = +17 ± 1V 180 200 220 rnA 

TR Output Pulse Rise Time 10 50 jJ.S 

tp CE Programming Pulse Width 1 2 ms 

tD Pulse Sequence Delay 10 jJ.s 
5 

TpR Programming Time VCC = VCCP 2.5 sec 

TpS Programming Pause VCC = OV 5 sec 

TpR 
4 

Programming Duty Cycle 33 % 
T PR + T PS 

PROGRAMMING PROCEDURE 
1. Terminate all device outputs with a 10kQ resistor to Vcc. 
2. Select the Address to be programmed, and raise VCC to Vccp 

~ 8.75 ± .25V. 

grammed output should remain in the "1" state. Again, lower 
VCC to VCCL = +4.5 ± .2V, and verify that the programmed 
output remains in the "1" state. 

3. After 10jJ.s delay, apply VOUT = + 17 ± 1V to the output to be 
programmed. Program one output at the time. 

4. After 10jJ.s delay, pulse the CE input to logic "0" for 1 to 2 ms. 
5. After 10jJ.s delay, remove + 17V from the programmed output. 
6. To verify programming, after 10jJ.s delay, lower VCC to VCCH 

+5.5 ± .2V, and apply a logic "0" level to the CE input. The pro-

NOTES: 

7. Raise VCC to VCCP = 8.75 ± .25V and repeat steps 3 through 6 
to program other bits at the same address. 

8. After 10jJ.s delay, repeat steps 2 through 7 to program all other 
address locations. 

Bypass Vee to GND with a O.01~F capacitor to reduce vOlta~e spi,kes: 
Care should be taken to insure the + 17 ± 1 V output voltage IS maintained during the entire fusing cycle. The recommended supply is a constant current source clamped at the specified volt­
age limit 

3 Vs is the sensing threshold of the PROM output voltage lor a programmed bit. It normally constitutes the reference voltage applied to a comparator circuit to verify a successful fusing at­
tempt 

4 Continuous fusing for an unlimited time is also allowed, provided that a 33 % duty cycle is maintained. This may be accomplished by following each Program-Verify cycle with a Rest period 
(Vee ~ OVI of 4ms. 

5 On the first programming attempt (from cold start) a maximum limit of 5 sec. is allowed. In most cases, depending on the truth table, this will decrease total programming time. 
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'" A" 

DECODER 

{21 1 

A, 

A, 

AO 

" 
0, 

STORAGE 

0, 0, 0, 

S82S184/N82S184 F 
S82S185/N82S185-F 

PIN CONFIGURATION 
F PACKAGE 

S82S184/185 -55'C ,;;TA';; +125'C. 4.5 ,;;VCC ,;;5.5V 
AC ELECTRICAL CHARACTERISTICS N82S184/185 O'C ""T A "" + 75'C 475 ,;;VCC ,;;525V ~ ~ 

S82S 184/185 N82S184/185 
UNIT PARAMETER TEST CONDITIONS1 

MIN Typ2 MAX MIN Typ2 MAX 

Propagation Delay 

TAA Address to Output CL = 30pF 70 150 70 100 ns 

TCD Chip Disable to Output Rl = 2700 30 60 30 40 ns 

TCE Chip Enable to Output R2 = 6000 30 60 30 40 ns 
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S82S184/N82S184-F 
S82S185/N82S185-F 

PROGRAMMING SPECIFICATIONS (Testing of these limits may cause programming of device.) T A ~ +25°C 

LIMITS 
PARAMETER TEST CONDITIONS 

MIN TYP MAX 
UNIT 

Power Supply Voltage 

VCCP 
, 

To Program 'CCp ~ 350 ± 50mA 8.5 8.75 9.0 V 

(Transient or steady state) 

VCCH Upper Verify Limit 5.3 5.5 5.7 V 

VCCL Lower Verify Limit 4.3 4.5 4.7 V 

V 3 
S Verify Threshold 0.9 1.0 1.1 V 

ICCp Programming Supply Current VCCP ~ +8.75 ± .25V 300 350 400 mA 

Input Voltage 

VIH Logical "1" 2.4 5.5 V 

VIL Logical "0" 0 0.4 0.8 V 

Input Current 

IIH Logical "1" VIH ~ +5.5V 50 /J.A 

IlL Logical "0" VIL ~ +O.4V -500 /J.A 

VOUT 
2 Output Programming Voltage lOUT ~ 200 ± 20mA 16.0 17.0 18.0 V 

(Transient or steady state) 

lOUT Output Programming Current VOUT ~ +17 ± 1V 180 200 220 mA 

TR Output Pulse Rise Time 10 50 /J.s 

tp CE Programming Pulse Width 1 2 ms 

to Pulse Sequence Delay 10 /J.S 

TpR 
5 

Programming Time VCC ~ VCCP 2.5 sec 

TpS Programming Pause VCC ~ OV 5 sec 

TpR 
4 

Programming Duty Cycle 33 % 
TpR +T PS 

PROGRAMMING PROCEDURE 
1. Terminate all device outputs with a 10kQ resistor to VCC. 
2. Select the Address to be programmed, and raise VCC to Vccp 

~ 8.75 ± .25V. 

grammed output should remain in the "1" state. Again, lower 
VCC to VCCL ~ +4.5 ± .2V, and verify that the programmed 
output remains in the" 1" state. 

3. After 10/J.s delay, apply lOUT ~ + 17 ± 1V to the output to be 
programmed. Program one output at tl1e time. 

4. After 1 OILS delay, pulse both CE inputs to logic "0" for 1 to 2 ms. 
5. After 10/J.s delay, remove + 17V from the programmed outpul. 
6. To verify programming, after 10/J.s delay, 10we!"'ycC to VCCH ~ 

+5.5 ± .2V, and apply a logic "0" level to the CE input. The pro-

NOTES: 
1. Bypass Vee to GND with a O.01,IJ.F capacitor to reduce voltage spikes. 

7. Raise VCC to VCCP ~ 8.75 ± .25V and repeat steps 3 through 6 
to program other bits at the same address. 

8. After 10/J.s delay, repeat steps 2 through 7 to prvgram all other 
address locations. 

2 Care should be taken to insure the + 17 ± tV output vCllta~le is maintained during the entire fusing cycle. The recommended supply is a constant current source clamped al the specified volt­
age limit 

3. Vs is the senSing threshold of the PROM output voltage for a programmed bit. It normally constitutes the reference voltage applied to a comparator circuit to verity a successful fusing at­
tempt. 

4 Continuous lusing for an unlimited time is also allowed, provided that a 33 % duty cycle is maintained. This may be accomplished by following each Program-Verify cycle with a Rest period 
(Vee ~ OVj of 4ms. 

5 On the first programmjng attempt (from cold start) a maximum limit of 5 sec. is allowed. In most cases, depending on the truth table, this will decrease total programming time. 
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FPLA: Field Programmable Logic Arrays 

GENERAL 
Although strictly a logic element, an FPLA can also be viewed as a 
Conditionally Addressable Memory. In this respect, the FPLA is analo· 
gous to a small PROM of 46 words X 8 bits working storage. In contrast 
with PROMS however, FPLAs contain a programmable input decoder 
which allows "linear" selection of each device output word only when 
the FPLA input address matches any of the programmed combinations 
in the input matrix. 

The potential hardware savings possible with FPLAs when applied to 
implement any kind of combinatorial logic function are readily apparent 
because storage for unused minterms is no longer required. Also, the 
proper logic output for all inactive minterms occurs by input "default", 
and Don't Care states of the input variables can be directly programmed 
in the input matrix. The advantage comes about because with FPLAs 
we have a choice to select any 48·input words (or more, as determined 
by Don't Care input variables) from a total available pool of 65,536 (2"). 
This can be done at any time, in the field, by the user. 

ABSOLUTE MAXIMUM GUARANTEED RATNGS 
LIMITS 

PARAMETER UNIT 
MIN MAX 

TA Operating Ambient Temperature 
S82S . Military Range -55 +125 °C 
N82S • Commercial Range 0 +75 °C 

T STG Storage Temperature -65 +150 °C 

VIN Input Voltage +5.5 Vdc 
VOUT Output Voltage +5.5 Vdc 

VCC Power Supply Voltage +7 Vdc 

NOTES: 
1. Stresses above thos listed under "Maximum Guaranteed Ratings" may cause permanent 

damage to the device. This is a stress rating only, and functional operation of the device of 
these or any other condition above those indicated in the operation section of the device 
specifications is not implied. 

THERMAL RATINGS 
TEMPERATURE MILITARY COMMERCIAL 

Maximum junction 175°C 150°C 
Maximum ambient 125°C 75°C 
Allowable thermal rise 

ambient to junction 50°C 75°C 

THE 8251001825101 

The 82S100 (Tri·State Outputs) and the 82S101 (Open Collector Out· 
puts) are Bipolar Programmable Logic Arrays, containing 48 Product 
terms (AND terms), and 8 Sum terms (OR terms). Each OR term 
controls an output function which can be programmed either true 
active·High (Fp), or true active·Low (Fp). The true state of each output 
function is activated by any logical combination of 16·input variables, or 
their complements, up to 48 terms. Both devices are field· 
programmable, which means that custom patterns are immediately 
available by following the fusing procedure outlined in this data sheet. 

The 82S100 and 82S101 are fully TTL compatible, and include chip· 
enable control for expansion of input variables, and output inhibit. They 
feature either Open Collector or Tri·State outputs for ease of expansion 
of product terms and application in bus· organized systems. 

APPLICATIONS 
Large read only memory 
Random logic 
Code conversion 
Peripheral controllers 

Look·up and decision tables 
Microprogramming 
Address mapping 
Character generators 
Sequential controllers 

MAXIMUM ALLOWABLE POWER DISSIPATION 

# OF °JA1 PMAX - mW 
MATERIAL PACKAGE PINS °C/W 0+125°C 0+75°C 

Plastic B 16 155 -- 480 
XA 18 130 384 577 
N 24 100 500 750 
XF 28 100 500 750 

Plastic2 BA 16 85 588 850 
XAS 18 73 685 >1000 
NA 24 75 666 1000 
XFA 28 75 666 1000 

Cerdip F 16 90 556 835 
18 90 556 835 
24 60 830 >1000 

Ceramic I 16 83 600 900 
24 50 1000 >1000 
28 50 1000 >1000 

NOTES: 
1. On a mounted surface. in still air. 
2. Improved thermal characteristics due to buih-in heat spreader. 
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AC TEST FIGURE (UNLESS OTHERWISE SPECIFIED) 

100----

I 
I 
I 
I 
I 
I 

1150---+-

CE 0----
GNO 

f--;--- '0 

I 
I 

r-!-" 

V~CCRI 
-

R2 Cl 

(INCLUDES 
SCOPE AND JIG 

-=- I CAPAClTANCEI 

TYPICAL AC WAVEFORMS (UNLESS OTHERWISE 
SPECIFIED) 

READ CYCLE ,-_________________ '3.0V 

,.5V 
~ __________________ w 

€;=.5V ·3.0V 

'--------- ov 
....--TCD~ 

VOH 

1.5V 1.6V 

Measurements: All Circuit Delays are measured at the + 1.5V level of inputs and outputs. 

INPUT WAVEFORMS 

INPUT PULSES 

~:-----1[ k 
+3.0V 

,,-----It-:iC 
ALL INPUT: t, ~ tf - 5ns (10% TO 90%) 

ARRAY TIMING DEFINITIONS 

Delay between beginning of CHIP ENABLE low (with ADDRESS 
valid) and when DATA OUTPUT becomes valid. 
Delay between when CHIP ENABLE becomes high and DATA 
OUTPUT is in off state (Hi-Z or "1"). 
Delay between beginning of valid INPUT (with CHIP ENABLE 
low) and when DATA OUTPUT becomes valid. 
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825100-1·825101-1 

SWITCHING CHARACTERISTICS 
O°C < TA < + 75°C 4 75V < VCC < 525V - - PIN CONFIGURATION - -

TEST LIMITS 

PARAMETER CONDITIONS MIN Typ2 MAX UNIT 

Propagation Delay 

TIA Input to Output CL~30pF 35 50 ns 

TCD Chip Disable to R1 ~270 15 30 ns 

Output 

TCE Chip Enable to R2~600 15 30 ns 
Output 

TRUTH TABLE 

MODE Pn CE Sr 1 f (P n) Fp F* 
P 

Disabled 1 1 
(825101) X 1 X 
Disabled Hi-Z Hi-Z OUTPUT POLARITY 
(825100) 

1 0 YE5 1 0 

Read 
0 0 0 1 

X 0 NO 0 1 

k ~ O. 1. X (Don't Care) 

n ~ O. 1.2 •.....• 47 

47 
5 r ~ t (2:0 tn Pn) 

where: 

Unprogrammed state 

Programmed state 

r == p ~ O. 1.2 •....• 7 

im ~ km ~ 0; tn ~ 1 

im ~ km ; tn ~ 0 

DC ELECTRICAL CHARACTERISTICS O°Cs TA s 75°C; 4.75 V S VCC S 5.25V 

PARAMETER 1 

VIH High-Level Input Voltaget 
V,L Low-Level Input Voltaget 

VIC Input Clamp Voltage! 

VOH High-Level Output Voltage (825100) 

VOL Low-Level Output Voltage! 

10LK Output Leakage Current 
(825101) 

10(OFF) Hi-Z State Output Current (82S100) 

IIH High-Level Input Current 
IlL low-level Input Current 

105 Short-Circuit Output Current (82S 100),) 

ICC VCC Supply Current (825100. 82S101) 

C'N Input Capacitance 

Co Output Capacitance 

NOTES: 
1. All vOltage values are with respect to network ground terminal. 
2 All typIcal values Bre 81 Vee = 5V, TA = 25°C. 
3 Duration of short circuit should not exceed one second. 

TEST CONDITIONS 

VCC~ 5.25V 
VCC~4.75V 

VCC~4.75V.IIN~ -18mA 

VCC~4.75V. IOH~-2mA 

VCC~4.75V. 10L ~9.6mA 

VOUT~5.25V 

VOUT~5.25V 
VCC~5.25V VOUT~0.45V 

V'N~5.5V 
VIN~0.45V V 

VCC~5.25V. VOUT _ OV 

VCC~5.25V 

VCC~5.0V 
VIN~2.0V 

VOUT~2.0V 

4. ICC IS meas~red with th,e chip ~able Input grounded, all other inputs at 4.SV and the outputs open. 
5. Measured with VIL applied to ~ and a logIc" 1" stored. 
6 Measured with VIH apphed to CEo 

MIN 

2.4 

-20 

I PACKAGE 

LIMITS 

Typ2 MAX 
UNIT 

2 V 
0.8 V 

0.8 1.2 V 

V 

0.35 0.45 V 

1 40 JJ-A 

1 40 JJ-A 
-1 -40 JJ-A 

<1 25 JJ-A 
-10 -100 JJ-A 

-70 rnA 

120 170 rnA 

5 pF 
8 pF 

7. Test each output one at the time. . .. . 
8. Measured with a programmed logic condition for which the output under test is at a "0" logIC level. Output sink current IS supplied thru a resistor to Vee· 

SmDnliCS 

NOTES 

1 
1 

1.7 

1.5 

1.8 

6 

6 

3.7 

4 

6 
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BLOCK DIAGRAM 
_____ 48 PRODUCT TERMS-----

r-----4~---_1'r_----~-Ovcc 

INPUTS "Tf» : ~---~---r-4---~-~--1~-~ . 

SUM MATRIX 
(POSITIVE "OR" GATES) 

'Icc o--4~~--r----.--~----'I------, 

FPLA EQUIVALENT LOGIC PATH 

60 sagontics 

PRODUCT MATRIX 
{POSITIVE "AND" GATES) 

N82S100-1· N82S101-1 

'0 

" 
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FPLA MANUAL FUSER 
FIL- XFMfI 
F-40X~ ____ ~ 

::Ji 

TO FPlA 
(OUTPUTSI 

(TYPICAL OF 81 

N82S100-1 N82S101-1 

VERIFY "AND" 

0- PROGRAM AND/OR 

~ 
OUTPUTS 18) 

OUTPUT POLARITY PROGRAM-VERIFY SEQUENCE (Typical) 

CE 

TpR 
(PROGRAMY 

TpS 
(PAUSE) 

"OR" MATRIX PROGRAM-VERIFY SEQUENCE (Typical) 

10_5 

v" _, __________ ;:-_________ _ 

- - - - ---rpN-:-'- -
V1l I P N ____ ~.:.. __ 

..jtD~ (rnNOT IN Fp/FpJ 

FUSE 
ENABLE 

v OPF ~---r_-------, 
V OH 

V FEH -

CE V 1H ----IH 

S!!InOlies 

.--------, r----- ___ _ ----1---__ 

--- ___ J-
------~-
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"AND" MATRIX PROGRAM-VERIFY SEQUENCE (Typical) 

V OHF 

FO 5 
V OLF _f-__________ PN ._---------== = = ~~:.--~ 

v" 
10-15 V 1H , 

v" 

-'I,--------T,- - - -- --, -- ---
L ___ ~..:~ ___ SJ L ____ _ 

--l'D 
v OH 

F7 
(Verify Output) 

l.J---------

FUSE 
ENABLE 

VFEL 
10% 

CE 
v'H 

v" --~~~~--------------------------. 

TYPICAL FUSING PATHS 

OR Matrix 
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AND Matrix 
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MOS SHIFT REGISTERS 
AC ELECTRICAL CHARACTERISTICS TA = 25°C, VOO = -5V +5%, VILC 11V (4, 5, 6, 7, 8) 

Frequency Clock Pulse Data 

Clock tow (ns) tOH (ns) tA~ (ns) tA- (ns) 

TEST Rep Rate (MHz) Data ;'¢PW 1",1 '<pO 1",1 Data Write Data to Clock Clock to Data 

CONomON WoRoVCC Rep Rate (MHz) Width Delay tR, tF (ns) Time Hold Time Out Delay 

RLo3K W=R=VCC F=3MHz F=3MHz Transition (setup) Vo ° VCC -16V 
Data Out" 2.5V 

Min Typ Max Min TV' Max Min fV' Max Min TV, M" Min TV, M" Min TV' Max Min TV, Max Min TV, M" Min TV' Max 

2506 I ~ 3 NfA 150 ns 01 
100 ns 01 10 10 1000 75 150 

2507 1 ~ 3 NfA 150 ns 01 10 10 1000 75 150 
100 ns 01 

2517 12 3 NfA 150 ns 01 10 10 1000 75 150 
100 ns 01 

1405 VtlC=VCC-14.5 VI LC=VCC-14.5 0.100 10 30 I", 110 10 150 150 
ToVCC=17 ToVCC=17 

1 1 VOO=9V±5% 
VILC=VCC-12.6 To 
VCC-14.7,RL o5.6K 

1.5 1.5 0.140 10 30 I", 110 10 150 150 

1505 1.5 1.5 180 ns 10 I", 110 10 100 100 

1514 3 3 135 ns 15 10 1000 70 10 100 NfA 

1401A 1.5 5.0 0.130 10 10 1000 30 10 90 90 
VOO=-9V.!:5% 

1.5 3.0 0.170 10 10 1000 60 10 110 110 

2502 12 4 8 85' 10 10 1000 50 NfA 90 NfA 

1403A 1.5 5.0 0.130 10 10 1000 30 10 90 90 
VOO=-9V±5% 

1.5 3.0 0.170 10 10 1000 60 10 110 110 

2503 12 4 8 85<) 10 10 1000 50 NfA 90 NfA 

1404A 1.5 5.0 0.130 10 10 1000 30 10 90 90 
VO~" -9V±5% 

1.5 3.0 0.170 10 10 1000 60 10 110 110 

1504A 4 8 85' 10 10 1000 50 NfA 90 NfA 

1511 1.5 1.5 180 [IS 10 I", 110 10 100 100 

1515 3 3 135 ns 15 10 1000 70 10 100 NfA 

2518 12 1 NfA Clock NfA 5", 100 50 350 350 
0.100 DC 

2538 12 1 NfA Clock NfA 5", 10D 50 35D 350 
D.10D DC 

2519 12 1 NfA Clock NfA 5", 100 50 35D 350 
D.100 DC 

2539 12 1 NfA Clock NfA 5", 100 50 350 35D 
0.100 DC 

1509 DC 1.5 NfA Clock NfA I", 50 50 35D 350 
0.19D lDO 
0.110 DC 

2532 12 DC 1.5 NfA D.33 lDD NfA 5", NfA 75 tOl =1.6mA 'OL-l,6mA 
Clock 

D.33 DC 400 400 

2532_1 12 DC 1.5 NfA 0.D10 lOD NfA 5", NfA 75 IOL-l.6mA JOL-l.6mA 
Clock 

o.o:m DC 115 115 

2510 DC 1.5 NfA 0.19D 10D NfA I", 5D 5D 35D 350 
Clock 

0.110 DC 

1511 DC 1.5 NfA 0.3!10 DC NfA I", 75 50 350 350 

1511 DC 1.5 NfA 0.350 DC NfA I", 75 50 350 350 

1511 DC 1.5 NfA 0.2!10 100 NfA I", 50 50 35D 350 
Clock 

0.110 DC 

2529 DC 1.5 NfA D.1 lDO NfA I", NfA 65 IOL =1.6mA IOL =1.6mA 
Clock 

D.1 OC 450 45D 

1518 DC 1.5 NfA D.1 100 NfA I", NfA 6'5 IOL"'1.6mA IOl-1.6mA 
Clock 

0.1 DC 450 450 

1517 DC 1.5 NfA 0.1 100 NfA I", NfA 65 IOl-l.SmA IOL :1.6mA 
Clock 

0.1 DC 450 450 

1533 1.5 1.5 D.35D 100 NfA I", 50 75 30D 3DO 
Clock 

150 
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MOS SHIFT REGISTERS 
AC ELECTRICAL CHARACTERISTICS TA:/: 25°C, vee = -5V +5%, VILC 11V (4, 5, 6, 7, 8) 

Frequency Clock Pulse Data 

Clock tDW tDH tA+ (ns) 

TEST Rep Rate (MHz) Data tOPW (,us) taD ""I Data Write Data to Clock Clock to Data 
CONDITION W;R;VCC Rep Rate (MHz) Width Delay tR. tF (ns) Time Hold Time Out Delay 

R L ~3K W~R~VCC F=3MHz F=3MHz Transition (setup) Va ~ VCC -16V 
Data Out'" 2.5V 

Min TVp M" Min TV, M" Min TV' M" Min TV, M" Min TV, Max Min TVp Max Min TV' M" Min TV, 

2560 DC 2.0 DC 2.0 0.2 100 N/A '''' N/A 50 IOl =1.6mA 
Clock 

0.2 DC 

2561 DC 2.0 DC 2.0 0.2 100 N/A 1", N/A 50 IOl-1.6mA 
Clock 

0.2 DC 

2562 DC 2.0 DC 2.0 0.2 100 N/A '''' N/A 50 IOL-1.6mA 
Clock 

0.2 DC 

2563 DC 2.0 DC 2.0 0.2 100 N/A 1", N/A 50 IOL -1.6mA 
Clock 

0.2 DC 

5060 OtR'''OtF=lOns N/A OtR-OtF laos N/A 1", tR. tF-1Ons tR. tF-lOns N/A 
DC 1.5 0.300 100 Data, Load Data, load 

Clock 70 50 
0.200 DC 

tA- (ns) 

Max Min TV' 

IOl=1.6mA 

250 

IOl =1.6mA 

250 

'Ol =1.6mA 

250 

IOl-1.6mA 

250 

N/A 

Max 

250 

250 

250 

250 
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MOS-RAMS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) 
TA = aoe to 70oe, vee = +5VB, VDD = VD= -12V +5% 4.5.6.7 

INPUT VOLTAGE OUTPUT VOLTAGE' INPUT CURRENT 

V,L(V)' V,H(V!' VOL(V)' VOH(V)' 'LI(.A) 
LOW LEVEL HIGH LEVEL LOW LEVEL HIGH lEVEL LOAD 

TEST CONDITIONS 
TA=25 C TA=25 C TA=25"C 

IOl =2.0mA 'OH=-150.A V'N=OV to 5.25V 

NUMBER OF BITS MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX 

256 25LOI ·12 VCC 4.5 Vee- 2.O Vee+0.3 'OL = 3.0 rnA 0.45 IOH=-100.A V'N=OV 
3.5 500nA 

1024 2101 -0.5 0.65 2.2 Vee 0.45 2.2 10 

1024 2101·1 0.5 0.65 2.2 Vee 0.45 2.2 10 

1024 2101·2 0.5 0.65 2.2 Vee 0.45 2.2 10 

1024 2601 0.5 0.65 2.2 Vee 0.45 2.2 10 

1024 2102 -0.5 0.65 2.2 Vee 'Ol =1.9mA 0.4 'OW 100.A 10 
2.2 

1024 21 L02-1 -0.5 0.65 2.2 Vee 'Ol=1.9mA 0.4 'OH= 100.A 10 
2.2 

1024 21 L02·3 -0.5 0.65 2.2 Vee IOL =1.9mA 0.4 lOW 100.A 10 
2.2 

1024 21 F02 -0.5 0.65 2.2 Vec IOl=1.9mA 0.4 lOW 100.A 10 
2.2 

1024 2111 - 0.5 0.65 2.2 Vec 0.45 2.2 10 

1024 211 I-I 0.5 0.65 2.2 VCC 0.45 2.2 10 

1024 2111-2 -0.5 0.65 2.2 Vec 0.45 2.2 10 

1024 2611 0.5 065 2.2 VCC 0.45 2.2 10 

1024 2112 -0.5 0_65 2.2 Vee 0.45 2.2 10 

1024 2112-1 0.5 0.65 2.2 Vce 0.45 2.2 10 
-

1024 2112-2 -0.5 0.65 2.2 VCC 0.45 2.2 10 
-

1024 2612 -0.5 0_65 2.2 Vee 0.45 2.2 10 -
1024 2606 0.5 0.65 2.2 VCC 'Ol=I.9mA 0.45 'ow 100.A 10 

2.4 

1024 2606-1 0.5 0.65 2.2 VCC 'Ol=1.9mA 0.45 lOW 100.A 10 
2.4 I 

DYNAMIC 
1024 1103" AddressIData in') TA=O"C" 'OL = 3_2mA RL=100" RL =loon" 1 

TA=O'C VSS 1 VSS+l BOmV 400mV 
VSS 17 VSS 14.2 TA=70' C" See Note 15 TA=70'C 

TA=70' C VSS 0.7 VSS+l 
VSS 17 VSS 14.5 

Recharge Enable 
Read/Write 13. 14 

TA=O"C 
VSS--17 VSS-14.7 

TA=70' e 
VSS 17 VSS- 15.0 
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MOS-RAMS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) 
TA = ooe to 70oe, vee = +5VB, VDD = VD= -12V +5% 4,5,6.7 

I INPUT CURRENT OUTPUT CURRENT 

ILilLl"Ai ILOHi"Ai 
LOW LEVEL HIGH LEVEL 10LlmA) 
LEAKAGE LEAKAGE 

TEST CONDITIONS 
TA=25 C TA=Z3 C SINK 

VOUT=OA5V VOUT=40V T A=25 C 
CE=2,ZV CE=2,ZV VOUr= -0.7V 

NUMBER OF BITS l--MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN 

256 2501 VourOV, CS=J.3V 
VOUT = 045V I 

1000llA NiA 
I 

13 3.0 
2.0 

1024 2101 10 15 N/A 

1024 2101·1 10 15 N/A 

1024 21012 10 15 N/A 

1024 2601 10 15 N/A 

1024 2102 100 '10 N/A 

-f------ -
1024 21 L02·1 100 10 N/A 

--1----
1024 21LOn 100 10 N/A 

---
1024 21 F02 CE=2,OV 10 VOUT=2A to VCC N/A 

VOUT=OAV 5 

1024 2111 -50 15 NiA 

1024 211 1·1 -50 15 NiA 

1024 2111-2 -50 15 N!A 

1024 2611 -50 15 NiA 

1024 2112 -50 15 N/A 

1024 2112-1 -50 15 N!A 

1024 2112-2 -50 15 NIA 

1024 2612 -50 15 N/A 

1024 2606 -100 10 NiA 

1024 26061 100 10 N/A 

DYNAMIC 
1024 1103" VOUT=OV 1 N/A See Note 15 

600"A 

500"A 

I 

(See Notes-Page 9) 

IImlOliCII 

10HImAi 

SO U RCE 
T A =25 C 
VOUT=OV 

TYP MAX 

TA=70 C 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

RL =100" 
4000"A 

T A =70 C 
4000u A 

SUPPLY CURRENT 

IBB ("AI 

I 
MIN TYP MAX 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

NlA 

N/A 

N/A 

NIA 

N/A 

N/;':-r----

N/A 

100 
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MOS-RAMS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) 
TA = ooe to 70oe, vee = +5V8, VOO = vo= -12V +5% 4,5,6,7 

SUPPL V CURRENT CAPACITANCE 

ICC1(mA) ICC2(mA) loo(mA) CIN(pF) COUT(pF) 

TEST CONDITIONS TA=25 C TA=O C 
VIN"5,25V VIN"5,25V 

TA=25 C VIN=5V VIN=5V 

IOUT=OmA IOUT=OmA 
IOL =OmA F=IMHz F=IMHz 

NUMBER OF BITS MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX 

256 2501 I N/A N/A 9 10 10 
I 
I 
I 

1024 2101 30 60 70 N/A N/A N/A 

1024 2101·1 30 60 70 N/A N/A N/A 

1024 2101·2 30 60 70 N/A N/A N/A 

1024 2601 30 60 70 N/A N/A N/A 

1024 2102 60 70 N/A N/A N/A 

1024 21 L02·1 I 40 40 N/A N/A N/A 

1024 21 L02,·3 40 40 N/A N/A N/A 

1024 21 F02 60 70 N/A N/A N/A 

1024 2111 30 60 70 N/A N/A N/A 

1024 2111·1 30 60 70 N/A N/A N7A 

1024 2111·2 30 60 70 N/A N/A N/A 

1024 2611 30 60 70 N/A N/A N/A 

1024 2112 30 60 70 i N/A N/A N/A 

1024 2112·1 30 60 70 N/A N/A N/A 

1024 2112·2 30 60 70 N/A N/A N/A 

1024 2612 30 60 70 N/A N/A N/A 

1024 2606 40 70 80 N/A VIN=OV VOUT=OV 
4 7 7 10 

1024 2606·1 40 70 80 N/A VIN=OV VOliT=OV 
4 7 7 10 

DYNAMIC 
1024 1103" N/A N/A All Addresses, .. See Data Sheet • 

Precharge = OV 
Cenable = VSS 
During tpc 

56 
Durmg tav 

59 
Precharge = VSS 
Cenable = OV 
During tpov 

11 
Precharge. 
Cenable = VSS 

4 
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MOS-RAMS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) 
TA = oDe to 70De, vee = +5V8, VDD = VD= -12V +5% 4,5,6,7 

INPUT VOLTAGE OUTPUT VOLTAGE 

VIL(V)' VIH(V)' VOL(V)' VOH(V)' 
LOW LEVEl HIGH LEVEl LOW LEVEl HIGH LEVEl 

TEST CONDITIONS 
TA=25°C TA=25°C 

IOL=3,2mA IOW-200~A 

NUMBER OF BITS MIN I TVP I MAX MIN I TYP I MAX MIN I TYP I MAX MIN TYP MAX 

1024 1103-1 " Address/Data inl J TA=O°C 'OL = 3.2mA RL =100" 
TA=O°C VSS-l VSS+l See Note 15 

115 mV lOOmV 

VSS-20 VSS-18 TA=70° C 
90mV lOOmV 

4096 2680 See Data Sheet for Electrical Specifications 

4096 2680-1 See Data Sheet for Electrical Specifications 

4096 2680-2 See Data Sheet for Electrical Specifications 

INPUT CURRENT 

IlI(~A) 
LOAD 

TA=25°C 
VIN=OV to 5,25V 

MIN I TYP MAX 

RL=100n" 1 
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MOS-RAMS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) 
TA = ooe to 70o e, vee = +5V8, VDD = VD= -12V +5% 4,5,6,7 

INPUT CURRENT OUTPUT CURRENT I 
ILOL(pA) ILOH(pA) 

LOW LEVEL HIGH LEVEL IOL(mA) IOH(mA) 188 
LEAKAGE LEAKAGE 

TEST CONOITIONS TA=2S"C TA=2S"C SINK SOURCE 
VOUT=0.4SV VOUT=0.4SV TA=2S' C TA=2S"C 

CE=2.2V CE=2.2V VOUT=4.SV VOUT=OV 

NUMBER OF BITS MIN I TYP MAX MIN TYP MAX MIN I TYP MAX MIN [ TYP I MAX MIN TYP MAX 

1024 1103·1 " VOUT=OV 10 N/A See Note 15 RL=100n" 100 
1.15pA 7.0pA 

TA=SS"C 
0.9pA 7.0pA 

4096 2680 See Data Sheet for Electrical Specifications 

4096 2680·1 See Data Sheet for Electrical Specifications 

4096 2680·2 See Data Sheet for Electrical Specifications 
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MOS-RAMS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) 
TA = coe to 70oe, vee = +5V8, VDD = VD= -12V +5% 4,5,6,7 

SUPPLV CURRENT 

ICCl imA) ICC2imA) looimA) 

TEST CONDITIONS TA=25 C TA=O C 
VIN=5,25V VIN"S,25V 

TA=25 C 

IOUT"OmA IOUT=OmA 
IOL =OmA 

NUMBER OF BITS MIN TVP MAX MIN TVP MAX MIN' TVP , MAX 

1024 1103·1 " N/A N/A Average Cycle 
Time = 580n. 
Precharge Width = 190n. 

25 
All Addresses, 
Precharge = OV 
Cenable = VSS 
During tpc 

60 
During tov 

68.5 
Precharge = VSS 
Cenable = OV 
During tpo" 

11 
Precharge, 
Cenable = VSS 

4 
Average Cycle 
Time = 500ns 
Precharge Width = 190ns 

23 

4096 2680 See Data Sheet ~or Electrical Specifications 

4096 2680·1 See Data Sheet far Electrical Specifications 

4096 2680·2 See Data Sheet for Electrical Specifications 

CAPACITANCE 

CINipF) 

VIN=5V 
F'lMHz 

MIN' TVP , MAX 
MIN "' .. See Data Sheet 

COUT(pF) 

VIN=5V 
F=lMHz 

TVP I MAX 

~ 
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MaS-CHARACTER GENERATORS 
ELECTRICAL CHARACTERISTICS TABLE 

I nput Voltage -

VIL (V)8 VIH (V)8 
Low Level High Level 

TEST 
CONDITIONS 

Min Typ Max Min Typ Max 

# of Bits 

2560 2513 -5 0.6 3.4 5.3 

3072 2516 -5 0.6 3.4 5.3 

4096 2530 -5 0.6 3.4 5.3 

5184 2526 -5 0.6 3.4 5.3 

8192 2580 -5 0.6 3.4 5.3 

8192 2608 -5 0.65 2.2 

8192 2608·1 -5 0.65 2.2 

NOTES: 

Output Voltage Input Current Output Current 

ILOL (PA) 
VOL(V)8 VOH (V)8 III (J,LA) Low Level 
Low Level High Level Load Leakage 

10 L =1.6mA IOW1oollA TA=25°C TA=25°C 
VIN=5.5V VOUT=5.5V 

VCE=VCC 

Min Typ Max Min Typ Max Min Typ Max Min Typ Max 

-5 0.4 3.0 500nA looonA 

-5 0.5 3.8 500nA looonA 

0.5 3.8 500nA looonA 

0.5 3.8 500nA looonA 

0.5 3.8 500nA looonA 

0.45 2.4 0~IN,qj·25V VOUT=0.4V 
10 10 

0.45 2.4 0';;;VIN';;;5.25V VOUT=0.4V 
10 10 

1. Stresses above those listed under "Maximum Guaranteed Rating" may cause permanent damage to the device. This is a stress rating only 
and functional operation of the devic" at these are at any other condition above those indicated in the operation specifications is not 
implied. 

° 2. For operating at elevated temperatures. the devices must be derated based on a +150 e maximum junction temperature and a thermal 
resistance of 150oe/W (T A and V packagel or a 125°e/W (B packagel. 

3. All inputs are protected against static charge. 

4. Parameters are valid over operating te,mperature range unless specified. 

5. All voltage measurements are referenced to ground. 

6. Manufacturer reserves the right to m<,ke design and process changes and improvements. 

7. Typical values at +25°e and typical supply voltages. 

8. Guaranteed input levels are stated for worst case conditions including a ±:5% variation in Vee and a temperature variation of oOe to 

+70oe. Actual input requirements with respect to Vee are VIH = Vee = 1.85V and VIL = Vee = 4.15V. 

9. When cascading. use 140ns maximum pulse width to allow data set·up time for driver register. 

10. VOL is a function of the input characteristics of the driver TTL/OTL gate 101 and VeLAMP end the value of the pull·down resistor (RLI. 

11. Typically IGG will reduce by 40llA/bit reduction in total register length. 

12. T A = oOe to +70oe. VSS (Note 171 ,~ 16V ±5%. (V BB - VsSI Note 18 = 3V to 4V. VOO = OV unless otherwise specified. 

13. The maximum values for VI L and the minimum values for VIH are linearly related to temperature between oOe and 70°C can be calcu· 

lated using a straight·line relationship. 

14. The maximum values for VIL (for precharge. cenable and read/writel may be increased to VSS - 14.2 @ OoC and VSS - 14.5 @ 70°C 
(same values as those specified for the address and data·in linesl with a 40ns degradation (worst casel in tACo tPC. tAe. tWC. tAWC. 

tACCl and tACC2' 

15. The output current when reading a low output is the leakage current of the 1103 plus external noise coupled into the output line from 
the clocks. VOL equals 10L across the load resistor. 

16. This value of load resistance is used for measurement purposes. In applications the resistance may range from lOOn to 1 kn. 

17. The VSS current drain is equal to (100 + 10HI or (100 + lOLl. 

18. (VBB - VSSI supply should be ,pplied at or before VSS· 
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MOS-CHARACTER GENERATORS 
ELECTRICAL CHARACTERISTICS TABLE 

Output Current Supply Voltage 

ILOH (PA) 
High Level 
Leakage IGG (rnA) ICC (rnA) 100 (rnA) 

VOUT=OV VCC=5.25V TA=25°C 

TEST VCE=VCC VOUT=OV 
CONDITIONS 

Min Typ Max Min Typ Max Min Typ Max Min Typ 

# of Bits 

2560 2513 N/A 15 N/A 

3072 2516 N/A 12 N/A 

4096 2530 N/A 45 45 N/A 

5184 2526 N/A 45 45 N/A 

8192 2580 N/A 35 35 N/A 

8192 2608 VOUT=2.4V N/A TA=O°C N/A 
80 

8192 2608-1 VOUT=2.4V N/A TA=O°C 
80 

SmODtlCS 

Capacitance 

CIN (pF) COUT (pF) 

F=l MHz 

VIWVCC 
VAC=25MVP-P 

Max Min Typ Max Min Typ Max 

15 10 

21 10 

10 

10 
--

10 

VIN=OV VOUT=OV 
7.5 15 

VIN=OV VOUT=OV 
7.5 15 
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DESCRIPTION 
The 2518 and 32-bit recirculating static shift 
registers consist of enhancement mode P­
channel silicon gate MaS devices integrat­
ed on a single monolithic chip. Internal 
recirculation logic plus TTLIOTL level clock 
signals are provided for maximum interfac­
ing ease. 

BLOCK DIAGRAM 

'N, 

'N, 

'N, 

'N, 

'N, 

'N, 

SWITCHING CHARACTERISTICS 

PARAMETER 
~_LlMITS 

MIN MAX 

tRS Recirculate set-up time 150 
tRH Recirculate hold time 50 
tOOE Output enable time 100 
tOaD Output disable time 100 

74 

OUT, 

DUT2 

OUT3 

OUT4 

OUTS 

OUTS 

UNIT 

ns 
ns 
ns 
ns 

SmOOliCS 

2518-B.I.F 

PIN CONFIGURATION 

B, I, F PACKAGE 

TRUTH TABLE 

RECIRCULATE INPUT FUNCTION 

1 0 Recirculate 

1 1 Recirculate 

0 0 "0" is Writtel1 

0 1 "1" is Written 

Data is Read Out wMen output enable is "low." Output is tri· 
stated when output enable is "high." 



TIMING DIAGRAM 

CLOCK V~H - - -

INPUT 

14-----1/1-----... 

'08 __ - 'DH 

DATA VIH--- - ---­

INPUT 
VIL ____ ---

RECIRCULATE V IH - - - - - - -

CONTROL V IL - - - - - - - - ~-=-=:..:;::..:::.Jr 

2518-B,I,F 

_'F _ _ 'R_ 

---'~ -'0_ 
VOH---- ----- - - -- ---

DATA 
OUTPUT VOL ____ _ 

GATE VIH 
OUTPUT 

CONTROL VIL - _____ _ 

DESCRIPTION 
The 2519 40-bit recirculating static shift 
registers consist of enhancement mode P­
channel silicon gate MOS devices integrat­
ed on a single monolithic Chip. Internal 
recirculation logic plus TTLIOTL level clock 
signals are provided for maximum interfac­
ing ease. 

SWITCHING CHARACTERISTICS 

PARAMETER 
LIMITS 

MIN MAX 

tRS Recirculate set-up time 150 
PRH Recirculate hold time 50 
tOOE Output enable time 100 
tooo Output disable time 100 

UNIT 

ns 
ns 
ns 
ns 

SmnOliCS 

2519-B.I.F 

PIN CONFIGURATION 

B, I, F PACKAGE 

TRUTH TABLE 

RECIRCULATE INPUT FUNCTION 

1 0 Recirculate 
1 1 Recirculate 
0 0 "0" is Written 
0 1 "1" is Written 

Data 1S Read out when output enable i!J "low." Output is tn­
stated when output enable is "high." 
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TIMING DIAGRAM 

1 ... ----- 1/1 -----., 

V.H--­
CLOCK 
INPUT 

DATA 
INPUT 

RECIRCULATE 
CONTROL 

'os 
VIH--- -

VIL ____ ---

VIH - - -- ---

VIL - - - - - - - -

2519-B.I.F 

~tF.- ~tR...-

VOH---------.---~t~J _tD_~ 
O~~;~T VOL __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ '-_________ _ 

~tooo- --v DOE ..-

GUE ~H . 

C~W~ciL VIL _ _ _ _ _ _ _ _ _ _ _ ~ _________ _ 

BLOCK DIAGRAM 

OUT, 

'., 

OUT2 

'., 

OUT3 

'N, 

OUT4 

'., 

OUTS 

'., 

OUTe 

'N, 
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DESCRIPTION 
The 2509 50-bit recirculating static shift 
register consists of enhancement mode P­
channel silicon gate MOS devices integrat­
ed on a single monolithic chip. Internal 
recirculation logic plus TTL/DTL level clock 
signals plus tri-state outputs are provided 
for maximum interfacing ease. 

PIN CONFIGURATION 
A PACKAGE K PACKAGE 

OUT, 

SWITCHING CHARACTERISTICS TRUTH TABLE 

PARAMETER 
LIMITS 

MIN I MAX 

tOE Disconnect I 300 

BLOCK DIAGRAM 

IN,o-r==l::Jo----!.....) 

NOTES: 
1: If output enable:: "0", output is "off". 
2: If output enable = "1", see Truth Table. 

stgnOliCS 

UNIT 
RECIRCULATE INPUT 

0 0 
0 1 
1 0 
1 1 

NOTE: "0" 0 ov; "1" 0 +5V. 

2509-A,K 

OUT2 

vGG 

FUNCTION 

Recirculate 
Recirculate 
"0" is Written 
"1" is Written 

""" 
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i: 

TIMING DIAGRAM 

78 

'LN 

DATA IN 

DATA OUT 

OUTPUT 
ENABLE 

,5 r'OPW---II"j--'OPW-----j 

~~-..190% 90% 

50% "0% J 50% L 10% 10% 

o ~'F ~ 'R 

tos tOH 

+5 ---------------+----------~ 

r;=:~~ ': ---------,'-------------------

tR = IF <10 NSEC FOR ALL INPUTS 

9illnOliC9 

III 
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2532-6·2532-1-6 

DESCRIPTION TRUTH TABLE PIN CONFIGURATION 
The 2532 Static Shift Register consists of 
enhancement mode P-Channel silicon gate 
MOS devices integrated on a single mono­
lithic chip. Each of the four BO-bit registers 
is provided with an independent input, 
push-pull output and recirculation control. 

RECIRCULATE FUNCTION INPUT B PACKAGE 
0 "0" is Written 0 
0 "1" is Written 1 
1 Recirculate 0 
1 Recirculate 1 

The single phase clock is common to all four NOTE: "0·· = ov. "1" = +5V 

registers. All inputs and outputs including 
the clock interface directly with TTL or DTL 
circuits without external components. 

Data is entered when the clock is at a logic 
"1". Data is shifted when the clock goes low. 
When the Recirculate control is at a logic 
"1", data recirculates and is continuously 

TIMING DIAGRAM 

~1<topw~"""~I··~-1¢pw------.1 

available at the output, data input is 
inhibited. With the Recirculate control is at a 
logic "0", data is entered. 

BLOCK DIAGRAM 

I ,..--__ ""' I 1,..--__ ......,1 

JSO% \50% 1~~jf ~ "No----------I 

1 -I I-'R -.1 j.-'F 
<IN 'os I ..... I .. ~l-tDH 

" 1,..1,1,..-_______ _ 

0- ___ ~0*__LJ~0~ _________ _ 
f----'A-I 

.5 I "'-h0ii -----
0- ______ ~ _____ ~·~_.4V ____ _ 

tRS I" -, .... I tRH 

RECIRCULATE 

___ ---, I, 1.. ,I r---------
_____ so;~o~ _________ _ 

tR = tF 10 NSEC FOR ALL INPUTS 
NOTE: CLOCK MUST BE STOPPED IN THE TTL ··0·' STATE TO RETAIN DATA 

DURING STATIC OPERATION. 

SWITCHING CHARACTERISTICS· 

- PARAMETER 
2532 

MIN MAX 

tRS Recirculate set-up time 150 
tRH Recirculate hour time 50 

BI!IIOl1l9 

2532-1 
MIN MAX 

BO 
30 

OUT 

UNIT 

ns 
ns 
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DESCRIPTION 
The 2510 100-bit recirculating static shift 
register consists of enhancement mode P­
channel silicon gate MOS devices integrat­
ed on a single monolithic chip. Internal 
recirculation logic plus TTL/DTL level clock 
signals plus tri-state outputs are provided 
for maximum interfacing ease. 

80 

PIN CONFIGURATION 

A PACKAGE K PACKA.GE 

OUT, 

SWITCHING CHARACTERISTICS TRUTH TABLE 

PARAMETER 
LIMITS 

MIN I MAX 

tOE Disconnect I 300 

BLOCK DIAGRAM 

1.,o-+::::=lC)o--L.J 

NOTES: 
1: If output enable = ''0'', output is "off", 
2: If output enable = "1", see Truth Table. 

IwnOfiGI 

UNIT 
RECIRCULATE INPUT 

0 0 
0 1 
1 0 
1 1 

NOTE: "0" = OV; .. , •. = +5V. 

2510-A.K 

OUT2 

vGG 

FUNCTION 

Recirculate 
Recirculate 
"0" is Written 
"1" is Written 

0 ... , 



TIMING DIAGRAM 

+5 

"N 

+5-----' 

DATA IN 

+5 --------+-----~ 
DATA OUT 

O.4V 0------
'RS:-+--+_of-

t--:~! 
+5 -------~ 1,.----------

OUTPUT " ENABLE 

o ~---------

tR = IF <10 NSEC FOR ALL INPUTS 

2S10-A.K 
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DESCRIPTION TRUTH TABLE 
The 2521 128-bit recirculating static shift 
register consists of enhancement mode P­
channel silicon gate MOS devices integrat­
ed on a single monolithic chip. 

FUNCTION 

Recirculate 
Recirculate 
''0'' is Written 
"1" is Written 

INPUT 

0 , 
0 , 

NOTE: ."0 •• = oV; •. , .. = +5V. 

SWITCHING CHARACTERISTICS 
PARAMETER LIMITS 

MIN MAX 

tRS Recirculate setup time 50 
tRH Recirculate hold time 50 

PIN CONFIGURATION 
RECIRCULATE 

V PACKAGE 
0 
0 
1 , 

UNIT 

REeIRCULATEO' Vee 
IN, 2 1 tN2 

OUT, 3 6 OUT2 

VGG 4 5 4l1N 

ns 
ns 

TIMING DIAGRAM BLOCK DIAGRAM 

RECIRCULATE 

I--- "PW ..........f-- .. PW ---I 

'5~. 1 t: ""T 
.,N ov ,- ,{- 1~]I;.~~l""~ __ '~""-:::il'1 

'05 I" I •• 1 tOH -·1 I--tF --I 1--'" 

'5~r+""\1 
DA.TA IN 50% I 50% 

0 _____ ../1 1\.. _____ ------

I----- 'A -----I 
.• I,}------

DATA OUT I \?I'-"3.0V 
0- _______ +- _____ .1~,,;!!O.!l'V~ ___ _ IN, 

tRS--t-+J-f-- tRH 

~R"'EC""R"'CU,"L"AT"E·_--_-_-_-_--::"':t:'U~"""-_-_-_-_-_-_-_-_-_-_-_ 
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DESCRIPTION 
The 2522 132-bit recirculating static shift 
register consists of enhancement mode P­
channel silicon gate MOS devices integrat­
ed on a single monolithic chip. 

TRUTH TABLE 
RECIRCULATE INPUT FUNCTION 

0 0 Recirculate 
0 1 Recirculate 
1 0 "0" is Written 
1 1 "1" is Written 

NOTE: ··0·· ~ OV: ··1·· ~ +5V. 

SWITCHING CHARACTERISTICS 
PARAMETER LIMITS UNIT 

MIN MAX 

tRS Recirculate set-up time 50 ns 

tRH Recirculate hold time 50 ns 

PIN CONFIGURATION 
V PACKAGE 

RECIRCULATEO' vcc 

IN1 2 1 IN2 

OUT, 3 6 OUT2 

VGG 4 5 <i'>IN 

TIMING DIAGRAM BLOCK DIAGRAM 

¢IN 

tDS----J---..1---t- tOH 

.5 -------, I r +, I ~----------
DATA IN 0 _____ 5O.JW~ _________ _ 

I---~ 'A ------I 
.5 IJ..------

DATAOUTo ________ ~ _____ ..J~o..!!:~::~!"'-' ___ _ 
'RS-t---i--f-- 'RH 

REC1RCULATE-_-_-_--_-_-~""'U'_,.5O%-_-_-_-_-_-_-_-_-_-_-_ 

SI!IDOliCS 

2522-V 
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DESCRIPTION 
The 2511 200-bit recirculating static shift 
register consists of enhancement mode P­
chal'1nel silicon gate MOS devices integrat­
ed on a single monolithic chip. Internal 
recirculation logic plus TTL/DTL level clock 
signals and tri-state outputs are provided 
for maximum interfacing ease. 

84 

PIN CONFIGURATION 
A PACKAGE K PACKAGE 

SWITCHING CHARACTERISTICS TRUTH TABLE 
PARAMETER LIMITS 

MIN MAX 

tDE Disconnect 300 

BLOCK DIAGRAM 

'·,o-+--'L;o--....., 

' .. <>-t=1:)o---;n 

NOTES: 
1: If output enable = ''0'', output is "off". 
2: If oulpul enable: "T'. see Truth Table. 

UNIT RECIRCULATE INPUT 

0 0 
0 1 
1 0 
1 1 

NOTE: "0" : OV; "1" : +5V. 

2511-A,K 

OUT2 

VGG 

FUNCTION 

Recirculate 
Recirculate 
''0'' is Written 
"1" is Written 

""" 



TIMING DIAGRAM 

.,N 

DATA IN 

DATA OUT 

OUTPUT 
ENABLE 

.5------. 

'AI 
'5 -------+-----, ~~V----

o ____________ J O.4V 

'5 - - - - - - -"-'"\,t=-:~-~-------
o ~---------

fA tF <10 NSEC FOR ALL INPUTS 

951, 

2S11-A,K 
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DESCRIPTION 
The 2529 240-bit recirculating static shift 
register consists of enhancement mode P­
channel silicon gate MOS devices integrat­
ed on a single monolithic chip_ 

BLOCK DIAGRAM 

TRUTH TABLE 
RECIRCULATE 

0 
0 , , 

NOTE: "0" = oV: "'" = +5V 

+Vee 

,----------------. 
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I 
I 
I 
I 

2~9 
BIT REGISTER 

IN2 I BIT REGISTER 

I 
I I L ________________ ~ 

2529-V 

PIN CONFIGURATION 
INPUT FUNCTION V PACKAGE 

0 Recirculate , Recirculate 
0 "0" is Written , "1" is Written 

TIMING DIAGRAM 
1.....--.-- t,:.PW ________ 1 ___ t~pw ~I 

+, ~I I ~19O% r 
'i>IN 50% /50% 50% 90% 

ov . I I ~"I'~"_--,l~""~ I 
'O'---l-I---f-'DH -I 1---', ---I 1 ___ " 

+'1 r +, I ~----------
DATA IN 50%4 I '¥5C'I'Yo 

0- - __ - ...li"--+Ji\ ___ - - - - - -- --
I--- 'A---l 

+, I~-----
I \*3.0V 

DATAOUT
O 
________ +- _____ .J~~o.'~V ___ _ 

tRS ' •• ' •• 1 titH 

~.=EC=I.=C=UL~A~TE:_-_-_-_-_~~~~~~--_-_-_-_-_-_-_-_-_-_-_ 
IR = IF < '0 NSEC FOR ALL INPUTS 

NOTE: FOR STATIC OPERATION, THE INPUT CLOCK MUST BE STOPPED IN THE 
TTl "1" STATE IN ORDER TO RETAIN DATA (SEE CLOCK PULSE WIDTH 
SPECIFICATION). 



DESCRIPTION 
The 2528 250-bit recirculating static shift 
register consists of enhancement mode P­
channel silicon gate MaS devices integrat­
ed on a single monolithic chip, 

BLOCK DIAGRAM 

·.N 

.N2 BIT REGISTER 

2528-V 

TRUTH TABLE 'PIN CONFIGURATION 

RECIRCULATE INPUT FUNCTION V PACKAGE 

0 0 Recirculate 
0 1 Recirculate 
1 0 "0" is Written 
1 1 "1" is Written 

NOTE: "0" = OV; "1" = +5V 

TIMING DIAGRAM 

tos I_ "1 ... ~tDH 

DATA.N :_ ----------""'-,.../o\."':.. _________ _ 

I 
1 OUT2 

1 

I---- 'A -----I 
,5 I.,l..------

DATA OUT I \*-3.OV 

L ________________ ~ 
0- _______ +- _____ .J~;'!!O'!l'V~ ___ _ 

IRS I_ -I .. -I IRH 

~c=o. .... '----= I r -, 1,.--------
REC.RCUlATE _____ ~'--J::: __________ _ 

IA = IF < 10 NSEC FOA ALL INPUTS 
NOTE: FOR STATIC OPERATION, THE INPUT CLOCK MUST BE STOPPED IN THE 
TTL "'" STATE IN ORDER TO RETAIN DATA (SEE CLOCK PULSE WIDTH 
SPECIFICATION). 
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DESCRIPTION 
The 2527 256-bit recirculating static shift 
register consists of enhancement mode P­
channel silicon gate MOS devices integrat­
ed on a single monolithic chip. 

TRUTH TABLE 

RECIRCULATE 

0 
0 
1 
1 

2527-V 

PIN CONFIGURATION 

INPUT FUNCTION V PACKAGE 

0 Recirculate 
1 Recirculate 
0 "0" is Written 
1 "1" is Written 

" " , " NOTE: 0 = OV; '1 = +5V 

BLOCK DIAGRAM 

"N 
!;tI, 1/>2 4>3 256:]: IN2 I BIT RE(,ISTER I 

I Q I OUT2 

I L-________________ I L ________________ ~ 
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TIMING DIAGRAM 

"N o'v' ---\ 50% I ,-------;~~ ·%T ',---. _,{50% ~~~10% ---':=10%{1 
tDS----1----~~tDH ---I f.-tF ___ I I-'R 

., I r +""\ I r----------
DATA IN 0 _____ 50.:-W'-"':.. _________ _ 

I---- 'A--I 
., I }------

DATAOUTO _______ -~ ____ -x;,.!!:~.:~~------
'RS-t----J---I- 'RH 

~R~EC=IR=C~UL~A~TE~-_-_-_---_-_-=so.:":'b~r5O%-_--_--_--_--_-_--_-_-_--_-_ 
'R 0 'F 10 NSEC FOR ALL INPUTS 

NOTE: FOR STATIC OPERATION, THE INPUT CLOCK MUST BE STOPPEO IN THE 
TTL "1" STATE IN ORDER TO RETAIN DATA (SEE CLOCK PULSE WIDTH 
SPECIFICATION). 



DESCRIPTION TRUTH TABLE PIN CONFIGURATION 
The 2533 Static Shift Register consists of 
enhancement mode P-channel silicon gate 
MOS devices integrated on a single mono­
lithic chip. 

STREAM SELECT 

0 
1 

NOTE; "0" = ov, "1" = +5V 
The 1024-bit register is equipped with two 
data inputs together with a "Stream Select" AC TEST SETUP 
control to facilitate external recirculation. 

The single phase clock input, data input, 
data output, and stream select control will 
interface directly with TTL/DTL circuits 
without external components. 

Data is entered when the clock is at a logic 
"1 ". Data is shifted when the clock goes low. 

NOTES; 

FUNCTION 

IN 1 SELECTED 
IN 2 SELECTED 

Measure tA between device input and point (a). Gates 
are standard 7400. 

V PACKAGE 

TIMING DIAGRAM SWITCHING CHARACTERISTICS 

STREAM 
SELECT 

"~I.' -,,,-,,-,, . (- - - -- - -
o __________________ J L. ___ _ 

NOTE; A TIMES MEASURED AT 50% POINTS WITH INPUT tr, tf ~ 10ns. 

B CLOCK MUST BE STOPPED IN TTL "0" STATE TO RETAIN DATA 
DURING STATIC MODE OPERATION. 

PARAMETER 

tssH Stream select hold time 
tsss Stream select set-up time 

BLOCK DIAGRAM 

.,Nlo-----------I 

SSeI "--A_r--, 
IN2 V""""T-1......J 

91!)nOllC9 

LIMITS 
MIN 

50 
80 

CLOCK 
GENERATOR 

1024-8IT 
REGISTER 

MAX 

2533-V 

UNIT 

ns 
ns 
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DESCRIPTION PIN CONFIGURATION 
These Signetics 2500 Series dual 100-Bit 
dynamic shift registers consist of enhance­
ment mode P-channel MOS devices inte-· 
grated on a single monolithic chip. They use 
two clock phases. 

BLOCK DIAGRAM 

IN 1--{:>-~ 100 BITS ~o-- OUT 1 

IN2~ 100 BITS ~OUT2 

SWITCHING CHARACTERISTICS 

TEST CONDITIONS 
LIMITS 

PARAMETER 
MIN MAX 

too 
Data in overlap tr 2 = tr 1 = 10ns 10 

TIMING DIAGRAM 

"'''"'\ ~t'" 
Vi -i-1d+ 90% 

".w-t---j ~o'i "-I 1-'" :-" 
,1 OUTPUT I 

1 

I I 
'\'1 __ 1 f.--tDO~ I I---- FREQUENCY~~_I 

r--\:'-r'~ \ 
OATAIN.-! 't---l-- I 

I 
-I 1--'" _-.-Jr L:~' 

90 

T PACKAGE 

UNIT 

2506/07/17-T, V 

V PACKAGE 

OUTeUT ov CLOCK HP,) 1 8 CC 

INPUT 

OUTPUT 2 1 7 CLOCK (¢ ) 

INPUT 2 3 6 OUTPUT,2 

Von 4 5 INPUT 1 

PART NO. OUTPUT PACKAGE 
2506T Bare Drain 8 Pin TO-5 
2506 V Bare Drain 8 Pin DIP 
2507 T 7.5k Pull Down 8 Pin TO-5 
2507 V 7.5k Pull Down 8 Pin DIP 
2517 T 20k Pull Down 8 Pin TO-5 
2517 V 20k Pull Down 8 Pin DIP 



DESCRIPTION BLOCK DIAGRAM 
The 2505/1405 512-bit recirculating dynam-
ic shift registers consist of enhancement 
mode P-channel MOS devices integrated on 
a single monolithic chip. Internal recircula-
tion logic plus write and read cor1trols. 
together with two chip select controls are 
included on the chip. 

TIMING DIAGRAM 

NOTE: 

NOTES: 
N = 512 '0' = ov. '1' = +5V. 
When 81 or 82 is '0' Data Recirculates 
When 81 and 82 are '1' see truth table 

1. N=512 -
2. Note that the Read Inout is AND'ed with cP 1: therefore this function is not valid until .p. 1 occurs. 

91!1DOliC9 

2505/1405-K 

PIN CONFIGURATION 

K PACKAGE 

~ :or ~ 
wA,TE, .. , 8182 .. ADIAl 

TRUTH TABLE 

WRITE READ FUNCTION 

0 0 Recirculate. Output is '0' 
0 1 Recirculate. Output is Data 
1 0 Write Mode. Output is '0' 
1 1 ReadlWrite. Output is Data 
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DESCRIPTION BLOCK DIAGRAM 
The 2524 512-bit recirculating dynamic shift 
register consists of enhancement mode P­
channel MOS devices integrated on a single 
monolithic chip, Internal recirculation 10'9iC: 
plus write and read controls are included on 
the chip, 

NOTE CONDITIONS OF TEST 
Input rise and fall times: 10 ns Output load 
is 1 TTL gate 

No 512 '0' oov, '1' = +5V, 

TIMING DIAGRAM 

-, . 
.. ----...... - ..... 

• ,ounUTCLOCJC : : : I 

.10towm' ': '"'" I: \..-M- toM ~ ! I : : I I -'Zpw CLOCK RE' R.TE~ : 
"~ __ 't'-"I I _____ ',I 

DATA IN I I : I : 

I ~IJ ~I" I 
o I INilfl: :....1.+-+..t 
+5- - _1. - -- ~-------------___ ~)o-+-I_- --:1' ----------.v .. --

DATA. OUT : I I '_ r~ 
o I : SS : ! -----O'UT8ir'1-----J 

tw +6---1 :--- .....,~ tw :: 
WRITf~ " I , . ~rl~:~--:~-----------

IR+ ~:-- ~ t--- IR-

READ .. ------------~J \~----------
NOTE: 
1, N = 512 
2. Note that the Read Input is ANO'ed with ¢ 1; therefore this function tS not valid until ¢ 1 occurs. 

92 &(gnOllD& 

2524-V 

PIN CONFIGURATION 

V PACKAGE 

","",U' "00" o. U" 

OUTPUT , , ':'1 OUTPUT ClOCI( 

REAO 3 6 'NPUT 

VOD • 5 WAITE 

TRUTH TABLE 
WRITE READ FUNCTION 

0 0 Recirculate, Output is '0' 
0 1 Recirculate, Output is Data 
1 0 Write Mode, Output is '0' 
1 1 Read Mode Output is Data 



PIN CONFIGURATION 

2502 
B,I PACKAGE 

DESCRIPTION 
These Signetics 2500 Series 1024-bit multi­
plexed dynamic shift registers consist of 
enhancement mode P-channel MOS de­
vices integrated on a single monolithic chip, 
Due to on-chip multiplexing, the data rate is 
twice the clock rate, 

OUTPUT BUFFER 

SWITCHING CHARACTERISTICS 
LIMITS 

UNIT 
MINIMAX too DATA IN OVERLAP 

10 I NS 

2503 2504 
TA PACKAGE TA PACKAGE 

voo Voo 

02 

IN 1 IN 2 IN Ne 

,11 

Vee Vee 

2503 2504 
V PACKAGE V PACKAGE 

TIMING DIAGRAM 

--1---"'''-'- -+--""-'--+ ___ --+_--"''-'"_--+---'''';;;',=;-_+---'B':;''',;N,o'=-'_ 

,,1 CLOCK 

.-------- VIHC 1O%[J--, , , , , , 
+,1 1",0 1"-: I 90%_:1 --

1
1---- ---- - VILe 

I I~ClOCKRATE~: II II 
lolPW -I~II I I tF---"II~II"-tR 

,mOCK 'DW'-., :L" ~ ~ I V'He , 90%U : 90%U ___ VICC 

tDH·~1 I~: I I I: 

I 1---"1 \;2PW I ___ OATARATE ... 1 : I 

DATAIN-- -J----'v~ - --- - - - - --r(>- - - - - - ~ - - - + - - -VIH 

~ ..... __ '\ a.) I I Vil 

INelTl INBIT2 ~I l ...... tA+ -.1 I ..... IA_ 

DATAOUT-----------------2(-------..!.T~VOH 
---------------il22'-------...J - -OUTBrr, - OUT BIT 2 VOL 

'tow and tOH same for t ¢2 "N 0 256 for 1402A, N 0512 for 1403A, N 0 1024 for 1404A 
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DESCRIPTION 
The 2512 1024-bit recirculating dynamic 
shift register consists of enhancement 
mode P-channel MOS devices integrated on 
a single monolithic chip, Internal recircula­
tion logic plus write and read controls, 
together with two chip select controls are 
included on the chip, 

TIMING DIAGRAM 

NOTE: 

BLOCK DIAGRAM 

NOTES: 
N ~ 1024 '0' ~ ov, '1' ~ +5V, 
When 81 or 82 is '0' Data Recirculates 
When 81 and 82 are '1' see truth table 

1, N~1024 -
2. Note that the Read Input is ANO'ed with cP 1; therefore this function is not valid until !I!.. 1 occurs. 

94 ·ROIII •• 

PIN CONFIGURATION 

K PACKAGE 

TRUTH TABLE 

WRITE READ FUNCTION 

0 0 Recirculate, Output is '0' 
0 1 Recirculate, Output is Data 
1 0 Write Mode, Output is '0' 
1 1 ReadIWrite, Output is Data 



DESCRIPTION 
The 2525 1024-bit recirculating dynamic 
shift register consists of enhancement 
mode P-channel MOS devices integrated on 
a single monolithic chip, Internal recircula­
tion logic plus write and read controls are 
included on the chip, 

CONDITIONS OF TEST 
Input rise and fall times: 10 ns Output load 
is 1 TTL gate 

TIMING DIAGRAM 

WRITf 

READ 

NOTE' 
1 N 0 1024 

BLOCK DIAGRAM 

~." ,,,,,'"''' ~ 

~2 01 

WRIH (1'1) READIRI 

NOTE 
No 1024 '0' 0 ov, '1' 0 +5V, 

r---- SIT N -----1 
~----'U~----' 

, 
I : 

1R+~~ ~ 1--'.-

IJ , 
2. Note that the Read Input is ANO'ed with ¢1; therefore this function is not valid until 1>1 occurs. 

lii!lDoriCIi 

PIN CONFIGURATION 

V PACKAGE 

"'''MCCO,"O' '00 OU1PUT , , "1 OUTPUT CLQCI( 

READ J 0 INPUT 

VDD ' , WRITE 

TRUTH TABLE 
WRITE READ FUNCTION 

0 0 Recirculate, Output is '0' 
0 1 Recirculate, Output is Data 
1 0 Write Mode, Output is '0' 
1 1 Read Mode Output is Data 
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WR'IEa, 

DESCRIPTION PIN CONFIGURATION 
The Signetics 2500 Series 256-bit Random Access Memory employs enhancement mode P-
channel MOS devices integrated on a single monolithic chip. It is fully decoded, permitting B,I PACKAGE 
the use of a 16-pin dual in-line package. Complete static operation requires no clocking. 

SWITCHING CHARACTERISTIICS Guaranteed Limits TA = 0 to +70 0 e, 
Vee +5V +5% VDD VD 12V +5% = 0, = = - - ° 

READ CYCLE WRITE CYCLE 

SYMBOL TEST LIMITS (!-,sec) MAX SYMBOL TEST 

two Address to Write Pulse Delay 

ta Access 
1 JLsee 

twp Write Pulse Width 

Time tw Write Time 
f--' 

too Data-Write Pulse Overlap 

AC CONDITIONS OF TEST 
Input pulse amplitudes: 0 to +5V, Input pulse rise and fall times: 
< 10 nsec. Speed measurements referenced to 1.5V levels. 

Output load is 1 TTL gate; measurements made at output of TTL 
gate (tpd ,,;: 10 nsec) 

LIMITS (!-,sec) MIN, 

0.3 

0.4 

0.3 

0.1 

BLOCK DIAGRAM 

A, "' or 
w 
~ 

A2 ~ 

Address 6 " 
Address 8 

Address 7 " 
VD " 

Vee " 
Address 5 . " 
Address 1 '" 

w 
a 
§ 
a 

Chip Select 

Data Out 

Data Out 

Data In 

Address 4 

Address 2 

Address 3 

iil '" '" 256·BIT RAM PLANE 

READ CYCLE (For Measurement Purpose Only) 

A1- A g 

CS ---+-..... 
<50 nsec 

R/W 

OUTPUTS 
,._-_-_--:..-_-_-=--=--=-t_' ___ L 

WRITE CYCLE (For Measurement Purpose Only) 

cs---i-'\. 

mw--~----J 

DATA IN ___________ J 

A3 

A, 

DATA 
OUT 

cs 
R/W 

DATA IN 

NOTE: 

f- w 

'" 
or 
a 

'" 
a 

x " x 

16 
Vee: 5 

15 
VOO:8 

12 Vo: , 

The 25L01 is available which will reduce the IDO to 9mA at 25°C. 10 reduces to 16mA 
at 25°C and IOl = OmA at 2SoC. 

POWER DISSIPATION 
The maximum power dissipation of 1.7 mW/bit is required only 
during Read or Write. For standby operation 1001' W/bit is 
obtained by removing VD and reducing VDD to -8.0V. 

SmnOliCS 



DESCRIPTION PIN CONFIGURATION 
The 2101 series and the 2601 are 1024-bit high performance, low power static read/write 
RAMs organized as 256 words by 4 bits. 

The 2101 series and the 2601 are fully static and no refresh operations, sense amplifiers, or 
clocks are required. All inputs and outputs are directly TTL-compatible and only one +5V 
power supply is required. 

The 2101 series and the 2601 are fabricated with N-channel silicon gate technology which 
allows the design of high performance easy to use MOS circuits and provides a high 
functional density on a given monolithic Chip. 

BLOCK DIAGRAM 

Ao 

A, 

ROW 
A2 SELECT 

A3 

... 
R/W 

D', 
INPUT 

0'2 DATA 
CONTROL 

0'3 

D._ 

,. 
CE1 

17 
CE2 

,. 
00 

SWITCHING CHARACTERISTICS for 2101,2101-1,2101-2,2601 
T - O°C to 70°C V C - 5V +5% unless otherwise specified A- C - -

GND 

CELL ARRAY 
32 ROWS 

32 COLUMNS 

As As A7 

READ CYCLE 2101 2101-1 2101-2 

Parameter Test Conditions Min. Max. Min. Max. Min. Max. 

tRC Read Cycle 1,000 500 650 

tA Access Time t r, tf = 20ns 1,000 500 650 

tco Chip Enable To Output VIN = +0.65V to +2.2V BOO 350 400 

too Output Disable To Output Timing Reference = 1.5V 700 300 350 
tDF (3) Data Output to High Z State Load = 1 TTL Gate 0 200 0 150 0 150 . 
tOH Previous Read Data Valid and CL = 100pF. 40 40 40 

after change of Address 

WRITE CYCLE 

twe Write Cycle 1,000 500 650 

tAW Write Delay t r, tf = 20ns 150 100 150 

tew Chip Enable To Write VIN = +0.65V to +2.2V 900 400 550 

tow Data Setup Timing Reference = 1.5V 700 2BO 400 

tOH Data Hold Load = 1 TTL Gate 100 100 100 

twp Write Pulse and CL = 100pF. 750 300 400 

tWR Write Recovery 50 50 50 

tos Output Disable Setup 200 150 150 

&!DOlillS 

.....!!...o Vee 

.....!....oGND 

2601 
Min. Max. 

400 
400 
175 
150 
125 

40 

400 
400 

150 
125 
50 
150 
0 

150 

'-.. -• 0 
DO, E 

W D02 

E D03 

DO_ 

----

Unit 

ns 
ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
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CAPACITANCE (2) TA-25°C f-1 MHz - -

Parameter 
Limits (pF) 

Typ. (1) Max. 

CIN Input Capacitance 4 8 (All Input Pins) VIN = OV 

COUT Output Capacitance VOUT = OV 8 12 

WAVEFORMS 

READ CYCLE 

I~C~-----------tRC---·----------~1 

ADDRESS 

CE2 

--+_J_tco~ 

OD--+---~ ~tOD~ 
(COMMON [4] 

NOTES: 

110) 

DATA 
OUT 

_tA_ 

tOH~ _ 

[3] 
..-tDF~ 

DATA OUT 
VALID 

1. Typical values are for TA ::: 25°C and nominal supply voltage. 
2. This parameter is periodically sampled and is not 100% tested. 
3. tOF is with respect to the trailing edge of CE1, CE2, or 00, whichever occurs first. 
4. CD should be tied low for separate I/O operation. 
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2101-F • 2101-1-F • 2101-2 • F • 2601-F 

AC CONDITIONS OF TEST 

Input Pulse Levels: +0.65 Volt to 2.2 Volt 
Input Pulse Rise and Fall Times: 20ns 
Timing Measurement Reference Level: 1.5 Volt 
Output Load: 1 TTL Gate and CL = 100pF 

WRITE CYCLE 

.~ 
ADDRESS 

---I 

1 

CE2 

[4] OD 
(COMMON 

1/0) -1 ---

C 

.. 
1\ 

V 

C 

I 

'DS -
DATA 

IN 

-'\ ___ J 
C _ tAW 1 ___ 

r RIW 

twc • 
,~ 

1,--
tcw ~ 

/ -

\. -tcw ... 

- ~tDH 

\ir- -
DATA IN 
STABLE II\- _ -tDW ... ___tWR __ 

twp ... 



2111' 2111-10 2111-2 0 2611-XA, IK 

DESCRIPTION PIN CONFIGURATION 
The 2111 series are 1024-bit high performance, low power static read/write RAMS XA,IK PACKAGE 
organized as 256 words by 4 bits. 

The 2111 series are fully static and no refresh operations, sense amplifiers, or clocks are 
required. All inputs and outputs are directly TTL-compatible and only one+5V powersupply 
is required. 

The 2111 series is fabricated with N-channel silicon gate technology which allows the 
design of high performance easy to use MOS circuits and provides a high functional density 
on a given monolithic chip. 

BLOCK DIAGRAM 

ROW 
SELECT 

CE2 o--<C>-'--

00 

MEMORY ARRAY 
32 ROWS 

32 COLUMNS 

SWITCHING CHARACTERISTICS 

'8 
---OvCC 

8 
----OGND 

TA - O°C to 70°C VCC - 5V +5% unless otherwise specified - - -
READ CYCLE 

Parameter Test Conditions 

tRC Read Cycle 

tA Access Time tr. tf = 20ns 

tce Chip Enable To Output VIN = +0.65V to +2.2V 

too Output Disable To Output Timing Reference = 1.5V 
tDF (3) Data Output to High Z State Load = 1 TTL Gate 

IOH Previous Read Data Valid and CL = 100pF. 
after change of Address 

WRITE CYCLE 

IWC Write Cycle 

lAW Write Delay t r. tf = 20ns 

ICW Chip Enable To Write VIN = +0.65V to +2.2V 

lOW Data Setup Timing Reference = 1.5V 

IOH Data Hold Load = 1 TTL Gate 

IWp Write Pulse and CL = 100pF. 

IWR Write Recovery 

lOS Output Disable Setup 

ImOOllCI 

2111 
Min. Max. 

1.000 

1.000 

800 

700 

0 200 

40 

1.000 

150 

900 

700 

100 

750 

50 

200 

A3 vee 

A2 A4 

Al RIW 

AO eEl 

A5 

A6 

A7 

GND 

OD 

2111-1 2111-2 2611 
Min. Max. Min. Max. Min. Max. Unit 

500 650 400 ns 

500 650 400 ns 

350 400 175 ns 

300 350 150 ns 

0 150 0 150 125 ns 

40 40 40 ns 

500 650 400 ns 

100 150 400 ns 

400 550 150 ns 

280 400 125 ns 

100 100 50 ns 

300 400 150 ns 

50 50 0 ns 
150 150 150 ns 
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READ CYCLE 

ADDRESS 

CHIP 
ENABLES ice;. CE2i 

OUTPUT 
DISABLE 

DATA 110 

~-------'RC-------•• ·I 

--------~~--~~~--m_ 

2111' 2111-1' 2111-2' 2611-XA, IK 

WRITE CYCLE 
~------'WC-------to-l 

ADDRESS 

CHIP _~_-J---tcw--~ 
ENABLES 
(CE,. CE2i 

OUTPUT 
DISABLE 

DATA 1/0 

READI 
WRITE 

'DW_ 

100 1(gIDIIDI 



2112-F,Se2112-1-F,Se2112-2-F,Se2612-F,S 

DESCRIPTION 
The 2112 series and the 2612 are 1024-bit high performance,low power static readlwrite 
RAMs organized as 256 words by 4 bits. 

The 2112 series and the 2612 are fully static and no refresh operations, sense amplifiers, or 
clocks are required. All inputs and outputs are directly TTL-compatible and only one +5V 
power supply is required. 

The 2112 series and the 2612 are fabricated with N-channel silicon gate technology which 
allows the design of high performance easy to use MOS circuits and provides a high 
functional density on a given monolithic chip. 

BLOCK DIAGRAM 

ROW 
SELECT 

MEMORY ARRAY 
32 ROWS 

32 COLUMNS 

16 

---aVec 
8 

---OGND 

PIN CONFIGURATION 
F,B PACKAGE 

GND 

CAPACITANCE2 T A = 25°C, f = 1 MHz 

Vee 

R/W 

1/01 

Symbol Test 
Limits (pF) 

Typ.' 

CIN Input Capacitance 
4 

(All Input Pins) VIN = OV 

CliO 1/0 Capacitance VI/O = OV 10 

NOTES: 
RIW o-----'~- 1. Typical values are for T A = 25°C and nominal supply voltage. 

2. This parameter is periodically sampled and is not 100% tested. 

SWITCHING CHARACTERISTICS for 2112,2112-2,2612 
WRITE CYCLE #1 T A = O°C to 70°C, VCC = 5V ±5% 

Parameter Test Conditions 

tWC1 Write Cycle t r , tf = 20ns 

tAW1 Address to Write Setup Time VIN = +0.65V to +2.2V 

tDW1 Write Setup Time Timing Reference = 1.5V 

tWP1 Write Pulse Width Load = 1 TTL Gate 

tCS1 Chip Enable Setup Time and CL = 100pF. 

tCH1 Chip Enable Hold Time 

tWR1 Write Recovery Time 

tDH1 Data Hold Time 

tCW1 Chip Enable To Write Setup Time 

WRITE CYCLE #2 T A = O°C to 70°C, VCC = 5V ±5% 

Parameter Test Conditions 

tWC2 Write Cycle t r, tf = 20ns 

tAW2 Address To Write Setup Time VIN = +0.65V to +2.2V 

tDW2 Write Setup Time Timing Reference = 1.5V 

tWD2 Write To Output Disable Time Load = 1 TTL Gate 

tCS2 Chip Enable Setup Time and CL = 100pF. 

tCH2 Chip Enable Hold Time 

tWR2 Write Recovery Time 

tDH2 Data Hold Time 

2112 2112-2 2612 

Min. Max. Min. Max. Min. Max. 

850 500 400 
150 100 100 
650 280 150 
650 350 150 

0 0 0 
0 0 0 
50 50 50 
100 50 50 
650 350 150 

Min. Max. Min. Max. Min. Max. 

1050 650 550 
150 100 100 
650 280 150 
200 200 200 
0 0 0 
0 0 0 
50 50 50 
100 50 50 

Max. 

8 

15 

Unit 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

Unit 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
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SWITCHING CHARACTERISTICS T A = 0° to 70°C, VCC = SV ±S% unless otherwise specified. 

Parameter Test Conditions 
2112 2112-2 2612 

Read Cycle Unit 
Min. Max. Min. Max. Min. Max. 

tRC Read Cycle tr, tf = 20ns 1,000 6S0 400 ns 
tA Access Time VIN = +0.6SV to +2.2V 1,000 6S0 400 ns 
tco Chip Enable To Output Time Timing Reference = 1.SV 800 SOO 1S0 ns 
tCD Chip Enable To Output Disable Time Load = 1 TTL Gate 0 200 0 1S0 100 ns 
tOH Previous Read Data Valid After and CL = 100pF. 40 40 40 ns 

SWITCHING WAVEFORMS 

WRITE CYCLE #1 WRITE CYCLE #2 

WRITE CYCLE #1 WRITE CYCLE #2 

'WCl ... - ,-- ., 
ADDRESS ADDRESS 

....J - -.J -- _1-'CSl .-tcHl 

E _'CW1_ 
) CHIP ENABLE 

,I w--DATA IN 

t_'DHl 

STABLE INPUT 10UTPUT INPUT 10UTPUT -
READIWRITE j READIWRITE 

, 
AWl 
__ 'WP1 __ 'WR1_ 

NOTE: Typical values are for T A '" 25 D C and nominal .'Iupply voltage. 

READ CYCLE WAVEFORMS 

RI:AD CYCLE WAVEFORMS 

Notes: 
1. Output is enabled and teo commences only with both CELOW and.,¥tE HIGH. _ 
2. Output is disabled and tOF combined from either the rising edge of CE or the falling edge of WE. 
3. Minimum twp is valid when CE has been HIGH at least tOF before WE goes LOW. Otherwise 

twp(ml!!J = tDw(min.) + tDF(max.) _ 
4. When WE goes HIGH at the end of the write cycle, it will be possible to turn on the output buffers if CE 

is still LOW. The data out will be the same as the data just written and so will not conflict with input 
data that may still be on the 1/0 bus. 
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2606-8 • 2606-1-8 

DESCRIPTION 
The 2606 is a fully decoded, static, read/write, random access memory. It has a capacity of 
1024-bits and is organized as 256 x 4. The 2606 is fabricated with N-Channel silicon gate 
MOS technology and achieves an access time of less than 750 nanoseconds. No clocks are 
required and all interface signals are directly TTL compatible including the power supply. 

BLOCK DIAGRAM 

"ssIGND) 

y. y,. " " 
I I 

j 

PIN CONFIGURATION 
B PACKAGE 

, , 

j I I 

~ 
INPUT 

~ 
INPUT 

~ 
INPUT 

~ ~~~~~ LOGIC LOGIC LOGIC 

OUTPUT OUTPUT OUTPUT OUTPUT . II I 
~ 

I 
I 

~ x DECODER 
I 

02- '"' I ,n. 32X8 "'. i.~:A~ ADDRESS I ARRAY ARRAY ARRAY 
BUFFER 

<>-' I 
02- I 

-L 

1--- - - - -- -- - - - -- - --- ----I 

Y DECODER AND ADDRESS BUFFER 

6" !," 6" A, A, 

, 
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2606-8·2606-1-8 

AC OPERATING CHARACTERISTICS 
TA = O°C to 70°C, VCC = +5V ± 5% unless otherwise specified. See Notes. E, F, G & H 

2606-1 (SOOnsCycleTime) 2606 (750 n$ C'It.\e Time) 

WRITE CYCLE A MIN MAX UNITS NOTES MIN MAX UNITS NOTES 

tAW Address to write time 150 ns 250 ns 
tww Write pulse width 300 ns 400 ns 
tWR Write recovery time 50 ns 100 ns 
t CS Chip enable set-up 0 ns 0 ns 
tCH Chip enable hold 0 ns 0 ns 
t OS Data in set-up 280 ns 380 ns 
t DH Data in hold 0 ns Note A 0 ns Note A 

two Write to data out disable delay 100 ns NoteD 125 ns Note 0 
tw Write cycle time 500 ns 750 ns 

WRITE CYCLE B 

tAC Address to chip enable time 150 ns 250 ns 
tcw Chip enable pulse width 300 ns 400 ns 
tCR Chip enable recovery time 50 ns 100 ns 
tws Write set-up 100 ns NoteB 200 ns Note B 
tWH Write hold 0 ns 0 ns 
tDS Data in set-up 280 ns 380 ns 
tOH Data in hold 0 ns Note A 0 ns Note A 
tw Write cycle time 500 ns 750 ns 

READ CYCLE 

t R Read cycle time 500 ns 750 ns 
t A Access time 500 ns 750 ns 
tRO Read to output enabled 75 ns NoteC 100 ns Note C 

teo Chip enable to output enablE! 0 ns NoteC 0 ns Note C 
tvc Previous data valid with respect to chip disable 0 100 ns 0 150 ns 
tVA Previous data valid with respect to address change 50 ns 50 ns 
tcv Chip enable to data valid clelay 300 ns 400 ns 
tRC Read to chip enable 50 ns 100 ns 

NOTES D. The output buffers will turn off within the specified time after write mode is selected. 
A. Maximum tOH goverend by potential conflict witl, data out during !!:xt cycle. E. Input levels swing between 0.65 volt and 2.2 volts. 
B. Write set up required to prevent data overlap. For write cycle B the RIW line will 

typically change with the addresses. 
F. Input signal transition times are 20 ns. 
G. Timing reference level is 1.5 volts. 

C. RtW must be high and Ce must be low in order for ,output buffers to turn on. H. Bus load is 100 pF. one TTL input and one TTL tristate output. 

TIMING DIAGRAM 

ADDRESSES 

READ/WRITE 

DATA I/O 

MINIMUM 
CYCLE 
EXAMPLES 

ADDRESSES 

READ/WRITE 

WRITE CYCl,E A WRITE CYCLE B READ CYCLE 

... ----- tw ----.----II+or------tw -------<+1------ tR-----....aoI 

---------~I,--------A-D-DR-E-~-E-SS-T-AB-L-E------~.lr-------A-DD-R-E--~ES-S-TA-B-L--E------~Ir--------A-DD-R-E--~ES-~--AB-L-E------~v-----I 

----J ~~~ttA~W~~~::~tw;.w;:::::~::~~tw;.R~------------------~~------~~~~~------1~ 

'-- . .L I r- j,t+-f---'t-Re~-
.1 - - f--tes - teHr~ --.j tws tew twH f- "'--1-- teo 

--+-'"""\' ! V ;::I=;i:::" tve 
'--4--------+J j..-tAe__ rt teR I'--+----.....J 

_____ ~tD"-- .ll--tDH i::==tDs-LI-l--tDH 

DATA OUT If ~"--_ DAlf"A IN STABLE V DAT:;;A-:;,N;;S;TA:;;;B;;:L;E.....:.i~--------.l---~,.-INvALiO-""'l(rvALID~L_ 
"" .'i \ .. DATA OUT ..J ·DAT OUl~ 

----- ~twD~ ~;v:=:r-~l-tvA ----

... -----750nl;-----__ ... -----750nl-----_ ... -----750nl-----.....! -- -

j4-250n ...... 
--- ------. I __ -r-~on'-I_~ 100ns 

CHIP ENABLE 

DATA I/O 

'--_______ ~.....JI '----------+---_____ I----- 400 n' _ I-+- 200 n. I----- 400 n._ 

--tJ~~-::-=====~)-~t------~Ir-----======~>-t_---<r ----------~, ______ ~ '- ________ ___ ..J", 

~OVERLAP 
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DESCRIPTION 

1103-XA, IK • 1103-1-XA, IK 

PIN CONFIGURATION 
The 1103 is designed for main memory applications where high performance, low cost and 
large bit storage are important design objectives. It is a 1024 word by 1 bit random access 
memory element using enhancement mode P-channel MOS devices integrated on a 
monolithic array. It is fully decoded, permitting the use of an 18-pin dual in-line package. 
The dynamic circuitry dissipates significant power only during precharge. Information 
stored in the memory is nondestructively read. Refreshing of all 1024 bits is accomplished in 
32 read cycles and is required every two milliseconds. A separate cenable (chip enable) lead 
allows easy selection of an individual package when outputs are OR-tied. Use Signetics 
8T25 Sense Amp, and 3207 Clock Driver. 

XA,IK PACKAGE 

Address 3 

Address 2 

Address 0 3 

Address 1 4 

Precharge 5 

Address 9 

Addr.ss 6 

Address 5 • 

Address 7 9 

BLOCK DIAGRAM 

s~nD'IDS 

Ao~r-----' 

", 
"2 
"3 
"4 

1 of 32 
ROW 

SELECTOR 

32 READ! 

Vas 0-­
VSS 0-­

VOO 0---. 
PRECHARGE 0---

WRITE 
AMPLIFIERS 

CENABlE 0-­

READ/WRITE 0--­

LOGIC 0 = HIGH VOL T.A.GE 
LOGIC 1 = LOW VOLTAGE 

64 

•• Read/Write 

MEMORY MATRIX 

32 ROWS 
32 COLUMNS 
11024 BITS) 

Ie Cenable 

'5 Address 4 

" Address 8 

10f32 
COLUMN SELeCTOR 
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AC CHARACTERISTICS 

READ, WRITE, AND 
READ/WRITE CYCLE 

PARAMETER CONDITIONS 

tREF Time Between Refresh 
tAC Address to Cenable Set 

Up Time 

tCA Cenable to Address Hold 
Time 

tpc Precharge to Cenable 
Delay 

tOVL Precharge & Cenable 
Overlap, Low 

tcp Cenable to Precharge 
Delay 

tOVH Precharge & Cenable 
Overlap, High 

READ CYCLE 
-

tRC Read Cycle 
tpov Precharge to End of tT = 20 ns 

Cenable tACmin + tOVLmin C:"'OAD = 50 pF (100pF)* 
tpo End of Precharge to +t POrnax = 2t T 

RLOAD = 100 
Output Delay tPCmin + tOVLmin VREF = 80mV (40mV) * 

tACCl Address to Output Access +tPOmax + 2 tT 

tACC2Precharge to Output 
Access - *1103 only 

WRITE OR READ/WRITE CYCLE 

twc Write Cycle 
} tT =20 ns 

tRwcReadlWrite Cycle 
tpw Precharge to Read/Write 

Delay 
twp ReadlWrite Pulse Width 

tw ReadlWrite Set Up Time 
tDW Data Set Up Time 
tDH Data Hold Time 
tpo End of Precharge to 

Output Delay 

tpo End of Precharge to CLOAD = 50pF (100pF)-' 
Output Delay RLOAD=100 

tp Time to Next Precharge VREF = 80 mV (40mV) * 

i tcw ReadlWrite Hold Time *1103 only 

CAPACITANCE (2) 

CAD Address Capacitance V,N = VSS -
CPR Precharge Capacitance V,N = VSS 
CCE Cenable Capacitance V,N = VSS 
CRW ReadlWrite Capacitance V,N = VSS 
C,N 1 Data Input Capacitance Cenable = OV f =lMHz 

V,N = VSS All Unused Pins are 

C'N2 Data Input Capacitance Cenable = VSS at A.C. Ground 

V,N = VSS 
COUTData Output Capacitance VOU', =OV 

NOTES: 
1. These times will degrade by 40"5 (worst case) if the maximum values for VIL (for precharge. cenable 

and read/write inputs) go to VSS - 14,2V @ DOG and VSS - 14,5V @ 7DoG, 
2. Thes parameter is periodically sampled and is not 100%tested. It is measured at worst case operating 

conditions. Capacitance measurements for plastic package only. 
3. These times will degrade by 35"5 if VREF point of 40mV is chosen instead afthe 80mVpoint defined 

in this specification. 
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1103-XA, lK * 1103-1-XA, IK 

1103(1) 1103-1(3) 

TA = D'C to +70°C TA - O°C to +55°C 
VSS = 16Y ± ,5% VSS = 19V.±5"/. 
(VBB - VSS) = 3V to 4V (VBB - VSS) = 3V T04V 
~DD =OV VDD =OV 

MIN MAX MIN MAX UNIT 

2 1 ms 
115 30 ns 

20 10 ns 

125 60 ns 

25 75 5 30 ns 

85 40 ns 

140 85 ns 

480 300 ns 
165 500 115 500 ns 

120 75 ns 

300 150 ns 
310 180 ns 

580 340 ns 
580 340 ns 
165 500 115 500 ns 

50 20 ns 
80 20 ns 
105 40 ns 
10 10 ns 

120 75 ns 

120 75 ns 

0 0 ns 
10 15 ns 

7 7 pF 
18 18 pF 
18 18 pF 
15 15 pF 
5 5 pF 

4 4 pF 

3 3 pF 



TIMING DIAGRAM 

WRITE CYCLE OR READ/WRITE CYCLE 

.. twe DR tAwe 

VOH 

ADDRESS 

VOL 

~~ CAN 

~r"l 
@ 

:!) 

...---tAC 
VOH 

PRECHARGE 

VOL 
~ 

-- 'PC 

VOH 

CENABLE 

VOL 

VOH 

READ/WRITE: 

VOL 

DATA IN 

VOH 

CATAOUT 

VOL 

VOH 

ADDRESS 

VOL 

DATA C.'\N CHANGE 

... 
... 

~ 

~ I@ 
~ \,(j) CHANGE 

ADDRESS STABLE 

to .....--tovH~ 

vi 
• -N 1- toVL 

~ Ipw 

-- tpo_ 

/ VREF "80mV ~ 
RLOAD "'100n~ 
ClOAD = SOp' 

tAce1 • 
tACC2 .. 

READ CYCLE 

tRC 

ADDRESS STABLE 

......-- tAC ------.. 
...-toVH----"'-

PRECHARGE 

VOL 

CENABLE 

VOL 

READIWRITE 

VOL 

~ 
_'PO_ 

/ 

~ 
-...ltoVL .- . 'POV 

_'PO_ 

-- 'W --
.. -- 'WP --

1'\ 
-- tow (Note 3) ----. 

>< STABLE DATA TIME 

-- ------

\.. DATA OUT NOT VALID 

--->---- DATA OUT VALID 

• 

K -- teA ---
~ -- '<:P-

. 

VOH 

DATA OUT 

--

VOL 
V 

.. tACCl 

tACC2 

NOTES: 

Voo + 2V } tris defined as the transitions between these two pojnts. 
VSS - 2V 

VREF'" 80mV ~ 
RLOAD • ,DOn ~ 
CLOAD '" 50pF 

• .. 

tow is referenced to point 1 of the rising edge of cenable or read/write whichever occurs first. 
tOH is referenced to point 2 of the rising edge of cenable or read/write whichever occurs first. 

9!!JDOliC9 

'" 
"-"-

--f---. DATA OUT VALID 

1103-XA.IKoll03-1-XA.IK 

.. 
k ADDRESS 

CP.NCHANGE 

- tCA~ 

~ "-
-4-- tcp -----.. 

V 
~ 

__ tew 

I-- tp --
V 
f------~ tOH (Note 4) 

X DATA CAN CHANGE 

"-
"-

ADDRESS CAN CHANGE 
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DESCRIPTION PIN CONFIGURATION 
The Signetics 2102 is a static random access read/write memory offering a 1024x1 
organization. Fabricated with low threshold N-Channel silicon gate technology. 

a,F,1 PACKAGE 

Address 6 · .. Addr.u 7 

The 2102 is fully static. requiring no cloc:ks and is completely DTLITTL compatible 
including the single +5V power supply requirement. 

Address 5 

ReadtWrlte" 

, .. Address 8 

BLOCK DIAGRAM 

D'N 
RtW v-T ....... ---r----' 

DOUT 

108 

Vee GND 

32 ROWS 
32 COLUMNS 

, .. Address 9 

Address 1 · .. Chip Enabla 

Address 2 · " OataOut 

Address 3 · .. Data In 

Addr ••• 4 · 
Addre,s 0 , , Ground 

TIMING DIAGRAMS 
READ CYCLE 

I' 'RC 'I 

::'V r
l ADDR~ ....... _____________ ",-

I t---'co-----i, I 

:;BLE I \1 I 'r 
I . I :' I. 'A ., j-l l+-'OH2 

getA _____________________ ~ 
---+i'oHli-

WRITE CYCLE 

i"I,f--------twc-------+l'1 
ADD~~-----------------------~ 

, I -+jtwR/--

~'----tcw '11" TI CH'P , 
ENABLE , 

I ~------------------~ 

READ! 
WRITE 

I--·Aw ..... -tl .... -----twp-----I 

\"-------=!. I, 'DW-----+i 

--------~Ir-----------~ 
DAT.A 
'N 

DATA CAN 
CHANGE 

DATA STABLE 

A.C. CONDITIONS OF TEST 
Input Pulse Levels: +0.65 Volt to +2.2 Volt 
Input Pulse Rise and Fall Times: 20ns 
Timing Measurement Reference Level: 1.5 Volt 
Output Load: 1 TTL Gate and CL = 100pF 



AC CHARACTERISTICS FOR THE 2102, 21L02-1, 21L02-2, 21F02 
TA oDe to +70 0 e Vee - 5V +5% unless otherwise specified - - -

READ CYCLE 

Read Access Chip En- Previous Previous Write Address to Write 
Cycle Time able to Read Data Read Data Cycle Write Set- Pulse 

Output Valid With Valid With up Time Width 
Time Respect Respect to 

to Address Chip 
Enable 

tRe tA teO tOH1 tOH2 twe tAW tWP 
MIN MAX MAX MIN MIN MIN MIN MIN 

2102 1000 1000 500 50 0 1000 200 750 
21 L02-1 500 500 350 50 0 500 150 300 
21 L02-3 400 400 300 50 0 400 100 250 
21 F02 350 350 (180 TYP)' (40TYP)' 0 350 (20 TYP) (250 TYP)' 

NOTE: 1. TYPical values are lor TA = 25°C and nominal supply voltage 

ssgnOliCS 

WRITE CYCLE 

Write Data Data 
Recovery Setup Hold 

Time Time Time 

tWR tOW tOH 
MIN MIN MIN 

50 800 100 
50 330 100 
50 300 50 

(20 TYP)' (250TYP)' 0 

Chip En-
able to 

Write Set-
up Time 

tew 
MIN 

900 
400 
300 

(250 TYP)' 

Unit 

ns 
ns 
ns 
ns 
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2680 • 2680-1 • 2680-2-F 

DESCRIPTION PIN CONFIGURATION 
Signetics 2680 is a 4096 word by 1 bit dynamic RAM. It incorporates the latest memory 
design features and can be used in a wide variety of applications, from those which require 
very high speed to ones where low cost and large bit capacity are the prime criteria. 

The 2680 must be refreshed every 2 ms. TI1is can be accomplished by performing a read 
cycle at each of the 64 row addresses (AD-AS). The chip select input can be either high or 
low for refresh. 

The 2680 has been designed with minimum production costs as a prime criterion. It is 
fabricated using N-channel silicon gate MOS technology, which is an ideal choice for high 
density integrated circuits. The 2680 uses a single transistor cell to minimize the device 
area. The single device cell, along with unique design features in the on-chip peripheral 
circuits, yields a high performance and low cost memory device. 

ABSOLUTE MAXIMUM RATINGS* 
Temperature Under Bias 0° e to 70 0 e 
Storage Temperature -6Soe to +150 o e 
All Input or Output Voltages with Respect to the most 

Negative Supply Voltage, VBB -20V to -0.3V 
Supply Voltages VDD, Vee, and VSS with 
Respect to VBB 

Power Dissipation 

*COMMENT: 

-20V to -0.3V 
1.25W 

Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may 
affect device reliability. 
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BLOCK DIAGRAM 

AO 

Al 

A2 

A4 

A5 

CE 

ROW DECODE 
AND BUFFER 

REGISTER 

TIMING 
CONTROL 

GENERATOR 

64 

F PACKAGE 

MEMORY 
ARRAY 
64 x 64 

64 

COLUMN 
AMPLIFIERS 

---0 Vao 

--0 Vee 

--0 Vss 

--0 Vss 



2680 • 2680-1 • 2680-2-F 

RECOMMENDED OPERATING CONDITIONS (See Note) 
PARAMETER Min Typ Max Unit 

Supply voltage, VCC 4.75 5 5.25 V 
Supply voltage, VOO 11.4 12 12.6 V 
Supply voltage, VSS 0 
Supply voltage, VBB -4.5 -5 -5.5 V 

DC ELECTRICAL CHARACTERISTICS OVER FULL RANGES OF REC. OPER. CONDo 

Parameter 

'll Input Load Current 
(all inputs except CE) 

'LC Input Load Current 

'LO Output Leakage Current 
for high impedance state 

'001 VOO Supply Current 
during CE off(3) 

'002 VOO Supply Current 
during CE on 

100 AVl Average VOO Current 

ICCl (4) VCC Supply Current 
during CE off 

'BB VBB Supply Current 

V,L 'nput Low Voltage 

V,H Input High Voltage 

V,LC CE Input Low Voltage 

V,HC CE input High Voltage 

VOL Output Low Voltage 

VOH Output High Voltage 

T A = O°C to 70°C (unless otherwise noted) 
NOTES: 

Limits 

Min Typ(2) Max 

.01 10 

.01 2 

.01 10 

50 200 

60 

35 54 

.01 10 

5 100 
-1.0 0.6 
2.4 VCC +1 
-1.0 +1.0 

VOO-l VOO+l 
0.0 0.45 
2.4 VCC 

1. The only requirement for the sequence of applying voltage to the device is that VOD, Vee, and VSS 
should never be .3V more negative than VSS. 

2. Typical values are for TA = 25°C and nominal power supply voltages. 
3. The too and ICC currents flow to VSS. The ISS current is the sum of all leakage currents. 
4. During CE on Vee supply current is dependent on output loading Vee is connected to output buffer 

only_ 

CAPACITANCE1 TA = 25°C 
Test Typ Max Unit 

CAD Address Capacitance, CS 4 6 pF 

CCE CE Capacitance 13 25 pF 

COUT Data Output Capacitance 4 7 pF 

C,N Data Input and WE Capacitance 5 10 pF 

Notes: 
1. Gapacitance measured with Boonton Meter or effective capacitance calculated from the equation 

I L1 t 
C=-

D. V with the current equal to a constant 20m A 

Unit Conditions 

J.l.A Y,N = V,L Min to V,H Max 

CE = V,LC or V,HC 

J.l.A Y,N = V,L Min to V,H Max 

J.l.A CE = V,LC or CS = V,H 
Vo = OV to 5.25V 

J.l.A CE = -lV to +.6V 

-
mA CE = V'HC' CS = V,L 

-
mA Cycle time = 400ns, CS = V,L 

tCE = 230ns T A = 25°C 

J.l.A CE = V,LC or CS = V,H 

J.l.A 
V 
V 
V 
V 
V IOL=2.0mA 
V IOH = -2.0mA 

Conditions 

Y,N = VSS 
Y,N = VSS 
VOUT = OV 
Y,N = VSS 
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2680 • 2680-1 • 2680-2-F 

AC CHARACTERISTICS: 
READ, MODIFY, WRITE CYCLE Over recommended supply voltage range, TA = DoC to 70°C 

2680 2680-1 2680-2 
PARAMETER UNIT 

MIN MAX MIN MAX MIN MAX 

tRWC Read, Modify, Write (RMW) 520 590 960 ns 
Cycle Time 

tCRW CE Width During RMW 350 4000 420 4000 540 4000 ns 

twc WE to CE ON 0 0 0 ns 
-

tw WE to CE Off 150 150 200 ns 
-

twp WE Pulse Width 50 50 100 ns 

tDW DIN to WE Set Up 0 0 0 ns 

tDH DIN Hold Time 0 0 0 ns 

tco CE to Output Delay 180 250 320 ns 

tACC Access Time 200 270 350 ns 

CONDITION: 
IT ~ 20ns, Cload ~ SOp!, Load ~ One TTL Gale, IACC ~ 1,~C+ICO+1tT. 

READ CYCLE OVER REC. SUPPLY VOLTAGE RANGE TA = DoC to 70°C 
2680 2680-1 2680-2 

PARAMETER Unit 
Min Max Min Max Min Max 

tCY Cycle Time 400 470 800 ns 

tCE CE On Time 230 4000 300 4000 380 4000 ns 

tco CE Output Delay 180 250 320 ns 

tACC Address to Output Access 200 270 350 ns 

tWL CE to WE 0 0 0 ns 
-

twc WE to CE on 0 0 0 ns 

tT = 20ns, Cload = 50pF, Load = One TTL Gate, tACC = tAC + tCO +1tT 

WRITE CYCLE OVER REC. SUPPLY VOLTAGE RANGE TA = DoC to 70°C 
2680 2680-1 2680-2 

PARAMETER Unit 
Min Max Min Max Min Max 

tCY Cycle Time 400 470 800 ns 

tCE CE On Time 230 4000 300 4000 380 4000 ns 

tw WE to CE Off 150 150 200 ns 

tcw CEto WE 150 150 150 ns 

tDW(1) DIN to WE Set Up 0 0 0 ns 

tDH DIN Hold Time 0 0 0 ns 
-

tWE WE Pulse Width 50 50 100 ns 

tT = 20ns 

NOTE: 
1. If WE is low before CE goes high then DIN must be valid when GE goes high. 
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WRITE CYCLE 

V IH 

ADDRESS 
ANDCS 

Vil 

CE 

WE 

} 
tAC 

~3 

~K ADDRESS STABLE 

2 

tAH -------.. 

5 

I 
4-

tcw 

WE CAN CHANGE 

tCY 

ADDRESS CAN CHANGE 

---
tCE . 

-' 

tw . 1\ 

I--twp --
1\ IWE CAN CHANGE 

- I--tDW -'-+ 

DIN CAN CHANGE )( DIN STABLE 

-------

1\ _ HIGH _ f UNDEFINED 
IMPEDANCE 

------- -
NOTES 
1 For Refresh cycle row and column addresses must be stable before tAC and remain stable for entire tAH period 

V,L MAX is the reference level for measuring timing of the addresses, CS. WE, and D,N· 

V,H MIN is the reference level for measuring timing of the addresses, CS, WE, and D,N· 

VSS +2.0V is the reference level for measuring timing of CE. 

5 VOO -2V is the reference level for measuring timing of CE. 

6. VSS +2AV is the reference level tor measuring the timing of DOUT 

SmnoriCS 

2680 • 2680-1 • 2680-2-F 

ADDRESS STA BlE 

--tT -- -tT 

~r-

II 
~ -,f-

[.---tcc-

-tDH 

K DIN CAN 
CHANGE 

------

l i--IMP~lg~NCE -
-----

I--tCF 
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2680 • 2680-1 • 2680-2-F 

READ AND REFRESH CYCLE' 

~--------------------------------tCy---------------------------------· 

VIH 

ADDRESS 
ANDCS 

VIL 

tAC --+o---~~I 

ADDRESS CAN CHANGE 

.--------- tCE------------~~ 

VIHC ---~r-----~-~----------------------------------------------------~ 

CE 

VILC -----I---..::..~ 

ADDRESS STABLE 

VIH-----+----~~------------------------------------------------+-~~--------~-----

WE 

VIL ____ -+-J 

~--------------tco------------. 

HIGH 

~1~iEO~~~-1------~----------------------------------------V-A-L-I-D--~~~--4-~ 
·-----------tACC--------------

NOTES 
1 For Refresh cycle row and column addresses must be stable before tAC and remain stable for entire tAH period 

VIL MAX is the reference level for measuring timj'1Q of the addresses. CS. WE, and DIN' 

VIH MIN is the reference level for measuring timing of the addresses, Cs, WE, and DIN' 

4 VSS +2.QV is the reference level for measuring timin!~ of CEo 

5. VOO -2V is the reference level for measuring timi 19 of CE 

tCF 

WECAN 
CHANGE 

6. VSS +2AV is the reference level for measuring the ti.I11 __ in_9_o_f_O_O_ U_T_. ----------------___________________ -l 
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2680 • 2680-1 • 2680-2-F 

READ, MODIFY, WRITE CYCLE 

1+---------------------·RWC(1)---------------------1 

ADDRESS STABLE ADDRESS CAN CHANGE 
ANDCS 

ADDRVESS'H )( 3
2 

K 
V,L ---~~----------------'I ~--------------------------------------------~ 
~ i--'AC 

tCRW--------------------~ 

V'HC ------~~~5--------------------------------------------------------------~ 

CE 1+-------.W,----------.lI\ 
V,LC ---+--1 

-- f.-f-'WC 

WE CAN CHANGE 

V,H -----H, ..... +-------------...,. v 
~ J+--'DW -l-o 

i----.CC -----0 

1 

::: ---+--+-D-'-N-C-A-N-C-H-A-N-G-E-----"""'\) DIN STABLE 'rv' D1NCAN 

1'\ CHANGE 
V'L ___ -4 __ ~--------------------J ~ ________________________________ +--J ~------~-----

I+-------·co'------~ 

J'14.----------VALlD------------~ 

'ACC ------------1 

NOTES: 
1. For refresh cycle row and column addresses must be stable before tAC and remain stable for entire tAH period. 
2. VIL MAX is the reference level for measuring timing of the addresses, CS, WE, and DIN. 
3. VIH MIN is the reference level for measuring timing of the addresses, CS, WE, and 01 N. 
4. VSS +2.0V is the reference level for measuring timing of CE. 
5. VOO -2.0V is the reference level for measuring timing of CE. 
6. VSS +2.4V is the reference level for measuring the timing of DOUT. 
7. WE must be at VIH until end of tCO. 
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DESCRIPTION 
The Signetics 2513 is a high speed 2560-bit 
Static ROM organized as 64x8x5. A stand­
ard 7x5 dot matrix fits well in the 2513. The 
product uses +5V, -5V and -12V powE~r 

sl!Pplies, TTL level interface signals and Tri­
State Outputs for direct, low cost interfac-
ing with TTL, DTL, CMOS and 2500 Series 
MOS. 

TIMING DIAGRAM 

CE OUTPUT 

0 DATA 
1 OPEN 

\t3.0V 

CHARACTER AODRESSKo .• v 

-------------------------- ~.w 

IA,-AgI ,., =~------------------- ov , 

ROW ADOR .. E,:.;:SS:...-_..JX,r--:.o-.:-------.X, :: 
IA,-A31 -

1 
, 

~V 
~~~~T ____ +--~v 

AC TEST SETUP 

, , 
1~~tCA--I"'" 

, : 3.0V =X'~"'-------- +5V 

: I~<":O;;.;"""V ________ OV 

:...,rtRA .... ~ 

.------<o-----{) '5V 

four 

teA:: Character Access Time 
tRA :: Row Access Time 

2513-N,1 

PIN CONFIGURATION 

N,I PACKAGE 

- ! VGG 

NC 

NC 

Out 1 

Out 2 

Out 3 19 Address 6 

Out4 18 Address 5 

Out 5 11 Address 4 

NC 16 Address 3 

15 Address 2 

Chip Enable 11 14 Address 1 

BLOCK DIAGRAM 

3V- rI 
OV--.J L 

AC CHARACTERISTICS 

SYMBOL TEST MIN TYP MAX UNIT 

-5V -12V 

COMPANY __________________ _ 
ADDRESS, _________________ _ 

CITY STATE ____ ZIP _______ _ 
TELEPHONE, _______________ _ 

AUTHORIZED 

tCA(CM2140)Character Access Time 600 

tRA Row Access Time (A1 - A3) 500 

tCE Chip Enable to Output 

T A =O°Cto _70 D C; VCC =5V (Note8): VDD =-5V ±5%; VGG = 
-12V ± 5%; unless otherwise noted. 

CHARACTER FORMAT 

ROW ADDRESS 
ROW ADDRESS 

OUTPUTS 

ns 
ns 
ns 

SIGNATURE _______________ _ A3 A2 Al Os 04 03 02 01 

DATE _____________________ _ 

CUSTOMER PRINT OR 10 NO. 
PURCHASE ORDER NUMBER ____________________ _ 

DEVICE TYPE ___ 2513 
CUSTOM PATTERN NUMBER (TO BE ENTERED BY 
SIGNETICS) _______________ _ 

ORGANIZATION AS CHARACTER GENERATOR 
A six-bit binary address (A4 through A9) selects 1-01-64 matrix characters arranged 5 
dots horizontally and 8 dots vertically. A. three bit binary address code (A1 through A3) 
selects 1 of 8 rows. Five outputs display a complete row of the character matrix. See 
Figure 1. The devices may also be used in pairs to provide 9 X 7 and 10 X 8 vertical scan 
formats. 

116 smoones 
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1 1 
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0 1 

1 0 

1 1 

0 0 0 0 

0 1 1 1 

1 0 0 0 

1 0 0 0 

0 1 1 1 

0 0 0 0 

~ 0 0 0 

0 1 1 1 

EXAMPLE 'S' 
FIGURE 1 
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0 
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2513 
2513-N,1 

ORGANIZATION AS READ-ONLY MEMORY 

CHARACTER ADDRESS 

COLUMN ADDRESS 

For a straight 512 X 5 read-only memory, the five outputs will display anyone of 512 5-bit 
stored words corresponding to a 9-bit address applied to A1 through Ag. 

CUSTOM DEVICES 
For unique custom memory patterns, this form should be used to transmit coding 
instructions. The nomenclature for a custom device will consist of he basic product type 
followed by a unique eM number assigned by Signetics. For example, "2513N/CM2141". 

FIGURE 2 
• PROGRAMMING WITH PUNCHED CARDS 

For maximum accuracy and minimum cost and turn-around time, the truth table 
should be transmitted to Signetics in the form of punched cards according to the 
format indicated on the following pages. 

VERIFICATION 
Upon receipt of either punched card or written truth table information, Signetics will 
prepare a computer tabulation of the instructions and return to the address indicated. If 
errors are detected, they should be transmitted to Signetics as quickly as possible. 

LOGIC CONVENTION 
Logic "1 "s or blackened squares in the truth table will result in "high" output from the 
indicated output terminal (i.e. 3.2V minimum). Similarly, a "1" address input level is 
interpreted as 3.2V minimum. 

IDENTIFICATION CARDS 

lEAVE COlS. 22,23,24,25 BLANK 
INDICATES "COMMENT" CARD 

BASIC PART TYPE 

FOR ASSIGNMENT OF CM NO. BY SIGNETICS 

CUSTOMER PIN IDENTIFICATION 

SIGNETICS 
11111 

2513NX/CM 
I 

ACME MEMORIES P/N 135216-1 
III I II 

I I I I I III I I I 
00100001001000000110000000000000000000100100000000000000000000000000000000000000 
'2J'S'7l'Mllll1JI.IS1'lrl'llmnnh~~n21nn.llUll~H.11.n~.lUO«U".7~IU~51US1~(55"57U5'~'lUSJ~"1'61"'.nllr21lr.rsn "7In. 

II111111111111111111111111111111111111111111111111111111111111111111111111111111 

22122222221212222222222222111112111121111221221112122222222222222222222222222222 

PERSON RESPONSIBLE FOR REVIEWING SIGNETICS 
COMPUTER GENERATED TRUTH TABLE 

J.Q. HIGItlEER. ME~1DR'l PRDII. 
I I I II II I II 

I I I • I I I III III 

~lGR. 

I I 
I I 

OOOllOOOOOOOOOOOOfOOOIOOOOOOIOOOOOOOOOOOOOOOOOOOOOOOOOooooooooooooooooooooOOOOot 
1 2J.s.rll.llllIJI'1511IrII1'~nnn"~HZ7nn.'llln~~.ll.HU~U.J«~u.,gU~~5l5]~~~UUnq'I'2Il'.~"5rU"~'112J17.JSnJ7nn. 
1111111111111111111111111111111111111 111111111111 1111 11111111111111111 1111111111 

Z Z Z 2 2 22 Z Z Z 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 11 2 2 2 2 2 2 2 2 2 1 2 2 2 2 2 2 Z Z 2 Z Z Z 

STREET ADDRESS 

8000 ELECTRONICS lANE 
III II II 
I III I • 

00011100000100000100000000000000000000000000000000000000000000000000000000000000 
1 rJ'SIJ"MllIZIS1.'S11IJlll'nnn»~~~21nn~1Iun~~.n ••• 4IUOU45~.'UU~5'U5J~55HUYH."U~UH.17U"nnJZ~~15nnnn. 
11111111111111111111111111111111111111111111111111111111111111111111111111111111 

Z Z Z Z Z Z Z Z Z Z Z Z Z 2 Z 2 212 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 22 2 2 Z 
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2513-N,1 

IDENTIFICATION CARDS (Cont'd) 
--------------------------------------------------------~ 

CITY STATE ZIP 

SUNNYVALE, CALIFORNIA 94086 
I I I II II II 

II I I III 
00110011000100000000000000100000000000000000000000000000000000000000000000000000 
IZJ45Ir.tMIIIZ1JI41S11IJllllnnun«Hmn~H.~nUU».l1.Ba41~O«U •• '~UWSI»»~~""M".IIUU~UHllUUnnrl'JUnn71nn. 
11111111111111111111111111111111111111111111111111111111111111111111111111111111 

2 21 222222222222222 2 2 2 2 222222222222222222222222222222 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 22 2 

COMPANY NAME 

ACME ~lnlOR I ES INC. 
I II I I II I II 

I I III I 
00000000000000100000000000000000000000000000000000000000000000000000000000000000 
IZJ.5'71IqlI11111.1SK111'llnnun~nnll~H.llnnUH.l'.D~.I~QW" •• ,qdY5IS15]M5~"5rM"U'IU'1~'5""U"nrl'ZlJHrSn11nn. 

11111111111111111111111111111111111111111111111111111111111111111111111111111111 

2 2 2 2 2 2 2 2 2 2 2 2 2 212 2 2 2 2 22 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 Z Z 2 Z Z Z 2 Z Z Z Z Z Z Z Z Z Z Z Z 22 Z 2 Z 2 2 2 22 2 Z 2 
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2S13-N.1 

DATA CARDS 
,-----------~ .. ---------------------___:_:_:_-_,___=c::_::__:_:__:_::_:__=_::_------

CHARACTER NUMBER 
OUTPUTS 05 THROUGH 0, RESPECTIVELY (DATA CARD NUMBER) 

0000 01110 10001 00001 00010 00100 00000 00100 

11111010001001110011110011101011011011111011011000000000000000000000000000000100 
I rJ4""tMlI11IJI.15111'111IHllU"~~N21nn.Jl)ln~J5XJ1.n.'IU'J"'5q'7q.t~~IS1~)~55~Sl~5'M'1IZ'l~~""""~1'11'l7"511111,"_ 

1111111111111111111111111 I 11111 1111 11111111111 I 11 11 11 1 1 I I I 1 I 1 I 1 11 I I I I I I I I I 11 I I I I 

Z Z Z 2 2 2 2 Z Z Z Z 2 2 2 2 2 2 2 2 2 ZZ Z Z Z Z 2 2 2 Z Z Z Z Z Z Z Z Z 2 2 2 2 2 2 2 2 2 2 2 2 Z 2 Z Z Z Z Z Z Z Z 2 Z 2 2 2 Z 2 2 2 2 2 2 Z Z 2 2 Z Z Z Z 

3 3 3 3 3 3 33 33 3 33 3 3 3 3 33 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 

4444444444444 C 4 C C 4 C C 4 C C 4 C 4 C C 4 C C C C C C C 4 C 4 4 4 4 4 4 4 4 444444444' 4 4 4444444444444444444441 

55555555555555555555555555555555555555555555555555555555555555555555555555555555 

66666666666666666666666666666666' 5 5' 5 6 5 6 6 6 6 6 6 E 5 6 6 6 6 6 6 666666666666666666666666616 

11111 71111111111111111111111111111111111111111111 1111 111111 111 1 1 11 111 7 7 7 1 7 7 7 7 7 7 7 

ROW ADDRESS 

\ \ \ 
000 001 010 

\ 
011 

\ 
100 

\ 
101 

\ 
110 

\ 
111 

)0000 01110 10001 10111 10101 10111 10000 01110 OOti 

11111010001001110001000001010001000001111010001000000000000000000000000000000110 
1 l ] • 5 I 1 I 1111111 U I' a 111111111121 nnlUSlS2J nn JUJ! 1l]J)4 n. J7 _1I"'I41UUU'U, q U~~1515J!>4 S5 ~ 51 SIS! iDI' 12 '16~ &5 55 61 iI" 10 11 121J '.15 Hi 111. 1910 

1 I I I I I 1111111111111111111111111111111111111111111 I 1 I I I II I I I I I I I I I I I I I I I I I I II I I II 

22 22 Z 2 lZ 22 2 2 2 22 22 2 2 22 2 2 Z 22 2 22 2 2 n 2 Z 22 Z 22 Z 22 Z Z Z 2 2 22 Z 22 Z Z Z Z2 , , Z2 Z 2 Z2 2 2 2 2 Z 2 22 Z2 2 Z 2 2 

3 3 3 33 3 3 3 3 33 3 3 3 3 3 3 3 3 3 3 3 33 3 3 J3 33 3 3 3 3 3 3 3 33 3 J3 3 3 3 3 3 3 33 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 J 3 J 3 J J 3 3 J 

44444444444444444444444444444444444444444444444444444444444444444444444444444444 

55555555555555555555555555555555555555555555555555555555555555555555555555555555 

6 6 6 6 ti 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 , 56 , 66 6 6 6 6 6 6 E S 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 

11 7 7 7 7 1 7 7 7 7 7 11111 7 11 7 111 7 1 7 1111 77 77 1 7 77 11111 7 77 11 11111 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 1 7 7 7 7 7 7 1 

BASIC DEVICE TYPE 
lEAVE COlS. 10,11,12,13 BLANK FOR ASSIGNMENT OF CM NO. BY SIGNETICS 

\ 
513tliUOl 

I 
I I 

00000110000000000000000000000000000000000000000000000 0 0 0 0 0 0 0 0 0 000000000000000000 
I I J • 5 15 7 • 11111 n Ill. a '.HIII'llll nUl'lS lS27l1l! lOll l2lJ l4l511lT .'I4I4I41UU4§U"UU~ 51 Sl 51 S' 55U 51 5lS'lail 12U'_ tHHl68 &! 11 11 1273111511 111119. 

11111111111111 11111111111111111111111111111111111 111111 I 111 II I I I I 11 I I 11111111111 

12 Z 2 2 2 2 2 2 2 2 2 2 2 2 222 Z 2 Z 2 2 2 2 2 Z 2 2 Z 2 Z 2 Z Z Z Z 2 2 2 2222 Z 2 Z 2 Z Z 2 Z 2 2 2 2 Z 2 Z 2 2 2 2 Z 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

3 3 31 J 3 J 13 3 33 3 3 3 3 3 3 3 3 3 3 3 33 3 3 33 3 33 33 33 3 33 3 3 3 3 3 3 33 3 3 3 3 3 3 3 3 3 3 3 33 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 

44444444144444444 C 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 C 4 4 4 4 4 C 4 4 4 C C 4 4 4 C 4 4 4 4 4 4 4 4 4 C 4 4 C C 4 4 4 C C C C 4 44444.4 

51 5 5 I 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5- 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 

6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 G 6 6 6 6 6 55 66 6 6 6 6 6 6 6 6 E S 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 

7 7 7 7 7 17 7 1 7 7 7 7 77 77 7 7 77 7 7 7 7 7 7 7 1 7 1 7 17 1 7 7 77 7 7 7 77 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 

------_. --.------------___ ~--J 

NOTE 
"Character" number is in columns 78. 79. and 80. Note that each group of eight 5-bit words is treated as a 
character for convenjence of codjng 

Sillnotics 119 

~ 
W -a= o 
E w 
E 



2513-N.1 

ASCII CHARACTER FONT CM2140 (Upper Case); For Lower Case Order CM3021 
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DESCRIPTION 
The 2516 is a 3072-bit Static ROM organized 
as 64x6x8. The product uses +5V, -5Vand 
-12V power supplies,5V TTL level input 
signals and Tri-State outputs for direct, low 
cost interfacing with TTL, DTL and 2500 
Series MOS. 

BLOCK DIAGRAM 

vee 

TIMING DIAGRAM 

V CHARACTER ADORESS f 3.UV 

I jA.t-At1 ~l,i ____ -, 

TRUTH TABLE 
CE 

0 
1 

Ag 

~ AS 0 a: 0 w irl A7 ... 
~ 0 

a: ~ A6 « 
r a: 
u 0 

0 
AS « 

A4 

i -vt.ov 
I: ~,-, .• ",. _____ _ 

~'cLA.....j 

tCA = CHARACTER ACCESS TIME 
tClA = COLUMN ACCESS TIME 

PIN CONFIGURATION 
OUTPUT 

DATA 
N,I PACKAGE 

OPEN 

AC CHARACTERISTICS (NOTE 8) 

TA =O°C to+70°C;VCC = 5V (Note8);VDD = -5V ± 5%; 

VGG =-12V ± 5%; unless otherwise noted. 

2S16-N,1 

SYMBOLTEST MIN MAX UNIT CONDITIONS 

tCA Character Access Time 600 ns See AC Test Setup' 

tCA Column Access Time 500 ns See ACTest Setup' 

(A1- A3) 

AC TEST SETUP 

r-------~~-----.-----o+5V 

I 

Vee 

IOpF .....,T--..,.~;.;;;.;r-' 15pF 

-5V -12V 

CHARACTER FORMAT 

COLUMN 
ADDRESS 

NOTE: 

LA:!J. 01 01 0 ".l'lIJ 
LA2 0 I 0 II qo I 0 1 
LAI 0111 0L~ 011] 

o 0 o 0 o 0 

o 0 I 1'i10 

o I o 0 0 I 

0 I o 0 o 0 

o 0 I I I 0 

0 000 o I 

0 I 000 I 

o 0 I I I 0 
.... EXAMPLE S 

° 1 

~ 

°3 

0. OUTPUTS 

Os 
0, 

0, 

0, 

Undefined (column) addresses result in "1" level 
(high) outputs. 
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APPLICATIONS DATA: 
OUTPUT INTERFACING NOTES 
The tri-state outputs on this device exhibit three states: 

"1" - low impedance to +5V 
"0" - low impedance to -5V 
OFF - high impedance 10 megohm 

The "off" state is controlled by the chip enable control input. 

CUSTOM ROM ORGANIZATIONS 
The2516 is a static ROM with a total 64 x 6 x 8 bit capacity. This 
allows a l!tandard 5 x 7 font to be encoded in the ROM, e.g., the 
2516/CM2150 ASCII font standard product. A custom coding 
configuration may make use of the full6x8 dot matrix if desired. 

ORGANIZATION AS CHARACTER GENERATOR 
A six-bit binary address (A4 through A9) selects 1-of-64 matrix 
characters arranged 6 dots horizontally and 8 dots vertically. A 
three bit-binary address code (A 1 through A3) selects 1 of 6 
columns. Eight outputs display a complete column of the 
character matrix. 

STANDARD PATTERN 
A standard ASCII Character Font is available for the 2516. This 
device (2516N I CM2150) may be used for ASCII character 
generation or for device evaluation. 

122 

2516-N,1 

CUSTOM DEVICES 
For unique custom memory patterns, the fOllowing formats 
should be used to transmit coding instructions. The nomencla­
ture for each custom device will consist of the basic product 
type followed by a unique "C'M" number assigned by Signetics. 
For example, "2516N/CM2151 " , 
• Programming wIth punched cards. 

For maximum accuracy and minimum cost and turn-around 
time, the truth table should be transmitted to Signetics in the 
form of punched cards according to the format indicated on 
the following pages. 

• Programming with written truth table. 
When punched data cards cannot be supplied, the truth table 
may be transmitted in written form using the attached blank 
truth table. 

VERIFICATION 
Upon receipt of either punched card or written truth table 
information, Signetics will prepare a computer tabulation of the 
instructions and return to the address indicated. If errors are 
detected, they should be transmitted to Signetics as quickly as 
possible. 

LOGIC CONVENTION 
Logic "1"s of blackened squares in the truth table will result in 
"high" output from the indicated output terminal (Le. +3.6V 
minimum). Similarly, a "1" address input level is interpreted as 
+3.2V minimum. 

Undefined addresses result in "1" level outputs. 



2S16-N.1 

ASCII CHARACTER FONT 

NOTE: Excess addresses yield logic "1" outputs. 
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IDENTIFICATION CARDS 

INDICATES "COMMENT" CARD 

251~NX/CM 

I 
I I 

lEAVE COlS. 22, 23,24. 25, 26 BLANK 
FOR ASSIGNMENT OF CM NO. BY SIGNETICS 

CUSTOMER PIN IDENTIFICATION 

ACME MEMORIES P/N 135216-1 
III I II 

I I III I I I 
00100001001000000110000000000000000000100100000000000000000000000000000000000000 
1 IJ4SI11'.llnIJWIS~lrllw.nap"ftHI'Rn.nU»~a.n ••• 4IUO"U.UqUW~UU~"MSrW".I'U"Un"uu"n"nrJ'.'sn""n. 
1111 I 111 I 11 I I III I 111111 I 1 III I I I I I I I 111111111111111111 I 1 I I I I I II I I I 111111111111111 

22122222221212222222222222222222222222122222222122222222222222222222Z22222222222 
\ 

PERSON RESPONSIBLE FOR REVIEWING SIGNETICS 
COMPUTER GENERATED TRUTH TABLE 

ATTN. J.Q. ENGINEER. MEMORY PROD. MGR. 
I I I I I I II II I II I I 

I I I I I I I III III I I 
OOOIIOODOOOOOOOOO.IOOIIODOOOIOOOOOODOOOOOOIOOOOOOOOOOO0000000000000000000000010. 
IIJ4 •• ' •• MIIIII'""M".nanahMn.URn •• »»MKMua •• aUQMUUUaftUflU5J~"H".Uq~""MHAu.nK"n""nKrr"". 
1 III I I I 1111 I 1111 !Jl11111 I II I I I I I 11111111111111111111 I I 1 I I I 1111111 I 1 I 11111111 I 111 

2222ZZZ22Z2ZZZ2222ZZZ2ZZZZZZZ2ZZZZZ22222222Z22ZZZ2222222222222222222222222222222 

STREET ADDRESS 

8000 ELECTRONICS LANE 
I II II I I 
I III I I 

00011100000100000100000000000000000000000000000000000000001000000000000000000000 
IIJ'Slr"~IIIZIJ1.'SMlrllll.nnn"ftHnnnD~n"U".» ••• ~QO~U.«qUYfl"n~"YUMH.'l"""U."A""nnn""n"nn. 
11111111111111111111111111111111111111111111111111111 I 1111111111111111111 I 111 I 11 

22222222222222222122222222222222222222222222222222222222222222222222222222222222 

CITY STATE ZIP 

SUNNYVALE, CALIFORNIA 94086 
111111 II 

II I I III 
OOllOOllOOOIOOOOOOOOOOOOOOIOOOOOOOOOOObOOOOOOOOOOOOOOO00000000000000000000000000 
IIJ.I., •• qI1111JUIIMlr.lla~DnMHNuaa.nU»U".J, ••• aQ"U".uqUW~UU~"M"H".hUI]~~"I'UUnnrlrJ'.nnr'n". 
11111111111111111111111111111111111111111111111111111111111111111111111111111111 

2 ZI Z Z 2 Z Z 2 2 2 2 2 2 2 Z Z 2 Z 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2222222222222222222222222222222222222222222222 

COMPANY NAME 

ACME MEMORIES INC. 
I II I I II I II 

I I III I 
00000000000000100000000000000000000000000000000000000000000000000000000000000000 
IIJ'I"".llnUU"MI,qll"~nn"ftnnnn.nupun.n ••• auq"u.u.q.~USlWS5MDUHU.luvun_VUU"",zrlUHKrrnn_ 
1111 I I 11111111111111111111111111111 I 1111111111111111111111111111 I I I 1111111111111 

2 Z Z 2 Z 2 Z Z Z 2 Z 2 Z 212 Z 2 2 2 2 2 Z 2 2 Z 2 2 2 2 2 2 Z Z Z Z 2 2 2 2 2 2 2 Z 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 Z 2 2 2 2 2 2 Z 2 Z 2 2 Z 2 2 
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2516 

2516-N,1 

DATA CARDS 

OUTPUTS Os THROUGH 01 RESPECTIVELY 

\ 

DECIMAL CHARACTER ADDRESS 
(DATA CARD NUMBER 001 THRU 064) 

\ 

(THIS EXAMPLE ILLUSTRATES OUTPUT SEQUENCE) 

11111111011001101010110110010110110010110110011011001000000000000000000000000101 
I 2 J 4 S 6 1 B 5 10 I] Ill3 I(IS 16171819 202122 23 2~ 25 26 2; 28 29 30 31 32 ~3)4 35 3b 3718 ~J ~041 4243 ~~ 45464148 ~9 50 51525354 5S 565158 59 60 S16Z63~4 tiSS&616869 70 11 j7 73'4 75 761179 ,:gao 
1 I 1 1 1 1 1 I I I J .. J J I J J II Jill II Jill III II J J I J II Jill 1 J II 1 II J J 1 J J 1 J I 1 J 1 1 1 1 1 1 I I I I J 1 J J J J 1 1 

2222222 Z 22 2 2 2 2 2 2222 2 2 2 2 2 2 2 2121212 Z 12111112 2 2 2 2 2 2 2 2 212 21122 2 2 212 2 21122 2 2 2 ZZ 112 211 

333333333333333333333333333333333J3333333333333333333333333333333333333333333333 

4 4 4 4 4 4 4 4 44 4 44 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 ! 4 4 4 4 .\ .\ , 4 4 4 4 44 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 

555555555555555555555555551555555555\5555555555555555555555555555555555555555555 

666666666666G66666666666R66666666E6666666666666666666666666666666666666666655566 

7 77 7 7 77 7 77 77 1 77 7 77 7 77 77 11 7 1 77 I 7 7 77 1 Ii 7 7 7 7 71 71 7 7 77 7 77 7 7 71 77 7 77 77 77 71 77 7 7 7 1 7 7 7 7 7 7 7 '-'-. 

COLUMN ADDRESS(A3,A2.A1) 

\ \ \ 
000 001 010 

\ 
011 

\ 
100 

\ 
101 

(THIS EXAMPLE I LLUSTRA TES COLUMN ADDRESS SEQUENCE) 

11111111011001101010110110010110110010110110011011001000000000000000000000000101 
1 2 J 4 5 6 1 8 S lQ 1112 1:1 14 15 1617 18 1~ 20 2122 23 24 2S 2& 2l2B 29 JO Jl 3nn435 3b 37 l& ~3 ~a 4142 4J 4445 4G 4T 48 H 50 51 S2 5334 5S 56 51 58 59 60 61 616364b5 GS 61 Cd 69 1(1 /1 .773 I~ /516 T7 76 :sao 

III J 1 J J J J J ll1J l11111111J 111111111 llJ 111 11111J I Jll Jllil J J 1 Jill J 11 J J II J 11111111 J 1 1 

2222122 Z 111121111111212 2 2 2 2 2 2 2 21212 212 211111111111112112 2 2 2 2 2121212 2 2 2 212 2 2 2 2111 

33333333333333333333333333333333333333333333333333333333333333333333333333333333 

4444444444444444444444444444d444444444444444444444444444444444444444444444444444 

5S555555555555555555555555555555555S\S555555555555555555555555555555555555555555 

66666666666666666666£666R66666666[6666bb66666666666666 6666666566666666666fi656566 

117 11 7 7 1117 7 17 17 )) 7117 7 I I 7 1 77 17 7 7 71 77 7 7 7 7 7 7 1 717 7 7 77 1 7 7 7 7 7 1 7 7 117 1 7 7 7 7 77 7 7 7 77 7 7 77 7 

BASIC DEVICE TYPE 

NOTE 

LEAVE COLS. 10,11,12,13 BLANK FOR ASSIGNMENT OF CM NO. BY SIGNETICS 

\ 
:51 "",!iC/:::;M 

I (HEADER CARD) 

I I 
o 0 0 0 0 II 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 COO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 COO 0 0 0 0 0 0 0 0 0 
1 2 j 4 5 6 7 8 ~ 11111 12 13 1~ 15 1& 1118 19 2G 21 22 2.l 2~ 25 26 27 28 I~ 3~ 3: 3/33 31~: :<S 31 3E 3S~"~: &2 n J4 4~ ;', 4/ 48 49 50 S! 525] 54 55 56 57 ~8 ~g 6rl-51 62 6364 6~ ~5 &1 ~8 6~ 70 T1 12 n 74 Ii 76 7i 78 1~ 611 

1111 1 1111 I 1111111 11 J 11111 I 1 1 I I I 11 I 1 I I 1 I I 1 I 1 I 1111 I 11 11 11 I I 11 I 1 I 111 I 1 I I I 1 1 I 1 1 1 I III 

122222 n 2 2 2 2 2 2 2 2 2 21112 21112,11212! 111211212112112 2 2112 21211 Z 1212 2121212 12112 2121 

3333333133333333333333333 J 3333333 J 3 3 3 J 3 33333333333333333333333333333333333333333 

4 4 4 4 4 4 4 41 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 .~ 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 

515515555555555555555555155555\S55)5~5555555555555555555555555555555555555555555 

666166666666666666b.6666666,6666666666666666666666&66666666666666666666666666666 

11 77 117 11 7 77 7 71 7111 7 71 7 77 7 7 7 7 7 T1 7 1 )) 1 7 7 7 7 7 7 7 7 7 7 7 7 77 77 7 7 7 7 7 7 7 7 7 77 7 77 1 7 7 7 7 7 7 7 7 7 7 7 7 

"Character" number is in columns 78, 79, and 80. 
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2530-N,1 

DESCRIPTION PIN CONFIGURATION 
The 2530 is a high speed 4,096-bit Static Read-Only Memory available in a 512x8 
organization. This device has TTL compatible inputs and outputs and requires +5Vand -12V 
power supplies. A READ input controls the entry of data from the ROM into output latches. 
Three-state outputs allow OR tying for implementing larger memories. Two-mask 
programmable OUTPUT ENABLES control the eight output devices without affecting 
address circuitry. 

N,I PACKAGE 

BLOCK DIAGRAM 

A, 

I 
I 
I 

.. 0-

A, 

ROW 
DECODER 

10F64 

COLUMN 
DECODER 

1 OF 8 

TIMING DIAGRAM 

t...---'>--o 0, 

AC CHARACTERISTICS (8) 
TA =O°Cto70°C;VCC =5V (Note8)VGG =-12V ± 5%; 
unless otherwise noted 

SYMBOL TEST MIN MAX UNIT 

tRPW Read Pulse Width 250 ns 

tRPW Read Pulse Width 500 ns 

tAD Address Delay Time 50 ns 
(12) 

tAG Address-Read Pulse 
Gap (12) 

50 ns 

tA1 Address to Output 
Delay 

700 ns 

tA2 End of Read Pulse to 250 ns 
Output Delay 

tOE Output Enable to 250 ns 
Output Delay 

CONDITIONS 

Note 19 
Note 18 

Note 17 

VAc=25m Vp_p 

VIN = VCC 

1 ____ .,"pw---__ I _____ ·- '-'RPW~'-' ----I 
_READ ______ I \~ __ y 

I \~-
ADDRESSES 

ADDRESSES 
MAY 

CHANGE 

ADDRESSES 
MUST BE 
STABLE 

~I----- __ tA2 

ADDRESSES 
MAY 

CHANGE 

--------·AI---- ---. ---___ I 

OUTPUTS 

Note: All times measured from 50% points, for all mplJt waveforms tr :;; tf 10nsec. 
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2530-N.1 
2530 CUSTOM CODING INFORMATION 
PUNCHED CARD INPUT 
Header Card 

Card No. Column Information 

Data Cards: 

Card No. Column Information 

1 1-5 "2530N" or "25301" 1 1-3 Decimal address (blank, blank, 

6-14 Blank 0.) 

15-19 "CODED" 4 Blank 

20 Blank 5-12 8-digit binary output 

21 Logic state of Output Enable #2, (MSB-Ieft) 

(CS2) - Most .§ignificant ~it. 13-20 Blank 

22 Logic state of Output Enable #1. 21-33 Decimal address, (blank, 

23 Blank blank, 1.) 

24-71 Customer company name. 24 Blank 

72 Blank 25-32 8-Digit binary output 

73-80 Date (MSB-Ieft) 
33-40 Blank 
41-43 Decimal address, (Blank. 

I D IComment Cards' blank, 2.) 

Card No. Column Information 44 Blank 

1 1 "c" 45-52 8-digit binary output 

2 Blank (MSB-Ieft) 

3-80 Person responsi ble for reviewing 53-60 Blank 

Signetics truth table and Com- 61-63 Decimal address. (Blank. 

pany Name. blank,3.) 
64 Blank 

2 1 "C" 65-72 8-digit binary output 

2 Blank (MSB-Ieft) 

3-80 Customer Street Address 73-80 Blank 

3 1 "C" 2 Same format as data 

2 Blank 

3-80 Customer City, State, Zip. 128 Same format as data 

NOTE. MSB - 09 

EXAMPLES 

Header Card 

2530 CM3531 CODED 00 ASCII TO EBCDIC AND EBCDIC TO ASCII CODE CONY 02/02/72 
I I III I III 111111 I I 111111 I III I II I 
I I I I I I .. 

OOOIOOOOOOOOIOOOOOOOIIOOOloooolor~ouououUOUOOOOODOOIOOOIOODOOOOOOOOOIOOOIOIIOIOO 
I Z].!I' 1111111111) l.al'HlllllOZ111111~15Z' 177tl1lC1}l11JJ~lSlill.JI""l 42ClUt546'IU"~OSISIS1~'SS~B1SIS"061'{'J"6S"H6I'~7011rlIl1.a1l11711tM 

First Data Card 

card 

card 

~'~0~00~0~0~00~0~----~1~0~00~0~0~00~1--------2nnO~00NO~0~0~10--------~3rO~0~00~0~0 .. 11.-----~ 

r ODIOIIIIIIIIOOOOOOOOOOOOIIIIIIIOOGOOOOOOOOOOIIIIIIOIOOOOOOOOOOOOllllllonnooooooO 
I I J • ~ I 7 I t I'll IZI].H a 'I 1111 ltl'1I1IllU14 IS 2' 11 n..,)O)1 lZ lJ J.4 JS lilT JI)l44 4' U4HHs(6\'1 un SQ)I ~n)). 55 S5 H SIS! 50 6' 'linUS" 67 61 n 10 71111]7415'511 rUBI 

Last Data Card 

508 00000000 509 00000000 510 00000000 511 00000000 

010011111111000000000100111111110000000000101111111100OOOOOOOOOOIIIIIIIIOOOOOOUO 
I I ) , S , , I , 1111 11 1:1 U 15" 1111111'121 n n 14 n a 2T 1'1 ~ J(l jl Jl Jl).l n .JllI 11" I' '2 (j u 4S "41" U,. ~I 5{ 51 ~ ~s ~ ~I~'''' WI" '7 6J~' 6) 66 6' ('8~' 10 1\ 111] 'I 15.'6 II /lIUO 

#1. 

#1. 
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2526-N,1 

DESCRIPTION PIN CONFIGURATION 
The 2526 is a high speed 5 184-bit Static Read-Only Memory. It 
may be organized as 64x9x9 for use as a crlaracter generator, or 
as a 512x9 ROM for general purpose use. This device has TTL 
compatible inputs and outputs and requires +:5Vand -12V power 
supplies. A READ input controls the entry of data from the ROM 
into output latches. Three-state outputs allow OR tying for 
implementing large memories. OUTPUT ENABLE controls the 
nine output devices without affecting address circuitry. 

N,I PACKAGE 

BLOCK DIAGRAM 

A, 
I 
I 
I 
I 
I 

A,O--

A5<>­

I 
I 
I 
I 
I 

COLUMN 
DECODER 

10f9 

ROW 
DECODER 

1 OF 64 

5184 BIT 
ROM MATRIX 

64X9X9 

TIMING DIAGRAM 

ADDRESSES 

OUTPUTS 

NOTE: 

OUTPUT 
ENABLE 

OUTPUT 
LATCHES 

191 

+----~<lO, 
I 
I 
I 
I 
I 

~J. 

Output 6 

Output 7 

Output 8 

Output 9 

Vao (GND) 

Address 4 

Address 3 

Address :2 

AC CHARACTERISTICS 
TA =OOeto+70oe, vee =5V (note 8) VGG = 
-12V 5%' unless otherwise noted 

PARAMETER MIN MAX 

tRPW Read Pulse Width 250 
tRPW Read Pulse Width 500 
tAD Address Delay Time 50 

tAG Address-Read Pulse Gap 50 

tA1 Adress to Output Delay 700 

tA2 End of Read Pulse to 
Output Delay 250 

tOE Output Enable to 
Output Delay 250 

UNIT 

ns 
ns 
ns 
ns 
ns 

ns 

-tRPW---.j~------ tRPw-------+I 

tAG I 
~l-------tA2~ 

ADDRESSES MAY CHANGE ADDRESSES MUST BE STABLE ADDRESSES MAY CHANGE I 

~------------tAl--------------.1 

All Times Measured from 50% Points. 
tr ::::: tf = 10 ns or less 

128 SmnOliCS 

Address 10 

CONDITIONS 

Note 19 
Note 18 
Note 20 
Note 20 
Note 17 

Note 17 

V AC = 25mV p-p 
VIN = VCC 



2526-N.1 

STANDARD CHARACTER FONT 
CM 3400 

ASCII SET, VERTICAL SCAN 7X9 WITH CODE CONVERSION 

.~ ••••••• 
°n,rllr ~lln'l ~mrnl fll'l ~'ij111·1 •• ~l ~m[1 :/ ,,:::, "," ", ::,",,> >: .. ::': 

DECIMAL ADDRESS "8" DECIMAL ADDRESS "SI" DECIMAL AODFU.SS "'0" OECIMAL ADORESS "11" DECIMAL ADDI'IESS",2" DECIMAL ADDRESS "'3" OECIMAI- ADDRESS "'4" DECIMAL. ADDRESS "15" 

mtm.'. .< _1m •.•• ' .... '... .::;: ~ •.....•• ' •..• 12T11lJ. III iB ..... , ', ifMl]i 
DECIMAL ADDRESS "'S" DECIMAL ADDRESS "'7" oeCIMAL ADDRESS "'8" DECIMAL. ADDRESS "19" DECIMAL ADDRESS "20" OECIMAL ADDRESS "21" DECIMAL ADDRESS "22" DECIMAL ADDRESS "23" 

•:~:. '.> .'...... .'. .,.'" ••••.•••.. .',',',' .. '.'.'" .:.'~'.'.. .., ....•. '........ . "'.:: ":: ~':' :.;:.. '., .:: -I ", 
:.: ":,- ,,::: 

~t .. :::? - 1- <: :::. .~::;: ... :l ,"::, :', 

::.:: {( ~: ",': ,:;",:' :.,: 

DECIMAL ACDRESS "24" DECIMAL ADDRESS "2S" DECIMAL ADDRESS "2S" DECIMAL ADDRESS "27" DECIMAL ADDRESS "28" DECIMAL ADDRESS "29" DECIMAL ADDRESS "30"' DECIMAL ADDRESS '"31" 

•

" .:~:.:~ •. ;;~::.: •. :. . ' II:': .::::: .' .::: .:~::::: : .. : '.:: ':': <.:: : :.: :. : I 

:,' ~~":..' ............,,";:.> 
DECIMAL ADDRESS "32" DECIMAL ADDFIESS "33"' DECIMAL ADDFIESS ":14" DECIMAL ADDRESS "3:11" DECIMAL ADDRESS "315" DECIMAL ADDRESS "37" DECIMAL ADDRESS "38" DECIMAL ADDRESS "39" 

~ .:':: ~.,: .:.~ .:; .~. • ........•. mD ;:." ~, I.', .:. 
DECIMAL ADDRESS "40" DECIMAL ADDRESS "41" DECIMAL ADDRESS "42" DECIMAL. ADC'FlESS "43" DECIMAL ADDRESS ...... DECIMAL ADDRI!:SS "4S" DECIMAL ADDFIESS ".s" DECIMAL ADDRESS "47" •.•••... ~.~ .':' .',:. .' •.•....... • .• ~ .". • ............ '. 

t. _ ......... - c. "'.' ". : ::. :,; ::,: ' 

.<: A :::., • '~': :,<::' • 

DECIMAL ADDRESS " .. " DECIMAL ADDRESS "4r' DECIMAL ADDRESS "SO" DECIMAL ADDRESS "81" DECIMAL ADDFIESS "S2" DECIMAL ADDRESS "53" OECIMAL ADDRESS "54" DECIMAL ADDRESS "SS" 

". I I -:: :-:":"- :::-...;; raJ',·" ."" .; .. ~.. .' a· ." ••...... .~.. :: .:::l~ .~... ......,'~.:~ :'c, ;; 
···.IAL ADDflf;SS "&6" DECIMAL ADDRESS "S7" DECIMAL ADDFIESS "SS" DECIMAL ADDFIESS "159" DECIMAL ADDFIESS "SO" DECIMAL ADDRESS "S1" DECIMAL ADDRESS "112" DECIMAL ADDRESS "'63" 

NOTES: 
1. ecolc to ASCII in leftmost column, Baudot to ASCII in next column to right, 
2, Underlined addresses result in all outputs going low (TTL "0"). 
3. Black squares in character lont are high (TTL "1"). 
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2526-N,1 

STANDARD CHARACTER FONT 
-----------------------------------------------

CM 3941 
ASCII SET, RASTER SCAN 7X9 WITH CODE CONVERSION 

:.::m ••••••• 
'Hilm" Bn~ ~~Hnl. nrrmlll ttl· I MlrIll 

DeCIMAL ADDRESS "S" OECIMAL ADDRESS "9" DECIMAL ADDRESS "10" DECIMAL ADDRESS "11" DECIMAL ADDRESS "12" DeCIMAL ADDRESS "13" DECIMAL ADDRESS "14" oeCIMAL ADDRESS "15" 

.11 •••••• 
DECIMAL ADDRESS "16" DECIMAL ADDAESS "17" D'ECIMAL ADDRESS "18" DECIMAL ADDRESS "19" DECIMAL ADDRESS "20" DeCIMAL ADDRESS "21" DECIMAL ADDRESS "22" DeCIMAL ADDRESS "23" 

•••••••• DECIMAL ADDRESS "24" DECIMAL ADDAESS "25" DECIMAL ADDRESS "26" DeCIMAL ADDRESS "27" DECIMAL ADDAESS "28" oeCIMAL ADDRESS "29" DeCIMAL ADDRESS "30" DECIMAL ADDRESS "3'" 

••••••• .-r-r.,....,.,~,-:; DECIMAL ADDRESS "33" DECIMAL AODRESS "34" DECIMAL ADDRESS "35" DECIMAL ADDRESS "36" DECIMAL ADDRESS "37" DeCIMAL ADDRESS "38" DECIMAL ADDRESS "39" 

~';~ •••••• 
DECIMAL ADDRESS "40" DECIMAL ADDRESS ",Sl" DECIMAL ADDRESS "42" DECIMAL ADDRESS "43" DECIMAL ADDRESS "44" DECIMAL ADDRESS "45" DECIMAL ADDRESS "46" DeCIMAL ADDRESS "47" 

•••••••• DECIMAL ADDRESS "48" OECIMAL ADDRESS "49" DECIMAL ADORESS "50" DECIMAL ADDRESS "5'" DECIMAL ADDRESS "52" DECIMAL ADDRESS "53" DECIMAL ADDRESS "54" DECIMAL ADDRESS "55" 

••••••• DECIMAL ADDRESS "56" DECIMAL ADDRESS "57" DECIMAL ADDRESS "58" DECIMAL ADDRESS "59" DECIMAL ADDRESS "60" DECIMAL ADDRESS "61" DECIMAL ADDRESS "62" DECIMAL ADDRESS "63" 

NOTES: 
1. BCDIC to ASCII in leftmost column, Baudot to ASCII in next column to right. 
2. Undefined addresses result in all outputs going low (TTL "0"). 
3. Black squares in character font are high (TTL "1 "). 

----------------------------------------------~ 
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CUSTOM CODING INFORMATION 
PUNCHED CARD INPUT 

Commentll D Cards' 
Card. No. Column Information 

1 1 "C" 

2 Blank 

3-17 "SIGNETICS 2526N/CM" 

18-26 Blank 

27-71 Customer I'D' (Company, 

Project, Part No., etc.) 

72 Blank 

73-80 Date 

2 1 "C" 

2 Blank 

3-80 Person responsible for reviewing 

Signetics truth table 

3 1 "C" 

2 Blank 

3-80 Customer Street Address 

4 1 "C" 

2 Blank 

3-80 Customer City, State, Zip. 

5 1 "C" 

2 Blank 

3-80 Name 

Data Cards 
Card No. Column Information 

1 1-9 Binary outputs of rows 9 through 

1, (MSB at 9), first column, first 

character, (first character is 

"000"). Logic "1" is high output 

(3.2V, min.). 

10 Blank 

11-19 Binary outputs of second column, 

first character. 

20 Blank 

21-29 Third column 

Data Cards (Continued) 
Card No. Column 

1 30 

(cont'd) 31-39 

40 

41-49 

50 

51-59 

60 

61-69 

70-71 

72 

73 

74-76 

77 

78-80 

2 1-9 

10 

11-19 

20-70 

71 

72 

73 

74-76 

77 

78-80 

3 1-9 

(etc.,as 

Card 1) 

4 (etc.,as 

Card 2) 

128 78-80 

SmnOlieS 

2S26-N,1 

Information 

Blank 

Fourth column 

Blank 

Fifth column 

Blank 

Sixth column 

Blank 

Seventh column 

Blank 

Data card number of first 

character, ("1 "). 

Blank 

Anything-customer option. 

Blank 

Decimal character number, 

("000") 

Eight column 

Blank 

Ninth column 

Anything-customer option. 

Blank 

Data card number of first 

character, ("2"). 

Blank 

Customer option 

Blank 

Decimal character number, 

(''000''). 

First column, second character, 

rows 9 through 1 (MSB at 9). 

Second character is "001 ". 

Decimal character number, 

("063"). 
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EXAMPLES 

I 

I
I, 1.0. Cr-ar_d_~-=-=:-::--c=-=:::=-; 

CM3400 VERTI CAL SCAN 
I I III II 

CHAR GEN WITH BCDIC AND BAUDOT TO ASCII CONVERSION 
III II I I 11111 I I II I I III I I I 

13'2. 

I I I I I I I I I II I II 
UOOOOOOOOOOllOIOOIOOOOOIOOOOOOOOuUOOOlulOOOOOOOOOOOOOO1001010001000000010010QOOO 
I r 1 ~ Sir I 1111I1l\u,.1\ 1111 II lllOll unU15l1 ZIti n](l Jl J211 lot Uli JlM,. .. '41 UUU4S4&"U" ~o ~1 S2 Sl~' ssuu ~IS' 6051515] 54 nun"" 10 7112 13 "'s "" II ". 

First Data Card - First Character 

10100000 000000000 011111100 100000010 101100010 101010010 101001010 1 0 

10101111101111111110100000011001111110100100111010010101101001011010100000000001 
1 Z 1 • 5 I , I 111\11 UIJ U a 1111 flit lIlI nnl41S 15l1l1n,lO Jlllll }.In .. J1 .""" 'Z'HUH"'" 'H'~l ~nl ~ SBOI ~SUOll 'l"JbH~'H' HI" '0 I! 'll)" IS"i)) Itlno 

Second Data Card - First Character 

D01111100 000000000 2 0 

~"""'I""""""""'O"""""""""""O"" ••••••••••• 0"""""""1 1 r J , S I 1 I • 1I!!ltll" 1511 IF 'I n\lGZ121UU n lIlll1". 31 JlJJllU:Ii )1]1J1 .. " UOU4\'U,.,UI ~~I 52 H S. 55" 51 51 UIOIl511UUHI " nn II" 12 Ill, IS 1117 'II,. 

First Data Card - Last Character 

/10001101 011111111 000000010 000000001 110100001 000010001 000001001 1 63 

I 101110010010000uOOOOllllili01011111111000010111100111101110011111011000000000000 
1 I I 4 S • 1 • "1\11 II II 1,15" 111, I'lO\U 22 UU r51l17l1I1MJIll)J M)5 Hi JI )lJ" •• 1 nn U'U","U$8 St 51 Sl 5' HSBI "SHOll" nun",' 51" 10 71 I, IJ I, a" H r"t. 

Second Data Card - Last Character 

00000110 000000000 2 63 

11111100101111111110000000000000000000000000000000000000000000000000000000000000 
Ill' S I , I , IIq, 111) 1415 .,,'" "'lIl1l2 nU1S25 2J lin )0)1 lllUtn .]1.1141" UUUU""" I', ~~I ~nHn~ ~Hnn"G' " HiHAS'J5,,'un '0 /I 17 IJ 14 I~ r, III, lUg 

l(gnllllll 

2526-N,1 



DESCRIPTION 
The 2580 is an 8192-8it Read-Only Memory available in a 2048x4 organization. This device 
has TTL compatible inputs and outputs and requires +5V and -12V power supplies. A READ 
input controls the entry of data from the ROM into output latches. Three-state outputs allow 
OR tying for implementing larger memories. The outputs are enabled by a programmable 
four bit select code applied to four binary chip select terminals. 

AC CHARACTERISTICS 
TA = 25°C;VCC = 5V {Note8)VDD =OV VGG = -12V + 5% unless otherwise noted , -

PARAMETER MIN MAX UNIT 

tRPW Read Pulse Width" 650 ns 

tRPW Read Pulse Width '3 500 ns 

tAD Address Delay Time" 50 ns 

tAH Address Hold Time 0 ns 

tA1 Address to Output Delay 950 ns 

tA2 End of Read Pulse to Output 350 

Delay 

CODING FORMAT 
Coding data for the 2580 may be sent to Signetics via punched cards or via a written truth 
table. Cards are preferred since errors are essentially eliminated. 

On receipt of a card deck, Si,lnetics will tri3.nslate the card deck to a truth table using the 
Signetics Computor Aided Design (CAD) facility. The truth table will then be sent to the 
customer requesting engineer for final approval. On receipt of final approval, Signetics will 
cut the rubylith mask and proceed with manufacture. 

BLOCK DIAGRAM 

TIMING DIAGRAM 

-- 1RPW-+- '''P'';---1 '\ ;r-----. READ 

I' 
1 

ADDRESSES +~v ---"' 
AND CHIP 

SELECT 

OUTPUTS 

,sv -----------,. 

'------_I 

ov __ - - - -- ----' ~-_______ ~ 

SmnoliCS 

2580-N,1 

PIN CONFIGURATION 
N,I PACKAGE 

Vee (+5V) 

GNO ~ 

Read 

AO 

A1 

A2 

A3 

A4 

AS 

15 VGG (-12V) 
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DESCRIPTION 
The 2608 is a fully decoded, static, mask programmable read-only memory. It has a capacity 
of B192 bits organized 1024 X B. The 260B is fabricated with low threshold N-Channel silicon 
gate MOS technology which allows extreme ease of use with low voltage logic families such 
as transistor-transitor logic. 

Requiring only 5 volts and ground power connections, the 260B features a maximum access 
time of 650ns. Since the 260B uses static logic throughout, no clocks are required. Four 
mask programmable chip selects are prov',d€!d for easy word expansion. All 260B inputs and 

outputs are TTL-compatible. 

AC OPERATING CHARACTERISTICS 
TA = acc to +7aoc, Vcc = +5V 5% (See Notes A, B & C) 

SYMBOL PARAMETER 

Read Cycle Time 
Chip Select to Output E 
Chip Select to Output 0 
Access Time (260B) 

Access Time (260B-1) 

nable 
isable 

MIN 

650 

10 
100 
100 

MAX UNITS NOTES 

ns 

300 ns NoteD 

150 ns NoteD 

550 ns NoteD 

450 ns NoteD 

260B • 2608-1-1 

PIN CONFIGURATION 
I PACKAGE 

NOTES 
A. Input levels swing between 0.65 volts and 2.2 volts. BLOCK DIAGRAM 
B. Input signal transition times are 20 nsec. 
C. Timing reference level is 1.5 volts. 
D. Output load is one standard TTL load plus 130pF. 

136 

TIMING DIAGRAM 

ROWADDAESS 
INPUTS (A4-A9) 

CSo 
CS, 

CS2 

CS3 

OUTPUT 

16 x 8 

ADDRESS 

!~~t~~~ 1-_64+-~.1 64 X 16 x 8·BIT 
STORAGE MATRIX 

DECODER 

16 X 8 

~"' ~w 

~o 

~§ 
0 

DATA OUTPUT PINS 

"CHIP SELECT CODE 
IS MASK PROGRAMMABLE 

ADDRESSES ---v ________________ -i ~ tl----
~--------tR 

CHIP SELECTS· --l----_ 

1--------tA---------i 
DATA OUTPUTS ____ ~H.;:I:::GH~I"';:...P~ED;:::A:::N:;;CE:;.... ____ ___< 

"CUSTOMER CHOOSES PARTICULAR CHIP SELECT CODE DESIRED. THE OTHER FIFTEEN 
COMBINATIONS OF FOUR CHIP SELECT INPUTS DISABLE THE OUTPUTS. 



PIN DESCRIPTION 
ADDRESS DATA OUTPUTS 

2608·2608-1-1 

These ten TTL-compatible inputs are decoded on-chip to select 
one of 1024 eight-bit bytes. Since the 2608 utilizes static logic 
throughout, a change in addresses results in a change in data as 
long as the chip is selected. Access time is measured from the 
point where the last address input became stable. Cycle time 
and access time are equal in a static ROM design. 

The eight data outputs are push-pull buffers capable of driving 
one standard TTL-load plus a 130pF load capacitance. These 
outputs are placed in the high impedance state when anyone of 
the disabling combinations of the chip select inputs is present. 

CODING FORMAT 

CHIP SELECTS 
There are four TTL-compatible chip select inputs for the 2608. 
Only one combination of these four signals enables enabling 
combination is chosen by the customer and specified on the 
first punched card of the customer card deck (see following 
page). A positive logic convention is assumed. 

Coding data for the 2608 may be sent to Signetics via punched 
cards or via a written truth table. Cards are preferred since 
errors are essentially eliminated. 

On receipt of a card deck, Signetics will translate the card deck 
to a truth table using the Signetics Computer Aided Design 
(CAD) facility. The truth table will then be sent to the customer 
for final approval. On receipt of final approval, Signetics will 
produce masks and proceed with manufacturing. 

CARD FORMAT 

COLUMN 8, 9 

(IDENTIFICATION CARDS) 

COLUMN 10, 11, 12, 13, 
CUSTOM NUMBER (ASSIGNED 

CUSTON DESIGNATION "CN" BY SIGNETICS) 

COLUMN 21, 22, 23, 24, 
CHIP SELECT CODE 
(CS3, 2,1,0) 

BASIC PART TVPE ~ / COLUMN 26-80 
_______ CUSTOMER IDENTI FICATION 

26(18 I·-eN (OI«I' 
I .. I .. I 

ACME f1(MORI[~ Pdl D'S217-1 

II I I II 

I • I III II 

~ ~'! ~ ~ ~,~ ~ ~,~,~,~,~,~.~!~ ~~!! ~,! ~~,!!! ~ ~~, ~ ~ ~ ~ ~!!~ !~~~ ~ ,0, ,~!!,~.~ ~~ \~ !,D,,~~!,~ ~,D,.c,~~~, ~,~'~' ~~,~, ~~,~, ~r ~, ~,! 
'1111111111111111111111111,111111111111111\1111111111111111111111111111111111111 

211111111112111111111121111111111111111111111111111111111111112111111111111//111 

PERSON RESPONSIBLE FOR REVIEWING SIGNETICS 
COMPUTER GENERATED TRUTH TABLE 

14THI • .1.0. [rIGltl[[R, M[ttDP., ppm •. M'~P. 

II 1'111111 I .. II 
I I I I I I I III III I I 

~ ; ~" ~ ~ ~ ~ ~ ~ ,0, ~ ~~, ~~, ~~! ~!~ ~~! ,O,!! ~ ~ ~~, ~~, ~~, ;~,! ~ ~,~' ~,~\~~ ~,~, ~ ~~! ~ ~,~\~,~,~, ~ ~,~, ~, ~)~,~,~,~, ~,~, o,~. ~, ~ ~~,~,~,~,~! 
111111111111111111111111111II1I111I11II11I1111II11111111111111111111111111111111 

Z111111111111111111111111l1111111111111?11Z111111111111111111111111111111111l11 1 

STREET ADDRESS 

78(1(1 ELECTRDtH(~ r,R!t.lE 
1 II .. 1 I 

III I I 

~ ~ ~~" ~ ~ ~ ~,~ ~ I~'~ ~ ~,~! ~!~ ,~ ,~ ~R! ~!~ J~ ~ ,~,~ J~ ,~ ~ ~ !!!~ ~ 'OJ~!!~'!!! ~ ~ ,OJ ~~!~: !!~ ~~J~' ~,!~,!~, ~.~ ~~,~.~,~,~,~. ~.! 
11111111111111111111111111111111111111111111111111111111111111111111111111111111 

11lUl111!1111111111111111111111111111111il111111111Z11111ll11l11!lllllllI11111! 

CITY STATE ZIP 

SUHtlYVALE, CALlflJRNIA '014(186 

111111 II 
.. 1111 

DGIiDOIlIOOIIOOQUOBGUOOODUDOOCOOODOOOOOOOHCUOOOOOOOlODDOUOOHOOOOOOOODlaal' 
1 , , , •• , • 1 IO" """"""",,,,,, ",,"n,,"""." ""~"~JI.""""""'''''''''''''' ,I " • ."W,,,." .. ,.'''',,'''''' .... "" """""11",,. 
11111111111111111111111111111111111111111111111111111111111111111111111111111111 

11111111111111111l11111l111:1111111111111111112111111111111111IZ11l111nlllll1!1 

COMPANY NAME 

_ .. (ME MEr1lJ~IE, ItK. 
1111 I II III 

I I'" 

~ ~ ~ ~ ~ ~ ~ ~ ~!.~,~ ~.~ ~ ~ ~,~ ,~!~ f,~)~,~!~!!! ~!~! ~! ~!! !,~ ,~!!,~!~ !!!~ ~~ ~~,!~ !!!~'~~j~ ~,~~, ~~.~ ~ ~'~j~' ~,~.~,~. ~.! 
11111111111111111111111111111111111111111111111111111111111111111111111111111111 

1111111!1111lZI11l111111111111111111Z1111111111111111111111111111111111111111!11 
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DATA CARDS 
12--75 
77--78 
79--80 

Hexadecimal data coding 
Card number (starting 01) 
Total number of cards (32) 

Column 12 on the first card contains the hexadecimal equivalent 
of bits 07 thru 04 of byte 0, while column 13 contains the 
hexadecimal equivalent of bits 03 thru DO. Columns 14 and 15 
contain byte 1, columns 16 and 17 byte 2, and so on. 

The first card contains the first 32 bytes. Column$12 and 13 on 
the second card will contain byte 32 (the 33rd byte). A total of32 
cards will contain 1024 bytes of 8 bits. 
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2608·2608-1-1 

BINARY TO HEXADECIMAL CONVERSION 

BINARY 
COMBINATION HEXADECIMAL 

00-03 OR 04-07 CHARACTER 

0 0 0 0 0 
0 0 0 1 1 
0 0 1 0 2 
0 0 1 1 3 
0 1 0 0 4 
0 1 0 1 5 
0 1 1 0 6 
0 1 1 1 7 
1 0 0 0 8 
1 0 0 1 9 
1 0 1 0 A 
1 0 1 1 B 
1 1 0 0 C 
1 1 0 1 0 
1 1 1 0 E 
1 1 1 1 F 



JDDDDD 
JDDDDD 
JDDDDD InTERfACE 5 
JDDDDD 
JDDDDD 
JDDDDD 





Logic 
Analog 
Analog 

LOGIC 

8T04 
8T05 
8T06 
8T09 
8T10 
8T13 
8T14 
8T15 
8T16 
8T18 
8T20 
8T22 
8T23 
8T24 
8T25 
8T26A 
8T28 
8T30 
8T31 
8T32 
8T33 
8T34 
8T37 
8T38 
8T80 
8T90 
8T93 
8T94 
8T95 
8T96 
8T97 
8T98 
8T100 
8T101 
8T110 
8T111 
8T363 
8T380 

ANALOG 

NE582 
NE584 
NE585 
DM7820 
DM8820 
DM7830 
DM8830 
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INTERFACE-LOGIC 
INPUT VOL lAGE OUTPUT VOLTAGE 

VIL (V) VIH (V) VIC 
Vlt (mV)'" VTH (mV)'" 

VOL (V)o 
PARAMETER lOW LEVEL HIGH LEVEl CLAMP VOLTAGE 

VOLTAGE RATING lOW lEVEL HIGH LEVEL 
lOW LEVEL THRESHOLD VOL lACE THRESHOLD VOLTAGE 

VCC"'MII't VCC=MIN VCC"MAX 
TEST CONDITIONS 

IIN=~12mA 
VIN=10mA VIN"O.8V VIN"'O.8V VCC"MIN 

IOl "-400IJA IOH"16mA 

MIN TVP MAX MI' rvp MAX MI' TVP MAX MIN TVP MAX MIN rvp MAX MIN TVP MAX MI. TVP MAX 

81Q4 0.8 2.0 15 5.5 NIA NIA RBOISI =4.8mA 
Fora,b,c,d Fora,b,c,d RBI, Driven InputFO.BV 

RBO 04 
Outputs~40mA 

LT, RBI, ABO/B1=O.4V 
AG 0.5 

8T05 0.8 2.0 15 5.5 NIA NIA IT=4.SV 
Fora,b,c,d Fora,b,c,d VIW°.4V 

IOl=500"A 
A·G 0.3 

RBO/Bl=4.BmA 
Others:O.8V 

ABO 0.4 

8T06 0.8 2.0 15 5.5 NIA NIA A·G 
Fora,b,c,d Fora,b,c,d Outputs=4QmA 

IT=4.SV 
RBI, RBO/BI"O.4V 

0.5 
RBO 

ABOIB1"4.8mA 
RBI, Ofi~e!\ \1\lJ.'J\"'=~.~'J 

0.4 

8T09 0.8 2.0 -1.5 5.5 NIA NIA Outputs"4QmA 
Oata=2.0V 

C,sable:O.BV 
0.2 04 

BTlO 0.8 2.0 1.5 5.5 NIA NIA VIN=O.&V 
IOl =32mA 

III 0.4 

BTI3 0.8 ?O 1.5 5.5 NIA NIA NIA 0 
C -... ..: 

BT14 0.8 2.0 -1.5 5.5 NIA NIA IOl "16mA III 
NOTE: R"'O.BV, S:2.0V ... Hysteresis 15 A, B"'OV 

0.3V MIN, O.5V TYP 0.4 c: Note 10 
R, S=OV, A, 8=2.0V -0.4 

Note 10 

8T15 0.8 2.0 1.5 5.5 NIA NIA VIN-2.0V 
Note 23 IOl "4.0mA 

-5.0 -6.0 -7.0 

§ 8T16 See Oata Sheet for Electrical Characteristics 

8TI8 NIA N/A 1.5 Driven InpUl"100"A NIA NIA VCCI=4.75V 
Others=OV VCC2"'20.0V 

50 OtherS"'9.0V -IOl "7.2mA 
0.35 

BT20 V(REF)-O.BV MIN, 2.0V MAX, -1.5 5.5 ,4 IOl""6mA 
Pin 6 tied to Pin 7 0.4 

8T22 0.9 1.9 -1.5 NIA NIA NIA lOl =12.8mA 
0.2 0.45 

8T23 0.8 2.0 1.5 5.5 NIA NIA Gate ~, 
Input Under Test"O.8V 

Other=4.5V 
Gate ",2=OV 
IOl"-2401A 

0.15 
Note 15 

8T24 07 1.7 1.5 5.5 NIA NIA R=O.7V, S=1.7V 
S,A, B S. A, B A, B=OV, IOl =16mA 

0.2 0.4 
R,S=OV,A,8=1.7V 

0.2 0.4 
tOl =I6mA 

8TZ5 0.8 2.0 1.5 5.5 NIA N!A A, B"200JJ.A 
DIS,STR IBUI=lmA Disable,Strobe=0.8V 

DIS, STR 0.4 
IOl =16mA 

si!l0olms 1 



INTERFACE-LOGIC (Cont'd) 
INPUT CURRENT OUTPUT CURRENT POWER SUPPL Y 

~----~----------1---------- lOS" 
SHORT CIRCUIT 

CURRENT 

ICC 
POWER/CURRENT 

CONSUMPTION (mW/mA) 
PARAMETER 

TEST 
CONDITIONS 

8T04 

MIN 

3.1 

VOH (V)' 
HIGH LEVEl 

VCC=MIN 

'OW-16D"A 

TV' 
FlaO 

MAX MIN 

IlL (rnA) 
lOW lEVEL 

VCC=MAX 
VIN=O.4V 

IIH ("A) 
HIGH LEVEL 

VCC=MAX 
VIN=4.5V 

ICBO (ilA)' 
LEAKAGE CURRENT 

VCC=MAX 
VIN"DV 

V ur=OV 

VCC=MAX 
VIN=DV 

MILITARY COMMERCIAL 

ICC (rnA) 
VIN=2.DV 

VCC=MAX 

~~ MJ~\X~~~~:~,--~TY~'--~MA~4:~~M~IN~~V~':~~:~.8~V~M~AX~~M~1~N ___ T~:~: __ ~M~A~X~~T~Y'~~:~:~;~5+-~T~Y' __ ~~~~~:5~~MI~N __ ~T~~~: __ ~M~A4X 

-1.2 
81 

i',2 
LT 

10 
Others 

LT 
Others 

160 
BO 

A-G 100 
Output~=6.0V 

~B=TO~5----~-----A~.=G------+-~~~A~B~1--~'·6~--A~B-'--------~40~~----~NI~A------+-------N-IA------~----~3=94~17=54-----~1~1O~18754-----~N~IA~---1 

8T06 

8T09 

Outputs=--5DOpA 1.2 LT 
LT=OAV 

3.9 
ABO 

RBO/Bl=-160/,A 
3.1 

3.1 
ABO 

Outputs 5.2mA 
VIWO.8V 

2.4 3.0 

81 

LT 

Others 

RBl 

Bl 

LT 

Others 

Others 
-2.2 

-1.0 

1.6 

ABl 
-1.2 LT 

Others 
2.2 

10 

1.6 

2.0 

160 
80 

40 
160 

80 

40 

AG 
Ll"'0.4V 

Outputs=6.0V 
100 

Outputs O.4V or 2.4V 
Olsable"2.QV 

40 

NIA 394/75 446/85 NlA 

-40 120 NIA 236/45 340/65 N/A 

~'~1\~O----~----o.ON~·'2.0mV'---~-------Oo.N~-----'-~0~N--------~50~~~0"~1P~"'~\~0.4~V~o~'2~.4~V--~----~ON~4.~5V~--~~N~17A------~----~6~19~!1~18+-----~NI~A----~ 

8T13 

8T14 

8115 

8116 

8118 

aT20 

8T22 

8123 

BT24 

8125 

2 

Others"0.8V 100 3.2 Others 40 Outdls"2.0V VIW'-O.4V 
lOW 5.2mA Others OthewO.8V 40 120 

2.4 3.0 

Gate "I VIN"2.0V 
Gate .~2 VIWO.BV 

low-75mA 
2.4 

IOW'- 800j.J.A 
R"2.0V, S"'4.5V 

A. B"'OV 
2.6 3.5 

Nate 11 
R, A, B=OV, S=O.8V 

2.6 3.5 
Note 11 

VIN"'0.8V 
low-4.0mA 

5.0 6.0 7.0 

Vccr"4.75V 
VCC2=24.DV 

Driven Input"6.5V 
IOW--225 ... A 

3.4 

IOL'" aQO"A 
2.6 

lOW 960 ... A 
2.4 3.4 

3.11 

Gate -,,1 2.0V 
Gate -,,2"O.BV 

IOw-59.3mA 

R-1.7V, S-4.5V 
A,8=OV 

2.6 3.4 
lOW' 800j.J.A 

R, A, B=OV, S=0.7V 
2.6 3.4 

lOW BOO/,A 

A, B"'400/,A 
Disable,Strobe=O.BV 

2.B 3.5 
'DH"'-1.5mA 

lao 2.0 40 

~ . 1 --·~1.6~r-----------'4"0-r----"H~IG"H'L~'''~I----t---OG~.,,~e'~\''V''N''-4~.5"V---r-~NIA------~-'mn~~~------------~ 

1.6 
SN, AN, BN 

0.1 0.8 1.6 

REC, NEC 
-0.1 -2.4 

Clear 
0.1 1.6 
Cammon Marie Range" 

SN, AN, BN 
4D 

R"'3.8V 
RN .17mA 

R"'3.BV 

NIA 

Offset 
2 

4D 

40 

125 

~tPu\S"3.0V Gate ",2 VIWOV VIN=2.0V 
VIN"OV 30 150m 

LOW Level 
Outputs"0.4V 

Gate ",1 

BO 

Input Under lest VIW'O.8V 
Others VIN=4.5V 
Gate ",2 VIN=OV 

BOO 

NIA 

NIA 

NIA 

~ 50 100 

Out 25V 
-25 

Nate 23 

75 

20 ·70 

N/A 

NfA 
Positive Supply 
Negative Supply 

Note23 

VCCI-5.25V 
VCC2"24V 

NIA 

NIA 

LOW Level 
VIN"'0.8V 

315/60 

315/60 380/76 

Per Driver 
275/16 

28 

(Per Gate) 
VCCIL 44 
VCCIH 1 
VCC2L 39 
VCC2H 38 

lEE 

NIA 

NfA 

N/A 

37 55 
Vee -S.25V 

-12 20 

3.2 4.2 
--·--~'1.6rl~----------'6"0~------"NnIA------+--'lOO--------"40'-~--7N;;;IA,---4---'N~IA.----+----------~2045 

VIW._45_V_,1.6rlf-__________ • 40o ~----------~4"'0--+------,G"'.,C-. "-:;~ 1"'-4".5..,V----~--7N;;;IAC---4---...HI7G"H "L.","""".-+--------.N"'IA,-----1 

1.6 
SN, AN, BN 

-.1 -1.6 

Vce-DV 
SN, AN, BN 

R=3.11V 
40 

RN O.17mA 
R=7.0V 

AN 5.0mA 
R=6.0V 

RN .5.0mA 

40 
VI~I=OV STR, DlS 

STR. PRE/DIS 

OIS-2V, STR .BV 
OUT=3.9V 

100 
Ou/pulA 

A=200JJA,6=1.SmA 
Output B 

A=1.5mA, B=2001'A 

Gate ,,2"DV VIN=2.DV 
100 - 250 

Vour2.0V 

50 100 
R=3.11V 

S, A, B=OV 

20 70 
STR=DV 

N/A 

150/28 
lOW Level" 

VIN"'O.BV 
315/60 

315/60 380/72 

Strabe=DV 
210140 

NIA 

NIA 



INTERFACE-LOGIC (Cont'd) 
INPUT VOL lAGE OUTPUT VOL lAGE 

~ 
VllIV) VIH (V) VIC 

VlL (mV)'" VTH (mV)'" 
VOL (V)' PARAMETER 

LOW LEVEl HIGH LEVel CLAMP VOL lAGE VOLTAGE RATING LOW LEVEL HIGH LEVEl 
lOW LEVEl THRESHOLD VOL lAGE THRESHOLO VOLTAGE 

Vcc.,MIN VCC"MIN VCC"MAX 
TEST CONDITIONS 

IIN"-12mA 
VIN"10mA VIN"O.8V VIN=O.8V VCC'=MIN 

IOl =-40D"A IOH=16mA 

MIN TV' MAX MIN TV' MAX MIN TV' MAX MIN TV' MAX MIN TV' MAX MIN TV' MAX MIN TV' MAX 

BT26A NIA NIA -1.0 NIA 0.85 Driver 
IOL=48mA 

0.5 
Receiver 

'OL"20mA 
0.5 

aT2S NIA NIA -1.0 NIA 0.85 Driver 
IOL '=48mA 

0.5 
Reteiver 

IOl "20mA 
0.5 

aT3D 0.8 2.0 NtA NtA NIA NIA VIN-a.BV.2.0V 
Transmit Outputs 

'OL"oOmA 
0.' 

TTL/OTl Tfans~e'vers 
IOl "24mA 

0.4 
MOSTransct'lvers 

IOL"-1mA 
-1.2 0.4 

aT3! NIA NIA IIN--5mA NIA NIA NIA IOl =20mA 
-I 0.55 

8132'" 20 IIN- SmA NIA NtA NIA IOL lSmA 
-1 055 

W 
8T33" 2.0 IIN=-5mA NIA NIA NIA IOL ~16mA 

0 -I 0.55 

BT34 0.8 2.0 -1 1.5 IIN,·lmA 1.05 1.30 1.55 1.80 2.25 2.50 ReceIver e 5.5 Receiver Re~ei~er IOl=16mA 
0.25 OA 
8" .: IOl =50,nA 

0.7 

W 
BT37 Oisable Disable -1 -1.5 NIA 1.05 1.30 1.55 1.80 2.25 2.50 Receiver-4.0V,0.5V I-0.8 2.0 Receiver Receiver Disable=0.8V,2.0V c: IOL=1SmA 

0.' -
8T38 0.8 2.0 -1 15 'IN"lmA 1.05 1.30 1.55 1.80 2.25 2.50 Bus Driver 

5.5 Receiver IOL"50mA 
0.7 -Receiver -IOL=16mA -0.25 OA 

BT80 0.6 2.0 1.5 NIA NIA NIA V'N=2.0V" 
10 

iOL=20mA 

tlT90 0.6 2.0 1.5 NIA NIA NIA V'N"2.0V'· 
IOL =7.2mA 

0.35 

..!J1L=20mA 
8T93 0.8 2.0 "N- lSmA 5.5 NIA NIA Y,N 2.0V 

12 IIN=lmA tOL =20mA 
0.5 

BT94 0.8 2.0 I/W 18mA 5.5 NIA NIA Y,N 2.0V 
-1.2 IIN=1mA 'OL=20mA 

0.5 

8T95 0.8 2.0 Input -1.5 I'N-lmA NIA NIA 'Ol "'48mA 
5.5 0.5 Output 15 

Ground 

BT96 0.8 2.0 Input -1.5 I'N=lmA NIA NIA IOl ",48mA 
5.5 0.5 

Output 1.5 

Ground 

lI~nDIII:l1 3 



INTERFACE-LOGIC (Cont'd) 
~ ______ 4-____________ -+ ___________ '_NP_U._TTCU_R_R_EN_T __________ ,-__________ O~U~TP~U~TrCU~R~R~EN~T __ ~ ______ -r ________ ~ __ ~'~OW~E~R~S~U"~'~V~ __________ 4 

lOS" ICC 
PARAMETER 

TEST 
CONDITIONS 

BT26A 

aT2S 

VOH (V) 
HIGH LEVEl 

VCC=MIN 
IOW-1BO,.,A 

MIN TYP MAX 

2.4 

3.5 

2.4 

2.4 

3.5 

Driver 
IOl =-lOrnA 

Receiver 
10 L =-100",A 

IOL =-2.0mA 

Dnver 
laLoo-IOmA 

Receiver 
'OL"-100",A 

IOL =-2.0mA 

III (rnA) 
lOW lEVEL 

VCC"MAX 
VIN"O.4V 

IIH (JJA) 
HIGH LEVEl 

VCC=MAX 
VIN"4.SV 

ICBO (J-IA)' 
LEAKAGE CURRENT SHORT CIRCUIT PDWER/CURRENT 

CURRENT CONSUMPTION (mW/mA) 

Vee-MAX VCC=MAX 
VIN=OV VIN=DV 

V.o.uT=OV MILITARY COMMERCIAL 

ICC (rnA) 
VIN"2.0V 

VCC=MAX 

MIN To~:er ."MA:::':_· +--,M::.:IN"--;o;C'ic":-';r::"'::"::ive;:.~:::A::.X +_M::::I:::N---;H7CI~":;-,PL::":::;,I..::M:::A:::X-+--,,,M,,,'N~-';;-~~=i:=,, __ M::::A:::X'-I---'Tc:V,-P-'N:CI-;-/",A:::X'-JI~Tc:V,-P --~:;=5~:;~':;-7 +--",Ml::!N ___ T!..!V:;'~!'"'A~M~A~X 
LOW level 25 VOUT=2.4V 

-2011 
LOW Level (Disab,ed) 

Receiver 

Driver 
LOW Level 

-2 15 

-201) 

200 
LOW Level (Disabled) 

25 
Receiver 

-200 

Orrver/Receiver 
25 

LOW level 
VOUT=O.SV 

HIGH Level 
VOUT=2.4V 

LOW Level 
VourO.5V 

-50 -150 
100 Receiver 

-30 -75 

100 

Driver NA 5 a 110 NA 
-50 -150 

100 Receiver 
·-30 -75 

-100 

2.4 

~8~T3~0----+~'V""IN~."0.8~V~.2".0"'V---+---'E~",~bl""MW,~,P~"~O;~""~d·--r---"E"~'b""'.MM""~~,,~"~""~d--t---~VI~N~0'.8vV.T2.mov'--+------~NI~A------t---,NV!lA.----r-----,m"O!rr'7mO+------NN~A----1 

8131 

TTl/OTL Transceivers Inputs Inputs 250 Rec Enable=OV 

3.0 

4.25 

10l =-150.,A 

MOS Transceivers 
IOl =-1.6mA 

IOL =-3.2mA 

1.6 
TTl/OTL Transceiven! 

Receive Inpuls 
-3.2 

MOS Transceivers 
,0.5 

2.4 -500 

40 
Receive Inputs 

80 
MOSTransceivers 

200 

VIN 5.5V 
100 

10 

VourVcc 

20 -200 NIA NA 15u 

~8~T~32-"----~---;-IO-H-.~3.~2m~A~--+-----~V~IL~·."'5V~,,·--·--t---~V",'H~·~5.2~5~V",---t------~NI~A-----i------'V~O.","~,-----t----~N!A----t---~N!A.----r-----,'"mr"--~,,"n 

aT33" 

ST34 

aT37 

aT38 

BT80 

1:1190 

8T93 

8194 

8195 

2.4 -350 5'50 <10 100 10 

2.4 

2.4 

lOW 3.2mA 
2.4 

Receiver 
10L =-400).lA 

8" 
IOL=10.4mA 

Receiver=0.5V 
Disable=0.8V 
10L =- 400).lA 

Receiver 
10 L =-400).lA 

NIA 

NIA 

VIN=0.8V 
IDL= lmA 

2.7 3.3 

NIA 

IDl=-5.2mA 
2.4 

2.4 

2.4 

-.1 

VIL"'·5V" 
-350 550 

Disable 

VIWD.5V 
OIS~0.5V 

OIS"'2.0V 
Third State 

loG 

-3.2 

-1.6 

-16 

-1.6 

-400 

--400 

-400 

40 

VIW5.25V" 
dO 100 

Disable & Driver 
VIN=2.4V 

VIN=4.0V 
Bus-Power ON 

50 

20 100 
Bus-Power OFF 

20 100 
Vcr·OV 

VIW'2.4V 
Disable 

Receiver 
80 

15 50 
VCC=OV 
Receiver 

VIN=2.4V 
Disable/Driver 

VIN=4.0V 
Bus-Power ON 

50 

50 

20 100 
Bus-Power OFF 

VCC~ov 100 

25 

25 

10 

10 

VIN 2.4V 
40 

NIA 

NIA 

NIA 

NIA 

VIN-0.6V'" 

NIA 

VIN 0.8V" 

VDUT=5.5V 

NIA 
Third State 

Output Current 
VOUT=2.4V 

VOUT=0.5V 

100 

100 

250 

40 

IV Bus 
20 

VO Bus 
10 

IV Bus 
20 

Receiver 
-18 -33 55 

Driver 
-60 80 -105 

-18 -55 

-18 -33 -55 

NIA 

NIA 

40 -100 

40 -100 

-40 -80 115 

NIA 

NIA 

NIA 

NiA 

NIA 

NtA 

NIA 

NIA 

NIA 

NIA 

NIA 

315/16 

NIA 

/Per Gale) 
HIGH Level 

7.9 
LOW Level 

(Per Gate) 
HIGH level 

7.9/1.51 
lOWleveJ 

20/3.S1 

NIA 

NIA 

NIA 

100 "0 

60 
Power Dissipation 

210mW 315mW 

NtA 

40 80 
Power Dissipation 

210mW 315mW 

NIA 

NIA 

15 
leel 

30 

lecL 
30 

ICCH 
9 

65 

" 
54 

54 

20 

98 

VIN"'.5V -40 
r-~8T~'~6----r-~IO=L~·75.~2m~A~---t----7.V~'N~·0~.57.V·------i----~v~IN~2.~4V~---i------~N~IA----~-r--~40~--~80~-_~'::15~+---::NI~A-----+--~N~IA~----t-----~5~9--~~~ 

2.4 DIS=D.5V 

OIS=2.0V 
Third Siall' 

-400 

40 

40 Third State 
Output CUrrent 

VDUr=2.4V 

VOUT=O.5V 
40 

L-______ _L ____________ ~ ____ ~a·~·5~V ____ -J ______________ ~ __________ ~-4~0 __ L_ ____________ ~ __________ ~ ________ _L ____________ ~ 
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INTERFACE-LOGIC (Cont'd) 
INPUT VOL rAGE 

Vil (V) V,H (V) VIC 
PARAMETER VOL rAGE RATING lOW LEVEL HIGH lEVEL CLAMPVQLTAGE 

VCc=MIN 
TEST CONDITIONS IIN=-12mA VIN=IDmA 

MIN TY. MAX MIN TY. MAX MIN TV' MAX MIN TY. MAX 

8197 0.8 2.0 Input 15 

Output 15 

" Ground 

8198 0.8 2.0 '[lpu! -1.5 

Output 15 

Ground 

eTluU N/A N/A IIN=-18mA 
15 

81101 NJA NJA 'IN- ISmA 
1.5 

8Tl10 0.8 2.0 N/A 

8Tl11 0.8 2.0 N/A 

BT363 See Data Sheet for Electrical Characteristics 

81380 NJA N/A -1.5 

NOTES' 
1. Ali voltage measurements are referenced to the ground terminal. Terminals not specifically referenced afe left electrically open 
2 All measurements are taken with ground pin tied to lero volts. 
3, Positive current IS defined as into the terminal referenced. 
4. Precautwnary measures should be taken to insure current limiting in accordance with absolute ma~ilnum ratings. 
5 Measurements apply to each gate element independently. 
6 Output source current 15 supplied through a resistor (0 ground. 
7 Output s\I1k currenl is supplied through a resistor to Vce. 
8. Connect an e~ternallk·l% resistor to the output forthis test 
9 Not more than one output should be shorted at one time. 

10. Previous condition is a HIGH level output state. 
II. Previous condition is a lOW level output state. 
12 Test each driverseparalely. 
13 For more electrical specifications see data sheet. 
14. ICC is dependent upon loading. ICC limit specified is for no·load test conditIOn for both drIVers. 
15 With forced oulput curren! of 240"A, tile output voltage must not exceed O.15V. 
16 These limits do not apply duriflg address programmiflg. 
17 The input current indudes the tri'state/open collector leakage current of theoutpul driver on the data lines 
18 Output leakage curren! is supplied through a 2ki/ resistor to 30V. 
19. Output siflk [Orrent is supplied through a resistor to ~;OV. 

5.5 

5.5 

I,W 1mA 

IlwlmA 

NJA 

NJA 

Common Mode 
Voltage RangE 

Commorl Mode 

Voltage Range 

NiA 

20. The ddfercntlal input Ihreshold voltage is defined as the maximum DC voltage duration from the retereflce level necessary 10 trigger the one·shot. 
2! Commofl mode voltages that are confined within the dynamic range as specified will flot cause false triggering of the one·shot. 

,15 

VTL (mV) , 

lOW LEVEL 
THRESHOLD VOL rAGE 

MIN 

Vee-MIN 
V'N=O.8V 

IOl =-400"A 

TY. MAX 

N!A 

NJA 

NJA 

NJA 

1SV· VCM~ +15V 
VOUr" 
IOl "20mA 

15V, VCM' t15V 
VOUT<'O.5V 
IOL~20mA 

10 

1.0 

1.1 1.3 15 

VTH (mV) , 

HIGH LEVEL 
THRESHOLD VOLTAGE 

MIN 

Vee-MAX 

V'N=O.8V 
low16mA 

TY. MAX 

NJA 

N/A 

NJA 

NJA 

15V- VCM" +15V 
Your ·2.7V 
low-1.0mA 

15V- VCM" +15V 
VOUT -2.7V 
lOW 1.0mA 

10 

10 

2.25 2.5 

22. HysteresIs is defmed as voltage dIfference betweefl R input level at which output begins to go from "0" to "I" state and level at which output begins to go from "1" to "0". Refer to Hyneresis test CIrCUlI 
23 VCC~~12.6V, VEE~ 12.6V. 

OUTPUT VOL rAGE 

VOL IV) 
LOW LEVEl 

VCC=MIN 

MIN TY' MAX 

IOL =48mA 

IOl ~48mA 

IOl=20mA 

IOl=40mA 

'Ol=20mA 

IOL "40mA 

VOIFF=- IV 
'Ol=20mA 

VOIFF- IV 
IOl ~20mA 

0.5 

0.5 

.45 

0.5 

45 

0.5 

0.5 

0.5 

0.4 

Bi!lnOliCS 5 

w o e 
a=: w ... 
c: -

----



INTERFACE-LOGIC (Cont'd) 
INPliT CURRENT OUTPUT CURRENT POWER SUPPl V 

VOH (V)' 'ILlmA) IIH~A) ICBO ~A)' lOS' ICC ICC 1mA) 
PARAMETER HIGH lEVEL LOW LEVEL HIGH LEVEl LEAKAGE CURRENT SHORT CIRCUIT POWERICURRENT 

VIN=UV CURRENT CONSUMPTION (mW/mA) 

TEST VCC=MIN VCC=MAX VCC=MAX VCC"'MAX VCC=MAX 

CONDITIONS 'OW-1&o ... A VIN=D.4V V'N=4.5V 
YIN=2.0V VIN=O\l" YIN-aV VCC=MAX 

VOUT"DV MILITARY COMMERCIAL 

MIN TY' MAX MIN TV. MAX MIN TY. MAX MI. TY. MAX MI. TY. MAX TY' MAX TY' MAX MI. TY' MAX 

8T97 'av' 5.2mA VIN"'O.5V VIN=2.4V NIA -40 -80 115 NIA NIA 65 98 
2.4 OIS=O.5V 40 ThirdStat8 

.... 00 OutputCurl'lnt 
DlS=2.0V VOUT=2.4V 

Third State 40 
-40 VourD.5V 

v" .<v -.. 
al98 IOL'" 5.2mA VIN"O.5V VIN=2.4V NIA .... 0 -80 -115 NIA NIA 59 89 

2.4 DlS=O.5V 40 ThirdSI'te 
-400 OutputCumnt 

OIS=2.0V VOUr=2.4V 
Third State 40 

-40 VOUT"O.5V 
V'N".5V 4. 

81100 'OH"'20mA Data Inputs -40(1 Data Inputt 40 NIA NIA NIA NIA 100 
2.6 Mode Control 1200 Mode Control 120 

IOW40mA 
1.8 

Sl101 IOH"20mA Data Inputs -400 Data Inputs 4. NIA ,.0 NIA NIA IDO 
2.6 Mode Control 12041 Mode Control 120 

10H"40mA 
1.8 

8T110 VOIFF=+1V VIN=0.5V VIN=2.7V HIGH level -40 -100 NIA NIA 40 55 
'OH"'-lmA 40lJ -40 VO=2.7V 

2.1 Data·lnverting VINIDIS)=2.0V 
VCM"+·15V 1.5 VIN-O.SV 
VCM=OV -0.5 -50 
VCM=-15V -1.5 lOWlel/t1 

Data-Non·lnverting VO=0.5V 
VCM=+15V VINIOISI"'2.0V 

1.1 2.1 VIN"2.7V 
VCM=OV .50 

-0.4 -0.6 
VCM=-15V 

-" 
8Tl11 VOIFF"'+TV VI,N=O.5V VIN=2.7V HIGH level -40 -100 NIA NIA 4D " lOW lmA 4D0 -40 VC=2.7V. VIN=0.5V 

2.1 Cata·lnvening VINIOIS)"'2.0V 
VCM=+·ISV 1.5 -50 
VCM=OV -0.5 LOW level 
VCM=-15V -1.5 VO=O.SV. VIN"2.1V 

Cata-Non·lnverting VINIDlSJ=2.0V 
VCM=+15V .50 

1.1 2.1 
VCM=OV 

-0.4 -0.6 
VCM=-lSV 

-" 
8T363 

8T380 IOH= 400 ... A NIA 15 50 NIA VIN"'0.5V NIA 132/25 210/40 
2.4 VCC=OV -18 -55 

I 50 

6 



ANALOG INTERFACE - GENERAL 
AC ELECTRICAL CHARACTERISTICS 

Input Voltage 

VIL(V) VIH(V) VIC(V) 

PARAMETER Low Level High Level Clamp Voltage 

TEST VCC=MIN VCC=MIN VCC=MAX 
CONDITIONS IIN=-12mA 

Min Typ Max Min Typ Max Min Typ Max 

NE582 N/A N/A N/A 

NE584 See Data Sheet For Electrical Specifications 

NE585 See Data Sheet For Electrical Specifications 

DM7820/8820 See Data Sheet For Electrical Specifications 

DM7830/8830 1 0.8 2.0 N/A 

DM8880 0.8 2.0 -0.9 -1.5 

MC14884 N/A N/A N/A 

I 
I 

Output Voltage 

VOL(V) VOH(V) 

Low Level High Level 

VCC=MIN VCC=MIN 

VIN=2.0V VIN=0.8V 

Min Typ Max Min Typ Max 

N/A VIN=2V, 

IR=2mA 

IOL =20mA 

.025 .OSO 

VIN=S.5V, 

I R=12mA 

IOL =250mA 

.320 .450 

VIN=S.5V, 

IR=20mA 

IOL =400mA 

.500 .750 

IOUT=32mA IOUT=-0.8mA 

0.2 0.4 2.4 

IOUT=40mA IOUT=40mA 

0.22 0.5 1.8 2.9 

IOUT=SmA IOUT=2001lA 

RBO 0.13 0.4 2.4 3.7 

RL=3.0K RL=3.0K 

V+=9.0V, V+=9.0V, 
V-=-9.0V V-=-9.0V 
-S.O -S.S S.O 7.0 

V+=13.2V, V+=13.2V, 
V-=-13.2V V-=-13.2V 

-9.0 -10.5 9.0 10.5 

IRIOllla 

Threshold Voltage 

VTL(V) VTH(V) 

Low Level High Level 

TA=25°C TA=l5°C 

VOUT,,2.5V VOUT,,0.45V 

IOUT=-0.5mA IOUT=10mA 

Min Typ Max Min Typ Max 

N/A N/A 

N/A N/A 

N/A N/A 

Input Current 

II(mA) 

Input Current 
At Max 
Input Voltage 

VCC=5.5V 

VIN=5.5V 

Min Typ Max 

VIN= 10V 

IR=2mA 

IOL =20mA 

2.2 3.3 

N/A 

N/A 

7 

w o e 
-= w 
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ANALOG INTERFACE-GENERAL 
AC ELECTRICAL CHARACTERIISTICS (Cont'd) 

Input Cll rnmt Output Current Power Supply 

PARAMETER IIL(mA) II H(/JA) IOL IOH(/JA) los(mA) ICCL(mA) ICCH(mA) 

Low Level Hi gh Level Low Level High Level Short Circuit Low Level High Level 

VCC=MIN TA=25°C TA=25°C 

TEST VCC=5.25V V CC=5.25V VIW2V VCC=MAX VCC=MAX 
CONDITIONS VIW°.4V VI W2.0V VOW3OV VOUT=OV VIN=OV VIN=5V 

Min Typ Max /VI in Typ Max Min Typ Max Min Typ Max Min Typ Max Min Typ Max Min Typ Max 

MC14895 VIN=25V N/A N/A N/A VIWO.75V VIW5.0V N/A 

3.6 5.6 8.3 3.0 20 26 

VIW25V 

-3.6 -5.6 -8.3 

VIW3V 

0.43 0.53 
VIN=3V 
-0.43 -0.53 

75S107 VIL=0.5V VI W2.7V N/A N/A -40 -100 -11 -15 20 30 
1 G or 2G 1 Gar 2 G 
Strobe St robe 

-2.0 50 
Common Co mmon 
Strobe S St robe S 

-4.0 100 

\II W 5.5V 

l;G or 2G 
St robe 

lmA 
Co mmon 
St robe S 

2mA 

75S108 VIN=0.5V 'VI W 2.7V N/A N/A -11 -15 20 30 

1 G or 2G IG or 2G 
Strobe St robe 

-2.0 50 
Common Co mmon 
Strobe S Str obe S 

-4.0 100 

VI H=5.5V 
lG or 2G 
Str abe 

.lmA 
Co mmon 
Str obe S 

2mA 

10 



ANALOG INTERFACE-GENERAL 
AC ELECTRICAL CHARACTERISTICS (Cont'd) 

Input Voltage Output Voltage 

PARAMETER Vll(V) VIH(V) VIC(V) VOl(V) 

low level High level Clamp Voltage low level 

TEST VCC=MIN VCC=MIN VCC=MAX VCC=MIN 

CONDITIONS Ilw-12mA VIW2.0V 

Min Typ Max Min Typ Max Min Typ Max Min Typ Max 

7545086 0.8 2.0 -1.5 IOl =16mA 

0.22 0.5 

7545186 0.8 2.0 -1.5 Vil =0.8V 

IOl =100mA 

0.25 0.5 

IOl =300mA 

0.5 0.8 

7545286 0.8 2.0 -1.5 IOl =100mA 

0.25 0.5 

IOl =300mA 

0.5 0.8 

75453B6 0.8 2.0 -1.5 IOl =100mA 

0.25 0.5 

IOl =300mA 

0.5 0.8 

75454B6 0.8 2.0 -1.5 IOl=100mA 

0.25 0.5 

IOl =300mA 

0.5 0.8 

Threshold Voltage 

VOH(V) VTl(V) VTH(V) 

High level low level High level 

VCC=MIN TA=25°C TA=25°C 

VIWO.8V VOUT.;2.5V VOUT.;0.45V 

IOUT=-0.5mA IOUT=10mA 

Min Typ Max Min Typ Max Min Typ Max 

IOW-4OOpA N/A N/A 

2.4 3.3 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

Input Current 

II(mA) 

Input Current 

At Max 

Input Voltage 

VCC=5.5V 

VIN=5.5V 

Min Typ Max 

A 1 

G 2 

1 

1 

1 

1 

11 
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ANALOG INTERFACE-GENERAL 
AC ELECTRICAL CHARACTERISTICS (Cont'd) 

Input Current Output Current 

PARAMETER Ill(mA) IIH(I'A) IOl IOH(I'A) 

low level High level low level High level 

TEST VCC=5.25V VCC=5.25V VCC=MIN 
CONDITIONS VIN=0.4V VIN=2.0V VIN=2V 

VOW3OV 

Min Typ Max Min Typ Max Min Typ Max Min Typ Max 

7545086 A -1.6 A 40 N/A 

G -3.2 G 80 

7545186 -1 -1.6 40 N/A 

75452B6 -1 -1.6 40 N/A 

75453B6 -1 -1.6 40 N/A 

7545486 -1 -1.6 40 N/A 

NOTES FOR ELECTRICAL CHARACTERISTICS TABLE 

1.' Specifications apply for DM7830: -55°C'; TA '; +125°C, VCC = +5V ± 10%, 

DM8830: O°C.; T A'; 70°C, V CC = +5V ± 5% unless otherwise specified. 

2. Applies for T A = +125°C only. 

3. Voltage values shown are with respect to network ground terminal. Positive current 
is defined as current into the referenced pin. 

4. These specifications apply for V+ = +9.0V ± 1%, V- = -9.0V ± 1% and T A = 25°C. 

5. These specifications apply for response control pin = open. 

6. For additional electrical specifications, see data sheet. 

12 IRIII'III 

N/A 

300 

300 

300 

300 

Power Supply 

los(mA) ICCl(mA) ICCH(mA) 

Short Circuit low level High level 

VOUT=OV TA=25°C TA=25°C 

VCC=MAX VCC=MAX 

VIWOV VIN=5V 

Min Typ Max Min Typ Max Min Typ Max 

-18 VIN=5V VIN=OV 

6 11 2 4 

N/A 52 85 7 11 

N/A VIN=5V VIN=OV 

56 71 11 14 

54 68 8 11 

VIN~5V VIN=OV 

61 79 13 17 



ANALOG INTERFACE-MEMORIES 
AC ELECTRICAL CHARACTERISTICS 

Input Voltage 

Parameter VIL (V) VIH (V) VIC (V) VOL (V) 
Low Level High Level Clamp Voltage Low level 

VCc=4.75V VCC=4.75V Ill=-12mV VCC=4.75V 
Test Conditions VIN=2V Vil =O.SV VIN=2V 

IOl=16mA 

Min Typ Max Min Typ Max Min Typ Max Min Typ Max 

3207A' VCC-5V VCC=5V IOl -500pA 

VSS=16V, 1.0 2.0 N/A OoC O.S 

VBB=19V 25°C 0.7 

3207A-1' VCC=5V VCC=5V IOl =500MA 
VSS=19V, 1.0 2.0 N/A OoC O.S 

VBB=23V 25°C 0.7 
75°C 0.6 

75S207 IOl =20mA 
O.S 2.0 N/A 0.5 

75S20S IOl =20mA 
O.S 2.0 N/A 0.5 

7520' O.S 2.0 N/A 0.25 0.4 

7521' O.S 2.0 N/A 0.25 0.4 

7522' O.S 2.0 N/A 0.2 0.4 

7523' 0.8 2.0 N/A 0.2 0.4 

7524' O.S 2.0 N/A 0.25 0.4 

7525' 0.8 2.0 N/A 0.25 0.4 

75324 
0.8 3.5 N/A N/A 

IIDonel 

Output Voltage 

VOH (V) 
High level 

VCc=5V 
VIWO.S5V 

IOW-400MA 

Min Typ Max 

IOW-500!lA 
VSS-0.7 OoC 

VSS-0.6 25°C 

VSS-0.5 75°C 

IOH=-5OO!lA 
VSS-0.7 OoC 

VSS-0.6 25°C 
VSS-0.5 75°C 

IOW-1mA 
2.7 3.4 

N/A 

2.4 3.9 

2.4 3.9 

2.4 3.9 

2.4 3.9 

2.4 3.9 

2.4 3.9 

N/A 

VOL (V) 
Clamp Voltage 

VIN=OV 

IOW2OmA 

Min Typ Max 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Input Current 

II (mA) 

VIN=5.5V 

Min Typ Max 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

13 
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ANALOG INTERFACE-MEMORIES 
AC ELECTRICAL CHARACTERISTICS (Cont'd) 

Input Current Output Current Power Supply 

Parameter IlL (rnA) IIH (IlA) 10L 10H (pA) ICCL ICCH lOS 
Low Level High Level Low Level VCc=5V Low Level High Level 

VCC=5.25V VCC=5.25V VCC=5V VOUT=VSS-4V VIN=OV 
Test Conditions VIL=0.4V VIW2.4V VNT=4V VIN=0.85V 

VIN=2V 

Min Typ Max Min Typ Max Min Typ Max Min Typ Max Min Typ Max Min Typ Max Min Typ Max 

3207A 1 VD-0.45V See Data Sheet 
VSS=16V, Others =5.25V N/A 100 -100 See Data Sheet N/A 
VBB=19V Data -.25 

Enable -.50 

3207A-l 1 VD=0.45V 
VSS=19V, Others=5.25V N/A 100 -100 See Data Sheet N/A 
VBB=23V Data -.25 

, Enable -.50 

75S207 VIL =0.5V VIW2.7V 
16 or 26 Strobe 16 or 26 Strobe N/A N/A See Data Sheet -40 -100 

-2 50 
Common Strobe S Common Strobe S 

-4 100 
VIW5.5V 

16 or 26 Strobe 
lmA 

Common Strobe S 
2mA 

75S208 I VIL=0.5V VIW2.7V 
16 or 26 Strobe 16 or 26 Strobe N/A N/A See Data Sheet -40 -100 I 

-2 50 
Common Strobe S Common Strobe S 

-4 100 
VIH=5.5V 

I 16 or 26 Strobe 
lmA 

Common Strobe S 
2mA 

7520 1 I -1.6 lmA N/A N/A See Data Sheet 2.1 3.5 

7521 1 
I 

-1.6 lmA N/A N/A See Data Sheet 2.1 3.5 

7522 1 -1.6 lmA N/A N/A See Data Sheet 2.1 3.5 

7523 1 -1.6 lmA N/A N/A See Data Sheet 2.1 3.5 

7524 1 -1.6 lmA N/A N/A See Data Sheet 2.1 3.5 

7525 1 -1.6 lmA N/A N/A See Data Sheet 2.1 3.5 

75324 VIL=OV VIH=5V All sources/sinks off 
Address -6 Address 200 12.5 15 N/A 
Timing -12 Timing 100 Either sink selected 

30 42 
Eithersource selec'd 

I 
25 35 

14 



ANALOG INTERFACE-MEMORIES 
AC ELECTRICAL CHARACTERISTICS 

Input Voltage 

Parameter Vll (V) VIH (V) VIC (V) Val (V) 
low level High level Clamp Voltage low level 

VCC;4.75V VCC;4.75V Ill;-12mV VCC;4.75V 
Test Conditions VIN;2V Vll ;0.8V VIN ;2V 

IOl=16mA 

Min Typ Max Min Typ Max Min Typ Max Min Typ Max 

75325' Ill=-10mA 
0.8 2.0 -1.3 --1.7 N/A 

75361A IOl-10mA 
0.8 2.0 -1.5 0.15 0.3 

.~nlllll:. 

Output Voltage 

VOH (V) Val (V) 
High level Clamp Voltage 
VCC;5V VIN;OV 

VIN=0.85V IOW2OmA 
IOH=-4OOIlA 

Min Typ Max Min Typ Max 

VCC=4.5V 
IOH=OV N/A 

19 23 

lOW 50pA VCC=+15V 

VCC2 VCC 

Input Current 

II (mA) 

VIN=5.5V 

Min Typ Max 

Address 
1 

Strobe 
2 

A 

15 
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w 
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SCHEMATIC DIAGRAM 
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TRUTH TABLE 

INPUTS 

INPUT CODE LAMP TEST 

d c b a 

X X X X 
X X X X 
0 0 0 0 
0 0 0 0 

0 0 0 1 

0 0 1 0 
0 0 1 1 

0 1 0 0 

0 1 0 1 

0 1 1 0 

0 1 1 1 

1 0 0 0 
1 0 0 1 
1 0 1 0 
1 0 1 1 

1 1 0 0 

1 1 0 1 

1 1 1 0 
1 1 1 1 

X = Don'1 care, either "1" or "0". 
BI/RBO is an internally wired OR 
output. 

NOTE: 
1. BI/RBO used as input. 
2. BI/RBO should not be forced 

high when a,b,c,d, RBI termi­
nals are low, or damage may 
occur to the unit. 

LT 

0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

RBI 

X 
X 
0 
1 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

BI/RBO 

Note 

X 
0 1.2 
0 
12 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

OUTPUTS 
DISPLAY 

OUTPUT STATE CHARACTER 

A B C D E F G 

0 0 0 0 0 0 0 0 u 

1 1 1 1 1 1 1 BLK 
1 1 1 1 1 1 1 BLK 
0 0 0 0 0 0 1 ,-, 

'-' 
1 0 0 1 1 1 1 , , 
0 0 1 0 0 1 0 -, 

c 
0 0 0 0 1 1 0 3 
1 0 0 1 1 0 0 L: 
0 1 0 0 1 0 0 c 

-' 
1 1 0 0 0 0 0 b 
0 0 0 1 1 1 1 -: 
0 0 0 0 0 0 0 0 u 
0 0 0 1 1 0 0 0 , 
1 1 1 1 1 1 0 -
1 1 1 1 1 1 1 BLK 
0 0 0 1 0 0 0 0 , , 
1 1 0 1 1 1 1 

" 1 1 1 0 0 0 1 , 
'-

1 1 1 1 1 1 1 BLK 

'COMMA 
TEST FIGURE FOR "0" OUTPUT VOLTAGE 

vccn------
OUTPUT 

At---o() 
B 

C 

D 

GL----

Each output is tested separately in the ON state. 

I(gDOlml 19 
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DESCRIPTION 
The 8TOS consists of the necessary logic to decode a 4-Bit BCD 
code to seven segment (0 through 9) readout as well as some 
selected signs and letters. 

A Ripple Blanking input is provided to implement suppression of 
leading and/or trailing zeros. The suppression of all numerically 
insignificant zeros provides an easily read display. 

Incorporated in the Ripple Blanking output (BI/RBO) is the facil­
ity to ground all the outputs. Blanking of the outputs allows for 
intensity modulation. 

A Lamp Test input is provided which, when grounded forces all 
segment outputs high. This allows the viewBr to check the valid­
ity of the display presentation by testing the integrity of the 
lamps. 

The 8TOS has resistor pullups on the outputs to provide source 
current sufficient to drive interfacing elements. This allows the 
unit to drive high voltage transistors for neon displays. The 
8TOS can also be used to drive common cathode LED displays 
without the need for external resistors. 

,--
r--' 

~ 

~ 

1) ~ 
~ 

(2) 

15) 

14) 

RBI 
(7) 

vee = (16) 
GNO = (8) 

PTD-
fTC) 

rro 
~-';;;!RI30 

(10) 

( ) = Denotes Pin Numbers 

~ 
r'--' 

~ ~ 

PIN CONFIGURATION 
B,F,W PACKAGE 

rr==t-J> ;=lJ 

r==t--' 
I 

~ ;:::::u-

r-- (3 

A 
) 

~ 

~ 

(4 
B 

) 

(5 
c 

) 

D 
(6) 

~~, 

-r-. 

(11 
F 
) 

~ G 
) 112 

6 LT 
(13) 
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SCHEMATIC DIAGRAM 
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TYPICAL CHARACTERISTIC CURVES 

20 

,. 

/ 

TYPICAL CURRENT SINK 
CAPABILITY VERSUS VCE (SAT) 

(OUTPUTS A-G) 

Vee '"'S.OV 
TA=25<>C 

V I-"" 

1/ i--

/ 
V 

I 1/ 
/ 

V 
o.sv 1.OV 1.5V '.OV 

VCE(VOlTS) 

TRUTH TABLE 
INPUTS 

i--

• .5V 

INPUT CODE LAMP TEST RBI 

22 

d c b a LT 

X X X X 

X X X X 

0 0 0 0 
0 0 0 0 
0 0 0 1 
0 0 1 0 
0 0 1 1 
0 1 0 0 
0 1 0 1 

0 1 1 0 
0 1 1 1 
1 0 0 0 
1 0 0 1 

1 0 1 0 
1 0 1 1 
1 1 0 0 
1 1 0 1 
1 1 1 0 
1 1 1 1 

X = Don't care, either "1" or "0". 
BI/RBO is an internally wired OR 
output. 

NOTE: 
1. BI/RBO used as input. 
2. BI/RBO should not be forced 

high when ab,c,d, RBI terminals 
are low, or damage may occur 
10 the unit. 

0 
'1 

1 
1 
·1 
·1 
·1 

1 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 

X 
X 
0 
1 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

~ 
~ 
I-
::l 

~ 

BI/RBO 

Note 

X 
0 
0,,2 

12 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

II!IIDla:1 

B.OV 

7.OV 

B.OV 

5.OV 

"" 4.OV 

3.OV 

•• OV 

1.OV 

A B 

1 1 
0 0 
0 0 
1 1 
0 1 
1 1 
1 1 
0 1 
1 0 
0 0 
1 1 
1 1 
1 1 
0 0 
0 0 
1 1 
0 0 
0 0 
0 0 

TYPICAL OUTPUT CURRENT 
VERSUS OUTPUT VOLTAGE 

(OUTPUTS A-G) 

Vee -s.ov 
TA-25"C 

~ 
"-." 

i'-... 
f"'--

i'-.. 
"-." 

"-." 

8TOS B,F,W 

""" ~ 1.OmA 2.0mA 3.OmA 4.0mA 5.OmA 

IOUT(mA) 

OUTPUTS 

DISPLAY 
OUTPUT STATE CHARACTER 

C D E F G 

1 1 1 1 1 0 
u 

0 0 0 0 0 BLK 
0 0 0 0 0 BLK 
1 1 1 1 0 ,-, 

'-' 
1 0 0 0 6 , , 
0 1 1 0 1 2 
1 1 0 0 1 3 
1 0 0 1 1 L: 
1 1 0 1 1 S 
1 1 1 1 1 b 
1 0 0 0 0 i 
1 1 1 1 1 8 
1 0 0 1 1 0 , 
0 0 0 0 1 -

0 0 0 0 0 BLK 
1 0 1 1 1 '" " 
1 0 0 0 0 

" 0 1 1 1 0 , 
'-

0 0 0 0 0 BLK 

• COMMA 



DESCRIPTION 
The 8T06 is a monolithic MSI circuit consisting of the necessary 
logic to decode a 4-bit BCD code to drive 7-segment indicators 
directly. Open-collector outputs are used for high current 
source applications, such as driving common cathode LED dis­
plays and discrete active components. The 8T06 seven seg­
ment decoder/driver accepts a 4-bit binary code and decodes 
all possible inputs as decimals 0-9 or selected signs and letters. 
Auxiliary inputs are provided for maximum versatility. The ripple 
blanking inputs (RBI) and the ripple blanking output (RBO) may 
be used for automatic leading and/or trailing-edge zero sup­
pression. The RBO output also acts as an overriding blanking 
input (BI) which may be used for intensity modulation or strob­
ing of the display. A lamp test (L T) input is provided to check the 
integrity of the display by activating all outputs independent of 
the input code. 

LOGIC DIAGRAM 

r:==L-J 

Fl--' 

(1) PID 
~ 

(2) p-,-o-
,5) ~ 
'4) ~ 

RBI ~-o-----~ BI/RBO 
I 7) (10) 

vee = (16) 
GNO = (B) 
( ) = Denotes Pin Numbers 

I 

~ 

~ 

~ t::o 

PIN CONFIGURATION 
B,F,W PACKAGE 

8 

b 

A 

B 

C 

0 

RB1 

GND 

~ 

-- I 

t:::::=::t..... ~ 

b ('3) 
LT 

Gi!lIDhDG 

8T06 B.F.W 

F 

RBO/B1 

E 

":' 

":' 

b-. 

-

(3 

(' 

(5 

A 
) 

B 
) 

c 
) 

~(6 
o 

) 

~ 
E 

) 

-
":' 

::::I 
":' 

", 

I' 
G 

2) 
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TRUTH TABLE 
INPUTS 

INPUT CODE LAMP TEST 

d c b a 

X X X X 
X X X X 

0 0 0 0 

0 0 0 0 

0 0 0 1 

0 0 1 0 

0 0 1 1 
0 1 0 0 
0 1 0 1 

0 1 1 0 

0 1 1 1 
1 0 0 0 

1 0 0 1 

1 0 1 0 
1 0 1 1 

1 1 0 0 

1 1 0 1 

1 1 1 0 
1 1 1 1 

X = Don't care, either "1" or "0", 
BI/RBO is an internally wired OR 
output. 

NOTE: 
1, BI/RBO used as input. 
2, BI/RBO should not be forced 

high when ab,c,d, RBI terminals 
are low, or damage may occur 
to the unit, 

24 

LT 

0 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

BI/RBO 
RBI 

Note 

X X 
X 0 
0 

0 1,2 

1 12 

X 1 
X 1 

X 1 
X 1 
X 1 
X 1 
X 1 
X 1 
X 1 
X 1 
X 1 
X 1 
X 1 
X 1 
X 1 

BT06 B,F,W 

TEST FIGURE FOR "0" OUTPUT VOLTAGE 

vcco------.. 
OUTPUT 

A 

1 
0 
0 
1 
0 
1 
1 
0 
1 
0 
1 
1 
1 
0 
0 
1 
0 
0 
0 

A 1----0 
B 

c 
o 

GI---

Each output is tested separately in the ON state. 

OUTPUTS 
DISPLAY 

OUTPUT STATE CHARACTER 
B C D E F G 

1 1 1 1 1 1 
C) 
u 

0 0 0 0 0 0 BLK 

0 0 0 0 0 0 BLK 
,-, 

1 1 1 1 1 0 u , 
1 1 0 0 0 0 , 

1 0 1 1 0 1 
::J 
'-

1 1 1 0 0 1 :3 
1 1 0 0 1 1 '-\ 

0 1 1 0 1 1 '~ 

0 1 1 1 1 1 b 
1 1 0 0 0 0 i 
1 1 1 1 1 1 8 
1 1 0 0 1 1 c: 
0 0 0 0 0 1 -

0 0 0 0 0 0 BLK 
1 1 0 1 1 1 D 

" 

0 1 0 0 0 0 , 
0 0 1 1 1 0 

, 
'-

0 0 0 0 0 0 BLK 

• COMMA 



8T06 B,F,W 

SCHEMATIC DIAGRAM 

'" ---r----,.-r----
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DESCRIPTION 
The 8TD9 is a high speed quad bus 
driver device for applications re­
quiring up to 25 loads intercon­
nected on a single bus. 

The tri-state outputs present a high 
impedance to the bus when dis­
abled, (control input "1 ") and ac­
tive drive when enabled (control 
input "D"). This eliminates the re­
sistor pullup requirement while 
providing performance superior to 
open collector schemes. Each out­
put can sink 4DmA and drive 300pF 
loading with guaranteed propaga­
tion delay less than 2D 
nanoseconds. 

LOGIC DIAGRAM 

'OATA 

DISABLE 

DATA 

DISABLE 

DATA 

10 DLSABLE 

13 DATA 

12o=:::DI::::SA:::B::..:lE,-----, 

vee = (14) 
GND = (7) 
( ) = Denotes Pin N umbers for 

11 

14 Pin Dual-in-Line Package 

TRUTH TABLE 

Data Disable Output 

D 0 1 
1 D D 
D 1 Hi-Z 
1 1 Hi-Z 

26 

I 
8TD9 A,F,W 

PIN CONFIGURATIONS 
A,F PACKAGE W PACKAGE 

SCHEMATIC DIAGRAM 

Vee 

2.BK 

DATA 0----

<JOUT 

2.BK 

DISABLE 

T A = 25°C and VCC = 5.0V 
LIMITS TEST CONDITIONS -

CHARACTERISTICS 
MAX 

UNITS 
OUTPUTS NOTES 

Propagation Delay 
Data to Output 
ton, toft 1D ns 3DpF load 9 

2D ns 3DDpFIoad 9 
Disable to Output 

14 ns 3DpF load 9 
High Z to D, D to High Z 22 ns 30DpF load 9 

14 ns 3DpF load 9 
High Z to 1, 1 to High Z 22 ns 3DOpF load 9 



BT09 A,F,W 

AC TEST FIGURES AND WAVEFORMS 

INPUT PULSE: 
I, = If = 5ns (10% TO 90%) 
FREQ. = 1 MHz (50% DUTY CYCl.E) 
AMP. = 2.6V 

1 
INPUT PULSE: 
tr = tf = 5ns (10% TO 90%) 
FREQ. = 200kHz 
AMP. = 2.6V 

INPUT PULSE: 

I, = If = 5ns (10% TO 90%) 
FREQ. = 200kHz 
AMP = 2.6V 

0---

Vee'" 6.OV 

DISABLE 

DISABLE 

DISABLE 

Vcc- 5.OV 

DATA 

DISABLE 

DATA 

DISABLE 

DISABLE 

DISABLE 

DISABLE 

DISABLE 

PROPAGATION DELAY (DATA TO OUTPUn 

FIGURE 1 

PROPAGATION DELAY 
("0" TO HIGH Z, tpLz; HIGH Z TO 0, tpzL) 

FIGURE 2 

PROPAGATION DELAY 

DIODES 
IN916 

("1" TO HIGH Z, tpHz; HIGH Z to "1", tpzH) 

DATA ~'.6V 
INPUT---./j ~ 

I I~ I \uv I 1.6V 

OUTPUT 

I I I I 
Tm-t I-- --t I----To. 

I I I I 

DISABLE ~'.5V 
~I i'--

l Plz---"1 I-+----- I 

I 1<", I \. =o:---"!-' tPll~ ~v 

1 
T0t;J OUTPUT 

~'.5V 
DISAeLE~"~' ~ 
INPUT I tfllh---...l ......-

C, -: 1." I :i-95% I~ 
I 1\ IT,·5V 

I I I I 
---I . t--""' I I 

FIGURE 3 

lIi!10011ll1l 27 
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The figure to right illustrates usage olthe 8T09 in data process­
ing logic. For example, FF1 thru FFn may represent bit X in 
each of several functions in a minicomputer (accumulators, MQ 
register, index registers, indirect address registers, etc.). Trans­
fer from any source to any load, including' transfers from one 
register to another, can take place along thE! single path labeled 
"BUS". 

TYPICAL APPLICATION 

CLOCKQ-----' 

28 IIIJOD.II 
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DESCRIPTION 
The 8T10 is a high speed Quad D flip-flop with tri-state outputs 
for use in bus-organized systems. The high current sink capabil­
ity permits up to 20 standard loads to be interconnected on a 
single bus. The outputs present a high impedance to the bus 
when disabled (Control Input "1") and active drive when ena­
bled (Control Inputs "0"). 

All four D-type flip-flops operate from a common clock with data 
being transferred on the low-to-high transition of the pulse. 

A common clear input resets all flip-flops upon application of a 
logic "1" level. 

Data will be stored if either one or both inputs to the Input 
Disable NOR gate is a logic "1 ". 

TRUTH TABLE 
On INOIS OUTOIS On+1 

0 0 0 0 
1 0 0 1 
X 1 0 On 
X X 1 High Z 

On refers to the output state before a clock pulse. 
On + 1 refars to the output state after a clock pulse. 

LOGIC DIAGRAM 

PIN CONFIGURATION 
B,F,W PACKAGE 

T A 25° C and VCC = 5_0V 

PARAMETER 
MIN. 

Propagation Delay (ton' toff) 
Clock to Output 

Cl = 30pf 
Cl = 300pf 

Disable to Output 

High Z to Logic 0, tpZL 
State (Cl = 300pf) 
Logic 0 to High Z, tpLZ 
High Z (Cl = 300p!) 

Clear to Output 

Cl = 30pf 
Cl = 300pf 

Set Up Time, tsetup 
Data +5 
Input Disable 

Hold Time, thold 
Data 

Reset Pulse Width 15 
Clock Frequency 35 
Clock Pulse Width 

Positive 
Negative 

1. Measured to 1.SV level of output waveform. 
2. Measured to 10% level of output waveform. 

3. Refer to AC Test Circuits. 

SmDOliGS 

LIMITS 

TYP. 

18 
24 

20 

20 

15 
21 

-1 
-6 

-1 

50 

8 
8 

81 10 -~ 

8T10 B,F,W 

MAX. UNITS 

25 ns 
35 ns 

30 ns 

30 ns 

22 ns 
30 ns 

ns 
0 ns 

+5 ns 
ns 

MHz 

12 ns 
t2 ns 

29 
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AC TEST CIRCUITS AND WAVEFORMS 

PROPAGATION DELAY ton' toft (CLOCK TO OUTPUT) 

DATA SETUP TIME, tsetup 

Vee 
5V 

OU";PU1S 1- - 26V -: 

I I 
I I 
I I 

°3 f-t+!-.-r-~----+ 
CLOCK 

8T10 B,F,W 

0, 

0, 

I 
I 
I 
I 

,..-____ 26V 

~---JI.- ____ -OV 

30 

Vee 
5V 

°0 

0, 

0, 

! !L::J 1o~3C~UlrS\ 
--L S~I~~Jf~ ~ 

CL 30 pF 

300 pF 

FIGURE 1 

OUTPUTS 

°0'°1'°2'°3 --I 

PROPAGATION DELAY (CLEAR TO OUTPUT) 

OUTPUTS 
C ,- -"v-1 

I I 
I I 
I I 

I 
I 
I 
I 

L~~D~R~I~J 
00 r LOA~~UITS I 
-~ :9;£~~~: ~ 

CL 30 pF 

300pF 

FIGURE 2 

PROPAGATION DELAY (DATA HOLD TIME) 

OUTPUTS 
) ,--,:6v-l 

I I 
I 43n 1 

I I 
I 
I 
I 
I 

r LOADcIRcU'iTs-' 
2.3& 4 1 

~ S11;£~~~~t~ J 
CL~30pF 

300 pF 

CLOCK 

DATA 

FIGURE 3 

S!!IDOliDS 
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8TlO B,F,W 

AC TEST FIGURES AND WAVEFORMS (Cont'd) 

PROPAGATION DELAY (DISABLE TO OUTPUT) 

'--5v-l 
I I 
I I 
I I '" 

~II-'"o", I 
I 
I 

I I 
aUWUT J5V 
DISABLE _11 __ tplz 

,:---~i ---- --OV 

TYPICAL APPLICATIONS 

L_: __ J 
.-LOA~~~~iTS I 
L:~~~~O~J 

C L = 300 pF 

OUTPUTS~'-'----"':" 
°0,°,,°2,°3 

FIGURE 4 

MULTIPLEXING EIGHT LED DISPLAYS 

9~nD'iC9 

HIGH Z TO "0" 

31 
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TYPICAL APPLICATIONS 
,---

32 

TO TTL LOADS 

120"A i 
OUTPUT IN ~T10 }'"I" OUTPUT CURRENT 

LOGICAL _______ 

"1" STATE (1) --5.2mA 

~Tl0 }4~ 
OUTPUT IN 

HIGH Z STATE 
(2) 

OUTPUT IN 

HIGH Z STATE 

8rlO 

(128) 

I 
I 
I 

P 
DRIVER IN l031CAL "1' STATE 

OUTPUT IN 
LOGICAL 

"0" STATE 

OUTPUT IN 

HIGH Z STATE 

OUTPUT IN 

HIGH Z STATE 

aT1D 

(1) 

aT1D 

12} 

aT1D 

(12S) 

TO TTL LOADS & BUS 
TERMINATION IF NEEDED 

;~2mA ---"0" OUTPUT 
CUR RENT 

-~ 

-~ 

I 

I 26.96mA t MAX 

DRIVER IN LOGICAL "0" STATE 

8T10 B,F,W 
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DESCRIPTION 
The 8T13 is a monolithic Dual Line Driver designed to drive 50 
ohm or 75 ohm coaxial transmission lines. TTL multiple emitter 
inputs allow this line driver to interface with standard TTL or 
DTL systems. The outputs are designed to drive long lengths of 
coaxial cable, strip line, or twisted pair transmission lines with 
impedances of son to soon. 

KEY DESIGN BENEFITS 
• High-Power Drive Capability: 

Specified at -75mA source current rating at 2.4 volts. 
• Party-Line Operation: 

Emitter-follower outputs enable two or more drivers to drive 
the same line. This permits multiple time-shared terminal 
connections since thesEl drivers have no effect upon the 
transmission line unless activated. 

• Input gating structure allows employment of the "OR" as well 
as the "AND" function. 

• High Speed: ton = toff = 20ns (max). 
• Input Clamp Diodes: Protects inputs from line ringing. 
• Single 5 Volt power supply. 
• Short Circuit Protection: 

Incorporates a latch-back short circuit protection feature 
which protects the device by limiting the current it may source 
when operating under conditions of zero load resistance. 

T A = 25° C and V CC = 5.0V 

LIMITS 
UNIT PARAMETER 

MIN TYP MAX 

ton, Turn-On Delay 20 ns 
32 ns 

toff, Turn-Off Delay 20 ns 
22 ns 

NOTES: 

1. RL = 370 to ground. 
2. Load is 370 in parallel with 1000pF. 
3 Reference AC Test Circuit and Pulse Requirements. 

SCHEMATIC DIAGRAM 

PIN CONFIGURATION 
B,F,W PACKAGE 

Vee 

LOGIC DIAGRAM 

10 

11 

12 

13 ,. 
15 

Vce (16) 

GNO (8) 
( ) Denotes Pin Numbers 

VCCO-------------------~_1~------------~--_.------_1~------------_1~~ 

4k lk 15<1 

L---4----+-<l VOUT 

i 113 
8T13 B,F,W 

1M 
0 
c;: -.. • WI 
~ 
c: -

33 
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BT14 B.F.W 

TA = 25° C and VCC = 5.0V 

LIMITS 
CHARACTERISTICS UNITS 

MIN. TYP. MAX. 

Ion. Turn·On Delay 20 30 ns 
loff. Turn-Off Delay 20 30 ns 

AC TEST CIRCUIT AND WAVEFORMS 
I -------------------------------------------------, 

3 Receivers in the package. 
Test each Receiver using switch positions as 
shown In Table 1. 

Receiver no. 

Receiver 1 
Receiver 2 
Receiver 3 

TABLE I 

Switch 1 

2 
3 

Switch 2 

INPUT 

OUTPUT 

S ov 

16 

PW 

, SV 

I I I ----, tofl I-- -I 10n I----
1 1 

14 1---+----, SWITCH 2 
845!":' 26V 

OUT 131---+--+--o 
121---+----. 
11 

f 10 

l...-___ t-------+---i-=-

HYSTERESIS TEST CIRCUIT 

FIGURE,l 

VCC = 5.0V 

4 16 31----, 

11 14~---~ R INPUT 
15 10~---~ 

5 
6 

12 7 
1 9 
2 813 .33~f 

CURVE TRACER 
TEK.575 

------Ic 

-.,......----IB 

5k 

VOUT 

FIGURE 2 

1.0V I 
v, 

Input Pulse: 
Amplitude = 2.6V 
Pulse width = 200nS 
(50% Duty Cycle) 

tr = tf = 5nS (10% to 900/0) 

v, 

, 
2.0V VON 

Venfy in eac;l of three (3) positions of S1 (Figure 1) that the following occurs per 
F!gure 2. 
1. V1 and V2 must be between 0.8V minimum and 2.0V max. 
2. Hysteresis = V1 - V2 ~ O.3V. 



TYPICAL APPLICATIONS 
COAXIAL TRANSMISSION SYSTEM 

8T14 RECEIVER 

PARTY-LINE APPLICATION 

SCHMITT TRIGGER APPLICATION 

IN 

OUT IN 
OV 

OUT ___ ...J 

8T14 B,F,W 
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DESCRIPTION 
The 8T15 Dual Communications 
Line Driver provides line driving 
capability for data transmission be­
tween Data Communication and 
Terminal Equipment. The device 
meets or exceeds the require­
ments of EIA Standard RS-232B 
and C, MIL STD-188B and CCITT 
V 24. 

PIN CONFIGURATION 

8T15 A,F 

LOGIC DIAGRAM 

121 (11~ 
151 

131 

141 

1101~ 1111 

191 

1121 

1131 

VEE = (8) GND = (7) 
vee = (14) ( ) = Denotes Pin Numbers 

This dual 4-input NAND driver will 
accept standard TTL logic level in­
puts and will drive interface lines 
with 'nominal data levels of +6V 
and -6V. Output slew rate may be 
adjusted by attaching an external 
capacitor from the output terminal 
to ground. The outputs are pro­
tected against damage caused by 
accidental shorting to as high as 
±25V. 

TA = 25°C, VCC = +12.0V, VEE = -12.0V 
ABSOLUTE MAXIMUM 
RATINGS· 
Input Voltage 

Output Voltage 

VCC 

VEE 
Storage 

+5.5V 

±25V 

+15V 

-15V 

Temperature -65°C to +15erC 

Operating 
Temperature erc to + 75°C 

* limiting values above which serviceability 
may be impaired. 

CHARACTERISTICS 

Output Rise Time' 
Output Fall Time' 
Output Rise Time' 
Oulput Filii Time' 

Current from Positive Supply2 
Current from Negative Supply2 

Output Impedance 
(Power on) 
(Power on) 
(Power off) 

TEST CONDITIONS 

INPUTS 

OUTPUTS 
DRIVEN OTHER 

Load A 
Load B 
Load e 
Load D 

O.OV -3.S±1mA 
2.0V +3.5±1mA 

±2V 

LIMITS 

UNIT MIN TYP MAX 

I'oS 4 
I'oS 4 
ns 200 
ns 200 

mA 16 
mA 28 

ohms 95 
ohms 95 
ohms 300 2.5M 

1 Rise and fa/l times are measured between the +3V and -3V pOints on the output 
waveform. 

• Vee = +12.6V, VEE = -12.6V 

AC TEST FIGURES & WAVEFORMS 

38 

LOAD A LOADB 

LOADD 

3k h :p~-----15OOPFSHAPING 1--1-------J CAPACITOR 

II!IIO'II. 

LOADC 

7k h ::-----1500 pF SHAPING 1--1-------J CAPACITOR 

:: f--=' 
-~ f---- -\---1 ---
-6 'fall ~ ~ =11-- 'rise 



SCHEMATIC DIAGRAM 

,. 
~ __ -r~~ ___ ~ ______ ~ __ T-__ r-__ ~ __ ~ __ ~!VCC 

5k 

10k 10k Bk son 10k 10k 10k 19k 

4, 10 O----r------' 

TYPICAL OUTPUT 
CHARACTERISTIC CURVE 

I I I 

I 8T15 
'Vee = +12V 

+IOUT 

+10mA 

Vee = -12V I , 
TA=+25°C~ +5mA 

"" 
,.,.,.. i.--" V 

r-i I 
-VOUT +VOUT .. 

~ 
OmA 

-5mA i 

-10mA ..". 
j...ooo" 

-lOUT 
-25V -15V -5V +5V +15V +25V 

t-----t-~__o 5,9 

10k 

3.Sk 12.2k 

8k 

2k 

TYPICAL APPLICATIONS 
HIGH DIFFERENTIAL NOISE IMMUNITY (EIA + INPUT) 

HIGH COMMON MODE NOISE IMMUNITY (MIL + INPUT) 

SmOOliCS 

-8T15 A,F 
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TYPICAL APPLICATIONS 
HIGH DIFFERENTIAL NOISE IMMUNITY 

(EIA + INPUT) 

~ 

EIA FAIL-SAFE OPERATION 

INPUT OPEN OR 
INPUT SHORTED OR 
TRANSMITTER 
POWER OFF 

"1" 

:J""" 

AC COUPLED OPERATIONS 

~~ 

HIGH COMMON MODE NOISE IMMUNITY 
(MIL + INPUT) 

SINE TO SQUARE WAVE CONVERTER 

3V-;----'\ 

ov-f '--

SCHMITT TRIGGER 

QT1~ A E: 

8T16 A,F 



DESCRIPTION 
The 8T18 is a Dual 2-lnput NAND Interface Gate. It is typically 
used as a high to low voltage translator which provides transla­
tion from up to 30-volt logic levels to standard logic levels of 5 
volts. 

The basic gate operates from two power supplies. The input 
structure functions from a high voltage supply VCC2, between 
20V and 30V and the second stage transistors and output struc­
ture operate from a standard 5V power supply, VCC1. 

The high "0" level input threshold (guaranteed at 6.5V) makes 
the 8T18 very attractive for noisy systems applications such as 
industrial interfaces. 

The output structure features active pull-up and pull-down, pro­
viding a low impedance driving source in both "1" and "0" out­
put states. This configuration is particularly suited for driving the 
high capacitance loads encountered in high fan-out and line 
driving applications. 

CIRCUIT SCHEMATIC 

20K 

.------_-_----<> vee, 

58an Goon 4K 

VOUT 

4.9K 2.3K 

AW·A-0737 

NOTE: V2 of unit shown. Component values are typical. 

8T18 A,F,W 

PIN CONFIGURATION 

A,FPACKAGE 

,. Vee, 

13 V ee2 

12 A2 

" 
82 

AB=V 

WPACKAGE 

AB=Y 

SWITCHING PARAMETER MEASUREMENT INFORMATION 

LOAD CIRCUIT TYPICAL WAVEFORM 

\NPUT OUTPUT 2.6V 

210n '"'"' ----j-------\~~~ ~~~~ ::":' 
Vee 

24.0V I ~7'N916 L ~ .,",0' I PULSE I 
tON~ tOFF 

~ 11 \ ·00,0" GENERATORJ ~ 

51n 16K 0"""' --------~ ~------f---- ". l00 PFJ 
-= -= ----- VOUT'OI 

Input Pulse: Amplilude = 24.0V. P.W. = 200 ns. 1,= If= 10 ns. 

SmnOlies 43 
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8T18 A.F.W 

AC ELECTRICAL CHARACTERISTICS TA = 25° C, VCC1 = 5.0V, VCC2 = 24.0V 

LIMITS 
PARAMETER TEST CONDITIONS9 UNIT 

MIN TYP MAX 

ton Turn-On Delay RL = 2100 27 40 ns 

Ioff Turn-Off Delay CL = 100pF 18 35 ns 

44 S!!IDOliCS 



DESCRIPTION PIN CONFIGURATION 
The Bidirectional One Shot is intended for applications where 
high speed low level signal processing is required. 

The 8T20 Is a Monolithic Building Block, consisting of a high 
speed analog comparator, digital control circuitry, and a preci­
sion monostable multivibrator. The differential input threshold 
voltage is between ± 4mV with respect to the input reference 
level which may range from -3.2V to +4.2V. For input frequen­
cies up to 8MHz, the devicE! may be conditioned to act as a 
frequency doubler since it can trigger on both positive and 
negative input transitions. 

Timing pins permit using this device in a variety of applications 
where external control over pulse width is desirable. Pulse 
width (tw) is defined by the relationship tw = CXRX Loge2. 
Pulse width stability is internally compensated and virtually in­
dependent of temperature and VCC variations, thus only limited 
by the accuracy of external timing components. 

An internal resistive divider is available on the chip to provide a 
voltage of 1.4V (typ.). This output can be connected directly to 
either of the comparator inputs as a reference voltage when 
interfacing with TTL outputs. 

FEATURES 
• DIFFERENTIAL INPUT 

THRESHOLD = ±4mV 
• PULSE POSITION ERROR = 

TYPICALLY < 3ns 
• MAX. INPUT FREQUENCY = 8 

MHz 
• TRIGGERS ON POSITIVE 

AND/OR TRANSITIONS 

APPLICATIONS 
DISC, TAPE AND DRUM READ­
ERS 
DIGITAL COMMUNICATIONS 
RECEIVERS 
SIGNAL CONDITIONERS 
TRANSITION DETECTORS 

ABSOLUTE MAX 
RATINGS 
Input Voltage 
VCC: +7V 
VEE: -7V 

LOGIC DIAGRAM 

INTERNALLY 

CONNECTED TO 
+Vcc PIN 16 

VEE (4) 1-5V ,"5%) 
Vee (16) (+5V +5%) 
GND (8) 
() Denotes Pin Numbers 

B,F PACKWGE 

POSITIVE 
EDGE CONTROL 

MAX DIFF. INPUT VOLTAGE ± 5V T A = 25°C, VCC = +5_00V, VEE = -5.00V 
LIMITS 

CHARACTERISTICS 
MIN. TYP. MAX. 

UNITS 

Output Frequency 16 MHz 

Propagation Delay (ton' toff) 
Input to Q, Q 30 50 ns 

Input to A. A 30 50 ns 

Clear to Q, Q 20 30 ns 

Reference Voltage (VAEF) 0.8 1.4 2.0 V 
Output Pulse Width, Fig. 1 10 40 ns 

Output Pulse Width. Fig. 3 600 800 ns 

SmnOliCS 

Vee 

r---- 1 EXlERNAl 

I ex RX I COMPONENTS 

I I 
I _____ .1 

14 15 

" 
OIS 

CLEAR 

(ACTIVE HIGH) 

TEST CONDITIONS 

Fig 1, fin = 8 MHz 

Fig. 2 
Fig. 4 

Pin 7 tied to Pin 6 

Ax = 10K. ex =- Open 
Rx = 10K, ex = 100pf 
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AC TEST CIRCUITS 

46 

PULSE 
GENERATOR 

MINIMUM OUTPUT PULSE WIDTH (ex = OPEN) 

INPUT 2.6V 

son 

OUTPUTS 
+Vcc r------l 

I 2.6V I 
I I 
I I 
I IN916 84.: I 

10k 

IS r-+_Kt-......-,.,.,....., I 
I 

L...-___ ----J I 

~~I!J.=:: __ J 
~------, 10t-+-+~ 

I I 
13 llt-.... ---~ SAME AS LOAD I --;--r-.... L _ ~R~I!.! __ J 

INPUT PULSE, 
PULSE IN 
F-8MHzlSO% DUTY CYCLE 
tR = t,:II tOns 

CL INCLUDES PROBE AND JIG 
CAPACITANCE 

'R-I j-- -j 1--', 
+2OOmV 

~~~9O%~9O%=lJ.:ll_ / 
PULSE IN (SI..310% ·~,;,:u;::"'~ __ J. \"" __ .JI-.: _-.:.-:""V 

Otl1) 

FIGURE 1 

PROPAGATION DELAY (INPUT TO Q, Q OUTPUTS) 

INPUT 2.6V OUTPUTS 
+Vcc r------l 

I 2.6V I 

10k 
I I 
I I 

~~~~~IS~~~+-__ ~I~~JL~~: 
son 

I 
L...-___ ----J I 

~~I!J.=:: __ J 
10 ,..------ -., 

I I 
13 11 SAME AS LOAD I 
t!_.;..~~~t-""---IL _ ~~I!.! __ J 

FIGURE 2 

IIRIIIIIII 

INPUT PULSE, 
PULSE IN 
F-5MHzlSO% DUTY CYCLE 
IFt- If '"' tOns 

CL INCLUDES PROBE AND JIG 
CAPACITANCE 



AC TEST CIRCUITS (Cont'd) 

PROPAGATION DELAY (CLEAR TO Q, 0) 

INPUT 2.6V +Vcc 

,Ok * '"1"' ~~-~-:-!:, 
PULSE GENERATOR .--+_+_---1516 15 

50H 

'0 
PULSE GENERATOR I--~-+--+~ 

OUTPUTS 
r------l 
I 26V I 
I I 
I I 
I I 

.-+-.-10--+--'\1\1"""" I 
I 

I I 
L ___ ~ __ J ,-----, 

11 SAME AS LOAD I 
r'~3_~_~"":~-I~---1_ ~R~I:.2' __ ..J 

--J 250m 1- i I 
I I-~" 

PULSE INI5)~9O% I 90%\'0% / \ ... ___ -JI 

INPUT PULSE· 

PULSE IN 

F 0 200KHz (50% DUTY CYCLE) 

tR ::: t1 ::: 10ns 

CL INCLUDES PROBE AND JIG CAPACITANCE 

\...-~.:: 
-200 IRI ~ II_'R ---i t--- I, 

CLEAR 13) I ;:;",v'l9O% 9O%\,L'0% I \"' ___ .-JI 
~Itonl""""--

~-
av 

al"I~'·5V n ... _______ -Jr\'-______ _ 
FIGURE 3 

PROPAGATION DELAY (INPUT TO A, A OUTPUTS) 

PULSE 
GENERATOR 

r------, INPUT 2.6V 
+Vcc OUTPUTS 

I 2.6V I 
I I 

'Ok 

I '"' I I S4.5n 

1_~-+-::'-f."!G~~;';'~ I IN9'6 5k I ~ -= 5' 6 '5 1--~---6-+-.--+<:t-.-.--'\i""---, I 

sou 

'0 

'3 " 

FIGURE 4 

IImnOliCII 

I 
'-----,.----' I 

W'R~I!J .::: __ ~ 
~----- -, 

I 
I SAME AS LOAD I 
L_~R~I~ __ J 

INPUT PULSE 

PULSE IN 

F 0 200KHz (50% DUTY CYCLE) 

tR::: tf ::: 10ns 

CL = PROBE AND JIG CAPACITANCE 
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OPERATION RULES 

VCC~PIN13 
RX 

Cx 
f--o PIN 11 

+ -

R <0.6 RX (MAX) 

VCC~PIN13 
Cx 

+ f-:-o PIN 11 

Vee'" 5.DV v~vv 

Cx TIMING CAPACITANCE pf 

TYPICAL OUTPUT PULSE WIDTH VERSUS TIMING RESIS­
TANCE AND CAPACITANCE FOR eX < 103 pF IS SHOWN IN 
THE ABOVE GRAPH. 

8T22 A,F 

1. An external resistor (RX) and external capacitor (CX) are 
required as shown in the Logic Diagram. 

2. The value of RX may vary from 5.0 to 50 kO (0 to 75°). 
3. Cx may vary from 0 to any necessary value available. If, 

however, the capacitor has leakages approaching 3.0 /LA or 
if stray capacitance from either terminal to ground is more 
than 50 pF, the timing equations may not represent the pulse 
width obtained. 

4. If electrolytic capacitors are to be used, the following config­
urations are recommended: 
A. For use with low leakage electrolytiC capacitors. 

The normal RC configuration can be used predicably 
only if the forward capacitor leakage at 5.0 volts is less 
than 3/LA, and the inverse capacitor leakage at 1.0 volt 
is less than 5 /LA over the operational temperature 
range, and Rule 3 above is satisfied. 

B. Use with high inverse leakage current electrolytic 
capacitors. 
The diode in this configuration prevents high inverse 
leakage currents through the capacitor by preventing 
an inverse voltage across the capacitor. 

t=0.3 RCX 
The output pulse with (t) is defined as follows: 

r: 0.7 ] t = 0.32 RXCX C. + AX Where RX is in kO, Cx is in 
pF, t is in ns; for Cx < 103 pF. 

50 IRDD .. I 



DESCRIPTION PIN CONFIGURATION 
The 8T23 is a Dual Line Driver designed to B,F,W PACKAGE 
meet all of the requirements of the IBM 
System/360, System/370 1/0 interface spec­
ifications (IBM Specification GA 22-6974-
0). 

The low impedance emitter follower output 
will drive terminated lines such as coaxial 
cable or twisted pair. The output is protect­
ed against accidental shorting by an 
internal clamping network which turns on 
once the output voltage drops below 
approximately 1.5 volts. The uncommited 
emitter output structure allows Dot-OR 
logic to be performed as in "Party-Line" 
operations. 

Multiple emitter inputs allow the 8T23 to 
interface with standard TTL or DTL syst­
ems and the circuit operates from a single 
+5 volt power supply. 

Additional logic incorporated in the 8T23 

8T23 B,F,W 

LOGIC DIAGRAM 

~~' 
~;~9 13 

,. 
15 

vcc = (16) 
GND = (8) 
( ) = Denotes 

Pin Numbers 

Dual Line Driver can be used during the SWITCHING CHARACTERISTICS VCC = 5.0V, T A = 25° C1,2 
power-up and power-down sequence to 
ensure that no spurious noise is generated 
on the line. 

FEATURES 
• lOUT = 59.3mA AT 3.11 VOLTS 
• UNCOMMITTED EMITTER OUTPUT 
STRUCTURE 

FOR PARTY-LINE OPERATION 
• SHORT-CIRCUIT PROTECTION 
• SINGLE 5 VOLT POWER SUPPLY. 
• AND-OR LOGIC CONFIGURATION 

CIRCUIT SCHEMATIC 

Vee 

PARAMETER 
MIN 

ton, Turn-On Delay 

toff, Turn-Off Delay 

NOTES: 
1. RL = son to ground. 
2. Load is 50n in parallel with 100pF. 
3. Rf.;~~rence AC Test Circuit and Pulse Requirements 

..Y 

, Jc-;J ~ I (f \ , 
~ 

~. 
~ 

i" i" jl. 

n ~ 

, 7 

'7 

0 

GI!IDOhOG 

LIMITS 
UNIT 

TYP MAX 

12 20 ns 
15 25 ns 

12 20 ns 
20 35 ns 

J 
'" 

t--+:r 
r-K 

VOUT 
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TYPICAL OUTPUT CHARACTERISTICS AC TEST FIGURE AND WAVEFORMS 
--------------~ 

lOOmA 

'" ~ 
~~ 

1\ 
- \ 

o IV 'ZV 

OUTPUT VOlTAGE (~'OI. TIl 

52 

r 
Vcc - I.OV 
TA-.·C 

1---'" ---I 

~' !N'ZV 1.6V I I 1.5V 

INPUT 1V I I I I I ,.IV.:.-__ _ 

-I '1-'" ,,-, I I---
I :. 1.5V~1.5V 

OUTPUT~·: I"=-
--.J toff ~ 'on, ,--

-, 0 I 
4V IV 

INPUT PULSE: 
AMPLITUDE = 3.0V 
PW = SOns (50% DUTY CYCLE) 
I, = If" 5ns (10% AND 90% MEASUREMENT POINTS) 

TYPICAL APPLICATIONS 

1/2(8";23) ,------, 
I 
I 
I 
I 
I 
I 
I 

I I 
l ______ -.J -::' 

95!":! COAX 

1/3(8T241 
r----------, 

I I 
I I 

I 
I 
I 

I 
I 
I 

-::' I L _________ ...J 



DESCRIPTION 
The 8T24 is a Triple Line Receiver designed specifically to meet the IBM System 
(360, System/370 I/O Interface Specification (IBM Specification GA 22-6974-0). 
Each receiver incorporates hysteresis to provide high noise immunity and high input 
impedance to minimize loading on the driver circuit. 

An input voltage of 1.7 volts or more is interpreted as a logical one; an input of 0.70 
volts or less is interpreted as a logical zero as is an open circuited input. 

The receiver input (R) of the 8T24 will not be damaged by a DC input of + 7.0 volts 
with power on or by a DC input of + 6.0 volts with power off in the receiver. The 8T24 
will also withstand an input of -0. 15V with power on or off. 

The 8T24 is fully compatible with TTL and DTL systems and operates from a single 
5 volt power supply. 

FEATURES 
• BUILT-IN INPUT THRESHOLD 

HYSTERESIS' 

• HIGH SPEED: TON = TOFF = 
20ns (TYPICAL) 

• EACH CHANNEL CAN BE 
STROBED INDEPENDENTLY 

• FANOUT OF TEN (10) WITH 
STANDARD TTL INTEGRATED 
CIRCUITS 

• INPUT GATING IS INCLUDED 
WITH EACH LINE RECEIVER 
FOR INCREASED APPLICA­
TION FLEXIBILITY 

• OPERATION FROM A SINGLE 
+5V POWER SUPPLY 

~ Hysteresis is defined as the difference be­
tween the input thresholds for the "1" and 
"0" output states. Hysteresis is specified at 
O.4V typically and O.2V minimum over the 
operating temperature range. 

CIRCUIT SCHEMATIC 

PIN CONFIGURATION 
B,F,W PACKAGE 

Vee 

SmnOfiCS 

41, 

8T24B,F,W 

LOGICAL DIAGRAM WITH 
PIN LAYOUT 

s,Q-----L-.J 

A,Q-----r~ 

", o-----L-.J Ie, 

vce = (16) 
GND = (8) 
( ) = Denotes Pin Numbers 
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8T24 B.W 

SWITCHING CHARACTERISTICS AT VCC = 5.0v AND TA = 25"C 
1. Hysteresis is defined as the voltage differ· 

ance between the R input level at which the 
output begins to go from "0" to "1" state 
and the level at which the output begins to 
go from ··1·· to ··0··. 

AC TEST CIRCUIT AND WAVEFORMS 

MONITOR 
INPUT PULSE 

Y r' 

PARAMETER 

Ion. Turn-On Delay 

Ioff. Turn-Off Delay 

Hysleresis 1 

5.0V 

TEST CONDITIONS 

R S A B 

4.5V OV OV 

MIN 

0.2 

LIMITS 

TVP MAX UNITS 

20 30 

20 30 

0.4 

Input Pulse: 
Amplitude = 2.6V 
Pulse width = 200nS 
(50% Duty Cycle) 

ns 

ns 

V 

tr = tf = 5nS (10% to 90%) 

I PULSE L~T~o;--H' --+-+---I: 
GENERATOR.- ~ 3" ~ : 1....--_ 4 

SWITCH 2 2.6V 

51~ r 5 
+--..... --16 

r-- 7 

+--+--·-i8 

I--- PW -I 

~--..Lt5V 
'NPUT~""' ~ 

~ik. OUTPUT I I I I 
~ toft I-- ·_1 ton ~ 

I I I 

HYSTERESIS TEST CIRCUIT 

yvcc= 5.0V 

CURVE TRACER 

1 TEK.575 

- 4 
16 3 - 11 14 R INPUT 

- 15 10 

.---
~6 

~12 7 C 

~1 9- .33,;' 
_ 2 

'3- ~""'~B 
8 T,·OiJf 

1 E 

~ 
OUTPUTS \ S, 

54 

3 Receivers in the package. 
Test each Receiver using switch 
positions as shown in Table 1. 

TABLE 1 

Receiver no. POSITION 

Switch 1 Switch 2 

Receiver 1 1 t 
Receiver 2 2 2 
Receiver 3 3 3 

Verify in each of three (3) positions of SI (Figure 1) that the fOllowing occurs per 
Figure 2. 
1. V1xand V2 must be between D.7V minimum and 1.7 maximum. 
2. Hysteresis = Vl -V2 

VOUT 

V, 1.7V 

I!JII!IIIII 



8T24 B,W 

TYPICAL APPLICATION 

1 2{8T231 , 3{8T241 
I------~ ,---------1 

: I 
I I 

~~~I~~~ I 
I 

%:: COAX 

-L __________ ~ 
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TYPICAL APPLICATION 
MOS MEMORY SYSTEM 

TTL DATA BUS 

f---- I 
OUTPUT A OUTPUT B OUTPUT B OUTPUT A OUTPUT B OUTPUT B 

~OBE STROBE STR~ 

8125 DUAL 
-

BT2S DUAL ~ OBE 

D1S~ SENSE I\MP,llATCH 1128125 
~ABLE DIS~ SENSE AMP/LATCH 1/28125 

ABLE ~ 
INPUT A INPUT B INPUT B INPUT A INPUT B 

ROW 1 

INPUTS 
ADDRESS 

ENABLE 

ROWN 

INPUTS 
AODRESS 

1"0-

J, 
i 1 

1J-
1 

10-i, 
1 

Lo!-
ENABL EN 

2548 
2K MOS 
RAMOR 

"03 
lKMQS 

RAM 

1 

2548 
ZK MDS 
RAM OR 

1103 
lK MOS 

RAM 

1 

NOTE: EACH MEMORY CARD IS AN 

BIT 1 

-

f-

-

BIT 2 

0--
2548 

0- 2K MOS 

1 HAM OR f-
1 

1',03 
lK MOS 

1 RAM 

0-

1 

f 
0--

2548 
0- 2KMOS 

I RAM OR I-
I lKl~06s 
I RAM 

0--

--r-
MEMORY CARD 1 

M DEVICES/ROW 

N ROWS 

N (2K) XM MEMORY FOR 2548 2K MOS RAM 
N(K) XM MEMORY FOR 1103 1 K MOS RAM 

TYPICAL WAVEFORMS 

0-, 
--I 

J-

0-, 
--I 

cJ-

-

BIT M -
~o-

2548 
ROW1 !~ 

2548 
2K MOS 2K MOS 
RAMOR C- INPUTSJ 1 RAM OR 

1103 ADDRESS I I 1103 
lK MOS lK MOS 

RAM 1J- RAM 

I ENABLE 1 1 

l~ 2548 
ROW N 0-:- 2548 

2K MDS 2K MOS 
RAM OR _ INPUTS_ I RAMOR 

1103 ADDRESS I 1103 
lK MOS lK MOS 

RAM _cr!- RAM 

ENABLE N 1 

BtT 1 

-

C-

0-
2548 

I"" 2K MOS 
RAM OR 

1 
1103 

lK MOS 

J- RAM 

1 

0-
2548 

I"" 2K MOS 
RAM OR 

I 1103 
lK MOS 

cr!- RAM 

1 
MEMORY CARD 2 

M DEVICESiROW 
N ROWS 

TYPICAL PRESET/DISABLE AND STROBE SEQUENCE* 

PRESET/DISABLE r--), ~ 

-

BIT 2 

C-

-

INPUT B 

'---

SlIM 

0-
2548 

I"" 2K MOS 
RAM OR -

--I 1103 
lK MOS 

J- RAM 

r---
0--

2548 

I" 2K Mas 
RAM OR 

f-
- -I 1103 

lK MaS 

J- RAM 

~ 

~ . ~ ~ 
I-+~ I \ r-

STROBE ~ "------I 
: : I I I 

THRCEUS~~~~"~:~:: i- - - -:- - - - - - - - - -f - - -f - - - -f - - -:- - - - - --
-----,---~ I I I OUTPUT I '( 

I i I ___ .J 

~ O~~~~T r-- --~ O~~~~T l---

The~.e waveforms are easily obtained from the clock phases of the memory systems if desired. 
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DESCRIPTION 
The 8T26A/2B consists of four pairs of Tri-State logic elements configured as Quad 
Bus Drivers/Receivers along with separate buffered receiver enable and driver 
enable lines. This single IC Quad Transceiver design distinguishes the BT26A/28 
from conventional multi-IC implementations. In addition, the BT26/2B's ultra high 
speed while driving heavy bus capacitance (300pF) makes these devices particu­
larly suitable for memory systems and bidirectional data buses. 

Both the Driver and Receiver gates have Tri-State outputs and low-current PNP 
inputs. Tri-State outputs provide the high switching speeds of totempole TTL cir­
cuits while offering the bus capability of open collector gates. PNP inputs reduce 
input loading to 200f.LA maximum. 

APPLICATIONS 
HALF-DUPLEX DATA TRANSMISSION 
MEMORY INTERFACE BUFFERS 
DATA ROUTING IN BUS ORIENTED SYSTEMS 
HIGH CURRENT DRIVERS 
MOS/CMOS-TO-TTL INTERFACE 

LOGIC DIAGRAM 

8T26A-B,F·8T28-B,F 

PIN CONFIGURATION 
B,FPACKAGE 

8T26A -INVERTING OUTPUT (TRI-STATE) 8T28 - NON-INVERTING OUTPUT (TRI-STATE) 

Vcc 
GND 
( ) 

A/E 

~ ROUT 2 

• D,N 0-------' 

5 
ROUT "--__ r 

6 
DOUT v---vo .... 

7 
D,N 0-------' 

(16) 
(8) 

DENOTES PIN NUMBERS 

" >--{) AOUT 

13 
x>-<I---o DOUT 

r--r==~ __ _i5'2 D,N 

11 
'-- ~ ROUT 

10 
""><:>-.4-0 DOUT 

9 
L------.<JD,N 

SWITCHING CHARACTERISTICS 

PARAMETER 

Propagation Delay tON DOUTtoROUT 
toFF DOUTto ROUT 
toN DIN to DOUT 

toFF DINto DOUT 
Data Enable to Data Output tpZL High Zto 0 

tpLZ Oto High Z 
Receiver Enable to Receiver Output tpZL High ZtoO 

tpLZ o to HighZ 

8T26A BT28 
TEST CONDITIONS UNIT 

MAX MAX 

CL = 30pF. Note 9 14 17 ns 
14 17 

CL = 300pF. Note 9 14 17 ns 
14 17 

CL = 300pF. Note 9 25 28 ns 
20 23 

CL = 30pF. Note 9 20 23 ns 
15 18 
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ST26A-B,F • ST2S-B,F 

AC TEST CIRCUITS AND WAVEFORMS 
--------------

PROPAGATION DELAY (DOUT TO ROUT) 

Vee': 5.0V 

DOUT 1 -0 -FL-DE DOUT2 --<> 

RE Dour 3 -<l 

~ 92 
D,N, DOUT4 -<l 

I I 
D 1NZ ROUT 1 --0 I I I I 
DIN3 ROUT2 -0 ----...ltonl~ ----itoff 1---

D'N4 ROUT ~; 
,.'" 

-0 

RaUTl1 -0 

INPUT PULSE: 
tr ::; tf ::; 5ns (10% to 90%) 
freq 0 10MHz (50% duty cycle) 
Amplitude::: 2.6V 

PROPAGATION DELAY (DIN TO DOUT) 

Vee ~ 5.3V 

2.6V 

Dour 1 -0 

DE DOUT2 
30 

RE DOUl3 

D'N1 DOlJT 4 

D1Nz ROIH 1 
260 

DIN3 ROIJT2 

D'N4 ROUT3 

ROUT4 

PROPAGATION DELAY (DATA ENABLE TO DATA OUTPUT) 

2.6V Vee 

Dour 1 

DE DOUT 2 

RE DOUT3 

DIN, DOUT4 

O'N Z ROUT 1 

DIN3 ROUT2 

DIN4 ROUT3 

ROUT4 

60 

5.0V 

2.4k 

5k 
(PROBE) 

r:::-\'.5V 
~I k-

___ ltpZJI~ "'-~rpzl )---

~ fir 
~10% 

INPUT PULSE: 
tr = tf = 5ns (10% to 90%) 
freq 0 10MHz (50% duty cycle) 
Amplitude = 2.6V 



8T26A-B,F' 8T28-B,F 

BLOCK DIAGRAM 

PROPAGATION DELAY (RECEIVE ENABLE TO RECEIVE OUTPUT) 

Vee 2.6V 

0, DOUT 1 
5.0V ~ R, DOUT2 tp" ___ I I __ I tp,' 1_ 

DINl DOUT 3 24k 240 

~ DIN2 DOUT4 10% 

DIN3 ROUT 1 

1 
DIN4 ROUT2 5k INPUT PULSE: (PROBE) 

ROUT 3 tr = tf = 5ns (10% to 90%) 
ROUT4 freq = 5MHz (50% duty cycle) 

.,.. Amplitude = 2.6V 

BIDIRECTIONAL MOS - CMOS TO TTL INTERFACE 

C·MOS LOGIC 
OR MOS 

MICROPROCESSOR 

TYPICAL APPLICATIONS 

r--------, 

~~~ 0)--...1--_ 

BUS 0--+--+---1 

OUT 

BUS o---'-+--I 

BUS 0---,--+---\ 

BUS 0---+-+---\ 

--~. 
CONTROL LINES MAY BE TIED TOGETHER, SUCH THAT 

LOGICAL '1' TR;o!I:NSMIT, LOGICAL '0' RECEIVE 

BIDIRECTIONAL 
MOS BUS 

1/' 
8T26 

I I 
CONTROL 

BIDIRECTIONAL DATA BUS 

SmDOliCS 

I-- TTL BUS IN 

r-- TTL BUS OUT 

1----------, 

t----t-~-o BUS 

)o----t-+--o REC 

:1'- --
LOGICAL "" HI-l 

LOGICAL ''1' 
LOGICAL "0' 
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DESCRIPTION 
The 8T30 is a dual bi-directional bus interchange element that 
interfaces MOS and TTL data busses. Data can be exchanged 
in a half-duplex transmission mode from a "party line" TTL/DTL 
bus to a MOS transceiver port and a TTL/DTL transceiver port. 
For maximum versatility the receive inputs and high current sink 
open collector transmit outputs are brought out separately. 

Common receive and transmit enable controls condition each 
half of the 8T30 for six valid modes of ope1ration as tabulated in 
Table 1. 

Pins 6 and 4 (8 and 10) are typically connec:ted such that data 
from a common high performance "party line" bus can be 
routed to and from the TTL/DTL and MOS transceiver ports. In 
addition, wrap-around inputs are provided such that TTL/DTL 
data can be sent directly to the MOS transceiver port and the 
TTL/DTL "party line drivers" without using the TTL/DTL trans­
ceiver port. 

A high performance emitter follower driver and a low current 
base input on the MOS transceiver port make the 8T30 a 
superior MOS bus interface element. 

A power-down sequence (as VCC is varie,d from 5.25V to OV) of 
the 8T30 will have no effect on the transmit outputs i.e., the 
"party line" bus driving the port controlle,r. 

8T30 VALID OPERATING MODES 

MODE OF 
OPERATION 

PIN FUNCTIONS 

Port Controller Receives Data Control 
From TTL/DTL System Data In 

Data Out 

TTL/DTL Transceiver Sends Control 
Data to TTL/DTL System Data In 

Data Out 

MOS Transceiver Sends Data Control 
to TTL/DTL System Data In 

Data Out 

MOS Transceiver Receives Control 
Data from TTL/DTL Wrap- Data In 
Around Input Data Out 

TTUDTL System Receives Control 
Data From TTL/DTL Wrap- Data In 
Around Input Data Out 

Port Controller Idle (Random Control 
Activity on Pins 1(13), 2(12), Data In 
and 5(9) Does Not Affect Data Out 
Bus on 6, 4 (8, 10) 

(X = Don't Care, 1 = Logic "1 ", 0 = L<Dgic "0") 

PIN CONFIGURATION 

Half Duplex 
MOS Transceiver 1 

TT L Wrap-Around 
Input 1 

Transmit Enable 
(Common) 

Receive Data 1 

Half Duplex 
TTL/DTL Transceiver 1 

Transmit Data 
{Oel 

GND 

6&4 2 
(8 & 10) (12) 

0 
Data 

0 

Data 

0 

Data 

X 
Data 

Data 
Data 

X 
X 
X 

A,F PACKAGE 

PIN NUMBERS 

5 3 
(9) 

1 

Data 

0 
Data 

1 0 

1 1 

1 0 

X 1 

8T30 A,F 

Half Duplex 
MOS Transceiver 2 

TTL Wrap-Around 
Input 2 

Receive Enable 
(Common) 

Half Duplex 
TTL/DTl Transceiver 2 

Transmit Data 2 
(Oe) 

11 

0 

1 

1 

1 

1 

1 

1 
(13) 

Data 

1 

Data 

Data 

Data 

X 



AC ELECTRICAL CHARACTERISTICS TA = 25°C, VCC = 5.0V 

PARAMETER TEST CONDITIONS 

Propagation Delays 

TTL/DTL Transceiver Inputs ton Fig. 1,2 RL = 22012, CL = 50pF 
to Transmit Outputs Ioff 
MOS Transceiver Inputs ton Fig. 2, 3 RL = 22012, CL = 50 pF 
to Transmit Outputs Ioff 
TTL Wraparound Inputs to Ion Fig. 2, 4 RL = 22012, CL = 50 pF 
Transmit Outputs Ioff RF = 11.2K, CF = 30 pF 

Receive Inputs to 
TTL/DTL Transceiver ton Fig. 2, 5 RL = 10012, CL = 30 pF 
Outputs Ioff Fig. 2, 5 RL = 4Kn, CL = 30 pF 

Receive Inputs to MOS Ion Fig. 6, 7 RF = 11.2K, CF = 30 pF 
Transceiver Outputs Ioff 
Transmit Enable to ton Fig. 8, 9 RL = 22012, CL = 50 pF 
Transmit Outputs Ioff 
Receive Enable to 
TTL/DTL Transceiver ton Fig. 9, 10 RL = 4000, CL = 30 pF 
Outputs Ioff Fig. 9, 10 RL = 4KO, CL = 30 pF 

Receive Enable to MOS ton Fig. 11, 12 RF = 11.2K, CF = 30 pF 
Transceiver Outputs Ioff 

LOGIC DIAGRAM 

o (PIN 14) vee 
o (PIN 7) GROUND 

110----; Vee Vee 

100---+------f--, 

~-----...... _o13 

1-----012 

LIMITS 

MIN TYP MAX 

14 25 
14 20 

23 70 
23 50 

120 175 
36 75 

42 60 
13 20 

14 35 
106 135 

19 40 
19 40 

46 60 
19 35 

20 50 
115 155 

8T30 A,F 

UNIT 

ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 
ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 
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AC TEST FIGURES AND WAVEIFORMS 

64 

ton. toff TRANSCEIVER INPUTS TO 
TRANSMIT OUTPUTS 

PULSE 

INPUT Vee = 5V 

11 

2 

VCC 

RL =2DOOHMS 

GENERATOR 1/2 BT30 ~ .... _ .... -o OUTPUT r CL"50PF 

FIGURE 1 

ton. toft MOS TRANSCEIVER 
TO TRANSMIT OUTPUTS 

RL - 220 OHMS 

GE~~~~OR ..... --""11/2 BT30 I-=-................ -OOUTPUT r CL -50PF 

FIGURE 3 

ton. tott RECEIVE INPUTS 
TO TTLlDTL TRANSCEIVER OUTPUTS 

RL - 220 OHMS 

PULSE 
GENERATOR ................. "'f 1-"-_ ...... -0 OUTPUT 

I CL =20PF 

*CL INCLUDes STRAY AND PROBE CAPACITANCE 

"·tpw S!! 0.5 pSEe. PAR S!! 1 MHz, Rout S!! 50 OHMS 
see FIGURE 2 FOR WAVEFORMS 

FIGURE 5 

8T30A,F 

WAVEFORMS 

<
IONSl t-- ~ F<10NS 1t90% 9O%jI----------5.0V 

INPUT 1.5V 1.5V 

'R ~'"~:1 ~ 
,,~ \w y~ ___ :~ 

'CL INCLUDES STRAY AND PROBE CAPACITANCE 

Utpw :2! 0.5 "SEC. PRR S!! , MHz. Rout ~ 50 OHMS 

PULSE 

FIGURE 2 

ton. toff TTL WRAPAROUND INPUTS 
TO TRANSMIT OUTPUTS 

VCC 

RL - 220 OHMS 

~_-<l>--_-OOUTPUT 
11 

GENERIITOR 1-..... --'!.I112 ST30 

-12V 

·CF. CL INCLUDES STRAY AND PROBE CAPACITANCE 

Utpw S!! O.5IlSEC. PRR S!! 1 MHz, Rout 9! 60 OHMS 

SEE FIGURE 2 FOR WAVEFORMS 

FIGURE 4 

ton. toft RECEIVE INPUTS TO 
MOS TRANSCEIVER OUTPUTS 

INPUT -12V 

PULSE 
GENERATOR 1-.......... 4 I-!-_ ....... -o OUTPUT 

FIGURE 6 



AC TEST FIGURES AND WAVEFORMS (Cont'd) 

ton. toff WAVEFORMS 

"'ONSl t- -j F"'O NS 11: 90% 90%11-- -------5V 

1.5V 1.5V 

~,~ c=~ .. ---{l':,p.:" 
\t,~ / ::_'::, 

·CL INCLUDes STRAY AND PROBE CAPACITANCE 

Htpw ~ 0.5 pSEC, PRR ~ 1 MHz, Rout == 50 OHMS 

FIGURE 7 

ton. toff WAVEFORMS 

_------ - - --VOH . onle 
·CF INCLUDES STRAY AND PROBE CAPACITANCE 

""tpw == 0.5 J,1SEC. PRR ~ 1 MHz, Rout == 50 OHIVIS 

FIGURE 9 

ton. toff RECEIVE ENABLE TO 
MOS TRANSCEIVER OUTPUTS 

INPUT VCC=5V -12V 

RF 
11.2K 

1.5V 

GE:~~!~OR 1--~_'-l'1 1/28T3Q 1-'-----....--0 OUTPUTS 

FIGURE 11 

VOL 

TRANSMIT ENABLE TO TRANSMIT OUTPUTS 

INPUT Vee'" 5V 

220 OHMS 

GE~~~!~OR 1--+--"1 1/28T30 r=-................. ---<:)OUTPUT 

INPUT 

I CLo. 50PF 

FIGURE 8 

ton. toff RECEIVE ENABLE TO 
TTLJDTL TRANSCEIVER OUTPUTS 

INPUT Vee = 5V VCC 

PULSE 
GENERATOR I--~--"""I' '/2 8T30 r5~-<I>--o OUTPUT 

·CF. CllNClUDES STRAY AND PROBE CAPACITANCE 

Utpw == 0.5 }JSEC, PRR :=! 1 MHz, Rout == 50 OHMS 

see FIGURE 2 FOR WAVEFORMS 

FIGURE 10 

ton. toff WAVEFORMS 

OUTPUT 

"CF INCLUDES STRAY AND PROBE CAPACITANCE 

**tpw S'!: 0.5 pSEC. PRR == 1 "'Hz, Rout == 50 OH~'iS 

FIGURE 12 

8T30 A,F 
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8T30 A,F 

TYPICAL APPLICATION 

PROCESSOR-PORT CONTROLLER INTERFACE FOR HALF-DUPLEX TTL/MOS DATA TRANSMISSION ... ---
PROCESSOR 

- ----, 
VCC I 

I 
:270 

7439 TO OTHER 
EMIT DATA OHMS I"PARTV,;~~:;~.? WAY PORT CONTROLLERS 

66 

REC DATA 

OMIT ENABLE 

I 
I 
I 
I _____________ .J 

r-------, PORT CONTROLLER ------, , 
r------ -----------, 

7439 

VCC VCC I 

I 
I 
I 
I r-ol\LOWVT 

VCC 

OTLITTL 
DATA 

IHALF 
DUPLEX) 

EMIT/REC{ ~3 
CONTROL 7400 

LOGIC D---< 7 ~(~:------I 

~---7:~ 
, 7400 

VALID OPERATING MODES: 
1. PROCESSOR TRANSMITTING TO PORT 

CONTROLLER 
2. DTLrrn HALF DUPLEX INPUT TRANS­

MITTING TO PROCESSOR 
3. MOS HALF DUPLEX INPUT TRANSMIT­

TING TO PROCESSOR 
4. WRAP AROUND INPUT TRANSMITTING 

TO MOS OUTPUT 

1/2 ST30 ____ ...J 

WRAPAAOUN~ 
INPUT FROM DTL/TTl 

5. WRAP AROUND INPUT TRANSMITTING 
TO PROCESSOR 

6. PORT CONTROLLER IDLE (NEITHER 
SENDING NOR RECEIVING) RANDOM 
ACTIVITY ON PINS 1. 2, 5 DOES NOT 
AFFECT TWO WAY "PARTY L;NE" PATH 



DESCRIPTION 
The 8T31 8-bit Bidirectional 110 Port is designed to function as a 
general purpose 110 interface element in minicomputers, mi­
crocomputers and other bus oriented digital systems. It consists 
of 8 clocked latches with two sets of bidirectional inputs/ 
outputs, Bus A (BAO-BA7) and Bus B (BBO-BB7)' Each Bus has 
a write control line and a read control line. The two buses oper­
ate independently exoept for the case where the user is at­
tempting to write data in from each bus simultaneously. In that 
case, the data on Bus A will be written into the latches while Bus 
B will be forced into a high impedance state. Data written into 
one Bus will appear inverted at the other Bus. 

A master enable (ME) is provided that enables or disables Bus 
B regardless of the state of the other inputs. 

A unique feature of the 8T31 is its ability to start up in a pre­
determined state. If the clock is maintained at a voltage less 
than .8V until the power supply reaches 3.5V, Bus A will always 
be all logic 1 levels, while Bus B will be all logic 0 levels. 

FUNCTIONAL BLOCK DIAGRAM 

BUSA 
(1)-(8) 

Vee" (24) 
GND= (12) 
( ) DENOTES PIN NUMBERS 

elK 

BUSS 
{l61-(23) 

PIN CONFIGURATION 

N,FPACKAGE 

CONTROL FUNCTION TABLES 
BUSA 

RBA WBA ClK 

X 0 1 
0 1 X 
1 1 X 

BUSB 

RBB WBB WBA ClK ME 

X X X X 1 
1 0 X X 0 
X 1 0 X 0 
0 0 X X 0 
X 1 1 1 0 

9mnOliC9 

BUSA 

WRITE (INPUT) 
READ (OUTPUT) 
HI-Z 

BUSS 

HI-Z 
HI-Z 
HI-Z 
READ (OUTPUT) 
WRITE (INPUT) 

67 

w o e • w 
l­e: -

--



OBJECTIVE SPECIFICATIONS 

SCHEMATIC 

68 

BUS Ao----<~-_o( 

8T31 N,F 

NOTE: CIRCUIT INSIDE DOTTED LINE IS FOR ONE BIT ONLY . 
• LOW VOLTAGE CONTROL CIRCUIT 

eLK Was Raa ME 

t-+--t--+_+-_-<'LVCC 
(INTERNALLY GENERATED) 

---I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

BUS B I 
L __________________ ~ 



OBJECTIVE SPECIFICATIONS 

SWITCHING CHARACTERISTICS 

PARAMETER TEST CONDITIONS 

tZL CL = 300pF 
tZH CL = 300pF 
tZL Propagation Delay From Read CL = 30pF 
tZH (RBB), Write (WBB) and Master CL = 30pF 
tLZ Enable (ME) to Bus B CL = 30pF 

tHZ CL = 30pF 

tSETUP 

tHOLD1 
Bus A Data Setup and Hold 

tHOLDO 
Times 

!sETUP Bus A Write Setup and Hold 

tHOLD Times 

!sETUP Bus B Data Setup and Hold 

tHOLD Times 

CIN Input Capacitances VIN= OV 

Control VIN = OV 

Data VIN = 3V 

• The Bus B Data Setup Time is equal to th,e clock pulse width. 

CLOCK 

BUS OUTPUT \,------------,1 

9l!1DOliC9 

LIMITS 

MIN TYP 

27 

29 

17 

14 

13 

17 

0 -10 

10 4 

25 16 

30 20 

0 -30 

. 
0 

8T31 N,F 

UNIT 
MAX 

45 ns 

50 ns 

30 ns 

25 ns 

20 ns 

30 ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

6 pF 

12 pF 

9 pF 

\'---
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OBJECTIVE ~PECIFICATIONS 8T31 N.F 

AC WAVEFORMS 
PROPAGATION DELAYS 

-----------_ ,..--------lV 
\1\..5V 

~ ____ "'.5V 

ov_C~O;;;N:.:.;T:.:.;RO~L~ ___ --J~~: 
oiv---------

OUTPUT 

L-~LZ 

AC TEST CIRCUIT 

200 r.-..... -i<J-.... -';s, o------'Hr--<) SV 

L-_--I 

INPUT CHARACTERISTICS 
PA = 3V, f = lMHzlR = IF= 2.5ns (10% 10 90%) 
CL INCLUDES PROBE AND JIG CAPACITANCE 

NOTE: ALL RESISTORS VALUES ARE TYPICAL AND IN OHMS. 

70 

'-----ov 

BUS OUTPUT 

-------"'\ ,-------------3V 

¥" ro",~ ---------~ . ov 

OUTPUT r tpZL 

\w '~""rcw,, 
-------"'\ r------------ 3V 

-- -------- Jf,"5V-rr--t-pZ-H-'--;CO=N:':';TR;;;O;':L~ OV 

------...Jr· 
TEST TABLE 

S1 Sz 

tpHL Closed Closed 
tpLH Closed Closed 
tpL Closed Closed 
tPHZ Closed Closed 
tpZL Closed Open 
tpZH Open Closed 



DESCRIPTION 
The Interface Vector (IV) Byte is an 8-bit bi-directional data 
register designed to function as an I/O interface element in 
microprocessor systems. It contains eight clocked data latches 
accessible from either a microprocessor (IV) port or a user port. 
Separate I/O control is provided for each port. The two ports 
operate independently, except when both are attempting to 
input data into the IV Byte. In this case, the user port has prior­
ity. 

A unique feature of the IV Byte is the way in which it is addres­
sed. Each IV Byte has an 8-bit, field programmable address, 
which is used to enable the microprocessor port. When the SC 
control signal is high, data at the microprocessor port is treated 
as an address. If the address matches the IV Byte's internally 
programmed address, the microprocessor port is enabled, al­
lowing data transfer through it. The port remains enabled until 
an address which does not match is presented, at which time 
the port is disabled (data transfer is inhibited). A Master Enable 
input (ME) can serve as a ninth address bit, allowing 512 IV 
Bytes to be individually selected on a bus, without decoding. 
The user port is accessible at all times, independent of whether 
or not the microprocessor port is selected. 

8T32-TM-STATE' 8T33-0PEN COLLECTOR 

PIN CONFIGURATION 

F,NA PACKAGE 

BLOCK DIAGRAM 

;>;> 

J!l 
1 

DRIVERS/ J- ADDRESS t---RECEIVERS COMPARATOR 
AND t---STATUS 

LATCH 

J 1 ~,.~~". r~ 
CONTROL 

lOGIC 

I DRIVERS/ J~ RECEIVERS 

11111111 o :> 

71 

1M o e 
.: 
1M 
l­
e: -



FUNCTIONAL DESCRIPTION 
USER DATA BUS CONTROL 
The activity of the User Data Bus is controlled by the BIC and 
BOC inputs as shown in Table 1. (H represents high, L repre­
sents low.) 

Table 1 
BIC and BOC function Control 

BiO BOC MCLK USER DATA BUS 

H L X Output Data 

L X H Input Data 

L X L Inactive 

H H X Inactive 

To avoid conflicts at the Data Latch, input from the mi­
croprocessor port is inhibited when BIC indicates user data is 
being input. Under all other conditions, the two ports operate 
independently. 

INTERFACE VECTOR BUS CONTROL 
As is shown in Table 2, the activity of the microprocessor port 
(IV Bus) is controlled by the ME"SC, WC and SiC inputs, as 
well as the state of an internal status latch. BIC is included to 
show user port priority over the microprocessor port for data 
input. 

TABLE 2: 
MICROPROCESSOR PORT FUNCTION CONTROL 

StlltU8 

ME SC WC MCLK BIC Latch 

IVBX 

Function 

L L L 

L L H 

L H L 

L H H 

L H H 

L X H 

L H X 

L L H 

L L X 

H X X 

X 

H 

H 

H 

H 

L 

L 

H 

X 

X 

X 

H 

X 

L 

H 

X 

X 

L 

X 

X 

SET 

SET 

X 

X 

X 

X 

X 

X 

Output Data 

Input Data 

Input Address 

Input Address 

Input Data 

and Address 

Inactive 

Inactive 

Inactive 

not set Inactive 

X Inactive 

Each IV Byte's status latch stores the result of the most recent 
IV Byte select; it is set when the IV Byte's internal address 
matches the IV Bus. It is cleared when an address that differs 
from the internal address is presented on the IV Bus. In normal 
operation, the state of the status latch acts like a master enable; 
the microprocessor port can transfer d~lta only when the status 
latch is set. 

BT32-TM-STATE' BT33-0PEN COLLECTOR 

When SC and WC are both high, data on the IV Bus is accepted 
as data, whether or not the IV Byte was selected. The data is 
also interpreted as an address. The IV Byte sets its select 
status if its address matches the data read when SC and WC 
were both high; it resets its select status otherwise. 

BUS OPERATION 
Data written into the IV Byte from one port will appear inverted 
when read from the other port. Data written into the IV Byte from 
one port will not be inverted when read from the same port. 

Figure 1 shows various ways to use the IV Byte in a system by 
controlling the states of the BIC and BOC lines. BYTE 1 is for 
input only, BYTE 2 is for output only, BYTE 3 is bidirectional 
under user control. BYTE 4 is output only (6 bits) with two bits 
reserved for system control of BYTE 5. 

CONTROL 

8X300 
INTERPRETER 

ii7Ml1 

FIGURE 1 
SOME IV BYTE CONFIGURATIONS 
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AC TEST CIRCUITS AND WAVEFORMS 

0, 

R, 

DIN, 

D1NZ 

DIN3 

DIN4 

{ 

Vee = S.QV 

°OUTl 

} °OU12 

°OUT 3 

°OU14 

ROUT 1 

} ROUT 2 

ROUT3 

ROUT4 

-= 

2.6V Vee" 5.0V 

DOUT 1 

0, DOUT 2 

R, DOUT3 

DIN, °OU14 

DIN2 ROUT 1 

DIN3 ROUT 2 

°IN4 ROUT 3 

ROUT4 

-= 

PROPAGATION DELAY (DOUT TO ROUT) 

~.6V 

92 

13k 

PROPAGATION DELAY (DIN TO DOUT) 

26V 

} 30 

260 

-= 

INPUT PULSE: 
tr = tf = 5ns (10% to 90%) 
freq = 10MHz (50% duty cycle) 
Amplitude = 2.6V 

--rL 
----:t:JF 

I I I I 
--I 'on 1- --I 'off 1-

INPUT PULSE: 
tr = tf = 5ns (10% to 90%) 
freq = 1 OMHz (50% duty cycle) 
Amplitude = 2.6V 

PROPAGATION DELAY (DATA ENABLE TO DATA OUTPUT) 
2.6V Vee 

DOUT 1 

} 0, DOUT 2 

R, DOUT 3 

DIN, °OU14 

D1NZ ROUT 1 

DIN3 ROUT 2 

DIN4 ROUT3 

ROUT 4 

'OV 

24k 

5k 
(PROBE) 

-= 

70 

INPUT PULSE: 
tr = tf = 5ns (10% to 90%) 
freq = 5MHz (50% duty cycle) 
Amplitude = 2.6V 
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BT32-TM-ST ATE· BT33-0PEN COLLECTOR 

PIN DESCRIPTION 
PIN SYMB OL NAME AND FUNCTION TYPE 

1-8 UDO -- UD7: User Data 1/0 Lines. Bidirectional data lines to com- ACTIVE HIGH 
municate with user's equipment. Either tri-state or 
open collector outputs are available. 

16-23 IVB7: Interface Vector Bus. Bidirectional tri-state data lines ACTIVE LOW 
to communicate with controlling digital system (mi-
croprocessor). 

10 BIC: Byte Input Control. User input to control writing into ACTIVE LOW 
the IV Byte from the User Data Lines. 

9 BOC: Byte Output Control. User input to control reading ACTIVE LOW 
from the IV Byte onto the User Data Lines. 

14 SC: Selected Command. When SC is high and WC is low, ACTIVE HIGH 
data on IVBO -IVB7 is interpreted as an address. IV 
Byte selects itself if its address is identical to IV bus 
data; it de-selects itself otherwise. 

15 WC: Write Command. When WC is high and SC is low, IV ACTIVE HIGH 
Byte, if selected, stores contents of IVBO - IVB7 as 
data. 

11 ME: Master Enable. System input to enable or disable all ACTIVE LOW 
other system inputs and outputs. It has no effect on 
user inputs and outputs. 

13 MCLK:: Master Clock. Input to strobe data into the latches. 

24 VCC: 5 volt power connection. 

12 GND: Ground. 

PARAMETERMEASUREMENTIN.~F~O~R~M=A~T~I~O_N ______________________________________ ~ 
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Load Circuit for Open CClllector Outputs 

330 

r 

Load Circuit for Tristate Outputs 
vce 

~,. 
_ ~ ~TEST 

OUTPUTL1 /o? POINT 

r{2 
81 OPEN 
S2 CLOSED 

81 CLOSED 
82 OPEN 

NOTE: ALL RESISTORS VALUES ARE TVPI',-CA.c:Lc.A_N_D _'N_O_H_MS_, __________ N_O_T_E'_A_L_L _RE_S-,-IS_TO,-R_S-,-V--,-AL:.,:U",ES:.cA-'..R",E-,-T-,-YP,-'C::;.A",L-,-A::.cN=-D .:;.'Nc..:0"'H::cM::;.S. ___ ---' 
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AC ELECTRICAL CHARACTERISTICS 
8T32-TM-STATE' 8T33-0PEN COLLECTOR 

(Limits apply for VCC = 5V ± 5% and 0" C .. TA;;' 70" C unless specified otherwise.) 

Parameter Symbol Input Output Conditions 
Limits 

Min. Typ. Max. 
Units 

User Data Delay (Note 1) tpD UDX IVBX CL = 30pF 19 ns 

MCLK IVBX CL = 30pF 36 ns 

User Output Enable tOE BIC UDX CL = 30pF 26 ns 

BOC UDX CL = 30pF 28 ns 

User Output Disable too BIC UDX CL = 30pF 22 ns 

BOC UDX CL = 30pF 13 ns 

IV Data Delay (Note 1) tpD IVBX UDX CL = 30pF 32 ns 

MCLK UDX CL = 30pF 40 ns 

IV Output Enable tOE ME IVBX CL = 30pF 16 ns --
SC IVBX CL = 30pF 16 ns 

WC IVBX CL = 30pF 16 ns 

IV Output Disable too ME IVBX CL = 30pF 15 ns 

SC IVBX CL = 30pF 15 ns --
WC IVBX CL = 30pF 15 ns 

Clock Pulse Width tw MCLK 20 ns 

Setup Time (2) tSETUP UDX 9 ns 

BIC 22 ns --
IVBX (Note 5) 37 ns -
ME (Note 5) 23 ns 
SC (Note 5) 23 ns 

WC (Note 5) 12 ns 

Hold Time (2) tHOLD UDX (Note 5) 16 ns 

BIC (Note 5) 3 ns 

IVBX (Note 5) 11 ns 

ME (Note 5) 0 ns 

SC (Note 5) 0 ns 

WC (Note 5) 4 ns 

NOTES: 
1. Data delays referenced to the clock are valid only if the input data is stable at the arrival of the clock and the hold time requirement is met. 
2. Setup and hold times given are for "normal" operation. BIC setup and hold times are for a user write operation. SC setup and hold times are for an IV Byte select operation. we 

setup and hold times are for an IV Bus write operation. ME setup and hold times are for both IV write and select operations. 
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INPUT 
DATA 

OUTPUT 
DATA 

INPUT WAVEF()RM 

£0% 1:90%.------3.0V 

10% 10% OV 

Sns 5nS 

DATA DELAY TIMES 
(INPUT DATA REFERENCED-ClK = '1') 

SETUP AND HOLD TIMES 

CLK----------------~ 

DATA AND 
CONTROL 1.5V 

ADDRESS PROGRAMMING 
The IV Byte is manufactured such that an address of all high­
levels (> 2V) on the IV Data Bus inputs matches the Byte's 
internal address. To program a bit so a low-level input « O.8V) 
matches, the following procedure should be used: 

1. Set all control inputs to their inactive state (BIC = BOC = 
ME = Vee, se = wc = MeLK = GND). Leave all IV Data 
Bus I/O pins open. 

76 

INPUT 
DATA 

OUTPUT 
DATA 

I 
I 
I 
I 
I 
I 

ST32-TM-ST ATE· ST33-0PEN COLLECTOR 

CLOCK PULSE WIDTH 

DATA DELAY TIMES 
(CLOCK REFERENCED) 

I 
I 
I 
I 
I 
I I / i+-tPO--j 

I 

\ 
I I I 

~"J 1.5\ 1.5V 

OUTPUT ENABLE AND DISABLE TIMES 
(TRISTATE OUTPUTS) 

LOW LEVEL 

_----......;E;,;.;NABLING 

CONTROL \ '/ ~I *' OUTPUT 1.SV 1.5V 

OATA 
OUTPUT 1 

OATA 
OUTPUT 2 

I \ , I ~~c;.~::,~v"EL 
L'--I------J I '---""";;;'; 

~,....,.-:tO,..E"'--I j+tOO..J 
I I I 

I I 
I ~~~~~~-----------+I~~~~~-VOL 

I 
~~~~~~-----------+I~~~~~-VOH 

I I 
I I 
I-too-l 

WAVEFORM #1 IS FOR AN OUTPUT WITH INTERNAL CONDITIONS SUCH THAT THE 
OUTPUT IS LOW WHEN THE TRI·STATE DRIVER IS ENABLED. WAVEFORM =2 IS FOR 
THE OPPOSITE CONDITION. 

2. Raise Vee to 7.75 V ± .25V. 

3. After Vce has stabilized, apply a programming pulse to the 
User Data Bus bit where a low-level match is desired. The 
voltage should be limited to 18V; the current should be lim­
ited to 75 mAo Apply the pulse as shown in Diagram 1. 

4. Return Vce to OV (Note 6). 

·moorlD• 



5. Repeat this procedure for each bit where a low-level match 
is desired. 

6. Verify that the proper address is programmed by setting the 
Byte's status latch (IVBO - IVB7 = desired address, ME = 
WC = L, SC = MCLK = H) and attempting to write through 
the IV Byte (BOC = SC = ME = L, BIC = WC = MCLK = H). 
If the proper address has been programmed, data presented 
at the IV Bus will appear inverted on the User Bus outputs. 
(Use normal VCC and input voltages for verification.) 

After the desired address has been programmed, a second 
procedure must be followed to isolate the address circuitry. The 
procedure is: 

DIAGRAM 1 
ADDRESS PROGRAMMING PULSE 

1\ r-\ 75V 

vccp -I:_'SEC_~J L ov 

I I 
ADDRESS 
PROGRAMMING 
PULSE JL '8V 

I I 
I I OV 

lOOnS < tr <' l,u:S t--< lmS-1 

BT32-TM-STATE· BT33-0PEN COLLECTOR 

1. Set VCC and all control inputs to OV. (VCC = BIC = BOC = 
ME = SC WC = MCLK = OV). Leave all IV Data Bus I/O pins 
open. 

2. Apply a protect programming pulse to every User Data Bus 
pin, one at a time. The voltage should be limited to 14V; the 
current should be limited to 150mA. Apply the pulse as 
shown in Diagram 2. 

3. Verify that the address circuitry is isolated by applying 7V to 
each User Data Bus pin and measuring less than 1 mA of 
input current. The conditions should be the same as in step 1 
above. The rise time on the verification voltage must be 
slower than 100MS. 

PROTECT 
PROGRAMMING 
PULSE 

10% 

DIAGRAM 2 
PROTECT PROGRAMMING PULSE 

n 14V 

---1! Lov , I I 
tr? lOOpS I+-> lmS-l 

PROGRAMMING SPECIFICATIONS 
Parameter Symbol Conditions Limits Units 

Min, Typ. Max. 

Programming Supply Voltage VCCP V 

Address 7.5 B.O V 

Protect 0 V 

Programming Supply Current ICCp Vecp = B.OV 250 mA 

MAX TIME VCCP > 5.25V 1.0 sec. 

Programming Voltage 

Address 17.5 18.0 V 

Protect 13.5 14.0 V 

Programming Current 

Address 75 mA 

Protect 150 mA 

Programming Pulse Rise Time 

Address .1 1 Msec 

Protect 100 Msec 

Programming Pulse Width .5 1 mS 

NOTES: 
6. If all programming can be done in less than 1 second, Vee may remain at 7.7SV for the entire programming cycle. 
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DESCRIPTION PIN CONFIGURATION 
The 8T34 is a quad transceiver with a common two input driver 
disable control. Tri-state driver outputs together with low input 
current requirements for the receivers tlffer extreme versatility 
in bus organized data transmission sysllems. The data busses 
may be terminated or unterminated. 

Drivers in the third output state (Hi-Z) load the bus only with 
negligible current. The receiver input current is low, allowing at 
least 100 driver/receiver pairs to utilize a single bus. The re­
ceiver incorporates hysteresis to provide maximum noise im­
munity. In addition the receiver does nof: load the bus with VCC 
= OV as it may be the case when peripherals drive a common 
VO bus and are shut off. 

TRUTH TABLE 

MODE DISABLE DISABLE DRIVER BUS RECEIVER 

A B IN OUT 

RECEIVE 1 X X 1 0 

RECEIVE X 1 X 0 1 

DRIVE 0 0 1 0 1 

DRIVE 0 0 0 1 0 

ELECTRICAL CHARACTERISTICS (TA = +250 C, VCC = 5.0V) 

PARAMETER TEST CONDITIONS 

tHZ Disable to Bus Load 1, CL = 15pF 
Waveform 4 

tLZ Disable to Bus Load 1, CL = 15pF 
Waveform 3 

tZH Disable to Bus Load 1, CL = 50pF 
Waveform 3 

tZL Disable to Bus Load 1, CL = 50pF 

Waveform 4 

tpHL Driver to Bus Load 3 

tpLH Driver to Bus Waveform 5 

tPHL Bus to Receiver Load 2 

tpLH Bus to Receiver Waveform 6 

78 ..... 

A PACKAGE 

MIN TYP MAX 

8 15 30 

3 9 30 

5 10 30 

8 18 30 

4 9 20 

3 6 15 

5 14 25 

12 27 40 

8T34A 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



SWITCHING PARAMETER MEASUREMENT INFORMATION 

TEST 
POINT 

s, 

LOAD CIRCUIT FOR TRI-STATE OUTPUTS 

Vcc 

~~g~RO~:;~T o---........ ~--,~-t<*}--t(See Note B) 

~7 

~l"390Sl 
FROM OUTPUT TEST 
UNDER TEST POINT 

(See Note Al 

LOAD 1 

, kSl ~ ~ 

~7 

I Cl "'5PF 

NOTES: LOAD 2 

A. CL includes probe and jig capacitance 
8. Pin diodes are IN3064 

VOLTAGE WAVEFORMS 

ENABLE AND DISABLE TIMES, TRI-STATE OUTPUTS 

OUTPUT~ ~3V CONTROL 
(Low-level 1.5V 1.5V 

.n,bl;n9) ~tll~ ___ ~4 5vtZlr-~ -I : ,: - - OV 

Sl clo~ --t . S2 closed I ~ 
S20pen 1.5V ~.- -15V 

~tZH~ tHz-i---i °t ~f VOL 

~,open. 1'5V ~-t-==~~~v 
S2 closed 51 and 

- - - -""DV S2c1osed 

WAVEFORM 3 WAVEFORM 4 

VOLTAGE WAVEFORMS PROPAGATION DELAY TIMES 

INPU'1.5V ~5~ - - - 3V 

tPHl ±:1 1_~tPlH ~:H 
OUT'O~ 1.5V ~ 
OUTPJ-iPHASE ~ ~-~ VOL 

9H2 

LOAD 3 

\\....--'.3V _ 

~ tPlH ];= 
1.5V 

WAVEFORM 5 WAVEFORM 6 

8T34A 
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DESCRIPTION PIN CONFIGURATION 
The 8T37 is a hex bus receiver with hysteresis organized as two 
triple receivers with separate disable lines for each group. Typi­
cally the devices may be used in bus organized data transmis­
sion systems interconnected by terminated lines. The low input 
current requirement allows several drivel's and receivers to 
communicate over a common bus in "pa.rty line" fashion. A 
power-up or power-down sequence of the receiver will not af­
fect the bus. Built in hysteresis provides maximum noise im­
munity and makes the 8T37 also an ideal Schmitt trigger in 
those applications where the non-linear input characteristics of 
standard TTL are undesirable. 

Low input current requirements make the hex-inverter inputs 
compatible with MOS/CMOS in addition to DTL/TTL. All inputs 
have clamping diodes to simplify systems design. The receiver 
outputs as well as the disable inputs are TTL/DTL compatible. 

AC ELECTRICAL CHARACTERISTICS TA = 25° C, VCC = 5.0V 

LIMITS 
PARAMETER TEST CONDIITIONS 

MIN TYP MAX 

Propagation Delays 
(ton.loff) 

Receiver Ion 10 30 
toft RL = 4000 20 30 

Disable ton CL = 15pF 9 15 

toff 11 15 

AC TEST FIGURE AND WAVEFCIRMS 

OUTPUT +6.0V 

NOTE 4 

NOTES: 
1. Including probe and jig capaCitance 
2. All diodes are 1 N3064 
3. Pulse generator characteristics P.A. = 

3.5V 

ZoUT = son 
PRR = lMHz 
Ir = If "'10 ns (10% 10 90%) 
Duly Cycle = 50% 

4. When testing receiver, Disable = 0; when 
testing disable, Receiver = O. 

• TO BE ANNOUNCED 

EACH TERMINATOR IS 120 OHMS THE VE­
NIN'S EQUIVALENT CIRCUIT. USING FLAT 
RIBBON A MAXIMUM REASONABLE 
LENGTH IS 50 FT. FROM WHICH THE 
COMBINED LENGTH OF ALL TAPS OR 
STUBS SHOULD BE SUBTRACT. ED. 

4000 

I CL-15pF 
INOTElI 

INOTE2) 

TYPICAL APPLICATION 

5V 

.soo 

3900 

r-- -1 
I I 
I I 
I I 
1 I 
1,/4 I 
LaT~ __ ---l 

80 1111l1li1 

A PACKAGE 

IN 4 1 

OUT 4 2 

OUT 5 • 

OUT 6 • 

DISABLE 7 

GND • • DISABLE 

UNIT 

ns 
ns 
ns 
ns 

2.3V -1.5V 

- 'on I--=---+--' 

8T37A 

5V 

'BOn 



SCHMITT TRIGGER 
The receiver transfer curve shown makes the 8T37 ideal in a 
variety of Schmitt Trigger and waveshaping applications. 

C-MOS TO TTL INTERFACE 

sv 

B!IDhC& 

Your 

TRANSFER CURVE 

1Vtyp 
--HYSr--

L..... ____________ Y,N 

1.3V 2.3v 

8T37A 
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OBJECTIVE SPECIFICATION 8T38A 

OBJECTIVE SPECIFICATION DESCRIPTION 
The 8T38 is a quad bus transceiver with II common two input 
disable control for the drivers. Open collector driver outputs 
together with low input requirements for the receivers offer ex­
treme versatility in low cost bus organized systems. 

PIN CONFIGURATION 

Busses may be terminated at both ends such that up to 100 
driver/receiver pairs can utilize a common data bus. The re­
ceiver incorporates hysteresis to provide maximum noise im­
munity. In addition the receiver does not ICiad the bus when 
VCC =0. 

In those applications w/;lere only bus receiver are required the 
8T380 quad bus receiver should be considered. 

TRUTH TABLE 

MODE DISABLE P'SABLE 

A B 

RECEIVE 1 X 

RECEIVE X 1 

DRIVE 0 0 

DRIVE 0 0 

DR IV 

IN 

X 

X 
1 

o 

IER BUS 

1 

0 

0 

1 

RECEIVER 

OUT 

0 

1 

1 

0 

AC ELECTRICAL CHARACTERISTICS (T A = +250 C, VCC = 5.0V) 

PARAMETER TEST CONDITIONS 
MIN 

tpHL Disable to Bus Load 2 11 

Yin = OV to 3V 

tPLH Disable to Bus Measured from Vin = 1.5V 15 

to Vb us = 1.5V 

tpHL Driver to Bus 5 

tpLH Driver to Bus 5 

tpHL Bus to Receiver 5 

Load 1 Waveform 1 

tPLH Bus to Receiver 12 

SWITCHING PARAMETER MEASUREMENT INFORMATION 

A PACKAGE 

LIMITS 
UNIT 

TYP MAX 

19 30 ns 

23 35 ns 

12 20 ns 

12 25 ns 

14 25 ns 

27 40 ns 

--------------------------------------------------------, 
WAVEFORM 1 LOAD CIRCUITS 

Vee 

~L=390n 
FROM OUTPUT TEST 
UNDER TEST POINT 

I eL= 15pF 

9'" 

~~~~RO~:;~T 0--.......... --...1--0 p6~~~ 

200.=. I eL = 50pF 

LOAD 1 LOAD 2 
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DESCRIPTION 
The 8T80 quad 2-input NAND 
interface gate and the 8T90 Hex 
inverter interface buffer are level 
translators that adapt standard 5V 
DTUTTL logic to voltage levels of 
up to 30V. 

The 8T80 performs the NAND 
function for positive logic (high 
level = logic "1") and the 8T90 per­
forms the inverting function. 

The output structure of the 8T801 
90 is a high voltage transistor with 
uncommitted collector which al­
lows logic swings up to 30 volts. 
The "bare" collector is useful for 
collector logic or wired-and con­
nections. 

Applications include TTL to MOS 
interface, lamp and relay driving as 
well as high level logic interfaces. 

CIRCUIT SCHEMATIC 

V,N VOUT 

NOTE: ALL RESISTORS VALUES ARE TYPICAL AND IN OHM$. 

NOTE: COMPONENT VALUES ARE TYPICAL. 

BTBO A,F,W 

PIN CONFIGURATIONS 
A,F PACKAGE W PACKAGE 

AC CHARACTERISTICS TA = 25" C, VCC = 5.0V 

PARAMETER TEST CONDITIONS 

Turn-on Delay RL = 1.43K 
Storage Time CL = 30pF 

AC TEST AND WAVEFORMS 

INPUT OUTPUT 
+30V 

RL 
1.43K 

LIMITS 
UNIT 

MIN TYP MAX 

35 55 ns 
40 95 ns 

INPUT~toN~~f.: 
OuTPuTr-....:....-· 

50% 10% 

INPUT PULSE: AMPLITUDE = 3.6V, P.W. = 1 ,",sec, I, = If = 10nsee. 
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DESCRIPTION 
The 8T80 quad 2-input NAND 
interface gate and the 8T90 Hex 
inverter interface buffer are level 
translators that adapt standard 5V 
DTUTTL logic to voltage levels of 
up to 30V. 

The 8T80 performs the NAND 
function for positive logic (high 
level = logic" 1" and the 8T90 per­
forms the inverting function. 

The output structure of the 8T80i 
90 is a high voltage transistor with 
uncommitted collector which al­
lows logic swings up to 30 volts. 
The "bare" collector is useful for 
collector logic or wired-and con­
nections. 

Applications include TTL to MOS 
interface, lamp and relay driving as 
well as high level logic interfaces. 

CIRCUIT SCHEMATIC 

VOUT 

NOTE: COMPONENT VALUES ARE TYPICAL. 

84 

8T90 A,F,W 

PIN CONFIGURATIONS 

A,F PACKAGE W PACKAGE 

AC CHARACTERISTICS T A = 25° C, VCC = 5.0V 

LIMITS 

CHARACTERISTIC MIN. TYP. MAX. 

Turn-on Delay 35 55 

Storage Time 40 95 

AC TEST FIGURE AND WAVEFORMS 

INPUT OUTPUT 
+30V 

RL 
1.43K 

UNITS 
TEST CONDITIONS 

ns RL = 1.43K 

ns CL = 30pF 

~ ~ INPUT 

OUTPUT 'ON t::= tS-K 

INPUT PULSE: AMPLITUDE = 3.6V, P.W. = l"sec, If = If = IOnsec. 
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OBJECTIVE SPECIFICATION DESCRIPTION 
The 8T93 Hex Inverter interface elements have been designed with Schottky TTL technol­
ogy. This makes it possible to combine ultra-high speed with a low current PNP input 
structure. Because of its low input current requirements the 8T93 is ideal in applications 
such as bus receivers, low power TIL interfaces as well as MOS and C-MOS to TIL 
buffers. The 8T93 has active pullups. 

AC ELECTRICAL CHARACTERISTICS TA = 250 C, VCC = 5V 

PIN CONFIGURATION 
A,F PACKAGE 

PARAMETER 
TEST LIMITS 

UNIT 
CONDITIONS MIN TYP MAX 

Propagation Delay 
RL = 280 

ton, toff CL = 15 pF 5 ns 

AC TEST FIGURE AND WAVEFORMS 

r----------.., 

-r~ ~'r 
Input Output 5V 

( 

Jt~ ,~ RL '" 280n 

I PULSE I .A ... 
GEN. I ..... ... 

1/68T93 
~7 

8T93-A,F 

b:-~. '"--{""l 
I cl :: 15pF 

U \" '1 ~ tR. tF = 2.5n. -::-
PW = SOns L.!~3~~D _______ ...1 
All diodes 1 N3064 
CL includes probe and 

jig capacitance 
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OBJECTIVE SPECIFICATION DE:SCRIPTION 
The 8T94 Hex Inverter interface elements have been designed with Schottky TTL technol­
ogy. This makes it possible to combine IJltra-high speed with a low current PNP input 
structure. Because of its low input current requirements the 8T94 is ideal in applications 
such as bus receivers, low power TTL interfaces as well as MOS and C-MOS to TTL 
buffers. 

AC ELECTRICAL CHARACTEFIISTICS T A = 25° C, VCC = 5V 

PARAMETER 

Propagation Delay 
ton, loft 

TEST CONDIIT 

RL = 280 
CL = 15 pF 

IONS 

AC TEST FIGURE AND WAVEFORMS 

r-----, 
Input Output I 5V I 
~ 

I PULSE 11-............. -1 
GEN. I 

IA. IF = 2.5ns 
PW = SOns 
All diodes 1 N3064 
CL includes probe and 

jig capacitance 

86 

.!:-

,) I 
I I 
I RL 0 I 
1 280!! I 
I I 

X,........._--l-·..... I 
I I 
I I 
I I 

1/68T93/94 

I CL 0 I 

: 1 '5PF 
: 

I -
L8~'-,=~D_J 

LIMITS 

MIN TYP MAX 

6 

SmnDllDS 

UNITS 

ns 

8T94 A,F 

PIN CONFIGURATION 

A,F PACKAGE 



DESCRIPTION 
Each of the Tri-State Bus Interface Elements described herein 
has low current PNP inputs and is designed with Schottky TTL 
technology for ultra high speed. The devices are used to convert 
TTL/DTL or MOS/CMOS to tri-state TTL Bus levels. For 
maximum systems flexibility the 8T95 and 8T97 do so without 

PIN CONFIGURATIONS 

8T95 B,F· 8T96 B,F· 8T97 B,F • 8T98 B,F 

logic inversion, whereas, the 8T96 and BT9B provide the logical 
complement of the input. The 8T95 and 8T96 feature a common 
control line for all six devices, whereas, the 8T97 and 8T98 have 
control lines for four devices from one input and two from another 
input. 

B,F PACKAGE 

8795 

0154 , 

IN1 " 0152 

OUT1 

IN2 " OUT6 

OUT2 " INS 

IN3 , 
" OUTS 

OUT3 

GNO . " OUT4 

ST9T 

015 4 

IN1 

OUT1 

IN2 

OUT2 

IN3 

OUT3 

GNO 

TRUTH TABLES 
8T95 

DISABLE INPUT 
0151 0152 INPUT 

0 0 0 
0 0 1 
0 1 x 
1 0 x 
1 1 x 

OUTPUT 

0 
1 

H-z 
H-z 
H-z 

0154 

IN1 

OUT1 

IN2 

OUT2 

IN3 

OUT3 

GNO 

DISABLE 
0151 

0 
0 
0 
1 
1 

8796 

INPUT 
0152 

0 
0 
1 
0 
1 

IN4 

OUT4 

8798 

8T96 

INPUT 

0 
1 
x 
x 
x 

OUTPUT 

1 
0 

H-z 
H-z 
H-z 
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8T95 B.F· 8T96 B.F • 8T97 B.F • 8T98 B.F 

TRUTH TABLES (Cont'd) 
8T97 8T98 

DISABLE INPUT DISABLE INPUT 
DIS4 DIS2 INPUT OUTPUT DIS4 0182 INPUT 

0 0 0 0 0 I 0 0 
0 0 1 1 0 0 1 
x 1 x H-z' x 1 x 
1 x x H-z** 1 x x 

• Output 5·6 only ... Output 1-4 only.. x = Irrelevant 

AC ELECTRICAL CHARACTERISTICS TA = 250 C and VCC = 5.0V 
PARAMETER TEST CONDITIONS 

Propagation Delays 
(All Devices) 

ton Data Inputs See AC Test Figures 
to 

toff Data Outputs 
Disable to Outputs 

tplH Logic "1" to High Z 
tPOH Logic "0" to High Z 
tPHI High Z to Logic "1" 
tPHO High Z to Logic "0" 

AC TEST CIRCUIT 

200<1 
t---<r--.--t<t ....... -;;o., ~ 6V 

L--_----l 

INPUT CHARACTERISTICS 
PA = 3V. f = 1MHz 'R = 'F'" 10n. (10% 10 90%) 
CL INCLUDES PROBE AND JIG CAPACITANCE 

88 

ALL DIODES 1N3064 

MIN 

95/97 96/98 

3 3 

3 4 

3 3 
3 5 
8 7 

12 11 

TRUTH TABLE 

S1 

ton Closed 
toff Closed 
tOH Closed 
t1 H Closed 
tHO Closed 
tH1 Open 

LIMITS 

TYP 

95/97 96/98 

9 6 

7 7 

5 6 
6 10 

19 15 
14 18 

S2 

Closed 
Closed 
Closed 
Closed 
Open 
Closed 

OUTPUT 

1 
0 

H-z' 
H-z" 

MAX UNITS 

95/97 96/98 

13 10 ns 

12 11 ns 

10 10 ns 
12 16 ns 
25 22 ns 
25 24 ns 

CL 

50pF 
50pF 

5pF 
5pF 

50pF 
50pF 



PROPAGATION DELAYS 

'-____ ov 

1.5V 

8T95/97 

'K! 1 C,'" -,'.5V 

.....:O:;:IS:;.A::;B;;LE=--___ -J!w __ m _____ ~ 

OUTPUT 

j~ 
3V 

""-1.SV 

DISABLE 
OV 

OUTPUT I 
tOHj.-

8T95 B,F • 8T96 B,F • 8T97 B,F • 8T98 B,F 
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DESCRIPTION 
The 8Tl00/l0l are universal differential line drivers with tri­
state outputs. The various operating modl~s of the drivers are 
controlled by 2 control lines. By proper controlling these control 
lines, the driver can be made to operate in single ended or multip­
lexed configuration. The tri-state capability allows disabled driv­
ers to stay on the line in a multiplexed system without loading the 
line. The differential feature, when used with suitable line re­
ceiver eliminates troublesome ground loops and common mode 
noise associated with single wire transmission. 8Tl0l provides 
clamp diodes from output to VCC on all drivers. 

TRUTH TABLE 
Data Q Q 

Operating Mode A B In Out Out 

Driver On 0 0 0 1 (Source) o (Sink) 
o (Sink) 1 (Source) 

Driver Off 1 1 0 Hi-Z Hi-Z 
(3-4-State) 1 Hi-Z Hi-Z 

Party-Line 0 1 0 Hi-Z Hi-Z 
1 o (Sink) 1 (Source) 

Party-Line 1 0 0 1 (Source) o (Sink) 
1 Hi-Z Hi-Z 

AC TEST CIRCUIT 

2I)Of! 

PIN CONFIGURATION 

PACKAGE 

LOGIC DIAGRAM 

OUTPUTS 

1--<..-........ -+::1--1 ......... ":., <>----"'h"'--<> 5V 

(DATAl IN~ i Q I DIFFERENTIAL 

(MOOECONTROL){: >----------+-1---< I:o~ .. "" ... L-__ ....J 

INPUT CHARACTERISTICS 
PA = 3V. f = lMHz tR = tF" IOn. (10% to 90%) 
CL INCLUOES PROBE AND JIG CAPACITANCE 

90 

AC TEST TABLE 

S1 

tpHL Closed 
tPLH Closed 
tPLZ Closed 
tPHZ Closed 
tpZL Closed 
tpZH Open 

I!!IRDII:I 

S2 CL 

Closed 300pF 
Closed 300pF 
Closed 5pF 
Closed 5pF 
Open 300pF 
Closed 300pF 



1.5V 

'K! 
-=D:.:.:'S::.;A:;:BL:.:E~IA;.:.'~B;..I ___ l.Ji~-_-_-_-_-_-_-_-_~~ 

OUTPUT 

j ""'--.5V -3V 

_----"'1.5V 

OV __ ~D:.:.:'SA::.;:;:BL:.;E~I~A'~B~I __ -.J 

__ ~OU~~~U~T ______ ~ L 
"". 

'-____ ov 

o OUTPUT 

Q OUTPUT IA=B=.8VI 
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DESCRIPTION 
These devices are intended to receive differential input signals 
and convert them to TTL levels. A common strobe and a common 
output enable lines are provided for all recelivers. Common mode 
rejection range of ± 15V is provided to assure that the ground 
shift or ground noise between the transmittllr and receiver will not 
affect the data. 8T111 also provides termination resistors. 

LOGIC DIAGRAM 

8T110 F'8T111 F 

PIN CONFIGURATION 

F PACKAGE' 

* Output non-inverting. 

SWITCHING CHARACTERISTICS VCC = 5.0V, TA = 25° C 

STROBE TRI·STATE ENABLE 

• BTlll OPTION INTERNALLY CONNECTED 

130n ~ RtN ~ l70n 

PARAMETER 
UNIT 

Differential Input to Low Level Output 
Differential Input to High Level Output 
Strobe Input to Low Level C-Jtput 
Strobe Input to High Level Output 
Output Enable to Outputs: 

High Level to Hi-Z 
Low Level to Hi-Z 
Hi-Z to Low Level 
Hi-Z to High Level 

Inverting Input Resistance 
Non-Inverting Input Resistance 

AC TEST CIRCUITS AND WAVEIFORMS 

TEST 
CONDITIONS 

VCC = 5V 

LIMITS 

MIN TYP MAX UNIT 

30 ns 
24 ns 
16 ns 
18 ns 

16 ns 
18 ns 
23 ns 
21 ns 

10.5 15 Kfl 
5.5 7.75 Kfl 

--------------------------------------------~ 

PROPAGATION DELAY (INPUT TO OUTPUT) 

L

_.......::.=------' 30'~_ 1.3k" 92" +5V 

+2.6Vo-~-"'-'='-J r 
Ir =tf = 2.5ns (10% to 30%) 
Frequency = 10 MHz (50% duty cycle) 
Amplitude = 2.6V 

92 BmOOliDIi 

IN 



AC TEST CIRCUIT AND WAVEFORMS (Cont'd) 

PROPAGATION DELAY (STROBE TO OUTPUT) 

+2.6V 

92(1 IN 
X>--<t--_-K ...... M"""O+5V 

1.3kfl: OUT--+-"",", 

OUTPUT ENABLE TO OUTPUT 

+5V 

IN 

OUT--+-.IJ 

Bi!lDOIIII 

ST110 F·ST111 F 
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DESCRIPTION 
The 8T363 Dual Zero Crossing Detector is an interface circuit 
incorporating a differential amplifier input and logic gate output. 
The input amplifier is referenced to zero volts and employs tem­
perature compensation to ensure stable thresholds. The output 
structure of the 8T363 is compatible with DlTL and TTL circuits. 

8T363 A 

PIN CONFIGURATION 

A PACKAGE 

-6V I I----_--k'll--l -12V 

APPLICATIONS 
Zero-Crossing Detector 
High Stability One-Shot 
Bi-Directional One-Shot 
Frequency Doubler 

IN1 

TIMING R1 

STROBE 1 

Vee 
1 

12 TIMING R2 

STROBE2 

Stable-Low Frequency Oscillator 
Linear Amplifier 
Frequency to Voltage Converter 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage +7.0V 
Output Voltage +6.0V 

OUT1 • 

aND 7 

NC = no connection 

Vee 
2 

Ne 

OUT2 

VCC +6.0V 
Input Current ± 10mA 

AC ELECTRICAL CHARACTERISTICS T A = 25" C, VCC = S.OV, V- = -6V 

Output Current +30, -10mA 
Storage Temperature -65· C to +175· C 
Operating Temperature (f' C to +75· C 
V - -7V or -13.5V 
Maximum ratings are limiting varues above which aer·· 
viceability may be impaired. 

CIRCUIT SCHEMATIC 

IN, 

Vcc, 
5 

PARAMETER 

, Turn on Delay 
Detector 
Strobe to Output 

Turn off Delay 
Detector 
Strobe to Output 

Input Voltage (Timing R VF 
Diode) 

Uncertainty Region-Signal 
Icc/Detector 
lEE 

TEST CONDITIONS 

See Test Figure 1, T A = 25·C 
See Test Figure 2, V signal = VCC through 

10KO resistor, TA =25·C 

See Test Figure 1, T A = 25·C 
See Test Figure 2, V signal = VCC through 

10KO reSistor, T A = 25·C 

V7 =V2 = V13, 13 = 1mA, 112 = 1mA 

V7 = V3 = V12, Note 9, TA = 2S·C 

-'2V 
'.o-~~~-------------~~-+-----------+-~ 

NOTE 
Pins 5, 6. 8, and 10 are tied to pin 14 through isolation diodes . 

94 . -. 

MAX UNITS 

85 ns 

50 ns 

65 ns 

50 ns 

1 V 
±30 mV 
6.5 mA 

-13.0 mA 



INPUT 
PULSE 

v-

8T363 A 

FIGURE 1 - ton. toff DETECTOR INPUTS 

Vee = 5.0V 

IN9l6 

O--;-):>--.... -1~I<II-'V\Rll\r--o ~~~:~T 
2.6V r~----- -l00MV 

v-

ton 

C1 = 27pF 

R1 = 210n 

10K 

ton 

C1 = 27pF 

R1 = 210n 

l6.0K 

toft 

18pF 

1.91kn 

OUTPUT 

Input Pulse: Vin 

Pulse Width::: 350n5 at 50% Points 

tr ::: tf ::: 10ns 

Amplitude = .:!:.l00mV 

FIGURE 2 - ton. toft STROBE TO OUTPUT 

IN9l6 
OUTPUT 

R, 
PULSE 
2.6V 

l6.0K 

toff 

18pF 

1.91kn 

INPUT 

OV 

OUTPUT 

OV 

Ii!lDOIHlI 

~,.-J~~, 
\w y~ 

Input Pulse: Vin 

Pulse width::: 200n5 at 50% Points 

tr 0 If (10%-90%) 0 IOns 

Amplitude Vp ::: 4.0V 

VOUT(l) 

+ vp 

! 
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TYPICAL APPLICATIONS 

no- 1/48885 

TRIGGER 1 

MONOSTABLE MUL TIVIBRATOR 

v+ 

TRIGGER 2 

-----, 
I 
I 
I 

,>--=1 JD-fI......,....-oQ J1.. I _T ___ 

96 

{
R = lK to50K 

T~ 0.6 RC 
C=>l50pf 

I 
112 8T363 I 

I ___________ ...1 

1/48885 

FREQUENCY TO VOLTAGE CONVERTER 

IN D-..JI>I\I ..... -<>-4 

8T363 

LIMITER AMP 

Sine wave inputs up to approximately 500 kHz are limited, amplified and 
used to trigger the timing circuit. The timing circuit output is a constant 
pulse width (pw=O.6RC). The constant width pulses are integrated and 
then filtered to attenuate the remaining high frequency carrier compo­
nents. 

I 
I 
I ________ .J 

TIMING CIRCUIT INTEGRATOR 

8T363 A 



DESCRIPTION 
The 8T380 is a quad 2-input bus receiver with hysteresis for use 
in I/O, data, and memory busses. Built in hysteresis provides 
maximum noise immunity and a power-up or power-down 
sequence on the receiver will not affect the bus. Low input 
current allows several drivers and receivers to communicate 
over a common bus in "Party Line" fashion. The receiver has 
been designed to be pincompatiblewith the Signetics Utilogic II 
SP 380 gate and provides increased noise immunity as well as 
lower input current. The 8T 380 is ideal as a Schmitt Trigger in 
analog interfaces that cannot tolerate the non-linear input 
impedance characteristics of standard TTL. Further, the low 
input requirements allow the 8T380 to be used as a CMOS to 
TTL interface. All inputs have clamping diodes to simplify 
systems design. 

AC ELECTRICAL CHARACTERISTICS 
T A = 25°C, VCC = 5.0V 

LIMITS 
PARAMETER UNITS 

MIN. TYP. MAX. 

ton, Turn-on Delay 16 35 ns 

toft, Turn-off Delay 20 35 ns 

AC TEST FIGURE AND WAVEFORMS 

INPUT OUTPUT +5.DV 

(NOTE 2) 

1. Including probe and jig capacitancH 
2. All diodes are 1 N3Q64 
3. Pulse generator characteristics 

TYPICAL APPLICATIONS 

+5V 

OUTPUT 

8T380A 

A PACKAGE 

r-------""'- ______ 3.:: 
1.3V 

OV 

I--toll--I 

: "'-'5V I ~ 
I--- ton ---~'------'-:P"-.A",,.-_JC L'V 

"oUT = son 
PRR = 1MHz 
tr = tf ~ 10ns (10% to 90%) 
Duty Cycle = 50% 

+5V 

A generalized "Party Line" bus interface is 
shown in Figure 1. Each driver/receiver 
combination can communicate with any 
other pair or all. Open collector Nand Gates 
such as the Signetics 7439 have adequate 
drive capability for the bus terminations as 
well as 20 driver/receiver pairs. In addition 
the bussing scheme is non-inverting as 
shown and bus drivers are activated by a 
logic "1" whereas bus receivers are activat­
ed by a Logic "0". 

r---~~---'--------------~--~~ 

Each terminator consisting of a 180 ohm 
resistor to ground is a 120 ohm. Thevenin's 
equivalent circuit. The maximum length of 
cable that can be driven is a complex 
relationship involving the type of cable used 
as well as the distribution of drivers and 
receivers on the buss. Using flat ribbon 
cable, a maximum reasonable length is 50 ft. 
minus the combined length of all taps or 
stubs. 

1/47439 

T80n 

390n 

'----~ DATA IN 

"''' .. TRANSMIT 
"0"" OFF 

","" TRANSMIT 
"0"" OFF 

DATA IN 

1/481380 

"0" - RECEIVE 
"''' .. OFF 

"'''., TRANSMIT 
"0" .. OFF 

AEC. OUTPUT 

FIGURE 1 

SmDoriDS 

1 Bon 

390n 
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8T380A 

SCHMITT TRIGGER 
The receiver transfer curve shown in Figure 2a makes the 8T380 ideal in a variety of Schmitt Trigger and waveshaping applications such 
as Figure 2b. 

VOUT 

L.... ____________ V,N 

1.3V 2.3V 

MOS/C-MOS INTERFACE 
The low input current which is only 50ILA max. in the logical "1" 
state and no current in the logical "0" state marks the 8T380 an 
ideal MOS/C-MOS interface element. 

FIGURE 2 

98 lagnOIa:1 

% 8T380 

TTL OUTPUT 

FIGURE 3 



FEATURES 
• LOW SATURATION VOLTAGE (TYPICALLY O.5V) FOR MINIMUM 

POWER DISSIPATION 
• HIGH OUTPUT SINK CURRENT CAPABILITY - 400mA 
• LOW INPUT CURRENT LOADING FOR MOS COMPATIBILITY 
• LOW STANDBY POWER CONSUMPTION 
• SUITABLE FOR 3 VOLT BATTERY OPERATION 
• INPUTS/OUTPUTS ARE COMPATIBLE WITH 75494 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage Rangel .......................... -12 to VSS voltSc 
Output Voltage2 ........................................ 10 volts 
Output to Input Voltage Differential ....................... 10 volts 
Voltage at VSS (Pin 1) .................................. 10 volts 
Output Current - each output . . . .. .. . .. . . . . . . . . . . . . . . . . .. 400mA 
Output Current - all outputs ............................ 1200mA 
Continuous Total Power Dissipation 

at or Below 25°C3 .................................... 800mW 
Current in VR (Pin 9 or 16) ...... . . . . . . . . . . . . . . . . . . . . . . . . .. 25mA 
Operating Free-Air Temperature Range .................. 0 to 70°,,c 
Storage Temperature Range.. .. . . . . . .. . . . . . . . . . . . .. -65 to 150 C 
Lead Temperature 1/16 inch from 

Case for 10 Seconds . . .. .. .. .. . . . . . . . . . . . . . . . . . . . . .. . .. 260°C 

NOTES: 
1. The inputs are the only pins which may be negative with respect to ground. 
2. Voltage values are with respect to ground. 
3. Above 2S"C, derate power dissipation at 6.2SmW'"C. 

SWITCHING CHARACTERISTICS (TA = 25°C) 

PARAMETER TEST CONDITIONS LIMITS 
MIN TYP 

TpLH Propagation Delay, RR = saoo - 80 
Low to High Level Output RL = 390 

CL = 15pF 
TpHL Propagation Delay, VIH = 7.5V 

High to Low Level Output VIL = OV 
tr = tf ,.;10ns - 10 
tw = lp.s 
PRR = 100kHz 

VR Vl = 6.5V, 0.9 
IR = 6mA, 
IOL = 80mA 

ISS Current into Pin 1 VSS = 10V 

582 B,F 

PIN CONFIGURATION 
B, F PACKAGE 

Vss 

Input 1 

Output 1 

Output 2 

Input 2 

Output 3 

Input 3 

Ground 

CIRCUIT SCHEMATIC 

4k 

EACH OF 6 ORIVERS -= 

1/6 NE582 AS A RELAY DRIVER 

MAX 
UNIT 

v+ 
- ns 

- ns 

-= 
1.5 V 

100 p.A 
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TYPICAL APPLICATION FOR DIGIT DRIVING 
OF AN LED DISPLAY 

SEGMENT (i>-------
LINES 

DIGIT I~ II I LINES o---j 1-1 ---.-' 
o---j I 1-1 ---O-f-t>t---

'----' 
NE582 

TYPICAL CHARACTERISTIC CUIRVES 

100 

OUTPUT SATURATION VOLTAGI: AS A FUNCTION 
OF OUTPUT LOAD CURRENT, 
IR = 25mA, VIN = 6.5 VOLTS 

6oo~--~---r--

400 1---+---_+--·-.4h~_I 

2ool---+-~~_+--·_+--_I 

200 400 

OUTPUT LOAD CURRENT (mA) 

CHIP LAYOUT 

BI!IDOIICG 

INPUT CURRENT AS A FUNCTION 
OF INPUT VOLTAGE, 

IR = 25mA, VSS = 10V, TA = 25°C 

/ 
/ 

/ 
-12 -8 

INPUT VOLTAGE (mY) 

v 

8 10 



OBJECTIVE SPECIFICATION 
DESCRIPTION 

The NE584 and NE585 are respectively cathode and anode drivers for 
multiplexed gas discharge displays. 

The NE584 cathode driver is capable of driving up to 9 display seg­
ments, eg., 7 digit segments, decimal point and comma. The NE585 
anode drivers can drive up to 9 digits, adequate for most calculators and 
seven segment display applications. More digits may be driven by using 2 
or more anode drivers. 

The display segments are driven by floating current sources maintain­
ing uniform brightness across the panel and a minimum of system com­
ponents. A current feedback circuit is included to hold the anode voltage 
steady under all load conditions - maximum voltage ripple being typically 
held to less than 1 volt. 

An external resistor on the NE584 circuit provides for external pro­
gramming of segment current. 

The total driver system component count for a 9 digit display is only 4 
components (see figure 1) comprising 2 integrated circuits (NE584 and 
NE585), 1 resistor and 1 small value capacitor. Power supply require­
ments are -100V, +100V and the VSS supply. A single 200 V supply 
may be used with additional external components. 

FEATURES 
• INTERNAL FEEDBACK NETWORK ENSURES OPTIMUM OP­

ERATING CONDITIONS 
• MINIMUM COMPONENT COUNT FOR SYSTEM COST EFFEC-

TIVENESS 
• HIGH SYSTEM RELIABILITY 
• INTERNAL CURRENT LIMITING PROTECTION 
• SEGMENT CURRENT PROGRAMMABILITY FOR OPTIMUM OP­

ERATION OF ALL CHARACTER SIZES. 

PIN CONFIGURATION 

VS5 1 

Input 1 ~ 

Input 2 3 

Input 3 4 

Input 4 5 

Input 6 1 

Feedback 11 

BI!IDOIU:9 

PACKAGE 

24 Pull-Up Option 

">----115 Output 9 

14 V2 (-100V) 

lJ Program Current 

NE 584 

PACKAGE 

NE 585 

101 
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TYPICAL APPLICATIONS 
+100V 

Voo 

Rp 

-100V 

1Q2 IImOOllC1i 



FEATURES 
• OPERATION FROM A SINGLE +5V LOGIC SUPPLY 
• INPUT VOLTAGE RANGE OF:±:15V 
• INDEPENDENT CHANNEL STROBING 
• HIGH INPUT RESISTANCE 
• FANOUT OF TWO WITH DTL OR TTL 
• OUTPUT CAN BE WIRE OR'ED 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage 
Input Voltage 
Differential Input Voltage 
Strobe Voltage 
Output Sink Current 
Power Dissipation 
Operating Temperature Range (DM7820) 
Operating Temperature Range (DM8820) 
Lead·Temperature (Soldering, 10 sec) 

DM7820-DM8820 CIRCUIT SCHEMATIC 

8.0V 
:±:20V 
:±:20V 
8.0V 

25mA 
600mW 

-55°C to 125°C 
O°C to 70°C 

300°C 

PIN CONFIGURATION 
A, F PACKAGE 

Input 1 

Termination 2 

Input 3 12 Termination 

Strobe • 11 Input 

Response Time 5 10 Strobe 

Output 6 9 Response Time 

GND • Output 

RESPONSE-TIME CONTROL 

r--------~----~------1_----~----------~----~--__ov. 

NGN tNVE ~~~~~ cr-----.--~ 

R7 
170 

TERMINATION 

R2 

R'O 
'67 

A9 Rll 
5K 4.15 

R. 
5K 

R3 
'67 

R12 
5K 

R'3 
1.SK 

R" 
750 

R15 
320 

t-------+----<l OUTPUT 

'67 
R' 
5K 

r-~~~---------------4-------+----------~----~----------oGROUND 
INVERTING 

INPUT 
STROBE 

DM7820-DM8820 TYPICAL APPLICATION 

LINE DRIVER AND RECEIVER:;: 

OUTPUTS 

'EXACT VALUE OEPENOS ON LINE LENGTH 
WCC IS 4.5V to 5.5V FOR BOTH THE DM7820 and DM7830 

·'OPTIONAL TO CONTROL RESPONSE TIME 

91!1nOliC9 103 
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ELECT~ICAL CHARACTERISTICS (Notes 1 and 2) 

PARAMETER CONDITIONS 

Input Threshold Voltage 
VIN = 0 
-15V VIN 15V 

High Output Level lOUT 0.2mA 

Low Output Level ISINK 3.5mA 

Inverting Input Resistance 

Non-inverting Input Resistance 

Line Termination Resistance TA = 25°C 

Response Time 
CDELAY =0 
CDELAY = 100pF 

Strobe Current 
VSTROBE = 0.4V 
VSTROBE = 5.5V 

VIN = 15V 
Power Supply Current VIN = 0 

VIN = -15V 

VIN = 15V 
Non-inverting Input Current VIN =0 

VIN = -15V 

VIN = 15V 
Inverting Input Current VIN = 0 

VIN = -15V 

NOTES: 
1. These specifications apply for4.5V~Vcc~5.5V, -·15V~ VCM::;;;:15V and -55°C~T A~125°C forthe 

DM7820 or O°C TA 700 e for the DM8820 unless otherwise specified: typical values given are for 
Vee = 5.0V. TA = 25°C and VCM = 0 unless stat"d differently. 

2. The specifications and curves given are for one side only. Therefore, the total package dissipation 
and supply currents will be double the values given when both receivers are operated under identical 
conditions. 

104 ..II1IB. 

MIN TYP MAX UNITS 

-0.5 0 0.5 V 
-1.0 0 1.0 V 

2.5 5.5 V 

0 0.4 V 

3.6 5.0 k!l 

1.8 2.5 kG 

120 170 250 !l 

40 ns 
150 ns 

1.0 1.4 rnA 
-5.0 p.A 

3.2 6.0 rnA 
5.8 10.2 rnA 
8.3 15.0 rnA 

5.0 7.0 rnA 
-1.6 -1.0 rnA 
-9.8 -7.0 rnA 

3.0 4.2 rnA 
0 0.5 rnA 

-4.2 -3.0 rnA 



FEATURES PIN CONFIGURATION 
• SINGLE 5 VOLT POWER SUPPLY 
• HIGH SPEED A,F PACKAGE 
• DIODE PROTECTED OUTPUTS FOR TERMINATION OF POSITIVE 

AND NEGATIVE VOLTAGE TRANSIENTS 
• DIODE PROTECTED INPUTS TO PREVENT LINE RINGING 
• SHORT CIRCUIT PROTECTION 

ABSOLUTE MAXIMUM RATINGS 
VCC 
Input Voltage 
Operating Temperature 

DM7830 
DM8830 

Storage Temperature 
Lead Temperature (Soldering, 10 sec) 
Output Short Circuit Duration (125'C) 

CIRCUIT SCHEMATIC 

7.0V 
5.5V 

-55'C to +125'C 
O'C to 70°C 

- 65°C to + 150°C 
300°C 

1 second 

TYPICAL APPLICATION 

LINE DRIVER AND RECEIVER:!: 

DM7830 A,F 
DM8830 A,F 

':'EXACT VALUE DEPENDS ON LINE LENGTH STROBE 

tVcc IS 4.5V to 5.5V FOR BOTH THE DM7820 AND DM7830 

OPTIONAL TO CONTROL RESPONSE TIME 

AC TEST CIRCUIT 

'EXACT VALUE DEPENDS ON TRANSMISSION RATE 
'VCC IS 4.5V to 5.5V FOR BOTH THE DM7820 AND DM7830 

OPTIONAL TO CONTROL RESPONSE TIME 

SmDOliCS 
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SWITCHING CHARACTERISTICS 
PARAMETER CONDITIONS 

Propagation Delay tpd 1 TA=25°C 
AND Gate tpd 0 VCC=5.0V 

Propagation Delay tpd 1 CL =15pF 
NAND Gate tpd 0 See Figure 1 

Differential Delay t1 Load,100n 
and 5000pF 

Differential Delay t2 See Figure 2 

NOTES 
1. Specifications apply for OM7830 -5S"C ",;;TA~+125°C, Vee = +5V ±10%, DM8830 

O<>C~TA~70°C, Vee = +5V ±S% unless otherwise stated. Typical values given are for 
T A ~ 25°e, Vee ~ 5,QV. 

SWITCHING TIME WAVEFORMS 

FIGURE 1 

106 smoot• s 

MIN TYP MAX UNITS 

8 12 ns 
11 18 ns 

8 12 ns 
5 8 ns 

12 16 ns 
12 16 ns 

FIGURE 2 



FEATURES 
• CURRENT SOURCE OUTPUTS 
• ADJUSTABLE OUTPUT CURRENT - 0.2 TO 1.5 mA 
• HIGH OUTPUT BREAKDOWN VOLTAGE -110V TYP 
• SUITABLE FOR MULTIPLEX OPERATION 
• BLANKING AND RIPPLE BLANKING PROVISIONS 
• LOW FAN-IN AND LOW POWER 

,(;/. SEGMENT 
TRUTH TABLE 'LI' IDENTIFICATION . 
DECIMAL 

PIN CONFIGURATION 
B PACKAGE 

B Input Vee 

e Input f OutPUt 

9 Output 

8 Output 

b Output 

OR RBI DC BA BII a 
RBO 

b c d e f 9 DISPLAY 
c Output 

FUNCTION 

0 1 000 0 1 0 o 0 o 0 0 1 
1 X 000 1 1 1 o 0 1 1 1 1 
2 X 001 0 1 o 0 1 o 0 1 0 
3 X 001 1 1 o 0 001 1 0 
4 X o 1 0 0 1 1 o 0 1 1 o 0 
5 X o 1 0 1 1 o 1 001 o 0 
6 X o 1 1 0 1 o 1 000 o 0 
7 X o 1 1 1 1 o 0 o 1 1 1 1 
8 X 1 o 0 0 1 o 0 000 o 0 
9 X 1 o 0 1 1 o 0 001 o 0 

10 X 1 o 1 0 1 o 0 o 1 000 
11 X 1 o 1 1 1 1 1 o 0 000 
12 X 1 1 0 0 1 o 1 1 o 0 o 1 
13 X 1 1 0 1 1 1 o 0 o 0 1 0 
14 X 1 1 1 0 1 o 1 1 o 0 o 0 
15 X 1 1 1 1 1 o 1 1 1 000 
Bl X XX X X 0 1 1 1 1 1 1 1 
RBI 0 o 0 o 0 0 1 1 1 1 1 1 1 

LOGIC AND CONNECTION DIAGRAMS 

,-, 

,:::' 
=: 
'-I 
c 

'~ 
:=: . .:: 
:=: 

'-,::: 
E 
:= 

ABSOLUTE MAXIMUM RATINGS 
VCC 
Input Voltage (Except Bl) 
Input Voltage (Bl) 
Power Dissipation (Note 1) 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) 

d Output 

8 Output 

7V 
6V 

VCC 
600mW 

O°C to 70°C 
-65°C to 150°C 

300°C 

Note 1: MinImax limits apply across the guaranteed operating temperature range of 
O°C to 70°C unless otherwise specified. Typicl!lsare for Vee =5V. TA =25°C. Positive 
current is defined as current into the referenced pin. 

r- - - - - -- - -- - .-----l-aOUTPUT 

I + 

A INPUT 

BINPUT 

C INPUT 

o INPUT 

I 
I 

RIPPLE 
BLANKING -+-----l 

INPUT 

BLANKING 
I NPUTI 
RIPPLE 4----+--1 

BLANKING 
OUTPUT I 

16 WORD x 7 BIT 
READONLV 

MEMORY 

r.-+--i- bOUTPUT 

r--4---+- c OUTPUT 

..... -+---;- • OUTPUT 

r--4---+-. OUTPUT 

r---+---'- f OUTPUT 

r---+--4-g 0 UTPUT 

CURRENT 
PROGRAMMING 
INPUT L _______________ ~ 
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SWITCHING CHARACTERISTICS 

PARAMETER CONDITIONS 

Segment Outputs: 
Outputs a, f, g On Current Ratio All Outputs = SOY, Output b Curr. = Ref. 

Outputs = SOY, Output b Curr. = Ref. 
Outputs = SOY, Output b Curr. = Ref. 
Outputs = SO V, Output b Curr. = Ref. 

Output c On Current Ratio All 
Output d On Current Ratio All 
Output e On Current Ratio All 
Output b On Current VC C = SV, VOUT b= SOY, 

A = 2SoC, RP = 18.1k 
C = SV, VOUT b = SOY, 

T 
VC 

T 
VC 

T 
VC 

1 

A = 2SoC, RP = 7.03k 
C = SV, VOUT b = SOY, 
A = 2SoC, RP = 3.40k 

C = SV, VOUT b = SOY, 
A = 2SoC, RP = 2.20k 

Output Saturation Voltage VC C = 4.7SV, lOUT = 2mA, 
R P = 1k±S% 

Output Leakage Current VO UT = 7SV, BI = OV 
Output Breakdown Voltage IOU T = 2S0p.A, BI = OV 

Propagation Delays: 
BCD Input to Segment Output VC C = SV, TA = 2SoC 
BI to Segment Output VC C = SV, TA = 2SoC 
RBI to Segment Output \lC C = SV, TA = 2SoC 
RBI to RBO \lC C = SV, TA = 2SoC 

TYPICAL APPLICATION 

10.0 

3.0 
" 

, 

" 1.0 

0.3 

0.1 

108 

OUTPUT CURIRENT 
PROGRAMMING 

-

1', 
" 

10 30 

Rp(kfll 

Vee.: 5V 
VOUT:: 50V 
TA = 25°C 

100 

9i!1DOliC9 

I." 

1.03 

1.02 

1.01 

1.00 

0." 

0.98 

0.97 

MIN 

0.88 
1.19 
0.9S 
1.04 

0.18 

O.4S 

0.90 

1.4S 

80 

.IV 
V 

10 

TYP MAX 

0.93 0.98 
1.2S 1.31 
1.00 1.0S 
1.10 1.16 

0.20 0.22 

O.SO O.SS 

1.00 1.10 

1.S0 1.6S 

0.8 2.S 
.003 3 

110 

0.4 10 
0.4 10 
0.7 10 
0.4 10 

ON CURRENTS VS 
TEMPERATURE 

~~O/ 
vv4/ 
~ 

/ 
7 

V 

UNITS 

mA 

mA 

mA 

mA 

V 
p.A 
V 

p's 
p's 
p's 
p.s 

/v 
V 

/ ON CURRENT RATIOS 

I7 I I 
Vee ::5V / VOUT= 50V ~ 
Rp=OTEMP.COEF. 
o.2m~( IQUT<I,.5 rnA 

20 30 40 50 60 70 

TA (0C) 



TYPICAL APPLICATION (Continued) 

VAA 
(170·200 VQe) 

DISPLAY 

Vee 
ISV· 53/41 

DECODER/DRIVER DM8880 

A 

MEMORY SN7475 
QUAD LATCH 

STROBE 

A 

COUNT SN7490 
COUNTER 

INPUT 
DECADE 

COUNTER 

Ii!lDOliDI 

SPERRY 
SP·730 OR 
SP·760 
DISPLAY TUBE 

RB1 

81/RBO 

GND 

-

COUNT 
OUTPUT 
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FEATURES PIN CONFIGURATION 
• CURRENT LIMITED OUTPUT: ±10mA TYP r-=-=-='-'-"''-'-'=C!..!!''-'--~=----------------, 
• POWER-OFF SOURCE IMPEDANCE: 31~OO MIN F PACKAGE 
• SIMPLE SLEW RATE CONTROL WITH EXTERNAL CAPACITOR 
• FLEXIBLE OPERATING SUPPLY RANCIE 
• INPUTS ARE DTLlTTL COMPATIBLE 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage V+ +15V 

-15V V­
Input Voltage (VIN) 
Output Voltage 
Power Dissipation 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) 

-15V .;;VIN .;;7.0V 
±15V 

1000mW 
O°C to +75°C 

-65°C to +175°C 
300°C 

CIRCUIT SCHEMATIC (y4CIRCUIT) 

~ ______ ~ ______ -. ____ .-____ --ow 

INPUT 0--1<:1-.. 09 

INPUT 0--1<:1-.. 

AS 
.... _~....J""'.--<J OUTPUT 

08 

L-__ 4-__ ~ ______ ~' __ ~ ______ ~V_ 

AC LOAD CIRCUIT 

VINirVOUT 

3k '::' J '5pF' 

'CL INCLUDES PROBE AND JIG CAPACITANCE 

SWITCHING WAVEFORMS 

--1 '5V \. ---- 30V 

VIN ~tpdO~ -.l tpd' r-- OV 

VOUT~ V-
~ 

tr and tf ARE MEASURED BETWEEN 10% AND 90% OF THE OUTPUT WAVEFORM 

SWITCHING CHARACTERISTICS (Note 2) 

PARAMETER CONDITIONS MIN TYP 

Propagation Delay to "1" (tpd1) RL = 3.0kO, CL = 15pF, TA = 25°C 230 

Propagation Delay to "0" (tpdO) RL = 3.0kO, CL = 15pF, TA = 25°C 70 
Rise Time (tr) RL = 3.0kO, CL = 15pF, TA = 25°C 75 
Fall Time (If) RL = 3.0kO, CL = 15pF, TA = 25°C 40 

NOTES 
1. Vohage values shown are with respect to network ground terminal. Positive current is defined as current into the referenced pin. 
2. These specifications apply for V+ = +9.0V± 10/0, V~ = ·-9.0V± 1%, TA = aoc 10 + 75°C unless otherwise noted. Alltypica/s are tor V+ = 9.0V, V- = -9.0V, and 

TA ~ 25"C. 

110 I(gDOIIDI 

MAX UNITS 

300 ns 

175 ns 
100 ns 

75 ns 



APPLICATIONS 
By connecting a capacitor to each driver output the slew rate can be 
controlled utilizing the output current limiting characteristics of the 
MC1488. For a set slew rate the appropriate capacitor value may be 
calculated using the following relationship 

C = ISC (/IT//lV) 

where C is the required capacitor, ISC is the short circuit current value, 
and /l VI /l T is the slew rate. 
RS232C specifies that the output slew rate must not exceed 30V per 
microsecond. Using the worst case output short circuit current of 12mA in 
the above equation, calculations result in a required capacitor of 400pF 
connected to each output. 

RS232C DATA TRANSMISSION 

1/4 MC1489/ 
T2l/0TL 1/4 MC1488 MC1489A T2L10TL =r:»- p..-f----.. ---+--C~::t=»--

INTERCONNECTING 
CABLE 

T2L!DTL 

--«=}::: 

MODEM 

.. OPTIONAL FOR NOISE FILTERING 

CHARACTERISTIC CURVES 
OUTPUT VOLTAGE AND 

CURRENT-LIMITING CHARACTERISTICS 

15 

~ 
12 

\" 
\ f\. V+= 12V 

\ \ V+=9V\ 
\-~-12V-

\ \ V-=-9V \ 
\ \ \ 
\ \ \ \ 

-" \ 

-3 

-6 

-9 

~111. \ 
-12 

-15 

-16 -12 -8 -4 12 16 

Vo. OUTPUT VOLTAGE (VI 

TYPICAL APPLICATIONS 

DTLlTTL-TO-MOS TRANSLATOR 

DTL/TTL 
INPUT 

+12V 

-12V -12V 

DTLlTTL-TO-HTL TRANSLATOR 

DTL/TTL 
INPUT 

+12V 

-12V 

DTLlTTL-TO-RTL TRANSLATOR 

+12V 

OTL/TTL RTL OUTPUT 
INPUT -O.7V TO +3.7V 

-12V +3.0V 

B(gnOliDB 111 
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MC1489F MC1489A·F 

FEATURES PIN CONFIGURATION 
• FOUR TOTALLY SEPARATE RECEIVERS PER PACKAGE 
• PROGRAMMABLE THRESHOLD F PACKAGE 

• BUlL T·IN INPUT THRESHOLD HYSTERESIS 
• "FAIL SAFE" OPERATING MODE 
• INPUTS WITHSTAND ±30V 

ABSOLUTE MAXIMUM RATINGS 
The following apply for TA = 25°C unless otherwise specified. 
Power Supply Voltage 10V 

±30V 
20mA 

lW 
O°C to +75°C 

-65°C to +175°C 

Input Voltage Range 
Output Load Current 
Power Dissipation 
Operating Temperature Range 
Storage Temperature Range 

AC TEST CIRCUIT 

RESPONSE 
CONTROL 

""OPEN OUTPUT 'Icc 

1" ">c:>--I-i"~~-~-+uCDII-N'3 ~ 
-= ":' JIG AND P"OBE ~ 

VOLTAGE WAVEFORMS 

~
----3V 

• 50% 

INPUT 1 ~OV 
1.5V 

1"- 1'8% 

RESPONSE 
CONTROL 1 

RESPONSE 
CQNTROL2 

CIRCUIT SCHEMATIC 

(114 OF UNIT SHOWN) 

4k 

o=~ ]r" 1~" 
tpd O !.- _ ~tpd' 

INPUT o-~""'~I--""_---It'" 

MC1489: RF = 10k 
MC1489A: RF = 2k 

SWITCHING CHARACTERISTICS MC1489/MC1489A VCC = 5.0V ±l%, TA = 25°C 

PARAMETER CONDITIONS 
MC1489 

MIN TYP 

Input to Output "High" RL = 3.9k (AC Test Circuit) 25 
Propagation Delay (tpd1) 
Input to Output "Low" RL = 3900 (AC Test Circuit) 20 
Propagation Delay (tpdO) 
Output Rise time RL = 3.9k (AC Test Circuit) 110 
Output Fall Time RL = 3900 (AC Test Circuit) 9 

112 9i!1DOliC9 

MAX 

85 

50 

175 
20 

RESPONSE 
CONTROL 4 

RESPONSE 
CQNTROL3 

,--_-...... -0 Vee 

9k 5k 2k 

OUTPUT 

MC1489A 

MIN TYP MAX 

25 85 

20 50 

110 175 
9 20 

UNITS 

ns 

ns 

ns 
ns 



TYPICAL APPLICATIONS 
RS232C DATA TRANSMISSION 

1/4 MCl4891 
MCl489A T2L/DTl T-2L1DTl 1/4 IIftC1489 

=~:» ::r:»--

MODEM 

-OPTIONAL FOR NOISE FILTERING 

amODIIBI 

MOS TO T2L1DTL TRANSLATOR 

5V 

~ , __ -, ~~L 

I MOS LOGIC ..,-"'L .... ' L __ ...1 I 

1/4 MC1489/ 1 -r-, 
MC1489A r .... ..., 
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FEATURES 
• FUNCTIONALLY EQUIVALENT AND PIN COMPATIBLE TO 

SN75107A/207A 
• 17ns MAXIMUM GUARANTEED PROPAGATION DELAY 
• 20 /LA MAXIMUM INPUT BIAS CURRENT 
• STIL COMPATIBLE STROBES AND CIUTPUTS 
• LARGE COMMON MODE INPUT VOLl'AGE RANGES 
• OPERATES FROM STANDARD SUPPI.Y VOLTAGES 

ABSOLUTE MAXIMUM RATINGS 
Positive Supply Voltage (V+) 
Negative Supply Voltage (V-) 
Differential input voltage 
Common mode input voltage 
Strobe/Gate input voltage 
Power Dissipation 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering 60 seconds) 

SCHEMATIC DIAGRAM 

l1o----j----, 

11 

+7V 
-7V 
±6V 
±5V 

+5,5V 
600mw 

O°C to 70°C 
-65°C to + 150°C 

+ 300°C 

PIN CONFIGURATION 

A, F PACKAGE 

INPUT 1A 1 

INPUT 1B 2 

OUTPUT 1 Y 4 

STROBE 1G 5 

STROBE 5 6 

GROUND 7 

APPLICATIONS 
MOS MEMORY SENSE AMP 
AID CONVERSION 
HIGH SPEED LINE RECEIVER 

114 smnOfms 

12 INPUT 2A 

11 INPUT 28 

9 OUTPUT 2Y 

8 STROBE 2G 



SWITCHING CHARACTERISTICS V+ = +5.00, V- = -5.00, TA = 0 to 70°C (Unless Otherwise Noted). 

PARAMETER TEST CONDITIONS 75S107/207 
MIN TYP MAX 

Amplifier Input 

Input offset voltage 755107 V+ = 4.75, V- = -4.75 25 
75S207 10 

Input Bias Current 25°C V+ = 5.25, V- = -5.25 7.5 20 
Over temp range V+ = 5.25, V- = -5.25 40 
Input offset current 25°C V+ = 5.25, V- = -5.25 1.0 5 
Over temp range V+ = 5.25, V- = -5.25 ±3 12 
Input common mode voltage range V+ = 4.75, V- = -4.75 
Input resistance 4 
Input capacitance 3 6 
Voltage gain 5 

Power Supply Requirements 

Supply Voltage 
V+ 4.75 5.00 5.25 
V- -4.75 -5.00 -5.25 

Large Signal Switching Speed 

T pLH (0) low to high propagation delay RL = 280nCL = 15 pF 12 17 
from amp inputs to output T A = 25°C Note 1 
T pHL (0) high to low propagation delay RL = 280nCL = 15 pF 9 13 
from amp inputs to output T A = 25°C Note 1 
T pLH (S) low to high propagation delay RL = 280nCL = 15 pF 4.5 6 
from strobes input to output T A = 25°C Note 2 
T pHL (S) high to low propagation delay RL = 280nCL = 15 pF 3.0 4.5 
strobe input to output T A = 25°C Note 2 
Maximum Operating Frequency RL = 280nCL = 15 pF 40 55 

TA=25°C 

NOTES: 
1. Response time measured from 0 V point of ±100 mV p.p 10 MHz square wave to the 1.5 point of the output. 
2. Response time measured from 1.5 V point of input to 1.5 V point of output. 
3. Response time measured from the start of a 100 mV input step with 5 mV overdrive to the 1.5 V point of the outPUi. 

TYPICAL PERFORMANCE CHARACTERISTICS 

1 

100 

50 

RESPONSE TIME FOR 
VARIOUS INPUT OVERDRIVES 

TA=25"C 
vs=±sv _ 

l00r ......... fA 
20 mV ,,"J fff 5mV 

/n 10mV 

1. 15 2. 2' 30 

TIME -"I 

100 

50 

RESPONSE TIME FOR 
VARIOUS INPUT OVERDRIVES 

TA ·2S"C 

VS· 'SV 

5mV 

" I--;;omv:::::~ ~ 10mV 

I "\ 
t--1OOmV 

1. " 20 2. 
TIME -n! 

I UNIT 

mV 
mV 
/LV 
!LA 
/LA 
!LA 
V 
kn 
pF 

VlmV 

V 
V 

ns 

ns 

ns 

ns 

MHz 

30 
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TYPICAL PERFORMANCE CHAHACTERISTICS (CONT'D) 

116 

RESPONSE TIME, VS. 
TEMPERATURE 

I. " "., 
~~V' 

I. 
~~ 

/~ 
TPO(LH) 

• I 

:0" ;: - V 

~ -- --- I-- --~ 10 

-- -- - TPO(Hl) 

j 
-20 +20 +6(1 +100 

AMBIENT TEMPE nATURE - °t 

PROPAGATION [)ELAY FOR 
VARIOUS INPUT VOLTAGE 

"" 

20 .---,..-,--r--r----,----r-r-,-----, 
~9;~;;~UARE 

18 1---++-+-1----+ WAVE INPUT I----j 
T/J, = 2!;oC 

'.~_-++-+_I-_-+ ____ +-~+-__ ~ 

1.1--++-+-t--I---H-t----l 
____ TPD (LH) 

,,~--+=~~~~=t===~-+---~ 
10-

'" 

" \ 
\ 

" 

-7. 

TPO (HL) 

1000 

INPUT VOLT AG E - mV p-p 

INPUT BIAS CURRENT VS. 
AMBIENT TEMPERATURE 

\ 
\ 

\ 

\ 
\ 

1\ 
'\ 

...... --
-26 +25 +75 ",. 

AMBIENT TEMPERATURE -"c 

~ 
~ 
~ 
~ 

~ 

. 
I 
~ 
Z 

" " ~ 
~ 
0 

t; 
~ 

18 

I. 

I. 

" 

PROPAGATION DELAY FOR 
VARIOUS INPUT VOLTAGE 

v ., +st 
leMHz saUARE 

WAVE INPUT 
TA = 25°C 

~ t---. TPC (LH) 

TPDUk) 

10 20 30 .. .. 60 

INPUT VOLTAGE - mV p-p 

OUTPUT VOLTAGE VS. 
AMBIENT TEMPERATURE 

70 

'.0 r-r-r_-=_=.f:===f='F:-.:'f=T-=i-T-' 
VOH --

3.0 ~-t-+-+---~-+-+-+------j~-+--l 

2.0 ~-t-+-+---~-+-+-+-----1---1-+--I 

1.0 ~-t-+-+---~-+-+-+----1,--+--I 

-75 -25 +25 +75 +125 

AMBIENT TEMPERATURE _ °C 

INPUT OFFSET CURRENT VS. 
AMBIENT TEMPERATURE 

1.0 

\ 
\ 

0.' 
\ 

\ 
\ 

0 .• 
\ 
\ 

\ 
0.7 

1'\ 
"-
~ 

0.' 

0.5 ...... 
... ...... 

-75 -25 +25 +75 +125 

AMBIENT TEMPERATURE - ac 



FEATURES 
• FUNCTIONALLY EQUIVALENT AND PIN COMPATIBLE TO 

SN75108A1208A 
• 17ns MAXIMUM GUARANTEED PROPAGATION DELAY 
• 20fLA MAXIMUM INPUT BIAS CURRENT 
• TTL COMPATIBLE STROBES AND OUTPUTS 
• OPEN COLLECTOR OUTPUTS 
• LARGE COMMON MODE INPUT VOLTAGE RANGE 
• OPERATES FROM STANDARD SUPPLY VOLTAGES 

ABSOLUTE MAXIMUM RATINGS 
Positive Supply Voltage (V+) 
Negative Supply Voltage (V-) 
Differential input voltage 
Common mode input voltage 
Strobe/Gate input voltage 
Power Dissipation 
Operating Temperature Range 
Storage temperature range 
Lead temperature (Soldering 60 seconds) 

SCHEMATIC DIAGRAM 

+7V 
-7V 
±6V 
±5V 

+5.5V 
600mw 

O'G to 70'C 
-65'C to +150'C 

+300'C 

PIN CONFIGURATION 

A, F PACKAGE 

INPUT lA 1 

INPUT18 2 

OUTPUT 1Y 4 

STROBE lG '" 

STROBE S 6 

GROUND 7 

APPLICATIONS 
HIGH SPEED LINE RECEIVER 
MOS MEMORY SENSE AMP 
AID CONVERSION 

12 INPUT 2A 

11 INPUT 28 

9 OUTPUT 2Y 

8 STROBE 2G 

14~~----~----t-----------t---------t-------------------~------~-------------------, 

12 0:.------+----
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SWITCHING CHARACTERISTICS V + = +5.00, V - = -5.00, T A = 0 to 70°C (Unless Otherwise Noted). 

PARAMETER TEST CONDITIONS 75S 1 081208 
MIN TYP MAX 

Amplifier Input 

Input offset voltage 758108 V+ = 4.75, V- = -4.75 25 
758208 10 

Input Bias Current a 25°C V+ = 5.25, V- = -5.25 7.5 20 
over temp range V+ = 5.25, V- = -5.25 40 
Input offset current a 25°C V+ = 5.25, V- = -5.25 1.0 5 
over temp range V+ = 5.25, V- = -5.25 12 
Input common mode voltage range V+ = 4.75, V- = -4.75 ±3 +3 
Input resistance 4 
Input capacitance 3 6 
Voltage gain 5 

Power Supply Requirements 

8upply Voltage 
4.75 5.00 5.25 V+ 

V- -4.75 -5.00 -5.25 

Large Signal Switching Speed 

T pLH (0) low to high propagation delay RL = 2800CL = 15 pF 12 17 
from amp inputs to output T A = 25°C Note 1 
T pHL (0) high to low propagation delay R L = 2800 CL = 15 pF 9 13 
from amp inputs to output T A = 25°C Note 1 
T pLH (8) low to high propagation delay R L = 2800 CL = 15 pF 6 10 
from strobes input to output T A = 25°C Note 2 
T pHL (8) high to low propagation delay R L = 2800 CL = 15 pF 5 8 
strobe input to output T A = 25°C Note 2 
Maximum Operating Frequency R L = 2800 CL = 15 pF 25 35 

TA=25°C 

NOTES: 
1. Response time measured from OV point of ± 1 00 mV :?-P 10MHz square wave to the 1.5 point of the output. 
2. Response time measured from 1.5V point of input to 1.SV point of output. 
3. Response time measured from the start of a 1QOmV input step with 5mV overdrive to the 1.5V point of the output. 

TYPICAL PERFORMANCE CHARACTERISTICS 

1DO 

50 

118 

RESPONSE TIME FOR 
VARIOUS INPUT OVERDRIVES 
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TYPICAL PERFORMANCE (Cont'd) 
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TYPICAL PERFORMANCE (Continued) 

120 

PROPAGATION DELAY FOR 
VARIOUS INPU'rVOLTAGES 

V=:t5V 
10 MHl SQ. WAVE 201---++-+--+--tTA"'25"C -I---

18~-++-+--+--~---r~~-+---i 

181---++-+--+--~---r+-+--+--1 
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TPO ILH) 

101---++-+--+--r---r+-+--+--1 
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11 

10 
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600 1000 2000 
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AMBIENT TEMPERATURE 
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PROPAGATION DELAY FOR 
VARIOUS INPUT VOLTAGE 

vs- ±5V 
10 MN .. SQUARE WAVE INPUT 
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FEATURES 
• 300mA OUTPUT CURRENT CAPABILITY 
• HIGH VOLTAGE OUTPUTS 
• NO OUTPUT LATCH-UP AT 20V 
• HIGH SPEED SWITCHING 
• CIRCUIT FLEXIBILITY FOR VARIED APPLICATIONS 
• TTL OR DTL COMPATIBLE DIODE-CLAMPED INPUTS 
• STANDARD SUPPLY VOLTAGES 

EQUIVALENT CIRCUIT 

GND 

ABSOLUTE MAXIMUM RATINGS 

Supply voltage, VCC (see Note 1). 

Input voltage 

Interemitter voltage (see Note 2) 

Vcc-to-substrate voltage 

Collector-to-substrate voltage 

Collector-base voltage 

Collector-emitter voltage (see Note 3) 

Emitter-base voltage 

Output voltage (see Note 4) 

Collector current (see Note 5) 

Output current (see Note 5) 

Continuous total dissipation at (or below) 
25°C free-air temperature (see Note 6) 

Operating free-air temperature range 

Storage temperature range 

Lead Temperature 1/16 inch from case 
for 60 seconds 

Lead temperature 1/16 inch from case 
for 10 seconds 

1. Voltage values are with respect to network ground terminal 
unless otherwise specified. 

2. This is the voltage between two emitters of a multiple­
emitter transiter. 

3. This value applies when the base-emitter resistance (RBE) 
is equal to or less than 500 n 

4. This is the maximum voltage which should be applied to any 
output when it is in the off state. 

1E Vee 

55450B 75450B UNIT 

7 7 '/ 

5.5 5.5 V 

5.5 5.5 V 

35 35 V 

35 35 V 

35 35 V 

30 30 V 

5 5 V 

V 

300 300 mA 

mA 

800 800 mW 

-55 to 125 a to 70 °c 

-65 to 150 -65 to 150 °c 

300 300 °c 

260 260 °c 

5. Both halves of these dual circuits may conduct rated current 
simultaneously; howeller, power dissipation averaged over 
a short time interval must fall within the continuous dissipa­
tion rating. 

6. For operation above 25°C free-air temperature, refer to 
Dissipation Derating Curve, Figure 20. This rating for the 
T package requires a heat sink that provides a thermal 
resistance from case to free-air, RHCA. of not more than 
95°CIW. 

IimnOlieB 

PIN CONFIGURATION 

A, F PACKAGE 

Gnd 

v 
cc 

Sub 
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ELECTRICAL CHARACTERISTIGS-OUTPUT TRANSISTORS 

PARAMETER TEST CONDITIONS MIN TYpt MAX UNIT 

V(SR)CSO Collector-Sase SreakcJown Voltage IC = 1OO/J-A, IE = 0 35 V 

V(SR)CER Collector-Emitter Breakdown Voltage IC = 1OO/J-A, RSE = 500 n 30 V 

V(SR)ESO Emitter-Sase Sreakdown Voltage IE = 1OO/J-A, IC = 0 5 V 

VCE = 3 V, IC = 100mA, 25 
TA = 25°C 

VCE = 3V, IC = 300mA, 30 
hFE Static Forward Current Transfer Ratio TA = 25°C 

VCE = 3 V, IC = 100 mA, 10 
TA = -55°C 

VCE = 3 V, IC = 300mA, 
15 TA = -55°C 

IS=10mA, IC = 100 mA 0.85 1.2 
VSE' Base-Emitter Voltage IB = 30 mA, IC = 300 mA V 

1.05 1.4 

IS = 10 mA, IC = 100 mA 0.25 0.5 
VCE(sat)' Collector-Emitter Saturation Voltage V 

IS = 30 mA, IC = 300 mA 0.5 0.8 
-,All tYPical values are at Vee = 5 V, TA - 25 C -1. These parameters must be measured uSing pulse techniques. tw - 300 p.5, duty cycle oS; 2 Yo. 

SWITCHING CHARACTERISTIC:S,-TTL GATES VCC = 5 V, TA = 25°C 

PARAMETER 
TEST TEST CONDITIONS MIN TYP MAX UNIT FIGURE 

tpLH 
Propagation delay time, 12 22 ns low-to-high-Ievel output 

-- 1 CL = 15 pF, RL = 400 n 
tpHL 

Propagation delay time, 
8 15 na high-to-Iow-Ievel output 

OUTPUT TRANSISTORS 

PARAMETER TEST TEST CONDITIONS:!: MIN TYP MAX UNIT FIGURE 

td Delay time 8 15 ns 

tr Rise time 
IC = 200 mA, IS(1) = 20 mA, 

12 20 ns 
2 IS(2) = -40 mA, VBE(off) = -1 V, 

ts Storage time 7 15 ns 

tf Fall time 
CL = 15 pF, RL = 50 n 

6 15 ns 
Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 

PARAMETER MEASUREMENT INFORMATION 

TEST CIFICUIT VOLTAGE WAVEFORMS 

1----+---., 5", 1------+--· 

9~\ i i )9~ JV 
,ov~,~ ,~Yr5V 

!I ===-;;:;:;-:==~II -- - - -- - - - ov r--- O.5jJs • 

tPLH~ ~~~---VOH 

1 1 

!NPUT 2.4V Vee OUTPUT 5V 

Rl "' 400 

PULSE -r '( .... .. 
GENERATOR 1 '" ...... (SE"ENOTE A) SUBt GND 

(SEE NOTE C) I CL' 15pF 

{SEE NOTE BJ 
OUTPUT 

FIGURE 1 

NOTE: All resistor values are typical and in ohms. 
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PARAMETER MEASUREMENT INFORMATION (CONT'D) 

TEST CIRCUIT 

r- .., 
I I 

I--~-r--it_-+-~I'v-__ll-;::.. I 
CI.I .. F I I 

'-- ~ 

NOTE: All resistor values are typical and in ohms. 

VOLTAGE WAVEFORMS 

f----03~'----I 

I 90% --+-----------3V 
I I '" I I 

I I 
I '" I : ;<1=-------
1----1- I-------r- ." 
1-.,--1 :-.,--1 

1 I 
1-',-1 1-',-1 

------~'~"~ ~~'~~-------

FIGURE 2-SWITCHING TIMES, EACH TRANSISTOR 

GATES AND TRANSISTORS COMBINED 

PARAMETER TEST TEST CONDITIONS MIN TYP MAX UNIT FIGURE 

tPLH Propagation delay time, low-to-high-Ievel output 

tPHL Propagation delay time, high-to-Iow-Ievel output 
3 

tTLH Transition time, low-to-high-Ievel output 

tTHL Transition time, high-to-Iow-Ievel output 

VOH High-level output voltage after switching 4 

PARAMETER MEASUREMENT INFORMATION (CONT'D) 

PULSE 
GENERATOR 
(SEE NOTE AJ 

TEST CIRCUIT 

INPUT 2.4V 

~ 
1 

'4508 

I 

U CIRCUIT 
UNDER 
TEST 

(SEE NOTE 8) 

GND : SUB 

I 
I 
I 

'*' 
NOTE: All resistor values are typical and in ohms. 

10V 

t---~-<> OUTPUT 

I 

20 30 ns 
IC = 200mA, CL = 15 pF, 20 30 ns 
RL = 50 n 7 12 ns 

9 15 ns 

VS = 20V, IC =300mA, 

RBF = 500 n VS-6.5 mV 

VOLTAGE WAVEFORMS 

I---t--- - !in. i---I--- IOn. 

~I_: Vi I,.. 'v 
I~:~ 1 I 
::~: 1.5\1 I ~I I 1.5'1 

I "' .. ';:::"---_______ ,=~L.. i- - -- - - - -- ov 

II--------"~,-------II 
--I i t-- .-- 5", --, I 1--.- IOn. 

jfl I "'" .... ~i-:--------'v 
I~~~ I 11.5'0' I.W I 

4~8 10% I ! ! I 10% ov 

~lpHl --j i+---lplH--i 

1 I 

""~I ---iill II"'" VO, 0",,", : I", __ 
I .10% 10%1 
I I=---------~\--I----VOL 

I---+-ITHL i--+'TlH 

FIGURE 3-SWITCHING TIMES OF COMPLETE DRIVERS 

NOTES: A. The pulse generator has the following characteristics: PRR = 1 MHz, Zout = 50 n 
B. When testing 554508 or 754508, connect output Y to transistor base and ground the substrate terminal. 
C. CL includes probe and jig capacitance. 
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PARAMETER MEASUREMENT INFORMATION (cont'd) 
----------~--~--------------------------------------, 

INPUT 

TEST CIRCUrr 

2.4V 

1 
'450B 

GNO I SUB , , , 
~. 

NOTE: ALL RESISTORS VALUES ARE TYPICAL AND IN OHMS 

Vs" lOV 

2mH 

.5 

-.,.... ...... --t--o OUTPUT 

I CL -lSp' ... ,~"" 

INPUT .• ~ 

VOLTAGE WAVEFORMS 

I'IGURE 4 - LATCH-UP TEST OF COMPLETE DRIVERS 

NOTES: 
A. The pulse generator has the following chara.cteristics; PRR ::: 12.5 kHz, lout::: SOU. 
B. When testing 55450B or 754508, connect output Y to transistor base with a 500- Qresistor from there to ground, and ground to substrate terminal. 
C. Cl includes probe and jig capacitance. 

TYPICAL CHARACTERISTICS CURVES 
------------------------------------------------------~ 

4.0 

3.S 

~ 
3.0 . 

~ 
0 

2.S > 
~ 
~ 

~ 
~ 2.0 0 

~ 1.S , 
'" or 
I 

1.0 , 
0 

> 

O.S 

o 
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TTL GATE 
HIGH-LEVEL OUTPUT VOLTAGE 

vs 
HIGH-LEVEL OUTPUT CURRENT 

tee'SV' 
V,l = O.SV 

TA '" ZS"C 

~ see FIGURE 2 

1"\ 
r'\ 

\ 

I",. 

\ 
\~ 

I\. 

-

o -5 -10 -15 -20 -25 -30 -35 -40 

IOH ~ HIGH·lEVEl OUTPUT CURRENT - rnA 

FIGURE 5 

TRANSISTOR 
STATIC FORWARD CURRENT TRANSFER RATIO 

vs 

100 

o 90 

~ 
~ 80 

~ 70 

~ 
~ i 60 

COLLECTOR CURRENT 

veE'" 3V 

see NOTE 8 

TA "70°C ~ t-" ...--
TA 25°C -l-I-a 50 

li! ~ +--l-f-
• ~ 40 

Ii! 
" 30 
~ 

~ 
I 20 

10 

o 
10 

-T A = oue 

20 40 70 100 

Ie - COLLECTOR CURRENT - rnA 

FIGURE 6 
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TYPICAL CHARACTERISTICS CURVES (cont'd) 

TRANSISTOR 
BASE-EMITTER VOLTAGE 

vs 
COLLECTOR CURRENT 

TRANSISTOR 
COLLECTOR-EMITTER SATURATION VOLTAGE 

vs 
COLLECTOR CURRENT 

1.2 

1 
Ie II 
- ==10 

II Ld I. 
1. 

0.6 

> 
I 

1! 

Ie 

J - ~ 10 I. 
1.0 

> 0.9 
I 

w 
~ 0.8 

seE NOTE 8 TA"O·~ V 
I- 0A,",70U C 

~ 
0.5 

0 
> 
z 
0 

~ 
0.4 

seE NOTE 8 

VJ TA ==70"C 

" g 0.7 

"' w 
~ 0.6 

~ 0.5 
:i: 
~ 0.4 
I 

>rJ:'J 0.3 

~ 

0.2 

0.1 

~ 
~ 

-r- 1-1--
G A =25u C 

o 
10 20 40 70 100 

Ie ~ COLLECTOR CURRENT - rnA 

FIGURE 7 

::> 

~ 
"' w 
>-
>-

~ 
" 
~ 
8 
I 

~ 
,;' 

200 400 

0.3 

0.2 

0.1 

o 
10 

~~ 

V 
~ t; i--"~~ 

TA = O°C -- ~A~25OC 

I 
20 40 70 100 200 

Ie - COLLECTOR CURRENT - mA 

FIGURE 8 

NOTE 8: These parameters must be measured using pulse techniques, tw ::: 300 j.Ls, duty cycle S 2%. 
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NOTE 9. THIS RATING FOR THE T PACKAGE AECIUIRES A HEAT SINK 
THAT PROVIDES A THERMAL RESISTANCE FROM CASE TO FREE 
AIR, ROCA' OF NOT MORE THAN 9SoC!WATT. 
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FEATURES 
• 300mA OUTPUT CURRENT CAPABILl1rv 
• HIGH VOLTAGE OUTPUTS 
• NO OUTPUT LATCH-UP AT 20V 
• HIGH SPEED SWITCHING 
• CIRCUIT FLEXIBILITY FOR VARIED A,P­

PLICATIONS 
• TTL OR DTL COMPATIBLE DIOllE 

CLAMPED INPUTS 
• STANDARD SUPPLY VOLTAGES 

EQUIVALENT CIRCUIT (Each drivE,r) 

A 

B 

r---~---'-------Ov~: 

v 

+-...... ------..... --........... --'-OGNI) 

TRUTH TABLE 

A B Y 

L L L (on state) 

L H L (on state) 

H L L (on state) 

H H H (off state) 

PIN CONFIGURATION 

1B 

PIN 41S IN 1Y 
ELECTRICAL 
CONTACT 

T PACKAGE 
Vee 

2A 

WITH THE CASE GND positive logic: Y = AB 

ABSOLUTE MAXIMUM RATINGS 

Supply voltage, Vee (see Note 1) 

Input voltage 

Interemitter voltage (see Note 2) 

Vcc-ta-substrate voltage 

Collector-ta-substrate voltage 

Collector base voltage 

Collector-emitter voltage (see Note 3) 

Emitter -base voltage 

Output voltage (see Note 4) 

Collector current (see Note 5) 

Output current (see Note 5) 

Continuous total dissipation at (or below) 
25°C free-air temperature (see Note 6) 

Operating free-air temperature range 

Storage temperature range 

Lead temperature 1/16 inch from case F or T package 
for 60 seconds 

Lead temperature 1/16 inch from case A or V package 
for 1 0 seconds 

V PACKAGE 

55451B 75451B 

7 7 

5.5 5.5 

5.5 5.5 

30 30 

300 300 

800 800 

55 to 125 o to 70 

65 to 150 -65 to 150 

300 300 

260 260 

NOTES: 1. Voltage values are with respect to network ground terminal unless otherwise specified. 
2. This is the voltage between two emitters of a multiple-emitter transistor. 
3. This value applies when the base-emitter resistance (RBE) is equal to or less than 500 fl. 
4. This is the maximum voltage which should be applied to any output when it is in the off state. 

UNIT 

V 

V 

V 

V 

V 

V 

V 

V 

V 

mA 

mA 

mW 

°e 

°C 

°e 

°C 

5. Both halves of these dual circuits may conduct rated current simultaneously; however, power dissipation averaged 
over a short time interval must fall within the continuous dissipation rating. 

6. For operation above 25°C free-air temperature, refer to Dissipation Derating Curve, Figure 20. This rating for the T 
~~~~~3:. requires a heat sink that provides a thermal resistance from case to free-air, RHCA, of not more than 

SWITCHING CHARACTERISTICS, VCC = 5 V, TA = 25°e 

PARAMETER 
TEST 

TEST CONDITIONS MIN TYP MAX FIGURE UNIT 

tpLH Propagation delay time, 10w-tCl-high-level output 18 25 ns 

tpHL Propagation delay time, high-to-Iow-Ievel output 3 10 = 200 mA, CL = 15 pF, 18 25 ns 

tTLH Transition time, low-to-high-Ievel output RL = 50n 5 8 ns 

tTHL Transition time, high-to-Iow-Ievel output 7 12 ns 

VOH High-level output voltage after switching 4 Vs = 20 V, 10 = 300 mA VS-6.5 I mV 
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PARAMETER MEASUREMENT INFORMATION 

I PUl.SE 
GENERATOR 
(SEE NOTE A) 

INPUT 

TEST CIRCUIT 

10V 

'4518 

I I +--~-<> OUTPUT 

U CIRCUIT 1 
UNDER 
TeST 

(SEE NOTE BI Cl ", 15pF 

Lr--I,.....-+J.". 1_ (SEE NOTE C) GND I SUB 

I 
I 
I 

.". -!-

INPUT 
'41i18 

VOLTAGE WAVEFORMS 

FIGURE 3 - SWITCHING TIMES OF COMPLETE DRIVERS 

NOTES: A. The pulse generator has the following characteristics: PRR =:< 1 MHz, Zout = 50 n 
B. When testing 55450B or 754508. connect output Y to translator base and ground the substrate terminal. 
C. CL includes probe and jig capacitance. 

TEST CIRCUIT 

INPUT 2.4V 5V 

r 
'4518 

L--r-4--"-O OUTPUT 

GND I SUB 

I 
I 
I 

-:J:, 

NOTE: ALL RESISTORS VALUES ARE TYPICAL AND IN OHMS. 

VOLTAGE WAVEFORMS 

-----I t-- ----I 1---< , ... 

~I : itl I~_~ ____ __ 
INPUT I I '5V 
'4518 1.5\1 I 

: "'.~''''':!-__________ '::::.O'JI, I \---------OV 
~1------4011'------1 

OUTPUT \ r VOH 

'-------------' - - - -VOL 

FIGURE 4 - LATCH-UP TEST OF COMPLETE DRIVERS 

NOTES: A. The pulse generator has the following characteristics: PRR = 12.5 kHz, Zout = son. 
When testing 554508 or 754508, connect output Y to transistor base with a 500-0 resistor from there to ground, and ground the substrate terminal. 

C. Cl includes probe and jig capacitance. 
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FEATURES PIN CONFIGURATION 
• 300 rnA OUTPUT CURRENT CAPABILITY ,-----------------------------------, 
• HIGH VOLTAGE OUTPUTS T PACKAGE V PACKAGE 
• NO OUTPUT LATCH UP AT 20V Vee 
• HIGH SPEED SWITCHING 
• CIRCUIT FLEXIBILITY FOR VARIED AP­

PLICATIONS 1A 

• TTL OR DTL COMPATIBLE DIODE 
CLAMPED INPUTS 16 26 

• STANDARD SUPPLY VOLTAGES 

18 2A 1Y 2A 

GND 2Y 

~~NE~~~I~AL 1 Y 
CONTACT 
WITH THE CASE GND positive logic: Y = AB 

~--------------------------- ------------------------~ 

TRUTH TABLE 

A B Y 

L L H (off state) 
L H H (off state) 
H L H (off state) 
H H L (on state) 

j 
NOTES: 
1. Voltage values are with respect to network ground tmminal 

unless otherwise specified. 
2. This is the voltage between two emitters of a multiple emitter 

transistor. 
3. ThIs value applies when the base-emitter resistance (ASS) 

IS equallD or less than 5000 
4. This is the maximum vOltage which should be applied to any 

output when it is in the off state 
5. Both halves of these dual circuits may conduct rated currEmt 

simultaneously; however, power dissipation averaged over 
a short time interval must fall within the continuous dissipa­
tion rating. 

6 For operation above 25°C free-air temperature, rf:!fer to 
Dissipation Derating Curve, Figure 20. This rating fOI· the T 
package requires a heat sink that provides a thermal re~;js· 
tance from case to free~air, RfiCA, of not more than 95°C/W. 

'2.8 

ABSOLUTE MAXIMUM RATINGS 

55452B 754528 UNIT 

Supply voltage, VCC (see Note 1) 7 7 V 
Input voltage 5.5 5.5 V 
Interemitter voltage (see Note 2) 5.5 5.5 V 
Vcc-to-substrate voltage V 
Collector-to-substrate vOltage V 
Collector-base voltage V 
Collector-emitter voltage (see Note 3) V 
Emitter-base voltage V 
Output voltage (see Note 4) 30 30 V 
Collector current (see Note 5) mA 
Output current (see Note 5) 300 300 mA 
Continuous total dissipation at (or below) 
25°C free-air temperature (see Note 6) 800 800 mW 
Operating free-air temperature range 55 to 125 o to 70 °c 
Storage temperature range 65 to 150 -65 to 150 °c 
Lead temperature 1/16 inch from case 

F or T package for 60 seconds 300 300 °c 
Lead temperature 1/16 inch from case 

A or V package for 10 seconds 260 260 'c 

EQUIVALENT CIRCUIT (Each Driver) 

,----.,.....-----r----.>-------Q Vee 

4K 1.6K 1.6K 130 

A 0--...,.----' 

t--~~--~~-~--~---+_+-~_-oGND 

SmnOliCS 



SWITCHING CHARACTERISTICS vee ~ 5V, T A ~ 25'e 

SYMBOL PARAMETER 

tPLH Propagation delay time, low-to-high-Ievel output 

tPHL Propagation delay time, high-to-Iow-Ievel output 

tTLH Transition time, low-to-high-Ievel output 

tTHL Transition time, high-to-Iow-Ievel output 

VOH High-level output voltage after switching 

PARAMETER MEASUREMENT INFORMATION 

PULSE 
GENERATOR 
(SEE NOTE A) 

INPUT 

TEST CIRCUIT 

2.4V 

~ 
'4528 

I I t----...-< OUTPUT 

LJ CIRCUIT I UNDER 
TEST 

(SEE NOTE B) 

L,-----,...------+-JI 1_ ~~; ~:;E CI 
GND I SUB 

I 
I 
I 

-=- ~ ." 

TEST CONDITIONS MIN TYP MAX UNIT 

26 35 ns 

10 = 200 mA, eL = 15 pF, 24 35 ns 

RL ~ son 5 8 ns 

7 12 ns 

Vs = 20V, 10 = 300 mA Vs -6.5 mV 

VOLTAGE WAVEFORMS 

INPUT 
'4528 1: i r--:::_:::-·-'-"'----------;~:::~.,:\-i-:--''::.-- ---" : I,w 15V I 

10'10; : : 1'0% ov 

r'PHl -I I---'PLH-I 
I 1 

'~~~, ~r"" 
I! \10% Zi 
~tTHl :=-_~t~H--VOl 

FIGURE 3 - SWITCHING TIMES OF COMPLETE DRIVERS 

NOTES: A. The pulse generator has the following charactenstlcs: PAR - 1 MHz, Zout -", 50n 
B When testing 55450B or 75450B, connect output Y to transistor base and ground the substrate terminal. 
C. CL includes probe and jig capacitance. 

r------------------------------------ ---

TEST CIRCUIT VOLTAGE WAVEFORMS 
Vs ~ 20V 

'--_..-4-_ ....... -0 OUTPUT 

_I I 1- --------j I 1--'-10ns jY' r.""=-----------:::90%""'~r:ll- - - -- ---3V 
INPUT I I 
'452B I 15V 15V I 

10% 10% 

I SUB 

I 
I 
I 

\'-----__ rVOH 
-----vOL 

~ 
NOTE' ALL RESISTORS VALUES ARE TYPICAL AND IN OHMS. 

FIGURE 4 - LATCH-UP TEST OF COMPLETE DRIVERS 

NOTES· A. The pulse generator has the following characteristics: PAR = 12.5 kHz, Zout = son 
B. When testing 55450B or 75450B, connect output Y to transistor base with a 500-0 reSistor from there to ground, and ground the substrate terminal 
C CL Includes probe and jig capacitance. 
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FEATURES 
• 300 mA WITH CURRENT CAPABILITY 
• HIGH VOLTAGE OUTPUTS 
• NO OUTPUT LATCH UP AT 20V 
• HIGH SPEED SWITCHING 
• CIRCUIT FLEXIBILITY FOR VARIED 'IP­

PLICATIONS 
• TTL OR DTL COMPATIBLE DIODE 

CLAMPED INPUTS 

TRUTH TABLE 

A B Y 

L L L (off state) 
L H H lOff state) 
H L H off state) 
H H H (on state) 

NOTES: 
1. Voltage values are with respect to network ground terminal 

unless otherwise specified. 
2. This is the voltage between two emmitters of a multiple emitter 

transistor. 
3. This value applies when the base-emitt~r resistance (Raa) 

is eaual to or less than SOO!!. 
4. This IS the maximum voltage which should be applied to any 

output when it is in the off state. 
5. Both halves of these d d circuits may conduct rated ClIf­

rent simultaneously; however, power dissipation averaged 
over a short time interval must fall within the continuous 
dissipation rating. 

6. For operation above 25°C free-air temperature, refer to 
Dissipation Derating Curve, Figure 20. This rating le)r the 
T package requires a heat sink that provides a thermal 
resistance from case to free-air, ROCA. of not more than 
95°C/W. 
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PIN CONFIGURATION 

1B 

PIN 41S IN 
ELECTRICAL 
CONTACT 

T PACKAGE 
Vee 

GND 

2A 

WITH THE CASE positive logic: Y = A ~ B 

ABSOLUTE MAXIMUM RATINGS 

Supply voltage, Vce (see Note 1) 

Input voltage 

Interemitter voltage (see Note 2) 

Vcc-to-substrate voltage 

Collector-to-substrate voltage 

Collector-base voltage 

Collector-emitter voltage (see Note 3) 

Emitter-base voltage 

Output voltage (see Note 4) 

Collector current (see Note 5) 

Output current (see Note 5) 

Continuous total dissipation at (or below) 
25°C free-air temperature (see Note 6) 

Operating free-air temperature range 

Storage temperature range 
Lead temperature 1/16 inch from case 
for 60 seconds F or T package 

Lead temperature 1/16 inch from case 
for to seconds A or V package 

EQUIVALENT CIRCUIT (Each Driver) 

V PACKAGE 

55452B 75452B 

7 7 

5.5 5.5 

5.5 5.5 

30 30 

300 300 

800 800 

-55 to 125 o to 70 

-65 to 150 -65 to 150 

300 300 

260 260 

I------,~-----?--...,...-----c Vee 

4< 1.6K 4" 130 

r-~~---~-------J-~--L-oGND 

&~nDIICI 

UNIT 

V 

V 

V 

V 

V 

V 

V 

V 

V 

mA 

mA 

mW 

°C 

°C 

°C 

°C 



SWITCHING CHARACTERISTICS vee = 5V, TA = 25°e 

TEST 
SYMBOL \ PARAMETER 

FIGURE 
TEST CONDITIONS MIN TYP 

tPLH Propagation delay time, low-to-high-Ievel output 

tPHL Propagation delay time, high-to-Iow-Ievel output 3 

tTLH Transition time, low-to-high-Ievel output 

tTHL Transition time, high-to-Iow-Ievel output 

VOH High-level output voltage after switching 4 

PARAMETER MEASUREMENT INFORMATION 

INPUT 

PULSE 
GENERATOR 
jSEE NOTE AJ 

TEST CIRCUIT 

~ 
CIRCUIT 
UNDER 
TEST 

(SEE NOTE BJ 

i SUB 1 1 GNO 

'4538 I 

T J 
I 
I 

-=- ~ 
O.4V 

+---~--o OUTPUT 

CL = 15pF 

(SEE NOTE C) 

10 = 200 mA, 

RL = 50n 

Vs = 20V, 

INPUT 
"4&311 

26 

eL = 15 pF, 24 

5 

7 
10 = 300 mA Vs -6.5 

VOLTAGE WAVEFORMS 

FIGURE 3 • SWITCHING TIMES OF COMPLETE DRIVERS 

NOTES: A. The pulse generator has the following charactenstlcs. PRR 1 MHz, Zout 500 

B When testing 65460B or 75450B, connect output Y to transistor base and ground the substrate terminal. 
C CL includes probe and jig capacitance. 

TEST CIRCUIT 

Vs = 20V 

VOLTAGE WAVEFORMS 

~I I--- ~I I-

MAX UNIT 

25 ns 

25 ns 

8 ns 

12 ns 

mV 

~I : itl 1"',,=:% ___ _ 
'~:,,~: 'sv ~ 1 , sv 

: .... :::'''::.... __________ ':.:::.0%1 :---------ov 
---.::=~-- .. "'----I 

\'---------.JL~~~ 
NOTE: ALL RESISTORS VALUES ARE TYPICAL AND IN OHMS. 

FIGURE 4· LATCH·UP TEST OF COMPLETE DRIVERS 

NOTES· A The pulse generator has the following characteristics: PAR - 12.5 kHz, Zout ~ 5012 

B. When testing 55450B or 754508, connect output Y to transistor base with a 500-0 resistor from there to ground, and ground the substrate terminal. 
C. CL includes probe and jig capacitance. 
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FEATURES 
• 300 rnA OUTPUT CURRENT CAPABIL.lTY 
• HIGH VOLTAGE OUTPUTS 
• NO OUTPUT LATCH UP AT 20V 
• HIGH SPEED SWITCHING 
• CIRCUIT FLEXIBILITY FOR VARIED AP­

PLICATIONS 
• TTL OR DTL COMPATIBLE DIODE 

CLAMPED INPUTS 
• STANDARD SUPPLY VOLTAGES 

TRUTH TABLE 

A B Y 

L L H (off state) 
L H H (on state) 
H L H (on state) 
H H L (on state) 

NOTES: 
1. Voltage values are with respect to network ground terminal 

unless otherwise specified. 
2. This IS the voltage between two emitters of a multiple emitter 

transistor. 
3. This value applies when the base-emitter resistance (RBS) 

is equal to or less than 500U. 
4. This is the maximum voltage which should be applied to any 

output when it is in the off state. 
5. Both halves of these dual circuits may conduct rated current 

simultaneously; however. power dissipation averaged over 
a short time interval must fall within the continuous chssipa­
tion rating. 

6. For operation above 25°C free-air temperature, refer to 
Dissipation Derating Curve, Figure 20. This rating for the T 
package requires a heat sink that provides a thermal resis­
tance from case to free-air, RoCA' of not more than 95°C/W. 
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PIN CONFIGURATION 

PIN 4 IS IN 
ELECTRICAL 
CONTACT 
WITH THE CASE 

T PACKAGE 

Vee 

ABSOLUTE MAXIMUM RATINGS 

Supply voltage. VCC (see Note 1) 

Input voltage 

Interemitter voltage (see Note 2) 

Vce-to-substrate voltage 

Collector-to-substrate voltage 

Collector-base voltage 

Collector-emitter voltage (see Note 3) 

Emitter-base voltage 

Output voltage (see Note 4) 

Collector current (see Note 5) 

Output current (see Note 5) 

Continuous total dissipation at (or below) 
25°C free-air temperature (see Note 6) 

Operating free-air temperature range 

Storage temperature range 

Lead temperature 1/16 inch from case 
for 60 seconds 

Lead temperature 1/16 inch from case 
for 10 seconds 

EQUIVALENT CIRCUIT (Each Driver) 

18 

V PACKAGE 

Vee 

GND 
positive logic: Y = AB 

55452B 754528 

7 7 

5.5 5.5 

5.5 5.5 

30 30 

300 300 

800 800 

-55 to 125 o to 70 

-65 to 150 -65 to 150 

F or T package 300 300 

A or V package 260 260 

r-------~-------.----~~--.----.--------__ovcc 

4k 2k 4k 2k 1.6k 130 

A 
y 

500 

+---'-------~------------~~--~---'--~---'__oGND 

2A 

UNIT 

V 

V 

V 

V 

V 

V 

V 

V 

V 

mA 

mA 

mW 

°c 

°c 

°C 

°c 



SWITCHING CHARACTERISTICS, VCC = 5V, T A = 25°C 

SYMBOL PARAMETER 
TEST 

FIGURE 
TEST CONDITIONS MIN TYP MAX UNIT 

tpLH Propagation delay time, low-to-high-Ievel output 27 35 ns 
tpHL Propagation delay time, high-to-Iow-Ievel output 10 200mA, CL = 15 pF, 24 35 ns 
tTLH Transition time, low-to-high-Ievel output 3 RL = 50 5 8 ns 
tTHL Transition time, high-to-Iow-Ievel output 7 12 ns 
VOH High-level output voltage after switching 4 VS=20V,10 300mA VS-6.5 mV 

PARAMETER MEASUREMENT INFORMATION 
TEST CIRCUIT VOLTAGE WAVEFORMS 

INPUT 10V 

JL:! r: ,., "~~\!-:-'-':-----" 
: I 15V 15V I 

10% I I I TO" 

I 1"""-----"' I I t--"""f""-O OUTPUT 

G,~~g~OR WL_--I--::==---n/ 
ISE~T~~~: 61 

(SEE NOTE AI I ~ CIRCUIT 

CL '15pF 

I 1_ ISEE NOTE CI Ir--JL---'I GND 1 SUB 

1 

1 

I 

~ 0:-

'4546 

!o:-
OAV 

r---'PHL -I f..--'PLH- __ I 
1 I 

'"'~~. ,m r-i :""' '0" 

!~1~ ~i 1 1=------------.J:1'" -1- --- VOL 

I--~-.,", 1--1-·,," 

FIGURE 3 - SWITCHING TIMES OF COMPLETE DRIVERS 

NOTES: 
A. The pulse generator has the following characteristics: PRR :: 1 MHz, Zout -:,-. SOn 
B. When testing 55450B or 75450B, connect output Y to transistor base and ground the substrate 

terminal. 
e CL includes probe and jig capacitance. 

TEST CIRCUIT 
Vs = 20V 

VOLTAGE WAVEFORMS 

--I I 1- --I 1 1--. w" 

'--.,....-+-~-o OUTPUT 

~I ro,,;;:;-%--------;;;"::;-%~:I- - - -----3V 

I~~~ : I '.5V 15V : - -

NOTE: ALL RESISTORS VALUES ARE TYPICAL AND IN OHMS. 

FIGURE 4 - LATCH-UP TEST OF COMPLETE DRIVERS 

NOTES: 

A. The pulse generator has the following characteristics: PAR = 12.5 kHz, Zout = son 
B. When testing 55450B or 75450B, connect output Y to transistor base with a SOO-r2reslstor from there 

to ground, and ground to substrate terminal. 
C. CL includes probe and jig capacitance. 
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LOGIC DIAGRAM --------------.---------------, 

D,~-CD, 
" 
" __0 D, D, 

D,~--oD, 
" 
" --<> °4 
D. 

ABSOLUTE MAXIMUM RATINGS 
Operating Temperature Range 
Storage Temperature 
Input Voltage Ranges 
VCC Supply Voltage Range 
Output Voltage Range 

(with respect to ground) 
VSS Voltage Range 

(with respect to ground) 
VBB Voltage Range 

0° to 70°C 
-65° to +150°C 

-0.5 to +21VDC 
-0.5 to +7.0VDC 
-0.5 to +25VDC 

-0.5 to +25VDC 

-0.5 to +25VDC 

PIN CONFIGURATION 

OUTPUT ul 1 

DATA INPUT 0, J 

ENABLE [, 4 
INPUT 

ENABLE 
INPUT E2 ~ 

DATA INPUT 02 G 

OUTPUT 0l , 

F PACKAGE 

"4 OUTPUT 

14 114 DATA INPUT 

1.1 '4\ ENABLE 
INPUT 

11 f3 ENABLE 
INPUT 

11 OJ DATA INPUT 

10 03 OUTPUT 

'I Vas 

A.C. CHARACTERISTICS TA = DOG to 55°C, VCC = 5V ±5%, VSS = 19V ±5%, VBB = VSS +3 to 4V, f = 2MHz, 50% Duty Cycle 

PARAMETERS DELAY DIFFERENTIAL (1) CL=100 pF CL=200 pF 
CL = 200 pF max. MIN MAX MIN 

t+_ INPUT TO OUTPUT DELAY 5 5 15 5 
L+ INPUT TO OUTPUT DELAY 10 5 25 5 
tr OUTPUT RISE TIME 10 5 20 5 
tf OUTPUT FALL TIME 10 5 20 10 
tD DELAY + RISE OR FALL TIME 10 10 35 20 

(1) ThiS IS defined as the maximum skew between any output In the same package, e.g., all the Input to output delays for the 1- + parameter are within a maximum of 
10nsee of each other in the same package. 

D.C. CHARACTERISTICS TA = O°C to 55°C, VCC = 5V ±5%, VSS = 19V ±5%, VBB -VSS = 3.0V to 4.0V 

PARAMETER CONDITIONS MIN MAX 

IFD Data Input Load Current VD = 0.45V, VCC = 5.25V, All Other 
-0.25 Inputs at 5.25V, VSS = 16V, VBB =19V 

IFE Enable Input Load Current VE = 0.45V, VCC = 5.25V, All Other 
-0.50 Inputs at 5.25V, VSS = 16V, VBB =19V 

IRD Data Input Leakage VD = 19V, VCC = 5.0V, All Other 
20 Current Inputs Grounded, VSS = 16V, VBB =19V 

IRE Enable Input Leakage VD = 19V, VCC = 5.0V, All Other 
20 Current Inputs Grounded, VSS = 16V, VBB =19V 

CIN INPUT CAPACITANCE VB lAS =2.0V, VCC = OV 8 (Typical) 

MAX 

15 
25 
30 
30 
45 

UNITS 

rnA 

rnA 

/LA 

/LA 

pF 



D.C. CHARACTERISTICS (Cont'd) TA = O°C to 55°C, VCC = 5V ±5%, VSS = 19V ±5%, Vee -Vss = 3.0V to 4.0V 

PARAMETER CONDITIONS MIN MAX 

POWER SUPPLY CURRENT DRAIN: 
All Outputs "Low" 

ICC Current from VCC VCC = 5.25V, VSS = 20V 83 

ISS Current from VSS 250 

lee Current from Vee Vee = 24V All Inputs Open 25 
PTOTAL Total Power Dissipation 1040 

All Outputs "High" 

ICC Current from VCC VCC = 5.25V, VSS = 20V 33 
ISS Current from Vss Vee = 24V 250 

lee Current from vee All Inputs Grounded 5 

PTOTAL Total Power Dissipation 297 

STANDBY CONDITION WITH VCC = OV, VSS = Vee 

ICC Current from VCC VCC = OV, VSS - 20V 0 

ISS Current from VSS Vee = 20V 500 
lee Current from Vee 500 

PTOTAL Total Power Dissipation 15 

Bl!IlOliCB 

mA 

!LA 

mA 

mW 

mA 
!LA 

mA 

mW 

mA 

!LA 

!LA 

mW 
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FEATURES 
• FUNCTIONALLY EQUIVALENT AND PIN COMPATIBLE TO 

SN75207 
• 17n5 MAXIMUM GUARANTEED PROPAGATION DELAY 
• 20/LA MAXIMUM INPUT BIAS CURRENT 
• STTL COMPATIBLE STROBES AND OUTPUTS 
• LARGE COMMON MODE INPUT VOLTAGE RANGE 
• OPERATES FROM STANDARD SUPPLY VOLTAGES 

ABSOLUTE MAXIMUM RATINGS 
Positive Supply Voltage (V +) 
Negative Supply Voltage (V -) 
Differential input voltage 
Common mode input voltage 
Strobe/Gate input voltage 
Power Dissipation 
Operating Temperature Range 
Storage temperature range 
Lead temperature (Soldering 60 seconds) 

SCHEMATIC DIAGRAM 

11 

+7V 
-7V 
±6V 
±5V 

+5.5V 
600mw 

O°C to 70°C 
-65°C to + 150°C 

+ 300°C 

PIN CONFIGURATION 

A, F PACKAGE 

INPUT 1A 

INPUT1B 

NC 

OUTPUT 1Y 4 

STROBE 1G 5 

STROBE S 6 1-----' 

GROUND 7 

APPLICATIONS 
HIGH SPEED LINE RECEIVER 
MOS MEMORY SENSE AMP 
AID CONVERSION 

INPUT 2A 

11 INPUT 2B 

9 OUTPUT 2Y 

'------I 8 STROBE 2G 
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ELECTRICAL CHARACTERISTICS V+ = +5.00, V- = -5.00, TA = 0 to 70°C (Unless Otherwise Noted). 

PARAMETER TEST CONDITIONS 
755207 

MIN TYP MAX 

Amplifier Input 

Input offset voltage V+ = 4.75, V- = -4.75 10 
Input Bias Current a 25°C V+ = 5.25, V- = -5.25 7.5 20 
over temp range V+ = 5.25, V- = -5.25 40 
Input offset current a 25°C V+ = 5.25, V- = -5.25 1.0 5 
over temp range V+ = 5.25, V- = -5.25 12 
Input common mode voltage range V+ = 4.75, V- = -4.75 ±3 
Input resistance 4 
Input capacitance 3 6 
Voltage gain 5 

Power Supply Requirements 

Supply Voltage 
V+ 4.75 5.00 5.25 
V- -4.75 -5.00 -5.25 

Large Signal Switching Speed 

TpLH (0) low to high propagation delay RL = 2800.CL = 15 pF 12 17 
from amp inputs to output T A = 25°C Note 1 
TpHL (0) high to low propagation delay R L = 2800. CL = 15 pF 9 13 
from amp inputs to output T A = 25°C Note 1 
TpLH (S) low to high propagation delay R L = 2800. CL = 15 pF 4.5 6 
from strobes input to output T A = 25°C Note 2 
TpHL (S) high to low propagation delay R L = 2800. CL = 15 pF 3.0 4.5 
strobe input to output T A = 25°C Note 2 
Maximum Operating Frequency R L = 2800. CL = 15 pF 40 55 

TA = 25°C 

NOTES: 
1. Response time measured from OV point of ± 1 00 mV P-P 10MHz square wave to the 1.5 point of the output. 
2. Response time measured from 1.5V point of input to 1.SV point of the output. 
3. Response time measured from the start of a 100mV input step with SmV overdrive to the 1.SV point of the output. 

TYPICAL PERFORMANCE CHARACTERISTICS 

RESPONSE TIME FOR RESPONSE TIME FOR 
VARIOUS INPUT OVERDRIVES VARIOUS INPUT OVERDRIVES 

TA = 25U C TA = 25"C 
Vs·,5V _ Vs = !5V 

5mV 

lOOt ......... '/J 
20mv,," .. 1(/('" 5mV 

jh 10mV 

_SOmV:::: 

" 
10mV 

I 
-l00mV 

~ 

100 100 

50 so 

10 15 20 25 30 10 15 20 25 

TIME-ns TIME - ns 

UNIT 

mV 
/LA 
/LA 
/LA 
/LA 
V 

ko. 
pF 

VlmV 

V 
V 

ns 

ns 

ns 

ns 

MHz 

30 
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TYPICAL PERFORMANCE CHA.RACTERISTICS 

140 

0 

• 
6 

RESPONSE TIME VS. 
TEMPERATURE 

-- --~ 

-20 +20 +60 +100 

AMBIENT TEMPERATURE - ~C 

PROPAGATION DELAY FOR 
VARIOUS INPUT VOLTAGE 

~H;~~~QUARE 
WAVE INPUT 

TA ",25'C 

't-- TPD (lH) 

2 

0"-

• 
6 

4 

2 

100 

12 

\ 
11 

-75 

TPD IHlJ 

1000 

INPUT VOLT AGE - mV p.p 

INPUT BIAS CURIRENT VS. 
AMBIENT TEMPERATURE 

1\ 
\ 

" , 

1\ 
'\ 

...... ....... 

-26 +25 +75 +125 

AMBIENT TEMPERJI,TURE - °c 

.,40 

sagOotiU& 

1. 

• , 
> 16 
~ 
0 
Z 

~ 
~ " 
~ 

12 

PROPAGATION DELAY FOR 
VARIOUS INPUT VOLTAGE 

vr·5t 
1 MHz SQUARE 

WAVE INPUT 
TA =25'C 

~ r-- TPD(Ut) 

TPD (HLI 

10 20 40 50 60 

INPUT VOLTAGE - mV pop 

OUTPUT VOLTAGE VS. 
AMBIENT TEMPERATURE 

70 

4.0 rll:_-= __ ::1==:::=f='F'=F=F-::r,--' 
V OH 

10 

~ ; 
2.0 g 

~ 
0 

1.0 

-75 

1.0 

~ 0.9 , 

~ ... O.B 

a 
~ 0.7 
o 

~- 0.6 

0.6 

-76 

\ 

--

-25 +26 +75 +125 

AMBIENT TEMPERATURE _ aC 

INPUT OFFSET CURRENT VS. 
AMBIENT TEMPERATURE 

, 
\ , 

\ 
\ 

1"-
"", 

...... 
... ...... 

-26 +25 +75 +125 

AMBIENT TEMPERATURE - ~c 



FEATURES 
• FUNCTIONALLY EQUIVALENT AND PIN COMPATIBLE TO 

SN75208 
• 17ns MAXIMUM GUARANTEED PROPAGATION DELAY 
• 20 !LA MAXIMUM INPUT BIAS CURRENT 
• STTL COMPATIBLE STROBES AND OUTPUTS 
• OPEN COLLECTOR OUTPUTS 
• LARGE COMMON MODE INPUT VOLTAGE RANGE 
• OPERATES FROM STANDARD SUPPLY VOLTAGES 

ABSOLUTE MAXIMUM RATINGS 
Positive Supply Voltage (V +) 
Negative Supply Voltage (V -) 
Differential input voltage 
Common mode input voltage 
Strobe/Gate input voltage 
Power Dissipation 
Operating Temperature Range 
Storage temperature range 
Lead temperature (Soldering 60 seconds) 

SCHEMATIC DIAGRAM 

+7V 
-7V 
±6V 
±5V 

+5.5V 
600mw 

O°C to 70°C 
- 65°C to + 150°C 

+300°C 

PIN CONFIGURATION 

A, F PACKAGE 

INPUT 1A 

INPUT1B 2 

NC 

OUTPUT 1 Y 4 

STROBE 1G 5 

STROBE S 61------' 

GROUND 7 

APPLICATIONS 
MOS MEMORY SENSE AMP 
AID CONVERSION 
HIGH SPEED LINE RECEIVER 

11 INPUT 2B 

9 OUTPUT 2Y 

L----l 8 STROBE 2G 
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ELECTRICAL CHARACTERISTICS V+ = +5.00, V- = -5.00, TA = 0 to 70°C (Unless Otherwise Noted). 

PARAMETER TEST CONDITIONS 

Amplifier Input 

Input offset voltage V+ = 4.75, V- = -4.75 
Input Bias Current w 25°C V+ = 5.25, V- = -5.25 
over temp range V+ = 5.25, V- = -5.25 
Input offset current w 25°C V+ = 5.25, V- = -5.25 
over temp range V+ = 5.25, V- = -5.25 
Input common mode voltage range V+ = 4.75, V- = -4.75 
Input resistance 
Input capacitance 
Voltage gain 

Power Supply Requirements 

Supply Voltage 
V+ 
V-

Large Signal Switching Speed 

T pLH (0) low to high propagation delay RL = 280nCL = 15 pF 
from amp inputs to output T A = 25°C Note 1 
T pHL (0) high to low propagation delay RL = 280nCL = 15 pF 
from amp inputs to output T A = 25°C Note 1 
T pLH (5) low to high propagation delay RL = 280nCL = 15 pF 
from strobes input to output T A = 25°C Note 2 
T pHL (5) high to low propagation delay RL = 280nCL = 15 pF 
strobe input to output T A = 25°C Note 2 
Maximum Operating Frequency R L = 280n CL = 15 pF 

TA=25°C 

NOTES: 
1. Response time measured from OV point of ± 1 00 MHz square wave to the 1.5 pOint of the output. 
2. Response time measured from 1.SV point of input to 1.SV point of the output. 
3. Response time measured from the start of a 100mV input step with SmV overdrive to the 1.SV point of the output. 

TYPICAL PERFORMANCE CHJl\RACTERISTICS 
RESPONSE TIME FOR 

VARIOUS INPUT OVERDRIVES 

TA· 25°C 
V.='5V _ 

100jV--...., 7A 
5mV 

> 
I 4 

w 

" ~ 3 

g 
~ 2 

75S208 

MIN TYP MAX 

10 
7.5 20 

40 
1.0 5 

12 
±3 

4 
3 6 
5 

4.75 5.00 5.25 
-4.75 -5.00 -5.25 

12 17 

9 13 

6 10 

5 8 

25 35 

RESPONSE TIME FOR 
VARIOUS INPUT OVERDRIVES 

TA" 25"C 
VS" 'SV 

5mV ..... 
t--imv::::~ 10mV 

20 mV ,,", ~ 
Jb. It)mV 

g ~ 
1 J------ 100 mV 

~ 

100 100 

50 50 

10 15 20 30 10 15 20 25 

TIME-m TlME-nl 
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UNIT 

mV 
/l-A 
/l-A 
/l-A 
/l-A 
V 

kn 
pF 

VlmV 

V 
V 

ns 

ns 

ns 

ns 

MHz 

30 



TYPICAL PERFORMANCE CHARACTERISTICS 
---------------------------------------------, 

RESPONSE TIME VS. 
TEMPERATURE 

26 

26~-4--~--+-_4--_+--1_--+__4--_+--; 
22 

22~_4--~--+-~~_+--~--+_~r__+--1 

PROPAGATION DELAY FOR 
VARIOUS INPUT VOLTAGES 

VS~;5V 

10 MN ~ SQUARE WAVE INPUT 
TA~25°C 

~ r- TPD (lH) 

~ 18~_4--~--+-~~_+--~--+_~~~~~_+--1 
j: "",,'" 

~ ,"'" ! 14 __ .!!.D ':'f!!. f--I--" 

10~-4--~--~-~~T~PD~(~HL~I~--+-~r-=-~-~-1 
1--+--,:'::"::;'"'-+ -- --

10 
I--

I 
+20 +60 +100 

AMBIENT TEMPERATURE - 'C 

PROPAGATION DELAY FOR 
VARIOUS INPUT VOLTAGES 

v- ,SV 
10 MH" SO. WAVE 

+140 

~---++-+--I----+T A ~ 25"C -+---_4 

161----++-+--1----+----+-+_+--+----; 

141----++-+--1----+----+-+-+--+----; 
TPO (LH) 

TPD (Hl) 

100 200 500 1000 2000 

INPUT VOLT AGE - mV pop 

12 , , 

10 

-75 

INPUT OFFSET CURRENT VS. 
AMBIENT TEMPERATURE 

1.0 
\ , 

'\ 0.' , 
~ 
Z 

, 
\ , 

~ 0.8 ~ 
~ 
U 
~ 

~ 0.7 
0 

~ 06 

, 
\ , 

'\ 
" "" " 

'" 
-75 -25 +25 +75 1'125 

AMBIENT TEMPERATURE - "C 

9!!1DOliC9 

, 

TPD (HL) 

20 30 40 50 60 

INPUT VOLTAGE - mV pop 

INPUT BIAS CURRENT VS. 
AMBIENT TEMPERATURE 

, , , , 
\ , 

1\ 
!"'-

'" 
'" 

-25 +125 

AMBIENT TEMPERATURE - °c 
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FEATURES 
• DUAL SENSE AMPS 
• ±4mV THRESHOLD UNCERTAINTY 
• DESIGN VERSATILITY 
• 25n5 PROPAGATION DELAY 

PIN CONFIGURATIONS 

ORDER 
PART NOS. I 

SN7520NI 
SN7521N 

7520/21 

ORDER 
PART NOS. 
SN7522NI 
SN7523N 

ABSOLUTE MAXIMUM RATINGS 
Differential Input Voltage 
Vee 
Strobe & Gain Input Voltages 
Storage Temperature 
Operating Temperature 
Power Dissipation 

B PACKAGE 

7522123 

" 

" 

ORDER 
PART NOS. 
SN7524NI 
SN7525N 

±5V 
±7V 

+5.5V 
-65 ce to +150"e 

ooe to +7ooe 
500mW 

7524/25 

" 

" 

'The 7520/21/22/23/24/25 does not require an extemal capacitor (Cext) to stabilize the pre­
amplifier. Pin 1 may be used as a test point, giving access to the pre-amplifier output. No 
degradation of performance will result if a 100pF capacitor" is connected from Pin 1 to GND. 

LOGIC DIAGRAMS 

INPUTS{A I 

A, 
STROBE A 0----

{
BI 

INPUTS 

B, 

7520/21 

Output Q = GQ ~A INA + Ss INB) GQ 
Output Q = GO (GQ + SA INA + SB INB) 
where: 
GO = Gate O~2V 
SA = Strobe A~2V 
INA = (VinD at Inputs A1 and A.2»VT 

i S8 = Strobe B~2V 
i INB = (VinD at Inputs B1 and B2»VT 
I GQ = Gate Os;O.8V 

GO = Gate Q~2V 

144 

OUTPUT 5 

7522123 

{
AI 

INPUTS 

A, 
OUTPUT Y 

{
BI 

INPUTS 

B, 

Output Y = G(SA INA + SB + INB) + G 
where: 
G = Gate~2V 
SA = Strobe A~2V 
INA = (VinD at Inputs A1 and A2»VT 
SB = Strobe S~2V 
INS =(VinD at Inputs S1 and B2»VT 
G = Gates;O.4V 

SmonlieS 

7524/25 

INPUTS { :: ~OUTPUT A 

STROBEA~ 
INPUTS{BI~ 

B2 OUTPUT B 

STROBE B 

Output A = SA INA 
Output B = SB INB 
where: 
SA = Strobe A~2V 
INA = (VinD at Inputs A1 and A2»VT 
SB = Strobe B~2V 
INB = (VinD at Inputs B1 and S2»VT 



AC CHARACTERISTICS 7520/21 
PROPAGATION DELAY TIMES 

SYMBOL FROM INPUT 

tpd(l)DO, tpd(O)DO A1-A2-or 8 1-82 
- -

tpd(l)DO, tpd(O)DO A1-A2 or 8 r 82 

tpd(1 )SO, tpd(O)SO Strobe A or 8 

tpd(l)SQ, tpd(O)SQ Strobe A or 8 

tpd(l)GOO, tpd(O)GOO Gate a 
- -

tpd(1 )GOO, tpd(O)GOO Gate a 
- - -

tpd(l )GOO, tpd(O)GOO Gate a 

AC CHARACTERISTICS 7522123 
PROPAGATION DELAY TIMES 

SYMBOL FROM INPUT 

tpd(l)O 
A1-A2 or 8 1-82 tpd(O}D 

tpd(1 )8 
Strobe A or 8 tpd(O)S 

tpd(l)G 
tpd(O)G Gate 

AC CHARACTERISTICS 7524/25 

PROPAGATION DELAY TIMES 

SYMBOL FROM INPUT 

tpd(1 )0 A1-A2 or 81-82 
tpd(O)O 
tpd(l )S Strobe A or 8 
tpd(O)S 

NOTES: 
1 The differential input threshold voltage (VT) is defined as the DC input voltage (Vin) required 

to force the output of the sense amplifier to the logic gate threshold voltage level. 
2 Common mode input firing voltage is the common mode voltage that will exceed the dynamic 

range of the input at the specitied conditions and cause the logic output to switch. The 
specified common mode Input signal IS applied with a strobe enable signal present. 

3. Differential input overload recovery time IS the time necessary for the device to recover from 
the specified differential input overload signal prior to the strobe enable signal. 

4 Common mode Input overload recovery time is the time necessary for the device to recover 
from the specified common mode input overload signal prior to the strobe enable signaL 

TO OUTPUT 

a 
-a 
a 
-a 
a 
-a 
-a 

TO OUTPUT 

Y 

y 

Y 

TO OUTPUT 

A or 8 

A or 8 

9i!1DOliC9 

MIN TYP 

20 
30 
25 
35 
15 
25 
15 
35 
10 
15 
15 
20 
15 
10 

MIN TYP 

20 
30 
15 
25 
10 
15 

MIN TYP 

25 
20 
15 
20 

MAX 

40 

55 
30 

55 
20 

30 

20 

MAX 

45 

40 

25 

MAX 

40 

30 

UNIT 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

UNIT 

ns 
ns 
ns 
ns 
ns 
ns 

UNIT 

ns 
ns 
ns 
ns 
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SCHEMATIC DIAGRAMS 
7520/21 

Vee· 0-----+---------. 

7522123 

" A STROBE 

" A STROBE 

,~-~.---~~---------------------+---~~~~ 
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" aGATE 

" GATE 



SCHEMATIC DIAGRAMS (CONT'D) 

" v",' 

7524/25 

" A STROBE 

Vcc-~------~-----------------------------------------+------+--V~ 

TYPICAL CHARACTERISTIC CURVES 

OUTPUT VOLTAGE VERSUS 
DIFFERENTIAL-INPUT 

VOLTAGE 

1524, 1525 AND a OUTPUT OF 7520, 7521 ONL V 

V REF '" 15mV ........ 

4.0 r---VREF"2SmV 9===+==+----I----II--l 
V REF -35mV 

vee1 "5V 
VCC2 --5V 

tLOAN "-400,.A 

111.-25 C 

V,t<lO - DIFFERENTIAL-INPUT VOL rAGE - mV 

9 GND, 1 CEXT 

LOGICAL 1 OUTPUT 
VOLTAGE VERSUS 

LOAD CURRENT 

VCC1"SV r--..... ........ 
VCC2 - -5V --+-+""-I. ........ ,,-I-+---JI-+--I 
TA -2S'C ......... 

ALL TYPES 
{USING INTERNAL RESISTOR OF + __ +-+ __ +-~ 
7522, 752~1 1 

·.L--L~200L--mL--.ooL--~L-~~L-~'OOL-~900L-~,OOO 
ILOAD - lOAD CURRENT - ~A 

SmlOllCS 

> 
I 

~ 
~ 

LOGICAL 0 OUTPUT 
VOLTAGE VERSUS 

SINK CURRENT 

VCC1 '" 5V --1-+--11-+--11-+--1---1 
VCC2 "-5V 

TA "2S'C 

1520,7521.7524,1526 ....... "",,,,,, .. ~ 

§ ~~7522.7523 J O.ll-.. ~"""'+~-1---+---+-+---1---+---1----l 

.SINK - SINK CURRENT - rnA 
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TYPICAL CHARACTERISTIC CURV._E_S--'--(C_O_N_T_'O---'>'---__________________ _ 

148 

THRESHOLD VOLTAGE 
VERSUS 

REFERENCE VOLTAGE 

- ~::; : I,:v I , , 
i--- TA ; O'C to 70°C 

V 

, , 

/ 
/ 

V 
'/ , , 

VREF - REFERENCE VOLTAGE - mV 

COMMON MODE FIRING 
VOLTAGE VERSUS 

FREE-AIR TEMPERATURE 

Vee1 ~ SV 

2 VCC2 = -sv 
VREF -20 mV 

VREF = ZOmV TA FREE-AIR TEMPERATURE-

LOGICAL 1 LEVEL INPUT 
CURRENT VS 

INPUT VOLTAGE 

, .1 J 
91-- Vee1 ' 5V 

VCC2 ; -5V 

8 t- TZ TA =25 C 

, 

./1 

, 
V , 

, 
V 

1/ 
, 

...... V , 
, l/ 
, I 

2.0 25 3.0 35 

V IN INPUT VOLTAGE -- V 

I 

I 

~ 

THRESHOLD VOLTAGE 
VERSUS 

SUPPLY VOLTAGE 

, I 
4 f- YREF - 20mV 

TA ; 25°C 

, 

I ' 
, 

'r---I---. , 
, 
, 
, 
, 
, , 
-4.50 

- r---

Vee -SUPPLY VOLTAGE - V 

DIFFERENTIAL-INPUT BIAS 
CURRENT VERSUS 

FREE-AIR TEMPERATURE 

Vee1 = 5V 

VCC2 ; -5V +--+--f--f--f----I 

I "f--+--+-+--+---1-----I------J 

, 

, 

TA - FREE_AIR TEMPERATURE - C 

LOGICAL 0 LEVEL INPUT 
CURRENT VS 

INPUT VOLTAGE 

I 
v eG1 , 5V 

VCC2=~V 

TA =25 C 

'r--... r-.... 
f""-.. r--.... , 

'\ , 

_~_02 , 

, 
Y,N - INPUT VOLTAGE - V 

StgDOliCS 

NORMALIZED THRESHOLD 
VOLTAGE VERSUS 

PULSE REPETITION RATE 

o ~_ooL,-LUlWL-LUlUIL..LUlllL-LUJjUL.l.lJ.ll1III 

DIFFERENTIAL-INPUT 
OFFSET CURRENT VS 

FREE-AIR TEMPERATURE 

1 
Yeel = 5V 

Vccz = -5V 

I'-... 
.......... 

, 
, , 

-.;;;;::: -
T A - FREE-AIR TEMPERATURE .-

...... 

OUTPUT VOLTAGE VERSUS 
DIFFERENTIAL INPUT 

VOLTAGE 

7622,7523 AND a OUTPUT Of 7520, 7521 ONLY 

401-- VREF 

VREF 

3.51-- VREF 

30 J-- V ee1 
VCC2 

2.51-- 'LOAD = -4Q(l~A 

TA = 25 C 

VINO - DIFFERENTIAL-INPUT VOLTAGE - mV 



SWITCHING CHARACTERISTICS (Propagation Delay Times) 

TEST CIRCUIT-DIFFERENTIAL AND 
STROBE INPUTS TO OUTPUTS 

VOLTAGE WAVEFORMS-DIFFERENTIAL 
AND STROBE INPUTS TO OUTPUTS 

TEST CIRCUIT 

7520121 

113 a OUTPUT 

IC'.:I 1SPF 

I 7 

I 
I 

»--:."----+0° OUTPUT 

C'J-15PF 

NOTES: 
1, Pulse generators have the following characteristics: 

Zout = 50n, tr = If = 15(±5)ns, tP1 = 100 ns, 

tp2 300ns, and PRR - 1 MHz. 

2. C, includes probe and jig capacitance. 

a 
P-f'------+-oOUTPUT 

NOTES 

7520/21 

1. Pulse generators have the following characteristics' 
ZOUT = 50U, Ir = If =- 15(±5)ns, tpl =- 100 ns, 

tp2 300ns, and PAR = 1 MHz. 

2. C, Includes probe and jig capacitance 

VOLTAGE WAVEFORMS 

TEST CIRCUIT 
7522123 

VOLTAGE WAVEFORMS 

~20mv ~~m~--- 40mV 

DI~::UR;~~~~~ -----'~-:~1-.J~~~ 'P2------l~ ov 

I I 
~1-5~ ~~5~----- V ,N11 ! 

STROBE INPUT -----.11 -.- - i : i\:.f I I V 

PUlS~ ~IP2~ .r ~IPli VINIOI 

L I I ; I I \"'5V INITI 
--,~l_fN I I I I ..t~ 

GATE INPUT 14--- I I tp3 I I ~ VINIOI 

: 'pd(OIO---i ~ ~lpd(110 1 ----..\ I4-t~ll)S 
'pdlllG---.l t--- I I I I 

~' I ~I ---VOUTll) 
1.W 1.5V 15V I 1.5V 1 5V: 1.sV 

OUTPUT I I I I VOUT(OI 

NOTES 
1. Pulse generators have the following characteristics: 

Zout -=-- 50!), tr - tf = 15(+ 5)ns, tp1 = 100 ns, 

Ip2 300ns, PRR =- 1 MHz 

2 Strobe Input pulse is applied to Strobe A when inputs A1-A2 are 
being tested and 10 Strobe 8 when inputs 8 1-82 are being tested 

C1 Includes probe and jig capacitance. 

SmnOfiCS 

'J>d{OIS --i t-- ----! f4----- 'J>d{OIG 
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SWITCHING CHARACTERISTICS (Propagation Delay Times) (Cont'd) 

150 

TEST CIRCUlIT 
7524/25 

VCC2 VREF = 20mV 

~~--_J,---I}--~-l 
,I 

.---.,.---''----'-, rl I" A 
OUTPUT 

:C'.f'SPF 
I 
I 

>-t---j-'}..-_______ -.J::'!'-' ___ --t....lB OUTPUT 

Cl~15PF 

VOLTAGE WAVEFORMS 

~ 
_____ "m' 

20m'o' 20mV 20mV 20",'0' 
OIFFERENTIAL I OV 

INPUT PULSE I---tp2~ 
I I 

~~-------'''''' 
'.5'0' I I '.5V 1.5'0' '.5'0' 

STAOBEINPUT ~, ~ f+-1,---\ V 
PULSE I p2 I I P I INIOI 

I I tpdll)S~~~lpdIOIS 
tp,HIIO-...l ~ I.--lpd((l)O I + 
~' ~------VOUTlll 

15V '.5V 16V 1.5V 

OUTPUT VOUTiO) 

NOTES: 
1. Pulse generators have the following characteristics: 

Zout = 500, Ir = If = 15(±5)ns, Ipl = 100ns, 

tp2 ~ 300n5, PRR ~ 1 MHz. 

2. Strobe input pulse is applied to Strobe A when inputs 

Al-A2 are being tested and to Strobe 8 when inputs 

81-82 are being tested. 

3. Cl includes probe and jig capacitance. 



FEATURES PIN CONFIGURATION 
• 400mA OUTPUT CAPABILITY 
• HIGH VOLTAGE OUTPUTS 

A PACKAGE 

• DUAL SINK/SOURCE OUTPUTS 
• INTERNAL DECODING AND TIMING CIRCUITRY 
• FAST SWITCHING TIMES 
• OUTPUT SHORT-CIRCUIT PROTECTION 

ABSOLUTE MAXIMUM RATINGS 
Over Operating Case Temperature Range (Unless 
Otherwise Noted). 
Supply voltage VCC (See Note 1) 
Input voltage (See Note 2) 

17 V 
5.5 V 

O°C to 70°C 
800 mW 

Operating case temperature range 
Continuous total power dissipation at 
(or below) 70°C case temperature 
Storage temperature range - 65°C to 150°C 

1. Voltage values are with respect to network ground terminal. 
2. Input signals must be zero or positive with respect to network ground terminal. 

FUNCTION TABLE 
INPUTS OUTPUTS 

ADDRESS TIMING SINK SOURCES SINK 

A B C D E F G W X Y Z 
L L H H H H H ON OFF OFF OFF 
L H L H H H H OFF ON OFF OFF 
H H L L H H H OFF OFF ON OFF 
H L H L H H H OFF OFF OFF ON 
X X X X L X X OFF OFF OFF OFF 
X X X X X L X OFF OFF OFF OFF 
X X X X X X L OFF OFF OFF OFF 

H - high level, L - low level, X - Irrelevant 

Address Input A , 

Address Input B 

Address Input C 

Timing Input E 4 

Timing Input F 5 

Timing Input G 6 

Address Input D 

F PACKAGE 

Address Input A 2 

Address Input B 3 

NOTE Not more than one output IS to be on alone time: When all timing inputs are high, two of the 
address Inputs must be low Address Input C 4 r--n-.,........J 

Timing Input E 5 

Timing Input F 6 

Timing Input G 7 

Address Input D B r-~--'~J 

ELECTRICAL CHARACTERISTICS VCC ~ 14V, TC ~ OOG to 70°C (Unless Otherwise Noted). 

PARAMETER 
TEST 

TEST CONDITIONS 
FIGURE MIN 

V(sat) Sink saturation voltage 2 Isink ~ 420mA, RL ~ 53 

V(sat) Source saturation voltage 2 Isource ;; -420mA, RL ~ 47.5 

loff Output off-state current 1 VI ~ OV 

NOTE· 
1. All tYPical values are at T C ' 2S"C 

Si!lDOliDS 

Output (Sink) Z 

Vee 

12 Output (Source) Y 

11 Source Collectors 

Output (Sou ree) X 

9 Output (Sink) W 

GND 2 

15 Output (Sink) Z 

Vee 

Output (Source) Y 

Source Collectors 

11 Output (Source) X 

Output (Sink) W 

LIMITS 
TYP' MAX UNIT 

0.75 0.85 V 
0.75 0.85 V 
125 200 f.1.A 

151 

W 
0 
e: • W ... 
c: -



SCHEMATIC DIAGRAM 

,-----,--~~------------~--_,r_--------------~---------oVCC 

, E 

TIMING.: F 
INPUTS l G 

ADDRESS ISWITCHPA'R 
'NeuTS [LECT 

,--------A~_+----_+4-+. 

MODE SELECT [B~ 
(SOURCE/SINK) 

C~-+----+-H 

L-_______ D~_+-----+~ 

SOURCE 
COLLECTORS 

L---------------------+_--------~ __ +_--+_ ________ _oGND 

SWITCHING CHARACTERISTICS vcc = 14V, TC= 25°C 

PARAMETER TEST 
TEST CONDITIONS 

LIMITS 
FIGURE MIN TYP 

tpLH Propagation Delay Time 5 
Low-to-High-Level Source Output RU = 53 

tpHL Propagation Delay Time 5 RL2 = 500 
High-to-Low-Level Source Output CL = 20pF 

tpLH Propagation Delay Time 6 
Low-to-High-Level Sink Output 

tpHL Propagation Delay Time 6 RL = 53 
High-to-Low-Level Sink Output CL = 20pF 

ts Sink storage time 6 

152 sagnolics 

MAX 
UNIT 

90 ns 

50 ns 

110 ns 

40 ns 

70 ns 



PARAMETER MEASUREMENT INFORMATION 

D.C. TEST CIRCUITSt 

r--------------, 
I E TIMING INPUTS Vee 9>-------0 +14V 

I 
;':':'::"'Q--"=-~-'VVv--{) + 23v 

53 
15W (NONINDUCTIVE) 

L--D+-_<J + 13V 

"l TEST 
PER 

V,- FUNC 
I; nON 

AND 
TEST +3V 
TABLES 

(SEE 

-= NOTES) 

ADDRESS INPUTS L ___________ ..E~D 

NOTES 
1. Check V1H and VIL per FunclIOn Table 

2 Measure IlL per Test Table. 

TEST TABLE FOR IlL 

APPLY 3.SV GROUND TEST 
IlL 

B, C, E, F, and G A and D A 
B, C, E, F, and G A and D D 
A, D, E, F, and G Band C B 
A, D, E, F, and G Band C C 
A, B, C, D, F, and G E E 
A, B, C, D, E, and G F F 
A, B, C, D, E, and F G G 

3 When measuring IIH. all other Inputs are at ground 

Each input IS tested separately. 
FIGURE 1-VIL. VIH, IlL. IIH. and loff 

+5V 

+5V 

SEE 
FUNC­
TION 
TABLE 

r--------------, 
I TIMING INPUTS Vee 9------0 +14V 

I 
;.::::.:.::...~-.._.."N>I'-_<J+23V 

Rl 
15W (NONINDUCTlVE) 

L---D+--Q + 13V 

~_~~~-+_'~SO~U~R~C~E-Q+3V 

NOTE: This parameter must be using pulse techniques, 
tw '-'- 500ns, duty cycle 1 % 

FIGURE 2-V(sat) 

;-Arrows indicate actual direction of current flow. Current into a terminal is a positive value 

r--------------, 
I TIMING INPUTS Vee 9_---.:'c::::c'----___ 0 +14V 

I 
;'::::'':':''''o--.._.._-'VVv--()+23V 

53 
15W (NONINDUCTIVE) 

I 
I 

D 

'--Dt-_<J+13V 

~-+-+~~-1---------o+3V 

-= 

FIGURE 3-ICC (ALL OUTPUTS OFF) 
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PARAMETER MEASUREMENT INFORMATION 

D.C. TEST CIRCUITSt (Continued) 

+3.5V 

+3.5V r---------------, -ICC 
I TIMING INPUTS vcc~>-.-::...:=:!:....--o +14V 

SEE 
NOTES 

I 

~~~~~-----O+3V 

NOTES: 
1. Ground A and a, apply 3.SV to C and 0, and measure ICC 

(output W is on). 
2. Ground Band 0, apply 3.SV to A and C, and measure ICC 

(output Z is on). , 
3. Ground A and C, apply 3.SV to Band D, and measure ICC 

(output X is on). 
4. Ground C and D, apply 3.SV to A and B, and measure ICC 

(output Y is on). 

FIGURE 4-ICC (ONE OUTPUT ON) 
t Arrows indicate actual direction of current flow. Current into a terminal is a positive value. 

------------------------------------~ 

SWITCHING CHARACTERISTICS 

154 

SEE 
NOTE 

2 

+5V 

TEST CIRCUIT 

_------<O+14V 

F~)_,t_ ..... --I/V'_O+23V 

..... -+'~~ .... --~--oOUTPUT v 

VOLTAGE WAVEFORMS 
;---500 n$ ----...... _, 

'~J -i'l,~ 
INPUT OV, I ,1....;.:.,;-----

I 1 I 
~tplH~ r---tpHl~ 

___________ : ____ ~/: ~ '\ i 
OUTPUT . "h 
XOR Y 

NOTES: 
1. The input waveform is supplied by a generator with the 

following characteristics: tr = tl = 10 ns, duty cycle ~ 1%, 
and Zout "'" SOU. 

2. When measuring delay times at output X, apply +5V to 
Input D, and ground A. When measuring delay times at 
output y, apply +5V to Input A, and ground D. 

3. CL includes probe and jig capacitance. 

4. Unless otherwise noted all resistors are O.5W. 

FIGURE 5-S0URCE-OUTPUT SWITCHING TIMES 



PARAMETER MEASUREMENT INFORMATION 

SWITCHING CHARACTERISTICS (Continued) 

TEST CIRCUIT 

SEE 
NOTE 

2 

'5V r--------------, 
I TIMING INPUTS V A _____ --< 

E CCy- O+14V 

I 

r:':'::"'<:>---t-'-""5"-31v--<J '23V 
15W (NONINDUCTIVEj 

'---Di--<J +' 3V 

--~~~~~----O'3V 

/--+"<>--+-----0 OUTPUT 

VOLTAGE WAVEFORMS 
1----- 500 ns-----I 

CL 

120PF 

10% 

INPUT OV ----.I 

I 
I 
I 
I 
I 
I 

OUTPUT -------. 

10% 

J--tPLH-I 
I I 
I I 

: I I 
I-- t,_1 

I 

NOTES: 
1. The input waveform is supphed by a generator with the 

following characteristiCs: tr = tf = 10 ns, duty cycle ~ 1%, 
and Zout = 50. 

2. When measuring delay times at output W, apply of 5V to 
Input 0, and ground A When measuring delay times at 
output Z, apply +5V to Input A, and ground D. 

3. CL includes probe and jig capacitance. 

FIGURE 6-SINK-OUTPUT SWITCHING TIMES 
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FEATURES PIN CONFIGURATION 
• 600mA OUTPUT CAPABILITY ----------------------------~ 

• FAST SWITCHING TIMES BA, F PACKAGE 

• OUTPUT SHORT-CIRCUIT PROTECTION 
• DUAL SINK AND DUAL SOURCE OUTPUTS 
• MINIMUM TIME SKEW BETWEEN ADDRESS AND OUTPUT CUR-

RENT RISE 
• 24 VOLT OUTPUT CAPABILITY 
• SOURCE BASE DRIVE EXTERN ALL Y ADJUSTABLE 

Source 1 

Collectors 

• TTL OR DTL COMPATIBILITY 
• INPUT CLAMPING DIODES 

ADDRESS STROBE OUTPUTS 
INPUTS INPUTS 

Strobes {51 • 

52 I-:==-~., 

TRUTH TABLE 

SOURCE SINK SOURCE SINK SOURCE SINK 
A B C D 51 S2 W X Y Z 

L H X X L H ON OFF OFF OFF 
H L X X L H OFF ON OFF OFF 
X X L H H L OFF OFF ON OFF 
X X H L H L OFF OFF OFF ON 
X X X- X H H OFF OFF OFF OFF 
H H H H X X OFF OFF OFF OFF 

H == high level, L = low level, X = irrelevant 

NOTE: 
Not more than one output is to be on at anyone time. 

ABSOLUTE MAXIMUM RATINGS 

PAFIAMETER 
RATING 

55325 75325 

Supply voltage VCC1 (see Note 1) 7 7 

Supply voltage VCC2 (see Note 2) 25 25 

Input voltage (any address or strobe input) 5.5 5.5 

Continuous total dissipation at (or below) 100°C case 1 1 
temperature (see Note 2) 

Operating free-air temperature range -55 to 125 o to 70 

Storage temperature range -65 to 150 -65 to 150 

Lead temperature 1116 inch from case for 60 seconds F Package 300 300 

Lead temperature 1/16 inch from case for 10 seconds SA Package 260 260 

NOTES: 1. Voltage values are with respect to network ground terminal. 2. For operation above 100°C case temperature, refertD Dissipation Derating Curve, Figure 20. 
For dissipation ratings in free-air, see Figure 21. 
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UNIT 

V 

V 

V 

W 

°C 

°C 

°C 

°C 



SWITCHING CHARACTERISTICS VCC1 = 5V, T A = 25'C 

PARAMETER1 TO (OUTPUT) 

tPLH 

tPHL 
Source collectors 

tTLH 
Source outputs 

tTHL 

tPLH 
Sink outputs 

tPHL 

tTLH 
Sink outputs 

lTHL 

ts Sink outputs 

NOTE: 
1. tPLH = propagation delay time, low-to-high-Ievel output 

tPHL = propagation delay time, high-to-Iow-Ievel output 

tTLH = transition time, low-to-high-Ievel output 

tTHL = transition time, high-to-Iow-Ievel output 

ts = storage time 

CIRCUIT SCHEMATIC 

ADDRESS 0 

OUTPUT Z 

TEST 
FIGURE 

9 

10 

9 

9 

9 

STROBE 52 ADDRESS C 

OUTPUT Y 

NOTE: ALL RESISTORS VALUES ARE TYPICAL AND IN OHMS. 

TEST CONDITIONS 
MIN 

VCC2 = 15V, RL = 240 
CL = 25pF 

VCC2 = 20V, RL = 1kO 
CL = 25pF 

VCC2 = 15V, RL = 240, 
CL = 25pF 

VCC2 =15V, RL = 240 
CL = 25pF 

VCC2 = 15V, RL = 240, 
CL = 25pF 

ADDRESSB Vee1 

LIMITS 

TYP MAX 
UNIT 

25 50 
ns 

25 50 

55 

7 
ns 

20 45 
ns 

20 45 

7 15 
ns 

9 20 

15 30 ns 

STROBE $1 ADDRESS A 

SOURCE OUTPUT W RINT VCC2 
COLLECTORS 
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PARAMETER MEASUREMENT IIliFORMATION (Cont'd) 
.--------~~--~------------------------------------~ 
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2V 

4.5V 

2V 

4.5V 

24V 
) 

24V 

DC TEST CIRCUITS' 

I 
I 
1 

+-­
I(off) 

) 
~_..!+--.J>-.<)OPEN 

I 
zl 

/"""f-4-f--<J OPEN 

-=-

FIGURE 1 - VIH AND I(off) 

OPEN 

C 

2V 
GND 
4.5V 
4.5V 

'ARROWS INDICATE ACTUAL DIRECTION OF CURRENT FLOW 

FIGURE 2 - VIH AND VOH 

li~nD'leli 

TEST TABLE 

A B S1 

GND GND 2V 
2V 2V GND 

TEST TABLE 

D S2 Y Z 

4.5V GND VOH OPEN 
4.5V 2V VOH OPEN 
2V GND OPEN VOH 

GND 2V OPEN VOH 



PARAMETER MEASUREMENT INFORMATION (Cont'd) 

DC TEST CIRCUITS' (Continued) 

.. 5V] 
SEE 
TEST 

TABLE 

O.BV 

,. 

4.5V 

,5V 

I 
I , 

yl 
...... ---'+-0 OPEN 

I 

" /""-1--=-1--<: OPEN 

G~J 

ALL RESISTORS VALUES ARE TYPICAL ANO IN OHMS 
NOTE A: THESE PARAMETERS MUST BE MEASUREO USING PULSE TECHNIQUES. 

tw = 200ILS, DUTY CYCLE,,;;;2%. 

A 

O.BV 

4.SV 

FIGURE 3 - VIL AND SOURCE V(sat} 

,. 

a.
8v1 SEE 

TEST 
TABLE 

4.5V 

,5V 

OPEN 

Rl = 24 

, Vcc, L _____ _ 

4.SV 

ALL RESISTORS VALUES ARE TYPICAL AND IN OHMS 
NOTE A: THESE PARAMETERS MUST BE MEASURED USING PULSE TECHNIQUES. 

tw '= 200p.s, DUTY CVCLE:os;2%. 

"ARROWS INDICATE ACTUAL DIRECTION OF CURRENT FLOW. 

C 

O.BV 

4.SV 

FIGURE 4 - VIL AND SINK V(sat} 

S(gnnliOS 

TEST TABLE 

B S1 W 

4.SV O.BV GND 

O.BV O.BV OPEN 

TEST TABLE 

D S2 Y 

4.SV O.BV RL 
O.BV O.BV OPEN 

X 

OPEN 

GND 

Z 

OPEN 

RL 
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PARAMETER MEASUREMENT INFORMATION (Cont'd) 

I DC TEST CIRCUITS' (Continued) 

5.5Vo----t 

~ 
v,o----t 

V, 

11 

SEE 
TEST 

TABLE 

l"-"-""t--OOPEN 

I 
I 
I 

yl 
~--++-O OPEN 

I 
Zl 

~t-..,...+-() OPEN 

I V CC1 
L..- T-----

I 
I 

G~J 

6 -=-
5.5" 

(4.5V FOR 
TESTING VI) 

FIGURE 5 - VI, II, IIH, AND IlL 

'ARROWS INDICATE ACTUAL DIRECTION OF CURRENT FLOW. 24V 

TEST TABLES 

APPLY VI = 5.5V. 
MEASURE II 

APPLY VI = 2.4V. 
GROUND APPLY 5.5V 

MEASURE IIH 

A S1 B,C,S2,O 

S1 A,B C,S2,O 
B S1 A,C,S2,O 
C S2 A,S1,B,O 
S2 C,O A, 81, B 

0 S2 A,S1,B,C 

APPLY VI = O.4V, 
MEASURE IlL 

APPLY 5.5V 
APPLY II =- lOrnA, 
MEASUREMENT VI 

A S1,B,C,82,O 
S1 A,B,C, 82, 0 

B A, 81, C, 82, D 

C A, 81, B, S2, D 

S2 A,S1,B,C,D 

0 A,S1, S, C, 82 

F4---<lOPEN 

I 
5V I 

I 
yl 

OPEN 

I 
I 

Z 
OPEN 

L_'!t~~~--:'" 
5.5V 

FIGURE 6 - ICC11[off) AND ICC2(off) L-____________________ _ 
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PARAMETER MEASUREMENT INFORMATION (Cont'd) 

5V 

4.5Vo-...... F-~,' 

SEE 
TEST 

TABLE 

24V 

DC TEST CIRCUITS' (Continued) 

P"T--oOPEN 

I 
I 

G!!pJ 

C 

GND 

5V 

FIGURE 7 - ICC1, EITHER SINK ON 

TEST TABLE 

D S2 Y Z 

5V GND I(sink) OPEN 
GND GND OPEN I(sink) 

<ARROWS INDICATE ACTUAL DIRECTION OF CURRENT FLOW. 

5V 

-=-

SEE 
TEST 

TABLE 

24V 

S.5V 

-
I 
I 
I 

yl 
OPEN 

I 
zl 

OPEN 

I 
I t'OU"'I" 

G!!pJ -50mA 

-=- -=- -=-

FIGURE 8 - ICC2, EITHER SOURCE ON 

TEST TABLE 

A B S1 

GND 5V GND 

5V GND GND 
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PARAMETER MEASUREMENT INFORMATION (Cont'd.) 

162 

INPUT 

'50 

SEE 
TEST 

TABLE 

SWITCHING CHARACTERISTICS 

15V 

350 OPEN 

I 
I 
I 

CL ' 
25pF 

yl 
~---'1H--_""--+-<>OUTPUT y 

CL = 2SpF I 
zl 

~T-~-+--II--...... --<~ OUTPUT Z 

I 
I VCCI I L ______ G!!!!?j 

5V 

TEST CIRCUIT 
NOTES: 
ALL RESISTORS VALUES ARE TYPICAL AND IN OHMS, 
A, THE PULSE GENERATOR HAS THE FOLLOWING 

CHARACTERISTICS: 
Zout ~ son. DUTY CYCLE '" 1 'Yo, 

B, CL INCLUDES PROBE AND JIG CAPACITANCE, 

TEST TABLE 

PARAMETER OUTPUT UNDER TEST INPUT CONNECT TO 5V 

tpLH and tpHL 

tPLH, tPHL, 
tTLH, tTHL 

and ts 

os;;; 10ns 

INPUT 

OUTPUT 

A and S1 B, C, D and S2 
Source collectors 

Ban S1 A, C, D and S2 

Sink output Y C and S2 A, B, D and S1 

Sink output Z D and S2 A, B, C and S1 

~--------------3V 

10% 10% 

2OOn.----+_ 

90% 

_'s 

VOLTAGE WAVEFORMS 

FIGURE 9 - SWITCHING TIMES 

- ov 

1 ...... ------ VOH 
90% 

I----t-- ITLH 



PARAMETER MEASUREMENT INFORMATION (Cont'd.) 

SWITCHING CHARACTERISTICS Continued 

50 

SEE 
TEST 

TABLE 

PARAMETER 

tn.H and tTHL 

OUTPUT 

10% 

20V 

..... +--""1...,-""""11'--...,...------0 OUTPUT W 

..... --"t...,-...,--+...,...--_--oOUTPUT x 

I 
I VCC1 I L ______ G~J 

5V 

TEST CIRCUIT 

TEST TABLE 

OUTPUT UNDER TEST 

Source output W 

Source output X 

.;;;; TOns 

INPUT 

A and Sl 

Band Sl 

NOTES: 
ALL RESISTORS VALUES ARE TYPICAL AND IN OHMS. 
A. THE PULSE GENERATOR HAS THE FOLLOWING 

CHARACTERISTICS: 
Zout ~ son, DUTY CYCLE""%. 

B. CL INCLUDES PROBE AND JIG CAPACITANCE. 

CONNECT TO 5V 

B, C, D and S2 

A, C, D and S2 

.;;;; 10ns 

,------ 3V 
90% 

10% 10% 
-------ov 

1-----200n'----___ 1 

ir-:gc:0%::--------::90::::"%"""Ii - - - - - - VOH 

10% 
['----VOL 

VOLTAGE WAVEFORMS 

FIGURE 10 - TRANSITION TIMES OF SOURCE OUTPUTS 
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TYPICAL CHARACTERISTICS 

164 

OFF-STATE CURRENT INTO SOUFICE COLLECTORS 
vs FREE-AIR TEMPER,UURE 

HIGH-LEVEL SINK OUTPUT VOLTAGE 
vs FREE-AIR TEMPERATURE 

, 

; 
~ 
~ 

0 
I 

] 

~ 

400r---,----r---T---,----,---T---,---' 
v ee1 ;: 4.5V 

VCC2~ 24V 
200 see FIGURE 1 f--+-_+--_+--'-1f---t--+l 

40 

~ 
~ 
~ 

~ 

vee1" 4.SV 

VCC2"' 24V 

10=0 

see FIGURE 2 

20 ~ 12~-+--4---+---+-_+--~---~~ 
~ 

'0 ~ 
~ 

" I 
Z 

? 4~-+--~-~--~--f-~---~~ 

lL-~L-~ __ ~ __ ~ __ ~ ___ ~ __ -L~ 
-75 -so -25 25 50 7'5 100 

T A - FREE-AIR TEMPERATURE - "c 

FIGURE 11 

> 
I 

~ 

SOURCE OR SINK SATURATION VOLTAGE 
vs SOURCE CURRENT OR SINK CURRENT 

0,6 .----~--~--"T""---.---.... ---r--...,.----, 

0.' 

Vee, "'4.5V 
VCC2 ;: ,5V 

Re~t - SEE BELOW 

Rl - SEE BELOW 
see FIGURES 3 AND 4 

~ 
~ 0.4 ~--+---+-....",.jo<:::"~=-~--"..j.";..-:f---l 

~ 
~ 0.3 1----I"'---6~:::t<'~;:r~_+---+-_+----t . 
z 
~ . 
o 

~ 

~ 
I 

0.' ~--+---+---~--+--~--+---t--l 

Reltt ) 0.1 
730 618 .38 46 426 3 • 350n 

I I I I I I I 
RL 4' 41 36 31 28 26 '4n 

0 
'50 300 350 400 450 550 600 650 

-'(source) OR l{sink)- SOURCE CURRENT OR SINK CURRENT - rnA 

FIGURE 13 

FIGURE 12 

SOURCE OR SINK SATURA1r10N VOLTAGE 
vs FREE-AIR TEMPEBATURE 

SUPPLY CURRENT, ALL SOURCES AND SINKS OFF 
vs FREE-AIR TEMPERATURE 

0.' 18 

ICC}(Off) 

r-r-
Vee, = 4.5V 
VCC2 "" 15V 

-'\source) OR '(sink) " , 
SEE FIGURES 3 AND 4 

0.7 14 

~ 0.6 g < 12 
E 

r-
Vee, - 5.5V 

~ 
~ O • 

~ O. . 
z 
~ 

. 
4 

~ 0.3 

I 

0 

I'" 600mA Rl - 24n 

J"':~ 
I ~ 400mA RL - 36n 

I '" 300rt'A.R L ~ 4Sll--

l-

V"- i--

V V' f.-- f--
I--- L--...... I---V 

1--..... --I--I---

-75 -SO -25 25 50 75 100 125 

T A - FREE·AIR TEMPERATUBE - "C 

FIGURE 14 

s!!lnolms 

I 
~ 
Z . . 
~ 
u 
~ . 
! 

I 

o 

VCC2=24V 
SEE FIGURE 6 

1--1cc,I'Off) 

-75 -SO -25 25 50 75 100 125 

T A - FREE-AIR TEMPERATURE _ °C 

FIGURE'1S 



TYPICAL APPLICATION DATA 

BALANCED BIPOLAR LOGIC-LINE DRIVER 
The circuit shown in Figure 16 converts standard TTL logic to bipolar 
logic. Bipolar logic is primarily used in transmitting data or clock pulses 
over long lines. This line-driver may be operated from a single 5-volt 
supply; however, the output drive may be increased by raising the supply 
vOltage to the source collectors. The circuit features a tri-state output 
which is off during the absence of data, thus not dissipating high power. It 
provides a balanced drive circuit giving maximum noise immunity when 
used with the proper line receiver. large drive levels can be used to 
further increase noise immunity. The circuit is capable of driving twisted­
pair lines of several- miles in length of low-impedance coaxial lines. 

TTL 
OATAo-~+--+-----­
INPUT 

1. 

TTL 
INPUT 

OUTPUT 
WZTQ XV 

ALL RESISTORS VALUES ARE TYPICAL AND IN OHMS. 

OPEN 

OPEN 

TEST CIRCUIT 

VOLTAGE WAVEFORMS 

oR AND C ARE ADJUSTED TO GIVE THE DESIRED BIPOLAR OUTPUT PULSE WIDTH. 

14V 

...... +-..!!f---1~-<l OUTPUT WZ 

I 
I 
I 

yl 
/"--'-f-.... -f---6 OUTPUT XY 

I 
I 

G~J 

FIGURE 16 - BALANCED BIPOLAR LOGIC - LINE DRIVER 
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TYPICAL APPLICATION DATA (Continued) 
In memory-drive applications the 75325 (or for full-temperature operation, 
the 55325) can be connected in any of several ways. Typically, however, 
sources and sinks are arranged in pairs from which many drive-lines 
branch off as shown in Figure 17. Here each drive-line is served by a 
unique combination of two source/sink pairs so that a selection matrix is 
formed. To select drive-line 13, 75154 No.1 must be setto 3 (with mode 
select high), enabling source X of 75325 No.2 to drive lines 12 through 15, 
and 74154 No.2 must' be sett02, providing a sink atY of 75325 No. 4 for 
drive-line 13 only. Alternatively, to drive Cllmmt in drive-line 13 in the 
opposite direction, only the mode-select vollage would be changed from 
high to low. The size of such a matrix is limited only by the number of 
drive-lines that a source/sink pair can serve. This number in turn depends 
on the capacitive and inductive load that each drive-line of the particular 
system imposes on the driver. A 256-drive-liine, selection matrix is shown 
in Figure 18. These 256 drive-lines are sufficient to serve (256/2)2 
16,384 individual cores. 

lHIS 4X4 GRID OF SOURCE-SINK 
PAIRS FUNCTIONS AS A MATRIX 

TO SELECT ONE OUT Of 16 DRIVE-LINES 

OR'V' UN' NO, 1 
TI0134 

W 

" 

DRIVE 
LINES 
AND 

CORES ,-- DRIVE-LINE 

~ ----<A 
0 

,--< Sl 1 ;..- " t------< B 2 vV \ ~ 75325 
3 

NO.1 

~: 
y 

O~ x 
~ ~, 0---- A 

11:r-- . 
~ 

B 
21:r--

S 

c 
'P- • 

0-- 0 7 
.p 

Sio Z 

74154 ·10 
NO,l 710 nDl34 

(T OFT6 P W 

DECODER) : 10 
f--<A ~ :, :, 8 

lOp 
l--< Sl 9 

10 

1110 B 11 
12p 

75325 :, :, :,~ 
ENABLE 0----< Gl 

NO.2 

13p Y 

S~I~~~ 0---< 
1410 x :, G2 
15p 

12 

f--<:c 
13 

" f--<:52 15 

L- f--<:D '" ~ 

z 
'--

~ D ~ t.::O\ t.::l\ t.::O\ t.::O\ t.::O\ tG\ tG\ 
u 'C/ '011'0 'C/I 1 '0 \tY) r '0' '0' \ ~ 

g 
w y x z w y x z 

75325 NO.3 75325 NO.4 ,--------, 
: 1/67404 : A 51 B C 52 D A 51 B C 52 0 

(~~~~~~~~~~ 0 

[ 
I [>0--;- SINK STROBE Y Y Y Y Y Y Y 'i' 'i' 'f L.. _______ ~ 

--
SOURCE STROBE I 

r----' llr'!'oooonononnnn TIMING STROBE 
, 

T il 
, 

(Jl) 

4n 
, 0 1 2 , • S • 7 8 9 10 11 12 13 14 15 , 
I 

74154 NO.2 , I , , , 
I 

MODE SElECT 

4 
A B C D Gl G2 

(SOURCE/SINK) 1111 r I 3V, I 

L 3~4:~H_OOJ ENABLE TIMING STROBe 

SEE NOTE A 

TO ADDtrlONAl TO ADDITIONAL 
NOTE A: THIS OPERATIONAL MOOE SELECT AND TIMING STROBE TECHNIQUE CAN BE SOURCE STROBE SINK STROBE 

INPUTS INPUTS USED IN PLACE OF THE 7440 MOOE SELECT ANO 74154 TIMING STROBE 
WHEN MINIMUM TIME SKEW IS DESIREO 

FIGURE 17 - 753~!5 USED AS A MEMORY DRIVER TO SELECT ONE OF SIXTEEN DRIVE LINES L-________________________ _ 
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TYPICAL APPLICATION DATA (Continued) 

J r- ------------------- -i 
I'" Ii : 
I ~ II I 
I • II I I ; Ii: 
Lr~: : 

I I 
I I 
I I 
I I 
I 0 I 

: N' ~~ : 
1 ' , 0, I 

I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I C"NC'"O'O.O""C'''*~ I 
L ___ _ ___ -l 

r::;-------, I 
I~ I 
I~ I 
1° 1 
I I ~_+--+_+__+_4--+_4-_4_4--~~----_+--_4------_4~----_4H_~t+++~H_~~+ 
I " 1 ; 

I ~!:J \ r-- 0; ___ "'------ "'------

I ~~ I __ _ I I 

1 : ~r! [: - ~ 1 - -; - - -- - : ~ ~ : 

1 I 1° "-J i~ ,,' :~: ~ ~ : 
s : - -- -J i~ ~ i ,0 ~ ~ ~ I 

~ : - -- - -- -~ : !=t---- ! 
II': I" I 

I" 1 
, L ______ -l I ~ _0 >~; 0 I 
~ r-, - -- - I;; ~~~ ~~_ ~~~ I 

I I I' ~ I - -- - I I 
I I I" ~ I I, ~ I - -- - L __ --- ------ ______ -1 

: ~] __ -~ I" ~ I I' ~ 1 r-- --- ---:-- -------'1 
~ 

I--------,L 
'---

I I 
I I 
I I 
I I 
I I 
I I 

~I~J :, , I " 

I 

i ~: 
L _____________________________________________________ -------------------~ 

FIGURE 18 - 75325 SERVING 256 DRIVE LINES IN A MAGNETIC MEMORY 
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TYPICAL APPLICATION DATA (Continued) 

EXTERNAL RESISTOR CALCULATION 
A typical magnetic-memory word-drive requirement is shown in Figure 
19. A source-output transistor of one 75325 clelivers load current (IL). The 
sink-output transistor of another 75325 sinks this current. 

NOTES: 

r-----------
, R 
lONE 
I 55/75325 
: SOURCE 

lONE 
: 55/75325 
I SINK , 

-- - - ----, 
SOURCE I 

COLLECTORSI 

I 
MEMORY Vs 

ELEMENT 1 

A. FOR CLARITY. PARTIAL LOGIC DIAGRAMS OF TWO 75325·, ARE SHOWN. 
B. SOURCE AND SINK SHOWN ARE IN DIFFERENT PACKAGES. 

FIGURE 19 

The value of the external pull-up resistor (Rext) for a particular memory 
application may be determined using the following equation: 

where: Rext is in kO 
VCC2(min) is the lowest expected value of VCC2 in volts, 
Vs is the source output voltage in volts with respect to ground, 
IL is in mAo 

The power dissipated in resistor Rext during the load current 
pulse duration is calculated using Equation 2, 

PRext = ~~ [VCC2(min) - Vs - 2] 
. (Equation 2) 

where: PRext is in mW. 

After solving for Rext, the magnitude of the source collector current (ICS) 
is determined from Equation 3, 

ICS = 0.941L 
(Equation 3) 

where: ICS is in mA. 

As an example, let VCC2(min) = 20V and VL = 3V while IL of 500mA 
flows. 

Using Equation 1, 

Rext = 

and from Equation 2, 

16 (20 - 3 - 2.2) 

500 - 1.6 (20 - 3 - 2.9) 
=0.5kO 

500 
PRext = 16 [20 - 3 - 2] = 470mW 

The amount of the memory system current source (ICS) from Equation 3 
is: 

ICS = 0.94 (500) = 470mA 

16 [VCC2(min) - Vs - 2.2] 
Rext = ----~--~--~----

IL - 1.6 [VCC2(min) - Vs - 2.9] 

In this example the regulated source-output transistor base current 
through the external pull-up resistor (Rext) and the source gate is approx­

(Equation 1) imately 30mA. This current and ICS comprise IL· 
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THERMAL INFORMATION 

1200 

~ 1000 
E 
, 

Z 
0 
~ 800 
~ 
~ 
is 

~ 
~ 

400 
~ 
~ 
x . . 

200 

CASE TEMPERATURE 
DISSIPATION DERATING CURVE 

~ '\ 
1\ 

'\ 
~ 

\ 
\. 

i"-- \ 

'\ l"-
i'-' i\ 

'KG DERATE FROM 

BA 
F 

o 
100 

24mWf"C 
35mWrC 

110 

10S"C SEE 
121°C NOTE A 

120 130 140 

T C - CASE TEMPERATURE - "c 

NOTE A: RATED OPERATING FREE-AIR TEMPERATURE 
RANGES MUST BE OBSERVED REGARDLESS OF HEAT SINKING. 

FIGURE 20 

9i!1DOliC9 

1200 

1000 

800 

600 

400 

o 

FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 

"- 75 SERIES 

I'.. ~ FPACKAGE 

~PACKAGE" 

i'.. "-
"-

"-
55SERIES 

"'- ! 

20 30 40 50 60 70 80 90 100 110 120 130 

T A - FREE-AIR TEMPERATURE - "c 

FIGURE 21 
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FEATURES 
• DUAL POSITIVE-LOGIC NAND TTL-TO-MOS DRIVER 
• VERSATILE INTERFACE CIRCUIT FOIR USE BETWEEN TTL AND 

HIGH-CURRENT, HIGH-VOLTAGE SYSTEMS 
• CAPABLE OF DRIVING HIGH-CAPACITANCE LOADS 
• COMPATIBLE WITH MANY POPULAR MOS RAMs 
• VCC2 SUPPLY VOLTAGE VARIABLE OVER WIDE RANGE TO 24 

VOLTS MAXIMUM 
• TTL AND DTL COMPATIBLE DIODE-CLAMPED INPUTS 
• OPERATES FROM STANDARD BIP'OL.AR AND MOS SUPPLY 

VOLTAGES 
• HIGH-SPEED SWITCHING 
• TRANSIENT OVERDRIVE MINIMIZES POWER DISSIPATION 
• LOW STANDBY POWER DISSIPATION 

ABSOLUTE MAXIMUM RATINGS 

Supply voltage range of VCC1 (Note 1) 
Supply voltage range of V CC2 
Input voltage 
Inter-input voltage (Note 2) 
Continuous total dissipation at 

(or below) 25°C free-air 
temperature (Note 3): 
F package 
V package 

Operating free-air terperature range 
Storage temperature range 
Lead temperature 1/16 inch 

from case for 60 seconds: F package 
Lead temperature 1/16 inch 

from case for 10 seconds: V package 

NOTES: 
1. Voltage values are with respect to network ground terminal. 

-0.5V to 7V 
-0.5V to 25V 

5.5V 
5.5V 

1300mW 
1000mW 

O°C to 70°C 
- 65°C to 150°C 

300°C 

260°C 

2. This rating applies between the A input of either driver and the common E input. 
3. For operation above 25°C free~air temperature, refE~r to Dissipation Derating Curve, 

Figure 17. 

PIN CONFIGURATION 

F PACKAGE 

V PACKAGE 

SCHEMATIC (EACH DRIVER) 

TO OTHER f 
DRIVER lo-------I 

INPUT A 0----.-1<1---1 
OUTPUT Y 

ENABLE E o-.--.--+-I<1-....J 

TO OTHER f 
DRIVERS \o---'----'----------l ___ .--.l._-<>GND 
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SWITCHING CHARACTERISTICS, VCCl = 5V, VCC2 = 20V, TA = 25°C 

PARAMETER TEST CONDITIONS 

tDLH Delay time, low-to-high-Ievel output 
tDHL Delay time, high-to-Iow-Ievel output CL = 390pF, 
tTLH Transition time, low-to-high-Ievel output RD = 10n 
tTHL Transition time, high-to-Iow-Ievel output See Figure 1, 
t PLH Propagation delay time, low-to-high-Ievel output Unused gate 
tpHL Propagation delay time, high-to-Iow-Ievel output input grounded 

PARAMETER MEASUREMENT INFORMATION 

TEST CIRCUIT 

NOTES: 
A. THE PULSE GENERATOR HAS THE FOLLOWING 

CHARACTERISTICS: PRR ~ 1 MHz, ZOUT < 50n. 

B. CL INCLUDES PROBE AND JIG CAPACITANCE. 

VOLTAGE WAVEFORM 

tOHL 

10LH 

FIGURE 1-SWITCHING TIMES, EACH DRIVER 

LIMITS 
MIN TYP MAX 

11 20 
10 18 
25 40 
21 35 

10 36 55 
10 31 47 

UNIT 

ns 
ns 
ns 
ns 
ns 
ns 
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DESIGN PRECAUTIONS 
- USE OF DAMPING RESISTOR TO REDUCE OR ELIMINATE OUTPUT TRANSIENT OVER-

SHOOT IN CERTAINI 75361A APPLICATIONS 
The last switching speeds of this device may produce undesirable output transient overshoot 
because of load or wiring inductance. A small sElries damping resistor may be used to reduce or 
eliminate this output transient overshoot. The optimum value of the damping resistor to use 
depends on the specific load characteristics and switching speed. A typical value would be 
between 10n and 30n. See Figure 13. 

I 'h "'536'-;;; I I ~~: I 
I I I I 

o--+----r'\.. vl_ A~~ _L_ I 
~YY~cl 

I I I III 

POWER DISSIPATION PRECAUTI,ONS 
Significant power may be dissipated in the 75361 A driver when charging 
and discharging high-capacitance loads over a wide voltage range at high 
frequencies. Figure 5 shows the power dissipated in a typical 75361 A as a 
function of load capacitance and frequency. Average power dissipated by 
this driver can be broken into three compon,snls: 

PT (A V) = PDC(AV) + PC(AV) +PS(AV) 
where PDC(AV) is the steady-state power dissipation with the output high 
or low, PC(AV) is the power level during charging or discharging of the 
load capacitance, and PS(AV) is the power dissipation during switching 
between the low and high levels. None of these include energy trans­
ferred to the load and all are averaged over a full cycle. 
The power components per driver channel are: 

PL tL + PH tH 
PDC(AV) T 

PC(AV) = C VC2 f 
PS(AV) PLH tLH ~ PHL tHL 

where the times are as defined in Figure 14. 
PL, PH, PLH, and PHL are the respective im;tantaneous levels of power 
dis?ipation and C is load capacitance. 
The 75361A is so designed that Ps is a negligible portion of PT in most 
applications. Except at very high frequencies, tL + tH » tLH + tHL so that 
Ps can be neglected. Figure 5 for no load demonstrates this point. The 
power dissipation contributions from both channels are' then added to­
gether to obtain total device power. 

VOLTAGE WAVEFORM 

'HC 

'CH 

I I I -= I 
L- ____ .....I L ___ .J 

NOTE: RO "'" 1012 TO 30n (OPTIONAL). 

FIGURE 13 

The following example illustrates this power calculation technique. As­
sume both channels are operating identically with C = 200pF, f = 2M Hz, 
VCC1 = 5V, VCC2 = 20V, and duty cycle = 60% outputs high (t~'/T = 
0.6). Also, assume VOH = 19.3V, VOL = 0.1 V, PS is negligible, and that 
the current from VCC2 is negligible when the output is high. 
On a per-channel basis using data sheet values: 

PDC(AV) = l5V) (2~A) + (20V) (O~A)J (0.6) + 

[(5V) (16;A) + (20V) (7~A)J (0.4) 

PDC(AV) = 47mW per channel 
PC(AV) = (200pF) (19.2V)2 (2M Hz) 
PC(AV) = 148mW per channel. 

For the total device dissipation of the two channels: 
PT(AV) = 2 (47 + (48) 
PT(AV) = 390mW typical for total package. 

'H 

FIGiURE 14-0UTPUT VOLTAGE WAVEFORM 
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SIGNETICS DEFINITION OF TERMS 

OPAMPS 
AVERAGE I NPUT OFFSET CURRENTt° COEFF - The change 
in input offset current divided by the change in ambient temper­
ature producing it. 
AVERAGE INPUT OFFSET VOLTAGE to COEFF - The change 
in input offset voltage divided by the change in ambient temper­
ature producing it. 

COMMON MODE INPUT RESISTANCE - The resistance 
hooking into both inputs, with inputs tied together. 

COMMON MODE REJECTION RATIO (CMRR) - The ratio of 
the change of input offset voltage to the input common mode 
voltage change producing it. 

FULL POWER BANDWIDTH - The maximum frequency at 
which the full sinewave output might be obtained. 

INPUT BIAS CURRENT - The average of the two input cur­
rents at zero output voltage. In some cases, the input current is 
measured for either input independently. 

INPUT CAPACITANCE - The capacitance looking into either 
input terminal with the other grounded. 

INPUT CURRENT - The current into an input terminal. 

INPUT NOISE VOLTAGE - The square root of the mean square 
narrow-band noise voltage referred to the input. 

INPUT OFFSET CURRENT - The difference in the currents 
into the two input terminals with the output at zero volts. 

INPUT OFFSET VOLTAGE - That voltage which must be 
applied between the input terminals to obtain zero output 
voltage. The input offset voltage may also be defined for the 
case where two equal resistances are inserted in series with the 
input leads. 

INPUT RESISTANCE- The resistance looking into either input 
terminal with the other grounded. 

INPUT VOLTAGE RANGE - The range of voltages on the input 
terminals for which the amplifier operates within specifications. 
In some cases, the input offset specifications apply over the 
input voltage range. 

LARGE-SIGNAL VOLTAGE GAIN - The ratio of the maximum 
output voltage swing to the change in input voltage required to 
drive the output to this voltage. 
OUTPUT RESISTANCE - The resistance seen looking into the 
output terminal with the output at null. This parameter is defined 
only under small signal conditions at frequencies above a few 
hundred cycles to eliminate the influence of drift and thermal 
feedback. 

OUTPUT SHORT-CIRCUIT CURRENT - The maximum out­
put current available from the amplifier with the output shorted 
to ground or to either supply. 
OUTPUT VOLTAGE SWING - The peak output swing, referred 
to zero, that can be obtained. 

POWER CONSUMPTION - The DC power required to operate 
the amplifier with the output at zero and with no load current. 

POWER SUPPLY REJECTION RATIO - The ratio of the 
change in input offset voltage to the change in supply voltages 
producing it. 

RISE TIME - The time required for an output voltage step to 
change from 10% to 90% of its final value. 
SLEW RATE - The maximum rate of change of output voltage 
under large signal condition. 
SUPPLY CURRENT - The current required from the power 
supply to operate the amplifier with no load and the output at 
zero. 

TEMPERATURE STABILITY OF VOLTAGE GAIN - The maxi­
mum variation of the voltage gain over the specified tempera­
ture range. 

REGULATORS 
DROPOUT VOLTAGE - The input-output voltage differential 
at which the circuit ceases to regulate against further reductions 
in input voltage. 

INPUT-OUTPUT VOLTAGE DIFFERENTIAL - The range of 
voltage difference between the supply voltage and the regulated 
output voltage over which the regulator will operate. 

LINE REGULATION - The percentage change in output volt­
age for a specified change in input voltage. 

LOAD REGULATION - The percentage change in output 
voltage for a specified change in load current. 

MAXIMUM POWER DISSIPATION - The maximum total de­
vice dissipation for which the regulator will operate within 
specifications. 

OUTPUT NOISE VOLTAGE - The rms output noise voltage 
with constant load and no input ripple. 

OUTPUT VOLTAGE RANGE - The range of output voltage 
over which the regulator will operate. 

QUIESCENT CURRENT - That part of input current to the 
regulator that is not delivered to the load. 

REFERENCE VOLTAGE - The output of the reference amplifi­
er measured with respect to the negative supply. 

RIPPLE REJECTION - The ratio of the peak-to-peak input 
ripple voltage to the peak-to-peak output ripple voltage. 

SENSE VOLTAGE - The voltage between current sense and 
current limit terminals necessary to cause current limiting. 

SHORT CIRCUIT CURRENT LIMIT - The output current of the 
regulator with the output shorted to the hegative supply. 

STANDBY CURRENT DRAIN - The supply current drawn by 
the regulator with no output load and no reference voltage load. 

COMPARATORS/SENSE AMPLIFIERS 
COMMON MODE FIRING VOLTAGE - The CM input voltage 
that exceeds the dynamic range of the inputs with strobe 
enabled resulting in the output switching states. 

COMMON MODE RECOVERY TIME - The time from the turn 
off of the CM signal to the analog input threshold of the earliest 
sense line pulse signal that can be processed normally. Pro­
cessed normally refers to bi-polar signals greater than or less 
than the input threshold with a corresponding proper output. 

EQUIVALENT INPUT COMMON MODE NOISE VOLTAGE -
The change in input offset voltage due to common mode input 
noise. 

LOGIC INPUT HIGH VOLTAGE - The minimum voltage al­
lowed at a bit control gate to hold the bit off. 

LOGIC INPUT LOW VOLTAGE - The maximum voltage al­
lowed at a bit control gate to hold the bit on. 

OUTPUT SINK CURRENT - The maximum negative current 
that can be delivered by the comparator. 

PEAK OUTPUT CURRENT - The maximum current that may 
flow into the output load without causing damage to the com­
parator. 

PROPAGATION DELAY - The interval between the application 
of an input voltage step and its arrival at either output, measured 
at 50% of the final value. 

RESPONSE TIME - The interval between the application of an 
input step function and the time when the output crosses the 
logic threshold voltage. The input step drives the comparator 
from some initial, saturated input voltage to an input level just 
barely in excess of that required to bring the output from 
saturation to the logic threshold voltage overdrive. 

STROBE CURRENT - The maximum current drawn by the 
strobe terminals when it is at the zero logic level. 

STROBE DELAY - The time delay measured from strobe to 

1 
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SIGNETICS DEFINITION OF TERMS 

output threshold with a signal present exceeding the input 
threshold. 

STROBE RELEASE TIME - The time required for the output to 
rise to the logic threshold voltage after the strobe terminal has 
been driven from the zero to the one logic level. Appropriate 
input conditions are assumed. 

STROBED OUTPUT LEVEL - The DC output voltage, inde­
pendent of input voltage, with the voltage on the strobe terminal 
equal to or less than a minimum specified amount. 

SWITCHING SPEED - The time required to turn on the least 
significant bit. 

THRESHOLD UNCERTAINTY - With all sense amps sharing 
the same input threshold less the uncertainty as a "0". This 
includes unit to unit, power supply and temperature variations. 

THRESHOLD VOLTAGE - The typical rE!ferred to input voltage 
which determines whether an input is a "1" or a "0". A signal 
whose magnitude is greater than the threshold level is sensed as 
a logic "1" and a signal whose magnitude is less as a "0". 

ZERO SCALE OUTPUT CURRENT - The output current for all 
bits turned off. 

COMMUNICATIONS CIRCUITS 
AGC DETECTOR SENSITIVITY - The ratio of the incremental 
differential DC voltage change at the AGC detector output 
terminals to the incremental change in peak-to-peak voltage at 
the AGC detector input terminal for a specified burst input level, 
with the local oscillator locked. 

APC DETECTOR SENSITIVITY - The ratio of the incremental 
differential DC voltage change at the APC detector output 
terminals to the incremental change in relative phase at the APC 
detector input terminal for a specified burst input level. 

AVERAGE TEMPERATURE COEFFICIENT OF OUTPUT VOL­
TIIAGE - The percentage change in output voltage for a 
specified change in ambient temperature. 

BANDWIDTH - The frequency at which the differential gain is 
3dB below its low frequency value. 

DIFFERENTIAL OUTPUT VOLTAGE SWING - The peak dif­
ferential output swing that can be obtained without clipping. 

DIFFERENTIAL VOLTAGE GAIN - The ratio of the change in 
differential output voltage to the change in differential input 
voltage producing it. 

OSCILLATOR CONTROL SENSITIVITY - The ratio of the 
incremental change in oscillator free running frequency to the 
incremental change in the differential DC voltage at the APC 
detector output terminals. 

OUTPUT COMMON MODE VOLTAGE -- The average of the 
voltages at the two output terminals. 

OUTPUT OFFSET VOLTAGE - The difference between the 
voltages at the two output terminals with the inputs grounded. 

TOTAL HARMONIC DISTORTION - Hie ratio of the sum of the 
amplitudes of all signals harmonically related to the fundamen­
tal, and the amplitude of the fundamental signal. 
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ANALOG-OPERATIONAL AMPLIFIERS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) Vs = + 15V unless otherwise specified 
,----

PARAMETER VOS (mV) VOS DRIFT 
Offset Voltage (IJvtC) lOS (mA) lOS DRIFT IBIAS (nA) 

DEVICE TEST CONDITIONS RS';;; 10Krl RS = Orl Offset Current pAtC Input Current 

TEMPERATURE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

NE531 i TA = 25°C 2.0 6 N/A 50 200 N/A 400 1500 
0°C';;;TA';;;+70°C 7.5 N/A TA = +70°C N/A TA=+70 c C 

200 1500 
TA = DoC TA = DoC 

300 2000 

SE531! T A = 25°C 2.0 5.0 N/A 30 200 N/A 300 500 
-55°C';;; T A +125°C 6 N/A TA = +125°C N/A TA = +125°C 

200 500 
TA=-55°C TA = _55°C 

500 1500 

NE532 TA=25°C ±2 ±63 N/A ±5 ±50 N/A IIN+orIIN-
4 

45 250 

V+ = 5V 
0°C';;;TA';;;+70°C ±7.53 7 ±150 10 500 

SA532 TA=25°C ±2 ±63 N/A II N+ or II N-4 

±5 ±50 N/A 45 250 

V+ = 5V 

-40°C';;; TA ~85°C ±7.5 3 7 ±150 10 500 

SE532 T A = 25°C ±2 ±~? N/A ±3 ±30 N/A IIN+ or IIN-4 
45 150 

V+ = 5V 
_55° C ,;;; T A ,;;; 125° c: ±73 7 ±100 10 300 

SA534 T A = 25°C ±2 ±7 3 N/A ±5 ±50 N/A IIN+ or IIN-4 
45 250 

-40';;; T A';;; 85'C ±g3 7 ±150 500 

NE535 T A = 25°C 2.0 5.0 N/A 15 40 N/A 65 150 

O°C,;;; TA +70"C 2.0 6.0 6.0 80 N/A 200 

3 
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ANALOG-OPERATIONAL AMPLIFIERS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) Vs = + 15V unless otherwise specified 

AVOL (V/MV) 

CMRR (dB) 
LARGE SIGNAL 
VOLTAGE GAIN 

PARAMETER VCM(VI Common Mode 
RIN(Mn) RL# 2Kn 

Common Mode Rejection Ratio INPUT VOUT ± 10V 
DEVICE TEST CONDITIONS Voltage Range RS";±10Kn RESISTANCE VS=±15V 

TEMPERATURE MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX 

NE531 , TA = 25°C ±10 70 100 20 20,000 60,000 
0°C";TA";+70°C N/A N/A N/A 15,000 

SE531' TA = 25°C ±10 N/A 20 50,000 100,000 
-55°C"; T A +125°C N/A 70 90 N/A 25,000 

NE532 TA=25°C V+ = 30Vs 70 85 N/A V+ = 15V 
V+ = 5V 0 V+-l.5 25 100 
0°C";TA";+70°C 0 V+-2 N/A N/A 15 

SA532 TA= 25°C V+ = 30Vs 70 85 N/A V+ = 15V 
V+ = 5V 0 V+-l.5 25 100 
-40°C"; T A"; 85°C 0 V+-2 N/A N/A 15 

SE532 TA ~ 25°C V+ = 30Vs 70 85 N/A V+ = 15V 
V+= 5V 0 V+-l.5 50 100 
-55°C"; TA"; 125°C 0 V+-2 N/A N/A 25 

, 
SA534 TA=25°C V+ = 30Vs 70 85 N/A V+ = 15V 

0 V+-l.5 25 100 
-40"; T A"; 85°C 0 V+-2 N/A N/A 15 

NE535 TA=25°C ±12 ±13 N/A 1.0 6.0 50 500 

O°C"; TA +70°C N/A 70 90 N/A 75 
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ANALOG-OPERATIONAL AMPLIFIERS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) Vs = + 15V unless otherwise specified 

PSRR 
VOUT SUPPLY VOLTAGE 

PARAMETER OUTPUT VOL TAGE ICC REJECTION RATION 
SWING (V) SUPPLY CURRENT POWER (p.V/V) 

DEVICE TEST CONDITIONS RL;;" 2KD (MAl CONSUMPTION Rs';;; 10KD 

TEMPERATURE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

NE531' TA: 25°C N/A 5.5 10 165 300 10 150 
DOe,;;; T A';;; +70oe '10 '13 N/A N/A N/A 

SE531' T A: 25°C N/A 5.5 7.0 165 210 N/A 
-55°C';;; T A +125°e '10 '13 N/A N/A 10 150 

NE532 TA: 25°C N/A N/A N/A 65 100 
v+ ~ 5V 
oOe';;;TA,;;;+10'e VOH v+ ~ 30V RL ~ ~ On All Op Amps N/A N/A 

26 0.5 1.2 

RL;;" 10KH 
27 28 
VOL V+ ~ 5V 

RL';;; 10K12 
5mV 20mV 

SA532 T A ~ 25'e N/A N/A N/A 65 100 
V~ ~ 5V 

-40'e,;;; T A';; 85'e VOH V+ ~ 30V RL ~ ~ On All Op Amps N/A N/A 
26 0.5 1.2 

RL;;"10KH 

I 27 28 
VOL V+: 5V 

RL';; 10Kn 
5mV 20mV 

SE532 TA" 25'e N/A N/A N/A 65 100 

V+: 5V 
-55°C';; TA';; 125°C VOH V+ ~ 30V RL: ~ On All Op Amps N/A N/A 

26 0.5 1.2 

k 
RL;;" 10KD 

27 28 
VOL V+~5V 

RL";; 10KH 
5mV 20mV 

TA: 25°C N/A N/A N/A 65 100 

-40 ,;; T A';;; 85' e VOH V+ ~ 30V R L ~ ~ On All Op Amps N/A N/A 

26 0.8 2 

RL;;" 10KH 
27 28 

VOL V+ ~ 5V 
RL';; 10KD 

5mV 20mV 

NE535 T A ~ 25°C ±10 ±13 N/A N/A N/A 

RL: 10Kn 
±12 ±14 

O°C';; TA +70'C N/A 1.6 3.0 48 90 30 150 
'-
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ANALOG-OPERATIONAL AMPLIFIERS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) Vs = + 15V unless otherwise specified 

----. 
VOS (mV) Vos DRIFT PARAMETER 
Offset Voltage (pvfc) lOS (mA) lOS DRIFT IBIAS (nA) 

DEVICE TEST CONDITIONS Rl;';; 10Kn RS=On Offset Current pAtC Input Current 

TEMPERATURE MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX 

SE535 TA = 25°C 0.7 2.0 N/A 5.0 10 N/A 45 60 

-55°C';; TA';; +125°C 0.7 3.0 3.0 1.5 20 N/A 100 

NE536 TA = 25°C 30 90 N/A SpA N/A 30pA 100pA13 

Over Temp. 30 30 N/A N/A N/A 

SU536 Vs = ±6V to ±20V 7.S 20 20 SpA N/A 5pA 30pA13 

Over Temp. 7.S 30 N/A N/A N/A 2S0pA 3000pA 

LH2101A 7 TA= 2SOC RS';; 50KSl 2.0 N/A 10 N/A 7S 

±5V .;; Vs .;; ± 20V 3.0 15 20 25° C .;; T A .;; 1250 C 100 

-S5';; T A';; 125°C 0.1nA 
_55°C .;; T A';; 25°C 

0.2nA 

LH2201A' TA=25°C RS';; 50KH 2.0 N/A 10 25°C';;TA';;125°C 75 
0.1oA 

±5V .;; VS';; ± 20V 
3.0 15 20 

_55°C';; T A';; 25°C 
100 _2So C';; T A';; 85°C 0.2nA 

LH2301A 7 TA=25°C RS';; 50KSl 7.5 N/A 50 250 C .;; T A .;; 1 250 C 250 
0.3nA 

±5V .;; VS';; ± 15V -55°C';; T A';; 25°C 
O°C .;; T A';; + 70°C 10 30 70 0.6nA 300 

LH2108 TA=25°C 2.0 N/A 0.2 N/A 2 

±5';; VS';; ±20V 
-55';;TA';; 125°C 3.0 15 0.4 2.5 3 

LH2108A TA=25°C 0.5 N/A 0.2 NlA 2.0 

±5V .;; VS';; ±20V 

-55';; TA';; 125°C 1.(1 5 0.4 2.5 3.0 

LH2208 TA = 2So C 2.0 N/A 0.2 N/A 2.0 

±5V .;; Vs .;; ±20V 

-25';; T A';; 85°C 3.0 15 0.4 2.b 3.0 

LH2208A TA = 25°C 0.5 N/A 0.2 N/A 2.0 

±5V .;; Vs .;; ±20V 

-25';;TA';;8So C 1.0 S 0.4 2.S 3.0 
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ANALOG-OPERATIONAL AMPLIFIERS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) Vs = + 15V unless otherwise specified 

AVOL (V/MV) 
LARGE SIGNAL 

CMRR (dB) 
VOLTAGE GAIN 

PARAMETER VCMIV) Common Mode RIN(Mn) RL;;> 2Kn 
Common Mode Rejection Ratio INPUT VOUT ± 10V 

DEVICE TEST CONDITIONS Voltage Range RS< ± 10Kn RESISTANCE Vs = ± 15V 

TEMPERATURE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP 

SE535 Til. = 25°C ±12 ±13 N/A 3.0 10 50 500 

-55"C < TA < +125°C N/A 70 90 N/A 25 

NE536 TA = 25°C VIN = ±10V 
±10 ±11 64 80 lOn!4 50 

Over Temp. N/A N/A N/A 25 100 

SU536 Vs = ±6V to ±20V ±10 ±11 70 80 lOn" 50 100 

Over Temp. N/A N/A N/A 50 100 

LH2101A 7 TA=25°C N/A N/A 1.5 50 
±5V < Vs < ± 20V 
-55<TA< 125°C Vs = ±20 RS< 50K 

±15 80 N/A 25 

LH2201A 7 TA=25°C N/A N/A 1.5 50 
±5V < Vs < ± 20V 

Vs = ±20 RS< 50K 

N/A 25 
_25°C < T A < 85°C ±15 80 

I--

LH2301A 7 TA = 25°C N/A N/A 0.5 25 
±5V < Vs " i 15V 

RS < 50K N/A 15 
0°C<TA<+70°C ±12 70 

LH2108 TA = 25°C RL;;> 10Kn 
±5 < Vs < ±20V N/A N/A 3.0 Vs = ±15 

50 
-55 < T A < 125°C ±13 85 N/A 25 

LH2108A TA=25°C RL;;> 10Kn 
±5V < Vs < ±20V N/A N/A 3.0 Vs = ±15 

80 
-55<TA< 125°C ±13.5 96 N/A 40 

LH2208 TA = 25°C 
RL;;> 10Kn 

±5V < Vs < ±20V N/A 3.0 50 Vs = ±15 

-25<TA<85"C ±13.5 85 N/A 25 

LH2208A TA = 25°C 
RL;;> 10Kn 

±5V < Vs < ±20V N/A N/A 3.0 80 Vs = ±15 

-25<TA<85°C ±13.5 96 N/A 40 

MAX 

100 

I 

7 
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ANALOG-OPERATIONAL AMPL.lFIERS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) Vs = + 15V unless otherwise specified 

PSRR 
VOUT SUPPLY VOLTAGE 

PARAMETER OUTPUT VOLTAGE ICC REJECTION RATION 
SWING (VI SUPPLY CURRENT POWER (pV!Vl 

DEVICE TEST CONDITIONS RL;;' 2Kn (MAl CONSUMPTION RS';; 10Kn 

TEMPERATURE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

SE535 TA=25°C ±10 ±13 N/A N/A N/A 

RL = 10Kn 
±12 ±14 

-55°C';; TA';; +125°C N/A 1.6 3.0 48 90 30 150 

NE536 TA = 25°C VS=±15V VOUT= OV ±6';;VS';;±15 

110 ±11 6.0 8.0 180 240 100 300 

FlL;;'lOKH 
±12 ±13 

Over Temp. N/A N/A N/A N/A 

SU536 Vs = ±6V to ±20V Vs = ±15V VOUT = OV Vs = ±20V N/A ±6';; VS';; ±20 

±10 ±12 4.5 5.5 50 150 

I 
RL;;'10K 

±12 ±13 
Over Temp. N/A N/A N/A N/A 

LH2101A TA=25°C N/A Vs = ±20V N/A 
±5V';; VS';; ± 20V 3.0 120 

-55';;TA';; 125°C Vs = ±15 TA = 125°C RS';; SOK 

±10V Vs = ±20V 
RL;;'10K 2.S 100 80dB 

±12 

LH2201A' T A = 25°C N/A Vs = ±20V N/A 

:':5V ,,;; Vs .;; ± 20V VS=±15 3.0 132 

±10V RS';; 50K 

RL;;'10K TA = +125°C 
-25°C";; T A';; 85°C ±12V Vs = ±20V 100 80dB 

2.5 

LH2301A' TA = 25°C N/A VS=±15V NIA 

±5V .;; Vs ,,;; !. 15V Vs = ±15V 3.0 90 

!.10V RS';; 50K 

RL;;'10K 70d8 

0°C';;TA';;+7o°C ±12V N/A N/A 

LH2108 TA = 25°C N/A 0.6 N/A N/A 
±5'; VS';; ±2oV Vs = ±15 

RL;;' 10K TA = +125°C 
-55';; TA";; 125°C ±13 0.4 N/A 8od8 

LH2108A TA = 25°C N/A 0.6 N/A N/A 
±5V';; VS';; ±20V Vs = ±15 

RL;;' 10K TA" +125°C 
-55";;TA';; 125°C ±13 0.4 N/A 96dB 

LH2208 T A = 25°C N/A 0.6 N/A N/A 
±5V .;; Vs .;; ±20V Vs = ±15 

RL;;'10K TA=+125°C 
-25 .;; T A .;; 85° C ±13 0.4 N/A 80dS 

LH2208A TA=25°C N/A 0.6 N/A N/A 
±5V';; Vs .;; ±20V Vs = ±15 

RL;;' 10K TA=+125°C 
-25';; TA";; 85°C ±13 0.4 N/A 96dS 
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ANALOG-OPERATIONAL AMPLIFIERS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) Vs = + 15V unless otherwise specified 

PARAMETER VOS (mV) Vos DRIFT 
Offset Voltage (ilVtC) lOS (mA) lOS DRIFT 

DEVICE TEST CONDITIONS RS <;; 10K!J. RS = on Offset Current pAtC 

TEMPERATURE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

LH2308 T A = 25°C 7.5 N/A 1.0 N/A 
±5V <;; Vs <;; ±15V 

10 30 1.5 7.5 
0° C <;; T A <;; 70° C 

LH2308A TA = 25°C 0.5 N/A 1.0 N/A 
±5V <;; Vs <;; ±15V 

0.73 5 1.5 2.5 
O°C<;;TA <;; 70°C 

LM10l TA = 25°C 1.0 5.0 RS <;; 50n 40 200 N/A 
±5V <;; Vs <;; ±20V 3.0 

Cl = 30pF RS <;; 10KD 
6.0 

TA=+125°C 
10nA 200nA 

_55°C <;; TA <;; 125°C 6.0 TA=-55°e 
100 500 

LM101A T A = 25°C RS <;;50KD 
0.7 2.0 N/A 1.5 10 N/A 

±5V <;; Vs <;; ±20V, 3.0 3.0 15 20 25°e<;;TA<;; 125°C 

el = 30pF 0.01 0.1 
-55°e<;;TA<;; 125°C _55°C <;; TA <;; 25°C 

0.02 0.2 

LM201 TA=25°e 2.0 7,5 RS <;; 50n 100 500 N/A 

±5V <;; Vs <;; ±20V, 6 

Cl = 30pF RS <;; 10Kn 
10 

TA=+70°C 

i 25°e<;; T A';; 85°C 10 50 400 N/A 
TA = DoC 

150 750 

LM201A T A = 25°C RS<;; 50Kn 
0.7 2.0 N/A 1.5 10 N/A 

±5V <;; VS';; ±20V, 3.0 3.0 1.5 20 _25°e<;; T A <;; 125°C 

Cl = 30pF 0.01 0.1 
-25°C';; T A';; +85°C -55°C';; T A';; 25°C 

0.02 0.2 

LM301A TA=25°C RS <;; 50K!J. 
2.0 7.5 N/A 3 50 N(A 

±5V <;;VS <;; ±15V, 10 6.0 3.0 70 25°C <;; T A <;; 70°C 

el = 30pF 0.01 0.3 
O°C«TA <;; 70°C 00e<;;TA<;;25°e 

0.02 0.6 

LM107 7 ,8.9,lO TA = 25°C 0.7 2.0 N/A 1.5 10 N/A 

_55 0 C <;; T A <;; 125° C 3.0 

I 

3.0 15 20 25°C<;;TA<;;125°C 
0.01 0.1 

_55°C <;; T A <;; 25°C 
0.02 0.2 

'S'AS (nA) 
Input Current 

MIN TYP MAX 

7.0 

10 

7.0 

10 

120 500 

TA = _55°C 

280 1500 

30 75 

100 

25 1500 

TA = oOe 

320 2000 

30 75 

100 

70 250 

300 

30 75 

100 

9 
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ANALOG-OPERATIONAL AMPLIFIERS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) Vs = + 15V unless otherwise specified 

AVOL (V!MVI 

CMRR (dB I 
LARGE SIGNAL 
VOLTAGE GAIN 

PARAMETER VCM(VI Common Mode RIN(M~I RL;;>2KQ 
Common Mode Rejection Ratio INPUT VOUT ± 10V 

DEVICE TEST CONDITIONS Voltage Range RS';; ± 10KQ RESISTANCE VS=±15V 

TEMPERATURE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

LH2308 TA= 25°C N/A N/A 1.0 Vs = ±15 
±5V .;; VS';; ±15V 25 

N/A 15 
O°C.;; TA';; 70°C ±14 80 

LH230SA TA = 25°C N/A N/A 1.0 80 
RL;;>10KQ 

±5V';; VS';; ±15V 
Vs = ±15 

N/A 60 
0°C';;TA';;70°C ±14 76 

LM10l TA= 25°C N/A N/A 0.3 O.S 50 160 
±5V';; Vs .;; ±20V 

Cl = 30pF 

-55°C';;TA';;125°C ±12 70 90 N/A 25 

LM101A TA=25°C N/A N/A 1.5 4 50 160 
±5V';; VS';; ±20V, Vs = ±20 RS';;50K 
Cl = 30pF 
-55°C';; TA';; 125°C ±15 80 96 N/A 25 

LM201 TA = 25°C N/A N/A 0.1 0.4 20 150 
±5V';; VS';; ±20V, 
Cl = 30pF 

N/A 15 

O°C .;; T A';; 70°C :t12 65 90 

LM201A TA=25°C N/A N/A 1.5 4 50 160 
±5V';; VS';; ±20V, 
Cl = 30pF Vs = ::20 RS';; 50K. 
-25°C';; T A';; +85°C :t15 80 96 N/A 25 

LM301A TA=25°C N/A N/A 0.5 2 25 160 
±5V';;VS';;±15V, RS';; 50K 

Cl = 30pF 
DOe.;; T A';; 70°C ±12 70 90 N/A 15 

LM107',', 9,10 TA = 25°C N/A N/A 1.5 4 50 160 
Vs = ±20 

-55°C';;TA';;125°e ±15 80 96 N/A 25 

10 1i!l11I1I:1 



ANALOG-OPERATIONAL AMPLIFIERS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) Vs = + 15V unless otherwise specified 

PSRR 
VOUT SUPPLY VOLTAGE 

PARAMETER OUTPUT VOLTAGE ICC REJECTION RATION 
SWING (V) SUPPL Y CURRENT POWER (!1V!V) 

DEVICE TEST CONDITIONS RL:::' 2Kn (MA) CONSUMPTION RS';; 10Kn 

TEMPERATURE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

LH230S TA~25°C N/A O.S N/A N/A 
±5V';; Vs';; ±15V Vs ~ ±15 

RL:::' 10K 
0° C .;; T A .;; 70° C ±13 N/A N/A SOdB 

LH230SA TA ~ 25°C N/A O.S N/A N/A 
±5V';; Vs';; ±15V Vs ~ ±15 

RL:::'10K 
0° C .;; T A .;; 70° C ±13 N/A N/A 96dB 

LM101 TA ~ 25°C Vs ~ ±20V 
±5V .;; Vs .;; ±20V ±10 ±13 1.S 3.0 72 120 N/A 

C1 ~ 30pF RL ~ 10K 
±12 ±14 

TA~+125°C 
-55°C';; TA';; 125°C N/A 1.2 2.5 4S 100 70dB 90dB 

Vs ~ ±20V 

LM101A TA = 25°C N/A 1.S 3.0 72 120 N/A 
±5V';; Vs';; ±20V, RS';; 10K 
C1 = 30pF ±10 ±13 TA~+125°C 

-55°C';; TA';; 125°C RL;;' 10K 1.2 2.5 4S 100 SOdB 96dB 
±12 ±14 

Vs ~ ±20V 

LM201 T A ~ 25°C N/A 1.8 3.0 72 120 N/A 
±5V .;; Vs .;; ±20V, ±10 ±13 
Cl ~ 30pF RL ~ 10K 

±12 ±14 N/A N/A 70dB 90dB 

-25°C';; T A';; +85°C 

Vs ~ ±20V 

LM201A T A ~ 25°C N/A 1.8 3.0 72 120 N/A 
±5V';; Vs';; ±20V, 

Cl ~ 30pF ±10 ±13 
-25°C';; T A';; +85'C RL~ 10K TA ~ +125°C RS';; 50K 

±12 ±14 12 2.5 48 100 SOdB 96dB 

Vs = -t15V 

LM301A T A ~ 25°C N/A 1.S 3.0 54 90 N/A 
±5V ';;VS';; ±15V, 
Cl ~ 30pF ±lD ±13 RS';; 5DK 
0°C';;TA';;70°C RL ~ 10K N/A N/A 70dB 96dB 

±12 ±14 

--
Vs ~ ±20V 

LM1077.~. '1,10 TA ~ 25°C N/A 1.S 3.0 72 120 N/A 
±10 ±13 

-55°C';; TA';; 125°C RL ~ 10K TA ~ +125°C 

±12 ±14 1.2 2.5 4S 100 SOdB 96dB 
----

SmAotieS 11 
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ANALOG-OPERATIONAL AMF'LIFIERS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) Vs = + 15V unless otherwise specified 

PARAMETER Vos (mV) Vos DRIFT 
Offset Voltage (j.tvtC) 'OS(mA) lOS DRIFT IBIAS (nA) 

DEVICE TEST CONDITIONS Rs';;10Kn RS=On Offset Current pAtC Input Current 

TEMPERATURE MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX 

lM2077 .•.•.• 0 TA = 25°C 0.7 2.0 N/A 1.5 10 N/A 30 75 

_25°e .;; T A';; 85°e 3.0 3.0 15 20 25°e.;; T A';; 85°C 100 
0.01 0.1 

-25°C';; TA';; 25°C 
0.02 0.2 

lM3077 .•.•. 1O TA=25°C RS';;50Kn N/A 3 50 N/A 70 250 
2.0 7.5 

DoC';; T A';; 700 e 10 6.0 3.0 70 25°C';;TA';;70oe 300 
0.01 0.3 

DoC';; T A';; 25°C 

0.02 0.6 

LM1087 TA = 25°e 
±5V .;; VS';; ±20V 0.7 2.0" N/A 0.05 0.2 N/A 0.8 2.0 
-55';; TA';; 125°C 3.0" 3.0 15" 0.4 0.5 2.5 3.0 

lMl08A TA = 25°C 
±5V .;; Vs .;; ±20V 0.3 0.5" N/A 0.05 0.2 N/A 0.8 2.0 
-55';;TA';; 125°C 1.0'2 1.0 5.0'2 0.4 0.5 2.5 3.0 

LM2087 TA = 25°C 
±5V .;; VS';; ±20V 0.7 2.0" N/A 0.05 0.2 N/A 0.8 2.0 
-25';; TA';; 85°C 3.0" 3.0 15" 0.4 0.5 2.5 3.0 

LM208A TA=25°C 
±5V .;; Vs .;; ±20V 0.3 0.5'2 N/A 0.05 0.2 N/A 0.8 2.0 
-25°C';; T A';; 85°C 1.0" 1.0 5.0'2 0.4 0.5 2.5 3.0 

lM308A TA = 25°C 
±5V';; VS';; +15V 0.3 0.5 N/A 0.2 0.1 N/A 1.5 7 

DoC';; T A';; 70°C 0.75 1.0 5.0'2 1.5 2.0 10 10 

LM124 TA = 25°C ±2 ±53 N/A ±3 ±30 N/A ',N+ or IIN-4 
V+= 5V 45nA 150nA 

I 

-55';; TA';; 125°C' ±73 7 .tloo 10 300nA 

LM224 TA = 25°C ±2 ±73 N/A ±5 ±50 N/A ',N+ or IIN-4 
V+= 5V 45nA 250nA 

-25';;TA';;85°C ±g3 7 ±150 10 500nA 

12 ..... 



ANALOG-OPERATIONAL AMPLIFIERS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) Vs = + 15V unless otherwise specified 

AVOL (V/MV) 

CMRR (dB) 
LARGE SIGNAL 
VOLTAGE GAIN 

PARAMETER VCM(V) Common Mode 
RIN(Mn) RL;;>2Kfl 

Common Mode Rejection Ratio 
INPUT VOUT ± 10V 

DEVICE TEST CONDITIONS Voltage Range RS<;; 10Kfl RESISTANCE VS=±15V 

TEMPERATURE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP 
LM2077 .•. 9. 10 TA = 25°C N/A N/A 1.5 4 50 160 

Vs = ±20 
_25°C <;; TA <;; 85°C ±15 80 96 N/A 25 

LM3077 .•. 9 • lo TA = 25°C N/A N/A 0.5 2 25 160 

RS<;; 50K 
0°C<;;TA<;;70°C ±12 70 90 N/A 15 

RL;;> 10Kfl 
LM1087 TA=25°C N/A N/A 30 70 50 300 

±5V <;; Vs <;; ±20V 
-55 <;; T A <;; 125°C ±13.5 85 100 N/A 25 

LM108A TA = 25°C N/A N/A 30 70 80 RL;;>10Kfl 
±5V <;; Vs <;; ±20V 300 
-55 <;; T A <;; 125°C ±13.5 96 110 N/A 40 

LM2087 TA = 25°C N/A N/A 30 70 50 RL;;>10Kfl 
±5V <;; Vs <;; ±20V 300 
-25<;;TA<;;85°C ±13.5 85 100 N/A 25 

LM208A TA = 25°C N/A N/A 30 70 80 RL;;>10Kfl 
±5V <;; Vs <;; ±20V 300 

_25°C <;; T A <;; 85°C ±13.5 96 110 N/A 40 

LM30BA TA = 2SoC N/A N/A 10 40 80 RL;;> 10Kfl 
±5V <;; Vs <;; +15V 300 
O°C<;;TA<;; 70'C ±14 96 110 N/A 60 

LM124 TA=25'C V+ = 30V' V+ = 15V 
v+ = 5V 0 V+-1.5 70 85 N/A 50 100 

-SS<;;TA<;; 125'C 0 V+ -2 N/A N/A 25 

LM224 TA=25'C V+ = 30V' V+ = 15 
V+ = SV 0 V± 1.5 65 85 N/A 25 100 

. 

-25 <;; TA <;; 85°C 0 V+ -2 N/A N/A 15 

MAX 

13 
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ANALOG-OPERATIONAL AMF'LIFIERS 
ELECTRICAL CHARACTERIS1"ICS TABLE (Cont'd) Vs = + 15V unless otherwise specified 

PSRR 
VOUT SUPPLY VOLTAGE 

PARAMETER OUTPUT VOLTAGE ICC REJECTION RATION 
SWING (V) SUPPLY CURRENT POWER (p.V!V) 

DEVICE TEST CONDITIONS RL;;> 2KQ (MA) CONSUMPTION RS';; 10KQ 

TEMPERATURE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

LM207'··· Y.I. TA = 25°C N/A Vs = ±20V N/A 
1.8 3.0 72 120 

-25°C';; TA';; 8SoC ±10 ±13 TA = +125°C 
RL = 10K 1.2 2.S 48 100 80dB 96dB 

±12 ±14 

LM307'·····I. TA=25°C N/A Vs = ±15V N/A 
±10 ±13 1.8 3.0 54 90 RS';; 50K 

RL = 10K 
DoC';; T A';; 70°C ±12 ±14 N/A N/A 70dB 96dB 

LM108' TA=25°C N/A 0.3 0.6 N/A N/A 
±5V .;; Vs .;; ±20V RL = 10KQ TA = +125°C 
-55';; TA';; 125°C ±13 ±14 0.15 0.4 N/A 80dB 96dB 

LM108A TA = 2Soc N/A 0.3 0.6 N/A N/A 
±SV .;; Vs';; ±20V RL = 10KQ TA = +12SoC N/A 
-55';; T A';; 12SoC ±13 ±14 O.lS 0.4 96dB 110dB 

LM208' TA=25°C I N/A 0.3 0.6 N/A N/A 
±5V .;; Vs';; ±20V 

I 
RL = 10KQ TA=+125°C I 

-2S';;TA';; 85°C 
I ±13 ±14 0.15 0.4 N/A 80dB 96dB 

LM208A TA=25°C N/A 0.3 0.6 N/A N/A 
±SV .;; Vs .;; ±20V 
-25°C';; T A';; 85°C RL = 10KQ TA = +12SoC 

±13 ±14 0.15 0.4 N/A 96dB 110dB 

LM308A TA = 2SoC N/A Vs = ±15V 
0.3 0.8 9 24 N/A 

±5V .;; Vs';; +lSV RL = 10KQ 
0°C';;TA';;70°C ±13 ±14 N/A N/A 96dB 110dB 

LM124 TA = 2SoC N/A N/.~ N/A 65 100 
v+ = SV VOH v+= 30V 

26 
RL;;>10KQ 

27 28 
VOL v+= SV RL = 00 On All Op Amps 

RL';; 10KQ 0.8 2 N/A N/A 
S 20 

-S5';; TA';; 125°C 

LM224 TA= 2SoC N/A N/A N/A 65 100 
V+ = 5V VOH V+ =30V 

26 
RL;;>10KQ 

27 28 
VOL V+= SV 
RL';; lOKQ RL = 00 On All Op Amps 

-25';; TA';; 85°C S 20 0.8 2 N/A N/A 

14 



ANALOG-OPERATIONAL AMPLIFIERS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) Vs = + 15V unless otherwise specified 

-
PARAMETER VOS (mV) VOS DRIFT 

Offset Voltage (IJ.vtC) lOS (mAl lOS DRIFT IBIAS (nA) 

DEVICE TEST CONDITIONS RS';; 10Kn RS = on Offset Current pAtC I nput Current 

TEMPERATURE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 
-- --

LM324 TA=25°C ±2 ±73 N/A ±5 ±50 N/A IIN+ or IIN-4 
V+ = 5V 45nA 250nA 

O°C';; TA';; 70°C ±g3 7 ±150 10 500nA 
------------_._------

MC1456 TA=25°C 5.0 10 N/A 5.0 10 N/A 15 30 

OoC';; T A';; 70°C 14 N/A 14 N/A 40 

MC1556 TA = 25°C 2.0 4.0 N/A 1.0 2.0 N/A O.B 15 

-55';; TA';; 125°C 6_0 N/A 25';;TA';;125°C N/A 30 
3.0 

-55';; T A';; 25°C 
5.0 

MC145B TA=25°C 2.0 6.0 N/A 30 200 N/A 200 500 

O°C';; T A';; 70°C 7.5 N/A 300 N/A BOO 

MC155B TA = 25'C 1.0 5.0 N/A 30 200 N/A 200 500 

-55';;TA';;125°C 6.0 N/A 500 N/A 1500 

IJ.A709 TA = 25°C RS = 50n 
±9';;VS';;±15 1 5 3.0 50 200 N/A 200nA 500nA 

RS';; 10K TA = +125'C 
-55'C';; TA';; +125'C 6 6_0 20 200 TA = _55°C 

TA = _55°C 0.5 1.5 
N/A 100 500 N/A 

IJ.A709C TA = 25'C 2 7.5 N/A 100 500 N/A 300nA 1500nA 

O'C .;; T A';; 70°C 10 N/A 750 N/A N/A 

IJ.A740 TA = 25°C RS';; 100Kn t- N/A 60pA N/A 

I 
O.lnA 2.0nA 

" j O°C';; TA';; +70°C 

___ : __ ..... _._~Al_6_~PA 
N/A 1. lnA LOnA 

f--- -------- ----,---,--,----

IJ.A741 TA = 25°C 1.0 5.0 N/A 10 200 I N/A BOnA 500nA 
! TA= +125°C TA,=+125°C 

-55'C';;TA';;+125°C! 1 G 6.0 
I 

N/A i 7.0 200 I N/A 30 500 i 
I I TA = _55°C TA = _55°C 

I L 20 500 

I 
300 1500 --:1._ .. j ---

)1A741C TA=2~C 20 ~O N/A 

I 

20 200 N/A I BO 500 

I 0°C';;TA';;+70'C 7_5 N/A 300 N/A BOO 

15 
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ANALOG-OPERATIONAL AMPLIFIERS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) Vs = + 15V unless otherwise specified 

AVOl (V/MV) 

CMRR (dB) 
lARGE SIGNAL 
VOLTAGE GAIN 

PARAMETER 
VCM(V) Common Mode RIN(MHI Rl;;' 2KD. 
Common M/lde Rejection Ratio INPUT VOUT ± 10V 

DEVICE TEST CONDITIONS Voltage Range RS <;; ± 10K!! RESISTANCE Vs = ± 15V 

TEMPERATURE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

lM324 TA 25 "r., V+ = 30V' 65 85 N/A V+ =15 
V+ = 5V 0 V±I.5 25 100 

0°C<;;TA<;;70°C 0 V+ -2 N/A N/A 15 

MCI456 TA = 25°C ±II ±12 f = 100 Hz f = 20 Hz 70 100 
70 110 3.0 

O°C <;; TA <;; 70°C N/A N/A N/A 40 

MCI556 TA = 25°C ±12 ±13 f = 100 Hz f = 20 Hz 100 200 
80 110 5.0 

-55 <;; T A <;; 125°C N/A N/A N/A 40 

MCI458 TA = 25°C ±12 ±13 f = 100 Hz f = 20 Hz 20 100 
70 90 0.3 1.0 

0°C<;;TA<;;7o°C N/A N/A 

N/A 15 

MCI558 TA = 25°C ±12 ±13 f= 100 Hz f = 20 Hz 50 200 
70 90 0.3 1.0 

-55 <;; T A <;; 125° C N/A N/A N/A 25 
--f---

/lA709 TA = 25°C N/A N/A 
±9<;;VS<;;±15 Vs = ±15 N/A 150 400 ill;;' 25KD. 

_55°C <;; TA <;; +125°C ±8.o ±IO 70 90 40 100 25 45 70 

I 
RL;;' 25KD. 

/lA709C 

I 

TA = 25°C ±S.O ±IO 65 90 50 250 15 45 

0° C <;; T A <;; 70° C N/A N/A 35 12 I 

/lA740 T A = 25°C N/A N/A 1,000,000 1,000 

DOC <;; TA <;;+70°C ±12 SO N/A 500 

/lA741 TA = 25°C N/A N/A 0.3 2.0 50 200 

-55'C <;; T A <;; +125°C ±12 :t13 70 80 25 

/lA741C TA=25°C ±12 ±13 70 90 0.3 2.0 20 200 

0°C<;;TA<;;+70°C N/A N/A N/A 15 

16 



ANALOG-OPERATIONAL AMPLIFIERS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) Vs = + 15V unless otherwise specified 

VOUT 
PARAMETER OUTPUT VOLTAGE ICC 

SWING (V) SUPPLY CURRENT POWER 

DEVICE TEST CONDITIONS RL:? 2Kll (MA) CONSUMPTION 

TEMPERATURE MIN TYP MAX MIN TYP MAX MIN TYP MAX 

LM324 TA = 25°C N/A N/A N/A 
v+= 5V VOH v+= 30V 

26 
RL;;;' 10Kfl 

27 28 
VOL v+= 5V 
RL"; 10Kfl R L = ~ On All Op Amps 

DoC"; TA"; 70°C 5 20 0.8 2 N/A 

MC1456 TA = 25°C ±11 ±12 1.3 3.0 40 90 

DOC"; T A"; 70°C N/A N/A 

MC1556 TA = 25°C ±12 ±13 1.0 1.5 30 45 

-55"; T A"; 125°C N/A N/A N/A 

MC1458 TA = 25°C RL = lOKfl 2.3 5.6 70 170 
±12 ±14 

0°C";TA";70°C RL = 2Kfl 
±10 ±13 N/A N/A 

MC1558 TA = 25°C RL = 10Kfl 2.3 5.0 70 150 
RL = 2Kfl 

-55";TA"; 125°C ±10 ±13 NIA NIA 

IlA709 TA = 25°C NIA N/A 80 165 
±9";VS";±15 

-55°C"; T A"; +125°C ±10 ±13 N/A NIA 

RL = 10Kfl 
±12 ±14 

IlA709C TA = 25°C ±10 ±13 NIA 80 200 
RL = 10Kfl 

±12 ±14 
DoC"; TA"; 70°C NIA NIA NIA 

IlA740 TA = 25°C NIA 4.2 3.0 126 240 

±10 ±13 
DoC"; TA"; +70'C RL;;;' 10Kfl NIA NIA 

±12 ±14 

IlA741 TA = 25°C N/A 1.4 2.8 50 85 
TA=+125'C TA = +125°C 

-55°C"; TA"; +125'C ±10 ±13 1.5 2.5 45 75 
RL;;;'10Kfl TA = -55'C TA = -55'C 

±12 ±14 2.0 3.3 45 100 

IlA741C TA=25'C ±10 ~13 I 1.4 2.8 50 85 
AL;;;' 10Kll 

±12 ±14 
O'C";TA";+70'C ±10 ±13 NIA NIA 

PSRR 
SUPPL Y VOLTAGE 
REJECTION RATION 

(p.V/V) 
RS"; 10Kfl 

MIN TYI' MAX 

65 100 

N/A 

75 200 

N/A 

50 100 

N/A 

30 150 

NIA 

30 150 

N/A 

NIA 

25 150 

25 200 

NIA 

NIA 

70 

.N/A 

10 150 

10 150 

NIA 
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ANALOG-OPERATIONAL AMPl.IFIERS 
ELECTRICAL CHARACTERISTICS TABLE {Cont'd} Vs = + 15V unless otherwise specified 

PARAMETER VOS (mV) VOS DRIFT 
Offs"t Voltage (I'vtC) lOS (mA) lOS DRIFT IBIAS (nA) 

DEVICE TEST CONDITIONS RS';10KI1 RS = OS! Offset Current pAtC I nput Current 

TEMPERATURE MIl\! TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

I'A747 T A = 25°C 1.0 5.0 N/A 20 200 N/A 80 500 
TA = +125°e TA = +125°e 

-55°C":; TA":; +125"C 1.0 6.0 N/A 7.0 200 N/A 30 500 
TA=-55°e TA = _55°C 

85 500 300 1500 

I'A747C TA=25°e 6 N/A N/A N/A N/A 

DoC":; T A":; 70°C 1.0 7.5 N/A 7.0 300 N/A 30 800 

I'A748 TA=25°C 1.0 5.0 N/A 20 200 N/A 80 500 
25° ,,:; T A ,,:; 1 25° C 25°":; T A":; 125°C 

6.0 N/A 7.0 200 30 500 
-55°":; TA":; 125°C _55° ,,:; T A ,,:; 25° C N/A _55° ,,:; T A":; 25°C 

8.5 500 300 1500 

I'A748C TA = 25°C 2.0 6.0 N/A 20 200 N/A 80 500 
25° e ,,:; T A ,,:; 70° C 25° C ,,:; T A ,,:; 70°C 

DOe,,:; T A":; 70°C 7.5 N/A 9.0 300 N/A 40 800 
DoC":; TA":; 25°C DOC":; TA":; 25°C 

35 300 130 800 
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ANALOG-OPERATIONAL AMPLIFIERS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) Vs = + 15V unless otherwise specified 

AVOL (V/MV) 
LARGE SIGNAL 

CMRR (dB) VOL TAGE GAIN 

PARAMETER VCM (V) Common Mode RIN (Mil) RL ;;, 2KS! 
Common Mode Rejection Ratio INPUT VOUT ± 10V 

DEVICE TEST CONDITIONS Voltage Range RS';;; ± 10KS! RESISTANCE VS= ± 15V 

TEMPERATURE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP 

fJA747 T A = 25°C N/A N/A 0.3 2.0 50 200 

-55°C';;; TA';;; +125"e ±12 113 70 90 N/A 25 

fJA 74 7e T A = 25"e N/A N/A 0.3 2.0 25 200 

oOe,;;; TA';;; 70°C ±12 ±13 70 90 N/A 15 

fJA748 T A = 25°C ±12 ±13 70 90 0.3 2.0 50 200 

_55' ,;;; T A ,;;; 125' e ±12 ±13 70 90 N/A 25 

fJA748e T A = 25'e ±12 ±13 70 90 0.3 2.0 50 200 

oOe ,;;; T A';;; 70°C ±12 113 70 90 N/A 25 

II!!1DOliDIL 

MAX 
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ANALOG-OPERATIONAL AMPLIFIERS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) Vs = + 15V unless otherwise specified 

PSRR 
"'OUT SUPPLY VOLTAGE 

PARAMETER OUTPUT VOL TAGE ICC REJECTION RATION 
:;WING (VI SUPPLY CURRENT POWER (INNI 

DEVICE TEST CONDITIONS BL;> 2K!1 (MAl CONSUMPTION Rs < lOKI! 

TEMPERATURE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

I1A747 TA = 25"C N/A U 2.8 50 85 N/A 
±10 ±13 TA = +125°e TA=+125°e 

-55'e<:CTA<+125C RL;>IOK!1 1.5 2.5 45 75 30 150 
±12 ±i4 TA = _55°e TA = _55°e 

2.0 3.3 60 100 

I1A747e TA = 25°e N/A ) U 2.8 50 85 N/A 
±10 ±13 

oOe < T A < 700 e RL;>10K!1 2.0 3.3 60 100 30 150 
±12 ±14 

I1A748 TA = 25°e N/A 1.7 2.8 50 85 30 150 
±10 ±13 25°<TA<125°e 25°<TA<125°e 

RL;> 10K!1 1.5 2.5 45 75 3'1 150 
-55°<TA<125°e ±12 ±14 _55° <TA<25°e _55° < T A < 25°e 

2.0 3.3 60 100 

I1A748e TA = 25°e N/A 1.7 2.8 50 85 30 150 
25° < T A < 700 e 25° < T A < 700 e 

~10 ±13 1.6 3.3 48 100 30 150 
DOe < T A < 700 e RL;> 10K!1 0° <TA < 25°e 0° < TA < 25°e 

±12 ±14 1.8 3.3 54 100 
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ANALOG-COMPARATORS 
ELECTRICAL CHARACTERISTICS TABLE T A = DOG to 70o G, V+ =5 V, V- =-5V unless otherwise specified. 

VCM (V) AVOL (V/mV) 
VOS (mV)' lOS (/JA) ISlAS (/JA)' Common Mode Large Signal 

PARAMETER Offset Voltage Offset Current Input Current Voltage Range Voltage Gain 
V+ = 4.75 V+ = 5.25 V+ = 5.25 V+ = 4.75 

DEVICE TEST CONDITIONS V- = -4.75 V- = -5.25 V- = -5.25 V- = -4.75 

TEMPERATURE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

NE521 AT 25'e 6 7.5 1.0 5 7.5 20 ±3 5 
o'e ..;; T A";; 70'e 10 12 40 

NE522 AT 25°e 6 7.5 1.0 5 7.5 20 ±3 5 
OVER TEMP 10 12 40 

NE526 
oOe 2.0 5.0 0.6 5.0 30.0 35.0 4.2 4.7 
+25'e 2.0 5.0 0.5 5.0 25.0 35.0 4.2 4.5 N/A 
700 e 2.0 5.0 0.4 5.0 22.0 35.0 4.2 4.4 

oOe -3.2 -3.5 
25°e -3.2 -3.5 
+70o e -3.2 -3.5 

SE526 
_55°e 2.0 5.0 0.6 0.5 30.0 35.0 4.2 4.7 
+25°C 2.0 5.0 0.5 5.0 25.0 35.0 4.2 4.5 N/A 
125°e 2.0 5.0 0.4 5.0 22.0 35.0 4.2 4.4 

_55°e -3.2 -3.5 
25°e -3.2 -3.5 
+125°e -3.2 -3.5 

NE527 Vl+ = 10V. Vl- = -10V 
V2+ = 5V. VIN = OV 

AT 25°e 6 0.75 2 N/A 5 
Oce .;; TA 70'e 10 1 4 

SE527 V,+ = 10V. V,- = -lOV 
V2+ = 5V. VIN = OV 

AT 25°e 4 0.5 2 N/A 5 
-55"C:S;;;; TA::;;; 125°C 6 , 4 

NE529 V,+ = 'OV, V,- = -lOV 
V2+ = 5V, VIN "OV 

AT 25'e 6 2 5 5 20 N/A 5 

O°C:S;;;; 70°C '0 '5 20 

SE529 v,+ = 10V, V,- = lOV 
V2+ = 5V, VIN = OV 

AT 25°e 4 2 3 5 '2 N/A 5 

-55";; T A';; 125°e 6 9 36 
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ANALOG-COMPARATORS 
ELECTRICAL CHARACTERIS1"ICS TABLE (Conl'd) T A = DOC to 70°C, V+ =5 V, V- =-5V unless otherwise specified. 

'VIDR VOH 

Differential IlL (mA) IIH (1lA) 'VOL (V) HIGH LEVEL 

PARAMETER Input Voltage (V) LOW LEVEL HIGH LEVEL LOW LEVEL V+ = 4.75, V- = -4.75 

V+ = 5.25, V = -5.25 V+ = 5.25, V- = L5.25 V+ = 5.25, V- = -5.25 ILOAD = -, rnA 

DEVICE TEST CONDITIONS VIL = 0.5V VIN = 0.5V ILOAD = 20 rnA VIS = 2.0V 

TEMPERATURE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

NE521 AT 25°C N/A Strobe S 0.5 2.7 3.4 

O°C.; T A'; 70°C -2.0 50 
Common Strobes Common Strobe S 

-4.0 100 

NE522 AT 25°C N/A Strobe 0.5 N/A 
OVER TEMP -2.0 50 

Common Strobes Common Strobe S 
-4.0 100 

NE526 GATE GATE 
O°C -0.1 -1.2 -1.6 5 25 0.3 0.4 2.8 3.5 
+25°C N/A -0.1 -1.4 -1.6 10 25 0.2 0.4 2.8 3.2 
70°C -0.1 -1.2 -1.6 15 25 0.3 0.4 2.8 3.0 

AMPLIFIER AMPLIFIER 
O°C 0.6 3.5 
25°C 0.5 3.5 
+lO°C 0.4 3.5 

SE526 GATE GATE 
_55°C -0.1 -1.2 -1.6 5 25 0.3 0.4 2.8 3.5 
+25°C N/A -0.1 -1.4 ··1.6 10 25 0.2 0.4 2.8 3.2 
125°C -0.1 -1.2 -1.6 15 25 0.3 0.4 2.8 3.0 

AMPLIFIER AMPLIFIER 
_55°C 0.6 3.5 
25°C 0.5 3.5 
+125°C 0.4 3.3 

NE527 V,+ = 'OV, Vl- = -10V VSTROBE = 2.7V V2+ = 4.75V 
V2+ = 5V, VIN = OV ,SINK = lOrnA 

AT 25°C N/A -2 100 0.5 2.7 3.3 
O°C.; T A 70°C 200 

SE527 Vl+= 10V, Vl-=-10V VSTROBE = 2.7V V2+ = 4.75V 
V2+ = 5V, VIN = OV ISINK = lOrnA 

AT 25°C N/A -2 
50 0.5 2.5 3.3 

-55°C'; TA'; 125°C 200 

NE529 V,+ = 'OV, Vl- = -lOV VSTROBE = 2.7V 
V2+ = 5V, VIN = OV V2+ = 4. 75V 

AT 25°C N/A -2 
ISINK = lOrnA 

100 0.5 27 3.3 
O°C.; 70°C 200 

SE529 Vl+ = lOV, V1- = lOV VSTROBE = 2.7V 
V2+ = 5V, VIN = OV V2+ = 4. 75V 

AT 25'C N/A -2 
ISINK = lOrnA 

50 0.5 2.5 3.3 
-55~TA'-';; 125°C 200 
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ANALOG-COMPARATORS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) T A = aoe to 70o e, V+ =5V, V- =-5V unless otherwise specified. 

VIL VIH LEAKAGE OUTPUT CURRENT4 

PARAMETER LOW LEVEL HIGH LEVEL CURRENT (nA) SOURCE (rnA) SINK (rnA) 

DEVICE TEST CONDITIONS 

TEMPERATURE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

NE521 AT 25°C N/A N/A N/A N/A N/A 
0° C .;; T A .;; 70° C 

NE522 AT 25°C N/A N/A N/A VS~ ±4.75V N/A 
OVER TEMP 250pA 

N/A 

NE526 
DoC 1.0 2.0 
+25°C 0.9 2.0 N/A 1.0 16.0 
70°C 0.8 2.0 

SE526 
_55°C 1.0 2.0 

+25°C 0.9 2.0 N/A 1.0 16.0 

125°C 08 2.0 

NE527 Vl+ ~ 10V. Vl- ~ -10V V2+ ~ 4.75V 

V2+ ~ 5V. VIN ~ OV 
AT 25"C 0.8 2.0 N/A N/A N/A 

DoC';; TA 70°C 

SE527 Vl+ ~ 1OV. Vl- ~ -10V V2+ ~ 4.75V 
V2+ ~ 5V. VIN ~ OV 

AT 25°C 0.8 2.0 N/A N/A N/A 
-55"C';; TA';; 125°C 

NE529 Vl+ ~ 10V. V,- ~ -10V 

V2+ ~ 5V. VIN "OV 

AT 25°C 0.8 2.0 N/A N/A N/A 
DoC';; 70°C 

SE529 Vl+ ~ 10V. Vl- ~ 10V 
V2+ ~ 5V. VIN ~ OV 

AT 25°C 0.8 2.0 N/A N/A N/A 
-55';;TA';;125°C 
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ANALOG-COMPARATORS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) T A = O°C to 70°C, V+ =5V, V- =-5V unless otherwise specified. 

Pd V-(Vl V+(VI ICC- (mAl ICC+ (mAl lOS (mAl 
POWER TA = 25°C Short Circuit 

PARAMETER CON!:UMPTION V+ = 5.25V. V- = -5.2V CURRENT 
(mWI I A = 2t)°C 

DEVICE TEST CONDITIONS VOUT = OV 

TEMPERATURE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

NE521 AT 25 C N/A -4.75 -5.00 -5.25 4.75 5.00 5.25 -15 -28 27 50 Vs - ±5.25V 
O°C.;; T A';; 70°C -40 -100 

NE522 AT 25°C N/A -4.75 -5.00 -5.25 4.75 5.00 .5.25 -15 -28 27 50 N/A 

NE526 AMPLIFIER V2+ 
O°C 90 120 5.0 
+25°C 100 120 -5 5 5.0 -10.0 -70.0 
70°C 110 120 5.0 

SE526 AMPLIFIER V2+ 
_55°C 90 120 5.0 
+25°C 100 120 -5 5 5.0 -10.0 -70.0 
125°C 110 120 5.0 

NE527 V,+ '" lOV, V,- == -lOV Vl+ O°C:O;;;;;TA~70°C o°c,,;;;; TA';;;;; 70°C V2+ = 5.25V 
V2+ = 5V. VIN = OV Vl- 5 10 11- 11+ 

AT 25°C N/A -6 -10 V2+ 10 5.0 -40 -100 
O°C ~ T A 700 e 4.75 5 5.25 12+ 20 

SE527 Vl+= lOV. Vl-=-10V V2+ = 5.25V 
V2+ = 5V. VIN = OV Vl- Vl+ 11- 11+ 

AT 25°C N/A -6 -10 5 10 7.5mA 3.75 -40 -100 

-5SoC ~ TA 0:;;;; 125°C V2+ TA= 125°C 7.0mA TA=125°C 3.25 
4.5 5 5.5 TA=-5SoC B.SmA TA = _55°C 4.0 

AT 25°C 12+ 16 

-55';;;;:TA~'25 TA=' 12SoC 15 
T A = _55°C 18 

NE529 V,+= lOV, V,-=-10V O°C';;;;;TA~70°C O°C~TAO:;;;;70°C 
V2+ = 5V, VIN == OV Vl- Vl+ 11- 11+ 

-6 -10 5 10 10 5 -18 -35 -70 
AT 25°C N/A V2+ 12+ 

O°C 0:;;;; 700 e 4.75 5 5.25 20 

SE529 Vl+ = 10V. Vl- = 10V Vl- Vl+ 11- 11+ 
V2+ = 5V. VIN = OV -6 -10 5 10 -18 -35 -70 

V2+ 7.5 3.75 
AT 25°C N/A 4.5 5 5.5 TA= 125°C 7.0 TA= 125°C 3.25 

-5SO:;;;; TA 0:;;;; 12SoC TA = _55°C 8.5 T A = _55°C 4.0 
12+ 16 

TA=125°C 15 
TA"" _55°C 18 

24 



ANALOG-COMPARATORS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) T A = ooe to 70 0 e, V+ =5V, V- =--5V unless otherwise specified. 

VCM (VI AVOl (V!mV) 
vos (mV)' lOS (IlA) ISlAS (IlA)' Common Mode Large Signal 

PARAMETER Offset Voltago Offset Current I "put Cu rrent Voltage Range Voltage Gain 
V+ = 4.75 V+ = 5.25 V+ = 5.25 V+ = 4.75 

DEVICE TEST CONDITIONS V- = -4.75 V- = -5.25 V- =-5.25 V- = -4.75 

TEMPERATURE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

lMlll14 Vs = ±lSV RS"; SOK 
AT 2S"C 0.7 3.0 11 4.0 10 13 60nA 100hl. 200 

-SS"; TA"; 12S"C 4.0 20 lS0nA ±14 

LM21114 VS=±lSV RS"; SOK 
AT 2S"C 0.7 3.0 13 4.0nA 10 13nA 60nA 10dn3A 200 

-2S"; T A"; 8S"C 4.0 20nA lS0nA ±14 

±13 
LMl19 14 VS= ±lSV RS"; SK 13 

V+ = SV. V- = 0 
AT 2S"C 0.7 4.0 13 3013 7S lS0nA SOOnA 1 3 10 40 

-SS"C"; TA"; 12SOC 7 100 1000nA 

±13 
LM219 14 Vs= ±lSV RS"; SK 

AT 2S"C 0.7 13 4.0 3013 7S 
13 

lS0nA SOOnA 1 3 10 40 

-2S"C"; TA"; 8S"C 7 100 1000nA 

LM139 V+ = SV Va'" l.4V. VREF. 
l.4V.Rs=on liN + or IIN- I, 

RL;;' lSK" 
AT 2S"C ±2.0 ±S.O ±30nA ±2SnA 2SnA 100nA 0 V+_l.S17 200 

-SS"; T A"; 12S"c 9.0 +100nA 300nA 0 V+-2.0 

LM239 V+ = SV Va'" l.4V. VREF= 
lAV. RS = on IIN+ or IIN- 16 

RL;;' lSI<!2 
AT 2S"C ±2.0 ±S.O ±5.DnA ±50nA 2SnA 2S0nA 0 

V+_1.S17 
200 

- 2SoC ,,; T A"; 8S"C ±9.0 ±lS0 400nA 0 V+-2.0 

LM31 1 14 Vs = ±lSV RS <; SDK 

AT 2S"C 2.0 1 ,1 7S 
I] 

6.0nA SOn A 100nA 2S0nA N/A 200 

0':>::;;; TA:S:;;; 70"C 10 70nA 300nA ±14 NA 
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ANALOG-COMPARATORS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) T A = ooe to 70oe, V+ =5V, V- =-5V unless otherwise specified. 

VIDR VOH 

Difflerential IlL (rnA) IIH (IlA) VOL (V) HIGH LEVEL 
PARAMETER I"put Voltage (V) LOW LEVEL HIGH LEVEL LOW LEVEL V+ = 4.75, V- = -4.75 

V+ = 5.25, V = -5.25 V+ = 5.25, V- = -5.25 V+ = 5.25, V- = -5.25 ILOAD = -1 rnA 
DEVICE TEST CONDITIONS VIL = 0.5V VIN = O.SV ILOAD = 20 rnA VIS = 2.0V 

TEMPERATURE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

LMlll14 VIN:;> SmV 

Vs = ±15V VOUT = 35V VIN ,;; -5mV. 

AT 25°C 
N/A -3.0 lOUT = 50mA 

N/A 0.75 1.5 N/A 

-55';; TA';; 125°C V+;;'4.5V. V-= 0 

VIN';; -6mV, 
ISINK ,;; 8mA 

0.23 0.4 

:.M21114 VIN >SmV 

VS=±15V 
VOLJT = 35V VIN < -5mV, 

AT 25°C 
N/A --3.0 lOUT = 50mA 

N/A 0.75 1.5 N/A 

-25';; T A"; 85°C V+:;>45V. V-=O 

VIN"; -6mV. 
ISINK';; 8mA 

0.23 0.4 

LMl1914 

Vs = ±15V ±5 N/A 
VIN';; -5mV. 

AT 25°C lOUT = 25mA 
N/A 0.75 1.5 N/A 

-55°C"; TA"; 125°C V+;;'4.5V. V-=O 

VIN"; -6mV. 
ISINK ";3.2mA 

T A;;' O°C 
0.23 0.4 

T A"; O°C 

0.6 

LM219 14 

VS=±15V ±5 
VIN ~ -5mV, 

AT 25°C 
N/A lOUT = 25mA 

0.75 1.5 N.'A 

_25°C';; TA"; 85°C V+;;, 4.5V. V-=O 

VIN';; -6mV. 
ISINK"; 3.2mA 

TA;o, o'e 
023 0.4 

TA cae 
06 

LM139 v+ = 5V 'JIN .. > 1.0V 
Keep All VIN'S;?: V-

VIN+ == 0, ISink~4mA 
AT 25°C N/A NiA 250 500 NA 

-55 ~ T A ~ 1250 c 
36 

700 

LM239 V+ = 5V Keep Ali V'N's;?: V-
VIN-;;' 1.0V. VIN+ =0. 

N/A 
ISINK"; 4mA 

AT 25°C N/A 250 500 NA 
-25°C';; T A';; 85°C 36 

700 

LM311 14 Vs = ±15V VIN';; -10mV 
AT 25°C 

N/A -3.0 N/A lOUT = 50mA NA 

NlA 
0.75 1 5 

0° ~ TA ~ 700 e N/A N/A VT ~ 4.5V. V- = O. N A 
VIN """ -lOmV, 
'SINK ~ SmA 

0.23 04 
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ANALOG-COMPARATORS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) T A = ooe to 70oe, V+ =5V, V- =-5V unless otherwise specified. 

VIL VIH LEAKAGE OUTPUT CURRENT4 

PARAMETER LOW LEVEL HIGH LEVEL CURRENT (nA) SOURCE (mA) SINK (mA) 

DEVICE TEST CONDITIONS 

TEMPERATURE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

LMlll'4 VIN;;>SmV. 
VS=±lSV VOUT =3SV, 

AT 2SoC N/A N/A 0.2 10 N/A N/A 

-SS';;TA .;; 12SoC 10 SO 

LM21114 VIN;;>SmV, 
Vs = ±lSV VOUT=3SV 

AT 2SoC N/A N/A 0.2 10 N/A N/A 

-2S';; T A';; 8SoC 10 SO 

LMl19'4 VIN~5mV. 

VS=±lSV Vour 3SV 
AT 2SoC N/A N/A 0.2J.1A 2J.1A N/A N/A 

_55°C ~ TA =s;; 125°C lJ.1A lOJ.1A 

LM219'4 VIN;;>SmV, 
Vs = ±lSV Vour 3SV 

AT 2SoC N/A N/A 0.21lA 2J.1A N/A N/A 

_2SnC';; T A';; 8SoC lilA 1 Oil A 

LM139 V+ = SV VIN+;;> 1.0V, 
VIN- = 0, 

VOUT = SV "IN-;;> 1.0V, VIN+ = 0 
AT 2SoC N/A N/A O.l/JA VO';; 1.SV 

-SS';; TA';; 12Soc VOUT = 30V N/A 6 16 

l/J A 

LM239 VIN+;;> 1.0V, 
V+ = SV VIN- = 0, VIN_;;> 1.0V, VIN+ = 0 

VOUT = SV VO';; 1.SV 
AT 2SoC N/A N/A O.lIlA N/A 6 16 

_2SnC';; TA ';;'8SoC' VOUT = 30V 
l/J A 

LM311'4 Vs = ±lSV VIN;;> 10mV 

AT 2SoC N/A N/A VOUT = 3SV N/A N/A 
0.2 SO 

0° .;; TA';; 70°C N/A N/A N/A N/A N/A 
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ANALOG-COMPARATORS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) T A = O°C to 70°C, V+ =5V, V- =-5V unless otherwise specified. 

Pd V-iV) v+ (V) lee- (rnA) lee+ (rnA) lOS (mA) 
POWER TA' 25'e Short Circuit 

PARAMETER CONSUMPTION V+ • 5.25V. V- • -5.2V CURRENT 
(mW) TA' zo'e 

DEVICE TEST CONDITIONS VOUT 'OV 

TEMPERATURE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

lM11114 VS' ±15V -15 +15 4.1 5.0 5.1 6.0 N/A 

AT 25'C N/A 

-55';TA'; 125'C 

LM21114 Vs = ±15V -15 +15 4.1 5.0 5.1 6.0 N/A 

AT 25'C N/A 

-25'; T A'; 85'C 

LM119 14 VS"" ±15V -15 +15 3 4.5 8 11.5 N/A 
AT 25'C N/A TA' 25'C 

V+· 5V. V-' 0 
-55'C'; TA'; 125'C 4.3 

LM219 J4 Vs = ±lSV 3 4.5 8 11.5 N/A -15 +15 
AT 2SOC NIA TA'25'C 

-25'; T A'; 85'C 
V+· 5V. V-'O 

4.3 

LM139 V+= 5V RL =0<) On All 
Comparators 

AT 25'C N/A N/A N/A 0.8 2.0 N/A N/A 

-55'; TA'; 125'c 

LM239 V+= 5V RL=IX>OnAlt 
Comparators 

AT 2SOC N/A N/A N/A 0.8 2.0 N/A N/A 

- 2SoC";: T A ~ 8SoC 

LM311 14 Vs == ±15V 
AT 2SOC N/A -15 +15 4.1 5.0 5.1 7.5 N/A 

0' .; T A'; 70'C N/A N/A N!A N/A N/A N/A 
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ANALOG-COMPARATORS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) T A = Doe to 70o e, V+ =5V, V- =-5V unless otherwise specified. 

VCM (V) AVOL (V/mV) 
vos (mV)" lOS (/lA) IBIAS(/lA)' Caminon Mode Large Signal 

PARAMETER Offset Voltagf'- Offset Current Input Current Voltage Range Voltage Gain 
V+ = 4.75 V+ = 5.25 V+ = 5.25 V+ = 4.75 

DEVICE TEST CONDITIONS V- = -4.75 V- = -5.25 V- = -5.25 V- = -4.75 

TEMPERATURE MIN Tyr MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

LM319 14 VS=±15V RS ~ 5;; 
I] 

AT 2[,°e 2.0 13 8.0 80nA 200nA 0.25 1.0 ! 13 8 40 

0° ~ TA ~ 70°C 10 300nA 1.2 N/A NIl\, 

LM339 VO'" I.4V. VREF= 
I.4V. RS = OSI IIN+ or IIN- 16 RL;;' 15KSI 

AT 25"C ±2.0 +.5.0 ±5.DnA ±50nA 25nA 250nA U V+-l.5 17 200 

0" ~ TA ~ 70"e ±9.0 ±150·nA. 400nA 0 V+ -2.0 

LM139A V+ = 15V VO'" I.4V. VREF = 
I.4V. RS = 011 IIN+ or IIN- 16 RL;;' 15Kll 

AT 25°C ±1 ±2 ±3nA ±25nA 25nA 100nA 0 V+_1.5 17 200 

_55" ~ T A ~ 125"e ±4 ±100nA 300nA 0 V+ -2.0 

LM229A V+ = 15V VO'" I.4V. VREF = 
I.4V. RS = OSI IIN+ or IIN- J6 RL;;' 15KSI 

AT 25"e ±1 ±2 ±5nA ±50nA 25nA 250nA 0 V+_l.5 17 200 

0" ~ TA ~ 70"e ±4 ±150nA 400nA 0 V+ -2.0 

LM339A V+ = 15V VO"" I.4V. VREF = 
14V.RsoOSI IIN+ or IIN- 16 RL = i5KSl 

AT 25°C ±1 _+:2 :!:5nA ±50nA 25nA 250nA 0 V+_1.517 200 

-25"e ~ 85°C ',4 ±150n~ 400nA 0 V+ -2.0 

Me3302 Vee = 15V VREF = 1.2V Vee = 20V RL = 15Kll 

AT 25"e 30 ;!O 3.0nA 0.3 0.5 0 26 2.000 3.000 V/V 

-40"e ~ T A ~ 85"e 
40 1.0 

/lA710 v+ = 12V, V- = -6.0V NOTE 21 NOTE 21 

RS '.~ 20OS1 V-=-7.0V 
AT 25°C 0.6 2.0 0.75 3.0 13 20 N/A 1250 1700 

-55"e ~ T A';; +125"e 3.0 TA=+125"e TA = -55"e ±5.0 1000 

0.25 3.0 27 45 
T A = _55°C 

1.8 7.0 

IlA 710e v+ = 12V, V- = -60V NOTE 21 NOTE 21 
RS .( 20011 V- = -7.0V 

AT 25°C 113 50 16 25 N,A 1000 1500 

O°C~TA<+75°C 65 75 T A = oOe 

25 40 .'::5.0 800 

pA7l 1 cO v+ = 12V, V- = -6.0V 
RS = 200S2 
VOUT = I.4V VOUT= I.4V V- = - 7 .OV 

AT 25'e 1.0 5.0=' I 0.5 10.0' I 25 75 ~5 0 750 1500 
VeM = 0 

1.0 3.5 

-55"e ~ TA ~+125'e 6.0" 20" 150 
'J " 

500 

VeM = 0 
4.5 60 
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ANALOG-COMPARATORS 
ELECTRICAL CHARACTERIST,ICS TABLE (Cont'd) T A = Doe to 70o e, V+ =5V, V- =-5V unless otherwise specified. 

VIDFI VOH 

Differential IlL (rnA) IIH (IlA) VOL (V) HIGH LEVEL 

PARAMETER Input Voltage (V) LOW LEVEL HIGH LEVEL LOW LEVEL V+ = 4.75, V- = -4.75 

V+ = 5.25, V = -5.25 V+ = 5.25, V- = -5.25 V+ = 5.25, V- = -5.25 ILOAD = -1 rnA 
DEVICE TEST CONDITIONS VIL = O.5V VIN = O.5V ILOAD =20mA VIS= 2.0V 

TEMPERATURE MIIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

LM319'4 Vs = ±15V ±5 N/A N/A 
VIN"; -IOmV 

N/A 
AT 2~oe 'OUT = 25mA 

0.7S 1.S 

0°"; TA"; 100e 
N/A N/A N/A 

V+?> 4.SV, V-= OV, 

VIN"; -lOV, 
N/A 

ISINK ..; 3.2mA 
0.3 0.4 

LM339 Keep All VIN'S ~ v- V'N- ?>1.0V, V,N+ = 0 

'S'NK"; 4mA 
AT 2Soe N/A N/A 2S0 SOO N/A 

0° ..; T A"; 70c e 36 700 N/A 

LM139A V+ = ISV K."p All V IN'S?> V- V'N- = IV, V,N+ = 0 

V+ 
'S'NK = 4mA 

AT 2Soe N/A N/A 2S0 SOO N/A 
_SSO ..; T A ..; 12So e 700 

LM229A V+ = lSV Keep All VIN'S ~ V V'N- 0 lV, V,N+ 00 

V+ 
'S'NK o4mA 

AT 2Soe N/A N/A 2S0 SOO N/A 
-2S"e ..; T A"; 8Soe 100 

LM339A V+ = lSV Keep All VIN's ~ v-- V'N- 0 lV, V,N+ 0 0 

'S'NK 0 4mA 
AT 2Soe V+ N/A N/A 2S0 SOO N/A 

0° ..; T A"; 100e 700 

Me3302 Vee 0 lSV Vee 0 S -28V 
IS 0 2.0mA 

AT 2Soe ±Vee N/A N/A lS0mV N/A 
_40 0 e ..; T A"; 8Soe 400mV 

IlAllO V+ 0 12V, V- 0 -6.0V V,N?> SmV VIN;;;::' 5mV, 0 ~ lout 
,;; S.OmA 

AT 2Soe N/A N/A N/A N/A N/A 

_55°C ~ T A ~ +125°C ±5.0 N/A N/A -1.0 -O.S 0 2.S 3.2 4.0 

pA 110e V+ 0 12V, V- = -6.0V V,N;;' SmV VIN o?" 5mV, O~ tout 
~ 5.0mA 

N/A N/A N/A 

AT 25°e N/A N/A N/A -1.0 -0.5 0 2.S 3.2 4.0 

O°C~TA~+75°C 
±5.0 N/A 

pAlll '0 V+ 0 12V. V- 0 -6.0V V,N;;' 10mV VIN"> 10mV 

N/A -1.0 -O.S 0 4.S 5.0 

AT 25°e N/A N/A STROBES LOADED 

VStrobe < O.3V 10 0 SmA 
-1.0 0 2.5 3.5 

-55°C'" T A ~ +125-'C N/A N/A 
N/A N/A N/A 
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ANALOG-COMPARATORS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) T A = Goe to 70 o e, V+ =5V, V- =-5V unless otherwise specified. 

VIL VIH LEAKAGE OUTPUT CURRENT' 

PARAMETER LOW LEVEL HIGH LEVEL CURRENT (nA) SOURCE (mA) SINK (mA) 

DEVICE TEST CONDITIONS 

TEMPERATURE MIN TYP MAX MIN TYP MAX MIN TYP MAX MI'II TYP MAX MIN TYP MAX 

LM319" Vs = ±15V VIN;;' 10mV 
AT 2~oC N/A N/A VOUT = 35mV N/A N/A 

0.2 10 

O' ,,; T A <; 70· C N/A N/A N/A N/A N/A 

LM339 VIN+;;' 1.0V. VIN = O. VIN-;;' 1.0V, VIN+ = 0 

VOUT = 5V Vo <; 1.5V 
AT 25'C NiA N/A O.'\JA N/A 6 16 

VOUT = 30V 
O· <; TA <; 70'C l~A 

LM139A y+ = 15V VIN+ = lV, VIN- = 0 VIN-;;' lV, VIN+ = 0 

VOUT = 5V VO"; 1.5V 
AT 25"C N/A N/A O.'\JA N/A 6 16 

_55 c
, ~ T A 'i( 125-'C VOUT = 30V l~A 

LM229A v+ = 15V VIN+ - lV, VIN- - 0 VIN-;;' lV. VIN+ = 0 

VOUT = 5V Vo <; 1.5V 

AT 25'C NiA NiA O.lpA N/A 6 16 

0' <; T A <; 70" C VOUT = 30V ljJA 

LM339A v+ .. 15V VIN+ = lV. VIN- = 0 VIN-;;' lV. VIN+ c. 0 

VOUT - 5V VO<;1.5V 

.I\T 25'C N/A N/A O.lpA N/A 6 16 

-25 <; T A <; 85·C VOUT - 30V l~A 

MC3302 VCC - 15V VCC - 5V 
VOUT - High VOL - 400mV 

AT 25°C N/A NiA lpA NiA 6.0 

-40'C <; T A <; 85"C VOL - 800mV 
2.0 

pA710 V+ - nv. V- = -GOV VIN::e 5mV. V out '" 0 

AT 25'C N/A N/A N/A N/A 2.0 2.5 

-55'C,,"TA,,"+125C N/A N/A N/A NlA TA-+125'C 
0.5 1.7 

TA - -55'C 
10 2.3 
VIN >- 51f'1V, V out = 0 

pA 710C V+-12V.V - -G.OV 

N/A N/A N/A N!A 16 

AT 25'C N/A NiA N/A NiA 05 

OC,," TA ,,"+75C 

jJA711 2 () V+ = 12V. V- - -GOV VIN 101llV, V out "--. 0 

N/A N/A NiA N/A 05 08 

AT 25C 

.. 55C",TA',+125 C N/A N/A N/A N'A N.A 
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ANALOG-COMPARATORS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) T A = ooe to 70oe. V+ =5V. V- =-5V unless otherwise specified. 

Pd v- {VI v+ {VI ICC- {mAl ICC+ {mAl lOS {mAl 
POWEH TA,2SoC Short Circuit 

PARAMETER CONSUMPTION V+ :: 5.25V. V- "" -5.2V CURRENT 
{mWI TA' 20°C 

DEVICE TEST CONDITIONS VOUT' OV 

TEMPERATURE MIN TYf' MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

LM319 14 VS'±15V ':-Jltl -15 +15 3.0 5.0 8 12.5 N/A 
AT 2SoC 

V+:: 5V, V- == 0 

0°':;;;; T A';;;;: 700 e I~/A N/A N/A N/A 4.3 N/A 

LM339 RL=ooOnAII 
Comparators 

AT 25°e N/A N/A N/A 0.8 2.0 N/A N/A 

0°"';; T A';;;; 70"C 

LM139A V+ = 15V RL=ooOnAII 
Comparators 

AT 25°e N/A N/A N/A 0.8 2 N/A N/A 
_55 0 .;;;; TA ~ 125°C 

LM229A V+ = 15V RL=ocOnAIi 
Comparators 

AT 25°e N/A N/A 0.8 2 N/A N/A 

-25';; T A';; 85"C 

LM339A V+ =: 15V RL=ooOnAII 

Comparators 

AT 25°e N/A N/A N/A 0.8 2 N/A N/A 
0° ,;;; T A';;; 700 e 

Me3302 Vee'15V 5V';;; Vee';;; 28V 

AT 2soe N/A N/A N/A N/A 0.7 1.5 N/A 
_40 0 e,;;; T A';;; 85°e 

!lA7l0 v+ = 12V, V- == -6.0V 

AT 25°e N/A N/A N/A N/A N/A N/A 
-55°C";;;;'TA';;;;+125°C 90 150 N/A N/A 4.6 7.0 5.2 9.0 N/A 

"A 710e v+ = 12V, v- ~ -6.0V 

N/A 

AT 25°e 90 150 N/A N/A N/A N/A N/A 

aOc.;;;; T A";:; + 75°C 
N/A N/A 4.6 7.0 5.2 9.0 N/A 

pA711 2D v+ == 12V, V- == -6.0V 

1:10 200 VOUT';;; a 

AT 25°e 3.9 8.6 3.9 8.6 N/A 
STROBE 

VStrobe = lOOmV 
1.2 2.5 

-5SoC ~ T A';;;; +125°C N/A N/A N/A N/A N/A N/A 
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ANALOG-COMPARATORS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) T A = ooe to 70oe, V+ =5V, V- =-5V unless otherwise specified. 

VCM (V) AVOL (V/mV) 
vos (mV)' lOS (IlA) IBIAS (IlA)' Common Mode Large Signal 

PARAMETER Offset Voltage Offset Current Input Current Voltage Range Voltage Gain 
V+ = 4.75 V+ = 5.25 V+ = 5.25 V+ = 4.75 

DEVICE TEST CONDITIONS V- = -4.75 V- = -5.25 V- =-5.25 V- = -4.75 

TEMPERATURE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

IlA711C2o V+ = 12V, V- = -6.0V 

RS <;; 200n 

VOUT = l.4V VOUT = l.4V 'V- = -7.0V 
AT 25'C 1.0 7.5 21 0.5 15.0 25 100 ±5.0 700 1500 

VCM = 0 
5.0 

O'C<;;TAC;;+75'C 10.0" 2521 150 N/A 500 
VCM = 0 

6.0 

VIDR VOH 

Differential IlL (rnA) IIH (IlA) VOL (V) HIGH LEVEL 

PARAMETER Input Voltage (V) LOW LEVEL HIGH LEVEL LOW LEVEL V+ = 4.75, V- = -4.75 

V+ = 5.25, V = -5 .. 25 V+ = 5.25, V- = -5.25 V+ = 5.25, V- = -5.25 ILOAD = -1 rnA 

DEVICE TEST CONDITIONS VIL = 0.5V VIN = 0.5V ILOAD = 20 rnA VIS = 2.0V 

TEMPERATURE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

IlA711C'" V+ = 12V. V- = -6.0V VIN ~ 10mV VIN ;"10mV 

AT 25°C ±5.0 N/A N/A -1.0 -0.5 0 4.5 5.0 

STROBES LOADED 

VStrobe < 0.3V 10 = 5mA 
-1.0 a 2.5 3.5 

O°C ,;; T A';; + 75°C N/A N/A N/A N/A N/A 

PARAMETER 

VIL VIH LEAKAGE OUTPUT CURRENT' 
DEVICE TEST CONDITIOII' LOW LEVEL HIGH LEVEL CURRENT (nA) SOURCE (rnA) SINK (rnA) 

TEMPERATURE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

IlA711C'" V+= 12V.V-=- VIN ;"10mV. 
Vout ~ 0 

AT 25'C N/A N/A N/A N/A 0.5 0.8 

OQC~TA~+7S'(' N/A N/A N/A N/A N/A 

PARAMETER Pd V-IV) V+ (V) ICC- (rnA) ICC+ (rnA) 
POWER TA = 25'C 

DEVICE TEST CONDITIONS CONSUMPTION (mW) V+ = 5.25V, V- = -5.2V 

TEMPERATURE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

IlA711C'" V+ = 12V. V- = -6.0V 

VOUT';; a 
AT 25'C 130 200 3.9 8.6 3.9 8.6 

aOc:>.;;; TA ~ +75°C N/A N/A N/A N/A NiA 
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D-MOS ABSOLUTE MAXIMUM IRATINGS T A = 25°C (unless otherwise noted) (cont'd) 

Parameter 
VOS (V) VSO (V) VOB (V) VSB (V) VGS (V) VGB (V) 

Orain-to-Source Source-to-Orain Orain-to-Substrate Source-to-Su bstrate Gate-to-Source Gate-to-Substrate 

S0200 +25 rUA N/A N/A N/A ±40 

S0201 +25 N/A N/A N/A N/A -0.3, +10 

S0202 +20 N/A N/A N/A N/A ±40 

S0203 +20 N/A N/A N/A N/A -0.3,+10 

S0210 +30 +10 +15 +15 ±40 ±40 

S0211 +30 +10 +15 +15 -15,+25 -0.3,+25 

S0212 +10 +10 +15 +15 ±40 ±40 

S0213 +10 +10 +15 +15 -15,+25 -0.3,+25 

S0214 +20 +20 +25 +25 ±40 ±40 

S0215 +20 +20 ' +25 +25 -25, +30 -0.3,+30 

S0300 +25 N/A N/A N/A N/A Gate 1 
-0.3, +10 
Gate 2 
-0.3,+15 

S0301 +20 r~/A N/A N/A N/A Gate 1 
-0.3, +10 
Gate 2 
-0.3, +15 

S0303 +20 N/A N/A N/A N/A Gate 1 
-0.3, +10 
Gate 2 
-0.3, +15 

S0304 +25 N/A N/A N/A N/A Gate 1 
-0.3,+10 
Gate 2 
-0.3, +15 

S0305 +20 N/A N/A N/A N/A Gate 1 
-0.3,+20 
Gate 2 
-0.3,+20 

S0306 +20 r~/A I N/A N/A N/A Gate 1 
-0.3,+20 
Gate 2 
-0.3,+20 

S05000 +20 +20 +25 +25 -25,+25 -0.3,+30 

S05001 +10 +10 +15 +15 -15, +20 -0.3,+25 

S05100 +30 +.5 +30 +.5 +20 -0.3,+20 

S05101 +15 +.5 +15 +.5 +20 -0.3,+20 

S05200 +30 +.5 +30 +.5 +20 -0.3, +20 

S06000 +20 N/A N/A N/A N/A Gate 1 
-0.3,+20 
Gate 2 
-0.3,+20 

1. Derate linearly at 5mW/oC 
2. Derate linearly at 2mW/oC 
3. Derate linearly at 2.4mW/oC 
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O-MOS ABSOLUTE MAXIMUM RATINGS TA = 25°C (unless otherwise noted) (cont'd) 

Parameter 
VGD (V) ID (mA) TA PT I Gate-to-Drain Drain Current Ambient Temperature Range Power Dissipation 

Total of Devices 1 Individual Transistor Z I 
@ 250 C Free Air @ 250 C Free Air 

8torage (OC) Operating (OC) Temperature Temperature 

8D200 N/A 50 -65 to +175 -65 to +125 N/A 300 

8D201 N/A 50 -65 to +175 -65 to +125 N/A 300 

8D202 N/A 50 -65 to +175 -65 to +125 N/A 300 

8D203 N/A 50 -65 to +175 -65 to +125 N/A 300 

8D210 ±40 50 -65 to +175 -65 to +125 N/A 300 

8D211 -15,+25 50 -65 to +175 -65 to +125 N/A 300 

8D212 ±40 50 -65 to +175 -65 to +125 N/A 300 

8D213 -15,+25 50 -65 to +175 -65 to +125 N/A 300 

8D214 ±40 50 -65 to +175 -65 to +125 N/A 300 

8D215 -25,+30 50 -65 to +175 -65 to +125 N/A 300 

8D300 N/A 50 -65 to +175 -65 to +125 N/A 300 

8D301 N/A 50 -65 to +175 -65 to +125 N/A 300 

8D303 N/A 50 -65 to +175 -65 to +125 N/A 300 

8D304 N/A 50 -65 to +175 -65 to +125 N/A 300 

8D305 N/A 150 -65 to +175 -65 to +125 N/A 300 

8D306 N/A 50 -65 to +175 -65 to +125 N/A 300 

8D5000 -25,+25 50 -55 to +150 o to +IiS 625 3003 

8D5001 -15,+20 50 -55 to +150 o to +8S 625 3003 

8D5100 +20 50 -55 to +150 o to +85 625 3003 

8D5101 +20 50 -55 to +150 o to +85 625 3003 

8D5200 +20 50 -55 to +150 o to +85 625 3003 

8D6000 N/A 50 -65 to +150 o to +85 625 3003 

I 
1. Derate linearly at 5mW/oC 
2. Derate linearly at 2mW/oC 
3. Derate linearly at 2.4mW/oC 
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DMOS 
ELECTRICAL CHARACTERISTICS T A = +25°C unless otherwise specified 

BVOB (V) BVSB (V) lOSS filA) 
BVOS (V) BVso(VI Drain· T a·Substrate Sau ree·To·Su bstrate Zero Bias ISO (Off) (nA) ISO (Off) (nA) IGBS (PA) 

PARAMETER Drain-Ta-Source Source-To-Dlrain VGB = OV VGB = OV Drain Current Drain-Ta-Source Source-Ta-Drain Gate 

VGS = OV VGO=VBO= -5V Source = Open Drain == Open VOS = +15V VGS=VBS= -5V VGO=VBO= -5V VGS = ±10V 

10 <lilA 10 = 10n/\ 10 = 10nA IS= 10llA VGS = OV VOS = +10V VOS = +10V VOS = OV 

Min Typ Max Min Typ Max Min Typ Max Min Typ Max Min Typ Max Min Typ Max Min Typ Max Min Typ Max 

S0200 25 30 N/A N/A N/A 0.001 1.0 N/A N/A 0.0001 

S0201 25 30 N/,\ N/A N/A 0.001 1.0 N/A N/A VGS - +10V 
0.001 1.0 

S0202 20 25 N!I\ N/A N/A 0.001 1.0 N/A N/A 0.0001 

S0203 20 25 N/!\ N/A N/A 0.001 1.0 N/A N/A VGS - +10V 
0.001 1.0 

VGS = VBS = -5V VOB=VSB = OV 
IS = 10nA VGB = ±40V 

S0210 10 25 10 15 15 N/A 1 10 1 10 0.0001 

VGS = VBS = OV 
IS= 101lA 
30 35 

S0211 10 25 10 15 15 N/A 1 10 1 10 VG8 = +25V 
VGS = VBS = OV 10 

IS= 10llA 
30 35 

S0212 10 25 10 15 15 N/A 1 10 1 10 0.0001 

I 

S0213 10 25 10 15 15 N/A 1 10 1 10 VG8 = +25V 
10 

S0214 20 25 20 25 25 N/A Vso = +20V VOSO = +20V 0.0001 
1 10 1 10 

S0215 20 25 20 25 25 N/A VOS = +20V VSO = +20V VGB = +25V 
1 10 1 10 10 
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DMOS 
ELECTRICAL CHARACTERISTICS (Cont'd) T A = +25°C unless otherwise specified 

1GB (J-IA) gfs lmmhosl C(GS+GO+GB) (pF) C(GO+OB) (pF) C(GS+SB) (pF) CT (dB) 
Gate-T a-Substrate VT. (V) Forward Gate Node Drain Node Source Node Cross Talk Transconductance 

PARAMETER Drain & Source Threshold Voltage Vas:: +15V, VOS ° +10V. VOS ° +lOV. VOso+l0V. f ° 3 KHz 
Open VOsoVGsoVT 10'" 20 rnA VGsoVBSo~ 15V VGsoVBSo~ 15V VGsoVBSo~ 15V 

f:: 1 KHz 
VGe. ° +30V 10 ° lJ-1A VGS~+4V f ° 1 MHz f 01 MHz f ° 1 MHz 

Min Typ Max Min Typ Max Min Typ Max Min Typ Max Min Typ Max Min Typ Max Min Typ 

S0200 N/A 0.1 1.0 2.0 13.0 15.0 
S0201 N/A 0.1 1.0 2.0 13.0 15.0 

S0202 N/A 0.1 1.0 2.0 VGS :"'+2.5V 
17.0 20.0 

S0203 N/A 0.1 1.0 2.0 VGS ~ +2.5V 
17.0 20.0 

IS ° lJ-1A Vo ° 10V 

VSB ° OV VSB ° OV 

S0210 N/A 0.5 1.0 2.0 10 15 2.4 3.5 1.3 1.5 3.5 4.0 N/A 

SO!!! N/A 0.5 1.0 2.0 10 15 2.4 3.5 1.3 1.5 3.5 4.0 N/A 

S0212 N/A 0.1 1.0 2.0 10 15 2.4 3.5 1.3 1.5 3.5 4.0 N/A 

S0213 N/A 0.1 1.0 2.0 10 15 2.4 3.5 1.3 1.5 3.5 4.0 N/A 

S0214 N/A 0.1 1.0 2.0 10 15 2.4 3.5 1.3 1.5 I 3.5 4.0 N/A 

S0215 N/A 0.1 1.0 2.0 10 15 2.4 3.5 1.3 1.5 3.5 4.0 N/A 

, 

CISS (p F) 
Input 

10 ° 20mA 

VOS ° +15V. 
f ° 1 MHz 

Max Min Typ 

2.4 
2.4 

3.0 

3.0 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Max 

3.0 
3.0 

3.6 

3.6 
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DMOS 
ELECTRICAL CHARACTERISTICS (Cont'd) T A = +25°C unless otherwise specified 

COSS (pF) CRSS (pF) 'os (On) (n) 'OSM (On) (n) GpSI (dS) NFl (dS) 

Output Reverse Transfer Drain-la-Source Match Power Gain Noise Figure 

PARAMETER 10 = OA 10 = OA VGS = +5V 10 = O.lmA VOS=+15V, 10=20 VOS=+15V,10=20mA 

VOS = +15V, V[)S = +15V, 10 = O.lmA VSS =0 f = 1 GHz rnA VGS ""+4V 
f= 1 MHz f = 1 MHz VGS = +5V VGS ""+4V f = 1 G Hz 

Min Typ Max Min Typ Max Min Typ Max Min Typ Max Min Typ Max Min Typ Max 

S0200 1.0 1.2 0.20 0.30 50 70 N/A 8 10 4.5 6.0 

S0201 1.0 1.2 0.20 0.30 50 70 N/A 8 10 5.0 6.5 

S0202 1.0 1.2 0.20 0.30 35 50 N/A VGS ""+2.5V VGS ""+2.5V 
8 10 3.5 4.5 

S0203 1.0 1.2 0.20 0.30 35 50 N/A VGS ""+2.5V VGS ""+2.5V 
8 10 4.0 5.0 

VOS = +10V 
VGS=VSS=-15V, VSS = OV 
f = 1 MHz 

S0210 N/A 0.3 0.5 50 70 N/A N/A N/A 
VGS = +10V 

30 45 
VGS = +15V 

23 
VGS = +20V 

19 
VGS = +25V 

I 17 

S0211 N/A 0.3 0.5 50 70 N/A N/A N/A 
VGS = +10V 

30 45 
VGS=+15V 

23 
VGS = +20V 

19 

S0212 N/A 0.3 0.5 50 70 N/A N/A N/A 
VGS = +10V 

30 45 
VGS=+15V 

23 
VGS = +20V 

19 
VGS = +25V 

17 

S0213 N/A 0.3 0.5 50 70 N/A N/A N/A 
VGS = +10V 

30 45 
VGS = +15V 

23 
VGS = +20V 

19 

S0214 N/A 0.3 0.5 50 70 N/A N/A N/A 

VGS=+10V 
30 45 

VGS = +15V 
23 

VGS=+20V 
19 

VGS = +25V 
17 

S0215 N/A 0.3 0.5 50 70 N/A N/A N/A 
VGS = +10V 

30 45 
VGS=+15V 

23 
VGS = +20V 

19 
VGS = +25V 

L 
17 
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DMOS ELECTRICAL CHARACTERISTICS (Cont'd) T A = +25°C unless otherwise specified 

I BVOB (V) BVSB (V) lOSS (IlA) 
BVOS (V) BVSO (V) Orain-T a-Substrate Sou rce-To -Su bstrate Zero Bias ISO (Off) (nA) ISO 10ff) InAI 

PARAMETER Drain-To-Sou ree Sou rce-T 0-0 rain VGB=OV VGB = OV Drain Current Drain·T o-Source Source-T a-Drain 

VGS = OV VGO=VBO=-5V Source = Open Drain =- Open VOS = +15V VGS=VBS= -5V VGO=VBO= -5V 

10 <lilA lo=10nA 10=10nA IS = 10llA VGS = OV VOS=+10V VOS = +10V 

Min Typ Max Min Typ Max Min Typ Max Min Typ Max Min Typ Max Min Typ Max Min Typ Max 

VG 1 S=VG2S=OV 
10 = 51lA 

S0300 25 30 N/A N/A N/A 0.001 1.0 N/A N/A 

S0301 20 25 N/A N/A N/A 0.001 1.0 NIA NIA 

S0303 20 25 N/A N/A N/A 0.001 1.0 N/A N/A 

I 
S0304 25 30 N/A N/A N/A 0.001 1.0 N/A N/A 

S0305 20 30 N/A N/A N/A 0.001 1.0 N/A N/A 

S0306 20 25 N/A N/A N/A 0.001 1.0 N/A N/A 

VGS=VBS= -5V 
IS= 10nA VOS = +20V VSO = +20V 

S05000 20 25 20 25 25 N/A 1 10 1 10 

I r500l 
10 25 10 15 15 N/A VOS=+10V VSO =+10V 

1 10 1 10 

I 
S05100 VGB=VBS= OV VGO=VBO= OV 10 = lilA IS = 100nA N/A VGS = VBS = OV N/A 

IS = lilA 10 = 10nA 30 .5 VOS=+10V 

30 35 .5 1 10 

S05101 VGB=VBS= OV VGO=VBO= OV 10 = lilA IS = 100nA N/A VGS=VSS=OV N/A 
IS = lilA 10=10nA 15 .5 VOS=+10V 
15 30 .5 1 10 

S05200 VGB=VBS= OV N/A N/A N/A N/A N/A N/A 
IS = 10llA 
30 35 

S06000 VG lS=VG2S=OV N/A N/A N/A 0.001 1.0 N/A N/A 
IS = 5/-lA 
20 30 

SmnOll:S 

IGSS lilA) 
Gate 

VGS = 'lOV 
VOS = OV 

Min Typ Max 
--

Gate 1 VG lS=+5V 

VG2S=VOS=OV 
Gate 2 VG2S=+10V 
VG1S=VOS=OV 

0.001 0.1 

U.UUl U.1 

0.001 0.1 

0.001 0.1 

0.001 0.1 

0.001 0.1 

VOS=VSB=OV 
VGB = 20V 
VGB=25V 10 

VGB = +25V 
10 

10 

10 

10 

Gate 1 VG lS=+5V 

VG2S=VOS = OV 
Gate 2 VG2S=+1 OV 
VG1S=VOS= OV 

0.001 0.1 
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DMOS ELECTRICAL CHARACTERISTICS (Cont'd) TA = +25°C unless otherwise specified 
1GB (pAl gts {mmhosl C(GS+GO+GBI (pFI C(GO+OBI (pFI C(GS+SBI (pFI CT (dBI CISS (pFI 

Gale-T o·Substrate Forward Gate Node Drain Node Source Node Cross Talk Input VT (VI Transconductance 
PARAMETER Drain & Source Threshold Vol"ge VOS'" +1SV, VOS = +10V. VOS=+10V. VOS = +10V. f = 3 KHz 10=20mA 

Open VOS = VGS = VT 
lo=20mA VGS=VBS=-15V VGS=VSS=-15V VGS=VBS=-15V VOS = +15V. f'" 1 KHz 

VGB = +30V 10 = lpA VGS~+4V f = 1 MHz f = 1 MHz f = 1 MHz f = 1 MHz 

Min Typ Max Min Typ Max Min Typ Max Min Typ Max Min Typ Max Min Typ Max Min Typ Max Min Typ Max 

Gate 1 VG2S=+10V I 10 = lSmA VG1S""3.5V. 

VOS= VG1S= VT VG1S"+3.5V VG2S=+10V 

Gate2 VG1S=+4V VG2S = +10V 10 = lRmA 

VOS=VG2S=vT 2.0 2.5 

S0300 NfA u. 1.U Tn 8.U lU.U N/A N/A NfA NfA 

50301 N/A 0.1 LO 2.0 S.O 10.0 N/A N/A N/A N/A 2.0 2.5 

50303 N/A 0.1 1.0 2.0 VG1S'" +2.5V N/A N/A N/A N/A VG1S =+2.5V 

VG2S = +10V 
13.0 15.0 3.0 3.5 

S0304 N/A 0.1 1.0 2.0 S.O 10.0 N/A N/A N/A N/A 2.5 3.0 

S0305 N/A 0.1 1.0 2.0 VG2S=+10V N/A N/A N/A N/A Gate 2 
10 = 50mA AC Grounded 

24 27 10=50mA 
Conversion 4.0 5.0 

VG1S= VG2S VG1S = VG2S 
10 = SmA 10 = SmA 

ELOIRMS)=750mV 4.0 5.0 
10 

S0306 N/A 0.1 1.0 2.0 VG2S=+10V N/A N/A N/A N/A 3.3 3.6 
13 15 

S0500D IS = lpA VOS = +10V, 

VSB = OV VSB = OV 
1 0.1 1.0 2.0 10 15 2.4 3.5 1.3 1.5 3.5 4.0 -101 N/A 

S05001 0.1 1.0 2.0 10 15 2.4 3.5 1.3 1.5 3.5 4.0 -101 N/A 
1 

S05100 N/A 0.5 1.0 2.0 10 15 2.4 3.5 1.3 1.5 N/A -101 N/A 

S05101 N/A 0.5 1.0 2.0 10 15 2.4 3.5 1.3 1.5 N/A -101 I N/A 

I 
I 

S05200 N/A 0.5 1.0 2.0 10 15 2.4 3.5 1.3 1.5 N/A -101 N/A 

S06000 N/A Gate 1 VG2S=+1OV 10 = lSmA N/A N/A N/A N/A VG2S = +10V 
Vas = VG1S = Vr VG2S=+10V 10 = lSmA 
Gate 2 VG1S=+5V 12 15 3.0 3.5 
VOS=VG2S= VT Conversion 

RF AMP 10 = SmA 

0.1 0.5 1.5 VG1S=VG2S 
Mixer ELO (RMS) = 

0.1 1.0 2.0 150m V 
10 
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OM OS ELECTRICAL CHARACTERISTICS (Cont'd) T A = +25°C unless otherwise specified 
COSS (pF) eRSS (pF) 'os (On) (l!) 'OSM (On) (l!) GpS' (dB) NF' (dB) 

Output Reverse Transfer Drain-T a-Source Match Power Gain Noise Figure 

PARAMETER 10 = OA 10 = OA VGS = +5V 10=0.lmA VOS=+15V, 10=20 VOS=+15V,10=20mA 
VOS=+15V, VOS=+15V, 10=0.lmA VSB = 0 1=1 GHz mA VGS" +4V 
f= 1 MHz 1=1 MHl VGS 0 +5V VGS" +4V 1=1 GHz 

Min Typ Max Min Typ Max Min Typ Max Min Typ Max Min Typ Max Min TVp Max 

VG1S = OV, VG1S = OV, VGlS =+5V, 10 = 18mA VGlS "+3.5V 

VG2S = +10V VG2S = +10V VG2S = +10V VG1S "+3.5V, VG2S = +10V 

1= 1 MHz 1= 1 MHz VG2S = +10V 10=lBmA 

1.0 1.2 0.02 90 130 NIA 9.0 13.0 8.0' 9.0 
1 = 200 MHz 1= 200 MHz 

S0300 22.0 24.0 3.0 4.0 

0.6 O.B 0.02 90 130 NIA 10.0 14.0 6.0' 7.0 
S0301 1= 200 MHz 1= 200 MHz 

22.0 25.0 2.0 3.0 

S0303 
0.6 0.02 65 80 NIA VGlS "+2.5V VG IS" +2.5V 

10.0 14.0' 5.5' 7.0 

1.0 1.2 0.03 90 130 NIA 1= 500 MHz 1= 500 MHz 
S0304 

13.0 16.0 5.0 6.0 

1.3 1.1 0.03 30 60 NIA Conversion 2 NIA 
S0305 

VG1S = VG2S 
10 = 8mA, 

Irf = 200 MHz 
g 17 

1.0 1.3 0.03 65 100 NIA VG2S = +10V 1= 200 MHz 
S0306 1=20QMHz 1.5 2.5 

17 20 
-

S05000 VOS = +10V, VSB - OV 
VGS=VBS=-15V 50 70 

f= 1 MHz VGS = +10V 

NIA 0.3 0.5 30 45 1 5 NIA N/A 
VGS=+15V 

23 
VGS = +20V 

19 
.. 
S05001 NIA 0.3 0.5 50 70 1 5 NIA N/A 

VGS = +10V 
30 45 

VGS = +15V 
23 

VGS = +20V 
19 

S05100 NIA 0.3 0.5 50 70 1 5 NIA N/A 
VGS = +10V 

30 45 
VGS=+15V 

23 
VGS = +20V 

19 

S05101 NIA 0.3 0.5 50 70 1 5 NIA NIA 

VGS = +10V 
30 45 

VGS=+15V 
23 

VGS = +20V 
. t~ 

S05200 NIA 0.3 0.5 50 70 1 5 NIA NIA 
VGS = +10V 

30 45 
VGS=+15V 

23 
VGS = +20V 

19 

S06000 VGlS = OV, VG1S = OV, VG1S = +5V NIA 10 = 18mA VllS = +15V 
VG2S = 10V VG2S = 10V VG2S = +10V VG2S = +10V 10= 18mA 

1.0 1.3 0.025 RF Amp 1=100MHz VG2S = +10V 
65 100 20 25 f = 100 MHz 

Mixer Conversion2 2.5 3.0 
30 60 10 = 8mA, 

Irf = 100 MHz 
fLO = 89.3 MHz 
14 19 
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FEATURES 
• 35V I I'sec SLEW RATE AT UNITY 

GAIN 
• PIN FOR PIN REPLACEMENT FOR 

I'A709, I'A748 OR LM101 
• COMPENSATED WITH A SINGLE 

CAPACITOR 
SAME LOW DRIFT OFFSET NULL 
CIRCUITRY AS I'A741 

• SMALL SIGNAL BANDWIDTH 1 MHz 
• LARGE SIGNAL BANDWIDTH 500Kttz 
• TRUE OP AMP D.C. CHARACTERliS­

TICS MAKE THE 531 THE IDEAL AI~­
SWER TO ALL SLEW RATE LIMITED 
OPERATIONAL AMPLIFIER APPLlCJ~­
TIONS 

ABSOLUTE MAXIMUM RATINGS 

SE531-T' NE531-T,V 

PIN CONFIGURATION 
T PACKAGE V PACKAGE 

@
'''Q~QM' 

OFFSET NuLL CD 0 y' 

INVERTING INPUT 1 + • OUTPUT 

'0' "~'""'G '''w,~ 0"''' 'wce 

0"''' ,wce 8' ,",0 COM. 

INVE~Z~~~ Z , v+ 

NON INVE~Z~~~ 1 + • OUTPUT 

v- • • OfFSET NULL 

Supply Voltage ±2~~V ELECTRICAL CHARACTERISTICS 
Internal Power Dissipation 

(Note 1) 300mW 
Differential Input Voltage ±1 E,V 
Common Mode Input Voltage 

(Note 2) ± 1 SV 
Voltage Between Offset Null 

and V- ±0.5,V 
Operating Temperature Range 

NE531 O°C to + 70°C 
SE531 -55°C to + 125a C 

Storage Temperature 
Range -65°C to + 150 a C 

Lead Temperature 
(Solder, 60 sec.) 300°C 

Output Short Circuit Duration 
(Note 3) Indefinite 

NOTES: 
1. Rating applies for case temperatures to 125"C, 

derate linearly at 6.5mW/oC for ambient tem­
peratures above + 75"C. 

2. For supply voltages less than ±15V, the absolute 
maximum input voltage is equal to the supply 
voltage. 

3. Short circuit may be to ground or either supp."y. 
Rating applies to + 125"C case temperature or 
+ 7S"C ambient temperature. 

Parameter Test Conditions 

Output Resistance 

Full Power Bandwidth 

Settling Time 1 % AV=+1, VIN=±10V 

Settling Time .01% AV= +1, VIN=±10V 

Large Signal Overshoot AV= +1, VIN=±10V 

Small Signal Overshoot AV=+1, VIN=400mV 

Small Signal Risetime AV=+1, VIN=400mV 

Slew Rate AV=100 

AV=10 

AV = 1 (non-inverting) 

AV=1 (inverting) 

LIMITS 

SE531 NE 531 
Min Typ Max Min Typ Max Units 

75 75 n 

500 500 kHz 

1.5 1.5 I'sec 

2.5 2.5 I'sec 

2 2 % 

5 5 % 

300 300 nsec 

35 35 VII'S 

35 35 VII'S 

20 30 30 VII'S 

25 35 35 VII'S 

TYPICAL PERFORMANCE CHAIRACTERISTICS (VS=±15V, T~=+25°C, unless otherwise noted) 
INPUT OFFSET 

CURRENT AS A FUNCTION 
OF AMBIENT TEMPERATURE 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
POWER CONSUMPTION AS A 

FUNCTION OF SUPPLY VOLTAGE 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
CLOSED LOOP NON-INVERTING 

VOLTAGE GAIN AS A 
FUNCTION OF FREQUENCY 
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SE531-T· NE531-T,V 

TYPICAL APPLICATIONS (Cont'd) 
3 POLE ACTIVE LOW PASS FILTER BUTTERWORTH MAXIMALLY FLAT RESPONSE* 

JOK 

,OK 

'OK 

Jon 

'Reference - EON Dec, 15, 1970 
Simplify 3-Pole Active Filter Design 
A. Paul Brokow 

PRECISION RECTIFIERS 

(al HALF WAVE 

'OK 'OK 
INo--"W'..-....... ----1r-""'fY-;---O OUT 

AC MILLIVOLTMETER 

-5 

-10 
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-20 

-25 

RESPONSE OF 3-POLE ACTIVE 
BUTTERWORTH 

MAXIMALLY FLAT FILTER 
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1\ 
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Q2 
3N128 

SIGIf,Al 
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300K 10K 

-15 -15 
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SCHEMATIC DIAGRAM 
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FEATURES 
• INTERNALLY FREQUENCY 

COMPENSATED FOR UNITY GAIN 

• LARGE DC VOLTAGE GAIN-(100dB) 
• WIDE BANDWIDTH (UNITY GAIN)-

1MHz (TEMPERATURE 
COMPENSATED) 

WIDE POWER SUPPLY RANGE 
SINGLE SUPPLY -(3V DC to 30V DC) 
OR DUAL SUPPLIES-

(±1.SV DC to ±1SV DC) 
• VERY LOW SUPPLY CURRENT DRAIN 

(400!,A) - ESSENTIALLY 
INDEPENDENT OF SUPPLY VOLTAGE 
(1mW/OP AMP AT +SV DC) 

• LOW INPUT BIASING CURRENT­
(4SnA DC TEMPERATURE 
COMPENSATED) 

• LOW INPUT OFFSET VOL TAGE­
(2mV DC) AND OFFSET CURRENT­
(SnA DC) 

• DIFFERENTIAL INPUT VOLTAGE 
RANGE EQUAL TO THE POWER 
SUPPLY VOLTAGE 

• LARGE OUTPUT VOLTAGE-(OV DC 
10 V+ -1.SV DC SWING) 

UNIQUE FEATURES 
IN THE LINEAR MODE THE INPUT COM­
MON-MODE VOLTAGE RANGE INCLUDES 
GROUND AND THE OUTPUT VOLTAGE 
CAN ALSO SWING TO GROUND, EVEN 
THOUGH OPERATED FROM ONLY A 
SINGLE POWER SUPPLY VOLTAGE. 
THE UNITY GAIN CROSS FREQUENCY IS 
TEMPERATURE COMPENSATED. 
THE INPUT BIAS CURRENT IS ALSO 
TEMPERATURE COMPENSATED. 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage, V+ 32V DC or ±16V DC 
Differential Input Voltage 32V DC 
Input Voltage -0.3V DC to + 32V DC 
Power Dissipation 

T Package 680mW 
V Package 62SmW 

Output Short-Circuit to GND 
V+ < 1SV DC and TA=2SoC 

Continuous 
Operating Temperature Range 

NES32 O°C to + 70°C 
SUS32 -2SoC to +8SoC 
SES32 -SsoC to + 12SoC 

Storage Temperature 
Range -6SoC to + 1S0°C 

Lead Temperature 
(Soldering, 10 sec.) 300°C 

SES32-T.V· SUS32-T.V, NES32-T.V 

PIN CONFIGURATION 
T PACKAGE V PACKAGE 

CWM"~'C ~-".Jc 
'''v,~:~'r''~; I· J\ _ Cl ,.1 

,," "c C " • "" [ c,~ ~ " , • 
INPUT J>. - .0 '''"c,' f' 

v ' '. ,~U~~T fl 

EQUIVALENT CIRCUIT 

v+o--.------------~--.---._----~r__. 

RSC 

OUTPUT 

INPUTS 

-=-

ELECTRICAL CHARACTERISTICS 

LIMITS 
Parameter Test Conditions Units 

Min Typ Max 

Ampl ifier-to-Amplifier f-1 kHz to 20kHz. T A = 2SoC -120 dB 

Coupling (Input Referred) 

Output Current Source VIN+=1VDC. VIN-=OVDC' 20 40 mADC 

V+=1SVDC. TA=+2SoC 

VIN+=+1VDC. VIN-=OVDC. 10 20 mA 

V+ =1SVDC 

Output Current Sink VIN-=+1VDC. VIN+=OVDC. 10 20 mADC 

V+=1SVDC. TA=+2SoC 

VIN-= +1VDC. VIN+ =OVDC. 12 SO !,ADC 

TA=+2SoC. Vo=200mVDC 

VIN-=+1VDC. VIN+=OVDC. S 8 mA 

V+=1SVDC V+ 
Differential Input Voltage See Note S 
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SE532-T,V' SU532-T,V' NE532-T,V 

TYPICAL PERFORMANCE CURVES 
SUPPLY CURRENT INPUT CURRENT 
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TYPICAL PERFORMANCE CURVES (Cont'd) 

LARGE SIGNAL FREQUENCY RESPONSE 
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OBJECTIVE SPECIFICATION 

FEATURES 

• 15V II'S UNITY GAIN SLEW RATE 

• INTERNAL FREQUENCY 
COMPENSATION 

• LOW INPUT OFFSET VOLTAGE-
2 mV MAXIMUM 

• LOW INPUT BIAS CURRENT-
60nA MAXIMUM 

• SHORT CIRCUIT PROTECTED 

• OFFSET NULL CAPABILITY 

• LARGE COMMON MODE AND 
DIFFERENTIAL VOLTAGE RANGES 

PIN CONFIGURATION 
T PACKAGE 

ELECTRICAL CHARACTERISTICS 

Parameter Test Conditions 
LIMITS 

Units 
Min Typ Max 

Output Short Circuit 
Current 25 mA 

Output Resistance 100 f! 

Settling Time To 0.1% 3 I'S 

Slew Rate Unity gain 
non-inverting, 10 15 VII'S 
RL> 10K 

50 GmDOftCG 

V PACKAGE 

INVEATING 2 1 v+ 
~~~~;~O'NC 

NON-INVERTING 3. 6 OUTPUT 

OFFSET 
v- 4 5 ADJUST 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage: SE535 

NE535 

Internal Power Dissipation 
(Note 1) 

Differential Input Voltage 

Input Voltage (Note 2) 

Operating Temperature Range 

±22V 
±18V 

500mW 

±30V 

±15V 

SE535 -55°C to + 125°C 
NE535 O°C to + 70°C 

Storage Temperature 
Range -65°C to + 150°C 

Lead Temperature (Solder, 60 sec.) 300°C 
Output Short Circuit (Note 3) Indefinite 

NOTES: 

1. Rating applies for case temperatures to 125DC; 
derate linearly at 6.5mW/oC for ambient tem­
peratures above 75°C. 

2. For supply voltages less than ±15V, the absolute 
maximum input voltage is equal to the supply 
voltage. 

3. Short circuit may be to ground or either supply. 
Rating applies to + 125°C case temperature or 
75°C ambient temperature. 



NE536-T • SU536-T 

FEATURES 

• SpA INPUT BIAS CURRENT 

• INPUT AND OUTPUT PROTECTION 

• OFFSET NULL CAPABILITY 

• INTERNALLY COMPENSATED 

MAXIMUM GUARANTEED 
RATINGS 
Supply Voltage ±22V 
Differential Input Voltage Range ±30V 
Common Mode Input Voltage Range ±Vs 
Power Dissipation (Note 1) 500mW 
Operating Temperature Range 

PIN CONFIGURATION 

T PACKAGE 

NC 

• 6V / p'sec SLEW RATE 

• STANDARD PINOUT 

• 1 MHz UNITY GAIN BANDWIDTH 

SU536T -55'C to +85'C 
NE536T O'C to + 70'C 

Storage Temperature 
Range -65'C to + 150'C 

O""T NU'@®V. 0) 0) 
INVERTING 

2 6 OUTf.'UT 
INPUT 

NONONVCRTONG ~ 0,",,, NU'.' 
INPUT G) 

TEST CIRCUITS 

VOLTAGE FOLLOWER CIRCUIT 

OFFSET NULL CIRCUIT 

v' 

v-

Lead Temperature (Solder, 60 sec.) 300'C 
Output Short Circuit Duration 

(Note 2) Indefinite 
NOTES: 
1. Rating applies for case temperatures to + 25°C; 

derate linearly at 6.5mW/oC for ambient tem­
peratures above 75°C. 

2. Short circuit may be to ground or either supply. 
Rating applies to + 125°C case temperature or 
+ 75°C ambient temperature. 

ELECTRICAL CHARACTERISTICS 

Parameter Test Conditions 

Differential Capacitance TA= +25°C 

Input Noise (0.1Hz= 
100kHz) Voltage Noise 

Output Impedance 

Gain Bandwidth Product VS=±15V, TA=+25°C, 

A=100 

Full Power Bandwidth VS=±15V, TA=+25'C 

Slew Rate VS=±15V, TA=+25'C, 
Inverter A=-1V 

Follower VS=±15V, TA=+25'C, 

A=+1 

Power Supply Range 

TYPICAL CHARACTERISTIC CURVES 

LIMITS 

NE536 SUS36 
Min Typ Max Min Typ Max 

6 6 

20 20 

100 100 

1 1 

100 100 

6 6 

6 6 

±6 ±18 ±6 ±20 

OPEN LOOP VOLTAGE GAIN AS A 
FUNCTION OF SUPPLY VOLTAGE 

INPUT VOLTAGE NOISE AS A 
FUNCTION OF FREQUENCY 
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NE536-T· SU536-T 

TYPICAL CHARACTERISTIC CURVES (Cont'd) 
--~~--~------------------------------------------~ 
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TYPICAL CHARACTERISTIC CURVES (Cont'd) 
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LH2101A' LH2201A' LH2301A-A,F 

FEATURES ABSOLUTE MAXIMUM RATINGS PIN CONFIGURATION 
• LOW OFFSET VOLTAGE 

• LOW OFFSET CURRENT 

• GUARANTEED DRIFT 
CHARACTERISTICS 

• OFFSETS GUARANTEED OVER 
ENTIRE COMMON MODE AND 
SUPPLY VOLTAGE RANGES 

• SLEW RATE OF 10V/p.s AS A 
SUMMING AMPLIFIER 

BLOCK DIAGRAM 

Supply Voltage 
Power Dissipation 
Differential Input Voltage 
Input Voltage (Note 2) 

-+-22V 
500mW 

±30V 
±15V 

Continuous Output Short Circuit Duration 
Operating Temperature Range 

LH2101A -55°C to 125°C 
LH2201A -25°C to 85°C 
LH2301A O°C to 70°C 

Storage Temperature 
Range 

Lead Temperature 
(Soldering, 10 sec.) 

NOTES: 

-65°C to 150°C 

300°C 

1. For supply voltages less than ±15V. the absolute 
maximum input voltage is equal to the supply 
voltage. 

.----!..()v+ 

INV.INPUT 

NON·INV. INPUT 

INV.INPUT 

NON-INV- INPUT 

,.-.-.!:!.() BALANCE 
OUTPUT COMPENSATION 
OUTPUT 
IIALiCOMPENSATION 

.... --~OV­

BALANCE 
OUTPUT COMPENSATION 
OUTPUT 
IIAL/COMPENSATION 
v+ 

TYPICAL APPLICATIONS 

54 

INVERTING AMPLIFIER WITH 
BALANCING CIRCUIT 

", "2 
INPUT D--'VII'or-._---'\I\N---. 

C, 
lOp' 

·MAY BE ZERO OR EOUAl TO PARALLEL COMBINATION 
OF RT AND R2 FOR MINIMUM OFFSET. 

TWO POLE COMPENSATION 

R1CS 
Cl#Rl+R2 

Cs "" 30pF 
C2= tOCt 

ALTERNATE BALANCING CIRCUIT 

FEED FORWARD COMPENSATION 

C2 

"3 C2=-'-
211'FO. R2 

fa =3MHz 

9i!1DOliC9 

SINGLE POLE COMPENSATION 

"2 

Cl;> RT Cs 
Rt + R2 

CS=3OpF 



LH2108A· LH2208A· LH2308A 

FEATURES ABSOLUTE MAXIMUM RATINGS PIN CONFIGURATION 
• LOW OFFSET CURRENT 

• LOW OFFSET VOLTAGE 

• LOW OFFSET VOLTAGE 
LH2108A 
LH2108 

• WIDE INPUT 
VOLTAGE RANGE 

50pA 

O.7mV 

O.3mV 
O.7mV 

±15V 

Supply Voltage ±20V 
Power Dissipation SOOmW 
Differential Input Current (Note 1) ±10mA 
Input Voltage (Note 2) ±lSV 
Output Short Circuit Duration Continuous 
Operating Temperature Range 

LH2108A/LH2108 -SsoC to +12SoC 
LH2208A/LH2208 -2SoC to +8SoC 
LH2308A/LH2308 O°C to + 70°C 

Storage Temperature • WIDE OPERATING 
SUPPLY RANGE ±3V to ±20V Range -6SoC to + lS0°C 

TYPICAL APPLICATIONS 
STANDARD COMPENSATION CIRCUIT 

A1 

A3 

A2 

VOUT 

C,.;;; RR1\C~2 
Co = 30 pF 

Lead Temperature 
(Soldering. 10 sec.) 300°C 

NOTES: 
1. The inputs are shunted with back·to-back diodes 

for overvoltage protection. Therefore, excessive 
current will flow if a differential input voltage in 
excess of 1V is applied between the inputs un­
less some limiting resistance is used. 

2. For supply voltage less than ±15V, the absolute 
maximum input voltage is equal to the supply 
voltage. 

BLOCK DIAGRAM 

INV.INPUT 

NON·INV. INPUT 

INV.INPUT 

NON·INV. INPUT 

ALTERNATE FREQUENCY 
COMPENSATION 

A2 

VOUT 

"IMPROVES REJECTION OF POWER SUPPLY NOISE 
BY A FACTOR OF TWO. 

SmnOliCS 

F PACKAGE 

.----'-{) V+ 

OUTPUTCOMP 

OUTPUT 
~L---"~ INPUT COMPo 

"""-----"-'0 V-

OUTPUT COMPo 

OUTPUT 
COMP.INPUT 

L---"{)V+ 

FEED FORWARD COMPENSATION 

C2 

R3 

-=- 150pF 

C2=-'--
27rFO. R2 

fa == 3 MHz 
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FEATURES 
• SHORT CIRCUIT PROTECTION 

• OFFSET VOLTAGE NULL CAPABILITY 

• LARGE COMMON-MODE AND 
DIFFERENTIAL VOLTAGE RANGES 

• LOW POWER CONSUMPTION 

• NO LATCH UP 

ABSOLUTE MAXIMUM RATINm; 
Supply Voltage 

Power Dissipation (Note 1) 

Differential Input Voltage 

Input Voltage (Note 2) 

Output Short Circuit Duration 

Operating Temperature Range 

±22V 

500mW 

±30V 

±15V 

Indefinite 

LM101 -55'C to 125'(; 
LM201 O'C to 70'(; 

Storage Temperature 
Range 

Lead Temperature 
(Soldering, 60 sec.) 

NOTES: 

300'(; 

1. Absolute maximum rating holds for all packages. 
The maximum Junction temperature is 150°C f'::>r 
the LM10l and 100'C for the LM201. For opera­
tion at elevated temperatures, derate according 
to appropriate thermal resistances given under 
package information. 

2. For supply voltages less than ±15V, the absolute 
maximum input voltage is equal to the supply 
voltage. 

56 

PIN CONFIGURATION 
A PACKAGE 

ORDER PART NOS 

~~~~:~} } Ceram,e 

Q PACKAGE 

NC~,"NC 
SAUCOMP, l _ 9 COMP 

INPUT 3 8 V f 

INPUT. , OUTPUT 

V- ~ ,; SAL 

ORDER PART NOS 

lMl010lLM2010 

T PACKAGE 

FRED COMP I 
OFFSET NULL (0 

,"V''',"G~0) 0) 
I NPUT ~ + • OUTPUT 

, 0 
NON-INVE7~~~~ 0 OFFSET NULL 

ORDER PART NOS 
LM101TILM2Ql,T 

V PACKAGE 

'R,a OOM'J[B OFFSET NULL 1 ij FREQ CO'l.lP 

INVERTING _ 
INPUT 2 , v, 

NON INVERTING 3 
INPUT + 6 OUTPUT 

V- 4 5 OFFSET NULL 

ORDER PART NO LM201 V 

EQUIVALENT CIRCUIT 



TYPICAL CHARACTERISTIC CURVES 
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TYPICAL CHARACTERISTIC CURVES (Coni'd) 

58 
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.. 
VS=±15V 

JO - r-
20 
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TYPICAL CHARACTERISTIC CURVES (Cont'd) 

120 

100 

80 

~ 
z 80 ;; 
" w 

" 40 " !:; 
g 

20 

-20 

OPEN LOOP FREQUENCY 
RESPONSE 

I--- lA'2.t 
VS=±15~-

'" I"-. " !"'-=3PF 
I"-. ~ 

Cl = 30pF 

'" ~ ~ 1\ 
1\ 

1 10 100 lK 10K lOOK 1M 10M 

FReQUENCY (Hz) 

LARGE SIGNAL FREQENCY 
RESPONSE 

16 

12 

o 
lK 

1\ 1\ 
\Cl' 30pF \ C=3pF 

10K 

1\ 1\ 

\ 1\ 

I---
lOOK 

FREQUENCY (Hz) 

TA
1'2U 

VS=±15V 

1M 

TYPICAL APPLICATIONS (Pin numbers shown refer to T or V package only) 

INVERTING AMPLIFIER WITH 
BALANCING CIRCUIT 

R, 
INPUT (r--'V'Iv-..... --"J'I'r--, 

C, 
30pF 

OUTPUT 

·tMay be zero or equal 10 parallel combination 
of R, and R. for minimum offsel. 

LOW DRIFT SAMPLE 
AND HOLD 

OUTPUT (r---<t-----..... -.:.; 

INPUT 

Cl 
JOpF 

*Polycarbonate Dielectric Capacitor 

9(gDOlm9 

10 

-2 

-4 

-6 

-8 

-10 
10M 

v+ 

VOLTAGE FOLLOWER 
PULSE RESPONSE 

T~' ~oc 
VS=±15~-

I-- .... - I--I--
[\ 'NPUTI 7 

I [hUTPUT 
[\ II 

\ r 

o w m ~ 40 80 80 ro ~ 

TIME fJ.lS) 
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ABSOLUTE MAXIMUM RATINGS PIN CONFIGURATION 
Supply Voltage 

LM101A/LM201A 
LM301A 

Power Dissipation (Note 1) 

Differential Input Voltage 

Input Voltage (Note 2) 

±22V 
±18V 

SOOmW 

±30V 

±15V 

Output Short Circuit Duration Indefinite 

Operating Temperature Range 
LM101A -SsoC to 12S'C 
LM201A -2SoC to 8S'C 
LM301A O°C to 70"C 

Storage Temperature 
Range -6SoC to 1S0'C 

F PACKAGE 

Lead Temperature 
(Soldering, 60 sec.) 300'C FEATURES 

NOTES: 
1. Absolute maximum rating holds for all packages. 

The maximum junction temperature is 150°C for 
the LM101A and 100'C for the LM201A and the 
LM301A. For operation at elevated temperatures, 
derate according to appropriate thermal resis­
tances given under package information. 

2. For supply voltages less than ±15V, the absolute 
maximum input voltage is equal to the supply 
voltage. 

COMPENSATION CIRCUITS 
SINGLE POLE 

COMPENSATION 

R2 

Cl~~ 
Cs = 30pF 

NOTE: Pin connections shown are for T Package. 

60 

• SHORT CIRCUIT PROTECTION 

• OFFSET VOLTAGE NULL CAPABILITY 

• LARGE COMMON·MODE AND 
DIFFERENTIAL VOLTAGE RANGES 

• LOW POWER CONSUMPTION 
• NO LATCH UP 

TWO POLE 
COMPENSATION 

R1 

RT Cs 
Cl~Rl+R2 

Cs =' 30pF 

C2'" 10Cl 

R2 

I~.ncl 

LM101A·F,T· LM201A·F,T,V· LM301A·F,T,V 

T PACKAGE 

Off,.,N,,'1 0, • 70 

'"'''''"''"'"'~O"''"' 
\.6' .... '0) 

"~."m"eo V' 

lIIon,""""mgl"",,, 0 Otl .. ,Nuli 

v. 

V PACKAGE 

Of/ ••• Nul! ' I F • ..,..Como ,,,,.,,m·"8 
Invertlnglnpu. 2 . ' V+ 

NOI>mv.ning • 
Inllut 3 e Outp ... 

V- • 5 Off ••• Nu" 

FEED FORWARD 
COMPENSATION 

C2 

VOUT 

150pF 1 
C2 '"' 21TfoR2 

fo"'3MHz 



SCHEMATIC DIAGRAM 

OFFSET NULL 
FREO.COMP. 

LM101A-F,T· LM201A-F,T,V· LM301A-F,T,V 

FREQ.COMP. 

r-------------------~--------~------_t----------------~----------~--------------~~ov+ 

-INPUT 

+ INPUT O-:=----~------------------_+----....J 

OFFSET NUll 0-:=--.......... -----[" 

Rl 
5K 

022 ,l---t----1 

R2 
20K 

R4 
250 

020 

R13 
450 

R3 
10K 

L..-----+---+--"-<D OUTPUT 

Rl0 
R14 65 
7.5K 

RS 
660 

011 

~--~~--_4----~----______ ~--________________ ~~------_4----~~4<l v-

NOTE: Pin numbers for T Package. 
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LM101A-F,T' LM201A-F,T,V • LM301A-F,T,V 

GUARANTEED PERFORMANCE CHARACTERISTICS 
LM101A/LM201A 

INPUT VOLTAGE RANGE OUTPUT SWING 
20 20 

V / 
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10 
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SUPPLY VOLTAGE --'V SUPPLVVOlTAGE- 'V 

VOLTAGE G.4I.1N 
100 

94 

88 

/~ 
~ 

~ 
82 

76 

70 

_55V C":: ~A'-~ 12S'-C 

10 15 20 

SUPPl Y VOLTAGE - ,V 
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GUARANTEED PERFORMANCE CHARACTERISTICS (Cont'd) 
LM301A 

INPUT VOLTAGE RANGE 
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9!!1DOliC9 

LM101A-F,T' LM201A-F,T,V' LM301A-F,T,V 

OUTPUT SWING 
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TYPICAL PERFORMANCE CHARACTERISTICS 

\ VOLTAGE GAil'" 
LM101A/LM201A 
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TA 55"C 
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~ T A rS"C 
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LM101A-F,T' LM201A-F,T,V' LM301A-F,T,V 

SUPPLY CURRENT 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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lM101A-F,T °lM201A-F,T,V °lM301A-F,T,V 

TYPICAL PERFORMANCE CHARACTERISTICS (Conl'd) 
----------~----~~--------------------------------~ 

LM101A/LM201A 
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OPEN LOOP FREQUENCY 
RESPONSE 
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TYPICAL PERFORMANCE CHARACTERISTICS 

VOLTAGE GAIN 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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FEATURES 

• 3mV MAX OFFSET VOLTAGE 
OVER TEMP 

• 100nA MAX INPUT CURRENT 
OVER TEMP 

• 20nA MAX INPUT OFFSET CURRENT 
OVER TEMP 

• OFFSETS GUARANTEED OVER 
COMMON MODE RANGE 

• INPUT/OUTPUT SHORT CIRCUIT 
PROTECTED 

EQUIVALENT SCHEMATIC 

R. 
250 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage LM107 

LM307 

Power Dissipation 

Differential Input Voltage 

Input Voltage 

±22V 
±18V 

SOOmW 

±30V 

±1SV 

Output Short Circuit Duration Indefinite 
Operating Temperature Range 

LM107 -SsoC to 12SoC 
LM20i -2SoC to 8SoC 
LM307 O°C to 70°C 

Storage Temperature 
Range 

Lead Temperature 
(Soldering. 60 sec.) 

-6SoC to 1S0°C 

300°C 

_!!IDOlmB 

PIN CONFIGURATION 
T PACKAGE 

ORDER PART NOS 

LM107T/LM207T ILM307T 

V PACKAGE 

NC~'NC 
INVERTING z _ 7 v+ 

INPUT 

NON-INVERTING 3 + 6 OUTPUT 
INPUT 

v- 4 5 NC 

ORDER PART NOS 

LM107 V/LM207V/LM307V 

v· 

OUTPUT 

v-

" 9 a: c: a: 

--
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GUARANTEED PERFORMANCE: CURVES 
LM107/LM207 

INPUT VOLTAGE RANGE OUTPUT SWING 
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TYPICAL PERFORMANCE CURVES (Cont'd) 
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FEATURES 

• MAXIMUM INPUT BIAS CURRENT OF 
3.DnA OVER TEMPERATURE 

• OFFSET CURRENT LESS THAN 400pA 
OVER TEMPERATURE 

• SUPPLY CURRENT OF ONLY 300,uA, 
EVEN IN SATURATION 

• GUARANTEED DRIFT 
CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINCiS 
LM108/LM2De: 

Supply Voltage ±20V 

Power Dissipation (Note 1) 500mW 

Differential Input Cu rrent (Note 2) ± 10mA 

Input Voltage (Note 3) 

Output Short-Circuit Duration 

Operating Temperature Range 

±15V 

Indefinite 

LM108 -55'C to 125,'G 
LM208 -25'C to 85,'C 

Storage Temperature 
Range 

Lead Temperature 
(Soldering, 60 sec.) 

NOTES: 

-65'C to 150'C 

300'C 

1. The maximum junction temperature of the LNi10a 
is 150°C, while that of the LM20B is 100°C. For 
operating at elevated temperatures, devices 11'1 
the TO-5 package must be derated based on a 
thermal resistance of 150°CjW, junction to am­
bient, or 45°C/W, junction to case. For the flat 
package, the derating is based on a thermal re­
sistance of 185°C/W when mounted on a Y1t.-il1ch­
thick epoxy glass board with ten, O.03-inch-wide, 
2-ounce copper conductors. The thermal re~sis­

tance of the dual-in-line package is 10QoC/W, 

junction to ambient. 

2. The inputs are shunted with back-ta-back diodes 
for overvoltage protection. Therefore, excessive 
current will flow if a differential input voltage in 
excess of 1V is applied between the inputs un­
less some limiting resistance is used. 

3. For supply voltages less than ±15V, the absolute 
maximum input voltage is equal to the supply 
voltage. 
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COMPENSATION CIRCUITS 
STANDARD COMPENSATION 

CIRCUIT 

R1 R2 
-V'N 

R3 VOUT 

+V'N 

Al Co 
Cf">Al+R2 

Cf Co = JOpF 

ALTERNATE FREQUENCY 
COMPENSATION 

r.1 

IMPROVES REJECTION OF 
POWER SUPPLY NOISE BY 
A FACTOR OF TEN. 

R2 

Si!lDOfiCS 

LM 108-F,T· LM208-F,T 

PIN CONFIGURATION 
F PACKAGE 

*Unused pin (no internal connection) to allow for 
input anti-leakage. 

T PACKAGE 

COMP2 



SCHEMATIC DIAGRAM 

COMPENSATION COMPENSATION 
8 

LM108-F,T'LM208-F,T 

r----------r---1--~r-~~----~r_1_----~------------------~~------__O V+ 

ITJ----~~~--._~ OUTPUT 

INPUTS 
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AI3 
20K 

AI A2 
2K 2K 
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820 

4 
V-
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NOTE: Pin number. for T Package. 
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TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS (Cont'd) 
VOLTAGE GAIN 
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FEATURES 

• MAXIMUM INPUT BIAS CURRENT OF 
7.0nA 

• OFFSET CURRENT LESS THAN 1.0nA 

• SUPPLY CURRENT OF ONLY 300!,A, 
EVEN IN SATURATION 

• GUARANTEED DRIFT 
CHARACTERISTICS 

• LOW CURRENT ERROR 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 

Power Dissipation (Note 1) 

±18V 

500mW 

Differential Input Current (Note 2) ±1()mA 

Input Voltage (Note 3) ±15V 

Output Short Circuit Duration 

Operating Temperature 
Range 

Indefinite 

DOC to 7'O°C 

Storage Temperature 
Range -65°C to 150°C 

Lead Temperature 
(Soldering, 60 sec.) 

NOTES: 

3C10°C 

I. The maximum junction temperature of the LM308 
is 85°C. For operation at elevated temperatures, 
devices in the TO-5 package must be d.'rated 
based on a thermal resistance of 150'C/W, junc­
tion to ambient, or 45°C/W, junction to case. 
The thermal resistance of the dual-in-line pack­
age Is IOO'C/W, junction to ambient. 

2. The Inputs are shunted with back-to-back diodes 
for overvoltage protection. Therefore, excEtssive 
current will flow if a differential input voltage in 
excess of tv is applied between the inputs un­
less some limiting resistance is used. 

3. For supply voltages less than ±15V, the ab:!olute 
maximum input voltage is equal to the ELUpply 
voltage. 

16 

COMPENSATION CIRCUITS 

STANDARD COMPENSATION 
CIRCUIT 

., .2 
-VIN 

.3 Your 
+VIN 

R1 Co 
Cf;;'~ 

Cf Co c 30pF 

ALTERNATE FREQUENCY 
COMPENSATION 
., 

IMPROVES REJECTION OF 
POWER SUPPL V NOISE BY 
A FACTOR OF TEN. 

.2 

~!...4-0VOUT 

LM308-T.V 

PIN CONFIGURATION 

T PACKAGE 

COMP2 

v_ 

V PACKAGE 
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SCHEMATIC DIAGRAM 

COMPENSATION 
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lM308-T.V 
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LM308-T.V 

TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS {Cont'd} 

VOLTAGE GAIN 
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FEATURES 

• OFFSET VOLTAGE GUARANTEED 
LESS THAN O.SmV 

• MAXIMUM INPUT BIAS CURRENT ()F 
3.0nA OVER TEMPERATURE 

• OFFSET CURRENT LESS THAN 4001)A 
OVER TEMPERATURE 

• SUPPLY CURRENT OF ONLY 300.uJl, 
EVEN IN SATURATION 

• GUARANTEED S.uV/'C DRIFT 

80 

LM10BA-F,T' LM20BA-F,T' LM30BA-F,T 

COMPENSATION CIRCUITS PIN CONFIGURATION 

STANDARD COMPENSATION 
CIRCUIT 

F PACKAGE 

RI R2 
-VIN 

R3 VOUT 

+VIN 

Rl Co 
Cf)-Rl+R2 

Cf Co ~ 30pF 

ALTERNATE FREQUENCY 
COMPENSATION 

• Unused pin (no internal connection) to allow for 

input anti-I •• kage. 

RI 

IMPROVES REJECTION OF 
POWER SUPPL Y NOISE BY 
A FACTOR OF TEN. 

T PACKAGE 

R2 

ABSOLUTE MAXIMUM RATINGS 

LM108A, LM20BA 

Supply Voltage 

Power Dissipation (Note 1) 

Differential Input Current (Note 2) 

Input Voltage (Note 3) 

Output Short Circuit Duration 

Operating Temperature Range 

±20V 

500mW 

±10mA 

±15V 

Indefinite 

LM10BA -55°C to 125°C 
LM20BA -25°C to 85°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 

NOTES: 

LM308A 

±18V 

500mW 

±10mA 

±15V 
Indefinite 

O°C to 70°C 

-65°C to 150°C 

300°C 

1. The maximum junction temperature of the LM108A is 150°C, while that of the 
LM208A is lOQoe. For operating at elevated temperatures, devices in the TO-5 
package must be derated based on a thermal resistance of 150°C/W, junction 
to ambient, or 45°C/W, junction to case. For the flat package, the derating is 
based on a thermal resistance of 185°C/W when mounted on a 11'6-inch-thick 
epoxy glass board with ten, O.03-inch-wide, 2-ounce copper conductors. The 
thermal reSistance of the dual-in-line package is 100°C/W, ~\.\'i\C\\o"" to 
ambient. 

2. The inputs are shunted with back-to-back diodes for O\ervaltage protection. 
Therefore, excessive current will flow if a differential input voltage in excess 
of 1V is applied between the inputs unless some limiting resistance is used. 

3. For supply voltages less than ±15V, the absolute maximum input voltage is 
equal to the supply voltage. 

ImootlCII 



SCHEMATIC DIAGRAM 
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FEATURES 

LM 124-F • LM224-A,F· LM324-A,F 

PIN CONFIGURATION 

• INTERNALLY FREQUENCY COMPE~ISATED FOR UNITY GAIN A, F PACKAGE 

• LARGE DC VOLTAGE GAIN -100dB 
• WIDE BANDWIDTH (UNITY GAIN) --1MHz (TEMPERATURE COMPENSATED) 

• WIDE POWER SUPPLY RANGE: SINGLE SUPPLY 3VDC to 30VDC 
OFt DUAL SUPPLIES ±1.5VDC to ±15VDC 

• VERY LOW SUPPLY CURRENT DRJUN (800/LA) - ESSENTIALLY INDEPENDENT 
OF SUPPLY VOLTAGE (1mW/op an~p at +5VDC) 

• LOW INPUT BIASING CURRENT-,45nADC (TEMPERATURE COMPENSATED) 

• LOW INPUT OFFSET VOLTAGE-2mVDC AND OFFSET CURRENT-5nADC 

• DIFFERENTIAL INPUT VOLTAGE RIINGE EQUAL TO THE POWER SUPPLY 
VOLTAGE 

• LARGE OUTPUT VOLTAGE-OVDC: to V+ -1.5VDC SWING 

UNIQUE FEATURES EQUIVALENT CIRCUIT 
IN THE LINEAR MODE THE INPUT COM­
MON-MODE VOLTAGE RANGE INCLUDES 
GROUND AND THE OUTPUT VOLTAGE 
CAN ALSO SWING TO GROUND, EVEN 
THOUGH OPERATED FROM ONLY A 
SINGLE POWER SUPPLY VOLTAGE. 
THE UNITY GAIN CROSS FREQUENCY IS 
TEMPERATURE COMPENSATED. 

v+O-~~------------~--~---+------~~~ 

THE INPUT BIAS CURRENT IS ALSO 
TEMPERATURE COMPENSATED. 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage, V+ 32V DC or ±16V DC 

Differential 'nput Vo'tage 32V DC 

Input Voltage -0.3V DC to + 32V DC 
Power Dissipation (Note 1) 

Molded DIP (LM224A, LM324A) S70mW 
Cavity DIP (LM124F, 

LM224F, and LM324F) 900mW 

Output Short-Circuit to GND 
1 Amplifier (Note 2) Continuous 

V+ < 1SV DC and TA =2S'C 

'nput Current (V'N < -0.3V) 
(Note 3) SOmA 

Operating Temperature Range 
LM324 O·C to + 70'C 
LM224 -2S'C to +8S"C ELECTRICAL CHARACTERISTICS 
LM124 -SS'Cto+12S'C 

Storage Temperature 
Range -6S'Cto+1S0'C 

Lead Temperature 
(So'dering, 10 sec.) 300'C 

NOTES: 
1. For operating at high temperatures, the LM324 

must be derated based on a + 125°C maximum 
junction temperature and a thermal resistance of 
17S'C/W which applies for the device soldered 
in a printed circuit board, operating in a still air 
ambient. The LM224 and LM124 can be derated 
based on a + 150°C maximum Junction tempE'ra­
ture. 

2. Short circuits from the output to V + can cause 
excessive heating and eventual destruction. The 
maximum output current is approximately 40 rnA 
independent of the magnitude of V +. At values 
of supply voltage in excess of + 15V DC. continu~ 
ous short-circuits can exceed the power dissipa­
tion ratings and cause eventual destruction. 

3. The direction of the Input current is out of the 
IC due to the PNP Input stage. This current is 
essentially constant, Independent of the statE~ of 
the output so no loading change exists on the 
input lines. 
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Parameter 

Amplifier-to-Amp'ifier 
Coupling 

Output Current Source 

Output Current Sink 

Differential Input Vo'tage 

IIJDDna. 

Test Conditions 

f=1kHz to 20kHz, TA= +2SoC 
(input Referred) 

V'N+ =1VDC, V'N-=OVDC. 

V+=1SVDC' TA=+2S'C 

V,N +=+1VDC' V,N-=OVDC 

V+ =1SVDC 

V,N-=+1VDC' V'N+=OVDC 

V+=1SVDC. TA=+2S'C 

V,N-=+1VDC. V'N+=OVDC 

TA=+2SoC, Vo=200mVDC 

V'N-= +1VDC' V'N+ =OVDC 

V+=1SVDC 

See Note S 

LIMITS 
Min Typ 

-120 

20 40 

10 20 

10 20 

12 ; SO 

5 8 

OUTPUT 

Max Units 

dB 

mADC 

mA 

mADC 

/LADC 

mA 



TYPICAL PERFORMANCE CURVES 
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LM124-F' LM224-A,F' LM324-A,F 

TYPICAL PERFORMANCE CUIRVES (Cont'd) 
------------------------------
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FEATURES 

• LOW INPUT BIAS CURRENT-
15nA MAXIMUM 

• LOW INPUT OFFSET CURRENT-
2.0nA MAXIMUM 

• LOW INPUT OFFSET VOLTAGE-
4.0mV MAXIMUM 

• HIGH SLEW RATE - 2.5V I P.s TYPICAL 

• LARGE POWER BANDWIDTH-
40kHz TYPICAL 

• LOW POWER CONSUMPTION-
45mW MAXIMUM 

• OFFSET VOLTAGE NULL CAPABILITY 

ABSOLUTE MAXIMUM RATINGS 

Power Supply Voltage MC1556 ±22V 
MC1456 ±18V 

Differential Input Voltage ±V 

Common Mode Input Voltage ±V 

Load Current 20mA 

Output Short Circuit Duration Indefinite 

Power Dissipation 

Derate Above TA=25'C 

Operating Temperature Range 

680mW 

4.6mW/'C 

MC1556 -55'C to + 125'C 
MC1456 O'C to + 70'C 

Storage Temperature 
Range -65'C to + 150'C 

EQUIVALENT CIRCUIT 

PIN CONFIGURATION 
T PACKAGE 

@' 
OFF<;ET NULL 0 0 v+ 

INVE~~~~~ 2 + 6 VOUT 

NON'",""NG ~0 0 OFFSET NULL L 'NOU' • 

v-

ELECTRICAL CHARACTERISTICS 

Parameter Test Conditions 

Parallel Input 
Capacitance 

Common Mode Input f=20Hz 
Impedance 

Equivalent Input AV=100, RS=10Kn, 
Noise Voltage F = 1.0kHz" BW = 1.0Hz 

Power Bandwidth AV=1, RL=2Kn, THD<5%, 

VOUT=±10V 

Phase Margin 
Gain Margin 
Slew Rate 

Output Impedance f=20Hz 

7 
r-------4r----------------~----~--------4r-ov· 

1< 1< 
4< 

500 30 

UK 

7.Ut 1< 39K 1K 7.7K 39< 50 

MC1456-T.V· MC1556-T.V 

V PACKAGE 

O'''''NU'' 8' NC 
INVE~Z~~~ 2 _ , v' 

NON.'NVE~~~~~ J + e V OUT 

v- • $ OFFS~T NULL 

LIMITS 
MC1456 MC1556 Units I 

Min TypMax MinTypMax i 
6.0 6.0 pF i 

! 

250 250 megn I 
45 45 nV/VHzl 

I 

40 40 kHz 

70 70 degrees 

18 18 dB 
2.5 2.5 V/p.sec 
1.0 2.5 1.0 2.0 kn 

OFFSET ADJUST CIRCUIT 

v-
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TYPICAL PERFORMANCE CHj~RACTERISTICS 
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PIN CONFIGURATION 
A, F PACKAGE 

FEATURES 

• 2 "OP AMPS" IN SPACE OF ONE 
741 V PACKAGE 

• NO FREQUENCY COMPENSATION 
REQUIRED 

• SHORT CIRCUIT PROTECTION 

• LOW POWER CONSUMPTION 

• LARGE COMMON MODE AND 
DIFFERENTIAL VOLTAGE RANGES 

• NO LATCH-UP 

- ABSOLUTE MAXIMUM RATINGS 

Power Supply Voltages MC1558 
MC1458 

Differential Input Voltage 

Common Mode Input Swing 

±22V 
±18V 

±30V 

±15V 

Output Short Circuit Duration Continuous 

Power Dissipation (Note 1) 
T Package-(MO-o02-AG} 680mW 
V Package 625mW 

Operating Temperature Range 
MC1558 -55°Cto+125°C 
MC1458 O°C to + 75°C 

Storage Temperature 
Range -65°C to + 150°C 

Lead Temperature 
(Soldering, 60 sec.) 300°C 

NOTES: 

1. Derate T package linearly at 4.6mW/oC for ambi­
ent temperatures above + 25°C. 

2. Derale V package al5mW,oC above 25°C. 

MC1458-A,F,T,V'MC1558-A,F,T,V 

T PACKAGE V PACKAGE 

IN~~:~~N~ , A B ' OUTPUT 8 

OU',",A~'U 
NON INVERTING J -. • - 6 INVERTING 

INPUT A INPUT B 

v- • • ~N~~~N~ERTING 

EQUIVALENT CIRCUITS 

The numbers without parenthesis represent the pin numbers for 1/2 of the dual 
circuit. The numbers in parenthesis represent the pin numbers for the other 
half. 

ELECTRICAL CHARACTERISTICS 

Test Conditions 
LIMITS 

Parameter 
Typ Units 

Parallel Input 6.0 pF 
Capacitance 

Common Mode Input f=20Hz 200 Megn 
Impedance 

Equivalent Input AV=100. RS=10Kn, 45 nVIr;;;-
f:::1.0kHz. BW:::1.0Hz 

Power Bandwidth AV=1, RL:::2.0Kn, THD<5%, 14 kHz 

Noise Voltage VOUT=20Vp-p 

Phase Margin 65 degrees 

Gain Margin 11 dB 

Slew Rate 0.8 V/p.s 
Output Impedance f:::20Hz 300 ohms 

Channel Separation 120 dB 
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TYPICAL CHARACTERISTIC CURVES r-----------------------, 
POWER BANDWIDTH 

(Large Signal Swing Versus Frequenc)') . 

II 
, \ 

IVOLTAGE fOLlow~RI 

'115(~~ci·~~rr 

1111111111 

88 

OPEN LOOP FREQUENCY 
RESPONSE 

fA" t25 C 

~ 

I"" 
I"" 

I", 
I"" 

'\ 

SI!IIOIH:9 

MC1458-A,F,T,V· MC1558-A,F,T,V 



/LA709-A.T "/LA709C-A.T 

FEATURES 

• OPEN LOOP VOLTAGE GAIN = 45,000 

• OUTPUT VOLTAGE SWING = ±14V 

• INPUT COMMON MODE 

RANGE = ±10V 

• DIFFERENTIAL INPUT RESISTANCE = 
/LA709 250kl1 
/LA709C 400kl1 

ELECTRICAL CHARACTERISTICS 

Parameter Test Conditions 

Output Resistance 25'C 

Transient Response VIN=10mV, RL=2KI1 
Rise Time 

Overshoot CL < 100pF 

CIRCUIT SCHEMATIC 

ABSOLUTE MAXIMUM RATINGS PIN CONFIGURATION 
Supply Voltage ±18V 
Internal Power Dissipation ,uA709C 250mW 

(Note 1) ,uA 709 300mW 
Differential Input Voltage ±5.0V 
Input Voltage ±10V 
Open Short Circuit Duration 

(TA=25'C) -25'C 
Storage Temperature 

Range -65'C to + 150'C 
Operating Temperature Range 

I'A709C O'C to + 75'C 
I'A709 -55'C to + 125'C 

Lead Temperature 
(Soldering. 60 sec.) 300'C 

NOTE: 
1. Rating applied for case temperatures to + 125°C; 

derate linearly at 5.6mWI"C for ambient tem­
peratures above + 95°C. 

LIMITS 

.uA709 I'A709C Units 

Min Typ Max Min TYP Max 

150 150 11 

0.3 1.0 0.3 I's 

10 30 10 30 % 

B INPUT COMPENSATION 

A PACKAGE 

T PACKAGE 

'''U''OM,~'''U~OM' 'v. 

'NV'"nNO~ 
INPUT ~v G)~ OUTPUT 

NON INVERTING" 0 0) UUTPUT COMP 

INPUT 

r-----------~--~-----------1------------~----~----~----ov· 

., ,... 

INPUT COMPENSA nON 0-----+---4 

NON·INVERTING INPUT 

INVERTING INPUT o--------1----....J 

., 
'"' 

., 
'"' 

., ,. 

., 
''''' 

., 
r'~'~~l-----t_----o .... OUTPUT 

·15 
30k 

~-----+-----+-----oOU1PUT COMPENSATION 

r--~Qll 

." 
'"' 

·'3 ,... 

a" 

L-__ ~ ________________ ~ ________________________ ~ ____ ~ ____ ~v-

2.4k 
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/LA709-A,T' /LA709C-A,T 

TEST CIRCUIT 

10k 10k 

90 I!!IDOlles 



FEATURES 

• O.1nA INPUT BIAS CURRENT 

• INPUT AND OUTPUT PROTECTION 

• OFFSET NULL CAPABILITY 

• INTERNALLY COMPENSATED 

• 6VI"sec SLEW RATE 

• STANDARD PINOUT 

• NO LATCH-UP 

TEST CIRCUITS 

OFFSET NULL CIRCUIT 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage ±22V 
Differential Input Voltage Range ±30V 
Common Mode Input Voltage Range ±Vs 
Power Dissipation (Note 1) 500mW 
Operating Temperature 

Range O°C to + 70°C 
Storage Temperature 

Range -65°C to + 150°C 
Lead Temperature (Solder, 60 sec.) 300°C 
Output Short Circuit Duration 

(Note 2) Indefinite 
NOTES: 
1. Rating applies for case temperatures to +25°C; 

derate linearly at 6.5mW/oC for ambient tem­
peratures above 75°C. 

2. Short circuit may be to ground or either supply. 
Rating applies to + 125°C case temperature or 
+ 75°C ambient temperature. 

PIN CONFIGURATION 

T PACKAGE 

ELECTRICAL CHARACTERISTICS 

"A740-T 

Parameter 
LIMITS 

v-

VOLTAGE FOLLOWER CIRCUIT 

TYPICAL CHARACTERISTIC CURVES 

OPEN LOOP VOLTAGE GAIN AS A 
FUNCTION OF FREQUENCY 

- f\ c---~ r-j---

~-- ._-\ r-----

I-- "':,. 
-~ 

\ 
~ --r---\ 
~ --

\ 

Test Conditions 
Min Typ 

Output Resistance 75 

Slew Rate 6.0 

Transient Response CL<100pF, RL=2Kn, 

VIN=100mV 

Rise Time 300 

Overshoot 10 

OPEN LOOP PHASE RESPONSE AS A 
FUNCTION OF FREQUENCY 

0 

, r-----
be 
~ 

'\ 
r----- - r---

~.-

~ r---
~ 

SmnOliCS 

Units 
Max 

n 

VI"s 

ns 

% 
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/LA740-T 

CIRCUIT SCHEMATIC 
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PIN CONFIGURATION 
A PACKAGE 

FEATURES 
• INTERNAL FREQUENCY 

COMPENSATION 

• SHORT CIRCUIT PROTECTION 

• OFFSET VOLTAGE NULL CAPABILITY 

• EXCELLENT TEMPERATURE 
STABILITY 

• HIGH INPUT VOLTAGE RANGE 

• NO LATCH-UP 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage ,uA741C 

,uA741 
±18V 
±22V 

Internal Power Dissipation (Note 1) 500mW 

Differential Input Voltage 

Input Voltage (Note 2) 

Voltage between Offset Null 
and V-

Operating Temperature Range 

±30V 

±15V 

±0.5V 

.uA741C O'C to + 70'C 

.uA741 -55'Cto+125'C 

Storage Temperature 
Range -65'C to + 150'C 

Lead Temperature (Solder, 60 sec.) 300'C 

Output Short Circuit Duration 
(Note 3) 

NOTES: 

Indefinite 

1. Rating applies for case temperatures to 125°C; 
derate linearly at S.SmW 1°C for ambient tem­
peratures above + 75°C. 

2. For supply voltages less than ±15V, the absolute 
maximum input voltage is equal to the supply 
voltage. 

3. Short circuit may be to ground or either supply. 
Rating applies to + 125°C case temperature or 
+ 75°C ambient temperature. 

.uA741-T· .uA741C-A,T,V 

T PACKAGE V PACKAGE 

OHOn Nu'"8' NC 'NV INPUT 2 , V' 

NON 'NV INPUf J: 0° OUT"LJf 

V • , OFFSET ~ULL 

EQUIVALENT CIRCUIT 

~-------,-----,----~------------~~V+ 

NON·INVERTING 
INPUT 3 

OFFSET NUll 
1 

ELECTRICAL CHARACTERISTICS 

Parameter Test Conditions 

Input Capacitance 

Offset Voltage 
Adjustment Range 

Output Resistance 

Transient Response VIN =20mV, RL =2Kn, 

CL -s:; 100pF 

Rise Time 

Overshoot 

Slew Rate RL? 2Kn 

S(gDOliCS 

LIMITS 
Typ 

1.4 

±15 

75 

0.3 

5.0 

0.5 

R9 
25S2 

RlO 
SOH 

OUTPUT 

, 

Units 

pF 

mV 

.uS 

% 

VI.us 
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TYPICAL CHARACTERISTIC ClJIRVES 

94 

OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
SUPPLY VOLTAGE 
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TYPICAL CHARACTERISTIC CURVES (Cont'd) 

OUTPUT SHORT-CIRCUIT CURRENT 
AS A FUNCTION OF 

AMBIENT TEMPERATURE 
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FEATURES 
• NO FREQUENCY COMPENSATION 

REQUIRED 

• SHORT-CIRCUIT PROTECTION 

• OFFSET VOLTAGE NULL CAPABILITY 

• LARGE COMMON-MODE AND 
DIFFERENTIAL VOLTAGE RANGES 

• LOW POWER CONSUMPTION 

• NO LATCH-UP 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage I'A747 
I'A747C 

Internal Power Dissipation 
Metal Can 
DIP 

Differential Input Voltage 

Input Voltage 

Voltage between Offset Null 
and V-

Storage Temperature 

±22V 
±18V 

500mW 
670mW 

±30V 

±15V 

±0.5V 

Range -65°Cto+155°C 

Operating Temperature Range 
I'A747 -55°C to +125°C 
I'A747C O°C to + 70°C 

Lead Temperature 
(Soldering. 60 seconds) 

Output Short Circuit Duration 

96 

300°C 

Indefinite 

I'A747-A.K °I'A747C-A.K 

PIN CONFIGURATION 

A PACKAGE K PACKAGE 

EQUIVALENT CIRCUIT (EACH SIDE) 

r1r-------~--~~----------~------~~v· 

OFFSET NULL 

R, 
lkll 

R3 R2 

SOkll lk!! 

R, 
5kl! 

OFFSET NULL 

ELECTRICAL CHARACTERISTICS 

Parameter Test Conditions 

Input Capacitance 

Offset Voltage 
Adjustment Range 

Output Resistance 

Transient Response VIN=20mV, RL=2Kn, 

CL < 100pF 

Rise Time 

Overshoot 

Slew Rate RL>2K 

R" 
SOkl) Rl1 

50!! 

LIMITS 

Typ 
Units 

1.4 pF 

±15 mV 

75 

0.3 I'S 

5.0 % 

0.5 VII's 



TYPICAL CHARACTERISTIC CURVES 
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TYPICAL CHARACTERISTIC CURVES (Cont'd) 
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AS A FUNCTION OF 
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TYPICAL CHARACTERISTIC CURVES (Conl'd) -_ .. _-.- ""---------. 
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PIN CONFIGURATION 

A PACKAGE 

INVERTING. -
INPUT 

NON-INVE~,J~~~ I + 

FEATURES 

• OFFseT 
NUL'. 

• SHORT CIRCUIT PROTECTION 

• OFFSET VOLTAGE NULL CAPABILITY 

• LARGE COMMON-MODE AND 
DIFFERENTIAL VOLTAGE RANGES 

• LOW POWER CONSUMPTION 

• NO LATCH-UP 

ABSOLUTE MAXIMUM RATINGl; 

Supply Voltage pA748 
pA748C 

±22V 
±18V 

T PACKAGE 

TEST CIRCUITS 

VOLTAGE OFFSET NULL CIRCUIT 

~ 
~ 

FREG. COMPo AI , 
OFFSET NULL 

INVERTING 2 
INPUT 

NON-INVERTING 
INPUT S 

pA748-A,T 'pA748C-A,T,V 

V PACKAGE 

I FREQ. 
COMPo B 

I OFFSET 
NUL.L. 

TRANSIENT RESPONSE TEST CIRCUIT 

Internal Power Dissipation (Note 1) 500mW ELECTRICAL CHARACTERISTICS 
Differential Output Voltage 
Input Voltage (Note 2) 

Storage Temperature 

±30'V 

±15V 

Range -65°Cto+150oG 

Operating Temperature Range 
pA748 -55°C to + 125°C 
pA748C O°C to + 70°C 

Lead Temperature 

Output Short Circuit Duration 
(Note 3) 

NOTES: 

300 0 G 

Indefinite 

1. Rating applies for case temperatures to + 70 oG. 

2. For supply voltages less than ±15V, the absolute 
maximum input voltage Is equal to the supply 
voltage. 

3. Short circuit may be to ground or either suppl~', 
Rating applies to + 70'C ambient temperaturn. 

100 

Parameter Test Conditions 

Input Capacitance 

Offset Voltage 
Adjustment Range 

Output Resistance 

Transient Response VIN=20mV, RL=2Kn, 

CL < 100pF 

Rise Time 

Overshoot C1 =30pF 

Slew Rate RL> 2Kn, C1 =20pF 

EQUIVALENT CIRCUIT 

amnll• a 

LIMITS 
Typ Units 

1.4 pF 

±15 mV 

75 n 

0.3 pS 

5.0 % 

0.5 VIpS 



TYPICAL CHARACTERISTIC CURVES 
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TYPICAL CHARACTERISTIC CURVES (Cont'd) 
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FEATURES 

• INTERNALLY FREQUENCY 
COMPENSATED FOR UNITY GAIN 

• LARGE DC VOLTAGE GAIN-100 dB 

• WIDE BANDWIDTH (UNITY GAIN)-
1 MHz (TEMPERATURE 
COMPENSATED) 

• WIDE POWER SUPPLY RANGE: 
SINGLE SUPPLY - 3V DC to 30V DC 
OR DUAL SUPPLlES-

±1.SV DC to ±1SV DC 
• VERY LOW SUPPLY CURRENT DRAIN 

(800,uA) - ESSENTIALLY 
INDEPENDENT OF SUPPLY VOLTAGE 
(1 mW/op amp at +SVDC ) 

• LOW INPUT BIASING CURRENT-

SA534-A,F 

PIN CONFIGURATION 
A, F PACKAGE 

4SnA DC (TEMPERATURE EQUIVALENT CIRCUIT 
COMPENSATED) r-~--------~~~~-------------------------------------, 

• LOW INPUT OFFSET VOLTAGE-
2mV DC AND OFFSET CURRENT­
SnA DC 

• DIFFERENTIAL INPUT VOLTAGE 
RANGE EQUAL TO THE POWER 
SUPPLY VOLTAGE 

• LARGE OUTPUT VOLTAGE-OVDC 
to V+ -1'SVDC SWING 

UNIQUE FEATURES 
IN THE LINEAR MODE THE INPUT COM­
MON-MODE VOLTAGE RANGE INCLUDES 
GROUND AND THE OUTPUT VOLTAGE 
CAN ALSO SWING TO GROUND, EVEN 
THOUGH OPERATED FROM ONLY A 
SINGLE POWER SUPPLY VOLTAGE. 
THE UNITY GAIN CROSS FREQUENCY 
IS TEMPERATURE COMPENSATED. 
THE INPUT BIAS CURRENT IS ALSO 
TEMPERATURE COMPENSATED. 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage, V+ 32VDC or ±16VDC 
Differential Input Voltage 32VDC 

Input Voltage -0.3VDC to +32VDC 
Power Dissipation 

Molded DIP 
Cavity DIP 

Output Short Circuit to GND 

570mW 
900mW 

1 Amplifier Continuous 
V+ <15VDC andTA =25'C 

Operating Temperature 
Range -40'C to +85'C 

Storage Temperature 
Range -65'C to + 150'C 

Lead Temperature 
(Soldering, 10 sec.) 300'C 

v+o--.------------~--~--~------.___, 

"sc 

OUTPUT 

ELECTRICAL CHARACTERISTICS 
LIMITS 

Parameter Test Conditions SAS34 Units 
Min Typ Max 

Amplifier-to-Amplifier f=lkHz to 20 kHz. TA=25'C -120 dB 
Coupling (input Referred) 

Output Current Source VIN + = +1VDC' VIN-=OVDC' 20 40 mADC 

V+ =15VDC' TA =25'C 

VIN + = +1VDC' VIN-=OVDC' 10 20 rnA 

V+ =15VDC 

Output Current Sink VIN-=+1VDC' VIN+=OVDC, 10 20 rnA DC 

V+ =15VDC' TA =25'C 

VIN-=+lVDC' VIN+=OVDC ' 12 50 pADC 

TA =+25'C. VD=200mVDC 

VIN-=+1VDC. VIN+=OVDC. 5 8 rnA 

V+ =15VDC 

Differential Input Voltage V+ VDC 

S!!IDOliCS 103 
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IEII 
SA534-A,F 

TYPICAL PERFORMANCE CURVE:::cS=--______________________ ~ 
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TYPICAL PERFORMANCE CURVES (Cont'd) 

COMMON-MODE REJECTION RATIO 
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FEATURES 
• LOW INPUT OFFSET VOLTAGE = ±2mV 
• LOW INPUT OFFSET CURRENT = ±3i/LA 
• SINGLE POWER SUPPLY 
• AGC CAPABILITY 
• HIGH FORWARD TRANSADMITTANGE 
• LOW FEEDBACK CAPACITANCE 

ABSOLUTE MAXIMUM RATINGS 
Applied Voltage (V +) 20V 
Differential Input Voltage :t5V 
Current (All Pins) ± 11;mA 
Storage Temperature -65°C to + 1 E,O°C 
Operating Tempreature 

SE510A -55°C to +1::'5°C 
NE510A 0°Cto+i'5°C 

Maximum ratings are limiting values above which serviceability 
may be impaired. 

ELECTRICAL CHARACTERISTICS 
(V+ = +12V, T = 25°C applicable from DC to 10 MHz, 
unless otherwise noted) 

EMITTER CASCODE 
COUPLED CONFIGURATION 

PARAMETER CONFIGURATION VAGC = OV 

In{Fut Conductance 
Re(Y11) ] 0.7 3.0 

Output Conductance 
[Re(Y22)] 0.01 0.01 

Input Capacitance 4.5 10 
Output Capicitance 2.5 2.5 
Reverse Transfer 

Capacitance 0.05 0.05 
Forward 

Transconductance 25 90 

PARAMETERS 
TEST 

CONDITIONS 

Input Offset Voltage +25°C 
O°C to + 70°C 
-55°C to +125°C 

Input Offset Current -t-25°C 
O°C to +70°C 
- 55°C to + 125°C 

Input Bias Current +25°C 
O°C to + 70°C 
-55°C to +125°C 

Differential Collector +25°C 
Current per Differential ()OC to +70°C 
Pair ·-55°C to +125°C 

Differential Current in +25°C 
the Current Sources (J°C to + 70°C 

~55°C to +125°C 
Total Current +25°C 
Common Mode Rejection +25°C 

106 

PIN CONFIGURATION 

A PACKAGE 

CIRCUIT SCHEMATIC 

OUTPUT OUTPUT 

UNITS 

mmho 

mmho 
pF 
pF 

pF 

mmho 

NE510 

MIN TYP 
0.5 
1.0 

2.0 
2.5 

8.0 
10.0 

Vin = 0 45 
50 

30 
35 

11.0 
60 80 

SmnOliCS 

LIMITS 

MAX MIN 

3 
4 

6 
9 

25 
40 

75 
100 

75 
100 

15.0 
60 

OUTPUT OUTPUT 

C 

~ GND 

SE510 

TYP MAX 

0.5 2 

1.5 3.5 
2.0 3.5 

2.5 7.5 
8.0 20 

16.0 40 
45 62.5 

50 100 
30 62.5 

35 100 
11.0 15.0 
80 

UNITS 

mV 

/LA 

/LA 

/LA 

vA 

mA 
dB 



FEATURES 
• LOW INPUT OFFSET VOLTAGE = ±2mV 
• LOW INPUT OFFSET CURRENT = ±3/LA 
• AGC CAPABILITY 
• HIGH FORWARD TRANSADMITTANCE 
• LOW FEEDBACK CAPACITANCE 
• SINGLE POWER SUPPLY 

ST ANDARD TEST CIRCUIT 

"'. 
1K "2. 1K 

ABSOLUTE MAXIMUM RATINGS 
Applied Voltage (V +) 20V 
Differential Input Voltage ±5V 
Current (All Pins) ± 15mA 
Storage Temperature -65°C to + 150°C 
Operating Temperature 

SE511 B -55°C to + 125°C 
NE511 B O°C to + 75°C 

Maximum ratings are limiting values above which serviceability 
may be impaired. 

PIN CONFIGURATION 

B PACKAGE 

CIRCUIT SCHEMATIC 

12 

5 16 

~ 
10 

+6V 

i'" "3. 1K "4. 1K 

15;'- - ---"I 

I ' in2 I 
I -- I 4 3 
L_ _J 

50 Ip ,+ 
-=-

15 
5K 

11 
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II!)OOlH:1 

,Min" 'in, - 'i02 or 

';n3 - 1104 

61c'" Ie, - IC2 

IC3 - 'c4 

L',1p'" Ipl - IP2 

Icc = lel + IC2 + IC3 + 1C4 + 'b 

13 

11 
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ELECTRICAL CHARACTERISTICCj (Standard Test Circuit) . 
ACCEF'TANCE 

LIMITS 

TEST TEST MIN TYP MAX UNITS 
SYMBOL PARAMETER SUBGROUP CONDITIONS SE5ll NE5ll SE5ll NE5ll SE5ll NE5ll 

£lVin Input Offset Vottage A-3 +25'C 0.5 0.5 2 3 mV 
£lVin A-4 O'C to +75'C 1.0 4.0 
£lVin A-5 -55'C to +125'C 1.5 3.5 

£llin Input Offset Current A-3 +25'C 2.0 2.0 3.5 6 p.A 

£llin A-4 O'C to +75'C 2.5 9 

£llin A-5 -55'C to +125'C 2.5 7.5 

lin Input Bias Current A-3 +25'C 8.0 8.0 20 25 p.A 

lin A-4 O'C to +75'C 10.0 40 

lin A·5 -55'C to +125'C 16.0 40 

£lIe Differential Collector A·3 +25'C Yin =0; 45 45 62.5 75 p.A 

£lIe Current per A·4 O'C to +75'C Ip = 2mA 50 100 

£lIe differential pair A·5 -55'C to +125'C 50 100 

£lIp Differential Current in A-3 +25'C 30 30 62.5 75 p.A 

alp the Current Sources AA O'C to +75'C 35 100 

£lIp A-5 -55'C to +125'C 35 100 
Icc Total Current A-2 +25'C 11.0 11.0 15.0 15.0 mA 
CMRR Common Mode A-3 + 25'C 60 60 80 80 dB 

Rejection Ratio 
G22 Output Conductance A-3 +25'C 0.01 0.01 mmho 

Cob Output Capacitance C-2 + 25'C 2.5 2.5 pF 

Cib Input Capacitance C-2 +25'C 10 10 pF 
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DESCRIPTION 
The 515 is a general purpose high-gain 
amplifier with differential input and output. 
It is fabricated within a monolithic silicon 
substrate by planar and epitaxial tech­
niques. A pair of compensation points is 
provided to allow frequency compensation 
for stable closed loop operation. 

This device is not internally referenced to 
ground and with proper input bias may be 
operated from a single power supply. 

ABSOLUTE MAXIMUM RATINGS 
Applied Voltage (V+ to V-) 12V 
Differential Input Voltage (V5 to V7) ±5.0V 
Input Current (15, 17) ±2.0mA 
Output Current (12, '10) ± 30mA 
Storage Temperature -65°C to +150°C 
Operating Temperature O°C to +75°C 
Junction Temperature 150°C 
Maximum ratings are limiting values above which servicea­
bility may be impaired 

EQUIVALENT CIRCUIT 

""''''''D"'''OLc.,"",,,.'CO<AN{>,''OH .. ' 
CO"PO«l~T ",AlO".R, ""CAe 

FEATURES 
• DIFFERENTIAL VOLTAGE GAIN (Open 

Loop) = 4,SOO 
• INPUT OFFSET VOLTAGE = O,SmV 
• INPUT OFFSET VOLTAGE STABILITY 

= S,O V/oC 

• INPUT COMMON MODE RANGE = 
+1,SV, -1.0V 

• COMMON MODE REJECTION RATIO = 
100dB 

• BANDWIDTH (Open Loop) = 1.0 mHz 

Bi!lDOliC9 

PIN CONFIGURATIONS 

A PACKAGE 

Input B 

NC 

NC 

CompensatIon I 

NC 

Output B NC 

ORDER PART NO NE515A 

K PACKAGE 

Output B 

Input A 

ORDER PART NOS SE515KINE515K 

Output A 
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SE515 
ELECTRICAL CHARACTERISTICS (Standard Conditions: V7 = OV. V1 = -3.0V; Notes: 4. 5. 6. 7. 8. 9) 

V6=+4.0V V6 = +6.0V 
CHARACTERISTICS 

TYP MIN TYP 

Open loop Voltage Gain (dc) 2.500 3.5004.500 

1.800 3.000 

Open loop Voltage Gain (ac) 2.000 2.5003.500 

Input Offset Voltage 0;5 
0.5 
0.5 

Input Bias Current 18 
12 

Differential Input Resistance 2.0 1.0 

4.0 2.0 

Input Common Mode Range ±1.0 

Balanced Output dc level -0.1 
+0.3 
+0.6 

Output Voltage Swing 4.7 5.7 

4.7 5.7 

4.7 5.7 

High Output level +2.3 +4.0 
+2.6 +4.3 

+3.0 +4.7 

low Output level -2.4 -1.7 

-2.1 -1.4 

-1.7 -1.0 

Output Resistance 100 
Common Mode Rejection Ratio 100 
Power Supply Current 

3.5 

NOTES: 
1. Adjust V5 to obtain V2 = VlO' 
2. Output voltage swing = 1.3V peak to peak. 
3. Output voltage swing is guaranteed by output voltage limit tests. 
4. Voltage and current subscripts refer to pin numbers. 
5. All measurements are referenced to power supply common. Positive current flow 

is defined as into the terminal indicated. 
6. All specifications herein apply for interchange of voltages and currents at Pins 5 

and 7. 
7. Acceptance Test Sub-Group references apply to minimum and maximum limits 

only. 
8. The SE515k has Pins 1,3 and 9 connected tothecase. The SE515Qhas Pins3 and 

9 open. 
9. See Signetics SURE Program Bulletin No. 5001 fordefinition of Acceptance Test 

Sub-Groups. Sub-Group A-7 is used for electrical enc points for Linear·Products. 
10. Differential Jnpuf Resistance is computed from input bias current. 

0.5 
0.5 
0.5 
25 
16 
1.5 
3.2 
+1.5 
-1.0 
+1.2 
+1.6 
+1.9 
6.3 
6.3 
6.3 
+4.3 
+4.6 
+5.0 
-2.0 
-1.7 
-1.3 
100 
100 

5.5 

MAX 

3.0 
2.0 
3.0 
40 
24 

+1.8 

7.0 
7.0 
7.0 

110 IROOIICH 

Units TEMP TEST CONDITIONS 

VIV +25°C Note 2 
VIV +125°C 
VIV +25°C f = 800 kHz 
mV -55°C Note 1 
mV +25°C 
mV +125°C 

!LA -55°C Note 1 

!LA 
kO -55°C Note 10 

kO +25°C 
V +25°C 

V -55°C Note 1 
V +25°C 
V +125°C 
V -55°C Note 3 
V +25°C 
V +125°C 
V -55°C V5 = 10mV 
V +25°C 
V +125°C 
V -55°C V5 = 10mV 
V +25°C 
V +125°C 
n +25°C Note 1 
dB 
mA Note 1 
mA 
mA 



NE515 
ELECTRICAL CHARACTERISTICS (Standard Conditions: VB = OV, VA = 3.0V; Notes: 4, 5, 6 7 8 9) 

CHARACTERISTICS 
VF=+4.0V VF = +6.0V 

TYP MIN TYP 

Open Loop Voltage Gain (dc) 1,800 2,500 3,200 

1,350 2,200 

Open Loop Voltage Gain (ac) 1,500 1,700 2,500 

Input Offset Voltage 0.5 
0.5 
0.5 

Input Bias Current 18 
15 

Differential Input Resistance 3.2 1.4 
3.5 1.7 

Input Common Mode Range i1.0 

Balanced Output dc Level -0.1 
+0.3 
+0.6 

Output Voltage Swing 4.5 5.3 
4.5 5.3 
4.5 5.3 

High Output Level +2.3 +3.9 
+2.5 +4.1 
+2.8 +4.3 

Low Output Level -2.2 -1.4 
-2.0 -1.2 

-1.7 -1.0 

Output Resistance 100 

Common Mode Rejection Ratio 100 

Power Supply Current 
3.5 

Letter subscripts refer to pins on circuit schematic. 

NOTES: 
1. Adjust Vc to obtain VG = VH. 
2. Output voltage swing = 1.3V peak to peak. 
3. Output voltage swing is guaranteed by output voltage limit tests. 
4. Voltage and current subscripts refer to pin numbers. 
5. All measurements are referenced by power supply common. Positive current 

"ow is defined as into the terminal indicated. 
6. All specifications herein apply for interchange of voltages and currents at Pins B 

and C. 
7. Acceptance Test Sub-Group references apply to minimum and maximum limits 

only. 
8. The NES15k has Pins 1,3 and 9 connected to the case. The NE515G has Pins 3 

and 9 open. 
9. See Signetics SURE Program Bulletin No. 5001 fordefinition of Acceptance Test 

Sub-Groups. Sub-Group A-7 is used for electrical end points for Linear Products. 
10. Differential Input Resistance is computed from input bias current. 

0.5 
0.5 
0.5 
25 
20 
2.3 
2.6 

+1.5 
-1.0 
+1.2 
+1.6 
+1.9 
6.1 
6.1 
6.1 
+4.3 
+4.5 
+4.8 
-1.8 
-1.6 
-1.3 
100 
100 

5.5 

MAX 

4.0 
3.0 
4.0 
40 
31 

+1.8 

7.0 
7.0 
7.0 

UNITS TEMP TEST CONDITIONS 

V/V +25°C Note 2 
V/V +75°C 
V/V +25°C f = 800 kHz 
mV O°C Note 1 
mV +25°C 
mV +75°C 
p.A O°C Note 1 

p.A +25°C 
kG O°C Note 10 
kG +25°C 
V +25°C 

V O°C Note 1 
V +25°C 
V +75°C 
V O°C Note 3 
V +25°C 
V +75°C 
V O°C Vc = 10mV 
V +25°C 
V +75°C 
V O°C Vc = 10mV 
V +25°C 
V +75°C 
n +25°C Note 1 

dB +25°C 
rnA O°C Note 1 
rnA +25°C 
rnA +75°C 
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FEATURES 
• LINE REGULATION GUARANTE,ED 

OVER INPUT VOLTAGE RANGE OF 8.S 
VOLTS TO AS HIGH AS SO VOLTS. 

• OUTPUT VOLTAGE CONTINUOUSLY 
ADJUSTABLE FROM 2 VOLTS TO 40 
VOLTS 

• .01%L1NE AND LOAD REGULATION 
• ADJUSTABLE LIMITING OF SHORT CIR­

CUIT CURRENT 
• FOLDBACK CURRENT LIMITING WITH 

ONE EXTERNAL RESISTOR 
• REMOTE AND LATCHING SHUTDOWN 
• OUTPUT CURRENT UP TO 1S0mA 

WITHOUT EXTERNAL POWER TRANS­
ISTORS 

ABSOLUTE MAXIMUM RATINGS 

Voltage from V+ to V-
Input-Output Voltage 

Differential 
Maximum Output Current 
Current from Vz 
Internal Power 

Dissipation (Note 1) 

PIN CONFIGURATION 

CURRENT 
LIMIT 

CURRENT 
SENSE 

INVERTING 
INPUT 

NON-INVERTING 
INPUT 

SES50 
50V 

45V 
150mA 

15mA 

800mW 

A PACKAGE 

NE550 
40V 

37V 
150mA 

15mA 

800mW 
Operating Temperature 

--55° to + 125°C Range -O°C to 70°C 
Storage Temperature 

-Ei5°C to + 150°C Range -65°C to +150°C 
Lead Temperature 300°C 300°C 
NOTE: 
1. Rating applies for case temperatures to 125°C; derate IJnearly at 6.5mWrC for ambient temperatures above + 75°C. 

CIRCUIT SCHEMATIC 

112 

INVERTING 
INPUT 
NON­
INVERTING 
INPUT L....<'---KJ-O Vz 

~-........ -<lCL 

Sl!lDorIC9 

SESSO-L· NESSO-A, L 

L PACKAGE 

CURRENT 



ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise specified) (Notes 1 and 2) 

PARAMETER MIN TYP MAX UNITS TEST CONDITIONS 
NESSO 

Line Regulation .08 0.3 %Vout Vin = 8.5 to 40V 
0.35 %Vout O°C~T A ~70°C. Vin = 12 to 40V 

Load Regulation .03 0.2 %Vout IL =1mA to 50mA 
0.4 %Vout 0°C~TA~70°C. IL = 1mA to 50mA 

Ripple Rejection 75 dB f = 50 Hz to 10kHz. CREF = 0 
90 dB f = 50 Hz to 10 kHz. CREF = 5/LF 

Average Temperature Coefficient 
of Output Voltage .002 .015 %rC 0°C~TA~70°C 

Short Circuit Current Limit 50 60 70 mA RSC = 10n. Vout = 0 
Reference Voltage 1.53 1.63 1.73 V 
Output Noise Voltage 20 /LVrms BW = 100 Hz io 10 kHz. CREF = 0 

2.5 /LVrms BW = 100 Hz to 10 kHz. CREF = 5/LF 
Long Term Stability 0.1 %/1000 hrs. 
Standby Current Drain 1.6 3.0 mA IL = O. Vin ~40V 
Input Voltage Range 8.5 40 V 
Output Voltage Range 2.0 37 V 
Input Output Voltage Differential 3.0 38 V 

SESSO 
Line Regulation 0.05 0.1 %Vout Vin = 12to 40V 

0.2 0.6 %Vout Vin = 8.5 to 50V 
0.25 %Vout -55°C~T A ~ + 125°C. Vin = 12 to 40V 

Load Regulation 0.03 .10 %Vout IL = 1mA to 50mA 
.6 %Vout -55°C~TA~+125°C. IL =1mAto 50mA 

Ripple Rejection 75 dB F = 50 Hz to 10kHz. CREF = 0 
90 dB F = 50 Hz to 10 kHz. CREF = 5/LF 

Average Temperature Coefficient 
of Output Voltage .002 .012 %rC -55°C~T A ~ + 125°C 

Short Circuit Limit 50 60 70 mA RSC = 10n. Vout = 0 
Reference Voltage 1.58 1.63 1.68 V 
Output Noise Voltage 20 /LVrms BW = 100 Hz to 10 kHz. CREF = 0 

2.5 /LVrms BW = 100 Hz to 10 kHz. CREF = 5/LF 
Long Term Stability 0.1 %/1000 hrs. 
Standby Current Drain 1.3 2.0 mA IL = O. Vin = 50V 
Input Voltage Range 8.5 50 V 
Output Voltage Range 2.0 40 V 
Input-Output Voltage Differential 3.0 45 V 

NOTES 

1. Unless otherwise specified, TA = 25°C, Vin = V+ = 12V, V - = av, You! ~ 5V, JL 0- 1 rnA, Rse = 0, Cl = 100pF, and divider impedance as seen by error amplifier -

2kn when connected as shown in Figure 1. 
2. The load and line regulation specifications are for constant junction temperature. Temperature drift effects must be taken into account separately when the unit is 

operating under conditions of high or varying dissipation. 

TYPICAL CHARACTERISTIC CURVES 

LOAD REGULATION 
AS A FUNCTION OF 

LOAD CURRENT 

MAXIMUM LOAD CURRENT AS A 
FUNCTION OF INPUT-OUTPUT 

VOLTAGE DIFFERENTIAL 

RELATIVE OUTPUT VOLTAGE 
AS A FUNCTION OF 

LIMITED OUTPUT CURRENT 

RSC - 0" 
VIN olOV 

VOUT 5V 
I 

'1l5C_ 

't--.,. r--: r=:::: E=:: ~t- '7~C-

l"- i"""-I'-. ~ " ........ ~ 
r-.... 

I"- 5S ~ 
........ 

"'-

, , 

r" 

\ 

,\ 
\ 

" 
....... 

~ 
........ 

r0-

jVIN - VOUT! IN VOLTS 

T A 2~ C 

'A - +125 C 

Vour' 5V 
VIN = 12V 
RSC = lOll 
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SE550-L NE550-A, L 

TYPICAL CHARACTERISTIC CURVES (CONT'D) 
RIPPLE REJECTION AS A SENSE VOLTAGE AND SHORT SHORT CIRCUIT AND FOLD BACK 

FUNCTION OF INPUT-OUTPUT CIRCUIT CURRENT LIMIT AS A CURRENTS AS A FUNCTION OF 
VOLTAGE DIFFERENTIAL FUNCTION OF TEMPERATURE TEMPERATURE 

.. - '" 
Rs< ~ 'u"'~' I .... " 

Ro;c -10>1 

RIPPLE FREQUEI\jCY R,. -2>11 
120t<. eo. 01.fa 

SfNSI'IVOlT"'~[ 
. 

""" 
, 

........ 
00 

l' 
~ 

" 0 00 

, . .. N:0RT1C'RCU'T 

". ...... 
~ 

..... , 
~ .""h 

"~ 00 
..... 

~ 

1\. -~ --r-~ ~ 
....... ....... FOLDBACK ...... 

" I'-. ....... - - " 
....... 

Rsc -201} I"-r- ..,...... 
'" ... ""~ "- r- t"---

" 
1 , " 

r.... 
........ r::::: ~ m. . . . " " m .. " 

., 
" " ., ." .. ~ . . ~ . ., .,~ .,,, ., 

" " " " " " ,~ '" 

IV,n -VO"IIIN VOLTS TEMPERATURE IN ·C 
TEMPERATURE IN·C 

REMOTE CONTROL OUTPUT IMPEDANCE LINE TRANSIENT RESPONSE 
CHARACTERISTICS AS A FUNCTION OF 
AS A FUNCTION OF FREQUENCY 

TEMPERATURE 

" " VI V/ VI 1/ IIY IY IY IYI: V'N ·12V "OuT· 5\1 
C"E< '10~ld ,< '~"'A Cc' lOO pld Cc,·,,1d 

~ Sf; r/; ~ ~ REGULATOR ~~~ C>O~~I '00 

· 1"'00 kL Vv //V/V! Vi L~< 
Co -0 

/!'Y .... 00 

~ ~ """" ~.::y/; ~ V V , I" · Iv II l7> d v ~ lij VI ~ 

II 'i II II ~ ~~ 
Co· ~I 

~ /; /; ~ :L",:(J.',~ •.. , ;;,..-
VI ij Vv VI II 'i ~ ?; r,... .-, 
Z Z /; ~ Iv Vv Vv Vv [I> r"*80,,, 1 •• 8IIR. 

+2511 

· Vv Vv Vv VI ;/, VI VI V/ V/ 
" .. ·m ." " ti 00 E .00 '" " . " '00. . . , . . " " 

TEMPERATURE IN ·C fREQUENCY IN H~ TIME IN MICROSECONOS 

LOAD TRANSIENT RESPONSE STANDBY CURRENT FOLDBACK CURRENT LIMITED 
AS A FUNCTION OF OUTPUT VOLTAGE AS A 

INPUT VOLTAGE FUNCTION OF OUTPUT 
CURRENT 

.- " " > Cc'41p!d You,." .... 
~ i-"'" 

v,,, ~ l!>V , C"U'10~1d I 'l-O 
Rsc ·l0H 
c •• • .(11 ~ld.Cc *l00"'d 

~ *200 

r'. " ~ ~ " 
; ~ 1.,...00' ~ -. " " ~ 1/ V ;: ~ ~ '"1 0 

" " e: -ltX/ 

~ ~ 
., 

is V ,,-- " 
~ 

. 
1 ~ 

A FB • 2 ~ ~! "".~ R'B"O 

" • ~,,,? 
R'B~4k" 

~ ~ 
2 ...... 

" 
Z 

1",1, · " a 
~ 

" 
I g , . " " 

, 
" " " " ~ ~ ~ " ~ . " 

,. ~ " 00 " 
TIME IN MICROSECONDS INPUT VOL TAGI'. IN VOL T5 OUTPUT CURRENT IN mA 
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TYPICAL APPLICATIONS 
BASIC POSITIVE VOLTAGE 

REGULATOR 
VON 

REGULATED 
Asc OUTPUT 

R, 

C, 
500pF R2 

Ise = VSENSE 
RSe 

2kn for minimum 
temperature drift 

FIGURE 1 

POSITIVE VOLTAGE REGULATOR 
(External NPN Pass Transistor) 

V,. 

FIGURE 4 

REMOTE SHUTDOWN REGULATOR 
WITH CURRENT LIMITING 

REGULATEQ 
Rsc OUTPUT 

CL'--4~~r1r-" 

560 cs 1-------.. 

R, 

c, 
100 pF ~ 

1/4 BTBO, 1/6 BT90, 1/10 BT01B, elc, 

FIGURE 6 

v· 

vREF 

NEGATIVE VOLTAGE REGULATOR 
VON 

Rl + R2 
VOU! = - VREFX ---­

R2 

2kO for minimum 
temperature drift 

FIGURE 2 

FOLD BACK CURRENT LIMITED 
REGULATOR 

"'" REGULATED 
OUTPUT 

R, 

R, 

VSENSE 

'KNEE = ---R-s-e--

VSENSE • (RFB . lel) 
Rse 

FIGURE 5A 

REMOTE LATCHING SHUTDOWN 
REGULATOR 

v, 
REGU 

Your LATED 
OUTPUT 

"' 

8415,8417,2/38471,1/38891, 
8T90, 1/2 B481, 8881, 8T90 
NOTE 2 

FIGURE 7 

B~nDlleB 

v" 

"n SHUTDOWN 

SE550-L NE550-A, L 

POSITIVE VOLTAGE REGULATOR 
(External PNP Pass Transistor) 

v,. 

FIGURE 3 

SECOND ORDER FOLDBACK 
CURRENT LIMITED REGULATOR 

Cz RSC 

.o1",F 

REGULATED 
OUTPUT 

R4 R, 

R, 

VSENSE (lKNEE -'FB) VOUT 

R3 = ICL {(lKNEE -'FB + ISC) Vour ' (lFB - ISCI VSENseJ 

~ _ (VSENSE . ICL All 0FB -'scI 

R4 VOUT ISC • VSENSE lIFB -'sc) 

Rse = (VOUT + VSENse ) R3fR4 + VSENSE 

'KNEE 

tel K 125,uA FIGURE 5B 

POSITIVE SWITCHING REGULATOR 

L 1 is 50 turns of # 22 wire wound 

on Ferroxcube. 42/29-377 A400 

FIGURE 8 
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TYPICAL APPLICATIONS (CONT"D) 
.~--------------------------------------------------~ 

POSITIVE FLOATING REGULATOR 

v,. 

v' 

V''!EF 

560 

vc 

V, 

Cl •• 
50!~ 

CS 

-= 

FIGURE 9 

--.. REGULATED 
OUTPUT 

R, 

R, 

t 

·3 

-= 

·2 

NEGATIVE FLOATING REGULATOR 

10k!! 

CAl l2V 
v,~------~--~m 

560 Cl 

cs 

FIGURE 10 

C, 
l00pf 

NOTES: 
1, To utilize the SE550l in applications which require Vz, an external 6.2 volt zener diode should be connected in series with VOUT. 
2. The "Shut-down" gate need only be pulsed to latch the n~gulator output to zero. R4 may be omitted for active pull-updeyjces. The "Unlatch" gate must have an open 

collector. 

EQUIVALENT CIRCUIT 

r---~I~----~----~----------------~---'---------------oV' 

.------ovc 

~----------OYoo, 

L..----------oYz 

~---------------oC~ 
,....----..... ----0 Cl 

cs 

.... ------------------oINY 
.... --+----------______________ -0 NON-INV 

t-~r_----~----------4_------------------------_o~EF 

L---~--~-----------------~-+------~--------~------------________ _oV-
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FEATURES PIN CONFIGURATION 
• POSITIVE OR NEGATIVE SUPPLY OP­

ERATION 
• SERIES, SHUNT, SWITCHING OR FLOAT­

ING OPERATION 
• .01% LINE AND LOAD REGULATION 
• OUTPUTVOLTAGEADJUSTABLEFROM 

2 TO 37 VOLTS 
• OUTPUT CURRENT TO 150mA WITHOUT 

EXTERNAL PASS TRANSISTOR 

ABSOLUTE MAXIMUM RATINGS 
Pulse Voltage from 

V+ to V- (50ms) 
Continuous Voltage from 

V+ to V-
Input-Output Voltage 

Differential 
Maximum Output Current 
Current from VREF 
Current from V z 
Internal Power 

Dissipation (Note 1) 

/LA723 

50V 

40V 

40V 
150mA 

15mA 

800mW 
o~erating Temperature 

ange -55 to +125°C 
Storage Temperature 

-65°C to +150°C Range 
Lead Temperature 300°C 

EQUIVALENT CIRCUIT 

COMPENSATION 

v' 

VREF 

REFERENCE 
AMPLIFIER 

AMPLIFIER LIMITER 

A PACKAGE 

/LA723C 

40V 

40V 
150mA 

25mA 

800mW 

o to 70°C 

-65°C to +150°C 
300°C 

v, 

\lOUT 

v, 

L PACKAGE 

ORDER PART NOS /JA72JLI/JA723CL 

" 9 • c: • 
--
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ELECTRICAL CHARACTERISTICS (T A = 25 DC unless otherwise specified - Note 1) 

PARAMETER (See definitions) TEST CONDITIONS 

Line Regulation (Note 2) Yin - 12V to Yin - 15V 
Vin = 12V to Yin = 40V 

Load Regulation (Note 2) IL = 1mA to IL = 50mA 
Ripple Rejection f = 50 Hz to 10kHz, CREF = 0 

f = 50 Hz to 10kHz, CREF = 5p.F 
Short Circuit Current Limit Rsc = 100, Vout = 0 
Reference Voltage 

BW = 100 Hz to 10 kHz, CREF = C Output Noise Voltage 
BW = 100 Hz to 10kHz, CREF = 5p.F 

Long Term Stability 
Standby Current Drain IL = 0, Yin = 30V 
Input Voltage Range 
Output Voltage Range 
Input-Output Voltage Differential 
The Following Specifications Apply 

Over the Operating Temperature Ranges 
Line Regulation 
Load Regulation 
Average Temperature Coefficient Vin = 12V to Yin = 15V 

of Output Voltage IL = 1mA to IL = 50mA 

Line Regulation (Note 2) Yin - 12V to Yin - 15V 
Yin = 12V to Yin = 40V 

Load Regulation (Note 2) IL = 1mA to IL = 50mA 
Ripple Rejection f = 50 Hz to 10kHz, CREF = 0 

f = 50 Hz to 10 kHz, CREF = 5p.F 
Short Circuit Current Limit RSC = 100, V out = 0 
Reference Voltage 
Output Noise Voltage BW = 100 Hz to 10 kHz, CREF = C 

BW = 100 Hz to 10kHz, CREF = 5p.F 
Long Term Stability 
Standby Current Drain IL = 0, Vin = 30V 
Input Voltage Range 
Output Voltage Range 
Input-Output Voltage Differential 
The Following Specifications Apply 

Over the Operating Temperature Ranges 
Line Regulation 
Load Regulation 
Average Temperature Coefficient Yin = 12V to Yin = 15V 
of Output Voltage IL = 1mA to IL = 50mA 

NOTES 
1. Unless otherwise specified, TA = 25°C, Yin = V+ = Vc = 12V, V- =OV, Vout = 5V, IL = 

1 rnA, Rsc = 0, C1 = 1 OOpF. CREF = 0 and divider impedance as seen by error amplifier """ 
10kfl when connected as shown in Figure 3. 

2. The load and line regulation specifications are for cclnstant junction temperature. Temper­
ature drift effects must be taken into account separately when the unit is operating under 
conditions of high dissipation. 
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MIN TYP MAX 
p.A723C 

0.D1 0.1 
0.1 0.5 
0.03 0.2 

74 
86 
65 

6.80 7.15 7.50 
20 

2.5 
0.1 0.1 
2.3 4.0 

9.5 40 
2.0 37 
3.0 38 

0.3 
0.6 

0.003 0.015 

p.A723 

0.D1 0.1 
0.02 0.2 
0.03 0.15 

74 
86 
65 

6.95 7.15 7.35 
20 

2.5 
0.1 
2.3 3.5 

9.5 40 
2.0 37 
3.0 38 

0.3 
0.6 

0.002 0.015 

UNITS 

% Vout 
% Vout 
% Vout 
dB 
dB 
mA 
V 
p.Vrms 
p.Vrms 
%/1000 hrs. 
mA 
V 
V 
V 

%Vout 
%Vout 

%rC 

%Vout 
%Vout 
%Vout 
dB 
dB 
mA 
V 
p.V rms 
p.Vrms 
%/1000 hrs 
mA 
V 
V 
V 

%Vout 
%Vout 

%rC 



TYPICAL CHARACTERISTIC CURVES 
STANDBY CURRENT DRAIN 

AS A FUNCTION OF 
INPUT VOLTAGE 

VO~T. V~EF_ 
lL ~ 0 

TA ' -55 C 

r--- TA -O'C 
TA ~ +25 C 

~ 
;> ~ -f-

" ......::: ~ F""' 

~ ~ 
"~ 

k -I-

~ - r--~ TA +70 C 
TA ~ '129 C 

CURRENT LIMITING 
CHARACTERISTICS AS A 
FUNCTION OF JUNCTION 

TEMPERATURE 

1'...1 -

N 
r-~~~ 

1- ~ , ....... 
r-~ Pr* "-()FI/iEIVfR 

J r ,,~-
I 

-

LOAD TRANSIENT RESPONSE 

,~."!,,,J, 

II I I 
r \ 

II OI)TPUTVOlTAGE 

II - t""--

II 
'" 

'l,N' +121,1 

- "'OUT'+5V 
'loWmA 

RSC' O 

MAXIMUM LOAD CURRENT 
AS A FUNCTION OF 

INPUT-OUTPUT VOLTAGE 
DIFFERENTIAL 

MAXIMUM LOAD CURRENT 
AS A FUNCTION OF 

INPUT-OUTPUT VOLTAGE 
DIFFERENTIAL 

!JMAX '= 150'~ 
RTH = 111 C/W 

PSTANDBY = 60mW 
DIP PACKAGE 

roo- [1 INOHEATrNKI .-

\ 
~ TA =125'c 

\ 1,\ V 
rA= +70 C I---

~ 
TA = +125 C 

~ ~ ...... 
V 

-

K 
~ ~ ~ 

....... --

'" -

LINE REGULATION AS A 
FUNCTION OF INPUT-OUTPUT 

VOLTAGE DIFFERENTIAL 

, 

, 

-

-
'---

-

LOAD REGULATION 
CHARACTERISTICS WITH 

CURRENT LIMITING 

'OU"W"N.I.,,~t-
ASC~lOiI , _ 

~ lit... TA· -55-C 
TA = 25°C -

~ ~ /"' ~ TA = 70'-C 

~ TA = +125' C 

~~ ~ // 
1\ ,\ V 
\ \ ~ I/A=O'C 

I---
'\ ~ 

-

- / \ \~ 
\~ 

LOAD REGULATION 
CHARACTERISTICS WITHOUT 

CURRENT LIMITING 

OUTPUT IMPEDANCE AS A 
FUNCTION OF FREQUENCY 

r- ,VO 

r- 'J: 
OO~~ 

1 

I J r-
~ 

r- Cl~l"F 

" 
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TYPICAL CHARACTERISTIC CURVES (CONT'D) 
LINE TRANSIENT RESPONSE ---------Lo~A--D-R-E-G-U-L-A-T-IO--N-A-S--A---------------C-U-R-R-E-N-T--LI-M-'T-'-N-G-------, 

FUNCTION OF INPUT-OUTPUT CHARACTERISTICS 
VOLTAGE DIFFERENTIAL 

IlI/pLT VO~TAGE I ,I 1 1 1 

I 
I, .;V - 1--

,/ - - t- ~ - -- ,-

I 
OUTPUT VOLTAGE 

V - rt----

, c ,-f---

--r--- +-I- ~-- r--- C- - r-

-r-r- --
i I"" 

t c-- - -t-

........ r...... 
~-, 

1- -
1--

- t--~ 

(V IN - VOUTI -v OUTPUT CURRENT - rnA 

APPLICATIONS 

., 

., 

0:-

120 

REMOTE SHUTDOWN REGULATOR WITH 
CURRENT LIMITING (Vout=, 2 to 7 Volts) 

v,. 

·sc 
V,UF VOUT OUTPUT :/_ .... , 

., r-o LOGIC INPUT 
C, 1 2kU 

0:-
ro' 

FIGURE 1 

Ii!jDOIICI 

HIGH VOLTAGE REGULATOR 
(Vout= 7 to 37 Volts) 

v,. 

,..-----fVFlEF VOUT 

C, 
l00pF 

Voul ~ [VREF X R1R: R2] 

., 

., 

R3 = Rl RR2 for minimum temperature drift 
R1 + 2 

R3 may be eliminated for minimum component count 

FIGURE 2 



APPLICATIONS (CONT'D) 
LOW VOLTAGE REGULATOR 

(Vout = 2 to 7 Volts) 

VON 

., 

Vout ~ [VREF x 

R1 R2 
R3~ --­

R1 + R2 

'''' .. 

for minimum temperature drift 

FIGURE 3 

NEGATIVE VOLTAGE REGULATOR 

VON 

Vzt---.... -L " 

., 

~REF R1 + ~ 
Vout ~ L_2- x -R-1-J; R3 ~ R4 

FtGURE 4 

FOLD BACK CURRENT LIMITING REGULATOR 
(Vout = 2 to 7 Volts) 

VON 

Vz ·3 

·0 ., 

., 

Vout ~ [REF x R1 R: R2] 

~SENSE R3 + Ri] 
ISHORT CKT ~ L~ x ~ 

~ 
> 
w 

" ~ 
0 
> 
5 
~ 
=> 
0 

FIGURE 5 

,. 
'4 
'2 

,. 

• o 

RSC = 3."" 
R3 . 500n 
R4 . 3.6Kn-

1 
IKNEE 

L 
/' 

/ 
V 

V 
~ISHORTCCT 

'0 20 30 40 50 60 

OUTPUT CURRENT IN rnA 

VOUT ISC 

VSENSE (lKNEE -ISHORTCKT) 

RSC 
VSENSE 

ISC 
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FEATURES 
• OUTPUT CURRENT IN EXCESS OF 1 

AMP 
• NO EXTERNAL COMPONENTS 
• INTERNAL THERMAL OVERLOAD PRO­

TECTION 
• INTERNAL SHORT CIRCUIT CURRENT 

LIMITING 
• OUTPUT TRANSISTOR SAFE-AREA 

COMPENSATION 
• AVAILABLE IN THE To-220 AND THE 

TO-3 PACKAGE 
• OUTPUT VOLTAGES OF 5, 6, 8, 12, 15, 18, 

AND 24 VOLTS 

TYPICAL CURVES 

MAXIMUM AVERAGE POWER 
DISSIPATION AS A FUNCTION OF 

AMBIENT TEMPERATURE 
(TO-3, 7800) 

lDO 

50 

20 
INFINITE HEAT SINK 

1Of;::: -~KJ .......... 
.0 

OF lO0CIW 

~ 1-~,!1EAT S/NI( 

1\ 2.0 
-0:- ...... 

i""-- r--...... !'-. \ 
1.0 ....... 1\ 
0.' 

~2 
I\, 

\ 
0.1 

25 .0 75 100 125 150 

AMBIENT TEMPERATURE -"C 

122 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage (5V through 18V) 35V 

(24V) 40V 
Internal Power 

Dissipation (Note 1) Internally Limited 
Storage Temperature 

Range -65°C to + 150°C 
Operating Junction 

Temperature Range 
(Note 2) 
7800 -55°C to +150°C 
7800C O°C to + 125°C 

Lead Temperature 
TO-3 Package 
(Soldering. 60 second 
time limit) 300°C 

TO-220 Package 
(Soldering. 10 second 
time limit) 230°C 

NOTES: 
1. Thermal resistance of the packages (without a heat sink) 

Junction to Case: TO-3 Package 4° Ctw; TO-220 Package 
2°CtW 
Junction to Ambient: TO-3 Package 3S°CtW; TO-220 Pac­
kage so·crw 

2. Operating Ambient Temperature Range 
7800 -SS·C to +12SoC 
7800C O·C to + 8S·C 

MAXIMUM AVERAGE POWER 
DISSIPATION AS A FUNCTION OF 

AMBIENT TEMPERATURE 
(TO-3, 7800C) 

lDO .. 
20 

INFINITE HEAT SINK 

10 r----
W1Tkl1 rL. .......... 

.01--
~OC~rSINIC 

2.0- ~k'EArSI1VK ..... \ -.... r-..... I'-- \ 1.0 

.......... 
0.' 

.\. 
0.2 \. 

" 0.1 
75 50 25 100 126 

AMBIENT TEMPERATURE _ °C 
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PIN CONFIGURATION 

To-220 PACKAGE 
PACKAGE OUTLINE U 

§I ~
OUTPUTI21 

~I! i!COMMONI31 

INPUT (1) 

ORDER INFORMATION 
OUTPUT ORDER 

VOLTAGE PART NO. 
5V 
6V 
8V 

12V 
15V 
18V 
24V 

7805CU 
7806CU 
7808CU 
7812CU 
781SCU 
7818CU 
7824CU 

To-3 PACKAGE 
PACKAGE OUTLINE DA 

COM~ 0" ~'NPUT(ll 
ORDER INFORMATION 

OUTPUT ORDER 
VOLTAGE PART NO. 

5V 
6V 
8V 

12V 
15V 
18V 
24V 

5V 
6V 
8V 

12V 
15V 
18V 
24V 

7805DA 
7806DA 
7808DA 
7812DA 
7815DA 
7818DA 
7824DA 
7805CDA 
7806CDA 
7808CDA 
7812CDA 
7815CDA 
7818CDA 
7824CDA 



ELECTRICAL CHARACTERISTICS lOUT = 500mA, -55°C ,,;;TJ,,;;150°C (Unless Otherwise Noted) 

PARAMETER UNITS 7805 780SC 7806 7806C 

TEST CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 
VOUT (V) VIN=10V VIN=10V VIN=IIV VIN=IIV 

4.8 5.0 5.2 4.8 4.0 5.2 5.75 6.0 6.25 5.75 6.0 6.25 
TJ=25°C BV,,;;VIN,,;;20V 9V,,;;VIN,,;;21V 
P,,;;15W 4.65 5.35 5.65 6.35 

5mA,,;;IOUT,,;;1.0A 7V,,;;VIN,,;;25V 8V,,;;VIN,,;;25V 
4.75 5.25 5.7 6.3 

LINE mV 7V,,;;VIN,,;;25V 7V,,;;VIN,,;;25V 8V,,;;VIN,,;;25V BV,,;;VIN,,;;25V 
REGULATION 3 50 3 100 5 60 5 120 

TJ=25°C 
BV,,;;VIN,,;;12V 8V,,;;VIN,,;;12V 9V,,;;VIN,,;;13V 9V,,;;VIN,,;;13V 

1 25 1 50 1.5 30 1.5 60 

LOAD mV 
REGULATION 

TJ=25°C 
5mA,,;;IOUT";; 1.5A 15 50 15 100 14 60 14 120 

250mA lOUT 750mA 5 25 5 50 4 30 4 60 

ICC mA 4.2 6.0 4.2 B.O 4.3 6.0 4.3 8.0 

with line BV,,;;VIN,,;;25V 7V,,;;VIN,,;;25V 9V,,;;VIN,,;;25V 8V,,;;VIN";;V 

TJ=25°C O.B 1.3 0.8 1.3 

with load 
5mA,,;;IOUT,,;;1.0A 0.5 0.5 0.5 0.5 

OUTPUT NOISE. uV 
VOLTAGE 

TJ=25°C 
40 40 45 45 

10Hz,,;;f,,;; 
100kHz 

VOLTAGE 
DRIFT 20 20 24 24 

mV(1000HR 

RIPPLE dB 
REJECTION BV,,;;VIN,,;;1BV BV,,;;VIN,,;;18V 9V,,;;VIN,,;;19V 9V,,;;VIN,,;;19V 

68 78 62 78 65 75 59 75 
f=120Hz 

DROPOUT V 
VOLTAGE 

TJ=25°C 
IOUT=1.0A 

2.0 2.0 2.0 2.0 

OUTPUT mil 
RESISTANCE 

17 17 19 19 
f=1kHz 

lOS mA 

TJ=25°C 
750 750 550 550 

PEAK OUTPUT A 
CURRENT 

2.2 2.2 2.2 2.2 
TJ=25°C 

VOUT mvrc 
OUTPUT 

TEMPERATURE 0°C,,;;TJ,,;;150°C 0°C,,;;TJ,,;;125°C 0°C";;T~";;1SOOC O"C,,;;T J,,;;125°C 
DRIFT -1.1 -1.1 - .8 -0.8 

IOUT=5mA 

ImOBIII1 

7808 

MIN TYP MAX 

VIN=14V 
7.7 8.0 B.3 
11.5V,,;;VIN,,;;23V 
7.6 B.4 

10.5V,,;;VIN,,;;25V 
6 BO 

11 V,,;;VIN,,;;17V 
2 40 

12 BO 

4 40 

4.3 6.0 

11.5,,;;VIN,,;;25V 

O.B 

0.5 

52 

32 

11.5V,,;;VIN,,;;21.5V 
62 72 

2.0 

16 

450 

2.2 

O°C,,;;T J,,;;150°C 
-0.8 
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ELECTRICAL CHARACTERISTICS (CONT'D) 

PARAMETER UNITS 7808C 7812 7812C 7815 7815C 

TEST CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

VOUT (V) VIN=14V VIN=19V VIN=19V VIN=23V VIN=23V 

7.7 8.0 8.3 11.5 12.0 12.5 11.5 12.0 12.5 14.4 15.0 15.6 14.4 15.0 15.6 
TJ=25°C 10.5V"';VIN",;23V 15.5V",;VIN",;27V 

18.5V",;VIN",;30V 
P",;15W 14.25 15.75 

5mA",;IOUT",;1.0A 7.6 8.4 11.4 12.6 14.5V",;VIN",;27V 17.5V"';VIN ",;30V 
11.4 12.6 14.25 15.75 

LINE mV 10.5V",;VIN",25V 14.5V",;VIN",;30V 14.5V",;VIN",;30V 17.5V",;VIN",;30V 17.5V",;VIN",;30V 
REGULATION 6 160 10 120 10 240 11 150 11 300 

TJ=25°C 11 V",;VIN~,17V 16V",;VIN",;22V 16V",;VIN",;22V 20V",;VIN",;26V 20V",;VIN",;26V 

2 80 3 60 3 120 3 75 3 150 

LOAD mV 
REGULATION 

TJ=25°C 
5mA",;IOUT",;1.5A 12 160 12 120 12 240 12 150 12 150 

250mA lOUT 750mA 4 80 4 60 4 120 4 75 4 75 

ICC mA 4.3 8.0 4.3 6.0 4.3 8.0 4.4 6.0 4.4 8.0 

with line 1 0.5V",;VIN ",;25V 15",;VIN",;30V 14.5V",;VIN",;30V 18.5V",;VIN",;30V 17.5V",;VIN",;30V 

TJ=25°C 1.0 0.8 1.0 0.8 1.0 
with load 

5mA",;IOUT",;1.0A 0.5 0.5 0.5 0.5 0.5 

OUTPUT NOISE uV 
VOLTAGE 

TJ=25°C 52 75 75 90 90 
10Hz",;!",; 
100kHz 

VOLTAGE 
DRIFT 

mV il000HR 32 48 48 60 60 

RIPPLE dB 
REJECTION 11.5V",;VIN·~2·1.5V 15V",;VIN",;25V 15V",;VIN",;25V 18.5V",;VIN",;28.5V 18.5V",;VIN",;28.5V 

56 72 61 71 61 71 60 70 60 70 
!=120Hz 

DROPOUT V 
VOLTAGE 

TJ=25°C 
IOUT=1.0A 

2.0 2.0 2.0 2.0 2.0 

OUTPUT mn 
RESISTANCE 

16 18 18 19 19 
!=lkHz 

lOS mA 

TJ=25°C 
450 350 350 230 230 

PEAK OUTPUT A 
CURRENT 

2.~~ 2.2 2.2 2.1 2.1 
TJ=25°C 

VOUT mVioC 
OUTPUT 

TEMPERATURE O°C",;T J,,125°C 0°C",;TJ",;150°C 0°C",;TJ",;125°C 0°C",;TJ",;150°C 0°C",;TJ",;125°C 
DRIFT -0.8 -1.0 -1.0 -1.0 -1.0 

IOUT=5mA 
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ELECTRICAL CHARACTERISTICS (CONT'D) 

PARAMETER UNITS 7818 

TEST CONDITIONS MIN TYP MAX 

VOUT (V) 
VIN=27V 

TJ=25°C 17.3 18.0 18.7 

P.;15W 22V,;V,N.;33V 
5mA.;IOUT.;1.0A 17.1 18.9 

LINE mV 21 V,;VIN.;33V 
REGULATION 15 180 

TJ=25°C 24V,;VIN.;30V 
5 90 

LOAD mV 
REGULATION 

TJ=25°C 
12 180 5mA.;IOUT.;1.5A 

250mA 'OUT 750mA 4 90 

ICC mA 4.5 6.0 

with line 22V,;VIN.;33V 

TJ=25°C 0.8 

with load 
5mA.;IOUT.;1.0A 0.5 

OUTPUT NOISE uV 
VOLTAGE 

TJ=25°C 110 
10Hz.;f.; 
100kHz 

VOLTAGE 
DRIFT 

mV/1000HR 72 

RIPPLE dB 
REJECTION 22V,;VIN.;32V 

f=120Hz 59 69 

DROPOUT V 
VOLTAGE 

TJ=25°C 
2.0 

'OUT=1.0A 

OUTPUT mn 
RESISTANCE 

22 
f=1kHz 

lOS mA 

TJ=25°C 
200 

PEAK OUTPUT A 
CURRENT 

2.1 
TJ=25°C 

VOUT mvrc 

OUTPUT 
O°C.;T J'; 150°C TEMPERATURE 

DRIFT -1.0 

IOUT=5mA 

7818C 7824 

MIN TYP MAX MIN TYP MAX 

V,N=27V VIN=33V 
17.3 18.0 18.7 23.0 24.0 25.0 

21 V,;V,N.;33V 28V,;VIN.;38V 
17.1 18.9 22.8 25.2 

21V,;VIN.;33V 27V,;V,N.;38V 
15 360 18 240 

24V,;V,N.;30V 30V,;VIN.;36V 
5 180 6 120 

12 360 12 240 

4 180 4 120 

4.5 8.0 4.6 6.0 

21 V,;VIN.;33V 28V,;VIN.;38V 

1.0 0.8 

0.5 0.5 

110 170 

72 96 

22V,;VIN.;32V 28V,;VIN.;38V 
59 69 56 66 

2.0 2.0 

22 28 

200 150 

2.1 2.1 

0°C.;TJ.;125°C 0°C.;TJ.;150°C 
-1.0 -1.5 

StgOOliCS 

7824C 

MIN TYP MAX 

VIN=33V 
23.0 24.0 25.0 

28V,;VIN.;38V 
22.8 25.2 

27V,;VIN.;38V 
18 480 

30V,;VIN.;36V 
6 240 

12 480 

4 240 

4.6 8.0 

27V,;VIN.;38V 

1.0 

0.5 

170 

96 

56 66 

2.0 

28 

150 

2.1 

O°C.;T J.;125°C 
-1.5 
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TYPICAL CURVES (CONT'D) 
MAXIMUM AVERAGE POWER DROPOUT VOLTAGE AS A FUNCTION PEAK OUTPUT CURRENT 

DISSIPATION AS A FUNCTION OF OF JUNCTION TEMPERATURE AS A FUNCTION OF INPUT/OUTPUT 
AMBIENT TEMPERATURE DIFFERENTIAL VOLTAGE 

(TO-220, 7800C) 

100 " 3.0 

" r---.. I-- r--... 
t- " I ~ 

'.0 - t--~ I'.... 
20 -- I---h 

,. 
:; INFINITE HEAT SINK f--- .f,J r-- ""- ~ • 'SS" 
, 

10 

~ -WI}/i 
-.....; r:::: l:::- I--- ~OOtn4 '0 71 I'--t'. .J" z "- t-O ~TSINI(I " ~"oc I'.... 

:: 5,0 -t--: ~~ ~ t-..... ~1Z. i'-~ 
"7' 1714 

1.' Jj,,~ 
" ""N i ~ \ r-- OIJ"'''~ 

~ -....::: ~ :'-... I"" 
52.0 l- I ~4 

~ ~~ 

"'" 
\ 10 

1.0 l 1':: ,. r--:: l-t--~~ K"',<'s," t'---
~ 1.0 ......... 1\ III ~ '" ~ I'-... 
~ 0.5 

~'C I'" 
"-

0.' t:-... 
0' 

~ 02 

"- DROPOUT CONDITIONS 
t-.. 

rVOUT~2%ofVOUT "-
0.1 0 0 

75 " 25 100 125 150 -75 -SO -25 0 25 SO 15 100 125 150 '" 0 , 10 15 '0 25 30 

AMBIENT TEMPERATURE - C JUNCTION TEMPERATURE - 'C INPUT -OUTPUT DIFFERENTIAL - VOL IS 

RIPPLE REJECTION OUTPUT VOLTAGE AS A FUNCTION DROPOUT CHARACTERISTICS 
AS A FUNCTION OF FREQUENCY OF JUNCTION TEMPERATURE 

100 8 

V' N z 19V Your ~ 5V 

12.2 f-~OUT z 12V 
T J '" 25"C 

LOUT ,.20mA 

80 t--f- 6 

12,1 

60 lOUT -0 

~OUT~100mA --......... 
, !'v/,; 

12.0 4 

""- -......... / ?7 I 
40 / ~loUTz500mA 

........ 
-......... 

11.9 I ""- , 
'0 

'" I I 
V,. r BV 10 IBV I 'OUT" lA 

Your - 5V 11,8 
I 

7 'OUT - 500 rnA I .-/, TJ ~ 25"C I 

---0 
100 HO lQkn 100 kll -75 -SO -25 0 " SO 75 100 m lSO '" 

0 
10 0 2 4 6 8 10 

FREOUENCY - H. JUNCTION TEMPERATURE -"C INPUT VOLTAGE - VOL 15 

CURRENT LIMITING LOAD TRANSIENT LINE TRANSIENT 
CHARACTERISTICS RESPONSE RESPONSE 

6 . 
'" 20 

V'N ·lOV 

Your >V 2 

3 " 
INPUT VOLTAGE , 

LOAJ CUR1RENT 

15 

If 
1 

2 20 
4 

10 

0 

1 10 , 
3 

OUTPUT VOLTAGE K, OUTPUT VOLTAGE , DEVIATION 
0 

DEVIATION 
0 , 

II 
,/ 

1/ 
-, -10 

1 lOUT = SOOmA 

V," -lOV I--1.--1--' VOUT >V 

VOUT= 5V -2 -20 

TJ ~ 25°C '/ 0 10 20 30 '" " " 0 2 4 , , 10 12 

0 TlME-/Jsec TIME -"sec 

0 0.4 0.8 12 16 2.0 

OUTPUT CURRENT - AMP 
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TYPICAL CURVES (CONT'D) 

QUIESCENT CURRENT QUIESCENT CURRENT OUTPUT IMPEDANCE 
AS A FUNCTION OF INPUT VOLTAGE AS A FUNCTION OF TEMPERATURE AS A FUNCTION OF FREQUENCY 

10' 

Your "- 5V 

'L '" 20mA 
T, '" 25"C 

V ,N ~ lOV 

I- VOUT 5V 

lOUT - 500 rnA 

V,N '" lOY 

YOUT '" 5V 

TA '" 2s'c 
CL '" OpF 

10' 

--I--i-"" 

f--I--
1/ 

// r---I 

/ 

/ 

~ f= ;" ~2 
,0-0 ~ <.p<::J. t-

/ ,00 .... 

10' 

3.0 
5 " 25 

36 
-75 -50 '00 25 75 100 125 150 175 30 

INPUT VOLTAGE - VOLTS JUNCTION TEMPERATURE - C FREQUENCY - Hz 

SCHEMATIC DIAGRAM 

r-____ ~------------------~------------------~----------_f------.~------~~---oINPUT 

D, 

R4 R18 
100 kU soon 

"5 
3.3 kr.! 

"6 
2.1 kS1 

"7 
500.0 

Smnolies 127 



APPLICATIONS 
POSITIVE AND NEGATIVE REGULATOR 

+OUTPUT 

O.lIJF 

91= ..... ____ +-___ --+_O_.'_"_F -_-_-_O--<>UTPUT 

NEGATIVE OUTPUT VOLTAGE CIRCUIT 

~II 
SWITCHING REGULATOR 

V 1 mH Vo 
C'~N~_~ __ ,2N31~r-_~ _____ ~_-J~~_~_~ 

INSS12 

4.712 

0.512 

ADJUSTABLE OUTPUT REGULATOR, 70 TO 30 VOLTS 

INPUT OUTPUT 

O.33pF 0.1 JlF 

10KH 

1KSl 
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APPLICATIONS (CONT'D) 
HIGH CURRENT VOLTAGE REGULATOR 

INPUT 2N3789 
o---~--__ r-----------------------, 

'3t 

L--'\3"'.o"'n.---..... _"""-1r __ -;' I pA78XX 

F·· I 

I 

FIXED OUTPUT REGULATOR 

INPUT 

NOTES: 
• To specify an output vottage. substitute voRage value for "XX". 
+A1though no output capacitor is needed for stability. it does improve transient response. 

+ + Required if regulator is located an appreciable distance from power supply filter. 

CIRCUIT FOR INCREASING OUTPUT VOLTAGE 

INPUT 

~--I'V-X-X--~-R-'-OVO 

CURRENT REGULATOR 

VOUT 
Output Current = -m-

OUTPUT 

OUTPUT 

HIGH OUTPUT CURRENT, SHORT CIRCUIT PROTECTED 

INPUT Rse 2N4398 
O----.~--__t_-JV'I/'v-__t_, r---------, 

±TRACKING VOLTAGE REGULATOR 

2N6124 

+VOUT 

4.7 kG 

4.7kO 

-VOUT 

129 
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FEATURES 
• OUTPUT CURRENT UP TO 100mA 
• NO EXTERNAL COMPONENTS 
• INTERNAL THERMAL OVERLOAD PRO­

TECTION 
• INTERNAL SHORT CIRCUIT CURRENT 

LIMITING 
• AVAILABLE IN JEDEC TO-92 AND LOW 

PROFILE TO-39 PACKAGES 
• OUTPUT VOLTAGES OF 2.6V, 5V, 6.2V, 

12V AND 15V 
• OUTPUT VOLTAGE TOLERANCES OF 

:<:5% (78LOO-AC) AND :<:10% (78LOOC) 
OVER THE TEMPERATURE RANGE 

DESIGN CONSIDERATIONS 

5.0 

~ 2.0 , 
z 
o 1,0 

~ 
i.i 0.5 

3 

" ~ 0.2 

~ 0 

, 
<10.05 

0,02 

0.0 , 

MAXIMUM AVERAGE POWER 
DISSIPATION AS A FUNCTION 01: 

AMBIENT TEMPERATURE 
TO-39 TYPE PACKAGE 

- INFINITE HEAT SINK 

~ 

~ --- r-... 
t-NO HEAT SINK ~ --r- I"---

~ " l'\. [~ 
r\ 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage 

2.6V, 5V and 6.2V 30V 
12V and 15V 35V 

Internal Power 
Dissipation Internally Limited 

Storage Temperature 
Range 
Metal Can 
(TO-39 Type) -65°C to + 150°C 

Molded TO-92 -55°C to + 150°C 
Operating Junction 

Temperature Range O°C to + 150°C 
Lead Temperatures 

Metal Can (Soldering, 
60 s time limit) 300°C 

Molded TO-92 

5.0 

2.0 

'.0 

0.5 

0.2 

, 
0.05 

0.02 

0.01 

(Soldering, 10 s 
time limit) 260°C 

MAXIMUM AVERAGE POWER 
DISSIPATION AS A FUNCTION OF 

AMBIENT TEMPERATURE 
T0-92 TYPE PACKAGE 

O.12S" lEAD LENGTH 
FADM PC BOARD. 

F:::::: WITH 72 eM HEAT SINK 

0.125" LEAD LENGTH ~ t!o.. 
FROM PC BOARD, 
FREE AIR 

~ 

'" l.4" LEAD LENGTH ~ ~ FROM PC BOARD. 

'j"EEi'" j f-- , 
25 50 75 '00 125 150 25 50 75 '00 125 '50 

AMBIENT TEMPERATURE - "C AMBIENT TEMPERATURE - "C 

NOTE: 

PIN CONFIGURATION 
TO-39 TYPE METAL CAN 
PACKAGE OUTLINE DB 

~ 
/'-y~ 

INPUT OUTPUT COMMON 
(1) (2) (3) 

ORDER INFORMATION 
OUTPUT 

VOLTAGE 
5V 
5V 

12V 
12V 
15V 
15V 

PART NO. 
78L05A DB 
78L05 DB 
78L 12A DB 
78L 12DB 
78L 15A DB 
78L 15 DB 

JEDEC (T0-92) PACKAGE 
PACKAGE OUTLINE S 

COMMON--;-(~ 

(;"6~) 
OUTPUT Y ~INPUT 

OUTPUT 
VOLTAGE 

2.6V 
2.6V 

5V 
5V 

6.2V 
6.2V 
12V 
12V 
15V 
15V 

PART NO. 
78L02A S 
78L02 S 
78L05A S 
78L05 S 
78L06A S 
78L06 S 
78L12A S 
78L12 S 
78L15A S 
78L15 S 

Typical thermal resistance of the TO~39 type metal can package without a heat sink is junction to case of 40°C/W and junction to ambient of 140°C/W. Typical thermal 
resistance of the TO~92 package is junction to ambient of 180°C/W with .400 inch leads from PC board and 160°C/W with .125 inch lead length. 
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ELECTRICAL CHARACTERISTICS 
lOUT = 40mA. O°C <TJ<+125'C. CIN=0.33p.F"COUT = 0.1p.F (Unless Otherwise Specified) 

CONDITIONS 78L02AC 78L02C 
PARAMETER MIN TYP MAX MIN TYP 

VOUT 
TJ =25°C VIN=9.OV 

2.5 2.6 2.7 2.4 2.6 

1mA"'IOUT",70mA 
4.75V",VIN"'20V 

2.45 2.75 2.45 
1 mA'"I OUT",40mA 2.35 2.B5 2.35 

LINE TJ =25°C 4.75V"'VIN ",20V 
REGULATION 40 100 40 

5V",VIN",20V 
30 75 30 

LOAD TJ =25°C 
REGULATION 

1 mA",IOUT '" 1 OOmA 10 50 10 

1 mA",IOUT",40mA 4.0 25 4.0 

ICC TJ =25'C 3.6 6.0 3.6 

TJ =125°C 5.5 
5V",VIN ",20V 

(with line) 
2.5 

1 mA",IOUT",40mA 0.1 

(with load) 

OUTPUT NOISE TJ =25'C 
VOLTAGE 30 30 

1 OHz",f", 1 OOkHz 

LONG TERM 10 10 
STABILITY 

RIPPLE TJ =25'C 6V",VIN ",16V 

REJECTION f=120H z 
43 51 42 

DROPOUT 
VOLTAGE 

TA~25'C 1.7 1.7 

APPLICATIONS 
±TRACKING VOLTAGE REGULATOR 

+VOUT 

IO.1~F 

4.7 k 

4.7 k 

2N6124 

78L05AC 
MAX MIN TYP MAX 

VIN =10V 
2.B 4.B 5.0 5.2 

7V",VIN ",20V 
2.75 4.75 5.25 
2.B5 4.5 5.5 

7V",VIN",20V 
125 55 150 

BV",VIN",20V 
100 45 100 

50 11 60 

25 5.0 30 

6.0 3.B 6.0 

5.5 5.5 
BV",VIN",20V 

(with line) 
2.5 1.5 
0.2 0.1 

40 

12 

BV",VIN",1BV 
51 41 49 

1.7 

UNITS 

V 

mV 

mV 

mA 

p.V 

mV 

dB 

V 
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ELECTRICAL CHARACTERISTICS (CONT'D) 

~ CONDITIONS 78L05C 78L06AC 78L06C UNITS 
PARAMETER MIN TYP MAX MIN TYP MAX MIN TYP MAX 

TJ =25°C VIN"" 10V VIN =12V V 
VOUT 4.6 5.0 5.4 5.95 6.2 6.45 5.7 6.2 6.7 

1mA""IOUT",,70mA 
7V""VIN",,20V 8.5V <;;V IN ",,20V 

4.75 5.25 5.90 6.5 5.90 6.5 
1 mA<;;IOUT <;;40rnA 4.5 5.5 5.6 6.8 5.6 6.8 

LINE TJ =25°C 7V""VIN <;;20V 8.5V""V IN <;;20V mV 
REGULATION 55 200 65 175 65 200 

BV<;;VIN<;;20V 9V<;;VIN<;;20V 
45 150 55 125 55 150 

-

LOAD TJ =25°C mV 
REGULATION 

1 mA""IOUT ""100mA 11 60 13 80 13 BO 
1 mA""IOUT ""40mA 5.0 30 6.0 40 6.0 40 

ICC TJ -25°C 3.B 6.0 3.9 6.0 3.9 6.0 mA 

TJ =125°C 
5.5 5.5 5.5 

B""VIN<;;20V 9.0V<;;VIN<;;20V 
(with line) 

1.5 1.5 1.5 
1 mA""IOUT""40mA 0.2 0.1 0.2 

(with load) 

OUTPUT NOISE TJ =25°C 
VOLTAGE 10Hz""!,,,,100kHz 40 50 ·50 /LV 

LONG TERM 
STABILITY 12 14 14 mV 

RIPPLE TJ =25°C BV<;;VIN",,1BV 1 OV<;;VIN <;;20V 
REJECTION dB 

f=120H z 40 49 40 46 39 46 

DROPOUT TA =25°C 1.7 1.7 1.7 V 
VOLTAGE 

APPLICATIONS (CONT'D) 

NEGATIVE. OUTPUT VOLTAGE CIRCUIT 

-OUTPUT 

~II 
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ELECTRICAL CHARACTERISTICS (CONT'D) 

~ CONDITIONS 78L12AC 78L12C 
PARAMETER MIN TYP MAX MIN TYP 

VOUT 
TJ =25°C V,N=19V 

11.5 12 12.5 11.1 12 

1 mA"',OUT",70mA 
14.5V",V,N",27V 

11.4 12.6 10.8 
1 mA"" OUT",40mA 11.4 12.6 10.8 

LINE TJ =25°C 14.5V",V,N",27V 

REGULATION 120 250 120 
16V",V,N",27V 

100 200 100 

LOAD 
REGULATION 

TJ =25°C 

1 mA"" OUT",1 OOmA 20 100 20 

1 mA"" OUT",40mA 10 50 10 

ICC TJ =25°C 4.2 6.5 4.2 

TJ =125°C 
6.0 

16V",V,N",27V 
1 mA"" OUT",40mA (with line) 

(with load) 1.5 
0.1 

OUTPUT NOISE TJ =25°C 
VOLTAGE 80 80 

1 OHz",f", 1 OOkHz 

LONG TERM 24 24 
STABILITY 

RIPPLE TJ =25°C 15V~V'N"'23V 
REJECTION f=120H z 37 42 36 42 

DROPOUT TA =25°C 1.7 1.7 

VOLTAGE 

B!RnlICB 

78L15AC 78L15C 
MAX MIN TYP MAX MIN TYP 

V,N=23V 
12.9 14.4 15 15.6 13.8 15 

17.5V",V,N"'30V 
13.2 14.25 15.75 13.5 
13.2 14.25 15.75 13.5 

17.5V",V,N",30V 
250 130 300 130 

20V",V,N",30V 
200 110 250 110 

100 25 150 25 
50 12 75 12 

6.5 4.4 6.5 4.4 
6.0 6.0 

20V",V,N",30V 
(with line) 

1.5 1.5 
0.2 0.1 

90 90 

30 30 

18.5V",V,N",28.5V 
34· 39 33 39 

1.7 1.7 

MAX 

16.2 

16.5 
16.5 

300 

250 

150 
75 

6.5 
6.0 

1.5 
0.2 

UNITS 

V 

mV 

mV 

mA 

/iV 

mV 

dB 

V 
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TYPICAL PERFORMANCE CURVES 
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'.0 

6.0 

5.0 

4.0 

2.0 

1.0 

2.5 

2.0 

1.5 

1.0 

0.5 

QUIESCENT CURRENT 
AS A FUNCTION 

OF INPUT VOLTAGE 

r-J OUT '= 5.01 
It ~ 40mA 

f--TJ = 25"C 

78LtS_ 

~- f--f-

o 

t--

--f--

I 
L 

5.0 10 20 25 

INPUT VOl TAGE - V 

DROPOUT VOL.TAGE 
AS A FUNCTION OF 

JUNCTION TEMPE,RATURE 

r--r--I-- lOUT' 70mA 

r--r--r--r-- r--.-1OUT - 40mA - rj:;£ -= 
1 

t-- DROPOUT CONOJTlONS 

I--

30 

-

o 
o 

'rOUT i 2%°1 VOUT
1 

25 50 100 125 

400 

300 

200 

100 

100 

200 

JUNCTION TEMPERAT'JRE - "c 

LINE TRANSIENT 
RESPONSE 

INPUT VOLTAGE 

\ 

n OUTPUT VOLTAGE 

1\ DEVIATION 

~ :OUT ~ l00mA (RESISTIVE lOAD) _ 

VIUT~15V I I I I 

o 
TIME -j.!" 

78L05 

12 

20 

15 

al!lROIIDB 

> , 
~ 

~ 

4.2 

4.0 

3.' 

2 

3.0 

2. 8 

8.0 

6.0 

......... 
.......... 

QUIESCENT CURRENT 
AS A FUNCTION 

OF TEMPERATURE 

"'- ......... 

i'--i'--
""'-

78t05 

'" V IN -10V ~ _Vour -5V 

IOr~40r 

25 50 75 100 125 

AMBIENT TEMPERATURE - "C 

DROPOUT CHARACTERISTICS 

vluT~L 7alO5 
-TJ -25"C 

tOUT=1.0~ ~ 
&~UT~ fOOmA 

~ 4.0 

~ 
1: '! 

lOUT ~ 40mA 
2.0 

o 
o 

1 

2.0 

VIH'" 10V 
-VOUT -5V 

r I 2 
o 10 

) 
4.0 6.0 

INPUT VOLTAGE - V 

LOAD TRANSIENT 
RESPONSE 

LOA~ CUR1RENT1 

OUTPUT VOLTAGE 
DEVIATION 

20 30 40 

TIME-",s 

'.0 

78JOS-
1 

50 60 



TYPICAL PERFORMANCE CURVES (CONT'D) APPLICATIONS 

,"0 

80 

-

RIPPLE REJECTION 
AS A FUNCTION OF 

FREQUENCY 

;- r- r--

I-VIN ~ 8V TO 18V 

VOUT = 5V 

I-LOUT =,,40mA 

o 
'" 
rni I 

FREQUENCY - Hz 

NOTE: Other j..tA78LOO Series Devices have similar curves. 

lLL 

"-.. 

1001< 

FIXED OUTPUT REGULATOR 

INPUT 

NOTES: 
• TO SPECIFY AN OUTPUT VOLTAGE, SUBSTITUTE 

VOLTAGE FOR "XX". 
•• ALTHOUGH NO OUTPUT CAPACITOR IS NEEDED FOR 

STABILITY, IT DOES IMPROVE TRANSIENT RE· 
SPONSE . 

••• REQUIRED IF REGULATOR IS LOCATED AN APPRECI· 
ABLE DISTANCE FROM POWER SUPPLY FILTER. 

INPUT 

30 

HIGH OUTPUT CURRENT, 
SHORT CIRCUIT PROTECTED 

0.7 
RSC=­

'sc 

HIGH CURRENT VOLTAGE REGULATOR 

Ql 
'NcPU>-T __ ....... ___ 2:;:N612r4 ________________ ~ 

__________ 101 

Rl 

30 

FOR IREG '" 23m A 

IREG '" ~ 101 '" jllREG 
Rl 

POSITIVE AND NEGATIVE REGULATOR 

0.1 J1F 

~ CJ ± 
'1 

pA78LXX ~ 
31 I o.' "F 

OUTPUT 

C2 ** 

O.lpF 

OUTPUT 

+QUTPUT 

-=-

-OUTPUT 

0 
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HIGH DISSIPATION APPLICATIONS 

C2 

When it is necessary to operate a JLA78LOO regulator with a large input­
output differential voltage, the addition of series resistor R1 will extend the 
output current range of the device by sharing the total power dissipation 
between R1 and the regulator. 
R1 may be caluclated from 

R1 = VIN(MIN) - V OUT -2.0V 
IL(MAX) ~ 10 

where 10 is the regulator quiescent current. 
Regulator power dissipation at maximum input voltage and maximum 
load current is now 
PD(MAX) = (V1 - VOUT) IL(MAX) + V1 10 
where 
V1 = VIN(MAX) - (IL(MAX) + 10) R1 
The presence of R1 will affect load regulation according to the equation: 

load regulation = load regulation 
(at constant VIN) (at constant V1) 

+ (line regulation, mV per V) x 

(R1) x (4IL)' 

THERMAL CONSIDERATIONS 
The TO-92 molded package is capable of unusually high power dissipa­
tion due to the lead frame design. However, its thermal capabilities are 
generally overlooked because of a lack of understanding of the thermal 
paths from the semiconductor junction to ambient temperature. While 
thermal resistance is normally specified for the device mounted 1 cm 
above an infinite heat sink, very little has been mentioned of the options 
available to improve on the conservatively rated thermal capability. 
An explanation of the thermal paths of the TO-92 and comparison of the 
thermal equivalent circuit of the TO-39 metal package with that of the 
TD-92 will allow the designer to determine the thermal stress he is 
applying in any given application. 

THE METAL CAN THERMAL MODEL 
In the TO-39 case, where the die is attached directly to the base of a metal 
package, the thermal equivalent circuit is oiten represented simply as a 
series connection of the junction-to-case thermal resistance, /lJC, and the 
case-to-ambient thermal resistance, /lCA, as shown in Figure 1. 
In this model, the current source represents the thermal energy source; 
T J is the junction temperature, assuming a constant surface temperature 
across the die; /lJC is the junction-to-case thermal resistance, measured 
at a point on the case directly beneath the die location; /leA is the thermal 
resistance from the case to the ultimate heat sink, ambient temperature, 
as represented by the battery. The heat flow is analogous to electrical 
current, and temperature to voltage. The total thermal resistance from 
junction to ambient is then: 

/lJA = /lJC + /lCA 
The maximum power dissipation is a function olthe maximum permissible 
junction temperature (which is a function of the package materials and 
construction) and the total thermal resistance from the junction to ambient 
temperature. Junction temperature is assumed to be the limiting factor. 

As an example, consider a 15V regulator with a supply voltage of 30±5V, T J(MAX) - T A 
required to supply a maximum load current of 30mA. 10 is 4.3mA, and Thus: maximum power dissipation PD = -o-"";";'-:---='';'' 

minimum load current is to be 10mA. /lJC + /lCA 

VIN 

25 - 15 - 2 8 
R1 = = -- =2400 

30 + 4.3 34.3 

V1 = 35 - (30 + 4.3) .24 = 35 - 8.2 = 26.8V 

PD (MAX) = (26.8 - 15) 30 + 26.8 (4.3) 
=354+115 

R1 

= 470mW, which will permit operation up 
to 70"C in most applications. 

V1 VOUT 

-25-35V 240 
IL 

10-30mA RL 

Line regulation of this circuit is typically 110mV for an input range of 
25-35V at a constant load current, i.e. 11 mViV. 

Load regulation = constant V1 load regulation (typically 10mV, 10-
30mA IL) 

136 

+(11mV/v) x 0.24 x 20mA (typically 53mV) 

= 63mV for a load current change of 20 mA at a 
constant VIN of 30V. 

Since 

Then 

Or 

/lJA = /lJC + /lCA 

_ TJ(MAX) - T A 
/lJA - PD 

/lJA PD = TJ - T A 

P _ TJ - TA 
D - /lJA 

Therefore, using the VBE method of junction temperature sensing, and 
attaching a thermocouple (0 the case at the location specified, the relative 
values of /lJC and /lCA can readily be determined. 

The thermal ratings olthe metal can package are' normally presented with 
the case attached to an infinite heat sink at still air ambient temperature. 
This causes /lCA to go to zero resulting in /lJC representing the total /lJA' 
The infinite heat sink is an unrealizable condition in the practical world, but 
serves to project a goal. 



THE T0-92 PACKAGE 
The TO-92 ):lackage thermal paths are considerably more complex than 
those of the TO-39 metal can package. In addition to the path through the 
molding compound to ambient temperature, there is another path through 
the leads in parallel with the case path, to ambient temperature, as shown 
in Figure 2. 
The total thermal resistance in this model is then: 

Where: /lJC = 

(IlJC + IlCA) (IlJL + IlLA) 
IlJA = -IlJC + IlCA + IlJL IlLA (3) 

thermal resistance of the case between the regulator die 
and a point on the case directly above the die location. 
thermal resistance between the case and air at ambient 
temperature. 
thermal resistance from transistor die through the col­
lector lead to a point 1116" below the regulator case. 
total thermal resistance of the collector-base-emitter 
leads to ambient temperature. 

As one can see from Figure 1 , the metal can package generally does not 
have the lead cooling path because of the high thermal resistances 
resulting from the construction of the header, case and leads. Normally, 
this material is kovar. Now, /lJCand liJL are within the package and not 
variable by the user. However, /lCA and liLA are outside the package and 
can be effectively used to control the total thermal resistance and, there­
fore, junction temperature. 
Replacing /lJA of equation (1) with liJA of equation (3) gives: 

IlJA = (IlJC + IlCA) (IlJL a: liLA) = TJ - TA (4) 
IlJC + IlCA + liJL + IlLA Po 

The maximum TJ allowed in equation (4) is 150°C. The maximum power 
dissipation is determined by. the net total thermal resistance liJA, the 
parallel equivalent networks of the case series path and lead series path, 
divided into the difference of the maximum junction temperature, 150°C, 
and ambient temperature generally specified as 25°C. In the case of the 
78LXX, the maximum dissipation of a .4 inch condition is: 

Po = 150- 25 ,/lJA = 180°C/W 

IlJA 
Po = 0.7 W 

If lead length is reduced to .125 inch IlJA becomes 160°C, and Po (MAX) 
= 0.78 W. 

TA 

L-.----lI It-------' 

THERMAL EQUIVALENT CIRCUIT TO-39 PACKAGE 
(DIE ATTACHED TO METAL PACKAGE BASE) 

Figure 1 

t PE (WATTS) 

T0-92 THERMAL EQUIVALENT CIRCUIT 
Figure 2 

METHODS OF HEAT SINKING 
With two external thermal resistances in each leg of a parallel network 
available to the circuit designer as variables, he can choose the method of 
heat sinking most applicable to his particular situation. To demonstrate, 
consider the effect of placing a small 72°C/W flag type heat sink, such as 
the Staver F1-70-2, on the 78LXX molded case. The heat sink effectively 
replaces the IlCA (Figure 2) and the new thermal resistance, IlJA' is: 

IlJA = 145°C/W (assuming .125 inch lead length) 

The net change of 15°C/W increases the allowable power dissipation to 
0.86W with an inserted cost of 1-2 cents. A still further decrease in /lJA 
could be achieved by using a sink rated at 46°C/W, such as the Staver 
FS-7 A. Also, if the case sinking does not provide an adequate reduction in 
total IlJA' the other external thermal resistance, IlLA, may be reduced by 
shortening the lead length from package base to mounting medium. 
However, one point must be kept in mind. The lead thermal path includes 
a thermal resistance, IlSA, from the leads at the mounting pOint to am­
bient, that is, the mounting medium, /lLA is then equal to ilLS + IlSA. The 
new model is shown in Figure 3. 

TO-92 THERMAL EQUIVALENT CIRCUIT 
(LEAD AT OTHER THAN AMBIENT TEMPERATURE) 

Figure 3 

In the case of a socket, IlSA could be as high as 270°C/W, thus causing a 
net increase in /lJA and a consequent decrease in the maximum dissipa­
tion capability. Shortening the lead length may return the net IlJA to the 
original value, but lead sinking would not be accomplished. 

In those cases where the regulator is inserted into a copper clad printed 
circuit board, it is advantageous to have a maximum area of copper at the 
entry pOints of the leads. While it would be desirable to rigorously define 
the effect of PC board copper, the real world variables are too great to 
allow anything more than a few general observations. 

The best analogy for PC board copper is to compare it with parallel 
resistors. Beyond some pOint, additional resistors are not significantly 
effective; beyond some point, additional copper area is not effective. 
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EQUIVALENT CIRCUIT 
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R13 
20k 

015 

R14 
4k 

R15 
700 

R16 R17 
300 100 

R1 
1k 

R2 
10k 

R3 
1k 

R4 
2k 

R5 
SOOTO 7k 

RB 
4k 

R12 
200 

R10 
2 

12) 
OUTPUT 

R6 
1k TO 14k 

R7 
1.4k 

13) . __ ~ ______ ~ ______ ~ ________________ ~ ________________ ~ ____________ -oCOMMON 



FEATURES 
• OUTPUT CURRENT UP TO 500MA 
• NO EXTERNAL COMPONENTS 
• INTERNAL THERMAL OVERLOAD PRO­

TECTION 
• INTERNAL SHORT CIRCUIT CURRENT 

LIMITING 
• OUTPUT TRANSISTOR SAFE-AREA 

COMPENSATION 
• AVAILABLE IN THE TO-220 AND THE 

TO-39 PACKAGE 
• OUTPUT VOLTAGES OF 5, 6, 8, 12, 15,20 

AND 24 VOLTS 

TYPICAL CURVES 
MAXIMUM AVERAGE POWER 

DISSIPATION AS A FUNCTION OF 
AMBIENT TEMPERATURE 

(TO-39, 78MOOC) 

~ ~N,r£ -Ks, ........ 
~I,l ~ 

I. ,/'T'oo, f\ ~ljt4T ~ 
Sf",/( 

"' 1\ 
i'.. \ \ 

l\~ 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage 

(5V through 15V) 35V 
Internal Power 

Dissipation (20V, 24V) 40V 
(Note 1) Internally Limited 

Storage Tempearture Range 
TO-39 -65°C to + 150°C 
TO-220 -55°C to +125°C 

Operating Junction 
Temperature Range 
(Note 2) 
78MOO - 55°C to + 150°C 
78MOOC O°C to +125°C 

Lead Temperature 
TO-39 Package 
(Soldering, 60 second 

time limit) 300°C 
TO-220 Package 
(Soldering, 10 second 
time limit) 230°C 

NOTES: 
1. Thermal resistance of the packages (without a heat sink) 

Junction to Case: TO-220 Package 2°C/W TO-39 Pac­
kage 2DoC/W 
Junction to Ambient: TO-220 Package SO°C/W TO-39 
Package 170°C/W 

2. Operating Ambient Temperature Range 
~55°C to + 125°C 

DOC to +85"C 

MAXIMUM AVERAGE POWER 
DISSIPATION AS A FUNCTION OF 

AMBIENT TEMPERATURE 
(TO-39, 78MOO) 

, 

, 
, ,... 

~EItE4r}, , 
~ 

',"" ~l.l "" 11£4 r S'tvl( 0" '10 l'. 
't--t-~i l' i'- [\ '1f.,:!."'1f 

~ 
, .~ I" , \ 

l\ I~ , 

SmOnlleS 

PIN CONFIGURATION 
TO-220 PACKAGE 

PACKAGE OUTLINE U 

~
OUTPUT (2( 

~llrCOMMON (3( 

INPUT (11 

ORDER INFORMATION 

OUTPUT 
VOLTAGE 

5V 
6V 
8V 

12V 
15V 
20V 
24V 

ORDER 
PART NO. 
78M05CU 
78M06CU 
78M08CU 
78M12CU 
78M15CU 
78M20CU 
78M24CU 

TO-39 TYPE METAL CAN 
PACKAGE OUTLINE DB 

"MO' '.'We' () 
o 

OUTPUT 
VOLTAGE 

5V 
6V 
8V 

12V 
15V 
20V 
24V 

5V 
6V 
8V 

12V 
15V 
20V 
24V 

COMMON 

ORDER 
PART NO. 

78M05DB 
78M06DB 
78M08DB 
78M12DB 
78M15DB 
78M20DB 
78M24DB 
78M05CDB 
78M06CDB 
78M08CDB 
78M12CDB 
78M15CDB 
78M20CDB 
78M24CDB 
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ELECTRICAL CHARACTERISTICS lOUT = 200mA, -55°C ",TJ",150°C (7SMOO), 
0°C",TJ",125°C (7SMOOC), 
CIN=0.33JLF, COUT=0.1JLF, (Unless Otherwise Specified) 

PARAMETER UNITS 78M05 78M05C 78M06 78M06C 
TEST CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

VOUT (V) VIN=10V VIN=IIV 

TJ=25°C 4.S 5.0 5.2 4.S 5.0 5.2 5.75 6.0 6.25 5.75 6.0 6.25 

5mA",IOUT",200mA BV",VIN",20V 7V",VIN",25V 9V",VIN",21 V S.O V",VIN",25V 
4.7 5.3 4.75 5.25 5.7 6.3 5.7 6.3 

LINE mV 7V",V IN",25V 8V",VIN",25V 
REGULATION 

3 50 3 100 5 60 5 100 

TJ=25°C 
SV",VIN",20V 8V",VIN",25V 9V",V,N",20V 9V",VIN",25V 

1 25 1 50 1.5 30 1.5 50 

LOAD mV 
REGULATION 

TJ=25°C 
20 50 20 100 20 60 5mA"" OUT",500mA 20 120 

5mA"" OUT",200mA 10 25 10 50 10 30 10 60 

ICC rnA 4.5 6.0 4.5 6.0 4.5 6.0 4.5 B.O 

TJ =25°C 
SV",V,N",25\1 9V",V IN ",25V 

0.8 O.S 0.8 O.S 

5mA""OUT",200mA 0.5 0.5 0.5 0.5 

OUTPUT NOISE JLV 
VOLTAGE 

TA=25°C 
40 45 10Hz",f", 40 45 

100kHz 

VOLTAGE mV 20 20 24 24 
DRIFT 

RIPPLE dB SV",v,N ",1SV 9V",V,N",19V 
REJECTION 

f=120Hz 68 SO 62 80 59 SO 59 SO 

DROPOUT V 
VOLTAGE 2.0 2.0 2.0 2.0 

TJ =25°C 

lOS mA 

TJ =25°C 
V,N =35V 300 300 270 270 

PEAK OUTPUT rnA 
CURRENT 

TJ =25°C 700 700 700 700 

VOUT mVrC 
OUTPUT 

TEMPERATURE 
DRIFT -1.0 -1.0 -0.5 -0.5 

'OUT=5mA 

140 BIDa ... 

78M08 
MIN TYP MAX 

VIN=14V 

7.7 S.O 8.3 
11.5V",VIN",23V 
7.6 S.4 

10.5V",VIN",25V 
6 60 

11 V", V IN ",20V 
2 30 

25 80 
10 40 

4.6 6.0 
11.5",V,N"'25V 

0.8 

0.5 

52 

32 

11.5V",V,N "'21.5V 

56 SO 

2.0 

250 

700 

-0.5 



ELECTRICAL CHARACTERISTICS (CONT'O) 

PARAMETER UNITS 78M08C 78M12 78M12C 
TEST CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX 

VOUT (V) VIN = 14V VIN~19V 

TJ~25°C 7.7 8.0 8.3 11.5 12.0 12.5 11.5 12.0 12.5 

5mA~IOUT~200mA 10.5V~VIN~23V 15.5V~VIN~27V 14.5V~VIN~27V 

7.6 8.4 11.4 12.6 11.4 12.6 

LINE mV 10.5~VIN~25V 14.5V~VIN~30V 
REGULATION 

6 100 8 60 8 100 

TJ~25°C 
11V~V IN~25V 16V~VIN~25V 16V~VIN~30V 

2 50 2 30 2 50 

LOAD mV 
REGULATION 

TJ ~25°C 
25 160 25 120 25 240 5mA~IOUT~500mA 

5mA~IOUT~200rnA 10 80 10 60 10 120 

ICC mA 4.6 8.0 4.8 6.0 4.8 8.0 

TJ =25°C 
10.5V~VIN~25V 15~VIN~30V 14.5V~VIN~30V 

0.8 0.8 0.8 

5mA~IOUT~200rnA 0.5 0.5 0.5 

OUTPUT NOISE p.,V 
VOLTAGE 

TA~25°C 
75 75 10Hz~'~ 52 

100kHz 

VOLTAGE mV 32 48 48 
DRIFT 

RIPPLE dB 11.5~VIN ~21.5V 15V~VIN~25V 
REJECTION 

'~120Hz 56 80 55 80 55 80 

DROPOUT V 
VOLTAGE 2.0 2.0 2.0 

TJ~25°C 

lOS mA 

TJ~25°C 
VIN~35V 250 240 240 

PEAK OUTPUT mA 
CURRENT 

TJ ~25°C 700 700 700 

VOUT mvrc 
OUTPUT 

TEMPERATURE 
DRIFT -0.5 -1.0 -1.0 

IOUT~5mA 

II!IDOIIDI 

78M15 78M15C 
MIN TYP MAX MIN TYP MAX 

VIN~23V 

14.4 15.0 15.6 14.4 15.0 15.6 
18.5V~VIN~30V 17.5V~VIN~30V 

14.25 15.75 14.25 15.75 

17.5V~VIN~30V 

10 60 10 100 
20V~VIN~30V 

3 30 3 50 

25 150 25 150 
10 75 10 75 

4.8 6.0 4.8 8.0 
18.5V~VIN~30V 17.5V~V IN~30V 

0.8 0.8 

0.5 0.5 

90 90 

60 60 

18.5V~VIN ~28.5V 

54 70 54 70 

2.0 2.0 

240 240 

700 700 

-1.0 -1.0 
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PARAMETER UNITS 78M20 78M20C 78M24 78M24C 
TEST CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

VOUT (V) VIN =29V VIN =33V 

TJ=2SoC 19.2 20 20.8 19.2 20 20.8 23.0 24.0 2S.0 23.0 24.0 2S.0 

SmA""IOUT""200mA 24V""VIN""3SV 23V""VIN",,3SV 28V""VIN""38V 27V""VIN",38V 
19 21 19 21 22.8 2S.2 22.8 2S.2 

LINE mV 23V""VIN",,3SV 27V""VIN",38V 
REGULATION 

10 60 10 100 10 40 10 100 

TJ=2S°C' 24V""VIN",,3SV 30V""VIN",36V 30V",VIN",,38V 
lS 30 S SO S 30 S SO 

LOAD mV 
REGULATION 

TJ=2SoC 
30 200 30 400 30 240 480 SmA""IOUT",SOOmA 30 

SmA""IOUT",,200mA 10 100 10 200 10 120 10 240 

ICC mA 4.9 6.0 4.9 6.S S 6.0 S 7 

TJ =2SoC 
24V""VIN""3SV 23V""VIN""3SV 28V""VIN",38V 27V""VIN ",,38V 

0.8 0.8 0.8 0.8 

SmA""IOUT",200mA O.S O.S O.S O.S 

OUTPUT NOISE /LV 
VOLTAGE 

TA=2SoC 
110 110 170 170 10Hz",,!"" 

100kHz 

VOLTAGE mV 80 80 96 96 
DRIFT 

RIPPLE dB 24V""VIN ",,34V 28V""VIN",,38V 
REJECTION 

!=120Hz S3 70 S3 70 SO 70 SO 70 

DROPOUT V 
VOLTAGE 2.0 2.0 2.0 2.0 

TJ=2SoC 

105 mA 

TJ=25°C 240 240 240 240 
VIN =3SV 

PEAK OUTPUT mA 
CURRENT 

TJ =2SoC 700 700 700 700 

VOUT mvrc 

OUTPUT 
TEMPERATURE 

DRIFT -1.1 -1.1 -1.2 -1.2 
IOUT=SmA 
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TYPICAL CURVES (CONT'D) 
QUIESCENT CURRENT 

AS A FUNCTION OF 
TEMPERATURE 

VIN1"1OV I 
"OUT-IV 
lour-ZOO",A 

I ~ 
II ~ 

Z6 50 1S 1DO 

AMlUENT TEMl"ERA'rUR( - C 

SCHEMATIC DIAGRAM 

--

~ 

r-____ ~--------------_1~--------------~----------~----~------_.----OINPUT 

0'2 

R5 
3.3kll 

R6 
2,7kn 

0, 

R, 
'kll 

R7 
soon 

R,O 
6kll 

RS 
100n 

C, 
30 pF 

Rg 
loon 

R'6 
6kll 

II!IIIIIII:I 

a" 

R13 
10kQ 

R12 
2401l 

R20 
O.2Skll 

R,g 
Skll 

R" 
O.lfl 

2 
OUTPUT 

·3 
COMMON 

" 9 
C c: 
C 

--
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TYPICAL CURVES (CONT'D) 
MAXIMUM AVERAGE POWER 

DISSIPATION AS A FUNCTION 01' 
AMBIENT TEMPERAMENT 

(T0-220, 78MOOC) 

144 

INllNITE HEAT liNK 

1>0... ~,1 
~ I" 01:'5 ...... 

~~~/~~ ~~ ~ 

~ \ , , \ 
\ 

, 1\ 

RIPPLE REJECTION 
AS A FUNCTION OF FREQUENCY 

V1N -lJVlol8V 

iO~TT::O 1M ++-H---l---l-+1+-+-++++-
TJ -we 

',L.~~~~-LU-~~~~~~~lc= 

LOAD TRANSIENT 
RESPONSE 

"l 0 (" I VOUl' ~v 

lOA~CURlleNT 

-1 r- j +-
_I 

OUTPUT VOllAG~ 

V ! 
j j i 

r 
I 
I 

;-

, 

· 
, 

· 

DROPOUT VOLTAGE 
AS A FUNCTION OF 

JUNCTION TEMPERATURE 

r-.. 1'00. 'oJ.J •• -r-.. J~ ----~ ~ ~ ..... 
IOUr.2tJ~ 

i"'-o.. I:"'-
..... 
~ 

r--. '00:".1 r-
I'"'-r--

DR04'OOT CONDITIONS AViT-1OF]UT 
-75 a 25 ,50 7S 100 

OUTPUT VOLTAGE 
AS A FUNCTION OF 

JUNCTION TEMPERATURE 

78M12 V1t"19J 
6 t-VOUT& 12\1 

10 T-SmA , 

· 
, 

· 

t.... 
1'. 

I ..... 

1" 

a 25 SO 75 100 

JUNCTION TEMPERATURE _·c 

LINE TRANSIENT 
RESPONSE 

1 1 

!NPUTvatTAGE 

.(gOBlies 

r-... 

PEAK OUTPUT CURRENT 
AS A FUNCTION OF INPUT/OUTPUT 

DIFFERENTIAL VOLTAGE 

",",t-.. 

1. b :..... ~. 
~ L"5~~~< 
p-. ~e ~ 

1:":5 I::S-. ,Joe e ""~ I' 
r~~ ~ '" ~ l""il I!I.. i" 
~ I"'" ~ ~ 
~ I""l I:::!.. 

INPUT -OUTPUT DIfFERENTIAL _ V 

DROPOUT CHARACTERISTICS 

Vour· SY 7.l06 
" -2S'C 

IOUT.40~ 
IOUT·~ ~ t7 
// V- IOUr-tOOml\, 

II IJ 
II U 

j ,,'/ 

INPUT VOLTAGE _ VOLTS 

QUIESCENT CURRENT 
AS A FUNCTION 

OF INPUT VOLTAGE 

Vour· sv -I, -20mA 

" • 25°C 

IL 
L 

78MQ5 

V 
IL 



APPLICATIONS 
POSITIVE AND NEGATIVE REGULATOR 

+OUTPUT 

0.1 pF 

0.1 pF 

-OUTPUT 

NEGATIVE OUTPUT VOLTAGE CIRCUIT 

~II 
ADJUSTABLE OUTPUT REGULATOR, 7 TO 30 VOLTS 

INPUT OUTPUT 

O.33/J. F 0.1 !J.F 

10Kn 

lK!2 

HIGH CURRENT VOLTAGE REGULATOR 

INPUT 2N3789 
o---~-----~ r------------------------~ 

6" OUTPUT 

.9 
R1 ~ !REG 

f3Q1"'~ 
IREG 
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APPLICATIONS (CONT'D) 
TEST CIRCUITS 

NOTES: 

1--..... --------0 VOUT 

n--_ VOUT 

~~~~--~-o.J L- --ov 
T~30IoIS 

o-~--~~~--+-----------o 

LOAD REGULATION TEST CIRCUIT 

INPUT OUTPUT 

L_O"_33_"_F_++ ___ .-4 __ r· 
.. To specify an output voltage, substitute voltage value for "XX". 

+ Although no output capacitor is needed for stability, it does improve transient response. 
+ + Required if regulator is located an appreciable distance from power supply filter. 

CIRCUIT FOR INCREASING OUTPUT VOLTAGE 

+VIN 

1 Vxx 

Vo 

R, 

R2 

-=-
Vo ~ Vxx (1 + R2 ) + IOR2 

RI 

CURRENT REGULATOR 

INPUT 

R, 

OUTPUT 

Output Current =' 
VOUT 

Fi1 

146 

DC PARAMETER TEST CIRCUIT 

INPUT RSC 2N4398 
o---~-----+-J~~~~ r-----------

6n 

±TRACKING VOLTAGE REGULATOR 

-VIN 2N6124 

4.7Jdl 

4.7kS1 



FEATURES 
• OUTPUT CURRENTS IN EXCESS OF 1 

amp 
• INTERNAL THERMAL OVERLOAD PRO­

TECTION 
• INTERNAL CURRENT LIMITING 
• NO EXTERNAL COMPONENTS RE­

QUIRED 

EQUIVALENT CIRCUIT 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage 35V 
Power Dissipation Internally Limited 
Operating Junction 

Temperature Range 
LM109 -55°C to 150°C 
LM309 O°C to 125°C 

Storage Temperature 
Range -65°C to 150°C 

Lead Temperature 
(Soldering, 10 sec) 300°C 

a" 
R13 

2kn 

R,. 

O.3!! 

OUTPUT 

a" 
o. 
6.3V 

L-__ ~ __ ~ ____ -+ ______ ~ ____ ~ ______ ~ __ ~~ ____ ~-oGNO 

DB PACKAGE 

0, 'NPUT 

GROUND 0 0 OUTPUT 

ORDER PART NOS. LM109D8/LM209DB ILM309DB 

DA PACKAGE 

~ o 0 
(j) 

OUTPUT 

CASE IS CONNECTED TO GROUND 

ORDER PART NO. LM109DA/LM2090A/LM309DA 
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ELECTRICAL CHARACTERISTICS (Note 1) 

PARAMETER CONDITIONS 

MIN 

Output Voltage Tj =, 25°C 4.7 
Line Regulation Tj = 25°C 

7V,;VIN",25V 
Load Regulation Tj = 25°C 

TO-5 5mA",IOUT",0.5A 
TO-3 5mA",IOUT",1.5A 

Output Voltage SV",VIN",20V 
5mA",IOUT",lmax 
P<Pmax 4.6 

Quiescent Current 7V",VIN",25V 
Quiescent Current Change BV,,,;VIN,,,25V 

EimA",IOUT",lmax 
Output Noise Voltage TA = 25°C 

1 OHz",t",1 00 kHz 
Long Term Stability 
Thermal Resistance 

Junction to Case (Note 2) 
TO-5 
TO-3 

NOTES: 
1. Unless otherwise specified, these specifications apply for -55°C,;.;;: Tj =E; 150°C for the LM109 or 

O'C.sTj .;125"C for the LM309.VIN ~ 10Vand lOUT ~ O.1A for the TO-5 package or lOUT ~ 
O.SA for the TO-3 pacakge. For the TO-5 package, Imax = O.2A and Pmax = 2.0W. For the 

TO-3 package, 'max = 1.0A and Pmax = 20W. 

2. Without a heat sink, the thermal resistance of the TO·,S package is about 150°C/W, while that of 
the TO-3 package is approximately 35°C/W. With a ~eat sink, the effective thermal resistance 
can only approach the values specified, dependin~1 on the efficiency of the sink. 

TYPICAL APPLICATIONS 

LM109 

TYP MAX 

5.05 5.3 

4 50 

20 50 
50 100 

5.4 
5.2 10 

0.5 
O.S 

40 
10 

15 
3 

FIXED 5V REGULATOR ADJUSTABLE OUTPUT REGULATOR 

OUTPUT 

NOTES: 
*Required if regulator is located an appreciable djs~tance from 

power supply filter. 
tAlthough no output capacitor is needed for stability, it does 

improve transient response. 

PRECISION VOLTAGE, REGULATOR 

NOTES: 
*Regulation beUer than 0.01 % load, line and temperature, can 

be obtained. 
t Determines zener current. May be adjusted to minimize ther­

mal drift. 
:\:Sol1d tantalum. 
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INPUT OUTPUT 

&mnOliCli 

LM309 

MIN TYP MAX 
UNITS 

4.8 5.05 5.2 V 

4 50 mV 

20 50 mV 
50 100 mV 

4.75 5.25 V 
5.2 10 mA 

0.5 mA 
0.8 mA 

40 /LV 
20 mV 

15 °C/W 
3 °C/W 

CURRENT REGULATOR 

INPUT 

R,· 

NOTES: 
*Determines output current. 



TYPICAL CHARACTERISTIC CURVES 

50 

20 

;: 

I 10 
Z 
o 
;:: 
:: 5 

ill o 
~ 

;: 2 

1< 

MAXIMUM AVERAGE 
POWER DISSIPATION 
LM109/LM209 (TO-3) 

-- t- --~ 
-- --

INFINITE HEAT SINK 

~~}ELO ~ 
I1£:4r Sf"'k Be __ "'---- O~lS 

-"'0 'IE "- \ 
~~ --- --

\ 

~ 

'==--_ r--.... \ 
0.5 

25 

0 

--

50 75 100 125 

AMBIENT TEMPERATURE ~ "C 

MAXIMUM AVERAGE 
POWER DISSIPATION 

LM309 (T0-5) 

150 

r--- --. ---

o. 

~---

INFINITE HEAT SINK 

~o.11 \ o liE..tj}' 

~",I T':~20' 

1 
25 

~rSltvl{ \ 
I'\. 

i"-. 

l\ 1\ 
50 75 100 11.5 

AMBIENT TEMPERATURE -' C 

PEAK OUTPUT CURRENT 
DB PACKAGE (TO-5) 

r--

150 

Your '" 4.5V 

10 15 

INPUT VOLTAGE - . V 

50 

MAXIMUM AVERAGE 
POWER DISSIPATION 

LM309 (TO-3) 

f---- t- --

INFINITE HEAT SINK 
20 

Ii 
10 

... ~ 
;:: 
~ 

'" 5 ::l 
o 
~ 
w 

~f~ I-tE~r 
r---i- _S/~ 
Mr _ S/IIII( 

~- --

\ 2 2 

0.5 
25 

------~ \\ 
50 75 100 125 

AMBIENT TEMPERATURE _ °c 

OUTPUT IMPEDANCE 

10' V 1N =10V. 

TA =25"C 

r--
/. 

/ ./ 

~ 
/ 

'l '" 20mA 

~--= 'L = SOOmA 

150 

10~2 
10 100 " 

10k lOOk 1M 

FREQUENCY -- Hz 

RIPPLE REJECTION 

100 

80 

50 

40 

20 
10 100 lk 10k lOOk ". 

FREQUENCY - Hz 

Ii!lDolma 

10 

" I 
~ 
;:: 

MAXIMUM AVERAGE 
POWER DISSIPATION 
LM109/LM209 (TO-5) 

INFINITE HEAT SINK 

r--. 

.-

~t,1 ~ LO" r--r--. ~- J~S/~ 
:: ill 1.0 

o 
a: 

~ 

o. 1 
25 

"" 

r---::~.r s ---,: 20, 

...!..."'k "'""" 

"-~ 

\ 
50 75 100 125 

AMBIENT TEMPERATURE "c 

PEAK OUTPUT CURRENT 
DA PACKAGE (TO-3) 

~ 
K 

150 

~ a 2 H~-kc--+----+---+-----=""'~---l 

"" ~ 
~ 
15 

INPUT VOLTAGE - V 

DROPOUT VOLTAGE 

2.' ,--r--r-,---r--r-r---r---,--, 
/:; VOUT ..;: l00mV 

2.0 I--t-+=,......dc---+ 

1.0 I--t-==t'-k'--+-+""'~ 

0.51---+-+-t--+-+-t--+=",..~ 

n'='~_5~0-_~2~.-L-~2'~~5LO~7~'-1~OO~~12L,~,,0 

JUNCTION TEMPERATURE - C 
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TYPICAL CHARACTERISTIC CURVES (CONT'D) 
DROPOUT VOLTAGE 

... 
> 
1 2.0 

~ .. 
! 1.& a: 
~ 
is 

~1.0 
~ 
i 0.& 

0 
0 21 10 75 100 125 

JUNCTION TEMPERATURE _ ·C 

OUTPUT VOLTAGE 

5. 1 
VIN • lOY 

IL .2OmA 

................. 
......... 

....... "". 
> 
1 5.0 

w 

i 
L .. 
& 

"'0 21 10 100 , .. 
JUNCTION TEMPERATURE - ·C 

QUIESCENT CURRENT 

'L- I A 

I ... 
T .~e 

I -"'" 
~ ~ F-

:qle 
Tj' I 

h Tj .1..0 .9" --,.-~ l"- I. 
Ti _1&ere 

21 

...-r- I .... 10 ,. 20 

INPUT VOLTAGE - V 

150 

DROPOUT CHARACTERISTIC 

1.5 .----"--"T"""--'----'---"'---' 

1 

1 0.0 10 

INPUT VOLTAGE - V 

TO-3 
IL ·,A 

OUTPUT NOISE VOLTAGE 

Tj • moe 
CL • 0 

"'-

100 ,. 
FREQUENCV - Hz 

10k 

LM1091LM2091LM309 

OUTPUT VOLTAGE 

5.1 
VIN .. lOY 

IL '" 20mA , 
"'-

\ 
\ 

... 
-76 -60 -25 26 60 75 100 126 150 

JUNCTION TEMPERATURE _ ·C 

QUIESCENT CURRENT 

VIN ·,OV 

I ... 
~ ~ r:::: ~ / '0 

/ i' 
l.~ 

I '411l~ 
o.:~ 

~ 
~ 
~ 

4 .• 
-'76 -60 -25 0 25 50 75 100 126 160 

JUNCTION TEMPERATURE - ·C 



FEATURES 
• OUTPUT CURRENT IN EXCESS OF 1A 
• INTERNAL THERMAL OVERLOAD PRO­

TECTION 
• NO EXTERNAL COMPONENTS RE· 

QUIRED 
• OUTPUT TRANSISTOR SAFE AREA 

PROTECTION 
• INTERNAL SHORT CIRCUIT CURRENT 

LIMIT 
• AVAILABLE IN PLASTIC To-220 AND 

METAL To-3 PACKAGES 

EQUIVALENT SCHEMATIC 

Rt 
30k 

NOTE, ALL RESISTOR VALUES ARE IN OHMS. 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage 

(VO = 5V through 18V) 
(VO = 24V) 

Internal Power 
Dissipation (Note 1) 

Operating Temperature 
Range 

Maximum Junction 
Temperature 

35V 
40V 

Internally Limited 

o·e to 70·e 

150·e 
1500e 

T0-3 Package 
TO-220 Package 

Storage Temperature 
Range -65·e to + 150·e 

Lead Temperature 
TO-3 Package 

(Soldering, 10 sec) 
TO-220 Package 

(Soldering, 10 sec) 

NOTE: 

3000e 

230·e 

1. Thermal resistance without a heat sink for junction to case 
temperature is 4°C/W lor the TO·3 package and 6°C/W lor 
the T0-220 package. Thermal resistance for case to am­
bient temperature is 35°C/W for the T0-3 package and 
50"C/W for the TO·220 package. 

RI5 
2k 

Ot6 

RI6 
.3 

RI7 

RIB 
2.41< 

GND 3 

INPUT 

OUTPUT 

TYPICAL CIRCUIT 

PIN CONFIGURATION 

U PACKAGE 
To-220 

~"~". ~JL a,~"' 
........... Input 

ORDER NUMBERS: 
LM340U5 LM340U15 
LM340U6 LM340U18 
LM340U8 LM340U24 
LM340U12 

DA PACKAGE 
T0-3 

outPutA~ Ground 

Inpu~J 
ORDER NUMBERS: 

LM340DA5 LM340DA15 
LM340DA6 LM340DA18 
LM340DA8 LM340DA24 

VOLTAGE RANGE 
LM340-5 5V LM340-15 
LM340-6 6V LM340-18 
LM340-8 8V LM340-24 
LM340-12 12V 

15V 
18V 
24V 
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ELECTRICAL CHARACTERISTICS lOUT = 500mA, O°C:$ TA:$ 70°C (Unless Otherwise Noted) 

TEST LM340-5 LM340-6 LM340-8 
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

VOUT TJ=25°C VIN=10V VIN=IIV VIN=14V V 
4.8 5 5.2 5.75 6 6.25 7.7 8 8.3 

PD=.;;15W 7V,;;VIN.;;20V 8V';;VIN.;;21V 10.5V,;;VIN.;;23V 
5mA.;;IOUT.;;1.0A 4.75 5.25 5.7 6.3 7.6 8.4 

LINE TJ =25°C 7V,;;VIN.;;25V 8V,;;VIN.;;25V 10.5V,;;VIN.;;25V mV 
REGULATION IOUT=100mA 50 60 80 

IOUT=500mA 100 120 160 

LOAD T~ =25°C : mV 

REGULATION 5mA.;;IOUT.;;1.5A 100 120 160 

ICC TJ =25°C 4.2 10 4.2 10 4.2 10 mA 
7V,;;VIN.;;25V 8V,;;VIN.;;25V 1 0.5V';;VIN .;;25V 

1.3 1.3 1 
5mA.;;IOUT.;;1.5A .5 .5 .5 

OUTPUT NOISE TA =25°C 
VOLTAGE 1 OHz.;;f.;; 100kHz 40 45 52 /LV 

VOLTAGE DRIFT mV/1000 Hrs. 20 24 32 mV 

RIPPLE IOUT=20mA 
60 57 55 dB 

REJECTION f=120Hz 

DROPOUT TJ=25°C 
2 2 2 V 

VOLTAGE IOUT=1.0A 

TEST LM340-12 LM340-15 LM340-18 LM340-24 
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

VOUT TJ =25°C VIN=19V VIN=23V VIN=27V VIN=33V V 
11.5 12 12.5 14.4 15 15.6 17.3 18 18.7 23 24 25 

PD=.;;15W 14.5V,;;VIN.;;27V 17.5V';;VIN .;;30V 21 V,;;VIN.;;33V 27V,;;VIN.;;38V 
5mA.;;IOUT';; 1.0)\ 11.4 12.6 14.25 15.75 17.1 18.9 22.8 25.2 

LINE TJ =25°C 14.5V,;;Vlf>I.;;30V 17.5V,;;VIN.;;30V 21V,;;VIN.;;33V 27V,;;VIN.;;38V mV 
REGULATION IOUT=100mA 120 150 180 240 

IOUT=500mA 240 300 360 480 

LOAD TJ =25°C 240 300 360 480 mV 
REGULATION 5mA.;;IOUT.;;1.5A 

ICC TJ =25°C 4.2 10 4.2 10 4.2 10 4.2 10 mA 
14.5V,;;VIN.;;30V 17.5V,;;VIN.;;30V 21V,;;VIN.;;33V 27V,;;VIN.;;38V 

1 1 1 1 
5mA.;;IOUT.;;1.5,&, 

.4 .5 .5 .5 

OUTPUT NOISE TA =25°C 
VOLTAGE 1 OHz.;;f.;;1OOkHz 75 90 110 170 /.LV 

VOLTAGE DRIFT mV/1000 Hrs. 48 60 72 96 mV 

RIPPLE IOUT=20mA 52 50 48 44 dB 
REJECTION f=120Hz 

DROPOUT TJ =25°C 2 2 2 2 V 
VOLTAGE IOUT=1.0A 
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TYPICAL PERFORMANCE CHARACTERISTICS 

~ 

~ 

RIPPLE REJECTION 

~~~~~--rttH~-4-+~~-+44+H~ V 1N ,,"10V 

6V1N = 3Vp.p 

Your = 5V +-++++Hfff----l-+++IIHIJf-+-If-H-HIH 
lOUT - 500mA 
TJ r 25'':: 

'OOk 
·,".~~~~,"'oo-.L..J...u.J.W,.Lk-L...1..u.JJ.JJ.,Ok'--'-L..Lu..u1U 

FREQUENCY 1Hz) 

OUTPUT VOLTAGE 
(NORMALIZED TO 1V AT 25°C TJ) 

1.01 • VIN - VOUT - 5V 

'OUT'" lOrnA 

'.005 

V I---~ 

5,·00 
> • 

/ 
/' ~ 

~ 
o 

.99 5 

RIPPLE REJECTION 

"~--~-----l----4----+---~ • 

• ~~----~----t-----+-----+-----4 

• 
PART = VIN • 

40 LM340·05 lOV 
lM340·0611V 
lM340-0814V 
LM340-lZ 19V 
LM340·1523V 
LM340·1827V 
lM340·2433V 

30 • ,. 15 2 • 25 

OUTPUT VOLTAGE (VI 

QUIESCENT CURRENT 
AS A FUNCTION OF INPUT VOLTAGE 

VOUT "" 5V 
r-IL ;: 20rnA 

TJ ""25 C 

5 .• 

-I----,--

4 .• 
/ 

3. .... 
• 25 50 75 '00 125 '50 5 

,. 15 2. 25 30 35 

· TO·220 • 

• 
5 

2 

, 

5 

3 · . 

JUNCTION TEMPERATURE fOCI 

MAXIMUM AVERAGE 
POWER DISSIPATION 

IN"*_ 
WITH lO"C/W HEAT SINK 

- ~E~-

15 30 45 60 75 

AMBIENT TEMPERATURE reI 

INPUT VOLTAGE (V) 

PEAK OUTPUT CURRENT 

2.5 

'.5 

.5 

• • 2. 
INPUT-oUTPUT DIFFERENTIAL IV) 

BlJlon. 

DROPOUT VOLTAGE 

2.5.-----,r--....,.---r--~--~-__, 

'OUT '" OA 

.5~----l---+--+--4---+----4 

·.~-~25~-~50~-~7~5--'~OO~--'~25--~'50· 
JUNCTION TEMPERATURE lOCI 

QUIESCENT CURRENT 
AS A FUNCTION OF TEMPERATURE 

4.' 

tiN ),.v I 
~VOUT"'5V 

lOUT'" 500mA 

4.4 

4.2 
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/ 
I 

3.' 

36 
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JUNCTION TEMPERATURE - C 

MAXIMUM AVERAGE 
POWER DISSIPATION 

3. 
TO·3 

20 

INFINITE HEAT SINK 

,. 
f.o--WITH 10Q CIW HEAT SINK 

NO HEAT SINK --t---

.5 

.3. 
15 30 45 so 75 

AMBIENT TEMPERATURE (UC) 
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TYPICAL PERFORMANCE 
CHARACTERISTICS 

! , 
I 

OUTPUT IMPEDANCE 

10 
VIN-1OV 

VOUT" 5V 

'OUT" 500mA 
TAx25"C 

g 
u 

~ 1 

COUT-O~h ~ 

s /.-' 
~ /1 5 

/ COUT " l/JF 

.1 
TANTALg~ 

== 
V 

.01 
10 100 1k 10k lOOk 1M 

FREQUENCY (Hz) 

FIXED OUTPUT REGULATOR 

*REQUIREO IF THE REGULATOR IS LOCATED FAB 
fROM THE POWER SUPPLY FILTER. 

.. ALTHOUGH NO OUTPUT CAPACITOR IS NEEDED 
FOR STABILITY, IT DOES HELP TRANSIENT RE­
SPONSE. tI F NEEDED USE O.l~F, CERAMIC. DISC.) 

HIGH CURRENT VOLTAGE REGUL.ATOR 

INPUT o--r---'\' 

·saLlD T ANT ALUM 

r-;:::====:-r--< 5V. lOA ~ • OUTPUT 

TA ~ 25°C 

@VIN 10V, OA<IL <lOA 

LOAD REGULATION ~ 2mV 
@IL ~ lOA, 9V<VIN <12V 

LINE REGULATION ~~ 20mV 

154 

TYPICAL APPLICATIONS 

I 

C2' .l.. 
0.22.F T 

ELECTRONIC SHUTDOWN CIRCUIT 

It ON ---, _ __ lOGIC 
I ~ INPUT o--'W\--C 
Ivo 

VOUT 
15V AT 1 AMP 

'REQUIRED IF THE REGULATOR IS LOCATED FAR FROM THE POWER SUPPLY FILTER. 
"HEAT SINK Ql AND THE LM340. 

IADJUSTABLE OUTPUT REGULATOR 

OUTPUT 

VOUT ~ 5V + (16.7mA + 10lR2 
t.10 ~ 1.5mA OVER LINE AND LOAD CHANGES 

CURRENT REGULATOR 

INPUT 

V2-3 
lOUT ~R1 + 10 

~-----'--o OUTPUT 

'OUT 

t.10 ~ 1.SmA OVER LINE AND LOAD CHANGES 

15V AMP REGULATOR WITH SHORT CIRCUIT CURRENT LIMIT 

., 
~ ~ I--~:~ 

.2 
1 1 
_ I 4W 5 _ 

·SOLIO TANTALUM 

NOTES: 
1. CURRENT SHARING BETWEEN THE lM340 AND 01 ALLOWS THE EXTENS10N Of SHORT 

CIRCUIT CURRENT LIMIT, SAFE OPERATING AREA PROTECTION, AND (ASSUMING Q1'S 
HEAT SINK HAS FOUR OR MORE TIMES THE CAPACITY OF THE lM340 HEAT SINK) 
THERMAL SHUTDOWN PROTECTION. 

2. ISHORT CIRCUIT IS APPROXIMATELY 5.5 AMP. 

3. lOUT MAX AT VOUT " 15V IS APPROXIMATELY 9.5 AMP. 

III!1RDIU:B 



i • • I 

FEATURES 
• 100mA OUTPUT CURRENT PER SEC­

TION 
• EDGE-TRIGGERED (NO COUPLING 

CAPACITOR) 
• OUTPUT INDEPENDENT OF TRIGGER 

CONDITIONS 
• WIDE SUPPLY VOLTAGE RANGE 4.5V 

TO 16V 
• TIMER INTERVALS FROM MICRO­

SECONDS TO HOURS 

ELECTRICAL CHARACTERISTICS 

APPLICATIONS 
SEQUENTIAL TIMING 
TIME DELAY GENERATION 
PRECISION TIMING 
INDUSTRIAL CONTROLS 
QUAD ONE-SHOT 

TA = 25°C, VCC = +5V to +15V (Unless Otherwise Noted). 

PARAMETER TEST CONDITIONS 

Supply Voltage 
Supply Current VCC = 5V, RL = x 

VCC = 15V, RL = x 

Timing Accuracy R = 2k to 100k 
C = 1J.tF 

Initial Accuracy 
Drift With Temperature 
Drift With Supply Voltage 
Match Between Sections 

Trigger Voltage 
Trigger Current 

Logical "1" 
Logical "0" 

Threshold Voltage 
Threshold Leakage 
Output Voltage (553) IL = 10mA 

IL = 100mA 
Output Voltage (554) IL = 10mA Vce =15V 

IL = 100mA Vee = 15V 
Output Leakage 
Propagation Delay 
Risetime of Output IL = 100mA 
Falltime of Output IL = 100mA 

SE553-BA,F • NE553-BA,F • SE554-BA,F • NE534-BA,F 

PIN CONFIGURATION 
BA, F PACKAGE 

LIMITS 
UNIT 

MIN TYP MAX 

4.5 16 V 
18 27 mA 
22 32 mA 

1 4 % 
150 ppm;oC 

0.03 0.1 %/V 
0.2 0.5 % 

0.8 1.6 2.4 V 

10 100 nA 
50 100 J.tA 

0.63 xVCC 
10 100 nA 

0.1 0.2 V 
1.0 1.5 V 

13 14 V 
12.5 13.5 V 

10 100 nA 
1.0 J.ts 

100 ns 
100 ns 
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TYPICAL APPLICATIONS 

156 

MONOSTABLE OPERATION 
(ONE SHOT) 

ASTABLE OPERATiON 
(OSCILLATOR) 

TRIGGER 

VCC 

TRIGGER 

R 

OUTPUT 

VARIABLE FREQUENCY OSCILLATOR WITH FIXED DUTY CYCLE 

OUTPUT 

I~, RL 

T T 

VCC 

LONG-TIME DELAY 

R, RL 

T 

R, RL 

INCREASE l FREQUENCY 

T 

R2 

I C
, I C

, I C
, {:C2 

~UTPUT' 

TRIGGER"lJ 

OUTPUT 2 

I 
NOT USED 

TR 

OUTPUT 3 

OUTPUT ,rl .. ___________ _ 
OUTPUT 2 I~_-
OUTPUT 3 I 

TOE LAY • j.- T OUTPUT-l 

OUTPUT· __________ ....JI L 
T DELAY = 3IR,C,i 

TOUT = R2C2 

RL 

OUTPUT 

OUTPUT. 



TYPICAL APPLICATIONS (CONT'D) 

TRIGGER 

TRIGGER 

TWO HOUR TIMER 

VCCo-~--~r-----------~---,r-----------~---,~----------~---, 

R 

T 

R'" 10M 
C '" 180jJF 

T T 

TRIGGER-U 

~1'::::::::~T~4~IR~C~I~2~H~R~S~. ::::::~'I 
OUTPUTJ L 

SEQUENTIAL TIMER WITH 
VOLTAGE CONTROLLED CYCLE TIME 

(50:1 RANGE) 

R 

I 

VCCo-_.------~--------_.------~--------~------~--------~------, 

OUTPUT 

I-------~~-o OUTPUT 4 

TRIGGER-U 

OUTPUT 2 

OUTPUT 3 

t--------AOJ. UP TO 50,1 RANGE • I 

OUTPUT4 _____________ r-:-L 
NOTE: t,. t 2_ t3. t4 REMAIN PROPORTIONAL OVER ENTIRE ADJ. RANGE. 
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FEATURES 
• TIMING FROM MICROSECONIDS 

THROUGH HOURS 
• OPERATES IN BOTH ASTABLE AND 

MONOSTABLE MODES 
• ADJUSTABLE DUTY CYCLE 
• HIGH CURRENT OUTPUT CAN SOUFICE 

OR SINK 200mA 
• OUTPUT CAN DRIVE TTL 
• TEMPERATURE STABILITY OF 0.005% 

PERoC 
• NORMALLY ON AND NORMALLY OFF 

OUTPUT 

APPLICATIONS 
PRECISION TIMING 
PULSE GENERATION 
SEQUENTIAL TIMING 
TIME DELAY GENERATION 
PULSE WIDTH MODULATION 
PULSE POSITION MODULATION 
MISSING PULSE DETECTOR 

EQUIVALENT CIRCUIT 

, o---+---+---It:' 
TRIGGER 

" .. 

158 
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PIN CONFIGURATION 
F PACKAGE 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage 

SE555 
NE555 

Power Dissipation 
Operating Temperature 

Range 
NE555 
SE555 

Storage Temperature 
Range 

Lead Temperature 
(Soldering. 60 seconds) 

'M , 

+18V 
+16V 

600 mW 

ooe to +70oe 
-55°C to +125°e 

-65°C to + 150°C 

+ 300°C 

SE555-F, T, V'NE555-F, T, V 

T PACKAGE 

RESE'T 

V PACKAGE 

GAOUNOo' Vee 
TRIGGER 2 1 DISCHARGE 

OUTPUT .3 6 THRESHOLD 

ReSET .. 5 CONTROL 

VUL T AGf 



ELECTRICAL CHARACTERISTICS TA = 25°C. VCC = +5V to +15 unless otherwise specified 

PARAMETER TEST CONDITIONS 
SE555 NE 555 

MIN TVP MAX MIN TVP MAX 
UNITS 

Supply VoltagE< 4.5 18 4.5 16 V 
Supply Current VCC=5V Rl = 00 3 5 3 6 mA 

VCC = 15V Rl = oc 10 12 10 15 mA 
low State. Note 1 

Timing Error (Monostable) RA = 2Kfl to 100 Kfl 
Initial Accuracy C = 0.1/LF Note 2 0.5 2 1 % 
Drift with Temperature 30 100 50 ppml"C 
Drift with Supply Voltage 0.05 0.2 0.1 %1V01t 

Timing Error (Astable) RA. RB = 2Kfl to 100 Kfl 
Initial Accuracy C = 0.1/LF Note 2 
Drift with Temperature 1.5 2.25 % 
Drift with Supply 90 150 ppm/DC 

Voltage 0.15 0.3 %lVolt 
Threshold Voltage 2/3 2/3 XVCC 
Trigger Voltage VCC = 15V 4.8 5 5.2 5 V 

VCC = 5V 1.45 1.67 1.9 1.67 V 
Trigger Current 2.0 2.0 !LA 
Reset Voltage (Note 4) 0.4 0.7 1.0 0.4 0.7 1.0 V 
Reset Current 0.1 0.1 mA 
Threshold Current Note 3 0.1 .25 0.1 .25 /LA 
Control Voltage level VCC = 15V 9.6 10 10.4 9 10 11 V 

VCC = 5V 2.9 3.33 3.8 2.6 3.33 4 V 
Output Voltage (low) VCC = 15V 

ISINK = 10mA 0.1 0.15 0.1 .25 V 
ISINK = 50mA 0.4 0.5 0.4 .75 V 
ISINK = 100mA 2.0 2.2 2.0 2.5 V· 
ISINK = 200mA 2.5 2.5 
VCC = 5V 
ISINK = 8mA 0.1 0.25 V 
ISINK = 5mA .25 .35 

Output Voltage (High) 
12.5 ISOURCE = 200mA 12.5 

VCC = 15V 
ISOURCE = 100mA 
VCC = 15V 13.0 13.3 12.75 13.3 V 
VCC = 5V 3.0 3.3 2.75 3.3 V 

Rise Time of Output 100 100 nsec 
Fall Time of Output 100 100 nsec 
Discharge leakage Current 20 100 20 100 NA 

NOTES 
1. Supply Current when output high typically 1 mA less. 
2. Tested at vec ~ 5V and vce ~ 15V 

3. This will determine the maximum value of RA + RBF for 15V operation. tha max total R ~ 20 megohm. and for 5V operation, the max, total R ~ 6.8 megohm. 

4. Specified with trigger input high. 

. .... 159 



TYPICAL CHARACTERISTICS BLOCK DIAGRAM 
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TYPICAL CHARACTERISTICS (CONT'D) 
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FEATURES 
• TIMING FROM MICROSECONDS TO 

HOURS 
• REPLACES TWO 555 TIMERS 
• OPERATES IN BOTH ASTABLE, 

MONOSTABLE, TIME DELAY MODES· 
• HIGH OUTPUT CURRENT 
• ADJUSTABLE DUTY CYCLE 
• TTL COMPATIBLE 
• TEMPERATURE STABILITY OF 0.005% 

PERoC 

ABSOLUTE MAXIMUM RATIONS 
Supply Voltage 

SE556 +18V 
NE556 +16V 

Power Dissipation 600mW 
Operating Temperature 

APPLICATIONS 
PRECISION TIMING 
SEQUENTIAL TIMING 
PULSE SHAPING 
PULSE GENERATOR 
MISSING PULSE DETECTOR 
TONE BURST GENERATOR 
PULSE WIDTH MODULATION 
TIME DELAY GENERATOR 
FREQUENCY DIVISION 
INDUSTRIAL CONTROLS 
PULSE POSITION MODULATION 
APPLIANCE TIMING 
TRAFFIC LIGHT CONTROL 
TOUCH TONE ENCODER 

PIN CONFIGURATION 
A PACKAGE 

Discharge 

ContrOl Voltage 

Trigg.,.. Output 

Range 
NE556 
SE556 
SE556C 

_55~~~~O+~~g:g BLOCK DIAGRAM 

Storage Temperature 
Range 

Lead Temperature 
(Soldering, 60 sec) 

162 

-55°C to +1:!5°C 

-65°C to + 1 SOOC 

+300°C 

DISCHARGE 1--------, 

THRESHOLD 

CONTROL VOLTAGE 

RESET H'-----. 

OUTPUT H-.......J 

TRIGGER 

Vee 

r---------i DISCHARGE 

THRESHOLD 

CONTROL VOLTAGE 

'-----~ OUTPUT 

TRIGGER 

GROUND '--_______ '--______ ---.J 

EQUIVALENT CIRCUIT (SHOWN FOR ONE CIRCUIT ONLY) 



ELECTRICAL CHARACTERISTICS TA = 25°C. VCC = +5V to +15 unless otherwise specified 

PARAMETER TEST CONDITIONS 
SE556 NE556 

MIN TYP MAX MIN TYP 

Supply Voltage 
VCC=5V RL = 00 

4.5 18 4.5 
Supply Current 6 10 6 

VCC= 15V RL = 00 20 24 20 
Low State. Note 1 

Timing Error (Monostable) RA=2KO to 100KO 
Initial Accuracy C =0.1 /LF Note 2 0.5 1.5 0.75 
Drift with Temperature 30 100 50 
Drift with Supply 
Voltage 0.05 0.2 0.1 

Timing Error (Astable) RA.RB=2KOt0100KO 
Initial Accuracy C= 0.1/LF Note 2 1.5 2.25 
Drift with Temperature 90 150 
Drift with Supply 

Voltage 0.15 0.3 
Threshold Voltage 213 213 
Threshold Current Note 3 30 250 30 
Trigger Voltage VCC= 15V 4.8 5 5.2 5 

VCC= 5V 1.45 1.67 1.9 1.67 
Trigger Current 2.0 2.0 
Reset Voltage (Note 5) 0.4 0.7 1.0 0.4 0.7 
Reset Current 0.1 0.1 
Control Voltage Level VCC = 15V 9.6 10 10.4 9.0 10 

VCC = 5V 2.9 3.33 3.8 2.6 3.33 
Output Voltage (low) VCC = 15V 

ISINK = 10mA 0.1 0.15 0.1 
ISINK = 50 rnA 0.4 0.5 0.4 
ISINK = 100mA 2.0 2.25 2.0 
ISINK = 200mA 2.5 2.5 
VCC = 5V 
ISINK = 8mA 0.1 0.25 
ISINK = 5mA .25 

Output Voltage (high) 
ISOURCE = 200mA 12.5 12.5 
VCC = 15V 
ISOURCE = 100mA 
VCC = 15V 13.0 13.3 12.75 13.3 
VCC = 5V 3.0 3.3 2.75 3.3 

Rise Time of Output 100 100 
Fall Time of Output 100 100 
Discharge Leakage Current 20 100 20 
Matching Characteristics 

(Note 4) 
Initial Timing Accuracy 0.05 0.1 0.1 
Timing Drift with 

Temperature ±10 ±10 
Drift with Supply 

Voltage 0.1 0.2 0.2 

NOTES: 
1. Supply current when output is high is typically 1.0ma less. 
2. Tested at vee ~ sv and vee ~ 1SV. 
3. This will determine the maximum value of RA + AS for 15Voperation, the maximum total A = 20 meg·ohms, and for 5Voperation, the max. total R = 6.8 meg~hm. 

4. Matching characteristics refer to the difference between performance characteristics of each timer section. 
5. Specified with trigger jnput high. 

MAX 

16 
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30 
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11 
4 
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.35 
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0.2 

0.5 

UNITS 

V 
rnA 
rnA 

% 
ppmrC 

%/Volt 

% 
ppmrC 

%/Volt 
X VCC 

nA 
V 
V 

/LA 
V 

rnA 
V 
V 

V 
V 
V 

V 

V 
V 

nsec 
nsec 
nA 

% 

ppm/°C 

%/volt 
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TYPICAL CHARACTERISTICS 

= g , 
>-
15 

> , 
}l 

E 
~ , 
>-
" 0 

> 

164 

250 

225 

200 

175 

160 

125 

2.0 

1.8 

1 .• 

I.' 

1.2 

1.0 

0.8 

0 .• 

0.4 

0.' 

o 

MINIMUM PULSE WIDTH 
REQUIRED FOR TRIGGERING 

/ 
~v 

V V 
I--pt V k-- I--

V 
!:::;;;;;; v.~ 

~ 
....-:: J::::::== ~''l.'j C 

~P" 

01 0.2 0.3 

LOWEST VOLTAGE LEVEL OF TRIGGER PULSE - XVcc 

HIGH OUTPUT VOL T'AGE DROP 
vs OUTPUT SOURCE CURRENT 

0.4 

.l550 c 
V 

L 

1'5'C -~ ..... 
L 

1125"'C I--~ 
..... -

t- -l-

5V -;;: Vee';;; 15V 

1.0 2.0 5.0 10 20 50 100 

10 

1.0 

0.1 

p 

0.01 
1.0 

'SOURCE - InA 

LOW OUTPUT VOLTAGE 
vs OUTPUT SINK CURRENT 

Vee'" lOV 

-55"C -
"5'~~ ~ 

11I:+125Oc 

t2:i"C ~ 

+125'C~ ~ 
k:: ~~'c 

2.0 5.0 10 20 50 100 

'SINK - rnA 

. 
g , 

>­
" o 

> 

1 , 
>-
" 0 

> 

20 

I. 
12 

SUPPLY CURRENT 
vs SUPPLY VOLTAGE 

.1256 
'25I':d ~ 

~v 

~ ~ A 

~ 

~ ~ 

o 
50 

10 

1.0 

0.1 

0.01 
1.0 

10 

1.0 

10.0 

SUPPLY VOL lAGE-

LOW OUTPUT VOLTAGE 
vs OUTPUT 

SINK CURRENT 

Vee = sv 

~L -,,-
7 qh." III '" ,. ~ 

I " I [;' 

It/ 
V ~ 

2.0 5.0 10 20 50 

'SINK - mA 

LOW OUTPUT VOLTAGE 
vs OUTPUT SINK CURRENT 

Vee ~ 1SV 

-5;'C 

~ 

150 

100 

..,.... 
j 
~ 

L. 
~ t=:'" 

t25~ ~'c 
+125"C k::~ 

0.1 

po-

0.01 
1.0 10 100 

'SINK - rnA 



TYPICAL CHARACTERISTICS (CONT'D) 
DELAY TIME vs 

SUPPLY VOLTAGE 
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SES01-AIK· NE501-AIK 

FEATURES ABSOLUTE MAXIMUM RATINGS 
• ADJUSTABLE GAIN AND IMPED~~NCE Voltage Applied VG,H,E,C +8.0V 

CHARACTERISTICS Voltage Applied VB ±3.OV 
• UNITY GAIN FREQUENCY -150 MHz Voltage Applied VK,D +4.0V 
• NOISE FIGURE - 5.OdB 
• POWER DISSIPATION - 20mW 

Current Rating IF,J ±30mA 
Storage Temperature -65° to + 1500C 
Operating Temperature 

NE501 O°C to + 700C 

CIRCUIT SCHEMATIC 
SE501 -55°C to +125°C 

~----~-----~~------~-ov+ 
E 

B.4k 1.Sk 

INPUT t 0-~---1;'" 
D 

5.1k 

5.7k FEEDBACK 
ADJUST o-~------l--Wlo--i 

INPUT 2 Qe--------t 

GROUND O---------i 
A 

NOTE: 

tOOn 

Component values are typical. 

1.1k 

t--------t-oJ OUTPUT t 

1.1k BUFFER 
OUTPUT 

F 

t--------t-oHOUTPUT2 

1.7k 7<0Il 

'--------t--<lG OUTPUT 3 

ELECTRICAL CHARACTERISTICS 

PARAMETER TEST CONDITIONS 

Voltage Gain 1= 50 kHz; Notes 1, 2, 6 
Bandwidth (-3dB) Notes 1, 2, 6 
Unity Gain Frequency AVo = OdB; Notes 2, 6 
Voltage Gain Stability I = 50 kHz; T = O°C; Notes 2, 6 

I = 50 kHz; T = + 700C; Notes 2,6 
I = 50 kHz; T = -50°C; Notes 2, 6 
1= 50 kHz; T = +125°C; Notes 2, 6 

Output Voltage Notes 1, 2, 6, 9 
Input Impedance Notes 1, 6; I = 50 kHz; VJ = VK 
Output Impedance Notes 1, 2; I = 50 kHz; VD = AC ground 
Output Impedance Notes 1, 5; I = 50 kHz; VD = AC ground 
Power DiSSipation 
Power DiSSipation VK =, VJ 
Pulse Response 

Delay Time Notes 2,6,7 
Rise Time Notes 2,6,7 

Noise Figure I = 100 kHz; BW = 100 Hz; Zs = 5000 
Ic = 100 kHz, BW = 100 Hz; Zs = 5000 
VJ = VK 

MIN 

22.5 
11 

100 
-1.0 

0.71 
470 

(Notes: 3, 4. 5 8) Standard Conditions: VE = +6.0 V. VA = OV. VG = VB. T = +25"C (except as noted) 

NOTES: 

NE501 
TYP 

24 

150 

1.0 

12 
25 

12 
5.0 

CONFIGURATION 

FEEDBACK 
ADJUST 

MAX MIN 

26.5 23 
14 

100 

+0.6 
-1.0 

0.71 
1200 540 

18 
65 
24 
60 

15 
20 
8.0 

A PACKAGE 

K PACKAGE 
INPUT 1 

SE501 
TYP MAX 

24 26 

150 

+0.6 
.1.0 

1100 
12 18 
25 50 

21 
53 

15 
12 16 

5.0 7.0 

1. Variations in this parameter depend on optional alternate connections as indicated in accom- 6. Load Resistance = 6000, capacitlvely coupled. 

UNITS 

dB 
MHz 
MHz 
dB 
dB 
dB 
dB 

VRMS 
0 
0 
0 

mW 
mW 

ns 
ns 
dB 
dB 

panylng curves. 7. Delay time is defined as the time interval between the 50% points of eO and 8F. Rise time : 
2. Measured at Pin F, with Pins J and K connected. . 20% to 60% points of eF' Input Pulse Characteristics: Amplitude = 25mV; PW = tOO ns. 
3. Pins not specifically referenced are lell electrically open. All voltages are referenced to Pin A. 8. See Signetlcs SURE Program Bulletin No. 5001 for dBfinHion of Aoceptance test Sul>-Group, 

Letter subscripts denote pins on circuit schema~H~. Sub-Group A-7 is used for the electrical end points for Unear Products. 
:~ ~~:~~u~~~:n~~ is defined as into the terminal referenced. 9. Total harmonic distortion less than 5% at eo = 0.71 VRMS. 
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FEATURES 
• 120 MHz BANDWIDTH 
• ADJUSTABLE GAINS FROM 0 TO 400 
• ADJUSTABLE PASS BAND 
• NO FREQUENCY COMPENSATION RE­

QUIRED 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage ±8V 
Differential Input 

Voltage ±5V 
Common Mode 

Input Voltage ±6V 
Output Current 10mA 
Operating Temperature 

Range 
SE592K -55°e to +125°e 
NE592K ooe to+ 700 e 

Storage Temperature 
Range -65°e to + 1500 e 

TEST CIRCUITS (T A = 25°C unless otherwise specified) 

O.2.u F 

51n. 5111 51n 51.{l 1k lk 

EQUIVALENT CIRCUIT 

PIN CONFIGURATION 
A PACKAGE 

INPUT 2 1 

G 2B GAIN 12 G2A GAIN 

SELECT SELECT 

G lB GAIN • 11 G 1A GAIN 

SELECT SELECT 

OUTPUT 2 1 

NOTE: 

INPUT 2 

02B GAIN 

SELECT 

K PACKAGE 

G2A GAIN SELECT 

Pin 5 connected to case. 

8 OUTPUT 1 

OUTPUT 1 

Thermal Resistance (9 J-A I Junette" to Ambient for each 
package): 

A Package O.16°ClmW 
K Package O.145°ClmW 

Power Dissipation 500mW 

r-----~~------~--------~----~~--------~~------~----o+v 

2.4K 2.4K 10K 1.1K 1.1K 

7K 
t-----~~-------r~~--------t_------1-~~--~~----_t----OOU~UTI 

7K 
INPUT 1 

OUTPUT 2 

50 50 

600 600 1.4K 300 400 400 

L-----+-------~--------~~------------_+----~--_o-v 
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ELECTRICAL CHARACTERISTIC:S Standard Conditions (TA = +25°C, Vs = ±6V, VCM=O unless otherwise specified) 

PARAMETER TES1' CONDITIONS 

Differential Voltage Gain 
Gain 1 Note 1 

RL = 2KG, VOUT = 3V p-p 
Gain 2 Note 2 

Bandwidth 
Gain 1 Note 1 
Gain 2 Note 2 

Rise Time 
Gain 1 Note 1 

VOUT ,= 1V p-p 
Gain 2 Note 2 

Propagation Delay 
Note 1 Gain 1 
VOUT = 1V i-p 

Gain 2 Note 2 

Input Resistance 
Note 1 Gain 1 

Gain 2 Note 2 
Input Capacitance 
Input Offset Current 

Gain 2, Note 2 

Input Bias Current 
Input Noise Voltage BW'I kHz to 10 kHz 
Input Voltage Range 
Common Mode Rejection Ratio 

Gain 2 VCM ±1V,F < 100 kHz 
Gain 2 VCM ±1V,F = 5 MHz 

Supply Voltage Rejection Ratio 
IlVS = ±0.5V Gain 2 

Output Offset Voltage 
RL =: 00, Note 3 Gain 3 

Output Common Mode Voltage RL =, 00 

Output Voltage Swing RL =: 2K 
Output Resistance 
Power Supply Current RL =, 00 

Recommended Operating Supply Voltages (Vs = .::!:::6.0'l) 
NOTES: 
1. Gain select pins G1A and G1B connected together. 
2. Gain select pins G2A and G2B connected together. 
3. All gain select pins open. 

TYPICAL CHARACTERISTICS 

NE 592 

MIN TYP 

250 400 

80 100 

40 
90 

10.5 

4.5 

7.5 

6.0 

4.0 
10 30 

2.0 
0.4 
9.0 

12 

60 86 
60 

50 70 

0.35 
2.4 2.9 
3.0 4.0 

20 
18 

PHASE SHIFT AS A 
FUNCTION OF FREQUENCY 

PHASE SHIFT AS A 
FUNCTION OF FREQUENCY 

MAX 

600 

120 

12 

10 

5.0 
30 

±1.0 

0.75 
3.4 

24 

""- .. '"'~ ~ Vs" t6V 

.. 
~ 
~ 
0 ·10 

... 
~ ·1' 

~ 
·20 

".",. "" TA" 2S Q C 

"~ 
"-

'" ~ 
"" " "" 

-so ~ TA=2SoC 

~ y~ ~ 
, " 

\\ 
\\ 

\\ 
\\ 

-100 

-lSO 

-200 

-250 

-300 

-2' -3SO 
o 9 10 1 10 100 1000 

FREQUENCY - MHz FREQUENCY - MHz 
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MIN 

300 

90 

20 

60 

50 

2.4 
3.0 

60 

so 

40 

30 

20 

10 

SE 592 

TYP MAX 
UNITS 

400 500 

100 110 

40 MHz 
90 MHz 

10.5 ns 

4.5 10 ns 

7.5 ns 

6.0 10 ns 

4.0 KG 
30 KG 

2.0 pF 
0.4 3.0 /LA 
9.0 20 /LA 

12 /LVrms 
±1.0 V 

86 dB 
60 dB 

70 dB 

0.35 0.75 V 
2.9 3.4 V 
4.0 

20 G 
18 24 mA 

VOLTAGE GAIN AS ~ 
FUNCTION OF FREQUENCY 

Vs '" ±6V 
TA '" 25°C 

GAIN 1 
RL '" lK~! 

------. 
GAIN2 

'\. 

f\\ 
\\ 
\\ 
'\ 

10 100 1000 

FREQUENCY - MHz 



COMMON MODE REJECTION 
RATIO AS A FUNCTION OF FREQUENCY 

100 r-
GAIN2 

~ 90 

80 
o 
~ 70 

z 
o 
>= 

0 

~ 5 
0 

40 
o 
o 
'" 3 0 

Ii 
'" 20 

8 10 

o 
10k 

70 

60 

50 

40 

30 

20 

10 

o 

VS'"±6V 

i"-... 
TA = 25°C 

t-.. 
"-

1'1'-
t-.. 

lOOk 1M 10M 100M 

FREQUENCY - Hz 

DIFFERENTIAL OVERDRIVE 
RECOVERY TIME 

Vs = '6V 

TA =2S-C 

GAIN 2 

/V 

V 
V 

/V 

V 
./ 

o 20 40 60 80 100 120 140 160 180 200 

1.10 

1.08 

1.06 

1.04 

1.02 

1.00 

0.98 

0.96 

0.84 

0.92 

0.90 

DIFFERENTIAL INPUT VOLTAGE - mV 

VOLTAGE GAIN AS A 
FUNCTION OF 

TEMPERATURE 

... -
VS= t6V 

" '" -r--~ 
~ ........... 04/N, -

"'" 
.......... .......... 

~'1/4._ -

'" " o 10 20 30 40 50 60 70 

TEMPERATURE - °c 

> 

w 

" ~ 
0 
> 
>-
=> 

~ 
0 

m 
~ 

z 
<1 
" t! 
~ 
0 
> 
:il 
~ 
w 
~ 

~ 

'" 

OUTPUT VOLTAGE SWING 
AS A FUNCTION OF FREQUENCY 

1.6 

1.4 

1.2 

1.0 

0.8 

0.6 

0.4 

-0.2 

-0.4 

PULSE RESPONSE AS A 
FUNCTION OF 

SUPPLY VOLTAGE 

GAIN2 

I I. TA = 25°C 
_RL=lkll 

Vs = ±av 

/I Vs - ±6V 

~ Vs = ±3V 

'1 
jlt 
; 

-15 -10 -5 10 15 20 25 30 35 

60 

50 

40 

30 

20 

10 

-10 
1 

TIME - n5 

GAIN VS FREQUENCY 
AS A FUNCTION OF 

TEMPERATURE 

Vs = ±6V 

RL = lkIl 

GAIN2 

\ ~ 
~ TA =-55°C 

1 I II 
TA = 25°C 

T ~ "1'~5·C 
5 10 50 100 500 1000 

FREQUENCY - MHz 

> 

t! 
" ~ 
0 
> 
>-

~ 
=> 
0 

PULSE RESPONSE 

1.6 

Vs = ±6V 
1.4 TA " 2SoC 

RL = lK 

1.2 

1.0 

I / I-" 0.8 

¥1~ ~ ~ 
" Cff 
V 

0.6 

0.4 

0.2 

.JI 
-0.2 

-0.4 
-15 10 5 0 10 15 20 25 30 35 

1.6 

1.4 

1.2 

1.0 

0.8 

0.6 

0.4 

0.2 

-0.2 

-0.4 

1.4 

1.3 

1.2 

1.1 

1.0 

0.9 

0.8 

0.7 

0.6 

0.5 

0.4 

TlME-ns 

PULSE RESPONSE AS A 
FUNCTION OF 

TEMPERATURE 

I 
GAIN2 

I 
Vs = ±6V 

RL = lkl! 

TA"O'Ctn 

III 
TA = 25"C 

I 
rLTA 

70"C 

J 
J 

15 -10 -5 10 15 20 25 30 35 

-
L 

-

/' 

3 

TIME - ns 

VOLTAGE GAIN AS A 
FUNCTION OF 

SUPPLY VOLTAGE 

TA = 2SoC 

!.--"" 
L V" 

~ -r-r--
,,,~ ....... - /' 
~ /' 

J'.L -" Z 

SUPPLY VOLTAGE -tV 

169 

" 9 
c: c: c: 



TYPICAL CHARACTERISTICS (Cont'd) 

GAIN VS FREQUENCY VOLTAGE GAIN VOLTAGE GAIN 
AS A FUNCTION OF ADJUST CIRCUIT AS A FUNCTION OF 
SUPPLY VOLTAGE RADJ (FIGURE 3) 

1000 
60 

9~Ot=~r GAIN 2 Vs = :t6V 

----=- f = 100kHz 
TA =2S'C 

"{ ~ TA = 25°C 
SO RL = 7 ........ FIGURE 3 lOa 

2 592K "'-
40 

{4
6 ~r ~ 

6 10 
'\. 

30 

\~ 
20 

51n 51H Radj lkU lkil 

1,\ 
1 '\. 

10 Vs = !8V -=- ~ L-- ~ ~ 
Vs = !6V VS'" ±6V TA = 25°C 

1 '\. 
a 

-10 

Vs; 't3V 
.01 

1 S 10 so 100 500 1000 1 10 100 '" 10K I(J(JK IMil 

FREQUENCY - MHz RADJ - n 

SUPPLY CURRENT SUPPLY CURRENT OUTPUT VOLTAGE AND 
AS A FUNCTION AS A FUNCTION CURRENT SWING AS 

OF TEMPERATURE OF SUPPLY VOLTAGE A FUNCTION OF 
SUPPLY VOLTAGE 

21 2S 7.0 
Vs = !6V T A = 2S"C TA =25"C 

20 -I-- 6.0 ~ 

24 0 

19 
« / s.o 

V 
E 

~ 
V 

I 
20 

/ ",,,1/ V 
18 

... V I/V' t--. ! 
4.0 

~V "- r--.... [7 ./ "", 
17 I"--- 16 

3.0 

~ 
V c" .... 

> V ~ t 
161----· -- iil V 2.0 

~ 
I 12 

1S / 1.0 

14 8 
/ a 

-60 -20 20 60 100 140 3 4 S 6 7 8 3.0 4.0 s.o 60 7.0 80 

TEMPERATURE - C SUPPLY VOLTAGE - 'v SUPPLY VOLTAGE - !V 

OUTPUT VOLTAGE SWING INPUT RESISTANCT INPUT NOISE VOLTAGE 
AS A FUNCTION OF AS A FUNCTION OF AS A FUNCTION OF 
LOAD RESISTANCE TEMPERATURE SOURCE RESISTANCE 

7.0 70 100 

Vs'" ;6'1 GAIN; 
GAIN 2 

TA =25'C 
VS=±6V-

90 VS=±6V -

60 I-- .. f--- 60 TA =25"C 

> 1/ 
80 BW= 10MHz 

I s.o so 

V 70 

l' I ./ 
~ 

I 40 
60 

4.0 

V V 
~ ./ 

so J 

~ 3.0 30 

V 0 I 
40 

> i ./ 20 30 

~ 
2.0 

II 
17 V V 

0 ./ 
20 

10 

f. .... X 
10 

10 

0 a a 
10 so 100 soo 1k Sk 10k -60 -20 a 20 60 100 140 1 10 100 1k 10k 

LOAD RESISTANCE - l/ TEMPERATURE _ °c SOURCE RESISTANce - 11 
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TYPICAL CHARACTERISTICS (Cont'd) 
VOLTAGE GAIN AS A 

FUNCTION OF FREQUENCY 
(ALL GAIN SELECT PINS OPEN) 

Vs - :t6V 
40 TA - 25°C 

30 

20 

10 

-10 

-20 

-30 

-40 

l,..-/ 
-50 

01 

V 

GAIN 3 

/""'\ 
/ 

V \ 
/ \ 

10 100 1000 

FREQUENCY - MH~ 

TYPICAL APPLICATIONS 

NOTE: 

FILTER NETWORKS 

1.4 x 104 -6 

ZIs) + 2re 

1.4)( 104 

z(s) + 32 

BASIC CONFIGURATION 

In the networks above, the R value used is assumed 
to include 2 fe' or approximately 32 OHMS. 

DISC/TAPE PHASE MODULATED READBACK SYSTEMS DIFFERENTIATION WITH 
HIGH COMMON MODE 

NOISE REJECTION 

+6 

AMPLITUDE: 1-10 mv"p-p ! 
FREQUENCY: 1-4 MHz I 47 pFd 

I -6 

I 
READ HEAD DIFFERENTIATQR/AMPLIFIER 

+5 

B 

~2;-1 
17 

"--'-L-../ ~ Q 

I 
I 

__ """"L---'/+o 
___ ~ ____ -.J 

ZERO CROSSING DETECTOR 

9~nDlie9 

+6 

FOR FREQUENCY F1 «1/2 n (32) C 

VO:2' 1.4 X 104 C...Q.yL 
dT 
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FEATURES 
• 120 MHz BANDWIDTH 
• 250k!1 INPUT RESISTANCE 
• SELECTABLE GAINS OF 10,100 and ~IOO 
• NO FREQUENCY COMPENSATION 'RE­

QUIRED 

ABSOLUTE MAXIMUM RATINGS 
Differential Input 

Voltage 
Common Mode Input 

Voltage 
VCC 

Output Current 
Junction Temperature 
Storage Temperature 

±5V 

±6V 
±8V 

Range -65°C to + 150°C 
Operation Temperature Range 

p,A733C 
p,A733 

O°C to +75°C 
-55°C to +125°C 

TEST CIRCUITS (T A = 25°C unless otherwise specified) 

O.2pF 

O.2pF 

51n S1U 

51n 51U 

CIRCUIT SCHEMATIC 

PIN CONFIGURATION 
A, I PACKAGE 

INPUT 2 1 

G2A GAIN 

SELECT 

G2B GAIN 

SELECT 

G1B GAIN " 

SELECT 

11 G1A GAIN 

SELECT 

OUTPUT 2 1 

ORDER PART NOS. 

IlA733AI 
IJA733CA/ 

J,JA733JI 

,uA733CI 

INPUT 2 

GZA GAIN 

SELECT 

K PACKAGE 

G2A GAIN SELECT 

OUTPUT 1 

NOTE. Pin 5 (;onne(;ted tocilse 

ORDER PART NOS. 

p.A733K/JJ,A733CK 

Thermal Resistance (OJ-A. Junction 
to Ambient for each package): 
A Package O.16°C/mW 
I Package O.10°C/mW 
K Package O.145°C/mW 

Power DisSipation 500mW 

r---~r-----------~r-------~----~--------~------~--~V' 

INPUT 1 

C' GAIN 
SELECT 

°2, 

172 

R, 
2.4k!1 

R, 

R, 
59Ql! 

R, 
2.4k!1 

R. 
590!l 

INPUT 2 

0,. } 
GAIN 
SELECT 

°2• 

R. 
10k~! 

R, 
Uk!! 

R,. 
1.1k!! 

~ ______ ~ ______ +-______ ~ a. 

R" 
7k!1 

OUTPUT 1 

OUTPUT 2 



ELECTRICAL CHARACTERISTICS 
Standard Conditions (T A = +25°C, Vs = ±V, VCM = 0 unless otherwise specified) 

PARAMETERS TEST CONDITIONS 
ILA733C 

MIN TYP 

Differential Voltage Gain 
Gain 1 Note 1 250 400 
Gain 2 RI = 2kO, Vout = 3V p_p Note 2 80 100 
Gain 3 Note 3 8.0 10 

Bandwidth 
Gain 1 Note 1 40 
Gain 2 Note 2 90 
Gain 3 Note 3 120 

Rise Time 
Gain 1 Note 1 10.5 
Gain 2 Vout = 1 V p_p Note 2 4.5 
Gain 3 Note 3 2.5 

Propagation Delay 
Gain 1 Note 1 7.5 
Gain 2 Vout = W p_p Note 2 6.0 
Gain 3 Note 3 3.6 

Input Resistance 
Gain 1 Note 1 4.0 
Gain 2 Note 2 10 30 
Gain 3 Note 3 250 

Input Capacitance Gain 2 Note 2 2.0 
Input Offset Current 0.4 
Input Bias Current 9.0 
Input Noise Voltage BW = 1 k Hz to 10 MHz 12 
Input Voltage Range ±1.0 
Common Mode 
Rejection Ratio 

Gain 2 VCM = ±V,k100 kHz 60 86 
Gain 2 VCM = ±W, F = 5 MHz 60 

Supply Voltage 
Rejection Ratio 

Gain 2 t1VS = ±0.5 V 50 70 
Output Offset Voltage 

Gain 1 RL = 00 Note 1 0.6 
Gain 2 and 3 Notes 2,3 0.35 

Output Common Mode RL = oc 2.4 2.9 
Voltage 
Output volta~e Swing RL = 2k 3.0 4.0 
Output Sink urrent 2.5 3.6 
Output Resistance 20 
Power Supply Current RL = 00 18 

Recommended Operating Supply Voltages (VS = ±6.0 V) 

NOTES: 
1. Gain select pins G 1A and G18 connected together. 
2. Gain select pins G2A and G28 connected together. 
3. All gain select pins open. 

II!IIDIO:I 

p.A733 

MAX MIN TYP 

600 300 400 
120 90 100 

12 9.0 10 

40 
90 

120 

10.5 
12 4.5 

2.5 

7.5 
10 6.0 

3.6 

4.0 
20 30 

250 
2.0 

5.0 0.4 
30 9.0 

12 
±1.0 

60 86 
60 

50 70 

1.5 0.6 
1.5 0.35 
3.4 2.4 2.9 

3.0 4.0 
2.5 3.6 

20 
24 18 

MAX 

500 
110 

11 

10 

10 

3.0 
20 

1.5 
1.0 
3.4 

24 

UNITS 

MHz 
MHz 
MHz 

ns 
ns 
ns 

ns 
ns 
ns 

kO 
kO 
kO 
pF 
p.A 
p.A 

p.Vrms 
V 

dB 
dB 

dB 

V 
V 
V 

mA 
0 

mA 
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TYPICAL CHARACTERISTIC CUR;...:V...=E:..=S ______________________ --. 
PHASE SHIFT AS A PHASE SHIFT AS A VOLTAGE GAIN AS A 

FUNCTION OF FREQUENCY FUNCTION OF FREQUENCY FUNCTION OF FREQUENCY 
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TYPICAL CHARACTERISTIC CURVES (CONT'D) 
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FEATURES 
• 12 ns MAXIMUM GUARANTEED PROP· 

AGATION DELAY 
• 20 /LA MAXIMUM INPUT BIAS CURRENT 
• TTL COMPATIBLE STROBES AND OUT· 

PUTS 
• LARGE COMMON MODE INPUT VOLT· 

AGE RANGE 
• OPERATES FROM STANDARD SUPPLY 

VOLTAGES 

APPLICATIONS 
• MOS MEMORY SENSE AMP 
• AID CONVERSION 
• HIGH SPEED LINE RECEIVER 

ELECTRICAL CHARACTERISTICS TA =25°C, RL = 2800, CL = 15pF 

Limits 
Parameter From To 

Input Output Min Typ Max 
Input Resistance 4 
Input Capacitance 3 6 
Large Signal SWitching Speed 

Propagation Delay 
tpLH (0)1 Amp Output 8 12 
tpHL (0)1 Amp Output 6 9 
tpLH (S)2 Strobe Output 4.5 6 
tpHL (S)2 Strobe Output 3.0 4.5 
Maximum Operating Frequency 40 55 

Small Signal Switching 
Characteristics 
Propagation Delay 
tpLH (0)3 Amp Output 12 18 
tpHL (0)3 Amp Output 10 15 

NOTES: 

Unit 

KO 
pF 

ns 

ns 

ns 

ns 
MHz 

ns 

ns 

1. Response time measured from 0 volt point of :t 100 mV p-p 10MHz square wave to the 1.5V pOint of the output. 
2. Response time measured from 1.5V point of input to 1.SV point of thd output. 
3. Response time measured from the start of a 100mv input step with 5 mv over drive to the 1.5v point of the output. 

SCHEMATIC DIAGRAM 

PIN CONFIGURATION 
A,F PACKAGE 

ABSOLUTE MAXIMUM RATINGS 
Positive Supply 

Voltage (V+) +7 Volts 
Negative Supply 

Voltage (V-) -7 Volts 
Differential input 

voltage ±6 Volts 
Common mode 

input voltage ±5 Volts 
Strobe/Gate 

input voltage +5.25 Volts 
Power Dissipation 600 mw 
Operating Temperature 

Range O°C to 70°C 
Storage temperature range -65°C to + 150°C 
Lead temperature 

(Soldering 60 seconds) + 300°C 
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TYPICAL PERFORMANCE CHARACTERISTICS 
RESPONSE TIME FOR VARIOUS INPUT OVERDRIVES 

Vs = t5V 

T A =25°C-

lDO( 'Ii 
20~ rr-- 5 mV 

Ih r,'cimv 

100 

.. 
'0 15 20 25 30 

TIME-ns 

RESPONSE TIME VS TEMPERATURE 

,/ 
'2 

",'" 
,-

~ 
V 

TPO ILK) I----"' 

10 

.-
I- -r- i- r- TPO (HL) 

60 .20 -+20 +60 +100 +140 

AMBI[NT TEMPERATURE - gc 

PROPAGATION DELAY FOR VARIOUS INPUT VOLTAGES 

178 

VS=,5V ,. \--_-++-+_+-_-+_ '~:,,~zTsauARE_ 
TA = 25°C 

'6 ~--+~-+-+---+-'--+-+-+-----1 

'4 \----+~-+-t---+--+_t-+_--__1 

'2 \----++-+-+---+--+_+-+---__1 

'Or--
TPD (LH) 

TPD (HL) 

100 1000 
INPUT VOLTAGE (mV pop) 

RESPONSE TIME FOR VARIOUS INPUT O"ERt)RWES 

TA =1 25oC 

Vs = ±5V 

SOmV ~~15mV l00mV 10mV 

\\\\ 
\\.\. 

10 15 20 25 

TIME·nl 

PROPAGATION DELAY FOR VARIOUS INPUT VOLTAGES 

vs..1 sv 
10MHz SQUARE 

WAVE INPUT 
TA;: 25~C 

12 

'" r-- TPD (LH) 

TPO (HL) 

10 20 30 40 50 60 70 

INPUT VOLTAGE mVp-p 

OUTPUT VOLTAGE VS. AMBIENT TEMPERATURE 

4,0 

,.- - VOH 

3.0 

2.0 

1.0 

'- VOL --
·75 -25 +25 +15 +126 

AMdlENT TEMPERATURE -"C 



TYPICAL PERFORMANCE CHARACTERISTICS (CONT'D) 
INPUT BIAS CURRENT VS. AMBIENT TEMPERATURE INPUT OFFSET CURRENT VS. AMBIENT TEMPERATURE 
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FEATURES APPLICATIONS 
• 15 ns MAXIMUM GUARANTEED PROP­

AGATION DELAY 
• MOS MEMORY SENSE AMP 
• AID CONVERSION 

• 20 p.A MAXIMUM INPUT BIAS CURRENT • HIGH SPEED LINE RECEIVER 

• TTL COMPATIBLE STROBES AND OUT­
PUTS 

• OPEN COLLECTOR OUTPUT FOR 
"WIRE-OR'O" APPLICATIONS 

• LARGE COMMON MODE INPUT VOL'r­
AGE RANGE 

• OPERATES FROM STANDARD SUPPLY 
VOLTAGES 

ELECTRICAL CHARACTERISTICS TA =25°C, RL =2800, CL =15pF 

Limits 
FROM TO 

PARAMETER INPIUT OUTPUT MIN TYP MAX 

Input Resistance 4 
Input Capacitance 3 6 
Large Signal Switching Speed 

Propagation Delay 
tPLH (D)l Amp Output 10 15 
tPHL (D)l Amp Output 8 12 
tPHL (S)2 Strobe Output 6 10 
tPHL (S)2 Strobe Output 5 8 

Maximum Operating Frequency 25 35 
Small Signal Switching 

Characteristics 
Propagation 
tPLH (D)3 Amp Output 17 25 
tPHL (D)3 Amp Output 11 17 

NOTES: 
1. Response time measured from OV of ::t: 1 00 mV p.p 10MHz square wave to the 1.SV point of the output. 
2. Response time measured from 1.5V point of input to 1.5V point of the output. 

UNITS 

KO 
pF 

ns 
ns 
ns 
ns 

MHz 

ns 
ns 

3. Response time measured from the start of a 1 OOmv input step with 5mv over drive to the 1.5v pOint of the output. 

SCHEMATIC DIAGRAM 

PIN CONFIGURATION 
A, F PACKAGE 

ABSOLUTE MAXIMUM RATINGS 
Positive Supply 

Voltage (V +) + 7 Volts 
Negative Supply 

Voltage (V -) -7 Volts 
Differential input 

voltage ±6 Volts 
Common mode 

input voltage ±5 Volts 
Strobe/Gate 

input voltage +5,25 Volts 
Power Dissipation 600 mw 
Operating Temperature 

Range O°C to 70°C 
Storage temperature 

range -65°C to + 150°C 
Lead temperature 

(Soldering 60 seconds) + 300°C 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHA,RACTERISTICS (Cont'd) 
INPUT OFFSET CURRENT VS AMBIENT 

TEMPERATURE 
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FEATURES 
• PROPAGATION DELAY 30ns 
• INPUT COMMON MODE RANGE +4.5V 

-3.5V 
• DIFFERENTIAL OVERDRIVE 

RECOVERY 20ns 
• OUTPUT COMPATIBLE WITH 

STANDARD LOGIC FORMS 
• OPERATES FROM STANDARD 

:!:5V SUPPLIES 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage + 7.0V 
Gate Input Voltage +6.0V 
Differential Input 

Voltage 
Common Mode 

Input Voltage 
Gate Output Current 
Storage Temperature 
Operating Temperature 

SE526 
NE526 

+5.0V 

+5.0V 
+100 mA 

-65°C to + 150°C 

Absolute Maximum Ratings are limiting values above which 
serviceablity may be impaired. 

ELECTRICAL CHARACTERISTICS T A = 25°C 

LIMITS 
PARAMETER 

MIN TYP 
BVi Gate Input Latch Voltage 

Rating 
Switching Times 1 

Ton Gate Turn-on Delay 15 
Toff Gate Turn-off Delay 15 
Propagation Delay 

tpLH 40 
tpHL 30 

tdm Differential Overload 30 
Recovery2 

NOTES: 
1. Load capacitance includes test fixture and probe capacitance. 
2. Differential input vol1age = 500mV for this test. 

EQUIVALENT CIRCUIT 

soon soon 

'in(-) o---+-t;:. 

4m 
47n 47n 

24Jn 

NOTES: 
COMPONENT VALUES ARE TYPICAL 
'ISOLATION DIODES 

eoon 200n 

UNIT 
MAX 

6 V 

17 ns 
17 ns 

48 ns 
42 ns 
40 ns 

2.9K 1.4SK 2.9K 

6K 

SE526-A, K· N E526-A, K 

CONFIGURATION 

V,N 

A PACKAGE 

K PACKAGE 

VOUT 

L..._ ..... __ -+--() GND 

+. 
I' 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I +. 
I' 
I 
I 
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FEATURES 
• 15 nsec PROPAGATION DELAY 
• COMPLEMENTARY OUTPUT GATES 
• TTL OR ECl COMPATIBLE OUTPUTS 
• WIDE COMMON MODE AND DIFFERIEN­

TIAl VOLTAGE RANGE 

APPLICATIONS 
AID CONVERSION 
ECl TO TTL INTERFACE 
TTL TO ECl INTERFACE 
MEMORY SENSING 
OPTICAL DATA COUPLING 

ABSOLUTE MAXIMUM RATINGS 
Positive Supply Voltage (V1 +) + 15 volts 
Negative Supply Voltage (VI -) -15 volts 
Gate Supply Voltage (V2+) + 7 volts 
Output Voltage +15 volts 
Differential Input Voltage ±5 volts 
Input Common Mode Voltage ±6 vo~s 
Power Dissipation 600mW 
Operating Temperature Range 

NE527 O°C to + 70°C 
SE527 -55°C to +125°C 

Storage Temperature 
Range -65°C to +150°C 

Lead Temperature 
(Soldering, 60 seconds) +300°C 

ELECTRICAL CHARACTERISTIICS (T A + 25°C) 

PARAMETER 

Input Impedance 
Transient Response 

Propagation Delay 
Time 

tpLH 
tpHL 

Delay between Output 
A and B 

Strobe Delay Time 
ton Turn-on time 
toff Turn-off time 

TEST CONDITIONS 

f = 1 kHz 
Vin =50mVoverdrive 

liMITS 

MIN TYP 

500 

16 
14 
2 

6 
6 

Parameters are guaranteed over the temperature rarge unless otherwise noted. 

EQUIVALENT CIRCUIT 

MAX 
UNIT 

Kfl 

26 ns 
24 ns 

5 ns 

ns 
ns 

SE527-A,K· NE527-A,K 

PIN CONFIGURATION 

A PACKAGE 

K PACKAGE 

OUTPUT B 

BLOCK DIAGRAM 

OUTPUT A 

r-~ ____ ~ __ ~ ____________ +-S_TR_O~BE_A ____ 4r __ ~ ________ -'-OVz' 

1K 1K 4K 1,5K 55" 
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SE527-A, K· NE527-A, K 

APPLICATIONS 
One of the main features of the device is that supply voltages (V1 + . V1 - ) need not be balanced. as indicated in the following diagrams. For 
proper operation. however. negative supply (V1 -) should always be at least six volts more negative than the ground terminal (pin 6). Input 
Common Mode range should be limited to values of two volts less than the supply voltages (V1 + and V1 -) up to a maximum of :±:6 volts as 
supply voltages are increased. 

It is also important to note that Output A is in phase with Input A and Output B is in phase with Input B. 

TYPICAL APPLICATIONS 
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TYPICAL PERFORMANCE CURVES (Cont'd) 
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FEATURES ABSOLUTE MAXIMUM RATINGS 
• 10 nsec PROPAGATION DELAY 
• COMPLEMENTARY OUTPUT GATES 
• TTL OR ECl COMPATIBLE OUTPUTS 
• WIDE COMMON MODE AND DIFFEREN­

TIAL VOLTAGE RANGE 

APPLICATIONS 
AID CONVERSION 
ECl TO TTL INTERFACE 
TTL TO ECl INTERFACE 
MEMORY SENSING 
OPTICAL DATA COUPLING 

Positive Supply 
Voltage (VI +) 

Negativ€ Supply 
Voltage (VI -) 

Gate Supply 
Voltage (V2+) 

Output Voltage 
Differential Input 

Voltage 
Input Common 

Mode Voltage 
Power Dissipation 
Operating Temperature 

Range 
NE 529 
SE 529 

Storage Temperature 
Range 

Lead Temperature 
(Soldering 60 seconds) 

ELECTRICAL CHARACTERISTICS T A = 25°C 

PARAMETER TEST CONDITIONS 
liMITS UNIT 

MIN TYPMAX 

Input Impedance F = 1kHz 10 Kfl 
Transient Response Vin = 50mV 

overdrive 
Propagation Delay Time 
tPLH 12 22 ns 

tPHL 10 20 ns 
Delay between Output 2 5 ns 

A and B 
Strobe Delay Time 

ton Turn-on Time 6 ns 

toff Turn-off Time 6 ns 

Parameters are guaranteed over the temperature range unless otherwise noted 

EQUIVALENT CIRCUIT 

+15 voas 

-15 volts 

+7 volts 
+15 volts 

±5 volts 

±6 volts 
600mW 

O°C to +70°C 
- 55°C to + 125°C 

+300°C 

SE529-A,K . NE529-A,K 

PIN CONFIGURATION 
A PACKAGE 

K PACKAGE 

BLOCK DIAGRAM 

OUTPUT A 

INPUT A 

INPUT B 
OUTPUT B 

r-~ ____ ~ __ ~r-__________ 4-S_TR_O~B~E~A ____ ~ __ .-________ .-~V2' 

INPUT A 

v,· 

STROBE B 
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SE527-A,K . NE529-A, K 

APPLICATIONS 
One of the main features of the device is that supply voltages (V1 +, V1-) need not be balanced, as indicated in the following 
diagrams. For proper operation, however, ne·ga.tive supply (V1 -) should always be at least five volts more negative than the 
ground terminal (pin 6). Input Common Mode range should be limited to values of two volts less than the supply voltages (V1 + 
and V1 -) up to a maximum of ±6 volts as supply voltages are increased. 

It is also important to note that Output A is in phase with Input A and Output B is in phase with Input B. 

TYPICAL APPLICATIONS 
PHOTODIODE DETECTOR ECl TO TTL INTERFACE 
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TYPICAL PERFORMANCE CURVES (CONT'D) 
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FEATURES PIN CONFIGURATION 
• OPERATES FROM SINGLE 5V SUPPLY F PACKAGE 
• MAXIMUM INPUT CURRENT: 150nA 
• MAXIMUM OFFSET CURRENT: 20nA 
• DIFFERENTIAL INPUT VOLTAGE 

RANGE:±30V 
• POWER CONSUMPTION: 13SmW AT 

±15V 
• HIGH SENSITIVITY - 200VlmV 

ABSOLUTE MAXIMUM RATINGS 
Total Supply Voltage 36V 
Output to Negative Supply 

Voltage SOV 

BALANCE/ 

STROBE 

Ground to Negative Supply 
Voltage SOV ORDER NOS. LM"H or \,.M211H 

Differential Input Voltage ±30V 
Input Voltage (Note 1) ±15V 
Power Dissipation 500mW 
Output Short Circuit Duration 10 sec 
Operating Temperature Range 

LM111 -55°C to 125°C 
LM211 -25°C to 85°C 

Storage Temperature Range -65° to 1500C 
Lead Temperature 
(Soldering. 10 sec) 300°C 

190 

CIRCUIT SCHEMATIC 

IlALANCEI 
STROBE BALANCE 

BRIUI-

LM111-F,T·LM211-F,T 

T PACKAGE 

v' 

v-

ORDER NOS. LM1110orLM2110 

ELECTRICAL 
CHARACTERISTICS (T A =25°C 

LIMITS 

PARAMETER MIN TYPMAX UNIT 

Response Time 200 ns 

The response time spectfied IS for a 1 OOmV Input step with SmV 
overdrive. 

V' 

.n , .. 

. " om 

." . 



FEATURES 
• WIDE OPERATING SUPPLY RANGE -

±1SV TO A SINGLE +SV 
• LOW INPUT CURRENTS - 6nA 
• HIGH SENSITIVITY - 101-' V 
• WIDE DIFFERENTIAL INPUT RANGE -

±30V 
• HIGH OUTPUT DRIVE - SOmA, SOV 

ELECTRICAL 
CHARACTERISTICS (tA = 25°C) 

PARAMETER LIMITS UNIT 
MIN TYP MAX 

Response 
Time 200 ns 

The response time specified is for a 100mV 
input step with SmV overdrive 

AUXILIARY CIRCUITS 
OFFSET BALANCING 

R2 
3k 

DRIVING GROUND-REFERRED LOAD 

INPUTS 

ABSOLUTE MAXIMUM RATINGS 
Total Supply Voltage (V+-V-) 36V 
Output to Negative Supply Voltage 
(VOUT-V-

Ground to Negative Supply 
Voltage (GND-V-) 

Differential Input Voltage 
Input Voltage (Note 1) 
Power Dissipation 

(Note 2) 
Output Short Circuit 

Duration 
Operating Temperature 

Range 
LH2111 
LH2211 
LH2311 

Storage Temperature 
Range 

Lead Temperature 
(Soldering, 10 sec) 

STROBING 

4,12 

3,11 

50V 
30V 

±30V 
±lSV 

SOOmW 

10 sec 

-S5°C to 12SoC 
-25°C to 8SoC 

O°C to 70°C 

-65°C to ,150°C 

15,8 

TTL 
STROBE 

300°C 

COMPARATOR AND SOLENOID DRIVER 

01 
lN4001 

o-........ ~h_ ....... -o~~TPUT 

PIN CONFIGURATION 
F PACKAGE 

INCREASING INPUT STAGE CURRENTS 

9 4, 3 
3,11 + 7 6 tr:' 

15,8 

4.12 -

Increases Typical 
Common mode slew 

from 7.0VI S to 181 S 

USING CLAMP DIODES 
TO IMPROVE RESPONSES 

01 02 

TTL 
OUTPUT 

STROBING OFF BOTH INPUT AND OUTPUT STAGE::; TTL INTERFACE WITH HIGH LEVEL LOGIC 

ANALOG 
INPUT 

FROM D·A NETWORK 

·TYPICAL INPUT CURRENT IS 5O~A WITH INPUTS STROBED OFF. 

"mOD'ID" 

Rl 
240k 

Cl 

..----_-_-<> V' + 5V 

TO TTL LOGIC 
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FEATURES 
• OPERATES FROM SINGLE 5V SUPPLY 
• MAXIMUM INPUT CURRENT: 250 n," 
• MAXIMUM OFFSET CURRENT: 50 nA 
• DIFFERENTIAL INPUT VOLTAGE 

RANGE: ±30V 
• POWER CONSUMPTION: 135 mW AT 

±15V 
• HIGH SENSITIVITY - 200 V/mV 

ABSOLUTE MAXIMUM RATINGS 
Total Supply Voltage 36V 
Output to Negative Supply 

Voltage 40V 
Ground to Negative Supply 

Voltage 30V 
Differential Input Voltage ±30V 
Input Voltage (Note 1) ±15V 
Power Dissipation 500 mW 
Output Short Circuit Duration 10 sec 
Operating Temperature Range O°C to 700C 
Storage Temperature Range -65°C to 150°C 
Lead Temperature 

(Soldering. 10 sec) 300°C 

ELECTRICAL 
CHARACTERISTICS 
TA = 25°C 

LIMITS 
PARAMETER 

MIN I TYP I MAX 

Response Time 
1200 1 

--
UNIT 

ns 

The response time specified is for a 100mV input step with 5mV 
overdrive. 

CIRCUIT SCHEMATIC 

192 

BALA~CEI 
STROBE 

PIN CONFIGURATION 
A F PACKAGE 

BALANCEI 

STROBE 

.n 
'" 

." ,00 

." . 

T PACKAGE 

v' 

V PACKAGE 

GN°8'v' INPUT 2 1 OUTPUT 

INPUT 3 6 SAL/STROBE 

v-- 4 5 8ALANCE 

TYPICAL APPLICATIONS 
ZERO CROSSING DETECTOR 

DRIVING MOS LOGIC 

INPUT 

-=­V-'-10V 

v+ =5V 

TOMaS 
lOGIC 

DETECTOR FOR MAGNETIC 
TRANSDUCER 

~------+-----,--oV+5V 

R2 
lK 

Rl 
4.5K 

MAGNETIC 
PICKUP 

R3 
2K 

>.!..4-0i,Y,~PUT 



TYPICAL APPLICATIONS (CONT'D) 

TTL INTERFACE WITH HIGH LEVEL LOGIC 

v+"'5V 

"3 "5 Rl 82K 
lK 

240K 
2 r:---. 8 INPUT-

LM1~~ TOTTL 

C1T ~ 
_/' LOGIC 

"2 "'. 
'7K R' 

82K 

-==-

"'Values shown are for a 0 to 30V logic swing and a 15V threshold. 
t May be added to control speed and reduce susceptability to noise spikes. 
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FEATURES PIN CONFIGURATION 
• TWO INDEPENDENT COMPARATORS 
• OPERATES FROM A SINGLE 5V SUPPLY F PACKAGE 
• TYPICALLY 80ns RESPONSE TIME A'T 

±15V 
• MINIMUM FAN-OUT OF 3 (EACH SIDE) 
• MAXIMUM INPUT CURRENT OF 'I/LA 

OVER TEMPERATURE 
• INPUTS AND OUTPUTS CAN BE ISO­

LATED FROM SYSTEM GROUND 
• HIGH COMMON MODE SLEW RATE 

ABSOLUTE MAXIMUM RATINGS 
Total Supply Voltage 36V 
Output to Negative 

Supply Voltage 
Ground to Negative 

Supply Voltage 
Ground to Positive 

Supply Voltage 
Differential 

Input Voltage 
Input Voltage 
Power Dissipation 
Output Short 

Circuit Duration 
Operating Temperature 

Range 
LM119 
LM219 

Storage Temperature 
Range 

Lead Temperature 
(Soldering, 10 sec) 

CIRCUIT SCHEMATIC 

INPUTS { 

-

194 

36V 

25V 

18V 

±5V 
:!:15V 

500mW 

10 sec 

-55°C to '125°C 
-25°C to 85°C 

-65°C to 150°C 

02 

R., 3k 

022 

R25 600 

Cl 
18pF 

RlO 

R53l< 110 

Rs 2k 

05 

RS 18k 

R23 R22 R20 
R1B 1.9k 4k 60 3.61< 

021 

TO OTHER 
HALF 

R24 250 

B~nIlIIDB 

R" 13k 

K PACKAGE 

v-

ELECTRICAL 
CHARACTERISTICS 
TA = 25°C, Vs = ±15V 

PARAMETER 
LIMITS 

MIN 1 TYP [MAX 
Response Time 180 I 

UNIT 

ns 

The response time specified is for a 1 OOmV input step with 5mV 
overdrive. 

R12 13k 

OUTPUT 

R16 
600 

v- GND 



FEATURES PIN CONFIGURATION 
• TWO INDEPENDENT COMPARATORS 
• OPE.RATESFROMASINGLE5VSUPPLY A,F PACKAGE 
• TYPICALLY 80ns RESPONSE TIME AT 

±15V 
• MINIMUM FAN-OUT OF 2 (EACH SIDE) 
• MAXIMUM INPUT CURRENT OF lILA 
• INPUTS AND OUTPUTS CAN BE ISO-

LATED FROM SYSTEM GROUND 
• HIGH COMMON MODE SLEW RATE 

ABSOLUTE MAXIMUM RATINGS 
Total Supply Voltage 36V 
Output to Negative Supply 

Voltage 
Ground to Negative Supply 

Voltage 
Ground to Positive Supply 

Voltage 
Differential Input Voltage 
Input Voltage (Note 1) 
Power Dissipation 
Output Short Circuit Duration 
Operating Temperature Range 

LM319 

36V 

25V 

18V 
±5V 

±15V 
500mW 
10 sec 

Storage Temperature 
Range -65°C to 150°C 

Lead Temperature 
(Soldering, 10 sec) 

NOTE: 
300°C 

1. For supply voltages less than ±15V. the absolute 
maximum input voltage is equal to the supply 
voltage. 

ELECTRICAL 
CHARACTERISTICS 
TA = 25°C, Vs = ±15V 

PARAMETER 
LIMITS 

MIN I TYP IMAX 
Response Time I 80 I 

UNIT 

ns 

The response time specified IS for a 100mV Input step wIth 
5mVoverdrive. 

CIRCUIT SCHEMATIC 

" '''' 

NC 

NC 

Gnd 1 

+'nput 1 

-Input 1 

v-
Output 2 

~--------1--+--e:. 0, 

~-----j--i: 07 C, 
18pF 

'N'U" [ 
~--+----i:.'" 

9!!1DOliGS 

+ Input 2 

Gnd 2 

K PACKAGE 

TYPICAL APPLICATIONS 

RELAY DRIVER 

5V 28V 

" 30V 

WINDOW DETECTOR_ 

500 

'?-~-OTTL 

VOUT ~ SV FOR VLT<VIN<VUT 
VOUT ~ 0 FOR VIN<VLT OR VIN >VUT 

195 
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TYPICAL APPLICATIONS (Cont'd) 

196 

WIDE RANGE VARIABLE OSCILLATOR 

~ __________ 4-___________ 1-__ -+-'.S'00n+ 

,. 

+5V 

7.5M 

3. 

1.2V 

~~~-k'~""''''''''''''' SQUARE WAVE OUTPUT 

1N914 
1kHz to 1MHz 

'----------------+--4-----+--- TRIANGLE WAVE OUTPUT 

IN914 

-5V 

FREQUENTl V ADJUST 
MUST BE BUFFERED 
FOR RL< 100 



FEATURES 
• WIDE SINGLE SUPPLY VOLTAGE 

RANGE 2 VDC TO 36 VDC OR DUAL 
SUPPLIES ±1 VDC TO ±18 VDC 

• VERY LOW SUPPLY CURRENT DRAIN 
(O.8mA) INDEPENDENT OF SUPPLY 
VOLTAGE (1mW/COMPARATOR AT +S 
VDC) 

• LOW INPUT BIASING CURRENT - 3SnA 
• LOW INPUT OFFSET CURRENT - 3nA 

OFFSET VOLTAGE - 3mV 
• INPUT COMMON-MODE VOLTAGE 

RANGE INCLUDES GROUND 
• DIFFERENTIALINPUT VOLTAGE RANGE 

EQUAL TO THE POWER SUPPLY VOL T­
AGE 

• LOW OUTPUT SATURATION VOLTAGE 
1mV AT SI-'A, 70mV AT 1mA 

• OUTPUT VOLTAGE COMPATIBLE WITH 
TTL (FANOUT OF 2), DTL, ECL, MOS AND 
CMOS LOGIC SYSTEMS 

ELECTRICAL CHARACTERISTICS 
VRL = SVDC, RL = S.lKO, V + ~ 5V 

PARAMETER TEST CONDITIONS 

Large Signal VIN = TTL Logic Swing, 
Response Time VREF = +1.4VDC 

Response Time1 TA = 2SoC 

NOTE 1: 

ABSOLUTE MAXIMUM RATINGS PIN CONFIGURATION 
Supply voltage 36Vdc or ± 18Vdc A, F PACKAGE 
Differential 

input voltage 36Vdc 
Input voltage -O.3Vdc to +36Vdc 
Power dissipation 

Molded DIP 
(LM 139A, LM 239A, 
LM 339A 570mW 

CERDIP 
(LM 139F, LM 239F, Inpu"-

LM 339F) 900 mW 
Output short -

Circuit to ground Continuous 
Input current 
(Vin ",o-0.3Vdc) 50 mA 
Operating temperature 

range 
LM339 O°C to + 70°C 
LM239 -2SoC to +8SoC 
LM139 -S5°C to +12SoC 

Storage temperature 
range -6SoC to + 150°C 

Lead temperature 
(Soldering 10 sec) 300°C 

SCHEMATIC DIAGRAM 
LIMITS 

MIN TYP MAX 
UNIT v+ 

300 ns 

1.3 I-'S 

+INPUT 
The response time specified is for a 100mV input step with 5mV overdrive. For larger 
overdrive signals 300ns can be obtained, see typical performance characteristics 
section. -INPUT 0-------+---1--=--1 

TYPICAL PERFORMANCE CHARACTERISTICS 

OUTPUT 

SUPPLY CURRENT INPUT CURRENT OUTPUT SATURATION VOLTAGE 

TA"-Ifi°C --+--I--

./ 

~ 
/ ..-~~ 
/' -

00 

IVINICM!.ov"!'l_ 
RINICM)" 10 kO 

TA " -66"C 

lA- O' C 

I J'1 JIl 
SjTURATION If 

I~ [? 
TA~+125~ B7 

V j.-- TA-+j00C 

/ 
TA -+l2.S'C 

/ 
-

TA " +i250C 1- T A - 1+2SoC 

TA -+70·C 

~ ~~-55'C 
~ V 

/~ P-(TA~+2S"C 
RL .00 

t/:: V 
" . 

v· _ SUPPLY VOLTAGE - Voc v· _ SUPPLY VOLTAGE - Voc 10 - OUTPUT SINK CURRENT ImA) 
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TYPICAL PERFORMANCE CHARACTERISTICS (CONT'D) 

198 

RESPONSE TIME FOR VARIOUS 
INPUT OVERDRIVES­

NEGATIVE TRANSITION 

· 
• mV .!, •. ) ov'"~.~::H-· · i'-- .-~ , 

, VIN _ &.1K 

100 mY ~ . ~ VOU'; , 
, 
, 

lA-jOe t--

o.s 
TlME-,..c 

RESPONSE TIME FOR VARIOUS 
INPUT OVERDRIVES­
POSITIVE TRANSITION 

INPUT OVERDRIVE - 100 mV 

I \ I I 
~ I , 

'2Omv 'mV 2 

I II I .. v , 
II J , 

.~. ,. -
VOUT 

t- I- TA - I25OC I- . 
-=- -: , 

TWO-DECADE HIGH-FREQUENCY VCO 

We 
FREQUENCY 

CONTROL 
VOLTAGE 

INPUT 

V· 

l00kH 

Jl.S 
OUTPUT 1 

.----------------__ 4--o 0VTP/Ziv 
50kH d: 

'---------<j114 ILM33-.9 V" 12 

V+",.30VOC .------------------
+250 mVOC " Ve +50 VDC 

20kll 

700 Hz' to ,-- 100 kHz 

LIMIT COMPARATOR 

v+ 112VOCI 

LAMP 

111111:1 

TYPICAL APPLICATIONS 
VISIBLE VOLTAGE INDICATOR 

+5VOC 

360 

TTL TO MOS LOGIC CONVERTER 

CRYSTAL CONTROLLED OSCILLATOR 

v' 

2ook!! 2.0 kll 
lOkI! 



FEATURES 
• WIDE SINGLE SUPPLY VOLTAGE 

RANGE 2 VDC TO 36 VDC OR DUAL 

SUPPLIES ±1 VDC TO ±18 VDC 
• VERY LOW SUPPLY CURRENT DRAIN 

(O.8mA)-INDEPENDENT OF SUPPLY 
VOLTAGE (2mW/COMPARATOR AT +5 
VDC) 

• LOW INPUT BIASING CURRENT - 35nA 
• LOW INPUT OFFSET CURRENT - 3.0nA 

AND MAXIMUM OFFSET VOLTAGE -
2mV 

• INPUT COMMON-MODE VOLTAGE 
RANGE INCLUDES GROUND 

• DIFFERENTIAL INPUT VOLTAGE RANGE 
eQUAL TO THE POWER SUPPLY VOL T­
AGE 

• LOW OUTPUT SATURATION VOLTAGE 
-1mV AT 5/LA, 70mV AT 1mA 

• OUTPUT VOLTAGE COMPATIBLE WITH 
TTL, DTL, ECL, MOS AND CMOS LOGIC 
SYSTEMS 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage V+ 36VDC or±18 VDC 
Differential 

Input Voltage 
Input Voltage 
Power Dissipation 

Molded DIP 

36 VDC 
-0.3 VDC to +36 VDC 

(LM 139AA. LM 239AA. 
LM 339AA) CERDIP 
eLM 139AF. LM 239AF. 
LM 339AF) 

Output Short·Circuit 
toGND 

Operating Temperature 
Range 
LM339A 
LM239A 
LM139A 

Storage Temperature 
Range 

Lead Temperature 
(Soldering. 10 sec) 

570mW 

900 mW 

Continuous 

OOC to +70°C 
-25°C to +85°C 

-55°C to +125°C 

-65°C to +150·o C 

300°C 

PIN CONFIGURATION 
A, F PACKAGE 

SCHEMATIC DIAGRAM 

ELECTRICAL CHARACTERISTICS 
VRL = 5V. RL = 5.1Kn. v I 5V 

PARAMETER TEST CONDITIONS 

Large Signal VIN = TTL Logic Swing. 
Response Time VREF = + 1.4VDC 

Response Time1 TA = 25°C 

NOTE 1: 

LIMITS 

MIN TYP MAX 

300 

1.3 /LS 

The response time specified is for a 100mV input step with 5mV overdrive. For larger 
overdrive sIgnals 3OOn5 can be obtained. see typIcal performance characteristics 
section. 

v+ 

UNIT +INPUT 

ns -INPUT 0-----;---11--=----1 

OUTPUT 
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FEATURES 
• WIDE OPERATING TEMPERATURE 

RANGE - -40 TO +85°C 
• TTL COMPATIBLE 
• INPUT COMMON·MODE VOLTAGE 

RANGE INCLUDES GROUND 
• DIFFERENTIAL INPUT VOLTAGE = 

:±:VCC 
• SINGLE SUPPLY VOLTAGE RANGE -

+2 TO +28 VDC 
• LOW CURRENT DRAIN 
• OUTPUTS CAN BE CONNECTED TO 

GIVE THE IMPLIED AND FUNCTION 

MAXIMUM RATINGS TA = +25°C (Unless Otherwise Noted). 

RATING SYMBOL VALUE UNIT 

Power supply range VCC +2.0 to +28 Vdc 
Output supply current 1 10 20 mA 
Differential input voltage VIDR :±:VCC Vdc 
Common-mode input voltage 

range2 VICR -0.3 to+VCC Vdc 
Power dissipation (package 

limitation) Po 625 mW 
Derate above TA = +25°C 5.0 mW/oC 

Operating temperature range TA -40 to +85 °c 
Storage temperature range Tstg -65 to +150 °c 

NOTES: 
1. Requires an external resistor, All ~o limit current below ma>:imum rating. 
2. If either (+) or (-) inputs of any comparator go more than several tenths of a volt below ground, 

a parasitic transistor turns "on" causing high input current and possible faulty outputs. 

SCHEMATIC DIAGRAM 

PIN CONFIGURATION 

A PACKAGE 

ELECTRICAL CHARACTERISTICS (RL = 15KO) 

PARAMETER 
LIMITS 

MIN TYP MAX 
gm Transconductance 2 
CMRR Common-mode Rejection 

Ratio 
60 

Propagation Delay Time 
tpLH 2 
tpHL 2 

tSR- Slew Rate 200 
tSR+ Slew Rate 50 

----

200 111II1II1 

UNIT 

mhos 
dB 

P.s 
P.s 

V/p.s 
Vlp.s 



MC3302-A 

TYPICAL CHARACTERISTICS vee = + 15 Vdc, T A = +25°e (each compactor) Unless Otherwise Noted. 

INPUT OFFSET VOLTAGE OFFSET BIAS CURRENT INPUT BIAS CURRENT 

- - .. - .... -- -- --

I-, 1-1-+- - .- t,.;;f.-' "..' -, , 

i 
l-
i 

" ! 
-!'I." - - - - -

I' 

-t- j--, JJ f-' f--
TA 40 C .:..-
~ 

t-I-" 
f-r-' 

1- - t--r--

..... r .... ~p t--,-- -r'C---
L".o 

~- --

'0" 'M 'M 

- 'I' - - -

" 1"-
I--j-- - - ~f.. -t-- -- -

"0" 'A'." """, "O'M'~'~ t--t-

TA ~ .25 C ..... 1--" .... f-' r-' - . -

~~"~, :: fo-l-
I-" 

j--- -

j I I 1 

I- - I -r 
i 1 i 

- - ++1_-'- - - r- --- t-- -- - t--

TA - AMBllNT TEMPERATURE C TA - AMBIENT TEMPERATURf C Vec--Vue 
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ABSOLUTE MAXIMUM RATINGS FEATURES 
Positive Supply Voltage +14.0V 
Negative Supply Voltage ·-7.0V 

• FAST RESPONSE - 40 ns 
• HIGH SENSITIVITY -1.7V1mv 

Peak Output Current 10mA 
Differential Input Voltage :±:5.0V 
Input Voltage ±:7.0V 

•. LOW OFFSET VOLTAGE TEMPERA­
TURE COEFFICIENT - 3.5/LVrC 

Internal Power Dissipation • HIGH INPUT VOLTAGE RANGE - :±:5.0V 

(Note 4) 
TO-99 300mW 
TO-91 200mW 

Operating Temperature Range 
/LA71 0 -55°C to + 125°C 
/LA710C O°C to + i'5°C 

Storage Temperature Range -65°C to + 150°C 
Lead Temperature 

(Soldering, 60 sec) 300°C 
Maximum Ratings are limiting values above which serviceabil­
ity may be impaired. 

I.OGIC DIAGRAM 

ELECTRICAL CHARACTERISTICS /LA710 -55°C",TA",+125°C 
/LA710C 0°C",TA",+75°C 

LIMITS 

PARAMETER TEST CONDITIONS /LA71 0 /LA710C 

MIN TYP MAX MIN TYP MAX 

Output Resistance 200 200 
Response Time1 40 40 
VOS Drift RS = 50n, 

TA = +25°(; to +125°C 3.5 10 
RS = 50n, 
T A = +25°C to -55°C 2.7 10 
RS = 50n, 
TA = O°C to +75°C 5 20 

lOS Drift TA = +25°C to +125o°C 5 25 
T A = +25°C to -55°C 15 75 
T A = +25°C to + 75°C 15 50 
T A = +25°C to O°C 24 100 

CMRR Common-mode 
Rejection Ratio RS '" 200 n 80 100 70 98 

NOTE1:The response time specified is measured with a 100mV input step and a SmVoverdrive. 

CIRCUIT SCHEMATIC 
,----------------------------,----------------~ 

202 

UNIT 

n 
ns 

/LVrC 

/LVrC 

/LVrC 
nAloC 
nAloC 
/LAloC 
}LAloC 

dB 

/LA710·A,T '/L710C-A,T 

PIN CONFIGURATION 
A PACKAGE 

T PACKAGE 

v' 



ABSOLUTE MAXIMUM RATINGS 
Positive Supply 

Voltage 
Negative Supply 

Voltage 
Peak Output 

Current 
Differential 

Input Voltage 
Internal Power 

Dissipation (Note 4) 
TO-99 

Operating Temperature 
Range 
pA7ll 
pA7llC 

Storage Temperature 
Range 

Lead Temperature 

+14.0V 

-7.0V 

50mA 

±S.OV 

300mW 

-55"C to + 125"C 
O"C to + 75"C 

-65"C to +15O"C 

(Soldering. 60 sec) 300" 
Maximum ratings are limiting values abovewhichserviceabiity 
may be imoaired. 

CIRCUIT SCHEMATIC 

FEATURES 
• FAST RESPONSE - 40ns 
• HIGH SENSITIVITY - 1.SVlmV 
• LOW OFFSET VOLTAGE TEMPERA­

TURE COEFFICIENT - sp'vrc 
• HIGH INPUT VOLTAGE RANGE - ±S.OV 

LOGIC DIAGRAM 

INV.INPUT 

NON-INV. INPUT 

INY.INPUT 2 

NON-INY. INPUT 2 

OUl1'\)T 

'---T---T--+--T-~-+--r---~--~------~ 

&~nDI.& 

tLA711-A,K· tLA711C-A,K 

PIN CONFIGURATION 
A PACKAGE 

KPACKAGE 
v' 

ELECTRICAL 
CHARACTERISTICS 
Vstrobe = 100mV 

LIMITS 
PARAMETER 

TYP MAX 

Response Time 1 40 
Strobe Release Time 12 
Output Resistance 200 
Strobe Current 1.2 2.5 
VOS Drift 5 

UNIT 

ns 
ns 
0. 
rnA 

p.V/oC 

Note 1: 1lle response time specified is for a 10QmV 
input step, with a 5mV overdrive. 
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FEATURES 
• Ion-implanted for greater control and 
reliability 
• Wide dynamic range 
• Positive bias only 
• High gain through UHF range - 10dIB at 
1GHz 
• Low noise through UHF range: 

SD200 - 4.5dB 
SD201 - 5.0dB 

• Low input capacitance - 2.4pF 
• Low feedback capacitance - 0.20pF 
• High drain-to-source voltage - +30V 
• High forward transconductance -
15,OOOumhos 

CHARACTERISTIC CURVES 
DRAIN CURRENT VS 

DRAIN-TO-SOURCE VOLTAGI: 

......... \< COMMON SOURCE CONfIGURAlIOf.' 

I AM,"N' ['"" "A" r' 
1/ 

" GATE·TO·SOURCE VOL T5 ('Jos) 

J," 
1/ 

v-
" , 

I" DISSIPATION (JOOmW) ... , 

DRAIN-TO-SOURCE VOLTS (VOS) 

POWER GAIN VS 
DRAIN CURRENT 

COMMON SOURCE CONFIGURA nON 
AMBIENT TEMP. (TA! ~ 2Se C 
FReOUENCY (I). 10Hz 
DRAIN·TO·SOURCe VOL T5 IVOSI g +15 

........ ~-........... . , 
.~-

'~.------~----~------~---

DRAIN MILLIAPER€S (10) 

204 

COMMON SOURCE 
BIAS SCHEME 

+VDS = 0 +20 Volts 
+VGS = 0 +4 Volts 
+IDS = 0 +20mA 

LDIODE PROTECTION ON SD201 ONLY, 

1kHz FORWARD 
TRANSCONDUCTANCEVS 

DRAIN CURRENT 

COMMON SOURCE CONFIGURATION 
AMBIENT TEMP. (TAl ~ 2S C 
FREQUENCY (f) • lkH. 
DRAIN·TO·SOURCE VOLTS (VOSI - +15 

~ -
,..-/' 

V 

./ 

/ 
I 
/ 

DRAIN MILLIAMPERES (10) 

NOISE FIGURE AND 
AVAILABLE GAIN VS 

DRAIN CURRENT 

\ 

~ / 
/ 

/ 
/ 

AG 

"' 

, I COMMON SOURCE CONFIGURATION 
AMBIENTTEMPERATURE(TAI~2S:: __ 1 

DRAIN.TO·SOURCE VOLTS (Vasl ~ +1$ . FREOUE:l~ it) - lGH~ 
1 

UHAIN MILLIAMPERES (101 

s~nll'iCS 

PIN CONFIGURATION 
DE PACKAGE 

Source 

Drain 

Substrate 

and Case 

Gate 

-DIODE PROTECTION ON SD201 ONLY. 

DRAIN CURRENT VS 
GATE-TO-SOURCE VOLTAGE 

COMMON SOURCE CONFIGURATION 

/ AMBIENT TEMP. n AI ~ 25 C 

ORAIN·TD·SOURCE VOLTS ~ +15 

V 
/ 

V 
/ 

GATE·TO·SOURCE VOLTS (Vas) 

OPTIMUM NOISE FIGURE AND 
AVAILABLE GAIN VS FREQUENCY 

"- COMMON SOURce CONFIGURATION 
AMBIENT TEMP, n AI & 25' C 

ORAIN.TO·SOURCE VOLTS (VDSI ~ +16 

"""DRAIN MILLIAMPERES 1101- +20 

A~ 

I"'" 
I----~ ~ 

FREOUENCV (GH~I 



CHARACTERISTIC CURVES (Continued) 

511 
, 

l"-I"-
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'" '" '" . '" 
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0 

S21 

"--~ ~S11 
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""" 1~,1 1,0 

S11 """ 

o 
o 

"'-

"S" PARAMETERS 

COMMON SOURCE CONFIGURATION 
AMBIENT TEMPERATURE (TA) = 25°C 
DRAIN MILLIAMPERES (10) = 20 
DRAIN-TO-SOURCE VOLTS (VDS) = +15 

0 

r--. 

! 

-- ", 

"'-

o 
o 

S12 

"""- <812 

512'i--
i--' ....... 

S22 

I--I-r-~ 
r-t-f-. 

,-522 

1GHz NOISE FIGURE AND POWER GAIN TEST FIXTURE 
! 
I 
I 
i 

ct 

""{ 
-I c, f:=--'o--~ c. f:=--c,~ c. r-

~O"_ j I 

;:-
1 
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U- C, 
~SHIELO 
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I--c,- '" ko/-- f--<> Yo; 

_lS-I--c,- to. Y" 

'" 
T" 
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--I---

r-I"-r-
r-r-

OIALECTRIC IS 1(16" TEFLON FIBERGLASS /3M-K6098-111 
ALL MICROSTRIPWIOTH' 0.175" 

Ll=0.48<' C1J:~~:,,~\~~_8-1OpF L2=152" 
L3=0.64" C4J:h~~:::5501 L4- 1.36'" 
L5'5/16'" RFC = 10 TURNS 26 AWG 1/4" OIA 
L6= 1/8' ~~FF~~_~~S2S 

LAUNCHERS - QSM248·2 

NOTE. SHIELD AND 4 TUNABLE CAPA~ITORS ON GROUND PLANE sloe OF AMPLIfiER 

S!!IDOliCS 205 
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FEATURES 
• Ion-implanted for greater control and 
reliability 
• Wide dynamic range 
• Positive bias only 
• High gain through UHF range - 10dB at 
1.5GHz 
• Low noise through UHF range - 3.2dB at 
1.OGHz 
• Low input capacitance - 3.0pF 
• Low feedback capacitance - 0.20pF 
• High drain-to-source voltage - +25V 
• High forward transconductance -
2O,OOOumhos 

CHARACTERISTIC CURVES 

206 

DRAIN CURRENT VS 
DRAIN-TO-SOURCE VOLTAGE 

DRAIN TO SOURCE VOLTS (Vos) 

POWER GAIN VS FREQUENCY 

COMMON SOURCE 
BIAS SCHEME 

+V05 = 0 +20 Volts 
+VG5 = 0 +4 Volts 
+105 = 0 +2OmA 

"DIODE PROTECTION ON SO 203 ONLY. 

1kHz FORWARD 
TRANSCONDUCTANCEVS 

DRAIN CURRENT 

COMMON SOURCE CONFIGURATION 
AMBIENT TEWERATURE IT AI· 2!> C 
fREQUENCY (II • 1kHz 
DRAII"UO-SOURCE VOLTS 1Yos) 1 +15Y -

/ 
~ 

/ 
I 
I 

DRAIN MllLlAMI'£RES "DI 

1.OGHz NOISE FIGURE AND 
AVAILABLE GAIN VS 

DRAIN CURRENT 

v 
~ • f--+~-+---1---+----l50 ~ 

'---r----+~-t-----I 

DAAlfolMILLIAMPERESlI Ol 

PIN CONFIGURATION 
PACKAGE 

Source Substrate 

and Case 

Drain Gate 

"DIODE PROTECTION ON SD203 ONLY. 

DRAIN CURRENT VS 
GATE-TO-SOURCE VOLTAGE 

/ 
v 

/ 
/ 

/ .~--~--~~--~----~--~ . 
GATE·TO·SOURCE VOLTS 1Ves' 

1.5GHz POWER GAIN VS 
DRAIN CURRENT 

COMMON SOURCE CONFIGURATION 
AMBIENT TEMPERATURE ITA)' 25 C 
DRAIN TO SOURCE VOLTS Woo,. '15V - ~ / 
/ MAO 

f/~ 

I' . 
ORAINMILLIAMPERESU O' 

, 



CHARACTERISTIC CURVES (Continued) 

1.8GHz POWER GAIN VS 
DRAIN CURRENT 

" , 
COMMON SOURCE CONFIGURATION 
AMaiENT TEMPERATURE ITAJ =25 C 
DRAiN-TO SOURCE \lOLTSNOS). "!'>V 

" ~ 

~ 
~ i 

r 

" 
, ~ 

(/ 1---~ ~ 
I---- " 

:!j~r-- . -
, , 

" " " 
DRAIN MilLIAMPERES Hoi 

COMMON SOURCE CONFIGURATION 
AMBIENT TEMPERATURE (TA) = 25°C 
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FREQUENCV (GHz! 

"S" PARAMETERS 

DRAIN MILLIAMPERES (ID) = 20 
DRAIN-TO-SOURCE VOLTS (VDS) =+15 

S12 

'" I /i 
'" 

O,OB 
VI 

I ISui / I 
I V I 

0,06 " 
I / I 

[Sui 

I'" 
LS12 

1 '" 1/ '" / - " . ( "--- L5'2 I 
0.02 :-I 1 
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1GHz NOISE FIGURE AND POWER GAIN TEST FIXTURE 

L-_________ ~ ____ ----__ ~ 

DIALECTRIC IS 1116" TEFLON-FIBERGLASS 13M­
K609S-11) 
ALL MICROSTRIP WIDTH ~ 0.17S" 

L1 ~ 0.4S" 
L2 ~ 1.S2" 
L3 ~ 0.64" 
L4 ~ 1.36" 
LS ~ S/16" 
L6 ~ liS" 

Cl ~ C2 ~ C3 ~ 0.S-10pF 
Johanson 5201 

C4 ~ 1.20pF 
Johanson 5501 

RFC ~ 10 TURNS 26 AWG Y,' DIA. 
1000pF BYPASS 
CORY FT4-01-2 
LAUNCHERS-OSM248-2 

NOTE: SHIELD AND 4 TUNABLE CAPACITORS ON GROUND PLANE SIDE OF AMPLIFIER. 
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FEATURES 
• LOW FEEDBACK CAPACITANCE - 0.30pF 
• LOW DRAIN NODE CAPACITANCE - 1.3pF 
• LOW GATE NODE CAPACITANCE - 2.4pF 
• LOW FEEDTHROUGH AND FEEDBACK TRANS­

SIENTS 

APPLICATIONS 
SWITCH DRIVER 
ANALOG SWITCH 
MULTIPLEXERS 
DIGITAL SWITCH 
SAMPLE AND HOLD 
CHOPPERS • ION-IMPLANTED FOR GREATER RELIABILITY 

• EXCELLENT ISOLATION FROM INPUT TO OUT­
PUT - 120dB 

A-TO-D CONVERTERS 
D-TO-A CONVERTERS 

• 35V DRAIN-TO-SOURCE VOLTAGE FOR SD210/211 

CHARACTERISTIC CURVES 

DRAIN CURRENT VS 
DRAIN-TO-SOURCE VOLTAGE 

~\.s COMMON SOURCE CONFIGURATION 

/ \\ 'M'"'' I'M' "" 0 r ' 
/ J.--

Dr~ro"", Vo," 'v,,, 

/' " 

1/ J " I', 
DISSIPATION 1300mW1 1 " 

................. 
0 I; 

., 

., 

ORAIN-TO-SOUACE VOLTS 1VOSI 

THRESHOLD VOLTAGE VS 
SOURCE-TO-SUBSTRATE VOLTAGE 

~ 
~ /' 
!u ! 
2 I I DRAIN CURRENT (l0) m \I'A 

•·~r ,., h"r----+---+ " -AMBIENT TEMPERATURE· 25"'C -
Vas· VGS 

SOURCE-lO-SUBSTRATE VOL TAGE (Vse). VOLTS 

1kHz FORWARD 
TRANSCONDUCTANCEVS 

DRAIN CURRENT 

COMMON SOURCE CONFIGURATION 
AMBIENT TEMP, IT AI ~ 25 C 

FREOUENCV Ifl - lkHI 
DRAIN TO SOUACE VOL T5 (VoSI ~ +15 

/v 

/ 
}f-+----+----+----1 

DRAIN MILLIAMPElHS liDI 

DRAIN-TO-SOURCE RESISTANCE 
VS TEMPERATURE 

r-
~DJAINC!RREJ(ID)-lo_lmAI I 

r-- f---

0 

SOIUACE.~O.SUBjTRA7 VOLTS IVse)· 0 

p-
./ o 

GATe·TO-SOURCE VOL T5 (Vasl V 
V 

lY V .-/ 

1--V J..--V ...,... ~ 
l--+-- l-I- I--: r.-

0 

l' SD214.SD21S0NlY 

0 

, 
10 +10 +30 +50 +70 +90 

AMBIENT TEMPERATURE (TAl, "c 

S!!IDOliC9 

PIN CONFIGURATION 

Source 

Drain 

DE PACKAGE 

Substrate 

and Case 

Gate 

·Diode protection on SD211/213/215 only. 

, 
, 
6 . 
, 
, 
, 
6 . 
2 

, 

DRAIN CURRENT VS 
GATE-TO-SOURCE VOLTAGE 

, 

, 

" 

COMMON SOURCE CONFIGURATION 
AMBIENT TEMP, ITA) 025 C 

DRAIN TO-SOURCE VOLTS = +15 

II 
/ 

fl 
V 

GATE-TO SOURCE VOL TS (VGSI 

THRESHOLD VOLTAGE 
VS TEMPERATURE 

DAllN CUiRENT11,Oi. LA I 

/ 

I _ 
SOURCE·TO·SUBSTRATE VOLTS (Vse)· 0 

GATE CONNECTED TO DRAIN 
IVas· Vas) -

""'- t----. 
~ 

"""-

AMBIENT TEMPERATURE IT It). "c 
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CHARACTERISTIC CURVES (ContinUE!d) 
~----------------------------------------~ 

DRAIN-TO-SOURCE RESISTANCE VS 
GATE-TO-SOURCE VOLTAGE 

DRAIN CURRENT VS 
GATE-TO-SOURCE VOLTAGE 

I 
SOU!CE.JJSUBST1RATE l"-

I 

I VDLTSIVsa, 
0 I , I 

-, I -10 
DRA:N CU~RENT ~ID) - o~ lmA I 

; -" 
AMBIENT TEMPERATURE (T AI- 26·C 

I -2S 

~ 
i 
~ 
i 

_~~ 'D,,,.SD2,,LLV 
~ 
~ 4 

a 
~ ~ 

z 

~ 
~ 1!5!!! .... -

o 0 
o 0 

l i soJRCE-T()'SU~STRATE 
-2 -5 r-'VOL TS (Vsa' 

I I I 
rSD214.SD2150NLY -

~-10 

~-15 

r -ZS 

I 
I 
I 
I 

I 
I 
I 
I 
I AMBIENT TEMPERATURE-
'ITA)-25"C I 

U) : GATE CONNECTED TO DRAIN 

L I (VGS"'VOS' 

~ 
~ 
~ 
5 

~ . 
~ 

DISTORTION VS 
GATE-TO-SOURCE VOLTAGE 

SOURCE·TO-SUBSTRATE VOLTS (VGS' 

I I 
FREQUENCY - 1kHz 
OUTPUT SIGNAL a 1 VOLT lAMS) 
see DISTORTION TEST CIRCUIT' 

GATE-TO-SOURCE VOLTAGE (Vos), VOLTS GATE.TO.soURCE VOLTAGE (VGS), VOLTS GATE.lO·SOURCE VOLTAGE (VGS), VOLTS 

SWITCHING CHARACTERISTICS 

td (ON) (ns) tr (ns) tOFF (ns) 

VOO RL TYP MAX TYP MAX TYP MAX 

5 680 0.6 1.0 0.7 1.0 9.0 * 

10 680 0.7 0.8 9.0 

15 1k 0.9 1.0 14.0 

-tOFF is dependent on RL and CL and does not dEpend on the 
device characteristics. 

TYPICAL WAVEFORMS 

ANALOG 
OUTPUT 

SWITCHING WAVEFORMS 

OV 

+Voo----"" 

VOUT 

210 

\~-

'OFF 

CAPACITANCE MODEL 

GATE (G) 0 

CGD 

I, -1(- -] , 0 DRAIN ,01 

::F Cos 

t cGB I]'!""~"'r-~;-""o SUBSTRATE ,BI 

t-i(---.J ¥CSB 

L if- - - - • 0 SOURCE ,SI 
CGS 

DISTORTION TEST CIRCUIT 

G 

NOTE: ALL RESISTORS STANDARD AND ARE MEASURED IN OHMS. 

TEST CIRCUIT 

TO SCOPE +VDD 

510 RL 

VOUT TO 

SCOPE 

V ,N 

I~ 
51 

~ 

NOTE: ALL RESISTORS STANDARD AND ARE MEASURED IN OHMS. 

INPUT PULSE SAMPLING SCOPE 
td. tF 1ns tr 360ps 
PULSE WIDTH = 100ns RIN = 1M 
REP RATE = 1MHz GIN = 2.0pF 



D-MOS DRIVER/SWITCH APPLICATION 

I 

~
+'5V 1 J ANALOG OUTPUT 

1 ,'OV 

CONTROL 
SIGNAL 1 5 +5 ,. 

1 G D o 15V 

VIN~."m * i~. it:~' ~'~'.m 
lk L SWITCH ----- I RS· 8D214/215 

DRIVER -+------,1 ___ ---' 
S0210/211 I 

-,5V I 

RB· OPTIONAL CURRENT LIMITING RESISTOR 

NOTE: ALL RESISTORS STANDARD AND ARE MEASURED IN OHMS. 
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GENERAL FEATURES 
• Lower cross-modulation and wider dynamic range than bipolar or single gate FETs 
• Reverse AGC capability 
• Linear mixing capability 
• Diode protected gates 
• High forward transconductance - gls " 10,000umhos 
• Ion-implanted 
• Positive bias only 

PARAMETER SO 300 S0301 SO 303 S0304 UNIT 

High Gain Through UHF Range 13 14 14 dB at 1GHz 
High Gain Through VI;-IF Range 16 dB at 500MHz 
Low Noise Through UHF Range 8 6 5.5 dB at 1GHz 
Low Noise Through VHF Range 5 dB at 500MHz 
Low Input Capacitance 2.0 2.0 3.0 2.5 pF 
Low Feedback Capacitance 0.02 0.02 0.02 0.03 pF 
Low Output Capacitance 1.0 0.6 0.6 1.0 pF 

TEST FIXTURE (1 GHz) (Used With SD300, 301, 303) =========:::::;--1 

212 

DIELECTRIC IS 1/16" TEFLON-FIBERGLASS (3M·K6098·11). 
ALL MICROSTAIP WIDTH'" O.175INICH. 

l, '" 0.42 INCH C, = O.8-10pF JOHANSON 5201 
L2 = 1.68 INCHES C2 = C4 ~ 1.20pF JOHAI'ISON 5501 

La .. 0.64 INCH C3 = O.4·6JlpF JOHANSON 4642 

L4 - 1.52 INCHES AFC, .. O.22pH 

LS'" 0.30 INCH RFC2 = 18jJH 

NOTE: SHIELD AND ALL PASSIVE COMPONENTS, ON GROUND PLANE SIDE OF AMPLIFIER. 

1000pF BYPASSES ARE, 

DRAIN: CORY FT4·01·2 

GATE 2: AMERICAN TECHNICAL 
CERAMICS ATC100B 
(CHIP CAPACITOR) 

LAUNCHERS ARE OSM248-2 

II(gRonali 

PIN CONFIGURATION 
PACKAGE 

DUAL 
GATE CASCODE BIAS SCHEME 

+VOS ~ 0 --> +20 Volts 
+VG1S ~ 0--> +4 Volts 
+VG2S ~ 0 --> +10 Volts 
+los~O-->+20mA 



CHARACTERISTIC CURVES 

50300,301 

, 

POWER GAIN VS FREQUENCY 

" 

I M'G~ 

AMBIENT TEMP, IT AI = 2S"C I '" 
DRAIN MILLIAMPERES 1101 = 18 " MAG .... 
DRAIN-la-SOURCE VOL T5 (Vas) ," , 

,./ V 

I V V 
I [)/ 

V V I 

:.........- : 
I 

: 

POWER GAIN VS 
DRAIN CURRENT 

t.MBIENT TEMP. (TAl ~ 25"C 

FREQUENCY If) ~ lGHz 
ClRAIN·TO·SQURCE VOL T5 (vos)· +15 

DRAIN MILLIAMPERES (to) 

50300, 301, 304 
DRAIN CURRENT VS 

DRAIN-TO-SOURCE VOLTAGE 

, , 

/ 

(/ 
If( 

f/ 
V 

...;,. GATE 1110. '-TO-SOURCE 

V +4.0 , .J VOCOAG<iVG ,,' 

.3.5 
""" 

V O'SS'PAT,ol")" 
I '''''mW, I 

+3.0 
1' ......... 

AMBIENT TEMP. IT AI ~ 25°C 

GATE NO. 2-lD-SOUACE VOLTAGE 
(VG2S1 ~ +10 VOLTS 

>2.5 

+2.0 

+1.5 

DRAIN-TO·SOURCE VOLTS (Vos) 

NOISE FIGURE AND AVAILABLE 
GAIN VS DRAIN CURRENT 

, 

..!-~:M'''N' "M'" A'~"O' FRENOUENCY It! ~ 1GHZ 

4 DRAIN-TO-SOURCE VOLTS (Vos) 

, \~ 

\ r--- S0300 , 
S0300,S0301 

/ 
S0301 

, 

, 
, 

fG . 
I , , 

DRAIN MILLIAMPERES 110) 

, 

50304 

I 

I 

POWER GAIN VS 
DRAIN CURRENT 

/ 
f..- MAG 

f ~~AG ~MALMUMAVAILALEGAI~_ 
k>l _ UNCONDITIONALLY STABLE 

\ 
"- . 

::EB~~~~~~~:A~:~ IT AI = 25"C _ 
DRAIN.TO·rURCE VOL T5 IIDsl- +15V 

DRAIN MILLIAMPERES 1101 

1kHz FORWARD 
TRANSCONDUCTANCEVS 

DRAIN CURRENT 

AMBIENT TEMP. (TAI-ZSQC 
DRAIN-TO-SOURCE 

VOLTS (Vos)- +15 
FREaUENCY~l KHZ 

GA IE NO. 2-TO­

SOURCE VOLTS (VG2S) 

ORAIN MILLIAMPERES 110) 

SmROIIe• 

, 
, 
, 
, 
, 
, . 
, 
2 

, 

NOISE FIGURE AND 
AVAILABLE GAIN VS 

FREQUENCY 

A~BIEN~ TEMP~ (TA) .125"-C I T 
ORAIN·TO·SOURCE VOLTS (VOS) ~ +15-
DRAIN MILLIAMPEREj 110) - 18 

1'\ V 
AD 

"'- ,ok/ V 

r"-... V SDr 

V !"-k' 
IL /v -... 

~ ""'" "/,/ 

, 
, 
, 
, 

, 
'" 

FREQUENCY IGHZ) 

POWER GAIN VS FREQUENCY 

I ~ I 

I \. I - / \ I I 

~ \ I 

----~---~ ~ ~~; 
/ I I \ I 

/ I 
I 

AMBIENT TEMPERATURE (TA)· 25°C I 
l-- DRAIN MILLIAMPERES liD) - 18 

DRAIN·TO·SOURCE VOLTS !Vas) - +15V I 

DRAIN CURRENT VS 

. ,. 

GATE NO.1-TO-SOURCE VOLTAGE 

AMBIENT TEMP. (T A)-25 C 
ORAIN TO SOURCE 

VOLTS IVos)- +15 

GATE NO. 1-TO-SOURCE VOLTS (Vms) 

2t3 

" 9 
c c: c 
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CHARACTERISTIC CURVES (Continued) 

SO 300, 301, 304 
DRAIN CURRENT VS 

GATE NO. 2-TO-SOURCE VOLTAGE 

VOLTS (VDS'" .15 

GATE NO. 1-TO-SOURCE 

VOLTS (VGlS' 

GATE NO. 2-T<>-SOURCE VOLTS {VG2S' 

S0303 

~ 
~ .; " 
OJ 
i 
z 10 

~ 

DRAIN CURRENT VERSUS 
DRAIN-TO-SOURCE VOLTAGE 

\ AMBIENT TEMP. IT Al - 2ti""C 

\ GATE NO. 2·T()'SOUFICE 
\ VOLTSIVGZsl-+'j 
\ 

\ 

DLSSIPATIL 

, 
r " , (lOOmW) 

I ...... 
......... 

I GATE NO. l·TO.soURCE 
VOLTS (VG1S' 

DRAIN·TQ·SOURCE VOLTS {YOSI 

1kHz FORWARD TRANSCONDUCTANCE 
VERSUS DRAIN CURRENT 

214 

AMBIENT TEMP (TAI- 25'C 
DRAIN-TO-SOURCE 
VOLTS (YOS) .. +115 
FREQUENCY" 1KHz 

OfIAIN MILLIAMPERES liD) 

2 
!~ 

~ 
i 
Z 

~ 

AUTOMATIC GAIN CONTROL 
RANGE AT 500MHz 

or'--~-r--r--r--r--r--r--r:a~~ 
AMaIENTTEMP.(TAI~25·C V 

-4 f-DAA1N-TO-SOUACE -+--h,4--+--I--I 
VOLTS (VOS' ".,6 

/ 

/ 
GATE ND.l_TO_ 

SOURCE VOLTS (VGlS) .. +4 

II 
I 

II 
I 

II 

GATE: NO. 2-TO-SOURCE VOLTS IV02S1 

DRAIN CURRENT VERSUS 
GATE NO. 1-TO-SOURCE VOLTAGE 

AMBIENT TEMP. IT AI .. 2S"C 

";:. V 
ORAIN·TO.soURCE 
VOLTSIVosl-+15 ... 

+10.0 

h 
I 

GATE NO. 2·TO-$OURCE 
VOLTS IV02S1 

J /' ~ +2.5 

f' 
GATE NO. '·TO.soURCE VOLTS IV01s1 

POWER GAIN 
VERSUS FREQUENCY 

-

30 

N 1 
MSG 1 

AMBIENTTEMPITA'''25"C ~ t DRAIN MILLIAMPERES 1101 .. 18 
ORAIN·TO.souACE VOLTS IVosI- +15 

1 
... 

I 

1 
1./ 

./ 

/ I 

./ I 

1 
1 

0.4 0.6 
FREQUENCY IGHII 

••• 1111 

... MAG ......... 

k" 
, 

0 

DRAIN CURRENT VERSUS 
GATE NO. 2-TO-SOURCE VOLTAGE 

AMBIENT TEMP IT AI" 21S"C 
ORAIN·TO.sOUFICE 
VOLTS (V OS' ~ +15 

.--:;:0 

/' GATE NO. '·TO·SOURCE 

VOLTS (VG1S' 

J [,...-- +2.5 

1/ +2.0 

77 
y- +1.6 

GATE NO. Z·lD·SOURCE VOLTS IV GZS' 

POWER GAIN VERSUS 
DRAIN CURRENT 

AMBIENT TEMP (TA) ~ 25"C 
FREOUENCY III .. 1 GHz 
DRAIN· To.sOURce VOLTS (Vos) ~ +15 

DRAIN MILLIAMPERES Clo) 



CHARACTERISTIC CURVES (Continued) 

S0300/301 

1.0 - :--....... 
0.8 :'-.... 

i'--
........ 

0 .• 

15,,1 

0.' 

0.2 

:;:,-. 

S PARAMETERS 
AMBIENT TEMP. (TA) = +25°C 
DRAIN MILLIAMPERES (10) " 18 
ORAIN-TO-SOURCE VOLTS (VOS) = +15 

0.011 

~;: J0300, !D301 
0.010 

0.009 
50301 '" ~ ......... 

30' 0.008 

0.007 

r--... (511 1512/0.006 

S0300,S0301 ~ 
""- IS" 

........ 
50300, SD30V 

V 

so· 0.005 

0.004 

0.003 

,/ 
,/' 

90' 0.002 

.// 
,,0" 

,/ L512 

V 
'0" 

,/ 15,21 

,./ 

o ~ W 
o ~ ~ ~ ~ U U U ~ ~ U o 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 

FRENQUENCY fGHZ/ FREQUENCY IGHZ) 

1.1 

1.0 

0.8 

0 .• 

IS211 

0.' 

~ 
~ --....!D~.S0301 

"'-.. r-~I 
~ 

"" ""-SD300,SO~~ 
r\. 

160" 

~ 50300, S0301 IS2;! 
--...;;:: 
~ ::--.. ....... 

~ ........ soJ, 
......... :----

"-SD3~ 
.......... 
~ 

SO" 

1.0 

0.8 

130' 
30" 

0 .• 

100' 

0.' 

0.2 

L521\ 

,0" 0.2 

... 
0 0 0.1 0.2 0.3 0.5 0.6 0.7 0.8 0.9 1.0 

FREQUENCV (GHZ) FREQUENCY (GHZ) 
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CHARACTERISTIC CURVES (ContinuE~d) 

S0303 

t.O 

0.8 

S" 0.6 

0.4 

0.2 

2.0 

t.8 

1.' 

1.4 

j5211 1.2 

1.0 

0.8 

0.8 

0.4 

0.2 

216 

.------------------------------------------------------------~ 

S PARAMETERS 

AMBIENT TEMP. (TA) = 25°C 
DRAIN MILLIAMPERES (10) = 18 
DRAIN-TO-SOURCE VOLTS (VDS) = +15 
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CHARACTERISTIC CURVES (Continued) 
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FEATURES 
• Positive bias only 
• Low gate voltage 
• Enhancement mode operation 
• Wide AGC range - SOdB at 200MHz 
• Zener diode gate protection 
• Ion implanted for greater reliability 
• High conversion gain - 17dB at 200M~lz with VG1S = VG2S for biasing simplicity 
• Excellent isolation from gate no. 1 (RF') to gate no. 2 (LO) - 20dB at 200M Hz 
• Low input capacitance - 4.0pF 
• Low feedback capacitance - O.03pF 
• Excellent cross modulation performance and low noise operation 
• High transconductance - 27mmhos 
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CHARACTERISTIC CURVES (Continued) 
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CHARACTERISTIC CURVES (Continued) 
--------------------------------------------------~ 
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FEATURES 
• Positive bias only 
• Low gate voltage 
• Enhancement mode operation 
• Wide AGC range - 50dB at 200M Hz 
• Zener diode gate protection 
• Ion implanted for greater reliability 
• High power gain without neutralization - 20dB at 200M Hz 
• Low noise figure - 1.5dB at 200M Hz 
• Low input and output capacitance - 3.3pF and 1.0pF constant 
with AGC 
• Low feedback capacitance - O.03pF 
• Superior cross modulation performance 
• High transconductance - 15mmhos 
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CHARACTERISTIC CURVES (Continued) 
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CHARACTERISTIC CURVES (Continued) 
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27 

TEST PROCEDURE FOR CROSS MODULATION 
DISTORTION MEASUREMENTS 
1. Modulation on Generator #2 is set at 100kHz, 30% AM 

BLOCK DIAGRAM OF CROSS MODULATION TEST modulation (sidebands down 15.6dB) with an output signal 
frequency equal to 196MHz. 

2. Generator #2 is set at approximately -15dbm, 200MHz. 

3. While observing the test circuit output spectrum, adjust the 
signal level of the interfering frequency so that the sidebands 
on the desired frequency are 46dB down from the carrier. 
This corresponds to 1 % cross modulation. 

4. Turn off Generator #1 and turn off the modulation on 
Generator #2. 

5. Using the RF voltmeter, measure the amplitude of the 
interfering signal at the test point. 
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FEATURES SD5000 APPLICATIONS 
• low input capacitance - 2.4pF 
• low feedback capacilance-O.3pF 

Analog switching (up to very high frequen­
cie's) 

• Low output capacltance-l.3pF 
• ±10V analog signal range -
• Low propagation delay time-600ps 
• Low on reslstance-30n 
• Low feedlhrough and feedback transier.1s 
• Ion implanted for greater reliability 
• High channel-to-channel isolation-
107dB 
• Transient protection for gates 

Audio routing 

Ch'l)ppers 

Crosspoint switches 

Sample and hold 

SD5100 APPLICATIONS 
Multiplexing 
CUlrrent summing 

SOl5200 APPLICATIONS 
Switch drivers 

FUNCTIONAL AND SCHEMATIC DIAGRAMS 

S05000, 5001, 5200 
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A PACKAGE 

MULTIPLEXER 
(505100/505101 ) 

20k 20k 

CT - 20 log Va 
V'N 

WHERE V 1N = lV RMS AT 3kHz 

TEST CIRCUIT NO. '2 

50 



THEORY OF OPERATION 
The SO 5000 series consists of four SPST switches with analog 
signal capability of up to ±10 volts for the S05000 and up to±5 
volts for the S05001. Each switch of the array is a O-MOS N­
channel field-effect transistor of the enhancement-mode type; 
that is, the device is normally off when gate-to-source voltage 
(V GS) is zero volts. When V GS exceeds the threshold voltage VT 
the FET switch starts to turn on. With V GS in excess of +10 volts, a 
low resistance path (typically 30n) exists between input and 
output of the switch. Figure 1 below shows the normal mode of 
operation of a single switch of the array for±5 volt analog signal 
processing. Note that the source is recommended for the input 
since feedback or reverse transfer capacitance is lower when 
drain is used as the output. In this case, the switch is driven by±l 0 
volts for which the S05200 could be used as discussed later. 

+. 
INPUT -. 

+'0 

GATE 

-'0 

+. 
OUTPUT 

-5 

FIGURE 1 

o OUTPUT 'T'-+-.---o ("Vi 

When analog signals are routed from one point to another the 
important factor are isolation, cross-talk between switches, 
feedthrough and feedback transients, Insertion loss and speed of 
operation. The S05000 series offers superior performance in all 

these areas. 

Isolation. ON resistance is typically 300 and OFF resistance is 
typically 10'00, which means the OFFto ON resistance ratio is in 
excess of 109. Isolation from output to input from 3kHz analog 
signals is -107dB. 

Feedback and feedthrough transients. These are kept to a 
minimum because of the very low feedback and feedthrough 
capacitances. This means that "glitch less" or "clean" signals 
appear at the output. 

Insertion loss. This depends upon the source and load imped­
ances involved. As an example for 6000 source impedance the 
insertion loss for voice signal (1 V RMS at 3kHz) is less than 0.3dB. 
This indicates that the S05000 series would make good telephone 
cross-point switches. 

Speed. Because of the low ON resistance and low input 
capacitance the S05000 switches turn on at sub-nano-second 

speeds. They are also capable of handling very high frequency 
analog signals and still maintain excellent isolation (20-30dB at 
lGHz). 

The S05200 is intended as a driver for the S05000/5001 but is 
capable of driving any system which requires ±15 volts. Four 
drivers are in each package and Figure 2 shows how a single 
driver is biased for±15 volts. Two external resistors Rl, R2 and a 
zener diode 01 are required per driver. The input is 5V open 
collector TTL. 

FIGURE 2 
+15V 

'k F' 1SV ZENER !:15V 

D' 

biJ 
~ 

'5V 

The S05100 series is four channel multiplexers. the S05100 has 
0-30 volts input voltage capability and the S05101 has 0-15 volts 
input voltage capability. Each circuit has a common source. The 
signals at the source are limited to±200mV and therefore these 
circuits are used where switching is performed at the virtual 
ground point of an op amp. In this case, no external driver is 
required nor are any additional power supplies required. Because 
the ON resistance of both the S05000 and S05001 is very low 
(300 typ) and matched within 50, the need for a compensating 
FET is minimized and in some cases eliminated. The parts can be 
driven directly from TTL, either +5 volts or +15 volts open 
collector. 

ANALOG SWITCH/DRIVER APPLICATION 
The S05200 operates as an inverting switch capable of driving 30 
volts maximum. This wide range capability with high speed fulfills 
most analog switching applications. Figure 3 demonstrates how 
the S05200 drives the S05000 in a typical analog switching 
application. 

ANALOG MULTIPLEXER APPLICATION 
The S05100 series is easy to use as shown in Figure 4. Driver 
circuitry can be TTLor ifvery low RON is required (190 typ), then 
TTL open collector logic can drive the S05100 up to +20 volts. The 
common source is kept at or near ground and each drain will 
withstand +30 volts with isolation typically 120d B. 

If a compensation transistor is required in series with R2, then the 
maximum mismatch error for Rl = R2 = 10kO would be: 

Error =---- =.05% 

Without the compensation transistor the error would be: 

R2 
error = ----= .7% 
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ANALOG 
INPUTS 

SWITCHING CHARACTERISTICS 

td (ON) (ns) tr (ns) tOFF (ns) 

VOO RL TYP MAX TYP MAX TYP MAX 

5 680 0.6 1.0 0.7 1.0 9.0 * 

10 680 0.7 0.8 9.0 

15 lk 0.9 1.0 14.0 

*tOFF is dependent on RL and CL and does not depend on the 
device characteristics. 

SWITCHING WAVEFORMS 

TEST CIRCUIT 

TO SCOPE +VOD 

INPUT PULSE 

t r• t, < 1n. 
PULSE WIDTH .. 100 n. 

REP RATE = 1 MHz 

'OFF 

SAMPLING SCOPE 

tr < 350 PI 

RIN· 1 Mil 
CIN • 2.0 pF 



CHARACTERISTIC CURVES 
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GENERAL FEATURES PIN CONFIGURATION 
• Positive bias only 
• Low gate voltages 
• Enhancement mode operation 
• Zener diode gate protection 
• Ion implanted for greater reliability 

FEATURES (RF AMP Section) 

Gate No, 2 
Mixer 

Gate No. 

• High power gain without neutralizatioll-2SdB at 100MHz Mixer 

• Low noise figure-2.SdB at 100MHz 
• Low input and output capaCitances constant with AGC-
3.0pF and 1.0pF 

Gate No.2 
RF Amp 

• Low feedback capacitance-O.02SpF 
• Superior cross modulation performanc:e 

Gate No.1 
RF Amp 

• High transconductance-1Smmhos 
• Wide AGC range-SOdB at 100MHz 

FEATURES (Mixer Section) 
• High conversion gain-17dB at100MHzwithVG11S =VG2S for 
biasing simplicity 
• Excellent isolation from gate no. 1 (RF') to gate no. 2 (LO) 
• Low input capacitance-4.0pF 
• Low feedback capacitance-O.03pF 
• Excellent cross modulation performance and low noise 
operation 
• High conversion transconductance at low drain currents-
10mmhos 

CHARACTERISTIC CURVES 

RF AMP SECTION 

DRAIN CURRENT VS DRAIN CURRENT VS 
DRAIN-TO-SOURCE VOL TAG!: 'GATE NO.1-TO-SOURCE VOLTAGE 
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CHARACTERISTIC CURVES (Continued) 

AUTOMATIC GAIN CONTROL RANGE 
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CHARACTERISTIC CURVES (Continued) 
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S06000-V 

CHARACTERISTIC CURVES 

MIXER SECTION 
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24 +12V 

~
fl005 r-~~--""-~-"""I\r-O"2V 

AF IN 
Z ~ 50n 

l80k 
VGG2 

.005 3 

--...------.---.-JI;:t 
1.005 

L l-l2 5 TURN #18 WIRE 3/16" DIA. AIR CORE 
TAPPED AT 1 TURN 

C1-C2 NPO. ERIE NO. 538-011A-2-8 

r005 
RF OUT 
Z '" sou 

RF 
l00MHz 
20; 50n 

20pF 

~ -= .005 

VGG2o----..... 

180k 

FM TUNER USING SD6000 ELECTRICAL DATA 

PARAMETER TEST CONDITIONS 

Supply Voltage 

Supply Current AGC voltage +10V 

Frequency Range 

Bandwidth RF Amp (-3dB) 
Mixer (-3dB) 

I nput Impedance 

Output Impedance 

I F Output Frequency 

Oscillator Stability w/respect to Supply Voltage 

Oscillator Stability w/respect to Temperature 

Power Gain 88MHz to 108MHz 

Noise Figure @ 100MHz 

litgnOliCIi 

24 

IF OUT f'0.7MH, 
Z '" 50n 

T1 

CAMBION COR E ""533-3652·003 
CARBONYL J CORE. 
PRIMARY COIL 30 TURNS ""26 WIRE 
SECONDARY COIL 2 TURNS ""26 WIRE 

L 1 5 TURNS ""18 WIRE, 3/16" DlA. AIR CORE 
TAP 1 TURN FROM GROUND SIDE 

C1 NPO, ERIE NO. 538·011A-2-8 

TYP 

+12V 

25mA 

88MHz to 108MHz 

2.5MHz 
300kHz 

75.11 

50.11 

1O.7MHz 

40kHz/volt 

1OkHz/oC 

30dB Min 

3.OdB Max 
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FM TUNER USING S06000 

+12V 

o~------------~Jt~-----'-----~---'----------~---------1~-------------'---' 

I~ I~ 
11 10.7MH, nr'FOUT 

R3 

AGe INPUT 
0-10V 

~,¢-
/ "'Tl', 

-=- I-=--=- -=- -=- 1/2S06000 

I 

I 

I M 

I /~N'v-"""'---' 

II 
R4 1/2S06000 II 

R5 

II II RIO r e17 

/ I _ _ I 
L ______________ 1 _________________ J 

PARTS LIST 
1. Transistors 

Q1 
Description 

PNP Silicon 
Type 

2N4126 
2. Integrated Circuits 

U1 Dual D-MOS FET SD6000V 
3. Resistors (All carbon resistors in ohms ±10% tolerance.) 

Value 
R1 30k 
R2 68k 
R3 200k 
R4 150k 
R5 39k 
R6 82k 
R7 120 
R8 6800 
R9 13k 
R10 3k 
4. Capacitors 

C1 
C2 
C3.4.5.6.8 
9.11.12.17 

232 

Value 
5-20pF 
20pF 
.005 

Type 
3 Gang Tuning Capacitor 

±5% NPO 
+80% - 20% Ceramic 

C7 
C10 
C13 
C14 
C15 
C16 

10pF 
56pF 
2-8pF 
12pF 
10pF 
10pF 

5. Miscellaneous Components 
T1 IF Transformer 

L1 RF Input Coil 

L2 RF Output Coil 

L3 Oscillator Coil 

L4 

±5% NPO 
± 5% MICA or Ceramic 
Trimmer 

± 5% NPO 
±"5% NPO 
±5% NPO 

Cambion 533-3652-003 
Jcore Prim. 30T #26 

Sec. 2T #26 
4 turns #18 on 3/16" 
dia. Air core - Tap 1 
Turn from ground side. 
4 turns #18 on 3/16" 
dia. air core. 
4 turns #18 on 3/16" 
dia. air core center-tapped. 
33"h RF choke 



FEATURES 
• INTERNAL CURRENT LIMITING 
• LOW STANDBY CURRENT 
• HIGH OUTPUT CURRENT CAPABILITY 
• WIDE POWER BANDWIDTH 
• LOW DISTORTION 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage 

Operating Temperature Range 

Storage Temperature Range 
Output Short Circuit Duration 

(Not exceeding maximum dissipation.) 

SCHEMATIC DIAGRAM 

±27 Volts SE540 
±22 Volts NE540 

-55°C to +125°C SE540 
O°C to + 700C NE540 

-65°C to +150°C 
Indefinite 

PIN CONFIGURATION 
L PACKAGE 

r---~--~--------~----~------------------~--~--~--~--~--------~---010 

TEST CIRCUITS 

OFFSET VOLTAGE MEASUREMENT 

loon 
1" 

+V 

·V 

vOFFSET • VOUT 

100 

12000PF 

100 

Bl!IlOfiCS 

OUTPUT BIAS CONTROL 

+V 

·V Rl = IK 

BIAS CONTROL FOR­
OUTPUT TRANSISTORS 
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ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise specified) 

TEST SE540 NE540 
PARAMETER CO'NDITIONS MIN TYP MAX MIN TYP MAX UNIT 

Operating 
Temperature Range -55 +125 0 +70 °C 
Operating 

±25 ±5 ±20 Supply Voltage ±5 Volts 
Quiescent Current 13 20 13 20 mA 
Input 
Offset Voltage 5 7 7 10 mV 
Input 
Offset Current 0.3 0.7 0.5 1 pA 
Input 
Bias Current 1.5 3 2 5 /LA 
Input Impedance 40 dB Gain 20 20 kn 
Current Gain 80 100 70 90 dB 
Gain Variation Over 
Temperature Range 40 dB Gain ±0.1 ±0.1 dB 
Frequency Response 40 dB Gain ±1 dB 500 100 kHz 

40 dB Gain Output 3 dB 
1.0 Distortion below maximum 0.25 0.5 0.5 % 

RL = 6C10n 
RL = 2Kn 0.06 0.06 

Equivalent Input RS = 600n 
Noise Voltage 50 Hz to 500 kHz 10 10 /LV 
Power Supply 

60 80 Rejection Ratio 40 dB Gain BO 90 dB 
Common Mode 
Reiection Ratio 110 90 dB 
Output 

±100 Drive Current ±120 ±150 ±BO mA 
Slew Rate Vs = ±:WV 200 200 V//LS 

VOUT =, ±15V 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTEI=IISTICS (Cont'd) 
--------------------------------------------------, 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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VERSUS SUPPLY VOLTAGE 

-I--I--

I--I-" 

30 
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0.01% 
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NEGATIVE VOLTAGE REGULATORS 
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R2 

+VOUT r:'MAX=12OmA 

~ __ ....... r'"' ~i 

r 
'~1 I~o:F 

-V OUT 
~:--,----."'" ) 

I MAX:120MA 

C2 

C, 

R2 

lI(gnOliCII 



TYPICAL APPLICATIONS 

10K 

1 Watt 

+Vee 
+25V 

~ J;M 
-25V 
-Vee 

VOl. T AGE GAIN 
AV~ R1+R2 

~ 

3 Watts 

POWER AMPLIFIERS 

+25V 

SmnOfiCS 

,OK 

100pF 

35 Watts 

Ra 
loon 

R, 
8.2K 

500pF 

+Vcc 

+25V 

R, 
a.lan. 

"6 O.lan 

RL 
all 

~---V-O-L-TA-G-E-G-A-'N--~~~-O=~;S 

r 
50 ... F rO. 1iJF R7+ AS r lOOiJF 

AV"'-"R8 

70 Watts 

CURRENT LIMITING -=-
650mV 

Rl '" R6~ Ipeak 

POWER LIMITING 
R2 = R5~56n 

Vee 
R3 '" R4~3-;;A 

5COp,r 
8.2K 

8." J R, 

+25V 

~:h ~"":"";8-:i-K--I_-LJH-1-V-OL-T-AG-,.-JGAI 

5OOR'2~ Av ~ 2IR~; Aa) 

,OK 

5000pf 

1 L-- CURRENT LIMITING 

R1 KR6"'::V 

POWER LIMITING 

R2 "'R5",56n 

R3~A4"'~ 
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35 WATT AMPLIFIER 

P.C. BOARD LAYOUT (BOITTOM VIEW) PARTS LAYOUT (TOP VIEW) 

~~~ loon 

<]_ ~O.'~F 
56n 

~~~---C4 ~.--. 

B >1 },s~ 
~~--~--~~lOK~1 ! 

E 10PFf, 10K OUTPUT 

~~--....".. S.2K ~ 

L...~~ ___ B4 .¥;.. - -1 r 
c -.......AAA_ O.5~F 0 

...J CYYV-- -1- INPUT 
~ ~ Q,sn Ql~F o 5000pF T 
v+ 

L-------------------------------____________ ---.J 
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FEATURES 
• LOW NOISE-.7ILV TOTAL INPUT NOISE 
• HIGH GAIN-104dB OPEN LOOP 
• SINGLE SUPPLY OPERATION 
• WIDE SUPPLY RANGE 9 TO 24V 
• POWER SUPPLY REJECTION 110dB 
• LARGE OUTPUT VOLTAGE SWING (VCC -2V pop) 
• WIDE BANDWIDTH 15MHz UNITY GAIN 
• POWER BANDWIDTH 100kHz (15V pop) 
• INTERNALLY COMPENSATED (STABLE AT 10dB) 
• SHORT CIRCUIT PROTECTED 
• HIGH SLEW RATE 5V!lLs 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage 
Power Dissipation 
Operating Temperature Range 
Storage Temperature Ran~e 
Lead Temperature (Soldenng. 60 sec) 

EQUIVALENT CIRCUIT 

Vee 
6 

+24V 
500m,W 

O°C to +70°C 
-65°C to +1500C 

+ 300°C 

,----- ----------1-
I 
I I R3 

I 01 

I 
I 
I 
I 
I Z1 

I 
I 
I 
I 

PIN CONFIGURATION 
V PACKAGE 

'IN'''O'''N'21 -IN (1) 2 7 -IN (2) 

GND 3 6 Vee 

Output (1) .. II Output (2) 

-------, 
I 
I 
I 
I 
I 
I 
I 
I 
I 

'----...... -+-<>(4.5) 

I 
I 
I 

L ___ -L __ _ _____ l ____ --.J 
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ELECTRICAL CHARACTERISTICS TA" +2SoC, VCC = 14V (Unless Otherwise Noted) 

LIMITS 
PARAMETER TEST CONDITIONS UNITS 

MIN TYP MAX 

Supply Voltage 9 24 V 
Supply Current 'ICC = 9 to 18V, Ri. = co 9 12 rnA 

Voltage Gain Open Loop 160,000 VlV 
Input Resistance 

Positive Input lOOk ° Negative Input 200k ° Input Current 
Negative Input .S /LA 

Output Resistance Open Loop lS0 ° Output Current Source 8 14 rnA 
Sink (Linear Operation) 2 3 rnA 

Output Voltage Swing VCC -2.S VCC - 2 V 
Small Signal Bandwidth lS MHz 
Slew Rate S VI/Ls 
Power Bandwidth 'ISV pop 100 kHz 
Maximum Input Voltage l.inear Operation 300 mVrms 
Supply Rejection Ratio f = 60, 120Hz 100 dB 

f = 1kHz 110 dB 
Channel Separation f = 1kHz 70 dB 
Total Harmonic Distortion ~rSdB Gain, f = 1 kHz .1 % 
Total Equivalent Input 

I~S = 6000, 100-10,000 Hz Noise .7 1.2 /LVrms 
Noise Figure I~S = SOk.O, 10-10,000 Hz 1.2 dB 

I~S = 20kO, 10-10,000Hz 1.2 dB 
I~S = 10kO, 10-10,000Hz 1.S dB 
I~S = Sk:O, 10-10,000 Hz. 2.4 dB 

TYPICAL APPLICATIONS 

TYPICAL TAPE PLAYBACK AMPLIFIER R1 AA MAGNETIC PHONO PREAMP 

TWO-POLE FAST TURN-ON NAB TAPE PREAMP AUDIO MIXER 

22011 2201< 

NOTE: All RESISTORS VALUES ARE TYPICAL AND IN OHMS . 
. --------------------------------------------------~ 
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TYPICAL CHARACTERISTICS 

LARGE SIGNAL FREQUENCY RESPONSE 
Vee - :lev, AV - 1000 
< ,% DISTORTION 

· · · 
2 1\ 

1\ 0 

\ · ~ · · -'" \ 
2 , 
0 

FREQUENCY 1Hz) 

VCC VS ICC 
3 

2 

1 

I--I---I--I--
0 -
· 
, 

1 

· 10 " " 16 " 20 22 " 
SUPI"LVVOLTAGE IV) 

% DISTORTION 
, 

"cc· 12V 
0 

'-lAB EOutVAlEfIIT . 
'" L 3 

2 
!'tOilS/. V 

~ ~ V-, 
401'18 

0 
'00 " ", , 

GAIN VS TEMPERATURE 

,oo~o------:,----------!::----~ 

0 

. 
0 

. 

0 

.. 
0 

30 

TEMPERATURE I CI 

pop OUTPUT VOLTAGE SWING 

VSVCC 

V 

/ 
/ 

/ 

" 
SUPPLY VOLTAGE IV) 

/ 

CHANNEL SEPARATION 

:.---... 

/ \ 
/ '-

~ 
./ 

AV· 'OOO 
VCC· ,2V 

'00 "H "H, l00kH 

FREQUENCY 1Hz) 
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TYPICAL CHARACTERISTICS (C.cmtlnued) 
----------------------------------------------------------~ 
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PSRR VS FREI::.lUENCY 

FREQUENCY (Hz) 

VOLTAGE GAIN VS 
SUPPLY VOLTAGE 

!OL-______ ~ ________ ~ ____ . __ ~ 
!O 
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6~ 
1'-. 
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VS FREQUENCY 
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1---
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FEATURES 
• 450mA LOAD CURRENT CAPABILITY WITHOUT EXTERNAL 

POWER TRANSISTORS 
• BIDIRECTIONAL BRIDGE OUTPUT WITH SINGLE POWER 

SUPPLY 
• LOW STANDBY POWER DRAIN 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage 
Power Dissipation (TA = +25°C) 
Output Current (T A = +25°C) 

EQUIVALENT CIRCUIT 

R2 
4.711 

NOTE: ALL RESISTOR VALUES ARE SHOWN IN OHMS. 

6V 
830rnw 
450 rnA 

IiI,gDOIU:S 

PIN CONFIGURATION 

K PACKAGE 
Ground 

T,ming Cap 

" 9 c 
10 c: 

C 

---
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ELECTRICAL CHARACTERISTICS TA = +25°C, V+ = 4.8V Unless Otherwise Noted 

PARAMETER TEST CONDITIONS MIN TYP MAX 

Supply Voltage 3.6 4.8 6.0 
Idle Current 8.0 10.0 
Input Bias Current 24 50 
Input Impedance Pin 4 or Pin 6 to Ground 1.9 2.4 2.8 
Output Voltage Vs = 4.8V, RL = 350 3.30 3.75 
Output Current Vs = 6.0V, RL = 11.50 340 385 

Vs = 4.BV, RL = 11.50 270 280 
Vs = 3.6V, RL = 11.50 185 200 

Output Impedance 4.0 4.8 5.4 
Power Dissipation Quiescent, RL = 00 39 48 

RL = 11.50 350 

BLOCK DIAGRAM AND TYPICAL CONNECTION 

C4 

r-----R9--------------~~-----------R-8------------~I~~ 

v+ 

Cl 

H~F 
INPUT PULSE 
1.5ms ± O.5ms 

NE543 SERVO DRIVER CONNECTION 

lOOk 

The servo driver receives a nominal 1.5rnS pulse from the receiver­
decoder. The length of the input pulse is compared with an internally 
generated pulse. If the pulse durations dilfer by more than an allowed 
amount (the deadband), a pulse derived from the difference is stretched 
and applied to the output stage. If the inpul pulse is shorter, the motor is 
driven so as to reduce the value of R3 and, hence, the internal pulse width. 
If the input pulse is longer, the motor is driven the other way so that R3 
increases and the internal pulse is lengthened. In this way, the control 
surface position can be made to follow the input pulse. The servo output 
moves over 100 degrees for pulses between 1 and 2 mS. The pulses 
occur at 16mS intervals. 
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lOOk 

v+ 

RS- 1 47k 

Rd-l cs- 1 

33 4.7~ 

UNITS 

V 
mA 
/LA 
kO 
V 
mA 
mA 
mA 
ohms 
mW 
mW 



The internal pulse generator pulse width is determined by C2 and R2 in 
series with R3. Capacitor C4 decouples the pulse generator from the 
supply. 
Deadband is controlled by Rd-1 and Rd-2. The 33 ohm resistor sets 
deadband at about 4-5 microseconds (that is, the circuit will not drive the 
motor until the input pulse is 4 to 5 microseconds different from the 
internally generated pulse). 
Resistors RS-1 and RS-2 determine the amount of pulse stretching. 
Capactiors CS-1 and CS-2 are the pulse stretching capacitors. The value 

TYPICAL APPLICATION 

is not critical, but if changed RS-1 and RS-2 will have to be changed 
proportionately. 
Resistors RS and R9 are feedback resistors which prevent overshoot by 
adjusting the closed-loop damping. 
Capacitor C1 is the input coupling capacitor. Resistor R1 can be any value 
in the range shown, but noise immunity is improved if it is at the low end of 
the range. Capacitor C3 bypasses the power supply at the device. 

r---------._----~------------------._~--~--~------~r_ov+ 

68. 

.33,.1 

4 

NE555 
TIMER 

47. 

4.7IJf I 

10k 

10 

NE543 
SERVO DRIVER 

L-____ ~----~ ______ ~--~~------------~, I 

TYPICAL CHARACTERISTICS 

MAXIMUM DISSIPATION 
VERSUS AMBIENT TEMPERATURE 
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/ 
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TYPICAL CHARACTERISTICS (Continued) 
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INTERNAL PULSEVVIDTH 
VERSUS Ra AND C2 

v V-
I ,/ 
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,/ "" V V 
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,...-,...-
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./ 
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VERSUS LOAD RESISTANCE 

, , , , \ 
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FEATURES 
• LOW NOISE 
• BUILD IN AGC CIRCUIT 
• SEPARATELY ACCESSABLE AMPLIFIERS 
• MIXER-OSCILLATOR STAGE WITH INTERNAL FEEDBACK 
• HIGH SELECTIVITY 
• HIGH IMAGE REJECTION 

BLOCK DIAGRAM 

, ________ ..J 
GND2 

AM RADIO CIRCUIT SCHEMATIC 

MIX 
RF INPUT 

OUTPUT 13 1 

546A 

PIN CONFIGURATION 
A PACKAGE 

MIXER INPUT ,. MIXER OUTPUT 

OSCILLATOR 2 13 RF OUTPUT 

SUPPLY 

MIXER 
DECOUPLER 

DETECTOR 
INPUT 

IF OUTPUT 

IF INPUT 

ABSOLUTE MAXIMUM RATINGS 
vcc Supply Voltage Pins 3, 13, 14 at Pin 6 
DC Supply Voltage (V +) 
DC Supply Current 
Internal Power Dissipation (Note 1) 
Lead Temperature 
Operating Temperature Range 
Storage Temperature Range 
NOTE 

12 AF INPUT 

11 RF OECOUPLE 

10 AGe FILTER 

9 GROUND 1 

8 GROUND2 

16V 
40V 

35mA 
750mW 

300°C 
-40°C to +85°C 

-65°C to +150°C 

Rating applies for temperatures up to 55·C. Derate linearly at 6.67mW/·C above 55·C. 

MOX 
OUTPUT 

'" 
IF OUTPUT 

i-----it::: 010 

~~E 5O-~--~--------~~~~----~------~--~--------~-" 
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ELECTRICAL CHARACTERISTICS (TA=25°C at VCC=11.0V) 

CHARACTERISTIC SYMBOL TEST CONDITIONS 
LIMITS 

UNITS 
MIN TYP MAX 

DC Voltage: 
Supply Voltage +VCC 9.0 15.0 
Mixer balance VOS (V1-V4)1 1.0 10 mV 

Zener voltage V3 5.5 6.0 7.0 V 

At Terminal 5 
AGC voltage V5 0.1 0.25 0.4 V 

Pin 7 voltage V7 0.55 0.70 0.80 V 

Pin 12 voltage V12 0.6 0.71 0.8 V 

Pin 13 voltage V13 4.0 V 

DC Current: 
Supply current ICC 15 18 22 mA 

Oscillator 
current '2 1.0 mA 
Zener current 13 12 14 16 mA 
IF current 16 3.5 4.3 6 mA 

RF current 113 4.0 5 mA 

Mixer current '14 0.17 0.38 mA 

Static: 
I.F. breakdown V6 Apply 5 volts to Pin 6 only. 400 500 600 pA 
& linearity VCC=O volts. Measure IPin 6 

I.F. breakdown V6 Apply 25 volts to Pin 6 only. 2.0 2.5 3.0 mA 

& linearity VCC=O volts. Measure IPin 6. 
Note: Linearity @ 25V should be within 

5% of linearity @ 5V. 
~ 

Performance Characteristics in Circuit of Figure 3 

Saturation Per sensitivity test interrupting input 500 mV 
signal measure output voltage. 

Sensitivity Input Signal to Dummy Antenna at fiN = 2.5 5 !LV 
1 MHz. 30% AM Modulation at fMOD= 
400 Hz. for 11 mV output at VO. 

Signal-to-Noise SIN Ratio of Output at Vo with Modulation 34 40 dB 

Ratio ON and then OFF. Input Signal = 100!LV. 
30% AM Modulation at fMOD = 400 Hz. 

Overload Input Signal set at 1 MHz. 90% AM Modu- 100 155 250 mV 

Distortion Ilation. Distortion at Vo must be ,,;;;10% 

Dynamic Characteristics for Indicated Stages in Circuit of Figure 3 

PARALLEL CAPACITANCE PARALLEL RESISTANCE TRANSCONDUCTANCE 

STAGE INPUT OUTPUT INPUT OUTPUT AT 1 MHz CARRIER 
pF pF n n !Lmhos 

RF Amplifier 20 6 670 2 x 106 min 150.000 @ 1 MHz 

IF Amplifier 35 3.5 850 104 100.000 @ 262.5 kHz 

Mixer 4 2 2000 2 x 106 min 10.000 
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TYPICAL CHARACTERISTICS 

IF OUTPUT LINEARITY 

3.0 

v V 

V 
V-

I/V 

/' 
V 

20 

VOLTAGE, PIN6~VOLTS) 

SENSITIVITY VS. SUPPLY VOLTAGE 

16 

10 

[\ 1\ 
f--~~~~~ 
I--

-9+. ~~.)o~K 
e,o['::~~ r:::: t--

VCC(VOLTS) 

SIGNAL TO NOISE VS. 
SUPPLY VOLTAGE 

v "'" ~ 
~"""'43Q.S'O -R~~ i--- r.:::: f:::: t:-

10 12 14 15 

Vee (VOLTS) 

NOTE: Rx is external resistor between pins 3 and V supply. 

SmnOliCS 

32 

28 

16 

ICC VS. SUPPLY VOLTAGE 

v 
V /' 

,0 V V L 
;?X V L ~1',?-.,.<,'?;'!P 

V V::~~ ~ V 
...... ~ / ~ ~ ~",t;)'\o 
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P""""" 
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THIRD HARMONIC DISTORTION 
VS. SUPPLY VOLTAGE 

10mw 

l 
\'l.l<"Z,O.21O 

1\\\ V C:-:t-
~ r- R>< .. 430, 510 

t-- R~-330 

Vee (VOLTS) 

THIRD HARMONIC DISTORTION 
VERSUS OUTPUT POWER 
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REFER TO FIG. 4 
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l00mw 
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TYPICAL CHARACTERISTICS (Gont'd) 
--------------------------------------------------~ 

IF CURRENT VERSUS !.UPPLY 'VOLTAGE 

T)"J 

V V 
~[;.~ . ' 

~ 
V 

VI? 

V 
V 

o , 5 6 7 8 9 10 11 12 13 14 

SUPPl Y VOL rAGE (VOL TS~ 

ICC VERSUS VCC 

II 
TA~25~C ) 

17 

/~~~ 
" .y 

/ 
1/ 

/ 

V-
I/ 

V 
3 4 5 6 9 10 11 12 13 14 

SUPPLYVOl.TAGE (Vee) 

AGC CURVE 

I L ~ 100 ,\ '-I-++--+--+~-+-I--+-+H1-+---f-H+--1 }-- AM MOD _ 30% r-
fA- 2S°C 

I) 

," ,,. ,,. 
RF SIGNAL INPUT (IlV) 

NOTE: Ax is external resistor between pins 3 and V supply. 
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TYPICAL APPUCATIONS --------------------------------------------------------------------, 
AM RADIO (Capacitor Tuned) 

~----~-------------------~ 

\ 
\ 
\ 
\ 
\ 
\ 
\ 

IF, -------, 
I 
I 
I 0.' 

I IF2 

r ---------, 
\ 
\ 
\ 
\ 
\ inpLlt 13 

NE546 

'4 7 

7V 

Rx 330n 

2 rr----,--' 

I 
I 
I 
I 
I 
L_ 

O----,~LLJ~---------~~---------~ 
,2V 

220,uF J 

VARIABLE CAPACITOR (Air Varicon) 
ANT & RF 13 pF - 190 pF 
OSC 12 pF - 80 pF 

ANTENNA COIL 
10 mm cf> < 120 mm Ferrite Antenna 

RF COIL 

3 
3 

B+ 

3 '-2 44 Turns 

13 2-3 81 Turns 
4-5 8 Turns 

2 

, 

1st. IF COIL 

OSC COIL 

4 

S 3 
f 

5 

2nd IF COIL 

B+ __ -+-_~--, B+ __ -+---.---, 

'4 ---+--t----<t( 

FIGURE 1 

Si!lnOliCS 

I 
I 

220KH 

1-3 95 Turns 
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TYPICAL APPLICATIONS (Cont'd} 

r-270-;;FT­
/ 
/ 
/ 
/-=­
/ 
/ 
/ 

/ 
/ 
/ 

O.02$l.F 

AM CAR RADIO (Slug Tuned) 

-;~;- - --- -------, 
IF, 
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IF2 

r---------, 
I I 220kn 
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rt!rL I 

...-:1:-----'--- ,. 7 I ~~~~I~~~~~~ 
I I 

,.v 
~r-----------
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,. 
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B' 

254 

1-2 223 Turns 
1-3 350 Turns 
4-5 BTurns 
7-8 10 Turns 
6-8 350 Turns 
"0 • 56 

10 X 10 mm Core 

Rx 33I){l 

21---~___,I~~ 
300pF I 

3pf L_ _____ ..J 

2nd. IF TRANSFORMER 

NE~ -=+----=~--~ 

FIGURE 2 

liJODIICI 

1-2 67Turns 
1-3 360 Turns 
4-5 8 Turn, 
7-8 40 Turns 
6-8 3SO Turns 
"0'58 

lOX lOmmeor. 

B' 

TO AUDIO 
AMPLIFIER 

~-I-_+ __ TO OIOOE 



SCHEMATIC DIAGRAM 
AM RADIO RECEIVER USING NE546 

Cl i ~1- -- :;7-;F-~ l, MHz 

Jt::J~~~I~ --r1 c:::;:::>-- ANTENNA 

R4 

150 K!1 

VOLUME CO.,cN.:.:TR.::O:.:L __ 

.t TO AUDIO 
AMPLIFIER 

2<JKn 

_VO-

C15 
O.OO82J,tF R2 

1 Kn 
5C7~'A ::RM'P~L. I:' TUNING I" " "~~'NO~E:54-=-6 ([ l ~-=-I i2 1-c: I 

L1-- :J \.-= I !T3 - - - - - --, DETECTOR 

TUNING I \ 1 2 3 4 5 6 7 L ____ t- -.J I ~ ,- 10~, C1' 

.-=:.= "7' '~ ::.,' I 10 ' I ~ I ,'------__+__' ~:) ~~ I 00047,' 

C3 3300~;I L3 ~' ~ C7 ~ *'~(8 0.15" Yl-~---+----++-'R'~ - - - f- J 
_ '1 330pF +--------' 

-= - ,L..... C9 330H +------1-------- +12V 
~ Rl\ 200jJf TO FilTER 

20~~F 71~ '\ ~",'CI~~~~R + ~ 004~:; J: ;r~"f -=- CHOKE 

:.1.0VRMS 
OSCILLATOR ·27pF CAPACITOR IN SERIES WITH INPUT GENERATOR 
TUNING REPRESENTS A DUMMY "WINDSHIELO"·TYPE ANTENNA 

FIGURE 3 

TRANSFORMER SYMBOL FREQUENCY INDUCTANCE 
/Lh = (=) 

CAPACITANCE 
pF (=) 

Q 
(=) 

TOTAL TURNS TO 
TAP TURNS RATIO 

First IF: 
Primary T2 
Secondary 

Second IF: 
Primary T3 
Secondary 

Antenna: 
Primary T1 

262.5 kHz 

262.5 kHz 

1 MHz 

2840 
2840 

2840 
2840 

195 

130 
130 

130 
130 

60 
60 

60 
60 

65 

none 
30:1 

or 13:1 

8.5:1 
8.5:1 

Secondary Adjusted to an impedance of 750 with primary resonant at 1 MHz. Coupling should be as tight as practical. 
Wire should be wound around end of coil away from tuning core. 

Coils 
L1 
L2 
L2 

7.9 MHz 
1 MHz 
1.262 MHz 

6 
55 
41 

SmnOliCS 

50 
50 
40 
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SCHEMATIC DIAGRAM 

COMPl.ETE AM RADIO WITH AUDIO DRIVER AND OUTPUT STAGE 

Power = 5 Watts RMS 

256 

1ST. IF 

" MFO r ,O" 

FIGURE 4 



FEATURES 
• FM DEMODULATION WITHOUT TUNED CIRCUITS 
• NARROW BANDPASS - TO ± 14"10 ADJUSTABLE 
• TRACKING RANGE 
• EXACT FREQUENCY DUPLICATION IN HIGH NOISE ENVIRON-

MENT 
• WIDE TRACKING RANGE ±1S"Io 
• HIGH LINEARITY - 1 "10 DISTORTION MAX 
• FREQUENCY MULTIPLICATION AND DIVISION 
• THROUGH HARMONIC LOCKING 

APPLICATIONS 
TONE DECODERS 
FM IF STRIPS 
TELEMETRY DECODERS 
DATA SYNCHRONIZERS 
SIGNAL RECONSTITUTION 
SIGNAL GENERATORS 
MODEMS 
TRACKING FILTERS 
SCA RECEIVERS 
FSK RECEIVERS 
WIDE BAND HIGH LINEARITY DETECTORS 

ABSOLUTE MAXIMUM RATINGS 
Maximum Operating Voltage 
Input Voltage 
Storage Temperature 
Operating Temperature 
Power DIssipation 
Limiting values above which serviceability may be impaired 

26V 
1V Rms 

-6°C to 150°C 
O°C to 700C 

300mw 

PIN CONFIGURATION 

veo OUTPUT #1 5 

RANGE CONTROL 7 

BLOCK DIAGRAM 

VCO 
FINE TUNE 
CONTROL 

B PACKAGE 

HI POSITIVE POWER SUPPLY 

16 LOW PASS LOOP FILTER 

14 LOW PASS LOOP FILTER 

13 FM/AF INPUT #2 

12 FM/RF INPUT 61 

'-"'-' ,11 OFFSET ADJUSTMENT 

LOW PASS OFFSET 
fiLTER CONTROL 

DE-EMPHASIS TERMINAL 
10 (AUDIO BAND SHAPING) 

9 ~:NM~~EUNL:~~~T:~)OUTPUT 

TRACKING 
RANGE 

CONTROL 
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GENERAL ELECTRICAL CHARA.CTERISTICS 
(15KO Pin 9 to GND, Input Pin 12 or Pin 13 AC Ground Unused Input, Optional Controls Not Connected, V + = 18V Unless 
Otherwise Specified T A = 25°C) 

LIMITS 
CHARACTERISTICS TEST CONDITIONS 

MIN TVP MAX UNITS 

Lowest Practical Operating Frequency 0.1 Hz 
Maximum Operating Frequency 15 30 MHz 
Supply Current 7 9 11 Ma 
Minimum Input Signal for Lock 100 !LV 
Dtnamic Range 60 dB 
V 0 Temp Coefficient* ± 0.06 ±0.12 %/OC Measured at 2 MHz, with both inputs 
VCO Supply Voltage Regulation ±0.3 ±2 %/V I AC grounded 
Input Resistance 2 KO Measured at 2 MHz 
Input Capacitance 4 Pf I Input DC Level +4 V 
Output DC Level +12 +14 +16 V 
Available Output Swing 4 ~~-p AM Rejection* 30 40 
De-emphasis Resistance 8 KO Measured at Pin 9 

See Figure 1 

* Ace Test Sub Group C. 

ELECTRICAL CHARACTERISTICS (For FM Applications, Figure 2) (15KO Pin 9 to GND, Input Pin 12 or 13, AC 
Ground Unused Input Optional Controls Not Connected, V+ = 18V Unless Otherwise Specified TA = 25°C) 

CHARACTERISTICS 
LIMITS 

TEST CONDITIONS 
MIN TVP MAX UNITS 

10.7 MHz Operation Deviation 75 kHz Source Impedance = SOO 

Detection Threshold 120 300 !LV 
Demodulated Output Amplitude 30 60 mV Vin = 1 mv Rms Modulation Frequency 1 kHz 
Distortion* S+N . 3 1 %T.H.D . Vin = 1 mv Rms Modulation Frequency 1 kHz 
Signal to Noise Ratio N 35 dB Vin = 1 mv Rms Modulation Frequency 1 kHz 

4.5 MHz Operation Deviation = 25 kHz, Source Impedance = 500 

Detection Threshold 120 300 !LV 
Demodulation Output Amplitude 30 60 mV Vin = 1 mv Rms Modulation Frequency 1 kHz 
Distortion S+ N 0.3 1.0 %T.H.D Vin = 1 mv Rms Modulation Frequency 1 kHz 
Signal to Noise Ratio N 35 dB Vin = 1 mv Rms Modulation Frequency 1 kHz 

Wide Deviation aF/fo = 5% Input =, 4.5 MHz Deviation = 225 kHz a 1 kHz Modulation Rate 

Detection Threshold 1 5 mV 
Demodulated Output 0.2 0.5 Vrms Vin = 5 mv Rms 
Distortion S+ N 0.8 %T.H.D Vin = 5 mv Rms 
Signal to Noise Ratio N 50 dB Vin = 5 mv Rms 

* ACC Test Sub Group C. 

ELECTRICAL CHARACTERISTICS (For Tracking Filter, Figure 3) (15KO Pin 9 to GND, Input Pin 12 or Pin 13 AC 
Ground Unused Input, Optional Controls Not Connected, V+ = 18V Unless Otherwise Specified,TA = 25°C) 

LIMITS 
CHARACTERISTICS 

MIN TVP MAX UNITS 

Tracking Range ±5 ±15 % offo Vin = 5 mv Rms 
Minimum Signal to Sustain Lock 0.8 mvRms Input 2 MHz - See Characteristic Curves 

O°C to 70°C Input 2 MHz Measured with high impedance 
VCO Output Impedance 1 kO Probe with less than 10 Pf Capacitance 
veo Output Swing 0.4 0.6 Vp_p Input 2 MHz with ± 100 kHz Side Band 
VCO Output DC Level +6.5 V Separation and 3 kHz Low Pass Filter 

Side Band Suppression 35 dB Input 1 mv Peak for Carrier Each Side Band 
Cl = 0.01 p.F Rl = 0 
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TYPICAL TEST CIRCUITS 

AM REJECTION 

-tVee -18V 

nw 11ii1ii1 

FM DEMODULATION 

.... _______ :FM/RF 
INPUT 1 

.1.-----1*-0 
CD • DE-EMPHASIS 

veo 
OUTPUT 

= Bypass Capacitor 
= Coupling Capacitors 
= Low Pass Filter Capacitors 
= Frequency Determining Capacitor 
= De·emphasis time constant 
~ (CD) (BkO) 

FIGURE 2 

DEMODULATED 
OUTPUT 

V, 

FIGURE 1 

IRDOIII:I 

= FM Generator with fe = fa = 4 MHz 
.11 ~ 40 kHz 
Imod ~ 1 kHz 

= Audio Generator with fA = 400 Hz 
= Balanced Modulator Carrier Supplied by G1, Am 

modulation provided by G2. 
= son attenuatar pad with signal level into pin 12 adjusted to 1 mV rms. 
= 1 kHz Bandpass filter. Q = 20 
= 400 Hz Bandpass filter with a = 50, with 1 kHz trap. 

~¥in dB 

V1 and V2 BrB rms voltmeter readings. 

., 

TRACKING FILTER 

.---+-... -()::~~~~gL~~ 

11 10 

= Coupling Capacitors 
= Bypass Capacitor 

JCD" lGO.F 

= Low Pass Filter Capacitor 
= veo Frequency Set Capacitor 

FIGURE 3 
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TYPICAL CHARACTERISTIC CURVES 

260 

MINIMUM INPUT SIGNAL AMPLITUDE 
NECESSARY TO MAINTAIN LOCK AS A 

FUNCTION OF TEMPERATURE WITH f signal 
= f0250C = 2.0 MHz 

10 

1 

\ 
, 

• 

IL 
11 

I? 

V-
w ~ ~ ~ ~ ~ ro 

TEMPERATIJE ·C 

THERMAL DRIFT OF VCO FREE RUNNING 
FREQUENCY (Ifo> 

TEMPERATURf -C 

CHANGE OF FREE RUNNING OSCILLATOR 
FREQUENCY AS A FUNCTION OF FINE 

TUNING CIRCUIT 

.00 

If 
o o 

V 
/' 

V 
V 

/ 

2."- WlmAlOlIA 
F. TIMING ClIIREIfT INTO PIlI 6 

SmARlieS 

AM REJECTION AS A FUNCTION OF INPUT 
SIGNAL LEVEL fo = 10 MHz 

f---.. . """FOR!f."'l,· 
REJECTION 20 LOG "ouT FOR 30'lIo MOO ..... 

to 

--.. 
.......... 

......... 

" ........ 20 

o 
.loY ,....v 

TYPICAL TRACKING RANGE AS A FUNCTION 
OF INPUT SIGNAL 

30 

-
5 

5 

./' o 
0.1 

- --~_Ip.~~= ~=:NT 

I 
I I 

/ Ip'-25OI'A 

/ I I 
f lp& 01',1, 

I I 
/ Ip<+250I'A 

/ I I 
I I 
I I 

10 

INPUT SIGNAL AMPlITUDE (MVRMS) 

100 

CHANGE OF FREE RUNNING OSCILLATOR 
FREQUENCY AS A FUNCTION OF RANGE 

CONTROL CURRENT 

.\6 ., . 
• 12 

.10 ., 
_0 +6 

I •• 

I +~ 
~ -2 

~ -4 

-6 -, 
-10 

-12 

-I' 

\ 

"-

" 
-O.4mA -a2mA 0 O.2mA O.4mA O.IM O.811lA 

CURRENT AT RANGE CONTROL PIN 7 



TYPICAL CHARACTERISTIC CURVES (Cont'd) 

FREE RUNNING OSCILLATOR FREQUENCY 
AS A FUNCTION OF VCO TIMING CAPACITANCE 

I" 
."\ 

10' 

1"\ 
I" 

'0' 

I\, 
1'\ 

; 10~ 

J".. 

IQ 

I-r-t-

" 102 10' 104 1~ 10' 107 10' 

FREOUENCY - Hz 

EXTERNAL CONTROLS 
1. Loop Low Pass Filter (Pins 14 and 15) 

The equivalent circuit for the loop low-pass filter can be represented 
as: 

+~+ 
RA -1-. 

~C'V2 
R, 

- -

where RA (6K n) is the effective resistance seen looking into Pin 14 
or Pin 15, 
The corresponding filter transfer characteristics are: 

V2(S) = (S) _ 1 + S R1 C1 
V1 1 + S (R1 + RA) C1 

where S is the complex frequency variable. 
2. Loop Gain (Threshold) Control 

The overall Phase Locked Loop gain can be reduced by connecting a 
feedback resistor, RF, across the low-pass filter terminals, Pins 14 
and 15. This causes the loop gain and the detection sensitivity to 
decrease by a factor ex (ex< 1) 
where: 

01= 

Reduction of loop gain may be desirable at high input signal levels (Vin 
> 30 mV) and at high frequencies (fo >5 ~Hz) where excessively high 
loop gain may cause instability. 

3. Tracking Range Control (Pin 7) 
Any bias current, Ip, injected into the tracking range control, reduces 
the tracking range of the PLL by decreasing the output of the limiter. 
The variation of the tracking range and the center frequency, as a func­
tion of Ip, are shown in the characteristic curves with Ip defined posi­
tive going into the tracking range control terminal. This terminal is 
normally at a DC level of +0.6 Volts and presents an impedance of 
600n. 

NORMALIZED TRACKING RANGE AS A FUNCTION OF RANGE 
CONTROL CURRENT 

, 
1"-., 

'"" 2 

t:r -'\ :--

f+ ---: 1"'1-1 ._'--r-t-

f--l- +- "- .-t-

j -f-f-~ ~ r-'-

fl N f+ 2 

f-:--C -
o 
-O.4mA -O.2mA +02mA +04mA +O.6mA tO,SmA 

RANGE CONTROL CURRENT 

4. External Fine Tuning (Pin 6) 
Any bias curreRt injected into the fine tuning terminal increases the 
frequency of oscillation, fo, as shown in the characteristic curves. This 
current is defined Positive into the fine tuning terminal. This terminal is 
at a typical DC level of + 1.3 Volts and has a dynamic impedance of 
1 oon to ground. 

5. Offset Adjustment (pin 11) 
Application of a bias voltage to the offset adjustment terminal modifies 
the current in the output amplifier setting the DC level at the output. The 
effect on the loop is to modify the relationship between the VCO free 
running frequency and the lock range, allowing the VCO free running 
frequency to be positioned at different points throughout the lock 
range. 
Nominally this terminal is at +4V DC and has an input impedance of 
3Kn. The offset adjustment is optional. The characteristics specified 
correspond to operation of the circuit with this terminal open Circuited. 

6. De-emphasis Filter (Pin 10) 
The de-emphasis terminal is normally used when the PLL is used to 
demodulate Frequency Modulated Audio Signals. In this application, a 
capacitor from this terminal to ground provides the required de­
emphasis. For other applications, this terminal may be used for band 
shaping the output signal. The 3 dB bandwidth of the output amplifier in 
the system block diagram (see Figure 2) is related to the de-emphasis 
capacitor, CD, as: 

2 Ra CD 

where RD is the 8000 ohm resistance seen looking into the de­
emphasis terminal. 
When the PLL system is utilized for signal conditioning, and the loop 
error voltage is not utilized, de-emphasis terminal should be AC 
grounded. 
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FEATURES 
• FM DEMODULATION WITHOUT TUNE,D CIRCUITS 
• SYNCHRONOUS AM DETECTION 
• NARROW BAND PASS TO ±1% 
• EXACT FREQUENCY DUPLICATION IN HIGH NOISE ENVIRON-

MENT 
• ADJUSTABLE TRACKING RANGE 
• WIDE TRACKING RANGE ± 15% 
• HIGH LINEARITY - 1 % DISTORTION MAX 
• FREQUENCY MULTIPLICATION AND DIVISION THROUGH HAR­

MONIC LOCKING 

ABSOLUTE MAXIMUM RATINGS 
Maximum Operating Voltage 
Input Voltage 
Storage Temperature 
Operating Temperature 
Power Dissipation 
Limiting values above which serviceability may be impailred 

26V 
1V RMS 

-65°C to 150°C 
O°C to 70°C 

300mW 

PIN CONFIGURATION 
B PACKAGE 

DEMODULATED 
AM OUTPUT 1 

veo TIMING 
CAPACITOR 2 

veo OUTPUT 5 

FINE TUNING 6 

It> LOW PASS LOOP FILTEA 

'4 LOW PASS LOOP FILTEA 

13 FM/AF INPUT #2 

12 FM/RF INPUT #1 

DE·EMPHASIS TERMINAL 
10 {AUDIO BANOSHAPING) 

DEMOOULATED FM OUTPUT 
9 (AN OPEN EMITTEA) 

BLOCK DIAGRAM 
APPLICATIONS 
TONE DECODERS 
AM-FM-IF STRIPS 
TELEMETRY DECODERS 
DATA SYNCHRONIZERS 
SIGNAL RECONSTITUTION 
SIGNAL GENERATORS 
MODEMS 
TRACKING FILTERS 
SCA RECEIVERS 
FSK RECEIVERS 
WIDE BAND HIGH LINEARITY DETECT4)RS 
SYNCHRONOUS DETECTORS 
AM RECEIVER 
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OUTPUT 

AM TRAC""NG GROUNO 
INI'UT AM RANGE 

OUTPUT CONTROL 
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GENERAL ELECTRICAL CHARACTERISTICS 
(15KO Pin 9 to GND, Input Pin 12 or Pin 13 AC Ground Unused Input, Optional Controls Not Connected, V+ = 18V Unless 
Otherwise Specified T A = 25°C) 

LIMITS 
CHARACTERISTICS TEST CONDITIONS 

MIN TYP MAX UNITS 

Lowest Practical Operating Frequency 0.1 Hz 
Maximum Operating Frequency 15 30 MHz 
Supply Current 8 10 12 Ma 
Minimum Input Signal for Lock 100 p..V 
Dynamic Range 60 dB 
VCO Temp Coefficient* 
VCO Supply Voltage Regulation 

± 0.06 ±0.12 %rC Measured at 2 MHz, with both inputs AC grounded 
± 0.3 ±2 %/V Measured at 2 MHz 

Input Resistance 2 kO 
Input Capacitance 4 pf 
Input DC Level +4 V 
Output DC Level ±12 +14 +16 V 
Available Output Swing 4 Vp_p Measured at Pin 9 
AM Rejection* 30 40 dB See Figure 3 
De-emphasis Resistance 8 kO 

*ACC Test Sub Group C. 

ELECTRICAL CHARACTERISTICS (For Tracking Filter, Figure 3) (15KO Pin 9 to GND, Input Pin 12 or Pin 13 AC 
Ground Unused Input; Optional Controls Not Connected, V + = 18V Unless Otherwise Specified T A = 25°C) 

LIMITS 
CHARACTERISTICS TEST CONDITIONS 

MIN TYP MAX UNITS 

Tracking Range ±5 ±20 % of fo Yin = 5 mv Rms 
Minimum Signal to Sustain Lock 0.8 mvRms Input 2 MHz - See Characteristic Curves 

O°C to 70°C 
VCO Output Impedance 1 kO 
VCO Output Swing 0.4 0.6 Vp_p Input 2 MHz Measured with high impedance 

Probe with less than 10 Pf Capacitance 

VCO Output DC Level +6.5 V Input 2 MHz with ± 100 kHz Side Band 
Side Band Suppression 35 dB Separation and 3 kHz Low Pass Filter 

Input 1 mv Peak for Carrier Each Side Band 
C1 = 0.01 p..F R1 = 0 

ELECTRICAL CHARACTERISTICS (For FM Applications, Figure 2) (15KO Pin 9 to GND, Input Pin 12 or 13, AC 
Ground Unused Input, Optional Controls Not Connected, V + = 18V Unless Otherwise Specified T A = 25°C) 

LIMITS 
CHARACTERISTICS TEST CONDITIONS 

MIN TYP MAX UNITS 

10.7 MHz Operation Deviation 75 kHz Source Impedance = 500_--.-__________________ --1 

120 300 p..V Detection Threshold 
Demodulated Output Amplitude 
Distortion* S + N 
Signal to Noise Ratio --N-

30 60 mV 

35.3 1 ~IJ.H.D. 

4.5 MHz Operation Deviation = 25 kHz, Source Impedance = 500 

Yin = 1 mv Rms Modulation Frequency 1 kHz 
Yin = 1 mv Rms Modulation Frequency 1 kHz 
Yin = 1 mv Rms Modulation Frequency 1 kHz 

Detection Threshold 120 300 J.L V 
Demodulation Output Amplitude 30 60 mV Yin = 1 mv Rms Modulation Frequency 1 kHz 
Distortion S+ N 0.3 1.0 %T.H.D Yin = 1 mv Rms Modulation Frequency 1 kHz 
Signal to Noise Ratio --N- 35 dB Yin = 1 mv Rms Modulation Frequency 1 kHz 

Wide Deviation Il.F/fo = 5% Input = 4.5 MHz Deviation = 225 kHz a 1 kHz Modulation Rate 

Detection Threshold 1 5 mV 
Demodulated Output 0.2 0.5 Vrms 
Distortion S+ N 0.8 %T.H.D 
Signal to Noise Ratio --N- 50 dB 

*ACC Test Sub Group C. 

SmDOliCS 

Yin = 5 mv Rms 
Yin = 5 mv Rms 
Yin = 5 mv Rms 
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ELECTRICAL CHARACTERISTICS (For AM Synchronous Detector, Figure 4) (151<0 Pin 9 to GND,lnput Pin 12 
or Pin 13 AC Ground Unused Input, Optional Controls Not Connected, V + = 18V Unless Otherwise Specified T A = 25"C) 

CHARACTERISTICS 
MIN 

Input Impedance 
Output Impedance 
Output DC Level +10 
AM Conversion Gain 3 
Out of Band Rejection 
Distortion 

TYPICAL TEST CIRCUITS 

264 

TEST CIRCUIT FOR TRACKING FILTER 

~ Coupling Capac/tors 

~ Bypass CapaCitor 

== Low Pass Filter Capa<:itor 

~ VCO Frequency Set Capacitor 

FIGURE 1 

TEST CIRCUIT FOR AM REJECTION 

+V~"l8V 

G1 = FM Generator with fc = fa "'" 4 MHz 

af ~ 40 kHz, fmod ~ f kHz 

G2 = Audio Generator with fA = 400 kHz 

M,1 Balanced Modulator Carrier Supplied by G1• 
Am modulation provided by G2 

A1 = son attenuatar pad with signal level into pin 12 

adjusted to 1 mV rms. 

F 1 ~ 1 kHz Bandpass fiRer, Q ~ 20 

F 2 ~ 400 Hz Bandpass filter wnh Q ~ 50, wnh 

1 kHz trap. 

AMA = ~in db V1 and V2 are rrns voltmeter readings. 

V2 

FIGURE 3 

v, 

v, 

LIMITS 

TYP MAX 

3 
8 

+14 +17 
12 
30 

1 

UNITS 
TEST CONDITIONS 

kO 
kO 
V 
dB See Definition of Terms 
dB See Definition of Terms 
%T.H.D 

TEST CIRCUIT FOR FM DEMODULATION 

AM 
OUTPUT 

FM/RF 

J 1.11I'1,..c-,------<>or::::1 

~ Coupling Capac/tors 

~ Low Pass FiRer Capacitor. 

~ Frequency Determining CapaCitors 

~ AM Post Detection FIRer 

FIGURE 2 

TEST CIRCUIT FOR AM SYNCHRONOUS 
DETECTOR 

DEMODULATfD 
OOTPUT 

C B = Bypass CapaCitor 

Cc ~ Coupling Capacnor 

RY1 Cy1 ~ RY2Cy2 = 2!.to 
ex = AM Post Detection Filter 

FIGURE 4 



TYPICAL CHARACTERISTIC CURVES 

MINIMUM INPUT SIGNAL AMPLITUDE 
NECESSARY TO MAINTAIN LOCK AS A 

FUNCTION OF TEMPERATURE WITH fsignal 
= f0250 C = 2.0 MHz 

10 
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1\ 
\ / 

1 ~ , 

\ V 
,.-' o ro m ~ ~ 00 ~ ro 

TEMPERA.TtR -c 

THERMAL DRIFT OF VCO FREE RUNNING 
FREQUENCY (fol 

TEMPERATURE ·C 

CHANGE OF FREE RUNNING OSCILLATOR 
FREQUENCY AS A FUNCTION OF RANGE 

CONTROL CURRENT 

'" 

., ., 

, , 
0 

2 

-14 

\ 

-O'lmA 

I 

\ 

"-

" i'-. 
"'i---

02mA a 02mA 04mA 06mA 0.8mA 

CURRENT AT RANGE CONTROL PIN 7 

AM REJECTION AS A FUNCTION OF INPUT 
SIGNAL LEVEL fo = 10 MHz 

100 

r---
90 

~ AM ,VouT FOR (Ii l'Mol FM 
REJECTION' 20 .. OG "OUT FOR 30% MOD AM 

--- .......... 

"'-
.....", 

"" o 1.' IIIIV lOmV lOOm' 
INPUT SIGNAL AMPLITUDE ".,V 

TYPICAL TRACKING RANGE AS A FUNCTION 
OF INPUT SIGNAL 

30 

--- Ip=~:;~: ~~:fNT 

" 
I--
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./ o 
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I 
I 1 

/ Ip·-250.I'A 

/ I I 
! 'p' oJLA 

-
I 1 

/ Ip .+250f'A 

/ I I 

+-+-
10 

INPUT SIGNAL Aht?LlTUDE (MVRMS) 

100 

CHANGE OF FREE RUNNING OSCILLATOR 
FREQUENCY AS A FUNCTION OF FINE 

TUNING CIRCUIT 

.00 

/' 
V 

/' 

/ 
/ 

/ 

o 
o ZmA 4mA 6mA 8mA " ... 

fINE TUNING CURRENT INTO PIN 6 
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BLOCK DIAGRAM 

FREE RUNNING OSCILLATOR FREQUENCY 
AS A FUNCTION OF VCO TIMII~G CAPACITANCE 

10' 

" I" 
~ 

10' 

~ 10 
, 1"-

I'\. 

10 

t-- -
1 
J02 103 10" lOS K) . , 

10 10 . 
FREQUENCY - Hz 

EXTERNAL CONTROLS 
1. Loop Low Pass Filter (Pins 14 and li5) 

The equivalent circuit for the loop low-pass filter can be represented 
as: 

'0 '1:': 1 -0' 

~C'v, . , 
- -0-

where RA (6K.!) is the effective resistance seen looking into Pin 14 
or Pin 15. 
The corresponding filter transfer characteristics are: 

Y.L (S) = F (S) =1 + S R1 C1 
V1 1 + S (R1 + RA) C1 

where S is the complex frequency variable. 
2. Loop Gain (Threshold) Control 

The overall Phase Lock of loop gain can be reduced by connecting a 
feedback resistor, RF, across the low-pass filter terminals, Pins 14 
and 1 5. This causes the loop gain and the detection sensitivity to 
decrease by a factor (a<1), where 

a=~ 
2RA + RF 

Reduction of loop gain may be desirable at high input signal levels (Vin 
>30 mV) and at high frequencies (fo > 5MHz) where excessively 
high PLL loop gain may cause instability within the loop. 

3. Tracking Range Control (Pin 7) 
Any bias current, Ip, injected into the tracking range control, reduces 
the tracking range of the PLL by decreasing the output of the limiter. 
The variation of the tracking range and the center frequency, as a 
function of Ip, are shown in the characteristic curves with Ip defined 
positive going into the tracking range ce,ntrol terminal. This terminal is 
normally at a DC level of +0.6 Volts and presents an impedance of 
600n. 

4. External Fine Tuning (Pin 6) 
Any bias current injected into the fine tuning terminal increases the 
frequency of oscillation, fo, as shown in the characteristic curves. 
This current is defined Positive into the fine tuning terminal. This 
terminal is at a typical DC level of + 1.3 Volts and has a dynamic 
impedance of 100n to ground. 

NORMALIZED TRACKING RANGE AS A 
FUNCTION OF RANGE CONTROL CURRENT 

1.6 

14 i"-

2 
-'h 

1--' "-
6~+ t-. ' j'\, 

H j-1-+ -t 
2 

o I 
-DAmA -O_~mA +O.2mA +O.4mA +O.6mA +0 BmA 

RANGE CONTROL CURRENT 

5. Offset Adjustment (Pin 11) 
Application of a bias voltage to the offset adjustment terminal modifies 
the current in the output amplifier setting the DC level at the output. The 
effect on the loop is to modify the relationship between the VCO free 
running frequency and the lock range, allowing the VCO free running 
frequency to be positioned at different points throughout the lock 
range . 
Nominally this terminal is at +4V DC and has an input impedance of 
3kn. The offset adjustment is optional. The characteristics specified 
correspond to operation of the circuit with this terminal open circuited. 

6. De-emphasis Filter (Pin 10) 
The de-emphasis terminal is normally used when the PLL is used to 
demodulate Frequency Modulated Audio Signals. In this application, a 
capacitor from this terminal to ground provides the required de­
emphasis. For other applications, this terminal may be used for band 
shaping the output signal. The 3 dB bandwidth olthe output amplifier in 
the system block diagram (see Figure 2) is related to the de-emphasis 
capacitor, CD, as: 

f3dB = 

where RD is the 8000 ohm resistance seen looking into the de­
emphasis terminal. 
When the PLL system is for signal conditioning, and the loop error 
voltage is not utilized, de-emphasis terminal should be AC grounded. 

7. AM Post-Detection Filter (Pin 1) 
The capacitor Cx connected between Pin 1 and ground serves as a 
low-pass filter for synchronous AM detection with a transfer charac­
teristic, F2(S), given as: 

+ SRx Cx 

where Rx = 8kn is the resistance seen looking into Pin #1. 
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FEATURES 
• FREQUENCY MULTIPLICATION AND DIYISION 
• SIGNAL CONDITIONING AND SIDE-BAND SUPPRESSION 
• FM DEMODULATION WITHOUT TUNED CIRCUITS 
• NARROW BANDPASS - TO ±1% 
• ADJUSTABLE TRACKING RANGE - TO±15% 
• EXACT FREQUENCY DUPLICATION IN HIGH NOISE ENYI­

RONMENT 
• HIGH LINEARITY -1% DISTORTION MAXIMUM AT 1% DE­

YIATION 

APPLICATIONS 
FREQUENCY SYNTHESIZERS 
DATA SYNCHRONIZERS 
SIGNAL CONDITIONING 
TRACKING FILTERS 
TELEMETRY DECODERS 
MODEMS 
FM IF STRIPS AND DEMODULATORS 
TONE DECODERS 
FSK RECEIYERS 
WIDEBAND HIGH LINEARITY FM DEMODULATORS 

ABSOLUTE MAXIMUM RATINGS 
(Limiting values above which serviceability may be impaired) 

Maximum Operating Voltage 30V 
Input Voltage 3V rms 
Storage Temperature -65°C to 1500C 
Operating Temperature O°C to 70°C 
Power Dissipation 300mW 

PIN CONFIGURATION 

B PACKAGE 

Phase Compo 
Input #1 

veo Output;'tl 3 

vee Output #2 4 

veD Timing Cap. 5 

veo Timing Cap. 6 

Range Control 7 

Negative Supply 
(GND) B V-

BLOCK DIAGRAM 

INPUT.1 

INPUT #2 

v+ 

VCO ~:t:~~ OUTPUTSO 

TIMING 
CAPACITOR 

15 Phase Compo 
Input #2 

14 Low·Pass Filter 

13 Low-Pass Filter 

12 AF Input #2 

11 RF Input #1 

De-emphasis 
10 (Audio 

8andshaping) 

9 FM Output 
(an open emitter) 
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GENERAL ELECTRICAL CHARACTERISTICS 
(15,000 ohms pin 9to ground, 12,000 ohms pins 3 and 4 to ground, pins2 and 15to pin 1 through 1 ,000 ohms, inputto pin 11 or 
12 with unused input at AC ground, range control not connected and V+ = 18 volts unless otherwise specified. TA = 25°C.) 

LIMITS 
CHARACTERISTICS UNITS TEST CONDITIONS 

MIN TYP MAX 

Lowest Practical Operating FreqUiancy 0.1 Hz 
Maximum Operating Frequency 15 30 MHz 
Supply Current 10 12 14 mA 
Minimum Input Signal for Lock 200 /LV 
Dynamic Range 80 dB 
VCO Temp Coefficient* ± 0.06 ±0.15 %I"C Measured at 2 MHz 
VCO Supply Voltage Regulation ± 0.3 ±2 %/V Measured at 2 MH? 
Input Resistance 2 KO 
Input Capacitance 4 pf 
Input DC Level +2 +4 +6 V 
Output DC Level ±12 +14 +16 V 
Available Output Swing 4 Vp-p Measured at Pin 9 
AM Rejection* 30 40 dB See Definition of Terms 
De-emphasis Resistance 8 KO 
Bias Reference +8 V 

*ACC Test Sub Group C. 
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ELECTRICAL CHARACTERISTICS FOR FM APPLICATIONS (15,000 ohms pin 9 to ground, input to pin 11 
or pin 12, AC ground unused input, range control not connected and V + = 18 volts. T A = 25°C) 

CHARACTERISTICS 
LIMITS 

TEST CONDITIONS 
MIN TYP MAX 

UNITS 

10.7 MHz Operation Deviation 75 kHz Source Impedance = 500 

Detection Threshold 200 500 /LV Vin = 1 mv Rms Modulation Frequency 1 kHz Demodulated Output Amplitude 30 70 mVrms 
Distortion* S N 0.5 %T.H.D. Vin = 1 mv Rms Modulation Frequency 1 kHz 
Signal to Noise Ratio ~ 35 dB Vin = 1 mv Rms Modulation Frequency 1 kHz 

4.5 MHz Operation Deviation = 25 kHz, Source Impedance = SOO 

Detection Threshold 200 500 /LV Vin = 1 mv Rms Modulation Frequency 1 kHz 
Demodulated Output Amplitude 30 60 mVrms 
Distortion 0.5 %T.H.D Vin = 1 mv Rms Modulation Frequency 1 kHz 
Signal to Noise Ratio S~ N 35 dB Vin = 1 mv Rms Modulation Frequency 1 kHz 

Wide Deviation AF/fo = 5% Input = 4.5 MHz Deviation = 225 kHz a 1 kHz Modulation Rate 

Detection Threshold 1 5 mV Vin = 5 mv Rms 
Demodulated Output 1 V rms 
Distortion 0.3 0.8 %T.H.D Vin = 5 mv Rms 
Signal to Noise Ratio S~ N 50 dB Vin = 5 mv Rms 

ELECTRICAL CHARACTERISTICS FOR SIGNAL CONDITIONER AND FREQUENCY SYNTHESIS 
APPLICATIONS (Input to pin 11 or pin 12, AC ground unused input, range control not connected, V+ = 18 volts. TA = 25°C) 

CHARACTERISTIC 
MIN 

Tracking Range ±5 
Input Resistance 
Input Capacitance 
In8ut DC Level 
V 0 Output Impedance 
veo Output Swing 
veo Output DC Level 

3 

VCO SignaVNoise Ratio 

TEST CIRCUIT 

TEST CIRCUIT FOR FM DEMODULATION 

v+ 
DEMOO. 
OUTPUT 

TROCKWG 
RANGE 

0.1 

LIMITS 
TYP 

±15 
2 
4 
4 

1.3 
4.5 
12 
60 

MAX 
UNITS TEST CONDITIONS 

2.5 

%0110 200 mV pop square wave input 
kO 
pF 
V 
kO 
V pop 
V 
db Inputs at AC ground 

TEST CIRCUIT FOR SIGNAL CONDITIONER 
AND FREQUENCY SYNTHESIS APPLICATIONS 

12k 

CB = Bypass Capacitor 

Cc = Coupling Capacitor 

C1 = Low Pass Filter CapaCitor 

Co = Frequency Capacitor Set 

Note: Fanout to divide by N counter is one. 

FIGURE 1 FIGURE 2 
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TYPICAL CHARACTERISTIC CURVES 

270 

FREE RUNNING VOLTAGE 
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FREQUENCY AS A FUI~CTION 
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TYPICAL CHARACTERISTIC CURVES (Cont'd) 

562 PHASE LOCKED LOOP 
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562 APPLICATIONS INFORMAl'ION 
1. BIAS REFERENCE 

Pin 1 of the 562 is an internally regulated bias reference voltage supply 
which should be used as a source of bias current for the phase com­
parator inputterminals, Pins 2 and 15. Biasing may be achieved as shown 
in Figure 3. 

FIGURE 3 

2. PHASE COMPARATOR LOOP INPUTS 
Of the Signetics high frequency phase loc~:ed loops, the 562 is unique in 
that the loop is open between the veo ancl the phase comparator. Once 
biasing of the comparator is accomplished, as described in Bias Refer­
ence above, loop closure can be accomplished by capacitive coupling 
between either one or both inputs of the phase comparator and the veo 
output. A divider or counter may be enclosed in the loop at this point for 
frequency synthesis applications or a flip-fllJP may be used to ensure that 
the output waveform has a 50% duty cycle. If large signal swings, greater 
than 2 volts, are to be applied to the phase comparator inputs, a 1000 ohm 
current limiting buffer resistor should be u!~ed in series with the coupling 
capaCitors. 

3. VCO OUTPUT 
Square wave veo outputs of both polarities (o·e and 1800e) buffered by 
an amplifier are available at pins 3 and 4. For proper operation of the 
buffer amplifier, pins 3 and 4 must be returned to ground (or the negative 
supply) through resistors, typically 12,000 ohms. The value of these 
resistors may be reduced provided that total power dissipated in the 562 
~s not exceed 300 milliwatts or the total Blverage current in each emitter 
does not exceed 4 mA. The output amplitude is typically 4.5 volts peak 
referenced at +12 volts with respect to pin 8. 

4. VCO TUNING 
Setting the free-running frequency olthe VGO is accomplished easily with 
one timing capacitor connected between pins 5 and 6. For the 562 Phase 
Locked Loop, fine tuning of the free-running frequency may be ac­
complished in either or both of two ways. The first method uses a trimmer 
capacitor connected in parallel with the veo timing capacitor. This is the 
simplest technique and requires the smallest number of extra compo­
nents but at the lower frequencies may be difficult to implement. The 
second technique incorporates two resistors and a voltage source. The 
resistors are connected between each of the timing capaCitor terminals 
and a voltage source as shown in Figure 4. 

R 

5~A) 
6 u 

R J 'A 

FIGURE 4 

272 

The percent change in the veo free-running frequency, fo, as a function 
of the voltage applied to pOint (A) is shown in the curves of Figure 5. Note 
that with this fine tuning technique, it is possible to increase the veo 
free-running frequency to a value greater than possible with just a trimmer 
capacitor alone. A formula for the approximation of the veo frequency as 
a function olthe voltage at point (A), the resistance values and the starting 
frequency, is given below: 

f = fo [1- VA -6.4J 
1300R 

The recommended resistance range of R is 20,000 to 60,000 ohms. 

D 

3D 

D 

D 

D 

D 

D 

-40 
D 

FIGURE 5 
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5. LOOP GAIN CHARACTERISTICS 

14 

The overall open loop gain of the 562 PLL can be expressed as: 
KO = K1K2 

where: 
KO = total open loop gain 
K 1 = phase comparator and amplifier conversion gain 
K2 = veo conversion gain 

The veo conversion gain, K2, is the change of veo frequency per unit of 
error voltage. In this particular design, it is numerically equal to the veo 
frequency, i.e., 

K2 = fo Hz/Volt 
or 

K2 = 2""0 radians/Volt-second 
The phase comparator and amplifier conversion gain, K 1, is proportional 
to input signal amplitude for low input levels, VI? ..; 40mV rms, and is 
constant and equal to about 1.5 volts/radian for higher input amplitudes. 
Therefore, K1 can be approximated as: 

K1 =- -;:==.0=4 =v:::s :=;: 

/1 +(~g) 2 
where 

Vs = input signal in mV rms. 



562 APPLICATIONS INFORMATION (Cont'd.) 

6. SIGNAL INPUT 
The input structure is basically differential and may be used in this 
manner. Biasing is supplied to the input terminals from an internal regu­
lated supply so signal inputs must be capacitively coupled. In most 
applications where the input is single-ended, the unused input should be 
bypassed to ground. 

7. DEMODULATED OUTPUT 
Pin 9 is a low impedance output terminal for the loop error voltage. It is at 
this point that the demodulated FM output is obtained. When used, it must 
be biased by a resistor to ground (or negative supply), and the resistor 
value may be adjusted downward provided that the output current does 
not exceed 5mA or the dissipation in the 562 does not exceed the 
absolute maximum ratings. When not used, pin 9 may be left open. 

S. DE-EMPHASIS FILTER 
The de-emphasis terminal, pin 10, is normally required when the PLL is 
used to demodulate Frequency Modulated Audio signals. In this applica­
tion, a capacitor from this terminal to ground provides the required de­
emphasis. For other applications it may be used to shape the output 
response. The 3 dB bandwidth of the output amplifier is related to the 
de-emphasis capacitor, CO, as: 

f 1 
3dB = -2=-.. --=RO--=C'-O-

where RD is 8000 ohms. 

When the PLL system is utilized for applications not requiring the use of 
the output amplifier, pin 10 should be by-passed to ground. 

9. TRACKING RANGE CONTROL (Pin 7) 
Any bias current, Ip, injected into the tracking range control, reduces the 
tracking range of the PLL by decreasing the output of the limiter. The 
variation of the tracking range and the center frequency, as a function of 
Ip, are shown in the characteristic curves with Ip defined positive going 
into the tracking range control terminal. This terminal is normally at a DC 
level of +0.6 volts and presents an impedance of 6000. 

10. LOW PASS FILTER 
In most applications, a loop low-pass filter should be connected between 
pins 13 and 14 and ground. It is used to set the loop response time, 
controlling the capture range and the rel'ection of out of band Information. 
Four filter configurations and their trans er functions are shown in Figures 
6 through 9. For VCO operating grequencies below 5 MHz, configurations 
shown in Figures 6 and 7 may be used. At higher frequencies, configura­
tions shown in Figures 8 and 9 should be used to ensure loop stability. R is 
the impedance seen looking into the low pass filter terminals, Pins 13 and 
14; and, in the 562, is nominally 6000 ohms. 

F(s)=1.2~RCl 
L'~~L2 1 + SR. C, 

FI,) • 1 • SI2R+R",1 C, 

C, Rx 

FIGURE 6 

FIGURES FIGURE 9 

11. LOOP GAIN (Threshold) CONTROL 
The overall Phase Locked Loop gain can be reduced by connecting a 
resistor, RF, across the low-pass filter terminals, pins 13 and 14. This 
causes the loop gain and the detection sensitivity to decrease by a factor 
", where: RF .. 

12,000 + RF 

Reduction of loop gain may be desirable at operating frequencies greater 
than 5 MHz because, at these frequencies, high loop gain may cause 
instability. 
12. STAnC LOOP PHASE-ERROR 
When the PLL is in lock, the veo outputs have a nominal :t:9O"C phase 
shift with respect to the inp'ut signal. Due to internal offsets, this nominal 
angle at parfect lock condition may shift a few degrees. typically :t:5°C or 
less. 
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FEATURES 
• EXTREME STABILITY OF CENTER FRI:QUENCY (200ppmfOC typ) 
• WIDE RANGE OF OPERATING VOL TAIGE (±5 to± 12 VOLTS) WITH 

VERY SMALL FREQUENCY DRIFT (11)Oppml% typ) 
• VERY HIGH LINEARITY OF DEMODUI.ATED OUTPUT (0.2% typ) 
• CENTER FREQUENCY PROGRAMMING BY MEANS OF A RE­

SISTOR, CAPACITOR, VOLTAGE OR CURRENT 
• TTL AND DTL COMPATIBLE SQUA"E-WAVE OUTPUT; LOOP 

CAN BE OPENED TO INSERT DIGITA.L FREQUENCY DIVIDER 
• HIGHLY LINEAR TRIANGLE WAVE OUTPUT 
• REFERENCE OUTPUT FOR CONNECTION OF COMPARATOR IN 

FREQUENCY DISCRIMINATOR 
• BANDPASS, ADJUSTABLE FROM <:!:1% to >±60% 
• FREQUENCY ADJUSTABLE OVER 10 TO 1 RANGE WITH SAME 

CAPACITOR 

APPLICATIONS 
FREQUENCY SHIFT KEYING 
MODEMS 
TELEMETRY RECEIVERS 
TONE DECODERS 
SCA RECEIVERS 
WIDEBAND FM DISCRIMINATORS 
DATA SYNCHRONIZERS 
TRACKING FILTERS 
SIGNAL RESTORATION 
FREQUENCY MULTIPLICATION & DIVISION 

ABSOLUTE MAXIMUM RATINGS 
Maximum Operating Voltage 
Storage Temperature 
Power Dissipation 

26V 
-65°C to 150°C 

300mW 

PIN CONFIGURATION 

A,FPACKAGE 

veo OUTPUT 

PHASE COMPARATOR veo INPUT 5 

REFERENCE OUTPUT 9 EXTERNAL C FOR veo 

DEMODULATED OUTPUT 8 EXTERNAL R FOR veo 

K PACKAGE 

v' 

INPUT 

INPUT 

EXTERNAL C FOR veo 

EXTERNAL R FOR veo 
DEMODULATED 
OUTPUT 

PHASE COMPARATOR veo INPUT 

BLOCK DIAGRAM 

INPUT r-"":;:;;j:::.::;;;L;;::J:l-o DEMOO. OUTPUT 

L==t-'="-lH,-o REF. OUTPUT 
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F III FI) iE 

ELECTRICAL CHARACTERISTICS (T A = 25°C, VCC = ±6 Volts unless otherwise noted) 

SE565 NE565 
PARAMETER TEST CONDITIONS 

MIN TYP MAX MIN TYP 

SUPPL Y REQUIREMENTS 
Supply Voltage ±5 ±12 ±5 
Supply Current 8 12.5 8 

INPUT CHARACTERISTICS 
Input Impedance -4V,;;;V2, V3,;;;+1V 7 10 5 10 
Input Level Required fO = 50 kHz 

for Tracking ± 1 0% frequency deviation 10 1 10 1 
VCO CHARACTERISTICS 

Center Frequency 
Maximum Value Cl = 2.7 pF 300 500 500 
Distribution Distribution taken about 

fO '" 50 kHz -10 0 +10 -30 0 
Rl = 5.0k, Cl = 1200 pF 

Drift with Temperature fO = 50 kHz +75 +100 +525 +200 
Drift with Supply Voltage fO = 50 kHz 

VCC = ±6 to ±7 Volts 0.1 1.0 0.2 
Triangle Wave 
Output Voltage Level 1.9 0 1.9 0 
Amplitude 2.4 3 2.4 
Linearity 0.2 0.5 

Square Wave 
Logical "1" Output fO = 50 kHz 

Voltage VCC = ±6 Volts +4.9 +5.2 +4.9 +5.2 
Logical "0" Output fO = 50 kHz 

Voltage VCC = ±6 Volts -0.2 +0.2 -0.2 
Duty Cycle fO = 50 kHz 45 50 55 40 50 
Rise Time 20 100 20 
Fall Time 50 200 50 
Output Current (sink) 0.6 1 0.6 1 
Output Current (source) 5 10 5 10 

DEMODULATED OUTPUT 
CHARACTERISTICS 

Output Voltage Level (pin 7) VCC =. ±6 Volts 4.25 4.5 4.75 4.0 4.5 
Maximum Voltage Swing (pin 7) 2 2 
Output Voltage Swing ±10% frequency deviation 250 300 200 300 
Total Harmonic Distortion 0.2 0.75 0.2 
Output Impedance 3.6 3.6 
Offset Voltage [V6-V7] TA = 25°C 30 100 50 
vs Temperature (drift) 50 100 
AM Rejection 30 40 40 

NOTES: 
1. Both input terminals (pins 2 and 3) must receive identical dc bias. This bias may range from 0 volts to -4 volts. 
2. The external resistance for frequency adjustment (R1) must have a value between 2kn and 20kO. Larger values minimize initial warmup drift. 
3. Output voltage swings negative as input frequency increases. 
4. Output not buffered. 

SmnOliCS 

MAX 

±12 
12.5 

+30 

1.5 

3 

+0.2 
60 

5.0 

1.5 

200 

UNITS 

V 
mA 

kO 

mVrms 

kHz 

% 

ppml"C 

%/V 

V 
Vp-p 
% 

V 

V 
% 
nsec 
nsec 
mA 
mA 

V 
Vp-p 
mVp-p 
% 
kO 
mV 
/LV/oC 
dB 
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TYPICAL PERFORMANCE CHA.RACTERISTICS 

POWER SUPPLY CURRENT 
AS A FUNCTION OF 
SUPPL Y VOLTAGE 
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DESIGN FORMULAS 
Free-running frequency of VCO fa = 4~;2C1 in Hz 

8fo 
Lock-range fL = ± I/cc in Hz 

1(2;fl 
Capture-range fC "" ± 2;- \j -----:r--r-

where r = (3.6 x 103) x C2 

TYPICAL APPLICATIONS 
FM DEMODULATION 
The 565 Phase Locked Loop is a general purpose circuit designed for 
highly-linear FM demodulation. During lock, the average dc level of the 
phase comparator output signal is directly proportional to the frequency of 
the input signal. As the input frequency shifts, it is this output signal which 
causes the VCO to shift its frequency to match that of the input. Con­
sequently, the linearity of the phase comparator output with frequency is 
determined by the voltage-to-frequency transfer function of the VCO. 
Because of its unique and highly linear VCO, the 565 PLL can lock to and 
track an input signal over a very wide range (typically ±60%) with very 
high linearity (typically, within 0.5%). 
A typical connection diagram is shown in Figure 1. The VCO free-running 
frequency is given approximately by 
f = 1.2 
a 4RjCj and should be adjusted to be at the center of the input 

signal frequency range. C1 can be any value, but R1 should be within the 
range of 2000 to 20,000 ohms with an optimum value on the order of 4000 
ohms. The source ca.n be direct coupled if the dc resistances seen from 
pins 2 and 3 are equal and there is no dc voltage difference between the 
pins. A short between pins 4 and 5 connects the VCO to the phase 
comparator. Pin 6 provides a dc reference voltage that is close to the dc 
potential of the demodulated output (pin 7). Thus, if a resistance (R2 in 
Figure 1) is connected between pins 6 and 7, the gain of the output stage 
can be reduced with little change in the dc voltage level at the output. This 
allows the lock range to be decreased with little change in the free-running 
frequency. In this manner the lock range can be decreased from ±60% of 
fa to approximately :020% of fa (at ±6V). 

A small capacitor (typically 0.001 /-LF) should be connected between pins 
7 and 8 to eliminate possible oscillation in the control current source. 
A single-pole loop filter is formed by the capacitor C2, connected between 
pin 7 and positive supply, and an internal resistance of approximately 
3600 ohms. 

r--...--r---<>+V 

f--HI--I " 
DEMODULATED 
OUTPUT 

REFERENCE .ru OUTPUT 

L...._~ __ -o_V 

FIGURE 1 

FREQUENCY SHIFT KEYING (FSK) 
FSK refers to data transmission by means of carrier which is shifted 
between two preset frequencies. This frequency shift is usually ac­
complished by driving a VCO with the binary data signal so that the two 
resulting frequencies correspond to the "0" and "1" states (commonly 
called space and mark) of the binary data signal. 
A simple scheme using the 565 to receive FSK signals of 1070 Hz and 
1270 Hz is shown in Figure 2. As the signal appears at the input, the loop 
locks to the Input frequency and tracks it between the two frequencies with 
a corresponding dc shift at the output. 
The loop filter capacitor C2 is chosen smaller than usual to eliminate 
overshoot on the output pulse, and a three-stage RC ladder filter is used 
to remove the carrier component from the output. The band edge of the 
ladder filter ischosen to be approximately half way between the maximum 
keYing rate (In thiS case 300 baud or 150 Hz) and twice the input fre­
quency (approximately 2200 Hz). The output Signal can now be made 
logic compatible by connecting a voltage comparator between the output 
and pin 6 of the loop. The free-running frequency is adjusted with R1 so as 
to result in a slightly-positive voltage at the output at fin = 1070 Hz. 
The input connection is typical for cases where a dc voltage is present at 
the source and therefore a direct connection is not desirable. Both input 
terminals are returned to ground with identical resistors (in this case, the 
values are chosen to effect a 600-ohm input impedance). 

FREQUENCY MULTIPLICATION 
There are two methods by which frequency multiplication can be 

achieved using the 565: 
1. Locking to a harmonic of the input signal. 
2. Inclusion of a digital frequency divider or counter in the loop between 

the VCO and phase comparator. 
The first method is the simplest, and can be achieved by setting the 
free-running frequency of the VCO to a multiple of the input frequency. A 
limitation of this scheme is that the lock range decreases as successively 
higher and weaker harmonics are used for locking. If the input frequency 
is to be constant with little tracking required, the loop can generally be 
locked to anyone of the first 5 harmonics. For higher orders of multiplica­
tion, or for cases where a large lock range is desired, the second scheme 
is more desirable. An example of this might be a case where the input 
signal varies over a wide frequency range and a large multiple of the input 
frequency is required. 

SmnoliDS 277 

" 9 c: 
c: c: 



FIGURE 3 

A block diagram of the second scheme is shown in Figure 3. Here the loop 
is broken between the VCO and the phase comparator, and a frequency 
divider is inserted. The fundamental of the divided VCO frequency is 
locked to the input frequency in this case, so that the VCO is actually 
running at a multiple of the input frequency, The amount of multiplication 
is determined by the frequency divider. A typical connection scheme is 
shown in Figure 4. To set up the circuit, thl~ frequency limits of the input 
signal must be determined. The free-runnin!l frequency olthe VCO is then 
adjusted by means of R1 and C1 (as discussed under FM demodulation) 
so that the output frequency of the divider is midway between the input 
frequency limits. The filter capacitor, C2, should be large enough to 
eliminate variations in the demodulated output voltage (at pin 7), in order 
to stabilize the VCO frequency. The output Gan now be taken as the VCO 
squarewave output, and its fundamental will be the desired multiple olthe 
input frequency (f1) as long as the loop is in lock. 

.--..-..,-----1'-::=-1'-::==-" +5V 

FIGURE 4 

SCA (BACKGROUND MUSIC) DECODER 
Some FM stations are authorized by the FCC to broadcast uninterrupted 
background music for commercial use. To do this a frequency modulated 
subcarrier of 67 kHz.is used. The frequency is chosen so as not to 
interfere with the normal stereo or monaural program; in addition, the level 
of the subcarrier is only 10% of the amplitude of the combined signal. 
The SCA signal can be filtered out and demodulated with the NE565 
Phase Locked Loop without the use of any resonant circuits. A connection 
diagram is shown in Figure 5. This circuit also serves as an example of 
operation from a single power supply. 
A resistive voltage divider is used to establish a bias voltage for the input 
(pins 2 and 3). The demodulated (multiplex) FM signal is fed to the input 
through a two-stage high-pass filter, both to effect capacitive coupling and 
to attenuate the strong signal of the regular channel. A total signal 
amplitude, between 80mV and 300mV, is required at the input. Its source 
should have an impedance of less than 10,000 ohms. 
The Phase Locked Loop is tuned to 67 kHz with a 5000 ohm potentiome­
ter; only approximate tuning is required, since the loop will seek the signal. 
The demodulated output (pin 7) passes through a three-stage low-pass 
filter to provide de-emphasis and attenuate the high-frequency noise 
which often accompanies SCA transmission. Note that no capacitor is 
provided directly at pin 7; thus, the circuit is operating as a first-order loop. 
The demodulated output Signal is in the order of 50 mV and the frequency 
response extends to 7 kHz. 

.-----.----..----..--......----.-o'~'m~~~s 
10k 1.Bk .018 .047 ,018 
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FEATURES PIN CONFIGURATION 
• WIDE RANGE OF OPERATING VOLTAGE (10 to 24 volts) 
• VERY HIGH LINEARITY OF MODULATION 
• EXTREME STABILITY OF FREQUENCY (100 ppm;oC typical) 
• HIGHLY LINEAR TRIANGLE WAVE OUTPUT 
• HIGH ACCURACY SQUARE WAVE OUTPUT 
• FREQUENCY PROGRAMMING BY MEANS OF A RESISTOR, 

CAPACITOR, VOLTAGE OR CURRENT 
• FREQUENCY ADJUSTABLE OVER 10 TO 1 RANGE WITH SAME 

CAPACITOR 

APPLICATIONS 
TONE GENERATORS 
FREQUENCY SHIFT KEYING 
FM MODULATORS 
CLOCK GENERATORS 
SIGNAL GENERATORS 
FUNCTION GENERATORS 

ABSOLUTE MAXIMUM RATINGS 
Maximum Operating Voltage 
Storage Temperature' 
Power Dissipation 

BLOCK DIAGRAM 

SCHEMATIC 

26V 
- 65°C to 150°C 

300mW 

SmnnliCS 
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ELECTRICAL CHARACTERISTICS TA = 25°C. VCC = 12 V unless otherwise stated 

CHARACTERISTICS 
SES66 

MIN TYP MAX 

GENERAL 
Operating Temperature Range -55 125 
Operating Supply Voltage 24 
Operating Supply Current 7 12.5 

VCO (Note 1) 
Maximum Operating Frequency 1 
Frequency Drift with Temperature 100 
Frequency Drift with Supply Voltage 1 
Control Terminal Input Impedance (Note 2) 1 
FM Distortion (±10% Deviation) 0.2 0.75 
Maximum Sweep Rate 1 
Sweep Range 10:1 

OUTPUT 
Triangle Wave Output-
Impedance 50 
Voltage 1.9 2.4 
Linearity 0.2 

Square Wave Output-
Impedance 50 
Voltalbe 5 5.4 
Duty ycle 45 50 55 
Rise Time 20 
Fall Time 50 

NOTES: 
1. The external resistance for frequency adjustment (R1) must have a value between 2kO and 20KO. 

2. The bias voltage (Ve) applied to the control terminal (pin 5) whould be in the range :V4V+",,;VC =5;;V+. 

TYPICAL PERFORMANCE CHA.RACTERISTICS 

NORMALIZED FREQUENCY AS A 
FUNCTION OF CONTROL VOLTAGE; 
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TYP MAX 
UNITS 
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24 V 

7 12.5 m~ 
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2 %IV 
1 Mil 
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OPERATING INSTRUCTIONS 
The SEINE 566 Function Generator is a general purpose ,":oltage cO':!tro!­
led oscillator designed for highly linear frequency modulation. The circUit 
provides simultaneous square wave a~d tr~angle "!ave outputs. at fre­
quencies up to 1 MHz. A typical connection diagram IS s.hown In Figure 1. 
The control terminal (pin 5) must be biased externally with a voltage (VC) 
in the range 

3/4 V+ ~VC ~V+ 

where VCC is the total supply voltage. In Figure 1. the control voltage is 
set by the voltage divider formed with R2 and R3. The modulating signal is 
then ac coupled with the capacitor C2. The modulating signal can be 
direct coupled as well. if the appropr~ate dc bias ~oltage is applied to the 
control terminal. The frequency IS given approximately by 

2(V+ -Vc) 
fo = R1 C1V+ 

~-_--...--ov+ 

FIGURE 1 

and R1 should be in the range 2K <R1 <20KO. 
A small capacitor (typically 0.001 JLf) should be connected between pins 5 
and 6 to eliminate possible oscillation in the control current source. 
If the VCO is to be used to drive standard logic circuitry. it may be 
desirable to use a dual supply of±5 volts as shown in Figure 2. In this case 
the square wave output has the proper dc levels for logic circuitry. RTL 
can be driven directly from pin 3. For DTL or T2L gates. which require a 
current sink of more than 1 mAo it is usually necessary to connect a 5KO 
resistor between pin 3 and negative supply. This increases the current 
sinking capability to 2 mAo The third type of i~te~ac~ sho~n uses a 
saturated transistor between the 566 and the logiC circuitry. This scheme 
is used primarily for T2L circuitry which requires a fast fall time «50 nsec) 
and a large current sinking capability. 

10K 

FIGURE 2 
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FEATURES 
• WIDE FREQUENCY RANGE (.01 Hz T() 500kHz) 
• HIGH STABILITY OF CENTER FREQUENCY 
• INDEPENDENTLY CONTROLLABLE EIANDWIDTH (0 TO 14 PER­

CENT) 
• HIGH OUT-BAND SIGNAL AND NOISI: REJECTION 
• LOGIC-COMPATIBLE OUTPUT WITH 'IOOmA CURRENT SINKING 

CAPABILITY 
• INHERENT IMMUNITY TO FALSE SIGNALS 
• FREQUENCY ADJUSTMENT OVER A 20 TO 1 RANGE WITH AN 

EXTERNAL RESISTOR 

APPLICATIONS 
TOUCH TONE® DECODING 
CARRIER CURRENT REMOTE CONTRO'LS 
ULTRASONIC CONTROLS (REMOTE TV, ETC.) 
COMMUNICATIONS PAGING 
FREQUENCY MONITORING AND CONTIROL 
WIRELESS INTERCOM 
PRECISION OSCILLATOR 

ABSOLUTE MAXIMUM RATINGS 
Operating Temperature ooe to 70°C NE567 

-55°C to 125°C SE567 
10V 

O,5V above Supply Voltage 
(Pin 4) 

Operating Voltage 
Positive Voltage at Input 

Negative Voltage at Input 
Output Voltage (collector of output transistor) 
Storage Temperature 
Power Dissipation 

BLOCK DIAGRAM 

-10 VDe 
15 VDe 

-65°C to 150°C 
300mW 

LOOP 
LOW 
PASS 
FILTER 

;f2 

+v 

PIN CONFIGURATION 
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OWO'COC,,"O CAPACITOR C3 1 , OUTPUT 
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CAPACITOR C2 

INPUT ] , Tl'-1ING ~ L~MENTS 

A, ANDe, 
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ELECTRICAL CHARACTERISTICS (V + =5.0 Volts, T A =25°C unless noted) 

TEST SES67 
PARAMETER CONDITIONS MIN TYP 

CENTER FREQUENCY (NOTE 1) 
Highest Center Frequency (10) 100 500 
Center Frequency Stability (Note 2) -55 to 125°C 35±140 

o to 70°C 35±60 
Center Frequency Shift with Supply Voltage 10=100KHz 0.5 

DETECTION BANDWIDTH 
Largest Detection Bandwidth 10=100KHz 12 14 
Largest Detection Bandwidth Skew 1 
Largest Detection Bandwidth- Vi =300mVrms ±0.1 
Variation with Temperature 
Largest Detection Bandwidth- Vi=300mVrms ±2 
Variation with Supply Voltage 

INPUT 
Input Resistance 20 
Smallest Detectable Input Voltage(Vi) 'L =100mA, li=to 20 
Largest No-Output Input Voltage 'L =100mA, li=lo 10 15 
Greatest Simultaneous Outband +6 
Signal to Inband Signal Ratio 
Minimum Input Signal to Wide band 
Noise Ratio 

Bn=140KHz -6 

OUTPUT 
Fastest On-Off Cycling Rate 10/20 
"1" Output Leakage Current 0.01 
"0" Output Voltage 'L =30mA 0.2 

'L =100mA 0.6 
Output Fall Time (Note 3) RL=50fl 30 
Output Rise Time (Note 3) RL=50fl 150 

GENERAL 
Operating Voltage Range 4.75 
Supply Current Quiescent 6 
Supply Current--Activated RL=20Kfl 11 

Quiescent Power Dissipation 30 

NOTES: 
1. Frequency determinin9 resistor R1 should be between 1 and 20Kn 
2. Applicable over 4.75 to 5.75 volts. See graphs for more detailed information. 
3. Pin 8 to Pin 1 feedback AL network selected to eliminate pulsing during turn·on and turn-off. 

TYPICAL CHARACTERISTIC CURVES 

BANDWIDTH VERSUS INPUT 
SIGNAL AMPLITUDE 

BANDWIDTH - % Of fO 

LARGEST DETECTION 
BANDWIDTH VERSUS 

OPERATING FREQUENCY 
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9.0 
8 
13 
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NES67 
UNITS 

MIN TYP MAX 

100 500 kHz 
35±140 ppml°C 
35±60 ppml°C 
0.7 2 %/V 

10 14 18 % 0110 
2 3 % 0110 

±0.1 %;oC 

±2 %IV 

20 Kfl 
20 25 mVrms 

10 15 mVrms 
+6 dB 

-6 dB 

10/20 
0.01 25 p..A 
0.2 0.4 V 
0.6 1.0 V 
30 ns 
150 ns 

4.75 9.0 V 
7 10 mA 
12 15 mA 
35 mW 

DETECTION BANDWIDTH AS A 
FUNCTION OF C2 AND C3 
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TYPICAL CHARACTERISTIC CURVES (CONT'D) 

TYPICAL SUPPLY CURRENT 
VERSUS SUPPLY VOLTAGE 
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SCHEMATIC DIAGRAM 

5, , 
I 

·,f , , 
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7 

DESIGN FORMULAS 

f -~ 
0- R1 C1 

BW :::c 1O~~62 in % of fO, VIN< 200mV (RMS) 

Where 
Vi=lnput Voltage (Volts RMS) 
C2=Low-Pass Filter Capacitor (JLF) 

PHASE LOCKED LOOP TERMINOLOGY 
CENTER FREQUENCY (fO) 
The free-running frequency of the current controlled oscillator (CCO) in 
the absence of an input signal, 

DETECTION BANDWIDTH (BW) 
The frequency range, centered about fO, within which an input signal 
above the threshold voltage (typically 20mV rms) will cause a logical zero 
state on the output The detection bandwidth corresponds to the loop 
capture range, 

LARGEST DETECTION BANDWIDTH 
The largest frequency range within which an input signal above the 
threshold voltage will cause a logical zero state on the output. The 
maximum detection bandwidth corresponds to the loop lock range. 

DETECTION BAND SKEW 
A measure of how well the largest detection band is centered about the 
center frequency, fO. The skew is defined as (fmax + fmin -2fO)/fO 
where fmax and fmin are the frequencies corresponding to the edges of 
the detection band. The skew can be reduced to zero if necessary by 
means of an optional centering adjustment. 

'9 
I 

8 

TYPICAL RESPONSE 

Output :,I'IIIIIIIIItIIl •• 

Response to 100mV RMS tone burst, 
R L = 100 ohms, 

Response to same input tone burst with wideband noise. 

~ = -6db 
N 

RL = 100 ohms 

Noise Bandwidth = 140 Hz 

SmnOfiCS 285 

" 9 
c: c: 
c;: 

--
= 



OPERATING INSTRUCTIONS 
Figure 1 shows a typical connection diagram for !he 567. f,?r most 
applications, the following three-step procedure will be suffiCient for 
choosing the external components R1, C1, C2 and C3· 

1. Select R1 and C1 for the desired center frequency. For best tempera­
ture stability, R1 should be between 2K sind 20K ohm, and the R1C1 
product should have sufficient stability, over the projected temperature 
range to meet the necessary requirements. 
2. Select the low pass capaCitor, C2, by refElrring tothe Bandwidth versus 
Input Signal Amplitude graph. If the input amplitude variation is known, 
the appropriate value of foC2 necessary to give the desired bandwidth 
may be found. Conversely, an area of operation may be selected on this 
graph and the input level and C2 may be adjusted accordingly. For 
example, constant bandwidth operation requires that input amplitude be 
above 200m Vrms. The bandwidth, as noted on the graph, is then control­
led solely by the foC2 product (FO (Hz), C:2 (lLfd). ). 
3. The value of C3 is generally non-critical. C3 sets the band edge of a 
low pass filter which attenuates frequencies outside the detection band to 
eliminate spurious outputs. If C3 is too small, frequencies just outside the 
detection band will switch the output stag,~ on and off at the beat fre­
quency, or the output may pulse on and off during the turn-on transient. If 
C3 is too large, turn-on and turn-off olthe output stage will be delayed until 
the voltage on C3 passes the threshold voltage. (Such delay may be 
desirable to avoid spurious outputs due to transient frequencies.) A 
typical minimum value for C3 is 2C2' 

+V +V 

INPUT 0---) 4 

Sl.f" 
567 

FIGURE 1 

AVAILABLE OUTPUTS (Figure 2) 

The primary output is the uncommitted output. transis!or collector, pin .8. 
When an in-band input signal is present, '1hl~ transistor saturates; ItS 
collector voltage being less than 1.0 volt (tYPically 0.6V) at full o~tput 
current (1 OOmA). The voltage at pin 2 is the phase detector o~tput, a linear 
function of frequency, over the range of 0.95 to 1.05 10, with a ~Iope .of 
about 20mVlO/O frequency d~viation .. The aver!lge ~oltage at pin 1 !S, 
during lock, a function of the ,"band Input amplitude In acc~rdance with 
the transfer characteristic given. Pin 5 is the controlled OSCillator square 
wave output of magnitude (V + -2Vbe)=(V-l; -1.4V) haying a dc avera~e 
of V+/2. A 1KO load may be driven from pin 5. Pin 61s an exponential 
traingle of 1 volt peak-to-peak with an average dc level of V +/2. Only high 
impedance loads may be connected to pin 15 without affecting the CCO 
duty cycle or temperature stability. 
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2.5 ~---.---_-.--
o 100 200m Vrms 

FIGURE 2 

OPERATING PRECAUTIONS 

IN·BAND 
INPUT 
VOLTAGE 

A brief review of the following precautions will help the user attain the high 
level of performance of which the 567 is capable. 
1. Operation in the high inpullevel mode (above 200mV) will free the user 
from bandwidth variations due to changes in the in-band signal amplitude. 
The input stage is now limiting, however, so.that out-b~nd signals.or high 
noise levels can cause an apparent bandWidth reduction as the In band 
Signal is suppressed. Also, the limiting action will create in-band c,?mpo­
nents from sub-harmonic signals, so the 567 becomes sensitive to Signals 
at f0l3, f0l5, etc. 
2. The 567 will lock onto signals near (2n+ 1) fo, and will give an output for 
Signals near (4n+1) fo where n=O, 1,2, etc. Thus, Signals at5 fo and 9fo 
can cause an unwanted output. If such signals are anticipated, they 
should be attenuated before reaching the 567 input. 
3. Maximum immunity from noise and out-band signals is afforded in the 
low input level (Below 200mVrms) and reduced bandwidth operating 
mode. However, decreased loop damping causes the worse-case lock­
up time to increase, as shown by the Greatest Number of Cycles Before 
Output vs. Bandwidth graph. 
4. Due to the high switching speeds (20ns) associated with 567 opera­
tion, care should be taken in lead routing. Lead lengths should be kept to a 
minimum. The power supply should be adequately bypassed close to the 
567 with an 0.011LF or greater capacitor; grounding paths should be 
carefully chosen to avoid ground loops and unwanted voltage variations. 
Another factor which must be considered is the effect of load energization 
on the power supply. For example, an incandescent lamp typically draws 
10 times rated current at turn-on. This can cause supply voltage fluctua­
tions which COUld, for example, shift the detection band of narrow-band 
systems sufficiently to cause momentary loss of lock. The result is a 
low-frequency oscillation into and out of lock. Such effects can be pre­
vented by supplying heavy load currents from a separate supply, or 
increasing the supply filter capaCitor. 
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SPEED OF OPERATION 
Minimum lock-up time is related to the natural frequency of the loop. The 
lower it is, the longer becomes the turn-on transient. Thus, maximum 
operating speed is obtained when C2 is at a minimum. When the signal is 
first applied, the phase may be such as to initially drive the controlled 
oscillator away from the incoming frequency rather than toward it. Under 
this condition, which is of course unpredictable, the lock-up is transient is 
at its worst and the theoretical minimum lock-up time is not achievable. 
We must simply wait for the transient to die out. 
The following expressions give the values of C2 and C3 which allow 
highest operating speeds for various band center frequencies. The 
minimum rate at which digital information may be detected without infor­
mation loss due to the turn-on transient or output chatter is about 10 
cycles per bit, corresponding to an information transfer rate of f 0110 
baud. 

In cases where turn-off time can be sacrificed to achieve fast turn-on, the 
optional sensitivity adjustment circuit can be used to move the quiescent 
C3 voltage lower (closer to the threshold voltage). However, sensitivity to 
beat frequencies, noise and extraneous signals will be increased. 

OPTIONAL CONTROLS 
The 567 has been designed so that, for most applications, no external 
adjustments are required. Certain applications, however, will be greatly 
facilitated if full advantage is taken of the added control possibilities 
available through the use of additional external components. In the dia­
grams given, typical values are suggested where applicable. For best 
results resistors used, except where noted, should have the same temp­
erature coefficient. Ideally, silicon diodes would be low-resistivity types, 
such as forward-biased transistor base-emitter junctions. However, ordi­
nary low-voltage diodes should be adequate for most applications. 

SENSITIVITY ADJUSTMENT 
When operated as a very narrow band detector (less than 8 percent), both 
C2 and C3 are made quite large in order to improve noise and outband 
signal rejection. This will inevitably slow the response time. If, however, 
the output stage is biased closer to the threshold level, the turn-on time 
can be .improved. This is accomplished by drawing additional current to 
terminal 1. Under this condition, the 567 will also give an output for 
lower-level signals (10m or lower). 
By adding current to terminal 1, the output stage is biased further away 
from the threshold voltage. This is most useful when, to obtain maximum 
operating speed, C2 and C3 are made very small. Normally, frequencies 
just outside the detection band could cause false outputs under this 
condition. By desensitizing the output stage, the outband beat notes do 
not feed through to the output stage. Since the input level must be 
somewhat greater when the output stage is made less sensitive, rejection 
of third harmonics or in-band harmonics (of lower frequency signals) is 
also improved. 

CHATTER PREVENTION 
Chatter occurs in the output stage when C3 is relatively small, so that the 
lock transient and the AC components at the quadrature phase detector 
(lock detector) output cause the output stage to move through its 
threshold more than once. Many loads, for example lamps and relays, will 
not respond to the chatter. However, logic may recognize the chatter as a 
series of outputs. By feeding the output stage output back to its input, (pin 

V+ 

G!: c:Jn 
DECREASE INCREASE 
SENSITIVITY SENSITIVITY 

v+ 

DECREASE 
RA RB rENSITIVITY 

567 1 
2.5K INCREASE 

r- SENSITIVITY 

RC 
1.0K 

~ 7 } ~11~8~~ FOR 
~ 7 TEMPERATURE 

COMPENSATION 
(OPTIONAL! 

-= 

+v +v +v +y 
( 

RL 
RA 

RL 200 TO lK 

567 8 567 8r-

c, 
-j=: 

At Rf RL 
10K 10K 

Rf" 
;:rC3 

567 81""--

f 310K 
RA 

"OPTIONAL - PERMITS 200 TO LOWER VALUE OF C, lK 

~ 

1) the chatter can be eliminated. Three schemes for doing this are given 
above. All operate by feeding the first output step (either on or off) back to 
the input, pushing the input past the threshold until the transient condi­
tions are over. It is only necessary to assure that the feedback time 
constant is not so large as to prevent operation at the highest antiCipated 
speed. Although chatter can always be eliminated by making C3 large, 
the feedback circuit will enable faster operation of the 567 by allowing C3 
to be kept small. Note that if the feedback time constant is made quite 
large, a short burst at the input frequency can be stretched into a long 
output pulse. This may be useful to drive, for example, stepping relays. 
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+v 

r::: I. 
L:Jir c2 

LOWERS fa -=-

5117 

+v 

~:rSfO 
2.Stc. 
RAISES fa 

RC 
'.O~: 

} 
SILICON 
DIODES 
FOR 
TEMPERATURE 
COMPENSA T10N 
(OPTIONAL) 

DETECTION BAND CENTERING (OR SKEW) 
ADJUSTMENT 
When is is desired to alter the location of the detection band (correspond­
ing to the loop capture range) within the I,argest detection band (lock 
range), the circuits shown above can be us,:ld. By moving the detection 
band to one edge of the range, for example" input signal variations will 
expand the detection band in only one direction. This may prove useful 
when a strong but undesirable signal is expe,cted on one side or the other 
of the center frequency. Since RB also alter:s the duty cycle slightly, this 
method may be used to obtain a precise duty cycle when the 567 is used 
as an oscillator. 

ALTERNATE METHOD OF BANDWIDTH REDUCTION 
Although a large value of C2 will reduce the b,andwidth, it also reduces the 
loop damping so as to slow the circuit response time. This may be 
undesirable. Bandwidth can be reduced by reducing the loop gain. This 
scheme will improve damping and permit faster operation under narrow­
band operation. Note that the reduced impedance level at terminal 2 will 
require that a larger value of C2 be used for a given filter cutoff frequency. 
If more than three 567s are to be used, the RB, RC network can be 
eliminated and the RA resistors connected together. A capacitor between 
this junction and ground may be required to shunt high frequency compo­
nents. 

250 r---"T-,---.-----"T--r-,.-----.--o 

O.SK O.9K 1.4K 1.9K 2.SK 3.2K 4.0K 

200 f---+-+--J-+-.,f----,\'---.l----l 

10 12 14 16 

DETECTION BANO - % of fa 

P1N2r 
567 1. . 

r OPTIONAL SILICON 
DIODES FOR 
TEMPERATURE 
COMPENSATION 

~ (10K + R) <c < 1300 ('OKR+ R) 
fa -r 2 fo 

NOTE: Adjust control for symmetry 0, detection band edge. about fo. 

OUTPUT LATCHING 
To latch the output on after a signal is received, jt is necessary to provide a 
feedback resistor around the output stage (between pins 8 and 1). Pin 1 is 
pulled up to tjnlatch the output stage. 

REDUCTION OF C1 VALUE 
For precision, very low-frequency applications, where the value of C1 
becomes large, an overall cost savings may be achieved by inserting a 
voltage follower between the R1 C1 junction and pin 6, so as to allow a 
higher value of R1 and a lower value of C1 for a given frequency. 
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OUTPUT LATCHING (Cont'd) 

.V 

-u-
UNLATCH 

CA PREVENTS LATCH-UP 
WHEN POWER SUPPLY IS 
TURNED ON. 

.v 

UNLATCHI 

~ 

PROGRAMMING 

567 8 

567 8 

Rf 
20K 

.v 

.V 

To change the center frequency. the value of R1 can be changed with a 
mechanical or solid state switch. or additional C1 capacitors may be 
added by grounding them through saturating npn transistors. 

TYPICAL APPLICATIONS 

TOUCH-TONE ® DECODER 

Component Values (Typical) 

Rl 6.8 to 15K ohm 

R2 4.7K ohm 

Ra 20K ohm 

Cl 0.10 mid 

C2 1.0 mfd 6V 

Ca 2.2mfd 6V 

C4 250MF 6V 
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TYPICAL APPLICATIONS (Cont'd) 

CARRIER-CURRENT REMC)TE CONTROL 
OR INTERCOM 

+510 15V 

60Hz AC LINE 

~~-::::~'3 
500pF L..l;........;.-..... ~,...I 

1:1 R, 

2.5Ku 
'0"'" 100KHz 

C2 ------0 
.006 AUDIO OUT 

O.OO4mfd .02 FREQUENCY l C' 11:C3 (IF INPUTIS 

• MODULATED) 

-=- -=- "':"' 

DUAL-TONE DECODI:R 

+V 

20K 

~~~JNEL~ 
OR RECEIVER 1/4· 8885 

1. Resistor and capacitor values chosen for desired fr~~uencies and bandWidth. 
2. If C3' is made large so as to delay turn-on of the top 567 I decoding of sequential 

(1" '2) tones is possible. 
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24% BANDWIDTH TONE DECODER 

INPUT SIGNAL 
(>l00mVrms) 

~I-

+V 

- 3 567 B I---

6 5 2 , 

~R, 

I......j ::::C2~ 

c'~1~r3 

'-- 3 567 Bl-+-.... --' 

5 6 2 , 

L ,30 
C 2 = C2 "" To(mfd) 

C',=c, 

00 TO 1800 PHASE SHIFTER 

,OOm.( ... ) 
SQUARE OR )f-
SOmVRMS 3 
SINE INPUTO--) 

567 5 R ~MJ~~l 
~ OHM MIN • 

.12 i R'f " ~ LOAD) 

C2I.I,lc,'" R2 ~ R,I5 
_ _ ADJUST 
- - R, SO THAT 

~ '" 900 WITH 
CONTROL MIDWAY 



TYPICAL APPLICATIONS (Cont'd.) 

OSCILLATOR WITH 
QUADRATURE 

OUTPUT 

CONNECT PIN 3 
TO 2.BV TO 

561 

INVERT OUTPUT 

PULSE GENERATOR 
WITH 25% 

DUTY CYCLE 

;> 

567 Sf-

3 6 5 , l.fUl[ 

10Kn 

~ 

R, 

~ 

Ie, 

OSCILLATOR WITH 
DOUBLE FREQUENCY 

OUTPUT 

561 .Il1lIU" 210 

PRECISION OSCILLATOR TO 
SWITCH 100ma LOADS 

veo 
TERMINAL 
(±6%) 

561 

SmnoriCS 

PRECISION OSCILLATOR 
WITH 20ns SWITCHING 

561 

i~~M~ ~ JU1 
(±6%) ", At> lOOO!l 

t---

e21 Ie, 
"= 

PULSE GENERATOR 

567 

OUTPUT 

1Kn(MIN) 

DUTY 
CYlCE 
ADJUST 
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FEATURES 
• 45dB CHANNEL SEPARATION 
• AUTOMATIC STEREO/MONO SWITCHING 
• 70dB SCA REJECTION 
• 10V to 16V SUPPLY RANGE 
• HIGH IMPEDANCE INPUT - LOW IMPEDANCE OUTPUT 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage 
Supply Voltage (.;;15 Seconds) 
Voltage at Lamp Driver Terminal 

(LAMP OFF) 
Internal Power Dissipation 13pmW 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (60 Seconds) 

BLOCK DIAGRAM 

+18V 
+22V 

+22V 

-40°C to +85°C 
- 55°C to + 125°C 

300°C 

SWITCH FILTER LOOP FILTER 

PIN CONFIGURATION 

Multiplex Input , 

Amplifier Output 2 

Left Channel 
O.Emphasis 

Left Channel 
Output 

Right Channel 
Output 

Right Channel 

De-Emphasis 

Stereo Indicator 
Lamp 

OSCILLATOR fie NETWORK 

B PACKAGE 

1& OlCiliotor RC 
Network 

14 Loop Fill.,. 

13 Loop Filter 

12 Detector Input 

11 19kHz Test Signal 

10 Switch Filter 

9 Switch Filter 

L-____________ -+ __ + ________________ -!-___ ,..!!. .. ~~:;~[EST 

292 

AMPt.IFIER 
OUTPUT 

L_ --I' -----------:':A:L - 3 
DE-EMPHASIS 

~--t!-- ~~~~NEL 
OUTPUT 

- - - -,-- -------' 

RIGHT CHANNEL 
DE·EMPHASIS 



ELECTRICAL CHARACTERISTICS (TA = 25"C, V+ = +12V, 19 kHz pilot level = 30 mVRMS, Multiplex Signal 
(L = R, pilot OFF) = 300 mVRMS, Modulation Frequency = 400 Hz or 1 kHz, Test Circuit 1, unless otherwise specified) 

PARAMETER TEST CONDITIONS MIN 

Supply Current Lamp OFF 
Maximum Available Lamp Current 75 
Voltage at Lamp Driver Terminal LAMP = 50 mA 
DC Voltage Shift at Either Output Terminal Stereo to Mono Operation 
Power Supply Ripple Rejection 200 Hz, 200 mVRMS 35 
I nput Resistance 20 
Output Resistance 

100 Hz 
0.9 

Channel Separation 400 Hz 
10 kHz 

30 

Channel Balance 
Voltage Gain 1 kHz 0.5 
Pilot Input Level Lamp Turn-On 

Lamp Turn-Off 2.0 
Pilot Input Level Hysteresis Lamp Turn-Off to Turn-On 3.0 
Capture Range 2.0 
Total Harmonic Distortion Multiplex Level = 600 mVRMS Pilot OFF 
19 kHz Rejection 25 
38 kHz Rejection 25 
SCA Rejection (Note 1) 
VCO Tuning Resistance (Note 2) 21.0 
VCO Frequency Drift O"C,,;T A ,,;25"C 

25"C,,;T A ,,;70"C 

NOTES: 
1. Measured with a stereo composite signal consistency of 80% stereo, 10% pilot and 10% SeA as defined in the FCC Aules of Broadcasting. 
2. Total resistance from pin 15 to ground, in test circuit 1, required to set reference frequency at pin 11 to 19 kHz ± 10 Hz. 

TEST CIRCUIT 1 AND TYPICAL APPLICATION 

NOTE: 

V+"' +12V 

0.1 

I"F 
COMPOSITE 

C. 
.0025I./F 

,r 
MULTIPLEX --1--1 f----t--l 

UNIT 

LED 
STEREO 

INDICATOR 
LAMP 

lEFT 
OUTPUT 

C5 
O.331./ F 

(TOP VIEW) 

A3 
21 kn 

Cs 
390pF 

l1N220) 

19kHz 
TEST SIGNAL 

TYP 

26 
150 
1.3 
30 

35 
1.3 
40 
45 
45 

0.3 
0.9 
15 

7.0 
7.0 
4.0 
0.4 
35 
45 
70 

23.3 
+0.1 
-0.4 

A. 
5 kn 
OSCillATOR 

ADJ 

MAX 

35 

1.8 
150 

2.0 

1.5 
1.4 
20 

6.0 
1.0 

25.5 
±2 
±2 

Tolerance on resistors is ±5% and tolerance on capacitors is ±20% unless otherwise specified. Cl Tolerance = + 1 00%, -20%, C6 Tolerance = ± 1 % in test circuit and 

::,:::5% in typical applications, R3 Tolerance = ±1%, R4 Tolerance ~ ±10%, R1 and R2 Tolerances"" :!":1% in test circuit and ±5% in typical application. 

Si!lDOlieS 

UNITS 

mA 
mA 
V 
mV 
dB 
kO 
kO 
dB 
dB 
dB 
dB 
VIV 
mVRMS 
mVRMS 
dB 
% 
% 
dB 
dB 
dB 
kO 
% 
% 
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TYPICAL CHARACTERISTICS CURVES 

CHANNEL SEPARATION VS 
AUDIO FREQUENCY 

HARMONIC DISTORTION VS 
INPUT LEVEL 

r- :d:' 
L ~ R 
PILOT OFf 

I 
V 

V 

/' 
...... V 

--V 

OSCILLATOR FREE RUNNING FREQUENCY 
ERROR VS AMBIENT TEMPERATURE 

r,t 

- i' 

.. ~. -,. 

LAMP TURN ON & TURN OFF SENSITIVITY CAPTURE RANGES VS PILOT LEVEL CHANNEL SEPARATION VS OSCILLATOR 
VS AMBIENT TEMPERATURE FREE RUNNING FREQUENCY ERROR 

:c-,t ,- I~ 
T",--4crC....- v:::. !- .... ,-. ....- +85"C 

~ 
. lL" j?' .... 

" V :v 
~ ~-, 
"~ ....... T"'·+85'C -,,~ 1'-_ • 40'C ....... 

" .;;;:.... . 
f---+-+---

T""25"C INPUTSIGNAL_JOmY,m • 
10 r-V-12V -t----t---t-MULTIPLEXSIGNAl 

o '>1 KI-b IL =1R-(j.P1l0TOFfI-
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EQUIVALENT CIRCUIT 

r------------------------,lHI. 

en 
D « 

en a: 
:2« 
IU. 08 
z­_a.. 
wz a:­«W 
13~ 
::Jen 
....IW 
«::J >....1 
w« 
0> 
ZW 
«0 
I-Z 
en« 
ii5t:: wo 
a:« 
....I a.. ....1« 
«0 

....I 

....I « 

L-____________________________________ __ 
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FEATURES PIN CONFIGURATION 
• LOW NOISE - .5p.V TOTAL INPUT N()ISE 
• HIGH GAIN -112dB OPEN LOOP 
• SINGLE SUPPLY OPERATION 
• WIDE SUPPLY RANGE 9 TO 40V ~ IN (1) 1 

• POWER SUPPLY REJECTION -120dB 
• LARGE OUTPUT VOLTAGE SWING (VCC -2V pop) 

-IN DIFF. (1) 2 

• WIDE BANDWIDTH - 15MHz UNITY GAIN 
• POWER BANDWIDTH - 75kHz, 20V pop 
• INTERNALLY COMPENSATED 
• SHORT CIRCUIT PROTECTED 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage 
Power Dissipation 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering. 60 sec) 

TYPICAL APPLICATIONS 

296 

TWO-POLE FAST TURN-ON 
NAB TAPE PREAMP 

",. 

TYPICAL MAGNETIC 
PHONO PREAMP 

>,,'7;..:' ',--) _-<> O.SVrms 

2.2M 

+40V 
600mW 

ooe to +70oe 
-65°e to +150oe 

+ 300°c 

-IN S.E. (1) J 

EXT. COMP, I ' 
(1) 6 

OUTPUT (1) 7 8 OUTPUT (2) 

EQUIVALENT CIRCUIT 

Vee 
19) 

1----- ----------,- ----I 
I I 

I I R3 

I D1 

I 
I 
I 
I 
I Z1 

I 
I 
I 
I 
L ___ ---L __ _ 

TYPICAL MAGNETIC 
PHONO PREAMP 

24V 

, 
l",F 5001< : 

N o--~!--.,w.--" 

IWIOlleli 

I 
I 
I 
I 
I 
I 
I 
I 

L----~---<H>17, 8) 

I 
I 
I 
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ELECTRICAL CHARACTERISTICS TA = +25°C, vcc = 14V (Unless Otherwise Noted) 

PARAMETER TEST CONDITIONS 
LIMITS 

MIN TYP MAX 

Voltage Gain Open Loop 
(Differential Input) 160,000 

Open Loop 
(Single Ended) 320,000 

Supply Current VCC 9 to 40V, RL = 00 10 
Input Resistance 

(Positive Input) 100 
(Negative Input) 200 

Input Current 
(Negative Input) 0.5 

Output Resistance Open Loop 150 
Output Current Source 8 

Sink 2 
Output Voltage Swing Peak-ta-Peak VCC -2 
Small Signal Bandwidth 15 
Power Bandwidth 20V pop (VCC = 24V) 75 
Maximum Input Voltage Linear Operation 300 
Supply Rejection Ratio f = 1kHz 120 
Channel Separation f = 1kHz 60 
Total Harmonic Distortion 75dB Gain, f = 1 kHz 0.1 
Total Equivalent RS = 600n, 

Input Noise 100-10,000Hz 
(Single Ended Input) 

LM381A 0.5 0.7 
LM381 0.5 1.0 
Noise Figure 50kn, 

1 OO-lO,OOOH, ) (S I VB.? 
10kn mg e 

1 OO~ 10 OOOHz Ended 1.3 
5kn' Input) 
100~1O,000Hz 1.6 

NOTE: ALL RESISTORS STANDARD AND ARE MEASURED IN OHMS. 

TYPICAL CHARACTERISTICS 

LARGE SIGNAL 
FREQUENCY RESPONSE 

GAIN VS TEMPERATURE 

, 
"cc .,J,",~ · -

\ 

· \ 

, 
, \ 

· \ 
\ 
\ 

\ , 

UNIT 

V/V 

V/V 
mA 

kn 
kn 

p.A 
n 

mA 
mA 
V 

MHz 
kHz 

mVrms 
dB 
dB 
% 

p.Vrms 
p.Vrms 

DB 

dB 

dB 

· "'-.... 'ooL---.J....---:':c-----' 

. 

I-P OUTPUT VOLTAGE 
VSVCC 

/ 
/ 

% DISTORTION 

VCC VS ICC 

, 

, 

-
,/ f-.---

. 

'" 

CHANNEL SEPARATION 

/ 
. .. ,. 

" 
., Li' ___ ~:;_-----.1 1'00' :;,':;: .. 

SUPPLY vOLTAGE IV, 
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TYPICAL CHARACTERISTICS (Cont'd) 

298 

0 

~ 
~ 100 , 

PSRR VS FREQUENCY 

/ r---~ 

1/ '\ 

J 

rJ1 --X ,J 
.. '" lOOk , .. 

NOISE CURRENT 
VS FREQUNCY 

NOTE :~~~ SINGLE ENDED 

" .. 

, '~+-~~rr--r~+Hffi 
" 

GAIN AND PHASE RESPONSE 

:::~ 

, "~-+-----'-'"+"'~'--"'+_"""c,=-" --+-----+----1 

l " " f---f--f--f-+----"d"_'C-1-".,---l 

" 

" 

NOISE VOLTAGE 
VS FREQUENCY 

SmOOfieS 

.\ I::: 
'-\ '" 

VOLTAGE GAIN VS 
SUPPLY VOLTAGE 

PULSE RESPONSE 



FEATURES 
• LOW NOISE - o.a/LV TOTAL EQUIVALENT INPUT NOISE 
• HIGH GAIN - 100dB OPEN LOOP 
• SINGLE SUIPLY OPERATION 
• WIDE SUPPLY RANGE 9 TO 40V 
• POWER SUPPLY REJECTION -120dB 
• LARGE OUTPUT VOLTAGE SWING 
• WIDE BANDWIDTH -15MHz UNITY GAIN 
• POWER BANDWIDTH - 75kHz, 20V pop 
• INTERNALLY COMPENSATED 
• SHORT CIRCUIT PROTECTED 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage 
Power Dissipation 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 60 sec) 

+40V 
600mW 

O°C to + 70°C 
-65°C to +150°C 

+300°C 

PIN CONFIGURATION 

+IN (1) 1 

Gain Control (1) 3 

Gain Control (1) 5 

Gain ContrOl (1) 6 

Output (1) 7 

EQUIVALENT CIRCUIT 

ELECTRICAL CHARACTERISTICS TA = +25°C, VCC = 14V (Unless Otherwise Noted) 

LIMITS 
PARAMETER TEST CONDITIONS 

MIN TYP 

Voltage Gain Open Loop (Differential Input) 100,000 
Supply Current VCC 9 to 40V, RL = 00 10 
Input Resistance 

(Positive Input) 100 
(Negative Input) 200 

Input Current 
(Negative Input) 0.5 

Output Resistance Open Loop 150 
Output Current Source 8 

Sink 2 
Output Voltage Swing Peak-to-Peak, RL = 10k VCC-2 
Small Signal Bandwidth 15 
Power Bandwidth 20V pop (VCC = 24V) 75 
Maximum Input Voltage Linear Operation 
Supply Rejection Ratio f = 1kHz 120 
Channel Separation f = 1kHz 40 60 
Total Harmonic Distortion 60dB Gain, f = 1 kHz 0.1 
Total Equivalent Input Noise RS = 600n, 100-10,000Hz 0.8 
Noise Figure 50kn,100-10,000Hz 1.0 

10kn,100-10,000Hz 1.6 
5k!1, 100-1 O,OOOHz 2.8 

IN (2) 

12 Gain ContrOl (2) 

10 Gain Control (2) 

9 Gain Control (2) 

(7. H! 

UNIT 
MAX 

VIV 
16 mA 

kn 
kn 

/LA 
11 

mA 
mA 
V 

MHz 
kHz 

300 mVrms 
dB 
dB 

0.3 % 
1.2 /LVrms 

dB 
dB 
dB 
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TYPICAL APPLICATIONS 

TAPE PREAMPLIFIER 
(NAB EQUALlZA'TION) 

Vee 

II 

FLAT RESPONSE 
FIXED GAIN CONFIGURATION 

vee 

7,8 

2,130-----1 

5,10 ~ 

CAPACITOR GAIN 

C10nly 40dB 
C2 Only 55dB 
C1 & C2 BOdB 

TYPICAL CHARACTERISTICS CURVES 
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TYPICAL CHARACTERISTICS (Continued) 

PSRR VS FREQUENCY 

/ I--
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FEATURES 
• LOW NOISE - O.SILV TOTAL INPUT ~IO/SE 
• HIGH GAIN -104dB OPEN LOOP 
• SINGLE SUPPLY OPERATION 
• WIDE SUPPLY RANGE 9 TO 40V 
• POWER SUPPLY REJECTION -110dB 
• LARGE OUTPUT VOLTAGE SWING (VCC -2V pop) 
• WIDE BANDWIDTH - 15MHz UNITY (~A/N 
• POWER BANDWIDTH - 75kHz. 20V pop 
• INTERNALLY COMPENSATED 
• SHORT CIRCUIT PROTECTED 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage 
Power Dissipation 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering. 60 sec) 

EQUIVALENT CIRCUIT 

Vee 

RI 

DI 

ZI 

+40V 
500mW 

O°C to +700c 
-65°C to + 150°C 

+ 300°C 

-------, 
I 
I 
I 
I 
I 
I 
I 
I 
I 

'----_+--+-0(4.5) 

I 
I 
I 

______ .L ____ -.J 

AUDIO MIXER TYPICAL TAPE PLAYBACK AMPLIFIER 

24V 

24V 

(4.5) 

>(:.;;4.~5:...) ..... --oO.5Vnn. 

22k 2.2M 

I.F 500k 

e <>--l)I-----~, 

1",F 500k : 

N ()--~E--.,cN-_.J 
2.4k 

302 smoones 

PIN CONFIGURATION 

V PACKAGE 

TYPICAL APPLICATIONS 

II 

-= 

TYPICAL MAGNETIC 
PHONO PREAMPLIFIER 

30V 

240 
lOOk 

I 20llF 

-::- "'Z" 

TWO-POLE FAST TURN-ON 
NAB TAPE PREAMPLIFIER 

24V 

(4.5) 

120pf 

680k 

220k 220k 

2k 2k 
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ELECTRICAL CHARACTERISTICS TA = +25°C, vcc = 14V (Unless Otherwise Noted) 

PARAMETER TEST CONDITIONS 

VOlta~e Gain 
Supp y Current 

Open Loop 
VCC 9 to 40V, RL =00 

Input Resistance 
(Positive Input) 
(Negative Input) 

Input Current 
(Negative Input) 

Output Resistance Open Loop 
Output Current Source 

Sink 
Output Voltage Swing Peak-to-Peak 
Small Signal Bandwidth 
Power Bandwidth 20V p-p (VCC = 24V) 
Maximum Input Voltage Linear Operation 
Supply Rejection Ratio f = 1kHz 
Channel Separation f = 1kHz 
Total Harmonic 75dB Gain, 

Distortion f = 1 kHz 
Total Equivalent RS = 6000, 

Input Noise 100-10,OOOHz 
Noise Figure 50kO, 100-10,OOOHz 

10kO, 100-10,OOOHz 
5kO, 100-10,OOOHz 

TYPICAL CHARACTERISTICS 
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LIMITS 
UNIT 

MIN TYP MAX 

160,000 V/V 
10 mA 

100 kO 
200 kO 

0.5 ,..,A 
150 0 

8 mA 
2 mA 

VCC -2 V 
15 MHz 
75 kHz 

300 ,..,Vrms 
110 dB 
60 dB 

0.1 0/0 

0.8 1.4 ,..,Vrms 
1.0 dB 
1.6 dB 
2.8 dB 

GAIN VS TEMPERATURE 
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TYPICAL CHARACTERISTICS (Cont'd) 

PSRR VS FREQUENCY GAIN AND PHASE RESPONSE VOLTAGE GAIN VS 
SUPPLY VOLTAGE 

". ,,. 
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FEATURES 
• EXCELLENT CARRIER SUPPRESSION 

6SdB typ @ 0.5 MHz 
SOdB typ @ 10 MHz 

• ADJUSTABLE GAIN AND SIGNAL HANDLING 
• BALANCED INPUTS AND OUTPUTS 
• HIGH COMMON-MODE REJECTION-8SdB typ 

APPLICATIONS 
SUPPRESSED CARRIER AND AMPLITUDE MODULATION 
SYNCHRONOUS DETECTION 
FM DETECTION 
PHASE DETECTION 
SAMPLING 
SINGLE SIDEBAND 
FREQUENCY DOUBLING 

ABSOLUTE MAXIMUM RATINGS 
Applied Voltage (Note 1) 
Differential Input Signal (V7 - VB) 
Differential Input Signal (V4 - Vl ) 
Input Signal (V2 - Vl . V3 - V4) 
Bias Current (15) 
Power Dissipation (Pkg. Limitation) 

K-Package 
Derate above 25°C 

A-Package (TO-116) 
Derate above 25°C 

Operating Temperature Range 
Storage Temperature Range 

NOTES 

30V 
±5.0V 

(5 ± 15 Re) V 
5.0V 

10mA 

6BOmW 
5.4mW/oC 

900mW 
7.2mW/oC 

-555°C to +125°C 
-65°C to +150°C 

1. Voltage applied between pins 6-7, 8-1, 9-7, 9-8, 7-4, 7-1, 8-4, 6-8, 2-5, 3-5. 
2. Pin number references pertain to K package pinout only. 

5596/MC 1496/MC 1596-A, K 

PIN CONFIGURATIONS (TOP VIEW) 

A PACKAGE 

Signal Input 1 

Gain Adju~1 ~ 13 Negalive Output 

Gain Adjust 4 

Negative 

S'gnal Input 

K PACKAGE 

Bias 

SCHEMATIC DIAGRAM 

CARIIiER H 

INPUT (+) 

SIGNAL H 

INPUT (+) 

BIAS 

Vo(+) 

Negar,ye 
to Caerier InpLlt 

Pas't,,,e 
9 Carrie"npul 

8 Positive OUtput 

GAIN 

ADJUST 
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5596/MC 1496/MC1596-A.K 

SIGNETICS BALANCED MODULATOR-DEMODULATOR. MC1596, MC1496 
ELECTRICAL CHARACTERISTICS· (All input and output characteristics are single-ended unless otherwise noted.) 

PARAMETER 
MIN 

MC1596 

TYP MAX 

MC1496 
UNITS 

MIN TYP MAX 

Carrier Feedthrough "V(rms) 
Vc = 60 mV(rms) sine wave and fC = 1.0 kHz 40 40 
offset adjusted to zero fC=10MHz 140 140 

Vc = 300 mVp-p square wave: mV(rms) 
offset adjusted to zero fC = 1.0 kHz 0.04 0.2 0.04 0.4 
offset not adjusted fC=1.0kHz 20 100 20 200 

Carrier Suppressions dB 

fS = 10 kHz. 300 mV(rms) 
fC = 500 kHz. 60 mV(rms) sine wave 50 65 40 65 
fC = 10 MHz. 60 mV(rms) sine wave 50 50 

Transadmittance Bandwidth (Magnitude) (RL = SOn) MHz 

Carrier Input Port. Vc = 60 mV(rms) sine wave 300 300 
fS = 1.0 kHz. 300 mV(rms) sine IVa',e 

Signal Input Port, Vs = 300 mV(rms) sine wave SO SO 

IVCI = 0.5V dc 

Signal Gain 2.5 3.5 2.5 3.5 VN 

Vs = 100 mV(rms), f = 1.0 kHz; Ivel = 0.5V dc 

Single-Ended Input Impedance, Signal Port, f = 5.0 MHz 
Parallel Input Resistance 200 200 kn 
Parallel Input Capacitance 2.0 2.0 pF 

Single-Ended Output Impedance, f = 10 MHz 
Parallel Output Resistance 40 40 kn 
Parallel Output Capacitance 5.0 5.0 pF 

Input Bias Current /LA 
11 + 14 17 +IS 12 25 12 30 

IbS = -2- ; IbC = -2-
12 25 12 30 

Input Offset Current 0.7 5.0 0.7 7.0 IlA 

lioS = 11 - 14; lioC = 17 - IS 0.7 5.0 0.7 7.0 

Average Temperature Coefficient of Input Offset Current 2.0 2.0 nA/oC 

(TA = -55° to +125°C) 

Output Offset Current 14 50 15 SO "A 
(16 - 19) 

Average Temperature Coefficient of Output Offset Current 90 90 nA/oC 
(TA = -55°C to +125°C) 

Common-Mode Input Swing, Signal Port, fS = 1.0kHz 5.0 5.0 Vp-p 

Common-Mode Gain, Signal Port. fS = 1.0kHz. -S5 -S5 dB 
IVcl = O.SV dc 

Common-Mode Quiescent Output Voltage (Pin 6 or Pin 9) S.O S.O Vdc 

Differential Output Voltage Swing Capability S.O S.O Vp-p 

Power Supply Current mAdc 
16 + 19 2.0 3.0 2.0 4.0 

'10 3.0 4.0 3.0 5.0 

DC Power Dissipation 33 33 mW 

(V+ = +12V dc, V- = -S.OV dc, 15 = 1.0mA dc, RL = 3.9kn, Re = 1.0k n, T A = +25°C unless otherwise noted) 

·Pin number references pertain to K package pinout only. 
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FEATURES 
• MATCHED OPEN LOOP VOLTAGE GAIN 
• LOW AUDIO NOISE 
• SINGLE POWER SUPPLY 
• WIDE POWER SUPPLY RANGE 
• BUILT-IN POWER SUPPLY FILTER 
• HIGH INPUT IMPEDANCE 
• EMITTER FOLLOWER OUTPUT 
• LOW DISTORTION 
• SELF BIASING 
• MINIMUM NUMBER OF EXTERNAL 

COMPONENTS 
• OUTPUT CIRCUIT IS SHORT CIRCUIT 

PROTECTED 
• HIGH CHANNEL SEPARATION 
• VARIETY OF FEEDBACK OPTIONS 
• NO CIRCUIT DAMAGE IF PLUGGED IN 

BACKWARDS 
• 7.5V REGULATOR, BIAS SOURCE 

SCHEMATIC DIAGRAM 

ZENER 
UTILITY o"'-----------i 

POWER 

ROLL 
OFF 

INPUT 1 

FDBK 1 O"-----'vv..--..... 

GND 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage 16V 
Temperature 

Storage -55°C to +150°C 
Operating -30°C to +85°C 

APPLICATIONS 
STEREO TAPE PLAYERS/RECORDERS 
DICTATING EQUIPMENT 
MOVIE PROJECTORS 
PHONOGRAPHS 
TV REMOTE CONTROL RECEIVER 
MICROPHONE AMPLIFIERS 
STEREO RADIO RECEIVER SYSTEMS 
VIDEO PREAMPLIFICATION 
NARROW BAND AMPLIFICATION 
DRIVER-PREAMP FOR LOSSY NETWORKS 
SUPER GAIN CASCADED AMPLIFIERS 

10 OUTPUT 2 

ELECTRICAL CHARACTERISTICS (25°C) (VCC=12V) 

PARAMETERS MIN TYP MAX UNITS 

Supply Current (VCC = 12V) 16 22 mA 

Voltage Gain 65 68 71 dB 
Gain Balance 0.3 2 dB 
Channel Separation (f = 1 kHz), Figure 1 45 90 dB 
Input Resistance lOOK 250K 0 
Signal Output 1.5 Vrms 
Output Resistance 100 0 
Power Supply Rejection (f = 1 kHz), Figure 2 45 55 dB 
Total Harmonic Distortion Without Feedback 

(0.5V rms into 3kO Load, 1 kHz) 0.5 0.9 % 
Input dc Bias Current 0.8 3 ,...A 
Gain to Feedback Terminal 3, 12 45 dB 
Impedance at Feedback Terminal 2400 0 
Amplifier Noise Figure (100Hz to 10 kHz, 5kO Rs) 1.8 dB 
Equivalent Input Noise (100Hz to 10 kHz, 6800 Rs) 0.7 1.2 /LV 

91!100fiC9 

CONFIGURATION 

A PACKAGE 

TEST CIRCUITS 

CHANNEL SEPARATION 

FIGURE 1 

POWER SUPPLY REJECTION 
·12V 

lOOpF I SOn 

~v,~~_-, 
":" 7 1 

1 
lOOpF I 1 

-I 
- I 

FIGURE 2 
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TEST CIRCUITS (Cont'd) 

NOISE .. 
r-~--' 

I ... 

880 

FIGURE 3 
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FEATURES 
• HIGH SENSITIVITY-INPUT LIMITING 

VOLTAGE AT 4.S MHz = 400/LV 
• HIGH IF VOLTAGE GAIN-6OdB 
• SIMPLIFIED TUNING-ONE RLC PHASE 

SHIFT NETWORK 
• HIGH STABILITY 
• LOW DISTORTION-1.0% 
• WIDE FREQUENCY CAPABILITY-5kHz 

to SOMHz 

PIN CONFIGURATION 

AUDIO OUTPUT 1 

DETECTOR INPUT 
REFERENCE 

NO CONNECTION 3 

A PACKAGE 

14 DE-EMPHASIS 

INPUT 
12 DETECTOR 

11 TEST POINT 

ABSOLUTE MAXIMUM RATINGS 
oeCOUPLING 5 +----,-.[';]0 ~~HL~~~:UT 

Input Voltage (Pin 4) +3.5V 
Output Voltage +15V 
Supply Voltage (V+) +15V 
Junction Temperature +150°C 
Storage Temperature -65°C to +1500C 
Operating Temperature O°C to +85°C 
Thermal Resistance O.15°C ImW 

OJ-A, Junction to Ambient 
Power Dissipation 300mW 

CIRCUIT SCHEMATIC 

GNO 1~==~~~-

BLOCK DIAGRAM 

(FREQUENCY 
MODULATED 

CARRIER) 

AMPLIFIER 
LOW OUTPUT 

8 NO CONNECTION 

+12V~'3"'--""-~-----~--""'--""'----""----' 

@t,. 
10 : 

I 

: 
>Fe;. 

o.2kIl 

~7 l 
~5-+,--~-~--1-~~~Q~+--~~--+--~-+-~,--~~_--J 

: Q4Sktl ! 
*alp.F 19 

: 
O.5kn 2kQ 2kQ 

11 TEST 
POINT 

2.!5kQ i 7~_~_~_~ ___ ~ __ ~ ____ J-__ ~ ________ J-________ J-______ ~ __ ~ 

* 

1 DETECTOR 
OUTPUT 

VOUT 
(AUDIO) 
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ELECTRICAL CHARACTERISTIGS Standard Conditions: VCC = +12V +10%. TA = 25°C -

CHARACTERISTICS TEST CONDITIONS TEST LIMITS 
FIGURE 

UNITS 
MIN TYP MAX 

Pin 
ICC Supply Current 13 12.0 17 22 rnA 

Vbias Amplifier Input Reference Internally derived 6 1.45 V 
3.65 Vbias Detector Input Reference Internally derived 2 V 

Voh Amplifier High Output Level 10 1.45 V 

Vol Amplifier Low Output Level 9 0.145 V 

Vo Detector Output Level 1 4.3 5.0 5.7 V 

Rin Amplifier Input Resistance 4 5.0 KO 

Cin Amplifier Input Capacitance 4 11 pF 

Rin Detector Injection Input Resistance 12 70 KO 

Cin Detector Injection Input Capacitance 12 2.7 pF 

Rout Amplifier High Output Resistance 10 60 0 

Rout Detector Output Resistance 1 200 0 

Rde De-Emphasis Resistance 14 9 KO 

FM Detection for Television 
Applications: Detector injection voltage 

= 60mVrms• fo = 4.5 MHz. 
F deviation = 25 kHz. 
Peak separation = 150 kHz. 
FM modulating frequency 
= 400 Hz. Amplifier source 
resistance = 500. 

Vg Amplifier Voltage Gain Vin,;;0.3mVrms 
Vcc = 12V±5% 10 1 55 58 dB 

Voa Amplifier Output Voltage Vin = 10mVrms 10 1 1.45 Vpp 

Vth Input Limiting. Threshold1 4 2 400 800 p.Vrms 

Avo Recovered Audio Output 1 2 0.5 0.6 Vrms 

Thd Output Distortion 100% FM Modulation 1 2 1.5 % 
AMR AM Suppression2 Vin = 10mVrms 1 3 40 46 dB 

FM Detection for 10.7 MHz 
Applications: Detector injection voltage 

= 60mVrms• fo = 10.7 MHz. 
F deviation = 75 kHz. 
Peak separation = 550 kHz. 
FM modulating frequency 
= 400 Hz. Amplifier source 
resistance = 500. 

Vg Amplifier Voltage Gain Vin ';;0.3mVrms 53 dB 

Vcc = 12V ±5% 10 1 

Voa Amplifier Output Voltage Vin = lOmVrms 10 1 1.45 Vpp 

Vth Input Limiting Threshold 4 2 500 p.Vrms 
Recovered Audio Output 1 2 0.45 Vrms Avo 

Thd Output Distortion 100% FM modulation 1 2 1.0 % 

AMR AM Suppression2 Vin = 10mVrms 1 3 40 dB 

NOTES 2. The Amplitude Modulation Rejection in decibels, often abbreviated AMR, is given by the 

1. The limiting threshold voltage is the FM input voltage Vi, expressed in rms volts, for a recovered following formula: 
20 log You' for 100% FM modulated Vi 

Vout for a 30% AM Vi 
Vout which is 3dB less than the recovered Vout at a Vj of 200 mVrms. 

USAGE INFORMATION 
1. FM Detection. 

a. Tuning. Apply FM modulated signal through DC decoupling net­
work to pin 4. Vin = 5mVrms· Tune for maximum recovered audio 
at pin 1 or maximum RF voltage at pin 11. 

b. General 

310 

(1) A DC path less than 1000 shall be provided between pins 2 
and 12. No other biasing provisions are required. 

(2) A DC path less than 3000 should be provided between pins 2 
and 12. No other biasing provisions are required. 

(3) The maximum AC load current can be increased by adding an 
external resistor between pins 1 and 7. The minimum value for 
this resistor is 8000. giving a maximum load current of 
4mArms. 

AMR 

2. EXTERNAL DECOUPLING AND MOUNTING CONSIDERATIONS. 
a. All decoupling capacitors should be ceramic type with minimum 

residual iflductance at the operating frequency. 
b. Decoupling capacitor leads at pins 5. 6. and 12 should be as short 

as possible. 
c. Connections from pin 4 should be as far removed as possible from 

connections at pins 9. 10. and 12. 
d. The p~lWer supply pin .13 should be decoupled with a 0.1p.F 

ceramiC capacitor. keeping the leads as short as possible. 
e. When using. a large internal.impedance power supply (voltage 

dropping resistor). decouple pin 13 forthe lowest audio demodula­
tion frequency. 

f. Keep appropriate distances between the input coil and any other 
coil in the phase shift network for the voltage gain between these 
points is high (40 to 60dB). 



TEST CIRCUITS 

+12V 

0.1 

5011 

FIGURE 1 

+12V 

OJ 

,..--...J...-- 50Il 
0.1 

0.1 

FIGURE 3 

NOTES: 1. Phase shift network is specified in Figure 4. 
2. All capacitors in microfarads unless otherwise noted. 

APPLICATIONS 

FIGURE 2 

120pF 

12 

(a) 

PHASE SHIFT NETWORK 
(0) FOR 4.5 M-iz 
(b) FOR lO.7MHz 

FIGURE 4 

TYPICAL CIRCUIT REQUIREMENTS FOR FM DETECTION 

c. 

120pF 

( b) 

Component Value 

L2 Inductance2 
L2 Nom. Unloaded Q 
L2 Nom. DC 

Resistance 
CA 
Cs 
R1 
Loaded Network Q 
C5 and C6 
C2 
Cde 

NOTES: 1. Suggested coil source: 1.5-3f..tH Miller 9050, 7-14/LH MiHer 9052. 
2. Use NPO type capacitor. 

FIGURE 5 

9!!1DOliC9 

TV (4.5MHz) FM (10.7MHz) 

7-14/-LH 1.5-3/-LH 
50 50 

son son 
3.0pF 4.7pF 
120pF 120pF 
20kn 3.1kn 

30 20 
0.1/-LF 0.1/-LF 
0.1/-LF 0.1/-LF 

0.01/-LF 0.01/-LF 
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APPLICATIONS (Cont'd) 

INPUTn+~:v 
TYPICAL DRIVING CAPABILITIES at to = 4.5MHz 

1 rrOUTPUT 

l"" 
la) 

Ib) 

'~~T~' 
LJ ~nr r" 

Ie) 

TYPICAL CHARACTERISTIC CURVES 

312 

70 

AMPLIFIER GAIN AS A FUNCTION 
OF AMBIENT TEMPEIRATURE 

1"017 MH; 
I 

Vn~"'<O.3mVRMS 
- Rl.=U: 

ISlcE FIGURE 1 FOR 

1\ TEST CIRCUIT) 

'" '" ~ 55 g 
a: 
i!: 50 

~ 
45 

40 
o 

\ 
~ 

i'--r--
+20 +40 +60 +80 +100 

TEMPERATURE IN DEGREES CENTIGRADE 

Figure RL (0) 

A 2000 
B 200 
C 200 

FIGURE 6 

lI[goUIICIi 

Vo (mV rms) 

at = 7.5 kHz at = 25 kHz Remarks 

220 650 No Clipping 
130 400 No Clipping 
220 650 Clipping at Vo= 

500mVrms 

SLOPE OF FM TRANSFER CHARACTERISTICS 
AS A FUNCTION OF AMBIENT TEMPERATURE 

In 

':i 
0 
> 
~ 

j 

6 

4 

f-

o 
o 

V1NJ "'60mV 

VINJ=33mV r- - -t-I--. 

I I 
v1NJ=17mV 

+20 +40 +60 +80 +100 

TEMPERATURE IN DEGREES CENTIGRADE 



TYPICAL CHARACTERISTIC CURVES (CONT'D) 
---------------------------------------------, 

AMPLIFIER VOLTAGE GAIN AS A FUNCTION OF 
OPERATING FREQUENCY AT Vin = O.2mVms 
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TA =+ 75C 
".025C 
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SLOPE OF FM TRANSFER CHARACTERISTIC 
AS A FUNCTION OF SUPPLY VOLTAGE 

TA =25C 
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SUPPLY VOLTAGE IN VOLTS 

+12V 

47 

V,N <>-:;:1lbr------l 
ULN2111 

10 VOUT 

50.0. 2k 

ALL CAPACITORS IN MICROFARADS 

PHASE SHIFT 
NETWORK 

(See Figure 4) 

TJ> 

+l2V 

ALL CAPACITORS IN MICROFARADS 

SLOPE OF FM TRANSFER CHARACTERISTICS AS 
A FUNCTION OF INJECTION VOLTAGE 

PHASE SHIFT 
NETWORK 

(See Figure 4) '" ':J 
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TYPICAL CHARACTERISTIC CURVES (CONT'D) 

TRAI~SFER CHARACTERISTICS FOR A SIMPLE LC NETWORK 

314 

VOUT"'VF _a_ 
1+a2 

OUTPUT 
+ VOUT 

VF 

lINEtlR MODE 

V1NJ.<70mVRMS 

---~-~~-+--~ 
2 2QAF 

a'-­
Fo 

(SEI:. NOTES 1 AND 2 

OUTPUT ~ f (NORMALIZED DEVIATION) 
(The units along the vertical axis are. arbitrary units.) 
Linear mode: Operation of the FM detector with no 

limiting after the phase shift network. 

NOTES: 1. VF defines the slope of the FM transfer characteristic. at origin: 

VI ~ dVout a ~ 0 
da 

VF is primarily a function of bias current in the detector and injection voltage. 
VF will decrease with decreasing Vee or VINJ. 

2. a = normalized frequency deviation: 



FEATURES 
• TYPICALLY 34dB GAIN AT 10.7MHz 
• EXCELLENT TEMPERATURE STABILITY 
• POWER SUPPLY REJECTION RATIO: 

40dB TYPICAL 
• OPERATING VOLTAGE RANGE: 10V-

20V 

APPLICATIONS 
FM STEREO SYSTEMS 
COMMUNICATIONS RECEIVERS 
FM RADIOS 

EQUIVALENT SCHEMATIC 

R1B 
20K 

04 

05 

lO----·----------~~ 

ABSOLUTE MAXIMUM RATINGS CONFIGURATION 
Supply Voltage, VCC 20V 
Supply Current, ICC 22mA V PACKAGE 

Input Voltage (pins 1 and 3) ±3.0V 
Power Consumption (Internal) 400mW 
Output Current (pin 6) 10mA 
Operating Temperature -40"C to +85"C 
Storage Temperature -65"C to + 150"C ,"PUTO' Vee 

INPUT 2 7 LOW IF OUl 

Vee DECOUPLER 3 6 7_5V OUT 

GND 4 5 HIGH IF OUT 

-Derate at the rate of 8.3mW/oC at temperatures above +25°C. 

BLOCK DIAGRAM 
Vee Vee DECOUPLEA 

INPUT 1 

Rll 
lK 

. , 

,----___ -+--<>7 LOW If OUT 

& HIGH IF OUT 

R9 R15 
330n goon 

R20 
4sn 

Cl R14 
4pF lK 

t-------·~---+·----------~----~--~.--~~04 
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ELECTRICAL CHARACTERISTICS (TA = 25°C, VCC = +12V) 

PARAMETER TEST CONDITIONS 
sUPPlb Current 
Total evice Dissipation 
Terminal Voltage Pin 1 

Pin 2 
Pin 3 
Pin 5 
Pin 6 

Input Limiting Threshold F = 10.7MHz 
Output Voltage Swing F = 10.7MHz 
Output Noise Voltage F = 10.7MHz 
Input Impedance 

Parallel Input Resistance F = 10.7MHz 
Parallel Input Capacitance F = 10.7MHz 

Output Voltage Gain VIN = 100 mVrms F = 1MHz 
Power Supply Rejection VIN = 250 mVrms F = 100Hz 

TYPICAL APPLICATION 

FM 
TUNER 

MIN 
14 

270 
5 

30 

TYP MAX UNITS 
18 22 mA 

400 mW 
1.2 V 
1.2 V 
2.4 V 
2.0 V 
7.5 V 

1500 /LV 
0.4 Vpp 
1.5 mVrms 

330 390 n 
7 10 pF 

34 40 dB 
-40 dB 

ULN-2209 

'.~y 
I~ 

L __ _ 

: : ~] 

.. E:~:~~ 
TYPE ULN2208 FM GAIN BLOCK WITH VOLTAGE REGULATOR 

AV '" 20 LOG Vout + 22 dB + 28 dB 
out Vin 

50U 
ATTENUATOR 
. 1--------1 

51U 360UI 
1 - ______ 1 

28dBPAI:I I Rin ". 5on, .OlpF 
Rout" 331)(1 

':' 

FIGURE 1 
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3300 

IBDllieli 

BOONTON 
91H RF 
VTVM 
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FEATURES 
• TYPICALLY 50 dB GAIN AT 10.7 MHz 
• EXCELLENT TEMPERATURE STABILITY 
• POWER SUPPLY REJECTION RATIO: 40 

dB TYPICAL 
• OPERATING VOLTAGE RANGE: ·1011-

20V 

APPLICATIONS 
FM STEREO SYSTEMS 
COMMUNICATIONS RECEIVERS 
FM RADIOS 

EQUIVALENT SCHEMATIC 

318 

R16 
20K 

D. 

D5 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage, V CC 20V 
Supply Current, ICC 22 mA 
Input Voltage (pins 1 and 3) ±3,OV 
Power Consumption (Internal) 400 mW 
Output Current (pin 6) 10 mA 
Operating Temperature -40°C to +85°C 
Storage Temperature -65°C to +150°C 
~Oerate at the rate of 8.3 mwrc at temperatures above 
+25°C. 

BLOCK DIAGRAM 

7,5V OUT Vee 
B 

ULN2209-V 

PIN CONFIGURATION 
V PACKAGE 

'NPUTO" Vee INPUT 2 1 LOW IF OUT 

Vee DECOUPLEA 3 6 7.5V OUT 

GND 4 5 HIGH IF OUT 

Vee OECOUPLEA 

3 

~-------+--<, 7 LOW IF OUT 

R17 
55n 

018 

INPUT 1 

INPUT 2 

D6 07 08 -=-

R3 
lOOn 

SmOOliDS 

R6 
300n 

Rl1 
lK 

5 HIGH IF OUT 

RS 
330n 

Cl 
'pF 

R15 
900n 

Rl. 
lK 



ELECTRICAL CHARACTERISTICS (T A = 25°e. Vee = +12V) 

! PARAMETER I 

Supply Current 
Total Device Dissipation 
Terminal Voltage 

Input Limiting Threshold 
Output Voltage Swing 
Output Noise Voltage 
In~ut Impedance 

arallel Input Resistance 
Parallel Input Capacitance 

Output Voltage Gain 
Power Supply Rejection 

TYPICAL APPLICATION 

3OOn{ 
ANT 

FM 
TUNER 

TEST CONDITIONS 

Pin 1 
Pin 2 
Pin 3 
Pin 5 
Pin 6 
F = 10.7 MHz 
F = 10.7 MHz 
F = 10.7 MHz 

F = 10.7 MHz 
F = 10.7 MHz 
VIN = 100 mVrms F = 1 MHz 
VIN = 250 mVrms F = 100 Hz 

MIN TYP 

14 18' 

1.2 
1.2 
2.4 
2.0 
7.5 

400 
0.5 

4 

270 330 
5 7 

47 50 
-40 

TYPE ULN2209 FM GAIN BLOCK WITH VOLTAGE REGULATOR 

AV =20LOG Vout +22dB+28dB 
out Vin 

son 
ATTENUATOR 
- 1--------1 

4.3K 

51n 36001 

!... - -- - - --: 

+12V 

Rin = ~on. .01pF 
28dBPAO 1 
Rout - 330n 

'=' 

FIGURE 1 

BOONTON 

!i>--tf--P----i 9~~V~ 

l!!InOliBI 

MAX UNITS 

22 mA 
400 mW 

V 
V 
V 
V 
V 

/LV 
Y};p 

m rms 

390 n 
10 pF 
55 dB 

dB 

Vee ·12V 

ULN2209-V 

TO AUDIO 
OUTPUT 
STAGE 
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ULN2209-V 

TYPE ULN2209 FM GAIN BLOCK WITH VOLTAGE REGULATOR (Cont'd) 
r-----~--~--------------------~ 

+12V 

50n 

BOONTON 
91H RF ml VTVM 

HP 
,13Oll 400D AF 

VTVM 

.",. .",. 330n 

.",. .",. .",. 

FIGURE 2 FIGURE 3 
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GROUPS 
TBA 120S is delivered in groups 
An attenuation of 30 dB requires a resistor from 
pin S to ground as indicated in the table. 
Group 2 3 4 S 
Value 1.9 to 2.22.1 to 2.52.4 to 2.92.8 to 3.3K 
Groups are identified by marking ie TBA 
120S-3 indicates group 3. 

AMPLIFIER AND 
DEMODULATION DATA 
VCC = 12v 
Temperature = 2SoC 

CIRCUIT SCHEMATIC 

MAXIMUM RATINGS 
Supply Voltage 
Operating Temperature Range 
Storage Temperature 
Power Dissipation 

max 1 min 
Supply Current 

max 1 min 
Current 13 

14 
Operating Supply Voltage 
Frequency Range 

9~nDliD9 

18V 
-1S+70°C 

-40+ 12SoC 
400mW 
SOOmW 

1SmA 
20mA 
2mA 
1mA 

6-18V 
0-12MHz 

PIN CONFIGURATION 
A PACKAGE 

14 Pin Plastic DEP (TBA 1208) or Quad·in-Une 

(TBA 120AS) 
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ELECTRICAL CHARACTERISTICS 

PARAMETER 
Power Supply Current (pin 5 open) 
Power supply current (pin 5-grounded) 
IF Gain 
IF Output Voltage 
AF Output 
AF 
Limiting Threshold 
Input Voltage 
Input Impedance 

5.5 mHZ 
Output Impedance 
Volume Control Range (AGC) 
Output Signal Voltage 
AM Rejection 
f=5.5 MHz f=±50KHz 
Vin=500 p.V m=30% 
f(MOO)=1 KHz 
Potentiometer Impedance 
Voltage 1dB Attenuation 
Potentiometer Impedance 
-70dB Attenuation 
Voltaae - 70dB Attenuation 

TEST CIRCUIT 

.12V 

O.1!lF 

VE--1I------.:..;: ........... 

22nF 

Vcc = 12 VOLTS I 
L'>f = ± 50KHz 
f mod = 500Hz 

MIN 
10 
12 

11516 

45 

1.0 

TYP 
14 
15.2 
68 
250 
1.1 
0.55 

30 

40/4.5 
2.6 
70 
7.3 
55 

3.7 
2.4 

1.4 
1.3 

f = 5.5MHz VOLUME CONTROL 

322 

MAX UNITS 
18 mA 
20 mA 

dB 
mV 
V 
V 

60 plV 

kO/pf 
kG 
dB 
V 
dB 

4.7 kG 
26 V 

kG 
V 

1.5nF 

TBA1205-A 

VOLUME CONTROL SIGNETICS TBA 120S 

-10 

-zo 

-30 

-40 

-50 

-60 

-10 

-80 

-80 

-100 
1 

Vee '"' 12VOLTS 
UIN 10mV 
UOUT" 700mV 
l'.f \ 50KHz 
f mod = 500Hz 
f .. S.SMHz 

Kl! 
R5 

TYPICAL CURVE FROM PRODUCT SELECTION Nr. 3 

Vee .. 12VOLTS 
2nd HARMONIC" 1KHz 
UIN .. SOOmV 
t.f .... 50KHz 
f mod '" 500Hz 
f '" 5SMHz 

~ ~ - -- - ~ ~ (db) 



TYPICAL CURVE FROM PRODUCE-REFLECTION NR3. 

db 

60 

50 

40 

30 

20 

10 
103 jJV INPUT V 1N 
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ELECTRICAL CHARACTERISTICS 

PARAMETER MIN TYP MAX UNIT 

Vcc 10.5 15 16.5 V 

Icc 
(Vcc=15 V) 

40 45 mA 

V110 V11-DC/R14=0 7.9 8.2 8.5 V 

V11 V11-DC/R14= 00 5.4 5.8 6.2 V 

V120 V12- DC/R14=0 2.4 2.8 3.0 V 

V12 V12-DC/R14= 00 1.25 1.6 1.8 V 

Threshold for sync. levE,1 
-V1O (R10-11=0) 0.7 1.0 1.3 V 

-V7 Negative gating pulse 0.25 1 7 V 

Gain control voltage: 
V4max Gain max 0.5 1 V 

V4min Gain min 1.6 2 V 

Minimum input voltage 
V1/16 (V11 =3 Vpp) 500 750 p,V 

V11 Videoband width (-3dE\) 5.5 6 7 MHz 

AGC range 50 55 dB 

Maximum IF voltage 
Level present at 
Video outputs 60 70 mV 

Input impedance Gain max 1.8 kl1 
2.0 pF 

Gain min 1.9 kl1 
1.9 pF 

TEST CIRCUIT 

10nF 

-=-~ l~F ~----~r------------------------B-2t-~-CK~. 

B°6--r- LEVEL 

...-------------_ ............ -----1---0 Ull 
lnF 

IF-IN 

5K Un 

10K 

25K 
50n WHITE- 10llF 

~ LEVEL I 6.2K 

TUNER-AGe 
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BLACK LEVEL VS. R10-11 

TBA 1440/440N 
BLACK LEVElvs R1D." 

7 
----- --- - - - --- -- --;,--

• / 
~ 5 ... / .. > , 

V ~ 

! 3 ./" 2 

i"""""'"' - Vee= 15V 

1 R,4. 2.7K -

0 

VIN j lOmVRMS 

100 430 lK 2K 3K 4K 10K ZOK lOOK 

RlO_11 1m 

V4 VS. V INPUT 

TBA 1440/440N 

V4 VI VINPUT 

1.7 
OdB ~ 1VRMS 

1.6 
Vee= 15V _ 

" 
Vl1 .. JVpp 
R,4" 2.7K 

1.5 ........ ....... 
1.' -~ ........... 

~ 1.3 , 
1.2 

"-1.1 

1.0 " 0 -10 -20 -3D -40 -50 -60 

VIN (dB) 

15 VS. V INPUT 
TBA440N 

TBA440N 
'SYSVINPUT 

15 

..... 

10 / / 
" / .§ 
J!' V 

5 

/ Vee= 15V 

/ 
v,,- 3Vpp -

OdB !1I'VRMS 

0 -10 -20 -3D -40 -60 -BD 
VtNPUT (dB) 

8.0 

7.5 

~ irl 7.0 

> 
~ 8.6 

!: 
i 6.0 

5.5 

5.0 

-
l- I-

100 430 

WHITE LEVEL VS. R14 

TBA 1440/44ON 
WHITE LEVEL VI R'4 

..... , 
I'-. 

i'... 

Vee= 15V 
R'0-11 • 0 
VIN = lOmVRMS 

r--. 

lK 2K 3K 4K 10K 

A'4(nl 

15 VS. V INPUT 
TBA1440 

TBA 1440 
15 VI VINPUT 

-

lOOK 

20 r---~---.---~r----r---~---' 
VCC" 15V 
V11 .. lVpp 
OdB~ 1 VRMS 

16 r-=~'i"====:::E=;;;f::::::::1::::~ 

1 10 t-----+---~~-_1---~~--~~-_1 
J!' 

-10 

SmnOliDS 

-ZO -30 
VINPUT (dB) - -so -60 
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INTRODUCTION 
The greatly Increased sophistication and rising production costs of 
today's logic systems force the system designer to use every avail­
able resource in order to economically produce his system. In 
keeping with this cost reduction goal, Signetics has developed a 
powerful general purpose integrated microprocessor called the 
2650. The first Signetics microprocessor, in conjunction with Sig­
netics MOS and Bipolar memory and interface product lines, offers 
the system designer a viable and attractive alternative to the hard­
wired approach to system design. For many applications, the sys­
tem designer can use this general purpose microprocessor and 
standard memory and interface circuits to implement systems with 
lower cost than the hard-wired logic approach without sacrificing 
performance. 

By using the 2650 and compatible products, the system designer 
can obtain two other major benefits of microcomputer systems. 
These benefits are greatly enhanced system flexibility and mini­
mized design or modification cycles compared with the hard-wired 
logiC approach. 

The requirements of the majority of applications for integrated mi­
croprocessors (logic replacement and control functions) have 
defined a general set of processor parameters based on system 
and device economies, ease of use, and speed requirements. 

These characteristics include: 

Single chip 
Fixed instruction set 
Eight bit parallel structure 
TTL compatibility 

In addition to these characteristics, the design of the 2650 has been 
optimized around three generalized objectives: 

Lowest system cost 
Ease of use 
Capable of a wide range of applications 

The optimum technology choice for implementing these features is 
the low threshold ion-implanted N-Channel silicon gate process. 
This process has matured in the past few years, providing a combi­
nation of high density, low threshold voltage, moderate speed and 
good manufacturing yields. Using this technology, a total of 576 bits 
of ROM, approximately 250 bits of register and about 900 logic 
gates are used to implement the processor function on the 2650 
chip. 

The instruction set consists of 75 instructions, of which about 40% 
consists of arithmetic instructions. This class contains the Boolean, 
arithmetic, and compare operations, each of which may be exe­
cuted using anyone of eight addressing modes. Another 30% of the 
instruction set consists of branch instructions which incorporate six 
addressing modes. The remaining 30% of the instruction set in­
cludes, among others, I/O instructions, instructions for performing 
operations on the two status registers, a decimal adjust instruction 
and the HALT Instruction. 

Utilizing multiple addressing modes greatly increases coding effi­
ciency, allowing functions to be performed using fewer instructions 
than less powerful machines. The resulting reduction in routine exe­
cution time and memory capacity requirements directly translates 
into improved system performance and reduced memory cost. In 
this way the powerful instruction set and' addressing modes of the 
2650 allow a signilicant reduction in the memory required to per­
form a given function, resulting in sizeable system cost savings 
without sacrificing performance. 

In addition to the microprocessor itself, a number of support cir­
cuits and development tools are also required to design and 
manufacture microprocessor-based systems. This growing comple­
ment of circuits, hardware, and software development aids are also 
described in this catalog, providing the potential designer of a 
2650-based system with the basic data required to select Circuits 
and choose the most efficient method of system development. 

FEATURES OF THE 2650 FAMILY 
2650 FAMILY APPROACH 
• Low Sy.tem Co.t 

- Low coat N-Channel product. 
- Intrinaic advantage. of .ingle 5V aupply 
- U.e •• tandard low coat memoriea 
- Low co.t interfacing 

• E .. e of U.e 
- Ea.y interfaCing 
- Conventional inatruction aet 
- Ea.e of programming 

• Wide Range of Application. 
- General purpo.e capability 
- Powerful architecture 
- Powerful inatruction aet 
-Flexible 
- Expanding family of devicea 

FEATURES OF THE MICROPROCESSOR 
Ba.ic 2650 Proce .. or Characteriatic. 
• Single chip 8-bit proce .. or 
• Signetic. low threahold double ion-implanted ailicon gate N-

Channel technology 
• Single + 5V power lupply 
• Low power conaumption: 525 mW maximum 
• Single pha.e TTL-compatible clock 
• Static operation: no minimum clock frequency 
• Clock frequency: 1.25MHz maximum 
• Cycle time: 2.41'a minimum 
• Standard 40 pin DIP 

2850 Interfacel 
• TTL compatible inputl, oUtPUtl - no external reailtorl re­

quired 
• Tri-Itate bu. outPUtl for multiproceslor and direct memory 
accell.y.teml 

• A.ynchronou. (handahaking) memory and 1/0 interface 
• Acceptl wide range of memory timing 
• Interface. directly with industry Itandard memories 
• Powerful control interface 
• Single-bit direct lerial 1/0 path 
• Parallel 8-bit 1/0 capability 

2850 Procellor Architecture 
• 8-bit bidirectional tri-Itate data bua 
• Separate tri-.tate addre .. bUI 
• 32,188-byte addre .. ing range 
• Internal 8-bit parallel atructure 
• Seven 8-bit addre .. able general purpoae registerl 
• Eight-level on-chip aubroutine return addre .. Itack 
• Program .tatua word for flexibility and enhanced procesaing 

power 
• Single-level hardware vectored interrupt capability 
• Interrupt aervice routinel may be located anywhere in addre .. -

able memory 
• Separate adder for faBt address calculation 
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2850 'n.tructlon Set • BuHered control line. 
• Generl' Pur".e instruction Ht with .ub.tlntill Clpabilltle. in • Trl-.tlte output. 

Irlthmetlc, chlrectlr mlnlpulltlon Ind control Ind 110 pro- • Low current pnp Input. 
ce"'ng .• Stlndlrd 18 pin Dip 

• Fixed In.tructlon lit 82S115/123/129 PROM. 
• 75 In.tructlon. • Schottky TTL technology 
• Up to eight eddreiling mod.. . Single +5V power .upply 
· True Indexing with optlonll IUto increment/decrement • 32 X 8 orglnlzatlon (82S123) 
• One, two or thr .. byte In.tructlon. • 258 X 4 orglnlzltion (82S129) 
• One- Ind two-byte 110 In.truction. • 512 X 8 orglnlzltlon (82S115) 
• Selective te.t of Indlvldull bit. . Field progrlmmlble (Nichrome) 
· Powerfulln.tructlon .et Ind Iddre •• ,lng mode. minimize mem- • On-chip .torlge Iitche. (82S115 only) 

ory requirements • Low current pnp Input. 

FEATURES OF COMPATIBLE F'RODUCTS 
2102, 2808, 1K RAM. 
· Completely .tltlc operltlon 
• N-Chlnnel .mcon glte technology 
'1024 X 1 orglnlzatlon 258x4 orglnlzatlon (2808) 
· Single +5V power .upply 
• 200mW typicil power dlilipation 

2 

• Mlxlmum Iccell time: 
75On.: 2808 
SOOn.: 2102-1 

• TTL-compatlble 
· Trl-.tlte output. 
· Dltl 110 bu. (2808 only) 
• Stlndlrd 18 pin DIP 

28088K ROM 
• Completely .tltlc operltlon 
• N-Chlnnel .mcon glte technology 
• 1024 X 8 orglnlzatlon 
· Single +5V power .upply 
· 400mW mlxlmum power dllllpition 
· 850n. mlxlmum ecce •• time 
• TTL compatible 
• Trl-.tlte output. 
· Stlndlrd 24 pin DIP 

8T28 Qued Trln.celver 
· Schottky TTL Technology 
· Four pllr. of bu. drlve,./receive,. 
· Separlte drive Ind receive enlble III,e. 
• Trl-.tlte output. 
· Low current pnp Inputs 
• High fin out - driver .ink. 40mA 
• 2On. mlxlmum propegltlon dellY 
• Stndlrd 18 pin DIP 

8T31 8-blt Bldlrectlonll Port 
• Schottky TTL technology 
• Two Independent bldlrectlonll bu •••• 
· Eight bit Iitch regl.ter 
· Independent rHd, write control. for elch bu. 
• Bu. A override. If I write conflict occu,. 
• Regl.ter cln be Iddr ... ed I. I memory location vii Bus B MI.-

ter Enlble 
• 3On. mlxlmum propagltlon dellY 
• Low Input current: SOO"A 
• High fin out - .'nk. 20mA 
• Stlndlrd 24 pin DIP 

IT95/8/7/8 Hex BuHer.llnverte,. 
· Schottky TTL technology 
• Six buHer. or Inverter. per peckege 
· Non-Inverting (1T95, 8T87) or Inverting (1T98, 8T98) 

• Trl-.tlte output. 
• 35n. typicil Icce .. time 
• Stlndlrd 24 pin DIP (82S115) 
· Stlndlrd 18 pin DIP (82S123, 82S129) 

PROCESSOR HARDWARE DESCRIPTION 
ARCHITECTURE 
GENERAL DESCRIPTION 
A block diagram of the processor is shown in Figure 1. The first, 
second, and third bytes of Instructions are read Into the processor 
on the data bus and loaded Into the Instruction Register, Holding 
Register, and Data Bus Register, respectively. The instructions are 
decoded through a combination of ROM and random logic. 

The ALU performs arithmetiC, Boolean, and comblnatorlal shifting 
functions. It operates on eight bits In parallel and utilizes carry­
look-ahead logic. A second adder Is used to increment the Instruc­
tion address register and to calculate operand addresses for the 
Indexed and relative addressing modes. This separate address 
adder allows complex addressing modes to be Implemented with 
no Increase In Instruction execution time. 

The General Purpose Register Stack and the Subroutine Return 
Address Stack are Implemented with static RAM cells. The Register 
Stack conSists of seven S-blt registers. The Subroutine Stack can 
contain eight 15-blt addresses, thereby allowing eight levels of sub­
routine nesting. Placing the Subroutine Stack on the chip allows 
efficient ROM-only systems to be implemented In some applica­
tions. Separate 15-blt Instruction Address and Operand Address 
Registers and provided. The 2650 Is an S-bit binary processor with 
BCD capability. See Figure 2 for a diagram of the 2650 registers as 
seen by the programmer. 

PROGRAM STATUS WORD 
The Program Status Word (PSW) is a major feature of the 2650 with 
greatly Increases Its flexibility and processing power. The PSW is a 
special purpose register within the processor that contains status 
and control bits. 

It Is divided into two bytes called the Program Status Upper (PSU) 
and Program Status Lower (PSL). The PSW bits may be tested, 
loaded, stored, preset, or cleared using the Instructions which af­
fect the PSW. The bits are utilized as follows: 

PSUO, 1,2- SP 
PSU5 -II 

PSU6 

PSU7 
PSLO 

-F 

-S 
-C 

- Pointer for the Return Address Stick. 
- Used to Inhibit recognition of additional 

Interrupt •. 
- Fllg Is a latch directly driving the flag out­

put. 
- Sen.e equals the state of the sense Input. 
- Clrry stores any carry from the high-order 

bit of the ALU. 



PSL 1 

PSL2 

PSL3 

PSL4 

PSL5 

PSL6, 7 

ADDRFSS 
,OS 

-COM 

-OVF 

-WC 

-- RS 

-IDC 

-CC 

Compare determines if a logical or arithme­
tic comparison is to be made. 
Overflow is set if a two's complement over­
flow occurs. 
With Carry determines is the carry is used 
in arithmetic and rotate instructions. 
Register Select identifies which bank of 3 
GP registers is being used. 
Inter Digit Carry stores the bit-3-to-bit-4 
carry in arithmetic operations. 
Condition Code is affected by compare, 
test and arithmetic instructions. 

SUBROUTINE RETURN 
ADDRESS $T ACK 

Bx15 
LIFO 

INTERRUPT HANDLING CAPABILITY 
The 2650 has a single level hardware vectored interrupt capability. 
When an Interrupt occurs, the 2650 finishes the current instruction 
and sets the Interrupt Inhibit bit in the PSW. The processor then 
executes a Branch to Subroutine Relative to location Zero (ZBSR) 
instruction and sends out Interrupt Acknowledge and Operation 
Request signals. On receipt of the INTACK signal the interrupting 
device Inputs an 8-bit address, the interrupt vector, on the data 
bus. The relative and relative indirect addressing modes combined 
with this 8-bit address allow interrupt service routines to begin at 
any addressable memory location. 

Figure 1. BLOCK DIAGRAM 

INTERFACING 
INTRODUCTION TO INTERFACING WITH THE 2650 
Five key concepts have been incorporated in the 2650 to make in­
terfacing easy and inexpensive. The extent to which these concepts 
have been Incorporated in the Signetics 2650 provides unique ben­
efits of system density and low cost to the system designer. 

1. SINGLE 5V POWER SUPPLY 
Low threshold double ion-implanted Silicon Gate N-Channel MOS 
technology Is used to allow operation from one +5V power supply 
with resultant cost savings and improved reliability. This reduces 
power consumption significantly compared with the multi-power 
supply approach. 

2. INTERFACE CIRCUIT COMPATIBILITY 
The 2650 Inputs and outputs are specified to be compatible with 
widely available, standard, low cost logic families such as TTL, 
CMOS and LOW-pC'fIef S"l... lhis includes the single phase clock 
input which saves the cost of high level multiphase clock driver cir­
cuitry. Bus outputs are tri-state and capable of driving one 7400 

TTL load or four 74LS loads. The 2650 is capable of driving several 
loads of pnp-buffered STTL inputs. Many MSI, Interface and Mem­
ory LSI circuits (for example, in Signetics 82S00 and 8TOO series) 
have these low current pnp inputs and are recommended for use in 
2650 microcomputer systems. See Table 1 for DC characteristics of 
the 2650. 

3. USE OF STANDARD MEMORIES 
One of the major 2650 design achievements Is to operate efficiently 
in a system using industry standard memories, for example 
1024 X 1 and 256 X 4 N-channel RAMs and 1024 X 8 N-Channel 
ROMs. These standard memories are widely available and used in 
volume with corresponding low cost. Non-standard memories, par­
ticularly those produced by only one manufacturer will be less 
available. run in lower volume and often cost 2 to 3 times as much 
per bit as Industry standard products. The 2650 operates success­
fully with memories of any access time, due to the completely 
asynchronous Interface that is provided for this purpose. Memories 
which respond in less than 0.8 microseconds allow the processor to 
operate at maximum speed. 
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REG 3' 

REG 2' 

REG" 

~ __________ SENSE 

I 
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'----r---l 
PAGE CONTROL NOTE: NOT ALL INTERNAL REGISTERS ARE SHOWN. 

Figura 2. MAJOR 2650 REGISTERS 

Table 1. 
2650 DC ELECTRICAL CHARACTERISTICS 

LIMITS 

,YMBOL PARAMETER TEST CONDITIONS MIN MAX UNIT 

III Input Load Current VIN= 0 to 5.25V 10 )lA 
ILOH Output Leakage Current ADREN. DBUSEN = 2.2V. VOUT = 4V 10 )lA 
ILOL Output Leakage Current ADREN. DBUSEN = 2.2V. VOUT = 0.45V 10 )lA 
ICC Power Supply Current VCC = 5.25V. TA = O·C 100 mA 
VIL Input Low 
VIH Input High 
VOL Output Low 10L = 1.6 mA 
VOH Output High 10H = -100)lA 
CIN Input Capacitance VIN = OV 
COUT Output Capacitance VOUT = OV 

Conditions: TA ~ QOC to 7QoC. VCC - 5V ±5% 

4. NO SPECIAL INTERFACE PRODU4::TS 
Similarly. another major achievement is to operate efficiently in a 
system using no special 110 productll. This approach avoids the 
problems of a system requiring high (:ost specialized components 
with restricted availability. 

5. POWERFUL MEMORY AND 1/0 IN·rERFACE 
The following features characterize the memory and 110 Interlaces: 

Both memory and Input/output may operate In a completely asyn­
chronous fashion. Consequently. devices operating at any speed up 
to the maximum data transfer rate may be connected without buf­
fering. External latching of data from these interfaces in not re­
quired. 

-0.6 0.8 V 
2.2 VCC V 
0.0 0.45 V 
2.4 VCC-0.5 V 

10 pF 
10 pF 

Data paths are driven with tri-state buffers. allowing multiprocessor 
and Direct Memory Access (DMA) configurations to be designed. 

Eight-bit data paths communicate data in parallel. 

One- and two-byte I/O instructions provide maximum lIexibility and 
elliciency when Interfacing with 110 devices. 

PIN CONFIGURATION AND INTERFACE SIGNAL DEFINITION 
Refer to Figure 3 for the 2650 pin configuration. Signals are defined 
as follows: 
ADRO-ADR12 

The low order 13 bits of address for memory access are on 
these pins. ADRO-ADR7 are also used in two-byte 110 in­
structiOns. These outputs are tri-state buffers controlled by 
ADREN. 
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PIN CONFIGURATION 

1IOTJfEll 
ADRl4-0fC 

ADR13-EIN£ 

M/iQ 

ADR13-E/NE 

PACKAGE 

V"" 
CLOCK 

"""" OPACK 
RUN/W'AiT 

iiiiiJSEN 
OPREQ 

RIW 

This multiplexed output signal delivers the ADR13 address 
bit when MIlO Is in the M phase or discriminates between 
Extended and Non-Extended 1/0 instructions when MIlO is 
In the 1/0 phase. 

ADR14-D/C 
Address 14 or Data/Control is a multiplexed output signal. 
This pin delivers the ADR14 address bit when MIlO is in the 
M phase, or discriminates between Data and Control 1/0 in­
structions when MIlO is In the 1/0 phase. 

ADREN 
Address Bus Enable Is an input providing the external control 
for the ADRO-ADR12 tri-state buffer drivers. 

SENSE 

FLAG 

Is an input, independent of the other 1/0 Signals, that pro­
vides a direct input to the processor. 

This pin provides a direct output Signal that is completely 
Independent of the other 1/0 signals. 

INTREQ 
Interrupt Request. This input is used by external devices to 
force the processor into the Interrupt sequence. 

INTACK 
Interrupt Acknowledge is the signal used by the processor to 
inform external devices that it has entered an interrupt se­
quence. 

PAUSE 
Pause is used to temporarily stop the processor at the end of 
the current instruction. It may stop processing for an indefi­
nite length of time and is available to use for DMA (Direct 
Memory Access). 

RUN/WAIT 
Informs external circuits as to the Run/Wait status of the 
2650 processor. 

RESET 
Is an input used to cause the 2650 to begin proceSSing from 
a known state. 

CLOCK 

VCC 

GND 

This Is the only clock input to the processor. It accepts 
standard TTL levels. 

+5V power. 

DBUSO-DBUS7 The logic and power supply ground for the processor. 

This is the S-bit, bidirectional tri-state bus over which most 2650 TIMING 
data is communicated into or out of the processor. The clock input to the 2650 provides the basic timing information 

DBUSEN 
Data Bus Enable is an input that controls the tri-state buffer 
drivers for DBUSO to DBUS7. 

OPREQ 
Operation Request is an output signal that informs external 
devices that the information on other output pins is valid. 

OPACK 

MIlO 

R/W 

WRP 

Operation Acknowledge is an input which is used by external 
devices to end an 1/0 or memory signaling sequence. 

Memoryllnput-Output. This output informs external devices 
whether Memory or Input/Output functions are being per­
formed. 

This output signal describes an I/O or memory operation as 
Read or Write, and defines whether the bidirectional DBUS is 
transmitting or receiving. 

This Write Pulse is generated during write sequences and 
may be used to strobe memory or 1/0 devices. 

that the processor uses for all its internal and external operations. 
The clock rate determines the instruction execution time, except to 
the extent that external memories and devices slow the processor 
down. The maximum clock rate of the standard 2650 is 1.25 Mega­
cycles (one clock period is SOOns minimum). One unique feature of 
the 2650 is that the clock frequency may be slowed down to DC, 
allowing complete timing flexibility for interfacing. This feature per­
mits single stepping the clock which can greatly simplify system 
checkout. It also provides an easy method to halt the processor. 
Each 2650 cycle Is comprised of three clock periods. Direct instruc­
tions require either 2, 3, or 4 processor cycles for execution and, 
therefore, vary from 4.S to 9.61's in duration. 

A timing diagram for a memory read cycle Is shown in Figure 4. 
OPREQ (Operation Request) is the master control signal that coor­
dinates all operations external to the processor. When true, OPREQ 
Indicates that other output signals are valid. During a memory read 
cycle MilO is. in the M (Memory) state and R/W is in the R (Read) 
state. The address lines and the control lines become valid before 
OPREQ rises. The data to be read may be returned anytime after 
OPREQ becomes valid. An OPACK (Operation Acknowledge) 
should accompany the read data from the memory. The Data and 
OPACK signals should remain valid for 50 ns after OPREQ falls. 
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INPUT/OUTPUTINTERFACE 
The 2650 microprocessor has a set of vElrsatlle 1/0 Instructions and 
can perform 1/0 operations In a variety of ways. One-and two-byte 
110 Instructions are provided, as well as a special single-bit 1/0 fa­
cility. The 1/0 modes provided by the 2650 are designated as Data, 
Control, and Extended 1/0. 

Data or Control 1/0 Instructions are olle byte long. Any general 
purpose register can be used as the source or destination. A spe­
cial control line Indicates if either a Data or Control Instruction Is 
being executed. Extended 1/0 Is a twO-byte read or write Instruc­
tion. Execution of an extended 1/0 instruction will cause an 8-blt 
address, taken from the second byte of the Instruction, to be 
placed on the low order eight address lines. The data, which can 
originate or terminate with any general purpose register, is placed 
on the data bus. This type of 1/0 can be used to simultaneously 
select a device and send data to it. 

Memory reference Instructions that address data outside of physi­
cal memory may also be used for 1/0 operations. When an 
instruction Is executed, the address miay be decoded by the 1/0 
device rather than memory. 

ADRO-ADR1. 

MEMORY/iO 

READIWAITE 

FROM ACCESSED 
MEMORY: 

-3 CLOCK PERIODS-2A,.tS MINIMUM 

(110PACKlYIUngalowltl_1QO..nSbaforedoetraillllllldglofTZinom.rna11OIIowdowntM2860. 

(2) DATA IN ....... mudbeVlllklfo.5OnS .tterd .. trailillllecla-ofOPRED, 

Figure 4. MEMORY READ 'CYCLE TIMING 

---------, F-; , 
SENSE "' 

FLAG 7431 •• ~ I 

MEMORY INTERFACE 
The memory Interface conSists of the address bus, the 8-blt data 
bus and several signals that operate In an interlocked or handshak­
ing mode. 

The Write Pulse signal Is designed to be used as a memory strobe 
signal for any memory type. It has been particularly optimized to be 
used as the Chip Enable or ReadlWrlte signal for the Signetics 
2602 and 2606 RAMs. 

INTERFACING - A MINIMAL SYSTEM EXAMPLE 
The 2650 hes been deSigned for low cost, easy interfacing, which is 
dramatically Illustrated by a minimal system configuration shown in 
Figure 5. This system has a Teletype Interface, 1024 bytes of ROM, 
and 256 bytes of RAM, yet requires only seven (7) standard inte­
grated circuit packages. The ROM can contain a bootstrap loader 
and 110 driver programs for the Teletype. Other programs could 
reside in ROM or be read into RAM via the Teletype. An alternative 
to the 2608 N-Channel MOS ROM Is the 82S115 Bipolar PROM 
which offers a 512 X 8 organization. Only one +5-volt power supply 
Is required for this system. The advantages of conceptual Simplicity 
and minimum system costs 'If the 2650 approach will be obvious to 
the system designer, particularly when compared to alternative mi­
croprocessor products. 

INSTRUCTION SET 
It may be seen from examination of the 2650 instruction set that 
there are many powerful instructions which are all easily under­
stood and are typical of larger computers. There are one-, two-, 
and three-byte Instructions as a result of the multiplicity of address­
ing modes. See Table 2 for a complete listing and Figure 6 for 
instruction formats. 

Automatic incrementing or decrementing of an index register is 
available in the arithmetic Indexed Instructions. All of the branch 
instructions except Indexed branching can be conditional. 

Reglster-to-reglster Instructions are one byte; register-to-storage 
instructions are two or three bytes long. The two-byte register-to­
memory instructions are either Immediate or relative addressing 
types. 

+6o---JtNv---,. - DATA BUS - .! 

D~,k;===============;~==========~==========~ 

1. ONE +5YSUPPLY'SEVEN ICPACKAGES 

2. ·CMOS RECEIVER USED FOR HIGH NOISE IMMUNITY. 
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CJ 
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~ 
ID 

MNEMONIC 

LOD {~ 
STR {; 

ADD {~ 
SUB {~ 
DAR 

AND {~ 
lOR {~ 
EOR {~ 
COM {~ 
RRR 
RRL 

BCT {~ 
BCF {= 
BRN {= 
BIR {~ 

OPCODE FORMAT· 

000 000 1Z 
000 001 21 
000 010 2R 
000 011 3A 

110 000 1Z 
110 010 2R 
110 011 3A 

100 000 1Z 
100 001 21 
100 010 2R 
100 011 3A 

101 000 1Z 
101 001 21 
101 010 2R 
101 011 3A 

100 101 1Z 

010 000 1Z 
010 001 21 
010 010 2R 
010 011 3A 

011 000 1Z 
011 001 21 
011 010 2R 
011 011 3A 

001 000 1Z 
001 001 21 
001 010 2R 
001 011 3A 

111 000 1Z 
111 001 21 
111 010 2R 
111 011 3A 

010 100 1Z 
110 100 1Z 

000 110 2R 
000 111 3B 

100 110 2R 
100 111 3B 

010 110 2R 
010 111 3B 

110 110 2R 
110 111 3B 

Table 2. 
INSTRUCTION SET 

DESCRIPTION OF OPERATION 

Load Register Zero 
Load Immediate 
Load Relative 
Load Absolute 

Store Register Zero (r ... 0) 
Store Relative 
Store Absolute 

Add to Register Zero w/wo Carry 
Add Immediate w/wo Carry 
Add Relative w/wo Carry 
Add Absolute w/wo Carry 

Subtract from Register Zero w/wo Borrow 
Subtract Immediate w/wo Borrow 
Subtract Relative w/wo Borrow 
Subtract Absolute w/wo Borrow 

Decimal Adjust Register 

AND to Register Zero (r ... 0) 
AND Immediate 
AND Relative 
AND Absolute 

Inclusive OR to Register Zero 
Inclusive OR Immediate 
Inclusive OR Relative 
Inclusive OR Absolute 

Exclusive OR to Register Zero 
Exclusive OR Immediate 
Exclusive OR Relative 
Exclusive OR Absolute 

Compare to Register Zero Arithmetric/Logical 
Compare Immediate Arithmetic/Logical 
Compare Relative Arithmetic/Logical 
Compare Absolute Artihmetic/Logical 

Rotate Register Right w/wo Carry 
Rotate Register Left w/wo Carry 

Branch On Condition True Relative 
Branch On Condition True Absolute 

Branch On Condition False Relative 
Branch On Condition False Absolute 

Branch On Register Non-Zero Relative 
Branch On Register Non-Zero Absolute 

Branch On Incrementing Register Relative 
Branch On Incrementing Register Absolute 

BmOOliDS 

AFFECTS 

CC (Note 1) 
CC (Note 1) 
CC (Note 1) 
CC (Note 1) 

CC (Note 1) 
-
-

C, CC (Note 1), IDC, OVF 
C, CC (Note 1), IDC, OVF 
C, CC (Note 1), IDC, OVF 
C, cc (Note 1), IDC, OVF 

C, CC (Note 1), IDC, OVF 
C, CC (Note 1), IDC, OVF 
C, CC (Note 1), IDC, OVF 
C, CC (Note 1), IDC, OVF 

CC (Note 2) 

CC (Note 1) 
CC (Note 1) 
CC (Note 1) 
CC (Note 1) 

CC (Note 1) 
CC (Note 1) 
CC (Note 1) 
CC (Note 1) 

CC (Note 1) 
CC (Note 1) 
CC (Note 1) 
CC (Note 1) 

CC (Note 3) 
CC (Note 4) 
CC (Note 4) 
CC (Note 4) 

C, CC, IDC, OVF 
C, CC, IDC, OVF 

-
-

-
-

-
-

-
-

CYCLES 

2 
2 
3 
4 

2 
3 
4 

2 
2 
3 
4 

2 
2 
3 
4 

3 

2 
2 
3 
4 

2 
2 
3 
4 

2 
2 
3 
4 

2 
2 
3 
4 

2 
2 

3 
3 

3 
3 

3 
3 

3 
3 
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Table 2. 
INSTRUCTION SET (Continued) 

MNEMONIC OPCODE FOIIMAT* DESCRIPTION OF OPERATION 

BDR {~ 111 110 2R Branch On Decrementing Register Relative 
111 111 3B Branch On Decrementing Register Absolute 

ZBRR 100 110 11 2EI'l Zero Branch Relative, Unconditional 

BXA 100 111 11 :3E13 Branch Indexed Absolute, Unconditonal 
(Note 5) 

{: 
001 110 2R Branch To Subroutine On Condition True, 

BST Relative 
001 111 3B Branch To Subroutine On Condition True, 

Absolute 

{: 
101 110 :2R Branch To Subroutine On Condition False, 

BSF Relative 
101 111 3B Branch To Subroutine On Condition False, 

Absolute 

{: 
011 110 2R Branch To Subroutine On Non-Zero Register, 

BSN Relative 
011 111 3B Branch To Subroutine On Non-Zero Register, 

Absolute 

ZBSR 101 110 11 2ER Zero Branch To Subroutine Relative, 
Unconditional 

BSXA 101 111 11 3EB Branch To Subroutine, Indexed, Absolute 
Unconditional (Note 5) 

RET {~ 000 101 12 Return From Subroutine, Conditional 
001 101 12 Return From Subroutine and Enable 

Interrupt, Conditional 

WRTD 111 100 12 Write Data 
REDO 011 100 12: Read Data 
WRTC 101 100 12: Write Control 
REDC 001 100 12: Read Control 
WRTE 110 101 21 Write Extended 
REDE 010 101 21 Read Extended 

HALT 010 000 00 1E Halt, Enter Wait State 
NOP 110 000 00 1E No Operation 
TMI 111 101 21 Test Under Mask Immediate 

LPS {~ 100 100 10 1E: Load Program Status, Upper 
100 100 11 1E: Load Program Status, Lower 

SPS {~ 000 100 10 110 Store Program Status, Upper 
000 100 11 110 Store Program Status, Lower 

CPS {~ 011 101 00 2101 Clear Program Status, Upper, Masked 
011 101 01 2101 Clear Program Status, Lower, Masked 

PPS {~ 011 101 10 21::1 Preset Program Status, Upper, Masked 
011 101 11 21::1 Preset Program Status, Lower, Masked 

TPS {~ 101 101 00 21EI Test Program Status, Upper, Masked 
101 101 01 2EI Test Program Status, Lower, Masked 

*FORMAT CODE: The number indicates the number of byles. The letter(s) indicate the format type(s). See Fig. 6. 

NOTES: 

AFFECTS 

-
-
-

-

SP 

SP 

SP 

SP 

SP 

SP 

SP 

SP 

SP 
SP, II 

-
CC (Note 1) 
-
CC (Note 1) 
-
CC (Note 1) 

-
-
CC (Note 6) 

F, II, SP 
CC, IDC, RS, WC, OVF, 

COM,C 

CC (Note 1) 
CC (Note 1) 

F, II, SP 
CC, IDC, RS, WC, OVF, 

COM,C 

F, II, SP 
CC, IDC, RS, WC, OVF, 

COM,C 

CC(Note 6) 
CC (Note 6) 

1. Condition code (Gel, ceo): 01 if positive, 00 it zero, 10 if negative. 4. Condition code (Gel, ceo): 01 if r > V, 00 if r = V, 10 if r < V. 
2. Condition code is set to a meaningless value. 5. Index register must be register 3 or 3'. 

CYCLES 

3 
3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 
3 

2 
2 
2 
2 
3 
3 

2 
2 
3 

2 

2 

2 
2 

3 

3 

3 

3 

3 
3 

3. Condition code (Gel. ceo); 01 if RO > r, 00 if RD "" r, 10 if AO < r. 6. Condition code (Gel, ceo): 00 if all selected bits a~e 1s, 10 it not all the selected bits are 15. 
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PSU 

7 

S 

6 

F 

Sense 
Flag 

5 

II 

4 3 2 

Not Not SP2 
Used Used 

PROGRAM STATUS WORD 
PSL 

1 0 7 6 

SP1 SPO CC1 CCO 

5 

IDC 

4 3 2 1 0 

RS WC OVF COM C 

CC 1 Condition Code One WC With/Without Carry 
CCO Condition Code Zero OVF Overflow 

S 
F 
II Interrupt Inhibit 

SP2 Stack POinter Two 
SP1 Stack Pointer One 
SPO Stack POinter Zero IDC Interdigit Carry COM Logical/Arith. Compare 

(z) REGISTER ADDRESSING 

(I) IMMEDIATE ADDRESSING 

(R) RElATIVE ADDRESSING 

RS Register Bank Select C Carry/Borrow 

OPERATION CODE: RN 

r II I ITI1I 
OPERATION CODe DATA MASK OR BINARY VALUE 

r II i InTI rill i 111'1 
15 14 13 12 11 10 5 4 

RELATIVE DISPLACEMENT 
OPERATION CODe RN I -64<OISPlACEMENT";+63 

rlllllnlr"llllll11 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

*INDEX 

R _ REGISTER NUMBER 

V _ VALUE OR CONDITION 

X - INDEX REGISTER NUMBER 

I _ INDIRECT BIT 

OPERATION CODe A/X I CONTROL HIGHER ORDER ADDRESS LOWER ORDER ADDRESS 

/ 

( ) ABSOLUTE ADDRESSING I 
A (NON-BRANCH INSTRUCTIONSI II i Inll lr-IIl'II'111 fill i 111'1 

23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 6 5 4 
HIGHER ORDER ADDRESS /, ______ ~I------_, 

OPERATION CODE RN I PAGE LOWER ORDER ADDRESS 

(B) ='~;:.~~::. r I I i I I 'III LITI I I I I I I' I I I I I I 11 
INDIRECT ADDRESSING 

23 22 21 20 19 18 17 16 15 14 13 12 " 10 9 8 7 6 5 4 3 2 1 0 

HIGHER ORDER ADDRESS 
/, ________ LI ________ , 

UNUSED PAGE LOWER ORDER ADDRESS 

IITIIIIII rill i 111'1 
15 14 13 12 11 10 9 7 6 5 4 

OPERATION CODE 
I 

r I I I I I I 11 
5 4 3 2 

Figure 6. INSTRUCTION FORMATS 

Bl!lnOllCB 

'INDEX CONTROL: 

00 y NON ·INOEXED 
01 y INDEXED WITH AUTO-INCREMENT 
10 ~ INDEXED WITH AUTO_DECREMENT 
11 ~ INDEXED ONLY 
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DESCRIPTION PARALLEL 1/0 
The 2650PC1001 Is a complete microc,)mputer on a single printed 
circuit board. The heart of this computer is Signetics' 2650 Micro­
processor; a single chip, N-Channel MOS Integrated Circuit which 
contains the CPU and control sections of the classical general pur­
pose computer architecture. 

In addition to the Microprocessor, the 2650PC1001 contains both 
control and readlwrite memory, 1/0 ports, clock, and all the neces­
sary buffering and Interface Circuits to permit data transfer both on 
and off the p.c.b. A block diagram lof the system is shown in 
Figure 1. 

Parallel 1/0 channels using the 2650's unique Non-Extended 1/0 
mode are also provided. This mode allows a single byte instruction 
to select one of two distinct 1/0 devices. On the 2650PC1001, these 
two devices are represented by four separate data channels; two 
for reading and two for writing. The output (or write) channels are 
fully latched and buffered. The Input (or read) channels are fully 
buffered. One read and one write channel represents a single 1/0 
device. In addition to the Non-Extended 1/0 ports, the data and 
address buses, plus the appropriate control signals, are also avail­
able to provide the full extended 1/0 capability. 

OTHER 1/0 

FEATURES 
A complete listing of the 1/0 pins, plus a brief description of any 1/0 
Signal not detailed above, is as follows: 

• 2650 Mlcroproc ••• or 
'1k byt •• of ROM with PIPBUG" 1,2 
'1k byte. of RAM (off-board expandable) ~;11 
'1MHz cry.tal o.clllator 
• Serial 1/0 (either TTY 20mA current loop or RS232-.ellletabl. 13 

by Jumper wire) 14 
• 2 eight-bit output port. 15 
• 2 eight-bit input port. ~ ~ 
• DMA capability 
• Led dl.play Indicator. 
• Dlta bu. and addre •• bUI te.t pointll 
• Buffered data and addre •• output. 
• Singl. power .upply (+5 yolt.)"" 

• Signetics Loader and Debugging Program. (See appl. note 8850) 
... Assumes RS232 110 port is not used. 

MEMORY 
The memory of the 2650PC1001 is divided into two segments: 

a. ROM with PIPBUG 
b. RAM (Read/Write Memory) 

18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28-32 
33-47 
48 
49 
50 
A,B 
C 
D-M 
N 

The Read-Only Memory (ROM) supplied with the card is the Signet­
Ics' 825129 Field Programmable type (PROM). Eight of these 256 X 
4 devices are arranged to provide a 1K X 8 memory array. The 
2650PC1001 Is supplied with the PIPBUG loader and debugger al­
ready programmed Into the ROM. SIncl9 the devices are loaded into 
sockets, however, they can be easily replaced with other ROMs or 
PROMs programmed by the user. 

P 
The 1K X 8 array is constructed with Signetics' 2606 NMOS RAM R 
devices. Since the 2606 is a 256 X 4 device, again 8 devices are 5 
used In the array. T 

U 
V 

The serial 1/0 capability of the 2650PC1001 utilizes a unique serial W 
110 feature of the basic 2650 microprocessor. This feature allows X 
serial data to be transferred directly into the 2650 under program Y 
control by using the sense and flag piml on the microprocessor. 

SERIAL 1/0 

z 
Two types of serial 1/0 ports are ava,ilable. The first is a teletype 
interface which can be directly connec:ted to a teletype 20mA cur­

a-h 
j 
k-u 

rent loop. The second is an RS232 interface which provides a v-c 
connection for voltage driven peripheral equipment. The selection d 
of the particular interface to be used is made by connecting a e 
jumper wire directly from the microprlocessor flag and sense lines 
to the appropriate output port. If the HS232 interface is used, + 12 f 

Ground 
Processor Data Bus 
Strobe to Enable Input Data Port 
D/COutput 
DMA Control Input 
Extended/Non-Extended Output 
Interrupt Acknowledge Output 
R/WOutput 
Write Pulse Output 
Run/Wait Output 
Operation Request Output 
Memory/IO Output 
Operation Acknowledge Input 
Clock Output (or Input if on-board clock not used) 
Operation Request Input for DMA 
Reset Input 
Interrupt Request Input 
Psuselnput 
Unused 
Address Bus 
+12 Volts for RS232 
- 12 volts for RS232 
+5 volts 
Ground 
Not used 
Non-Extended Output Port "D" 
Clock to load data into Output Port "D" 
TTY serial data Input (+) 
TTY serial data Input ( - ) 
TTY serial data Output pull up resistor (current loop +) 
TTY serial data Output; TTL Level, open collector (current 
loop return) 
RS232 ground 
RS232 Output 
TTY tape reader Output; TTL Level, open collector (+) 
TTY tape reader Output pull up resistor ( - ) 
RS232 Input 
Clock to load data into Output Port "C" 
Non-Extended Output Port "C" 
Strobe to enable Input Port Control 
Non-Extended Input Port "D" 
Non-Extended Input Port "C" 
+ 12 for RS232 
- 12 for RS232 
+5 Volts 

and -12 volt supplies are required in IIddition to the +5 volt supply NOTE: 
which operates the rest of the board. Italic items indicate buffered 2650 Microprocessor Outputs. 
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SUMMARY 
The above Is Intended to provide a brief description of Signetlcs' 
2650PC1001 Prototyping Board. More detailed information can be 
obtained from the following: 
SS50 PIPBUG Application Note 
SP50 2650PC1001 Manual (Detailed Description) 
AS50 Serial ilO using Sense and Flag Application Note 
2650BM1001 Basic 2650 Microprocessor Manual 

2650 Introductory Brochure 

PC1000 BLOCK DIAGRAM 

FLAGI--------l 

sENsei-------i 

ROM~ 

2650 

CONTROL INf---< 

·WITH PIPBUG 

DRIVERS! 
RECEIVERS 

lK 
RAM 

15 

SmOOliCS 

I TTY 110 

I RS232 I/O 

ADDRESS 

{""'-OPREO 
INTACK 
WRP 
R/W 
MIlO • ole 
E/NE e 

'-
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4K MEMORY CARD 

DESCRIPTION 
The 2650 PC2000 Is a 4K Memory Card designed to be compatible 
with the 2650 microprocessor. It is composed of 32, 21L02 NMOS, 
1K by 1 bit static RAM's, and organized in four groups of one kilo­
byte each. Decoding Is provided to select one of the four groups 
and also distinguish the card in multi-card configurations. In a sys­
tem application utilizing up to 8 cards ~32K), each card is uniquely 
Identified by hardwired jumpers. No extflrnal decoding is required. 

The decoding logic is sectioned into Itwo blocks. The first block 
determines If the address identifies Ithslt card as being part of the 
8K page address. (The 2650 memory scheme is organized into 4 
pages of 8K each.) The second blocl( Llniquely locates 1K bytes of 
memory on the board in the 8K bytes of memory of the selected 
page. Each 1K bank Is individually selElcted by hardwired jumpers 
to the decoder. 

FEATURES 
• Requires only single +5V supply 
• Industry standard 21L02 memories 
• Fully decoded for 32K memory orgllniization 
• Data bus buffered with tri-state drilleirs/receivers 
• Acce •• able from microproce.sor or ['MA controller 
• TTL compatible 
• Dimensions are 8" X 6.875" with a SCI pin edge connector along 

the 8" dimension 
• Typical power consumption of 4.5 walts 

SIGNAL DEFINITION 
Memory control signals and address lines between the 2650 micro­
processor and the 2650 PC2000 are iinclicated in the block diagram. 
The OPEX control line is reserved for Lise with DMA controllers. Its 
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2850 PC2000 BLOCK DIAGRAM 
~-------------------

function is similar to that of the OPREQ line from the 2650. When 
either of these lines are true and a memory operation is specified 
(M/iO ~ High) the memory card is enabled to decode address lines 
AO through A 14. When a bank is selected, the selected card con­
trol logic block allows the read-write line (R/W) and write pulse 
(WRP) to pass to the memory array and also enable the external 
data bus drivers. When the operation is complete the memory card 
responds with a true condition on OPACK. 

JUMPER ADDRESS DECODING 
Jumpers are applied to deSignated plated-through holes identified 
by a 'Wn' mnemonic. To identify the card to be part of a particular 
page, jumper point W5 to one of the following: 

WI for page 0 
W2 for page 1 
W3 for page 2 
W4 for page 4 

To locate each of the 1K bytes of the memory card in the selected 
memory page, four bank jumpers are required. The outputs of the 
decoder used to select one of eight 1 K byte memory segments 
(W6-W13) must be connected to the selected 1K bytes of memory 
on the 2650 PC2000 (W14-W17). 

Factory Installed jumpers allow for immediate hook-up to a Demo 
System (DS1000/2000) which has 2K of memory. These jumpers 
have been hooked-up as follows: 

W1 to W5 (page 0) 
W8 to W14 
W9 to W15 
W10 to W16 
W11 to W17 

4kX8 
MEMORY 
ARRAY 

EXTERNAL 
DATA BUS 

2650 PC 2000 EDGE CONNECTOR 
PIN NAME PIN NAME 
1,2,A,B GROUND 34 ABUS13 
4 DBUSO 35 ABUS12 
5 DBUS1 36 ABUS14 
6 DBUS2 37 ABUS9 
7 DBUS3 38 ABUS10 
8 DBUS4 39 ABUS8 
9 DBUS5 40 ABUS7 
10 DBUS6 41 ABUS6 
11 DBUS7 42 ABUS5 
17 R/W 43 ABUS3 
18 WRP 44 ABUSO 
20 OPREQ 45 ABUS1 
21 M/iO 46 ABUS4 
22 OPACK 47 ABUS2 
24 OPEX 50,f VCC +5V 
33 ABUS11 
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DESCRIPTION 
The Demo System 2000 (2650 OS2000) is a hardware base for use 
with the 2650 CPU printed circuit board (PC1001) and allows the 
exercising of this card with user defined options. When the OS2000 
Is combined with a CPU board (PC1001) and a TTY, the user is 
equipped with everything he needs to exercise any of the software 
or hardware features of the 2650. The OS2000 has a built in power 
supply. 

FEATURES 
o U.er defined expan.ion capability from connector .upplying 

addrea., data and control line •• 

o R8232 and TTY Interrace 

• Two extended and two non-extended 1/0 port. 

o Single .tep capability for program debugging 

• DI.play of eddre •• bu., data bu. and the two non-extended 1/0 
port. 

CONNECTORS 
The 2650 CPU Board (PC1001) Is Inserted into the J8 connector to 
complete the demo system. The user printed circuit board is in­
serted Into the J7 connector. Both connectors are the same type 

PC2000 OR 
USER BOARO--~--------./ 
CONNECTOR 

2650 MICROPROCESSOR SERIES 

(100 Pin Amphenol, series 225) and the numbered pins of J7 and J8 
have the same signals (except pin 12). The lettered pins of J7 (pins 
A through ID are not used. The sockets and connectors of the 
OS2000 and their associated signals are provided In this data 
sheet. 

DISPLAYS 
The address and data bus led displays reflect the information on 
these buses during each OPREQ (beginning of an external opera­
tion). Latches store the information until another OPREQ is 
received. The two non-extended port displays represent data on 
channel C (port 2) and channel 0 (port 1) during the OPREQ for 
each I/O operation. A logic one on these displays will turn "on" the 
leds and a logic zero will turn them "off." 

CONTROLS 
The pause and step logic allows one Instruction to be executed at a 
time by pushing the 'step' button when the Run/Pause switch is in 
the pause pOSition. In this mode the Run/Wait display led will go 
off. The reset switch will reset the display latches and place all ze­
ros In the 2650 Instruction address register. 
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2650 MICROPROCESSOR SERIES 

SIGN~IL NAMES FOR CONNECTORS 17 AND 18 

FUINCTION FUNCTION 
PIN NO. (J7. J8) PIN NO. (J80NLY)* 

1 GND A GND 
2 GND B GND 
3 NC" C NC 

4 DBUSO D OPDO 

5 DBUS1 E OPD 1 

6 DBUS2 F OPD2 

7 DBUS3 H OPD3 

8 DBUS4 J OPD4 

9 DBUS5 K OPD5 

10 DBUS6 L OPD6 

11 DBUS7 M OPD7 
12' EIPD N COPD 

13 D/i5 P TTY SERIAL IN + 

14 D~iA R TTY SERIAL IN -

15 EINE S TTY SERIAL OUT + 
16 IN1"ACK T TTY SERIAL OUT -

17 R/W U RS232 GROUND 
18 WFIP V RS232 OUTPUT 

19 RUN/WAIT W TTY TAPE READER OUT + 
20 OPREQ X TTY TAPE READER OUT -

21 M/iO Y RS232 INPUT 

22 OP'ACK Z COPC 
23 CLOCK a OPCO 

24 OPEX b OPC 1 

25 RESET c OPC2 

26 IN1"REQ d OPC3 

27 PAUSE e OPC4 
28 NC f ope 5 
29 NC 9 OPC6 
30 NC h OPC7 
31 NC j EIPC 
32 NC k IPDO 
33 ABUS 11 m IPD 1 
34 ABUS 13 n IPD2 
35 ABUS 12 P IPD3 
36 ABUS 14 IPD4 
37 ABUS9 s IPD5 
38 ABUS 10 t IPD6 
39 ABUS8 u IPD 7 
40 ABUS 7 IPCO 
41 ABUS6 w IPC 1 
42 ABUS 5 x IPC2 
43 ABUS3 Y PIC 3 
44 ABUSO z IPC4 
45 ABUS 1 a IPC5 
46 ABUS4 b IPC6 
47 AS,US 2 c IPC7 
48 +12V d +12V 
49 -"12V e -12V 
50 +5V 9 +5V 
* J7 has no connections to these pins. 
* * NC = No Connection 
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EXTENDED INPUT/OUTPUT DIP SOCKETS 

PIN NO. FUNCTIONJ5 FUNCTION J6 

DB US 0 ABUSO 

2 DBUS 1 ABUS 1 

3 DBUS 2 ABUS2 

4 DBUS 3 ABUS3 

5 DBUS4 ABUS4 

6 DBUS5 ABUS 5 

7 DB US 6 ABUS6 

8 DBUS 7 ABUS 7 
9 OPACK ABUS 8 

10 MilO ABUS9 
11 OPREQ ABUS10 

12 RUN/WAIT ABUS11 
13 WRP ABUS12 

14 R/W ABUS13 
15 INTACK ABUS14 

16 E/NE PAUSE 

17 DMA INTREQ 

18 ole CLOCK 1:1: 
NON-EXTENDED INPUT/OUTPUT DIP SOCKETS 2 PIN NO. FUNCTIONJ3 FUNCTION J4 ... 

(Output Port C) 0 (Output Port D) 0 .. 2 OPC OPD 

0 3 OPC 2 OPD 2 
4 OPC 3 OPD 3 

0 5 OPC 4 OPD 4 
6 OPC 5 OPD 5 

1:1: 7 OPC 6 OPD 6 
8 OPC 7 OPD 7 .. 9 Clock Output Port C Clock Output Port 0 

0 10 Enable Input Port C Enable Input Port 0 
11 (Input Port C) 7 (Input Port D) 7 

1:1: 12 IPC 6 IPC 6 
13 IPC 5 IPC 5 0 14 IPC 4 IPC 4 
15 IPC 3 IPC 3 -16 IPC 2 IPC 2 E 17 IPC 1 IPC 1 
18 IPC 0 IPC 0 
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DESCRIPTION 
The 2650 PC3000 is a basic text generating system requiring only 
six integrated circuits including one 2650 microprocessor. The se­
rial communication link between the 2650 and the users terminal is 
accomplished with the flag and sense lines on the microprocessor. 
The 2650 PC3000 is used to control the, storage of characters en­
tered from a terminal with either a current loop or voltage swing 
capability (±7.5V min). 

Control Characters allow the text to be printed out on the terminal 
with the capability for inserting unique characters at locations iden­
tified during text generation. When thEI toxt is printed out the entire 
text will be output unless a control character is detected. The mi­
croprocessor then stops the print-out and the operator enters the 
desired unique information. Another control character is then given 
to continue printing the text until all ch;aracters stored in memory 
are printed. or until another stop character is detected. The stop 
character is recorded in memory just likE' any other character; how­
ever. it is not printed during text print-out. 

Additional control characters allow for the erasure of the previous 
character typed or the erasure of the entire memory. 

FEATURES 
• Total of lix IC packagel 
• Operatel at +5V at a max of 500 ma 
'Interface to either current loop or device capable of lending 

and receiving a minimum voltage Illlirig of ±7.5 voltl referenced 
to lignal ground 

• 250 character Itorage capability 
• Card aize lell than 3" X 4" with four Icrewed-on Itand-oHa at 

cornerl 
• 1 MHZ clock implemented with 7412:3 4melhot 
• Variable baud rate between 110 a~ld 300 baud by trimmer pot 

adjultment of clock 
• PROM mounted in 24 pin locket 
• Card edge connector lupplied with each card 
• Inputs provided for an external ayateml relet. 

PART DESCRIPTIONS 
2650 8-bit TTL compatiblEI I~-Channel Microprocessor 

incorporating a serial I/O Port. (See 2650 Hardware 
Specification Manual for complete descrip­
tion - 2650 BM 1000.) 

2606 1024-bit static MOS. TTL compatible RAM memory 
organized as 256 words by 4 bits/word. 

82S115 4096-bit Bipolar TTL compatible PROM organized 
as 512 words by 8 bits/word. 

N7426 Quad 2-input high v10ltage nand gate with open 
collector capable of driving voltage and current 
loop interfaces (20 ma maximum). 

74123 Dual retriggerable monostable multivibrator with 
clear configured as a ,~Iock for 2650. 

Potentiometer Helipot series 91C. SO~:. OHM 3/8" cermet trim­
ming potentiometer. 

PC Edge 
Connector 

Ampnenol - 225-21021-401-117 
Cinch - 251-10-30-160 

Miscellaneous components consist of 11 ('14) watt and two ('/2) watt 
resistors. and two mica. one ceramic andl one tantilum capacitor. 

The following are required to make thEI board functional but are not 
supplied with the card: 

RS232 type connector for volta!l4l swing interface: DB25P or 
DB25S 

Reset switch - (normally open. conn'lcted to +5V) 
Power supplies: +5V 

±15V 

TERMINAL INTERFACE 
VOLTAGE MODE TERMINAL CONNECTION 
The voltage mode interface is very Similar to the standard RS232 
interface except that the "Signal" ground cannot be connected to 
"protective" ground. When a Cinch type 25-pin connector (DB25P 
or DB25S) is used on an RS232 compatible terminal. the PC3000 
should be connected as follows: 

Voltage Mode Terminal Pin Description 
DB25P (DB25S) PC3000 Edge PC3000 

Pin No. Connector Pin No. Signal Name 

1 
3 
2 
7 

No connection 
6 
J 
K 

VS OUT + 
VSIN+ 
VS OUT - (Signal 

Gnd.) 
5.6.8.20 Connect Together 

On card jumper point 'A' to 'C' and pOint '0' to 'E', 

CURRENT LOOP TERMINAL CONNECTION 
When a terminal is used that employs current loop transmission 
techniques the four wires from the terminal should be connected to 
the corresponding four pins on the PC3000 card: TTY OUT +. TTY 
OUT -. TTY IN +. and TTY IN -. 

On card jumper point 'A' to 'B' and pOint '0' to 'F'. 

PC3000 COMMAND SUMMARY 
KEY FUNCTION 

Rubout (delete) Erase last character in memory and echo the 
erased character. Additional preceding characters 
can be erased by continuing to depress the delete 
key. 

Control and E Erase entire memory. 

Control and B Used to indicate beginning of inserted message. Is 
not printed but stored in memory. Stops print-out 
when read from memory. Required once from each 
unique information entry. 

Control and C Continues print-out of memory after entry of 
unique information. 

Control and P Prints out contents of terminal memory. 

Control and R Software reset. 

NOTE: 
Bell will ring if any of the following are true. 

1. Entering more than 250 characters in memory. 
2. Requesting print~out of an empty buffer. 
3. Attempting to delete more characters than there are in memory. 

PC3000 CONNECTOR PIN ASSIGNMENT 
PIN FUNCTION PIN FUNCTION 

GND A GND 
2 +5 B +5 
3 +15 C +15V 
4 -15 0 -15 
5 E TTY IN-
6 VS OUT + F TTY OUT+ 
7 TTY IN+ H TTY OUT-
8 J VSIN+ 
9 RESET K VS OUT - (Signal Ground) 

10 GND L GND 

VS - Voltage Swing 

16 amROh.:. 
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DESCRIPTION 
The KT9000 kit contains a 2650 micropro­
cessor and enough chips to allow for lhe 
implementation of a small developmental 
system. Since the interface requirements of 
the 2650 are completely TTL compatible, no 
attempt has been made to limit the user's 
flexibility by dictating a fixed logic confi~lu­
ration. There is complete freedom in using 
standard SSI or MSI logic to adapt the rni­
crop'rocessor to the memory, 110 devicl3s, 
or clock. 

Several minimal system examples are p,re­
sented to enable quick set up and 
evaluation. Other configurations to adapt to 
Individual requirements should become evi­
dent from these examples. 
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PARTS LIST 

PART NO. 

2650 
2112 
8281151 
8T311 
8T26B 
2650BM1000 

QTY 

4 
1 
2 
4 

SagDOliCIL 

2650 MICROPROCESSOR SERIES 

DESCRIPTION 

CPU 
256X4 RAM 
4K PROM (Unprogrammed) 512 X 8 
8-bit Bidirectional 110 Port 
Quad Bus DR/RREC 
Basic Manual 

REFERENCE 
DATA SHEET 

MOS Products 
Bipolar Memories 
8000 Product 
8000 Product 



PARTS DESCRIPTIONS 
2112: The 2112 is a static 1024-blt Random Access Memory organ­
Ized as 256 words by 4 Bits/Word. It is fabricated with N-Channel, 
Silicon Gate, MOS technology and achieves an access time of less 
than 800 nanoseconds. No clocks are required, and the chip Is 
powered from a single 5 volt source. 

82S1151: The 82S1151 Is a 4096-bit Schottky-Clamped, Bipolar 
Read Only Memory, incorporating on-chip data output registers. It 
is field-programmable and fully TIL compatible with on-chip decod­
ing and two chip enable inputs for ease of memory expansion. 
Inputs to the device are PNP transistors with a maximum current 
requirement of 100 /lAo 

8T31: The 8T31 is an 8-bit Bidirectional 110 Port designed to func­
tion as a general purpose I/O interface element. It consists of 8 
clocked latches with two sets of bidirectional Inputs/Outputs. The 
capability exists for various hook-up schemes allowing master con­
trol from either the microprocessor or from the 110 device. 

8T26B: The 8T26B consists of four pairs of inverting Tri-State Logic 
elements configured as a Quad Bus Drivers/Receivers with sepa­
rate buffered receiver enable and driver enable lines. Both the 
driver and receiver gates have Trl-State outputs and low-current 
PNP inputs. 

CIRCUIT EXAMPLES 
Two circuit configurations are presented to Indicate a possible pro­
gram checkout approach. The first figure Is hooked up to allow the 
use of RAM for program debugging. The second figure represents a 
possible final system configuration with the program fixed In 
PROM. Both Circuits use the 8T26's as bus buffers. 
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2650 MICROPROCESSOR SERIES 

FINALIZED CONFIGURATION WITH PROGRAM FIXED IN PROM 

DESCRIPTION 
The 2650 assembly language (PIPHASM) is a symbolic language 
designed specifically to facilitate the writing of programs for the 
Signetics 2650 microprocessor. 

The AS 1000 is configured to operate on 32-bit or larger machines 
and the AS1100 is configured to operat'~ o,n 16-bit machines. 

The 2650 assembler is a program which accepts symbolic source 
code as input and produces a listing and/or an object module 
"Hexadecimal" format compatible to the two tape punching pro­
grams PIPHTAP (for acceptance by PIPBUG). PIPSTAP (for 
PROM's) and also to the simulator. PIPSIM. 

The assembler is written in standard FQrtran IV and is approxi­
mately 1.250 Fortran card images in lenglth. It is modular and may 
be executed in an overlay mode should memory restrictions make 
that necessary. It operates in a two pass mode to build a symbol 
table. to Issue helpful error messages. pmduce an easily readable 
program listing and output a computer readable object module. 
This version of the assembler compiles into a 12K WOod load mod­
ule on the PDP-11/40 (16 bit words) and '~xecutes under DOS (SK) 
within a 2SK memory. 

2650 MICROPROCESSOR SERIES 

AVAILABILITY 
The 2650 assembler is available on both NCSS and GE timeshare. 
It Is also available from Signetics on 9 track magnetic tape written 
in EBCDIC In SO character unblocked records at a density of SOO 
bpi. 

FEATURES 
• Forward r.f.r.nc •• 
• P •• udo-Op. to aid programming 
• S.lf-d.fining con.tant. 
• Symbolic machine operation code. 
• Free format .ource code 
• Syntax .rror checking 
• Symbolic addre .. a .. ignment and"reference. 
• Data cr.ation .tatement. 
• Storage r ••• rvation .tatement. 
• A ... mbly Ii.ting control .tatement. 
• Addr ..... can be generated a. con.tant. 
• Charact.r code. may be .pecified a. ASCII or EBCDIC 
• Comm.nt. and r.mark. may be encoded for documentation 

20 ImDOIIC. 



LANGUAGE REQUIREMENTS 
I. INPUT REQUIREMENTS 

Input to the assembler consists of a sequence of characters 
combined to form assembly language elements. These lan­
guage elements Include symbols, instruction mnemonics, 
constants and expressions which make up the individual pro­
gram statements that comprise a source program. 

A. Cherecters 

B. 

C. 

D. 

Alphabetic: 
Numeric: 
Special Characters: 

Symbols 

A through Z 
o through 9 
blank 
( left parenthesis 
) right parenthesis 
+ add or positive value 
- subtract or negative value 
• asterisk 
, single quote 
, comma 
I slash 
$ dollar sign 
< less than sign 
> greater than sign 

Symbols are formed from combination or characters. 
Symbols provide a convenient means of identifying pro­
gram elements so they can be referenced by other 
elements. 

Constents 
A constant is a self-defining language element. Unlike a 
symbol, the value of a constant is its own "face" value 
and Is Invariant. Internal numbers are represented in 2's 
complement notation. There are two forms in which con­
stants may be written: the Self-Defining Constant and the 
General Constant. 

Self-Defining Constant 
The self-defining constant is a form of constant which is 
written directly in an instruction and defines a decimal 
value. 

General Constant 
The general constant Is also written directly in an instruc­
tion, but the interpretation of its value is dictated by a 
code character and delimited by quotation marks. Its 
form can be binary, octal, decimal, hexadecimal, EBCDIC 
or ASCII. 

Expressions 
An expression is an assembly language element that rep­
resents a value. It conSists of a single term or 
combination of terms separated by arithmetiC operators. 
A term may be a valid symbolic reference, a self-defining 
constant or a general constant. 

2650 MICROPROCESSOR SERIES 

II. FIELDS 
A statement prepared for processing by the assembler is logi­
cally divided Into four fields, as Indicated below. They are free 
form and are separated by at least one blank character. The 
name must begin in logical column 1. 

LABEL 
name 

Where: 

OPERATION 
opcode 

OPERAND 
operand(s) 

COMMENTS 

LABEL FIELD contains an optional label which the assembler 
will assign as the symbolic address of the first 
byte of the instruction. 

OPERATION 
FIELD 

contains any of the 2650 processor mnemonic 
operation codes as detailed in Appendix A, or 
any assembler Directive. This field may include 
an expression which specifies a register or 
value ,as required by the instruction. All sym­
bols used in this field must have been 
previously defined, i.e., no symbolic forward 
references are allowed. 

OPERAND 
FIELD 

contains one or more operand elements such 
as indirect address indicator, operand expres­
sion, index register specification, auto­
increment/auto-decrement indicator, constant 
specification, etc., depending on the require­
ments of the particular instruction. 

COMMENTS 
FIELD 

any characters following the argument field will 
be reproduced in the assembly listing without 
processing. The Comments Field must be sep­
arated from the argument field by at least one 
blank. 

III. DIRECTIVES 
There are eleven directives which the assembler will recognize. 
These assembler directives, although written much like proces­
sor instructions, are simply commands to the assembler 
instead of to the processor. They direct the assembler to per­
form speCific tasks during the assembly process, but have no 
meaning to the 2650 processor. These assembler directives 
are: 

ORG 
EaU 
ACON 
DATA 
RES 
END 
EJE 
PRT 
SPC 
TlTL 
PCM 

- Set location counter 
- Specify a symbol equivalence 
- Define address constant 
- Defines memory data 
- Reserve memory storage 
- End of assembly 
- Eject the listing page 
- Printer control 
- Space control 
-Title 
- Punch control 
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DESCRIPTION 
The 2650 Simulator (PIPSIM) is a Fortran IV program which allows 
a user to simulate the execution of his program without utilizing the 
2650 processor. The simulator executes the 2650 program via host 
computer software by maintaining its olll/n internal fortran storage 
registers to describe the 2650 program. the microprocessor regis­
ters. the ROM/RAM memory configuration. and the input data to 
be read dynamically from I/O devices. Inputs to the simulator are 
the object module (or the 2650 program in object format) produced 
by the 2650 assembler and a deck of user commands. The simula­
tor can accommodate an object module of up to 8192 Bytes. 

The output consists of a listing of the uSlar's commands and a print 
out of both static and dynamic informl!tion as requested by the 
commands. The user may request traces of the processor status. 
dumps of the contents of memory. and mcordlng of program timing 
statistics. Multiple simulations of the same program with different 
parameters may be executed during one simulation run. 

The SM1000 Is configured to operate on 32 bit or larger machines 
and executes under DOS (8K) within a 28K memory. The SM1100 is 
configured.for 16 bit machines and compiles Into a 16K word load 
module on a PDP-11/40. 

AVAILABILITY 
The 2650 Simulator Is available on both NCSS and GE timeshare. It 
Is also available from Signetics on a 9 tlrack magnetic tape written 
In EBCDIC in 80 character unblocked n~cords at a density of 800 
bpi. 

PARAMETERS 

2650 MICROPROCESSOR SERIES 

FEATURES 
• Cycl. count.r lor timing •• tlm.t .. 
• In.truction I.tch br •• k point. 
• Oper.nd fetch bre.k point. 
• Trace 'ecillti •• 
• Sn.p.hot dump. 
• P.tchlng lecllity 
• St.ti.ticel inlorm.tlon g.ner.t.d 
• E •• y-to-u .. comm.nd I.ngu.g. 
• Optlon.lly ,,'ected .t.rt .nd .nd .ddre •••• 
• Simul.ted regi.t.r. m.y be dl.pI.yed while the .imul.tion pro­

gr.m i •• xecuted 
• Simul.ted regl.t.ra m.y be .It.red whll. the progr.m i •• x.­

cuting 
• M.int.in. • 2K cell ( ... ily modilled to 8K) to .imul.t. • 

reed/writ. RAM 
• C.pabillty .xi.t. lor conliguring part. 01 .imul.tor m.mory to 

look lik. ROM 
·Incorpor.t ... 200-byt. lirat in, lirat out (FIFO) butler to .tore 

the d.t. reed Irom • "mul.ted input d.vice 
• E.t.bli.h •• initi.1 progr.m condition. 
• Monitor •• xecution .. qu.ncee 

USER-COMMANDS 
Commands specify how the program Is to run and what data is to 
be recorded. The simulator accepts information In card Image 
form. The entire card is read In Fortran 'A' format. and one com­
mand must be complete on one card. Comments may appear in 
any order within a command set. 

The Signetics basic manual set (2650BM1000) contains a complete 
description of the user commands and the general operation of the 
simulator. Listed below is a summary of the available commands. 

DESCRIPTION 
COMMAND 

NAME 
DUMP. LOC. FWA-LWA (; .... ;LOC. FWA-LWA) Display the area of memory. FWA-LWA. whenever the instruction at LOC 

executes. 

REND 

INPUT 

INSTA. 

LIMIT 

PATCH 

REFER. 

SETP. 

SETA. 

SROM 

START 

STAT 

STOP. 

TEND 

TRACE. 
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None 

VALUE (; .... ;VALUE) 

LOC (; .... ;LOC) 

NO 

LOC. VALUE (; .... ;LOC. VALUE) 

LOC (; .... ;LOC) 

LOC (.PSL~VALUE). (.PSU~VALUE) 

LOC (9. RO~VALUE)" .. (R6~VALUE) 

FWA-LWA 

LOC 

None 

LOC (; .... ;LOC) 

None 

FWA-LWA (; .... ;FWA-LWA) 

Execute the last Simulation and terminate the entire run. 

Define the data to be read by Simulated I/O Instructions. 

Display the processor state whenever the instruction at LOC executes. 

Specify the total number of instructions executed. 

Initialize each memory location. LOC. to VALUE. 

Display the processor state whenever the Instruction at LOC is referenced by 
another instruction. 

Set the program status byte (lower and/or upper) to VALUE whenever the 
instruction at LOC executes. 

Set the general purpose registers to VALUE whenever the instruction at LOC 
executes. 

Specify the boundaries of Read-Only Memory. 

Start the simulated program execution at LOC. 

Display Instruction statistics at end of program execution. 

Terminate the program execution when the instruction at LOC executes. 

Execute the last Simulation and prepare to read the User Commands for the 
next Simulation. 

Display the processor state whenever an instruction executes. which lies 
within the area of memory. FWA-LWA. 

Im001iC• 



DESCRIPTION 
The Signetics higher level language is designed for use with the 
2650 microprocessor. This language allows the programmer to re­
duce programming effort while retaining the control and efficiency 
of assembly language. It is written in ANSI standard Fortran IV and 
will execute on most machines without alteration. Programs written 
in this language tend to be self-documenting and are easily altered. 

AVAILABILITY 
The Signetics higher level language is available on both NCSS and 
GE timeshare. It is also available from Signetics on magnetic tape 
for 16 and 32-bit machines. 

FEATURES 
• Written in free-form 
• Adaptable to both 16 and 32-bit machines 
• Block structured 
• Employs procedure calls 
• Byte and address data elements 
• BBSed variableB 
• In line aSBembly language 
• Macro capability 
• Generates relocatable code supported by a relocating loader 
• Includes PL/M as a subset 
• Allows separate compilation of program modules 
• Has improved control structure over PL/M 
• Conditional compilation 
• Compile time expression evaluation 

OVERVIEW OF THE LANGUAGE 
The higher level language is a sequence of "Declarations" and "Ex­
ecutable Statements." 

The declarations allow the programmer to control allocation of stor­
age, define simple textual substitutions (Macros), and define 
procedures. The language is "Block Structured": Procedures may 
contain further declarations which control storage allocation and 
define other procedures. 

The procedure definition facility of the language allows modular 
programming: A program can be divided into sections (e.g. teletype 
input, conversion from binary to decimal forms, and printing output 
messages). Each of these sections is written as a language proce­
dure. Such procedures are conceptually simple, easy to formulate 
and debug, and easily incorporated into a large program. They may 

DESCRIPTION 
The Signetics Microprocessor Prototype Development System is a 
modular system designed to support development and implementa­
tion of 2650 microcomputer systems. 

A typical system consists of three hardware elements: a Prototype 
Development Computer (PDC), a floppy disk storage subsystem, 
and a system console (typically an ASR33 teletype). The PDC in­
cludes an integral MOS and bipolar PROM programmer and an in­
circuit emulation/hardware debug facility. A wide range of PDC 
cards and system peripherals are available. 

form a basis for a procedu~e library, if a family of similar programs 
is being developed. Procedures may be individually compiled. 

The language handles two kinds of data, its two basic "Data 
Types": Byte and address. A byte variable or constant is one that 
can be represented as an 8-bit quantity; an address variable or 
constant is a 16-bit or double-byte quantity. The programmer can 
declare variable names to represent byte or address values. One 
can also declare vectors (or arrays) or type byte or address. 

In general, executable statements specify the computational pro­
cesses that are to take place. To achieve this, arithmetic, logical 
(Boolean), and comparison (relational) operators are defined for 
variables and constants of both types (BYTE and ADDRESS). These 
operators and operands are combined to form EXPRESSIONS, 
which resemble those of elementary algebra. Expressions are a 
major component of language statements. 

A simple statement form is the assignment statement, which com­
putes a result and stores it in a memory location defines by a 
variable name. Other statements in the language perform condi­
tional tests and branching, loop control, and procedure invocation 
with parameter passing. The flow of program execution is specified 
by means of powerful control structures that take advantage of the 
block-structured nature of the language. Input and output state­
ments read and write 8-bit values from and to input and output 
ports. Procedures can be defined which use these basic input and 
output statements to perform more complicated I/O operations. 

A method of automatic text-substitution (more specifically, a "com­
pile-time macor facility") is also provided. A programmer can 
declare a symbolic name to be completely equivalent to an arbitrary 
sequence of characters. As each occurrence of the name is encoun­
tered by the compiler, the declared character sequence is 
substituted, so the compiler actually processes the substituted 
character string instead of the symbolic name. 

The compiler supports compile time expression evaluation and 
conditional compilation which allows selective compilation of code 
depending on an input parameter at compile time. 

The language generates absolute and/or relocatable code. The re­
locatable modules may be linked by a powerful linkage editor at 
load time. 

Additionally the language contains all machine independent fea­
tures of the . PLIM language as a subset, thereby enhancing 
portability of programs. 

2650 MICROPROCESSOR SERIES 

System software includes an Operating System, File Management, 
Debug Software, Text Editor, and 2650 Resident Macro Assembler. 
These programs provide the user with the tools to perform his soft­
ware development easily and quickly. These software capabilities, 
together with the capacity and performance of the floppy disk sub­
system, and the in-circuit emulation/hardware debug capability 
significantly reduces the time and cost of a microcomputer system 
development project. 

The Signetics Microprocessor Prototype Development System in­
troduces a unique new Multiprocessor architecture for prototyping 
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systems. This architecture provides usersi with the benefits of maxi­
mum availability of common (user) memory space and a Master 
processor/Operating System that is isolated and Independent from 
the user system even in the in-circuit Elmulation/hardware debug 
mode. 

The Signetlcs Microprocessor Prototype Development System will 
have a long life cycle, Since it is designed with the capability of sup­
porting other Signetics microprocessors, additional peripherals and 
expanded software support and hardwaro debug capabilities. 

HARDWARE FEATURES 
Modular microprocessor prototype devel,opment system to support 
development, Implementation and check out of 2650 microcompu­
ter systems. 

Powerful new Multiprocessor architecturEI provides maximum mem­
ory space to user and a protected environment for the Master 
processor/Operating System at all times. 

BLOCK DIAGRAM: TYPICAL SYSTEM 

PERIPHERALS 
AND ACCESS 
HARDWARE 

2650 MICROPROCESSOR SERIES 

Signetics 2650 microprocessor - 5 volt only, fully TIL compatible, 
2.4us cycle time, easy to learn instruction set - is used for the 
Master and Slave microprocessors. 

Hardware interfaces and software drivers provided for floppy disk 
storage subsystem, nY, CRT terminal, paper tape reader, line 
printer and EIA RS232 terminals. 

In-circuit emulation/hardware debug and powerful debug software 
provides extensive emulation and diagnostic facilities for the user 
system. 

Integral MOS and bipolar PROM programmers. 

User/Common memory of 16K bytes, expandable to 64K bytes. 

Two universal bus structures with multiprocessor and DMA capabil­
Ities. 

Eight level maskable priority interrupt system available to the user. 

r---, r---, 
, USER " , 
I 2650 'I U,~~R I 
, SYSTEM I , I 
L __ oJ L __ J 

r---, 
PROM 

SOCKETS 

r---, r---, 
lElA RS232 I I PAPER I 
I TERMINAL I I TAPE , 
, OR MODEM, I READER , 

CONSOLE 
fCAT 

OR TTY) 

FLOPPY 
DISK 

SUBSYSTEM 

FRONT 
PANEL 

I MAINTE. , 
, NANCE , 
, PANEL , 

USER 
DEBUG 
CAROl 
CABLE 

PDC 
CARDS 

1102A 
PROM 

PRQGRM. 

NOTE: 

L-L L __ [J 
.--......... _...,J- , 

825115 
PROM 

PROGRM. 

SOLID LINES ARE TYPICAL SYSTEM AS ILLUSTRATED. 
DASHED LINES SHOW EXPANSION CAPABILITY, 

SOFTWARE FEATURES 

MASTER 
CPU 

(2650) 

System software provided with the Prototype Development System 
includes the Signetics Disk Operating System (5005), text editor, 
debug package, 2650 macroassembler, and linkage editor. 

The Signetics Disk Operating System (SD05) provides complete 
control over operation of all portions of the Prototype Development 
System. All functions relating to file handling, loading and execution 
are included, as well as provision for invoking the debug system 
and PROM programming functions. 

The SDOS software has been designed to allow the user to create, 
edit, and assemble files; obtain object and listing outputs; load and 
execute programs; and through the debug system, check out pro­
grams in a most efficient manner. 

MASTER 
MEMORY 

PROM/RAM 

L_ _J 

CONTROL/ 
DEBUG 

COMMON 
MEMORY 
16k RAM 

EXPANDIS. 

SLAVE 
CPU 

(2650) 

r- -, 
I USER , 

'CONFIGURED' 
, CARD , 

L_~_J 

~ ". 
__ --I '--_-" 

> - - 8;:"AVE BuS--Y 

SDOS provides a powerful procedure capability which gives the 
user the capability of creating powerful and customized operating 
system commands dynamically. 

Programs may be read and written in either hexadecimal or SMS 
format. 

The SDOS software provides a flexible Input/output system which is 
organized through logical channels allowing the user to dynamically 
assign any logical channel to any phYSical device or file within the 
system. Thus, system I/O devices may be dynamically assigned us­
ing SDOS commands either from the console or from within a 
user's program. 

SDOS assumes a dual CPU environment with one CPU deSignated 
as a master and the other as a slave. SDOS Is written in 2650 As-
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sembly Language and resides in a dedicated memory consisting of 
2K PROM and 4K of RAM running under the master CPU. 

SDOS will control :a multidrive floppy disk subsystem (up to 8 
drives), a line printer, a high speed paper tape reader and an ASR-
33 TTY compatible console. Drivers are provided within SDOS for 
these I/O devices. In addition, the user may write his own driver for 
other peripheral devices and easily link them into SDOS system. 

The Prototype Development System Resident Assembler translates 
symbolic 2650 assembly language instructions into appropriate 
machine language c:ode. The Resident Assembler has full macro 
capability which is a powerful programming tool eliminating the 
need to rewrite similar sections of code repeatedly. 

The Assembler is written in the Signetics Higher Level Language 
and produces either absolute object code or relocatable modules. 
The absolute object code produced is in hexadecimal format which 
may be loaded into the system for direct execution or may be con­
verted by an SDOS command to SMS format for PROM or ROM 
programming. 

The Linkage Editor program accepts relocatable modules pro­
duced by either the Macro Assembler or the Signetics Higher Level 
Language and creates an absolute object load module. This facility 
allows the modular construction of programs and prevents reas­
sembling an entire program when modifications are made to one 
small section. True relocatability of object modules is a powerful 
feature previously found only on larger computer systems. 

The Text Editor is a comprehensive software package which allows 
the user to enter and modify text files. The Text Editor is line ori­
ented and accepts inputs from an input file, performs modifications 
in a work space and outputs the revised text to an output file. 

The Debug System is a software program which will provide the 
user with run-time program debug capabilities within a hardware 
environment. It utilizes special hardware features built into the pro­
gram development system to control the execution of the users 
program. User programs operating under the debug system will 
have dynamic program trace, breakpoint capabilities, memory mod­
ification capabilities, and status reporting on the memory, program, 
and internal processor status. 

All of the above described software will be supplied in object for­
mat on either diskette or paper tape and is provided with each 
Prototype Development System. 

PDC CARDS 
MASTER CPU 

System Xtal Clock 
Master 2650 
UART /TTY Interface 
Real Time Clock 
Disk/Paper tape Port 

CONTROL/DEBUG 
Debug Logic 
Master/Slave Interaction 
Interrupt Logic 
Front Panel Interface 

SLAVE CPU 
- Slave 2650 
- User Cable Interface 

MASTER MEMORY 
4K-Byte StatiC NMOS RAM 

- 2K-Byte H02A Erasable PROM 

2650 MICROPROCESSOR SERIES 

COMMON MEMORY - 4K RAM 
- 4K-Byte StatiC NMOS RAM 

COMMON MEMORY - 16K RAM 
- 16K-Byte Dynamic NMOS RAM 

GENERAL PURPOSE 110 
EIA Interface 
Four Output Ports 
Four Input Ports 
8 Interrupt Lines 

1702 PROM PROGRAMMER 

82S115 PROM PROGRAMMER 

USER CONFIGURABLE CARD 

- For interfacing directly with users own I/O devices. 

PERIPHERALS 
FLOPPY DISK SUBSYSTEM 

- Expandable to 8 drives 

LINE PRINTER (optional) 

HIGH SPEED PAPER TAPE READER (optional) 

TELETYPE 

CRT TERMINAL (optional) 

AC POWER REQUIREMENTS 
50Hz or 60Hz, 115/230 VAC, 150 watts 
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COMPATIBLE MEMORY AND IN"rERFACE 
PRODUCTS 
The following list of memory and interfacli products are suitable for use with the 2650. These data sheets can be found in the appropriate 
section of this book. 

2102"1 ............... 1024-blt Random A4~ceSS Read/Write 8tatic 
Memory 

2680 ................... 4096-blt Read/Write IRandom Access Dynamic 
Memory 

2606. 2606-1 ..... 256x4 Random AcceSlI Read/Write 8tatic Mem-

2608 .................. . 
8T26.8T28 ......•. 
8T31 .................. . 
9334 .................. . 

8T95 } 
8T96 
8T97 
8T98 
82809 ............... . 
82810.82811 ... . 

82823.828123 .. 
828114 ............. . 
828115 ............. . 
828126.828129 

8204 .................. . 
8205 .................. . 
828100/101 ...... . 
1702A ............... . 

26 

ory 
1024x8 8tatic Read-Only Memory 
Tri-8tate Quad Bus Transceivers 
8-bit Bidirectional Input-Output Port 
8-blt Addressable Latc:h 

High 8peed Hex Tri-8tate Buffers 
High 8peed Hex Trl-8tate Inverters 

576-blt Bipolar RAM(6·4x9) 
1024x1-blt Bipolar RAM-Open Collectors 
(82810). Tri-State (825)11) 
256-blt Bipolar Programmable ROM (32x8) 
2048-bit Bipolar ROM (256x8 PROM) 
4096-bit Bipolar ROM (512x8 PROM) 
1024-blt Bipolar Programmable ROM (256x4 
PROM) 
2048-bit Bipolar ROM (256x8 ROM) 
4096-blt Bipolar ROM (512x8 ROM) 
16x48x8 FPLA 
2048-bit 8tatlc ROM (Erasable And Electrically 
Reprogrammable) 



INTRODUCTION 
The introduction of the Signetics Series 3000 Bipolar Microproces­
sor Chip Set has brought new levels of high performance to 
microprocessor applications not previously possible with MOS tech­
nology. Combining the Schottky bipolar N3001 Microprogram 
Control Unit (MCU) and N3002 Central Processing Element (CPE) 
with industry standard memory and support circuits, microinstruc­
tion cycle times of 100 nanoseconds are possible. 

In the majority of cases, the choice of a bipolar microprocessor 
slice, as opposed to an MOS device, is based on speed or flexibility 
of microprogramming. Starting with these characteristics, the de­
sign of the Signetics Series 3000 Microprocessor has been 
optimized around the following objectives: 

• Fast cycle time 
• All memory and support chips are industry standard 
• Cooler operation 
• Lower total system cost 

Furthermore, systems built with large-scale integrated circuits are 
much smaller and require less power than equivalent systems using 
medium and/or small scale integrated circuits. 

The two components of the Series 3000 chip set, when combined 
with industry standard memory and peripheral circuits, allows the 
design engineer to construct high-performance processors and/or 
controllers with a minimum amount of auxiliary logic. Features such 
as the multiple independent address and data buses, tri-state logic, 
and separate output enable lines eliminate the need for time­
multiplexing of buses and associated hardware. 

Each Central Processing Element represents a complete 2-bit slice 
through the data processing section of a computer. Several CPE's 
may be connected in parallel to form a processor of any desired 
Word length. The Microprogram Control Unit controls the sequence 
in which microinstructions are fetched from the microprogram 
memory (ROM/PROM), with these microinstructions controlling the 
step-by-step operation of the processor. 

Each CPE contains a 2-bit slice of five independent buses. Although 
they can be used in a variety of ways, typical connections are: 

Input M-bus: Carries data from external memory 
Input I-bus: Carries data from input/output device 
Input K-bus: Used for microprogram mask or literal (con­

stant) value input 
Output A-bus: Connected to CPE Memory Address Register 
Output D-bus: Connected to CPE accumulator. 

As the CPE's are paralleled together, all buses, data paths, and 
registers are correspondingly expanded. 

The microfunction input bus (F-bus) controls the internal operation 
of the CPE, selecting both the operands and the operation to be 
executed upon them. The arithmetic logic unit (ALU), controlled by 
the microfunction decoder, is capable of over 40 Boolean and bi­
nary operations as outlined in the FUNCTION DESCRIPTION 
section of the N3002 data sheet. Standard carry look-ahead out­
puts (X and Y) are generated by the CPE for use with industry 
standard devices such as the 74S 182. 

A typical processor configuration is shown in Figure 1. It should be 
remembered that in working with slice-oriented microprocessors, 
the final configuration may be varied to enhance speed, reduce 
component count, or increase data-processing capability. One 
method of maximizing a processor's performance is called pipelin­
ing. To accomplish this, a group of D-type flip-flops or latches (such 
as the 74174 Hex D-type Flip-Flop) are connected to the micropro­
gram memory outputs (excluding the address control field ACO _ 
ACa) to buffer the current microinstruction and allow the MCU to 
overlap the fetch of the next instruction with the execution of the 
current one. The time saved in pipelining operations is the shorter 
of either the address set-up time to the microprogram memory 
(ROM/PROM) or the access time of the ROM/PROM. A convenient 
way of implementing pipelining is to use ROMs with on-board latch­
es, such as the Signetics 82S 115. 

I/O CONTROL MEMORY ADDRESS BUS DATA BUS 

MICRO 
PROGRAM 
MEMORY 
(828115) 

FROM I/O DEVICES DATA IN FROM MEMORY 

Figure 1: MICROCOMPUTER BLOCK DIAGRAM 

sagnolics 

*Carry-in of first stage 
**Carry-out of last stage 
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Figure 2 shows a typical microinstruction format using the 825114 
PROMs contained in the Signetics 3000 Microprocessor Designer's 
Evaluation Kit. Although this particular example is for a 48-bit word 
(6 PROMs), the allocation of bits for the mask (K-bus) and optional 
processor functions depends on the specific application of the sys­
tem and the trade offs which the designer wishes to make. 

In using the K-bus, it should be kept in mind that the K inputs are 
always ANDed with the B-multiplexer e,utputs into the ALU. Bit 
masking, frequently done in computer control systems, can be per­
formed with the mask supplied to the K-bus directly from the 
microinstruction. 

By plaCing the K-bus in either the all-one ,or all-zero condition (done 
with a single control bit in the microins1Iruction), the accumulator 
will either be selected or de-selected, res~l8Ctively, in a given opera­
tion. This feature nearly doubles the amount of microfunctlons in 
the CPE. A description of these varioUis microfunctions can be 
found in the N3002 data sheet under the heading "FUNCTION 
DESCRIPTION" by referring to the K-bus conditions of all-ones (11) 
and all-zeros (00). 

The MCU controls the sequence in which microinstructions are 
fetched from the microprogram memory (IROM/PROM). In its classi­
cal form, the MCU would use a next-address field in each 
microinstruction. However, the N3001 lIses a modified classical 
approach in which the microinstruction field specifies conditional 
tests on the MCU bus inputs and registers. The next-address logiC 
of the MCU also makes extensive use of a row/column addressing 
scheme, whereby the next address is dE/fined by a 5-bit row ad­
dress and 4-bit column address. Thus, I'rom a particular address 
location, it is possible to jump unconditionally to any other location 
within that row or column, or conditionailly to other specified loca­
tions in one operation. Using this method, the processor functions 
can be executed in parallel with program branches. 

As an example of this flexibility, let us assume a disk controller is 
being designed. As part of the sequence logic, three bits of the disk 
drive status word must be tested and all three must be true in order 
to proceed with the particular sequencing operation. In any sequ­
enCing operation using a status word for conditional branch 
information, there are innumerable combinations of bits which must 
be tested throughout the sequencing operation. Using Ijiscrete logic 
techniques, this would involve several levels of gating. 

However, the entire operation can be done in two microinstructions. 
First, the mask (K-bus) field in the microinstruction format is en­
coded with a one for each corresponding status bit to be tested 
and a zero for each bit to be discarded. The status word is input via 
the I-bus and ANDed with the K-bus mask using the CPE micro­
function operation from F-Group 2, R-Group III. Assuming we are 
using low-true logiC (TRUE ~ 0 Volts), we now test the result, which 
is located in the accumulator AC, for all zeros using the CPE micro­
function operation from F-Group 5, R-Group III. Depending on the 
zero/non-zero status of AC, a one or zero will be loaded into the 
carryout CO bit. This bit can now be used as a condition for the 
next address jump calculation within the N3001 MCU. If the AC was 
zero (status word was true), we will jump to the next address within 
our controller sequence. If the AC was non-zero (status word not 
true), then a jump would be made back to the beginning of this 
two-microinstruction loop and the test sequence repeated until the 
status word (all three bits) is true. 

Figure 3 shows a typical timing diagram for a system operating in 
the non-pipelined mode. Keep in mind that the maximum clock rate 
is dependent upon the total of propagation delay times plus re­
quired set-up times. It is at the deSigner's discretion to resolve the 
speed versus complexity tradeoffs. 

USER·DEFINABLE FUNCTlDN FIELDS STANDARD FUNCTION FIELDS 

~ ~ 
~~----------- ---------------~--------~ ~--------, 
47 44143 40139 3eb5 32131 28127 24123 20h9 16\15 12111 817 43 0 

USER 
C.P.E. I JUMP FLAG 

DEFINED MASK OR OPTIONAL FUNCTION FUNCTION LOGIC 
FUNCTIONS PROCESSOR FUNCTIONS (Fo·Fe) (ACO·AC6) FUNCTION 

(FCO·FC3) - '," - ~ 

TO N3002 TO N3001 

Figur.2: TYPICAL MICROINSTRUCTION FORMAT. 
Note: The mask fietd need only be used during masking operations. At other times, it is entirely user definable. 

MICROPROGRAM---=-..... r----'-""'x )( 
MEMORY ADDR-__ -J '--____ .J.\... ___ • 

(MAO-B) 1.50n~ ~8'!01 

OU~~~----~~Xr-~--~x:=::=: 

N3002 ---1 4Ono r--
DATAOUT ____ JX x:====:x: 

(D·BUS) 

Figur. 3: SYSTEM TIMING - NON·PIPELINED CONFIGURATION 
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ABSOLUTE MAXIMUM RATIONS· 
Temperature Under Bias 
Storage Temperature 
All Output and Supply Voltages 
All Input Voltages 
Output Currents 

O°C to +70°C 
- 60°C to + 160°C 

-O.SV to +7V 
-1.0V to +S.SV 

100mA 

·COMMENT: Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum ratings for extended periods 
may effect device reliability. 

PARAMETER MEASUREMENT INFORMATION 

500 

NOTE: ALL RESISTORS VALUES ARE TYPICAL AND IN OHMS. 

TEST CONDITIONS 

Input pulse amplitude of 2.5 volts. 

Input rise and fall times of 5ns between 1 volt and 2 volts. 

Output load of lOrnA and 50pF 

Speed measurements are taken at the 1.5 volt level. 
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3001/3002 ELECTRICAL CHARACTERISTICS (TA=O°C to 70°C) 

INPUT VI)LTAGE OUTPUT VOLTAGE 

VIL (V) VIH (V) Vc (V) VOL (V) VOH (V) 
PARAMETER INPUT CLAMP 

LOW LEVEL HIGH LEVEL VOLTAGE LOW LEVEL HIGH LEVEL 

TEST VCC=5.0V VCC=5.0V VCC=4.75 VCC=4.75V VCC=4.75V 
CONDITIONS IC=-5mA IOL=10mA IOH=-1mA 

DEVICE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

MAO-MAS. 
N3001 O.S 2.0 -O.S -1.0 0.35 0.45 

ISE. FO 
2.4 3.0 

Except X & y 
N3002 O.S 2.0 -O.S -1.0 0.3 0.45 2.4 3.0 

IOl =16mA 
X and Y 

0.35 0.50 

POWER SUPPLY 
INPUT CURRENT OUTPUT CURRENT CURRENT 

IF (mA) IR ("A) lOS (mA) 10(OH)("A) ICC (mA) 
PARAMETER POWER SUPPLY 

LOAD LEAKAGE SHORT CIRCUIT OFF-STATE CURRENT 

TEST VCC=5.25V VCC=5.25V VCC=5.0V VCC=5.25V VCC=5.25V2 
CONDITIONS VF=O.45V VR=5.25V 

DEVICE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

ClK Input ClK MAO-MAS. PRO-PR2. 
N3001 -0.075 -0.7S 120 170 240 

ISE. FO MAO-MA2.FO 
EN Input EN Input VO=0.45V 

-0.05 -0.50 SO -15 -2S -60 -100 
All Other Inputs 

All Other Inputs 40 VO=5.25V 
-0.025 -0.2S -100 

MAO-MAS.FO 

FO-F6.ClK FO-F6.ClK 
N3002 -15 -25 -60 -100 145 190 

KO.K1.EA•ED KO.K1.EA•ED 
-0.05 -0.25. 40 AO.A1.DO.D1 

10.I.MO. 10hMo. Only 

M1. l l M1.U 100 

CI 
-0.S5 -1.5 

CI 
60 

-2.3 -4.0 1S0 

NOTES: 
3001 3002 
1. Typical values are tor T A =25°C and 5.0 supply voltagl~. 
2. EN input grounded, all other inputs and outputs open. 

1. Typical values are for TA _25 D C and typical supply voltage. 
2. elK input grounded, other inputs open. 
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DESCRIPTION 
The N3001 MCU is one element of a bipolar 
microcomputer set. When used with the 
3002, 74S182, ROM or PROM memory, a 
powerful microprogrammed computer can 
be implemented. 

The 3001 MCU controls the fetch sequence 
of microinstructions from the microprogram 
memory. FunC1ions performed by the 3001 
include: 

- Maintenance of microprogram address 
register 

- Selection of next microinstruction ad­
dress 
Decoding and testing of data supplied 
via several input busses 
Saving and testing of carry output data 
from the central processing (CP) array 

- Control of carry/shift input data to the 
CP array 

- Control of microprogram interrupts 

N3001 BLOCK DIAGRAM 

ERA 

EN 

FCO 

FC. 

FC2 

FC3 

I 

0---< 

~ 

lD 

ClK 

VCC 

GND ,~ 

ACO 

AC' 

AC2 

AC3 

AC4 

AC5 

AC6 

~ 

FLAG 
CONTROL 

J 
L 

I 

-1 

F 
LATCH 

t 

! 

BIPOLAR MICROPROCESSOR 

FEATURES 
• Schottky TTL process 
• 45ns cycle time (typ.) 
• Direct addressing 0' standard bipolar 

PROM or ROM 
• 512 microinstruction addressability 
• Advanced organization: 

• 9-bit microprogram address regis­
ter ,and bus organizad to address 
memory by row and column 

• 4-bit program latch 

• 2 flag registers 

• 11 addres. control functions: 
• 3 jump and test latch function 

• 16 way jump and test instruction 

• 8 flag control 'unctions: 
• 4 flag input functions 

• 4 flag output functions 

PIN CONFIGURATION 

I Package 

MA8 MA7 MA6 MA5 MA4 MA3 MA2 MA 1 MAO 

rD ROW COLUMN 

1 OUTPUT OUTPUT 

I 

h C,Z 
FLAGS 

r----1 ADDRESS REGISTER 

r-- ~ 
9 

I 
NEXT ADDRESS CONTROL 

L..... -'-

PR ~PR lATCH 3 OUT 

-

---- ----
PX7 PX6 PX5 PX4 SX3 SX2 SX1 SXO 

9!!110liCS 

ISE 

PRO 

PR. 

PR2 
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". 

JRL 

JPX 

i. A. i 

Jump/test rightmost PR··latch bits. ACO and AC1 
are used to select 1 of 4 high-order row addresses 
in the current row group, specified by MA7 and 
MAa, as the next row address. PRO and PR1 are 
used to select 1 of 4 possible column addresses In 
col12 through col15 as the next column address. 

Jump/test PX-bus and load PR-Iatch. ACO and 
AC1 are used to select 1 of 4 row addresses In the 
current row group, specified by MA6-MAa, as the 
next row address. PX4-·PX7 are used to select 1 
of 16 possible column addresses as the next col­
umn address. SXQ-SX3 data is locked In the PR­
latch at the rising edge of the clock. 

FLAG CONTROL FUNCTIONS 
The flag control functions of the MCU are selected by the four Input 
lines designated FCO-FC3. Function c,:>de formats are given in 
"Flag Control Function summary". 

The following is a detailed description of .each of the eight flag con­
trol functions. 

FLAG INPUT CONTROL FUNCTIONS 
The flag input control functions select which flag or flags will be set 
to the current value of the flag input (FI) 1i11e. 

Data on FI is stored in the F-Iatch when the clock is low. The con­
tent of the F-Iatch Is loaded into the C Bind/or Z flag on the rising 
edge of the clock. 

MNEMONIC FUNCTION IlESCRIPTION 

SCZ Set C-flag and Z-flag to Fl. The C-flag and the Z­
flag are both set to the vlllue of Fl. 

STZ Set Z-flag to FI. The Z-fl~lg is set to the value of Fl. 
The C-flag is unaffected. 

STC Set C-flag to Fl. The C-fllig is set to the value of FI. 
The Z-flag is unaffected. 

HCZ Hold C-flag and Z-flag. The values in the C-flag and 
Z-flag are unaffected. 

FLAG OUTPUT CONTROL FUNCTIONS 
The flag output control functions select the value to which the flag 
output (FO) line will be forced. 

ADDRESS CONTROL FUNCTIONI SUMMARY 
FUNCTION 

MNEMONIC DESCRIPTION ACe 5 4 3 2 

JCC Jump in current column 0 0 d4 d3 d2 
JZR Jump to zero row 0 1 0 d3 d2 
JCR Jump in current row 0 1 1 d3 d2 
JCE Jump in column/enable 1 1 1 0 d2 
JFL Jump/test F-Iatch 1 0 0 d3 d2 
JCF Jump/test C-flag 1 0 1 0 d2 
JZF Jump/test Z-flag 1 0 1 1 d2 
JPR Jump/test PR-Iatch 1 1 0 0 d2 
JLL Jump/test left PR bits 1 1 0 1 d2 
JRL Jump/test right PR bits 1 1 1 1 1 
JPX Jump/test PX-bus 1 1 1 1 0 

NOTE: 
dn .. Data on address control line n 
mn .. Data in microprogram address register bit n 

MNEMONIC 

FFO 

FFC 

FFZ 

FF1 

BIPOLAR MICROPROCESSOR 

FUNCTION DESCRIPTION 

Force FO to O. FO is forced to the value of logical 
O. 

Force FO to C. FO is forced to the value of the C­
flag. 

Force FO to Z. FO is forced to the value of the Z­
flag. 

Force FO to 1. FO is forced to the value of logical 
1. 

STROBE FUNCTIONS 
The load function of the MCU is controlled by the input line desig­
nated LD. If the LD line is active HIGH at the rising edge of the 
clock, the date on the primary and secondary instruction busses, 
PX4-PX7 and SXO-SX3, is loaded into the microprogram ad­
dress register. P~-PX7 are loaded into MAo-MA3 and 
SXO-SX3 are loaded into MA4-MA7. The high-order bit of the 
microprogram address register MAa Is set to a logical O. The bits 
from the primary Instruction bus select 1 of 16 possible column 
addresses. Likewise, the bits from the secondary instruction bus 
select 1 of the first 16 row addresses. 

The MCU generates an interrupt strobe enable on the output line 
designated ISE. The line is placed in the active high state whenever 
a JZR to col15 Is selected as the address control function. General­
ly, the start of a macroinstruction fetch sequence is situated at 
rowO and col15 so the interrupt control may be enabled at the be­
ginning of the fetch/execute cycle. The interrupt control responds 
to the Interrupt by pulling the enable row address (ERA) input line 
low to override the selected next row address from the MCU. Then 
by gating an alternative next row address on to the row address 
lines of the microprogram memory, the microprogram may be 
forced to enter an Interrupt handling routine. The alternative row 
address placed on the microprogram memory address lines does 
not alter the contents of the microprogram address register. There­
fore, subsequent jump functions will utilize the row aGidress in the 
register, and not the alternative row address, to determine the next 
microprogram address. 

Note, the load function always overrides the address control func­
tion on ACO-AC6. It does not, however, override the latch enable 
or load sub-functions of the JCE or JPX instruction, respectively. In 
addition, It does not Inhibit the interrupt strobe enable or any of the 
flag control functions. 

NEXT ROW NEXT COL 
1 0 MAe 7 e 5 4 MA3 2 1 0 

d1 dO d4 d3 d2 d1 dO m3 m2 m1 mO 
d1 dO 0 0 0 0 0 d3 d2 d1 dO 
d1 dO ma m7 m6 m5 m4 d3 d2 d1 dO 
d1 dO ma m7 d2 d1 dO m3 m2 m1 mO 
d1 dO ma d3 d2 d1 dO m3 0 1 f 
d1 dO ma m7 d2 d1 dO m3 0 1 c 
d1 dO ma m7 d2 d1 dO m3 0 1 z 
d1 dO ma m7 d2 d1 dO P3 P2 P1 PO 
d1 dO ma m7 d2 d1 dO 0 1 P3 P2 
d1 dO ma m7 1 d1 dO 1 1 P1 Po 
d1 dO ma m7 m6 d1 dO x7 x6 x5 x4 

Pn = Data in PR-Iatch bit n 
xn '" Data on PX-bus line n (active lOW) 
f.e,z = Contents of F-Iatch, C-flag, or Z-flag, respectively 



FLAG CONTROL FUNCTION SUMMARY 
TYPE MNEMONIC DESCRIPTION FC1 0 

SCZ Set C-flag and Z-flag to f 0 0 
Flag STZ Set Z-flag to f 0 1 
Input STC Set C-flag to f 1 0 

HCZ Hold C-flag and Z-flag 1 1 

TYPE MNEMONIC DESCRIPTION FC3 2 
FFO Force FO to 0 0 0 

Flag FFC Force FO to C-flag 0 1 
Output FFZ Force FO to Z-flag 1 0 

FF1 Force FO to 1 1 1 

LOAD 
FUNCTION NEXT ROW NEXT COL 

LD MAS 7 S S 4 MA3 2 0 
0 See Address Control Function Summary 
1 0 X3 X2 X2 Xo X7 Xs Xs X4 

NOTE: 
f = Contents of the F-Iatch 
xn = Data on PX- or SX-bus line n (active LOW) 

JUMP SET DIAGRAMS 
The following ten diagrams illustrate the jump set for each of the 
eleven jump and jump/test functions of the MCU. Location 341 indi­
cated by the circled square, represents one current row (row21) 

JCC 
JUMP IN CURRENT COLUMN 

ROWa ----+- H-+-++-IIIIt-I-+-+-If-+-+-+-+-+-l 

BIPOLAR MICROPROCESSOR 

and current column (coIS) address. The dark boxes indicate the 
microprogram locations that may be selected by the particular 
function as the next address. 

JZR 
JUMP TO ZERO ROW 
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CURRENT 
ROW 
GROUP 
M87 

10 

JPAi 
JUMP/TEST PR-LATCH 

JRL 
JUMP/TEST RIGHT LATCH 

CURRENTL- H-t-t-i-+-+-H-t-'+-!r-­
ROW 
GROUP 
MS16 

101 s-- H+t-i-++H-+t-I-

BtgnOlil:B 

CURRENT 
ROW 
GROUP 
M87 

10 

CU R R EN.;l-­
ROW 
GROUP 
MS76 

BIPOLAR MICROPROCESSOR 

JLL 
JUMP/TEST LEFT LATCH 

I 

JPX 
JUMP/TEST PX-BUS 

1 0 1 S-- H-t-+-I-++H-t-t-i-+-+-t-t-l 



JCR 
JUMP IN CURRENT ROW 

ROWO- H+-H-++-H+t-I-++H-I 

CURRENT_~ ••••••••••• ROW fiB 

ROW31 -l.-L...L..L..I-'--'-L..J.--'--'--'_--'---'--.L....L....I 

CURRENT 
ROW 
GROUP 
MS 

1 

t t 
COlO COL1S 

JFL 
JUMP/TEST F-LATCH 

CURRENT 
COLUMN 
GROUP 
M3=O 

9~nD'iC9 

BIPOLAR MICROPROCESSOR 

JCE 
JUMP COLUMN/ENABLE 

CURRENT H-+-t-HI!i-+-i-+-t-H-+-H-i 
ROW 
GROUP 

MS7 
10 

CURRENT 
ROW 
GROUP 

MS7 
10 

CURRENT COLUMN 

JCF, JZF 
JUMP/TEST C-FLAG 
JUMP/TEST Z-FLAG 

CURRENT 
COLUMN 
GROUP 
M3=O 

I 
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BIPOLAR MICROPROCESSOR 

AC ELECTRICAL CHARACTERU;TICS TA~O°C to 70°C. VCC~5.0V ± 5% 

LIMITS 

PARAMETER MIN Typ1 MAX UNIT 

tCY Cycle Time 60 45 ns 
twp Clock Pulse Width 17 10 ns 

Control and Data Input Set-Up Times: 

tSF lD. ACO-AC6 (Set to "1"/"0") 20 3/14 ns 
tSK FCO.FC1 7 5 ns 
tsx PX4-PX7 (Set to "1"'''0'') 2S 4/13 ns 
tSI FI (Set to "1"/"0") 12 -6/0 ns 
tsx SXo - SX3 15 15 ns 

Control and Data Input Hold Times: 
tHF lD. ACO-AC6 (Hold to "1"/"0") 4 -3/-14 ns 
tHK FCO.FC1 4 -5 ns 
tHX PX4-PX7 (Hold to "1"/"0") 0 -4/-13 ns 
tHI FI (Hold to "1"/"0") 16 6.5/0 ns 
tNX SXo-SX3 0 -5 ns 
tco Propagation Delay fmm Clock Input (ClK) to Outputs 17/24 36 ns 

(MAO-MAS. FO) (tPHl/tplH) 
tKO Propagation Delay from Control Inputs FC2 and FC3 to Flag 13 24 ns 

Out (FO) 

tFO Propagation Delay from Control Inputs ACO-AC6 to latch 21 32 ns 
Outputs (PRO-PR2) 

tEO Propagation Delay frlorn Enable Inputs EN and ERA to Outputs 17 26 ns 
(MAO-MAS. FO. PRO--PR2) 

tFI Propagation Delay fmrn Control Inputs ACO-AC6 to Interrupt 20 32 ns 
Strobe Enable Output (ISE) 

NOTE: 
1. Typical values are for TA = 25°C and 5,0 supply voltclge. 
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DESCRIPTION 

BIPOLAR MICROPROCESSOR 

PIN CONFIGURATION 
The N3002 Central Processing Element (CPE) is one part of a bipo­
lar microcomputer set. The N3002 Is organized as a 2-bit slice and 
performs the logical and arithmetic fune:tions required by micro­
instructions. A system with any number e)f bits in a data word can 
be implemented by using multiple N3002!1. the N3001 microcompu­
ter control unit. the N74S182 carry loo.;-ahead unit and ROM or 
PROM memory. 

XL,I PACKAGE 

FEATURES 
• 4Snl cycle lime (TYP.) 
• EIlY expanllon to multiple of 2 bitl 
'11 general purpoH regllterl 
• Full function accumulator 
• UHful functlonl include: 

2'1 complement arithmetic 
Logical and, or, not, exclulive-nol' 
Increment, decrement 
Shift len/lhin right 
Bit telting and zero detection 
Carry look-ah .. d generation 
Malklng via K-bul 
Conditioned clocking allowing non-deltructive testing of 

data in accumulator and ICrate:hpad 
• 3 Input bUIHI 
• 2 output bUIHI 
• Control bUI 

BLOCK DIAGRAM 
112) 113) 120) 119) 

r- - ---+ --*~ -------4~ -!~------------, 
~ OUTPUT I OUTPUT 1 L 

111\;i ~ BUFFER BUFFER I l' Th123) 

: [ f t jt : 
I ~~n I 
: :~g,~~ I AC REGISTER I : 
'tt • • I I 1 r I 

15) XO I I I 
16) VO ARITHMETIC ANO ':==t±±:±==k::g~CI 110) 

11) ~o--q LOGIC UNIT ~ RO 18) 

19) Llo--qt-----------;==~=[I==:;__;::=::J~=:I~_ 
118) CLKo-<l/ I 
(28) Vcco--t I MULTIAPLEXER II MULTIPLEXER -1 I 
(14) GND<>---i---=+-___ -r-----, L_~r-T...,B ....... ...,..........1' " 

(15)F6;O- ..J t ff tT t • 
(16)F5;~~ ~ I, 

(11) F4O::::;::: 

:: ~~'g:5====l ~~~~; I ~~gir':'R~D 1 I (26) F, Ro-Rg. T I 
(25)FO itt : 

L _________ _ 
...... --------- ~_--, ..... ________ ...J 

'1 
(21) (22) (2) 11) (4)(3) 
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BIPOLAR MICROPROCESSOR 

PIN DESCRIPTION 
PIN SYMBOL NAME AND FUNCTION TYPE 

1,2 10-11 External Bus Inputs Active lOW 
The external bus inputs provide a separate input port for external 

- - input devices. 
3,4 KO-K1 Mask Bus Inputs Active lOW 

The mask bus inputs provide a separate input port from the microprogram 
memory, to allow mask or constant entry. 

5,6 X, Y Standard Carry look-Ahead Cascade Outputs Active HIGH 
The cascade outputs allow high speed arithmetic operations to be 
performed when they are used in conjunction with the 74S182 
look-Ahead Carry Generator. --

7 CO Ripple Carry Out Active lOW 

- The ripple carry output is only disabled during shift right operations. Three-state 
8 RO Shift Right Output Active LOW 

The shift right output is only enabled during shift right operations. Three-state -
9 LI Shift Right Input Active LOW 
10 CI Carry Input Active lOW _. 
11 EA Memory Address Enable Input Active LOW 

When in the LOW state, the memory address enable input enables the 

_. - memory address outputs (AO-A1). 
12-13 AO-A1 Memory Address Bus Outputs Active LOW 

The memory address bus outputs are the buffered outputs of the Three-state 
memory address register (MAR). 

14 GNO Ground - -
15-17, FO-F6 Micro-Function Bus Inputs Active-HIGH 
24-27 The micro-function bus inputs control ALU function and register 

selection. 
18 ClK Clock Input - -
19-20 00-0 1 Memory Data Bus Outputs Active LOW 

The memory data bus outputs are the buffered outputs of the full Three-state 
function accumulator register (AC). _. -

21-22 MO-M1 Memory Data Bus Inputs Active LOW 
The memory data bus inputs provide a separate input port for 
memory data. -

23 ED Memory Data Enable Input Active LOW 
When in the LOW state, the memory data enable input enables the 
memory data outputs (00-01)' 

28 VCC +5 Volt Supply 

SYSTEM DESCRIPTION A multiplexer selects inputs from one of the following: 
1. MICROFUNCTION DECODER AND K-BUS 
BaSic microfunctions are controlled by a 7-bit bus (FO-F6) which is 
organized into two groups. The higher 3 bits (F4-F6) are desig­
nated as F-Group and the lower 4 bits (FO-F3) are designated as 
the R-Group. The F-Group specifies the type of operation to be per­
formed and the R-Group specifies the registers involved. 

• M-bus (data from main memory) 
• Scratch pad registers 
• Accumulator 

B multiplexer selects inputs from one of the following: 
• I-bus (data from external I/O devices) 
• Accumulator 

The F-Bus instructs the mlcrofunctlon decoder to: • K-bus (literal or masking information from micro-program mem-
• Select ALU functions to be performed 
• Generate scratchpad register address 
• Control A and B multiplexer 

The resulting microfunction action can be: 
• Data transfer 
• Shift operations 
• Increment and decrement 
• Initialize stack 
• Test for zero conditions 
• 2's complement addition and subtraction 
• Bit masking 
• Maintain program counter 

2. A AND B MULTIPLEXERS 
A and B multiplexers select the proper two operands to the AlU. 

ory) 

3. SCRATCH PAD REGISTERS 
• Contains 11 registers (RO-R9, T) 
• Scratchpad register outputs are multiplexed to the ALU via the A 

multiplexer 
• Used to store intermediate results from arithmetic/logic opera­

tions 
• Can be used as program counter 

4. ARITHMETIC/LOGIC UNIT (ALU) 
The AlU performs the arithmetic and logic operations of the CPE. 

Arithmetic operations are: 
• 2's complement addition 
• Incrementing 
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• Decrementing 
• Shift left 
• Shift right 

Logical operations are: 
• Transfer 
'AND 
• Inclusive-OR 
• Exclusive-NOR 
• Logic complement 

ALU operation results are then stored In the accumulator andlor 
scratch pad registers. For easy expansion to larger arrays, carry 
look-ahead outputs (X and Y) and cascading shift inputs (LI, RO) are 
provided. 

5. ACCUMULATOR 
• Stores results from ALU operations 
• The output of accumulator is multiplexed into ALU via the A and B 

multiplexer as one of the operands 

8, INPUT BUSES 
M-bus: Data bus from main memory 
• Accepts 2 bits of data from main memory Into CPE 
• Is multiplexed Into the ALU via the A multiplexer 

FUNCTION DESCRIPTION 
F R K 

GROUP GROUP BUS NAME .. EQUATION 

0 I XX -. Rn + (AC 1\ K) + CI - Rn, AC 

00 ILR Rn + CI-Rn, AC 

11 ALR AC + Rn + CI-Rn, AC 

0 II XX - M + (AC 1\ K) + CI-AT 

00 ACM M + CI-AT 

11 AMA M + AC + CI-AT 

0 III XX - ,G,TL 1\ (IL 1\ KL) - RO 
LI v [(IH 1\ KH) 1\ ATH1- ATH 

[ATL 1\ (IL 1\ KL))V 
[ATH v (IH 1\ KH)I- ATL 

00 SRA ATL - BO ATH-ATL LI-ATH 

1 I XX - K v Rn-MAR 
Rn+K+CI-Rn 

00 LMI Rn -+ MAR Rn+CI-Rn 

11 DSM 11- MAR Rn -1+CI-Rn 

BIPOLAR MICROPROCESSOR 

I-bus: Data bus from Input/output devices 
• Accepts 2 bits of data from external Input/output devices into CPE 
• Is multiplexed Into the ALU via the B multiplexer 

K-bus: A special feature of the N3002 CPE 
• During arithmetic operations, the K-bus can be used to maak por­

tions of the field being operated on 
• Select or remove accumulator from operation by placing K-bus in 

all "1" or all "0" state respectively 
• During non-arithmetic operation, the carry circuit can be used In 

conjunction with the K-bus for word-wlse-OR operation for bit 
testing 

• Supply literal or constant data to CPE 

7, OUTPUT BUSES 
A-bus and Memory Address Register 
• Main memory address Is stored In the memory address register 

(MAR) 
• Main memory Is addressed via the A-bus 
• MAR and A-bus may also be used to generate device address 

when executing 1/0 Instructions 
• A-bus has Trl-State outputs 

D-bus: Data bus from CPE to main memory or to 1/0 devices 
• Sends buffered accumulator outputs to main memory or the exter­

nal 1/0 devices 
• D-bus has Trl-State outputs 

DESCRIPTIO,.. 

Logically AND AC with the K~bua. Add the result to Rn and 
carry Input (CI). Deposit the sum In AC and Rn. 

Conditionally Increment Rn and load the result in AC. Used to 
load AC from Rn or to Increment Rn and load a copy of the result 
InAC. 

Add AG and CI to Rn and load the result In AC. Used to add AC 
to a regi$ter.lf. Rn Is AC, then AC Is Shifted left one bit position. 

Logically AND AC with the K-bua. Add the result to CI and the 
M-bus. Deposit the sum In AC or T. 

Add CI to M-bus. Load the result In AC or T, as specified. Used 
to load memory data In the specified register, or to load Incre-
mented memory data In the specified register. 

Add the M-bus to AC and CI, and· load the result In AC or T, as 
specified. Used to add memory data or incremented memory 
data to AC and store the sum in the specified register. 

None 

Shift AC or T, as specified, right one bit position. Place the pre-
vious low order bit value on RO and fill the high order bit from 
the data on LI. Used to shift or rotate AC or T right one bit. 

Logically OR Rn with the K-bua. Deposit the result in MAR. Add 
the K-bus to Rn and CI. Deposit the result In Rn. 

Load MAR from Rn. Conditionally increment Rn. Used to main-
tain a macro-instruction program counter. 

Set MAR to all one's. Conditionally decrement Rn by one. Used 
to force MAR to its highest address and to decrement Rn. 
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BIPOLAR MICROPROCESSOR 

FUNCTION DESCRIPTION (Continued) 

F R K 
GROUP GROUP BUS NAME EQUATION DESCRIPTION 

1 II XX - K V M~MAR Logically OR the M-bus with the K-bus. Deposit the result in 
M + K+ CI~AT MAR. Add the K-bus to the M-bus and CI. Deposit the sum in AC 

or T. 

00 LMM M~MAR M + CI~AT Load MAR from the M-bus. Add CI to the M-bus. Deposit the 
result in AC or T. Used to load the address register with memory 
data for macro-instructions using indirect addressing. 

11 LDM 11 ~ MAR Set MAR to all ones. Subtract one from the M-bus. Add CI to .the 
M - 1 + CI ~AT difference and deposit the result in AC or T, as specified. Used to 

load decremented memory data in AC or T. 

1 III XX - (AT v K) + (AT /\ K) + CI ~ AT Logically OR the K-bus with the complement of AC or T, as 
specified. Add the result to the logical AND of specified register 
with the K-bus. Add the sum to CI. Deposit the result in the spec-
ified register. 

00 CIA AT + CI ~AT Add CI to the complement of AC or T, as specified. Deposit the 
result in the specified register. Used to form the 1's or 2's com-
plement of AC or T. 

11 DCA AT-1+CI~AT Subtract one from AC or T, as specified. Add CI to the difference 
and deposit the sum in the specified register. Used to decrement 
AC or T. 

2 I XX - (AC /\ K) - 1 + CI ~ Rn Logically AND the K-bu8 with AC. Subtract one from the result 
and add the difference to CI. Deposit the sum in Rn. 

00 CSR CI - 1 ~ Rn Subtract one from CI and deposit the difference in Rn. Used to 
(See Note 1) conditionally clear or set Rn to all O's or 1's, respectively. 

11 SDR AC - 1 + CI ~ Rn Subtract one from AC and add the difference to CI. Deposit the 
(See Note 1) sum in Rn· Used to store AC in Rn or to store the decremented 

value of AC in Rn. 

2 II XX - (AC /\ K) - 1 + CI ~ AT Logically AND the K-bus with AC. Subtract one from the result 
(See Note 1) and add the difference to CI. Deposit the sum in AC or T, as 

specified. 

00 CSA CI - 1 ~ AT Subtract one from CI and deposit the difference in AC or T. Used 
(See Note 1) to conditionally clear or set AC or T. 

11 SDA AC - 1 + CI- AT Subtract one from AC and add the difference to CI. Deposit the 
(See Note 1) sum in AC or T. Used to store AC in T, or decrement AC, or store 

the decremented value of AC in T. 

2 III XX - (1/\ K)- 1 + CI- AT Logically AND the data of the K-bus with the data on the I-bus. 
(See Note 1) Subtract one from the result and add the difference to CI. De-

posit the sum in AC or T, as specified. 

00 CSA CI-1-AT Subtract one from CI and deposit the difference in AC or T. Used 
to conditionally clear or set AC or T. 

11 LDI 1- 1 + CI- AT Subtract one from the data on the I-bus and add the difference 
to CI. Deposit the sum in AC or T, as specified. Used to load in-
put bus data or decremented input bus data in the specified 
register. 

3 I XX - Rn + (AC /' K) + CI - Rn Logically AND AC with the K-bus. Add Rn and CI to the result. 
Deposit the sum in Rn. 

00 INR Rn + CI- Rn Add CI to Rn and deposit the sum in Rn. Used to increment Rn. 

11 ADR AC + Rn + CI - Rn Add AC to Rn. Add the result to CI and deposit the sum in Rn. 
Used to add the accumulator to a register or to add the incre-
mented value of the accumulator to a register. 
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FUNCTION DESCRIPTION (Continued) 

I F R K 
GROUP GROUP BUS NAME 

3 II xx 

00 ACM 

11 AMA 

3 iii XX 

00 INA 

11 AlA 

FUNCTION TRUTH TABLE 

FUNCTION 
GROUP Fe FS 

0 0 0 
1 0 0 
2 0 1 
3 0 1 
4 1 0 
S 1 0 
6 1 1 
7 1 1 

REGISTER 
GROUP REGISTER F3 F2 

RO 0 0 
R1 0 0 
R2 0 0 
R3 0 0 
R4 0 1 

I RS 0 1 
R6 0 1 
R7 0 1 
RS 1 0 
Rg 1 0 
T 1 1 

AC 1 1 

II 
T 1 0 

AC 1 0 

III 
T 1 1 

AC 1 1 

44 

EQUATION 

M + (AC /\ K) + CI ~ AT 

M + CI~AT 

M + AC + CI~AT 

AT + (I /\ K) + CI ~ AT 

o 
1 
o 
1 
o 
1 

AT + CI~AT 

I + AT + CI~AT 

F11 _~ 

0 0 
0 1 
1 0 
1 1 
0 0 
0 1 
1 0 
1 1 
0 0 
0 1 
0 0 
0 1 --
1 0 
1 1 --
1 0 
1 1 

BIPOLAR MICROPROCESSOR 

DESCRIPTION 

Logically AND AC with the K-Bus. Add the result to CI and the 
M-bus. Deposit the sum in AC or T. 

Add CI to M-bus. Load the result in AC or T, as specified. Used 
to load memory data in the specified register, or to load incre­
mented memory data in the specified register. 

Add the M-bus to AC and CI, and load the result in AC or T, as 
specified. Used to add memory data or incremented memory 
data to AC and store the sum in the specified register. 

Logically AND the K-bus with the I-bus. Add CI and the con­
tents of AC or T, as specified, to the result. Deposit the sum in 
the specified register. 

Conditionally increment AC or T. Used to increment AC or T. 

Add the I-bus to AC or T. Add CI to the result and deposit the 
sum in the specified register. Used to add input data or incre­
mented input data to the specified register. 

SYMBOL MEANING 

I, K,M Data on the I, K, and M busses, respectively 
CI, LI Data on the carry input and left input, respectively 

CO,RO Data on the carry output and" right output, respec-
tively 

Rn Contents of register n including T and AC 
(R-Group I) 

AC Contents of the accumulator 

AT Contents of AC or T, as specified 
MAR Contents of the memory address register 
L, H As subscripts, designate low and high order bit, 

respectively 

+ 2's complement addition 
- 2's complement subtraction 
/\ Logical AND 
v Logical OR 
-
(j) EXClusive-NOR 
~ Deposit into 

NOTE: 
1. 2'5 complement arithmetic adds 111 ... 11 to perform subtraction of 000 ... 01. 

SmnnliCS 



BIPOLAR MICROPROCESSOR 

FUNCTION DESCRIPTION (Continued) 
F R K 

GROUP GROUP BUS NAME EQUATION DESCRIPTION 

4 I xx - CI v (Rn I\AC" K)~CO Logically AND the K-bus with AC. Logically AND the result with 
Rn 1\ (AC " K) ~ Rn the contents of Rn. Deposit the final result in Rn. Logically OR 

the value of CI with the word-wise OR of the bits of the final re-
sult. Place the value of the carry OR on the carry output (CO) 
line. 

00 CLR CI~CO O~Rn Clear Rn to all O·s. Force CO to CI. Used to clear a register and 
force CO to CI. 

11 ANR CI v (Rn " AC) ~ CO Logically AND AC with Rn. Deposit the result in Rn. Force CO to 
Rn "AC~Rn one if the result is non-zero. Used to AND the accumulator with a 

register and test for a zero result. 

4 II XX - CI v (M 1\ AC 1\ K) ~ CO Logically AND the K-bus with AC. Logically AND the result with 
M 1\ (AC 1\ K) ~ AT the M-bus. Deposit the final result in AC or T. Logically OR the 

value of CI with the word-wise OR of the bits of the final result. 
Place the value of the carry OR on CO. 

00 CLA CI~CO O~AT Clear AC or T, as specified, to all D's. Force CO to CI. Used to 
clear the specified register and force CO to CI. 

11 ANM CI v (M " AC) ~ CO Logically AND the M-bus with AC. Deposit the result in AC or T. 
M"AC~AT Force CO to one if the result is non-zero. Used to AND M-bus 

data to the accumulator and test for a zero result. 

4 III XX - CI v (AT 1\ 1 1\ K) ~ CO Logically AND the I-bus with the K-bus. Logically AND the re-
AT I\(I"K)~AT suit with AC or T. Deposit the final result in the specified register. 

Logically OR CI with the word-wise OR of the final result. Place 
the value of the carry OR on CO. 

00 CLA CI~CO O~AT Clear AC or T, as specified, to all D's. Force CO to CI. Used to 
clear the specified register and force CO to CI. 

11 ANI CI v (AT" I)~CO Logically AND the I-bus with AC or T, as specified. Deposit the 
AT 1\ 1~AT rasult in the specified register. Force CO to one if the result is 

non-zero. Used to AND the I-bus to the accumulator and test for 
a zero result. 

5 I XX - CI v (Rn " K) ..... CO Logically AND the K-bus with Rn. Deposit the result in Rn. Logi-
K 1\ Rn ..... Rn cally OR CI with the word-wise OR of the result. Place the value 

of the carry OR on CO. 

00 CLR CI ..... CO O ..... Rn Clear Rn to all D's. Force CO to CI. Used to clear a register and 
force CO to CI. 

11 TZR CI v Rn ..... CO Force CO to one if Rn is non-zero. Used to test a register for 
Rn~Rn zero. Also used to AND K-bus data with a register for masking 

and, optionally, testing for a zero result. 

5 II XX - CI .v (M " K) ..... CO Logically AND the K-bus with the M-bus. Deposit the result in 
K" M ..... AT AC or T, as specified. Logically OR CI with the word-wise OR of 

the result. Place the value of the carry OR on CO. 

00 CLA CI~CO O~AT Clear AC or T, as specified, to all D's. Force CO to CI. Used to 
clear the specified register and force CO to CI. 

11 LTM CI v M ..... CO Load AC or T, as specified, from the M-bus. Force CO to one if 
M ..... AT the result is non-zero. Used to load the specified register from 

memory and tast for a zero result. Also used to AND the K-bus 
with the M-bus for masking and, optionally, testing for a zero 
result. 
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BIPOLAR MICROPROCESSOR 

FUNCTION DESCRIPTION (Continued) 
F R K 

GROUP GROUP BUS NAME EQUATION DESCRIPTION 

5 III XX - CI .v (AT A K) ~ CO Logically AND the K-bu. with AC or T, a •• peclfied. Deposit the 
K AAT~AT result In the specified register. Logically OR CI with the word-

wise OR of the result. Place the value of the carry OR on CO. 

00 CLA CI~CO O~AT Clear AC or T. as specified. to all O·s. Force CO to CI. Used to 
clear the specified register and force CO to CI. 

11 TZA CI v AT~CO 
AT~AT Force CO to one if AC or T. as specified. is non-zero. Used to 

test the specified register for zero. Also used to AND the K-bus 
to the specified register for masking and. optionally. testing for a 
zero result. 

6 I XX - CI v(ACA K)~CO Logically OR CI with the word-wise OR of the logical AND of AC 
Rn v (AC A K) ~ RN and the K-bus. Place the result of the carry OR on CO. Logically 

OR Rn with the logical AND of AC and the K-bus. Deposit the 
result in Rn. 

00 NOP CI~CO Rn~Rn Force CO to CI. Used as a null operation or to force CO to CI. 

11 ORR CI v AC-CO Force CO to one if AC is non-zero. Logically OR AC with Rn. 
RNvAC -RN Deposit the result in Rn. Used to OR the accumulator to a regis-

ter and. optionally. test the previous accumulator value for zero. 

6 II XX - CI v (AC A K) ~ CO Logically OR CI with the word-wise OR of the logical AND"of AC 
M v (AC A K)-AT and the K-bus. Place the carry OR on CO. Logically OR the M-

bus. with the logical AND of AC and the K-bus. Deposit the final 
result in AC or T. 

00 LMF CI-CO M-AT Load AC or T. as specified. from the M-bus. Force CO to CI. 
Used to load the specified register with memory data and force 
CO to CI. 

11 ORM Clv AC-CO Force CO to one if AC is non-zero. Logically OR the M-bus with 
Mv AC-AT AC. Deposit the result in AC or T. as specified. Used to OR M-

bus with the AC and. optionally. test the previous value of AC for 
zero. 

6 III XX - CI v(1 A K)~CO Logical OR CI with the word-wise OR of the logical AND of the 1-
AT v(IA K)-AT bus and the K-bus. Place the carry OR on CO. Logically AND the 

K-bus with the I-bus. Logically OR the result with AC or T. as 
specified. Deposit the final result in the specified register. 

00 NOP CI-CO Rn-Rn Force CO to CI. Used as a null operation or to force CO to CI. 

11 ORI Clvl~CO Force CO to one if the data on the I-bus is non-zero. Logically 
IvAT-AT" OR the I-bus to AC or T. as specified. Deposit the result in the 

specified register. Used to OR I-bus data with the specified regis-
ter and. optionally. test the I-bus data for zero. 

7 I XX - CI 'v (Rn A AC A K) ~ CO Logically OR CI with the word-wise OR of the logical AND of Rn 
I'ln Q (AC A K) ~ Rn and AC and the K-bus. Place the carry OR on CO. Logically AND 

the K-bus with AC. Exclusive-NOR the result with Rn. Deposit the 
final result in Rn. 

00 CMR (;1 ~CO Rn-Rn Complement the contents of Rn. Force CO to CI. 

11 XNR el v (Rn 1\ AC) - CO Force CO to one if the logical AND of AC and Rn is non-zero. 
Rn Eil AC~An Exclusive-NOR AC with Rn. Deposit the result in Rn. Used to ex-

clusive-NOR the accumulator with a register. 
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FUNCTION DESCRIPTION (Continued) 
F R K 

GROUP GROUP BUS NAME EQUATION 

7 II XX 

00 LCM 

11 XNM 

7 III XX 

00 CMA 

11 XNI 

CI v (M 1\ AC 1\ K) ~ co 
M @ (AC 1\ K) ~ AT 

CI~CO M~AT 

CI v (M 1\ AC) ~ co 
M ij AC ~ AT 

CI v (AT 1\ I 1\ K) ~ CO 
AT@(II\K)~AT 

CI~CO 

CI v (AT 1\ I) ~ CO 
I @ AT~AT 

MICROCYCLE TIMING SEQUENCE 

.SYSTEM ClOCK MAY BE OMlTTED THROUGH EXTERNAL GATING IN ORDER TO USE 
CARRY, SHIFT OR CARRY LOOK· AHEAD CIRCUIT TO PERFORM NON·DESTRUCTIVE 
TEST ON DATA IN ACCUMULATOR OR IN SCAATCHPAD REGISTERS. 

BIPOLAR MICROPROCESSOR 

DESCRIPTION 

Logically OR CI with the word-wise OR of the logical AND of AC 
and the K-bus and M-bus. Place the carry OR on CO. Logically 
AND the K-bus with AC. Exclusive NOR the result with the M­
bus. Deposit the final result in AC or T. 

Load the complement of the M-bus into AC or T, as specified. 
Force CO to CI. 

Force CO to one if the logical AND of AC and the M-bus is non­
zero. Exclusive-NOR AC with the M-bus. Deposit the result in AC 
or T, as specified. Used to exclusive-NOR memory data with the 
accumulator. 

Logically OR CI with the word-wise OR of the logical AND of the 
specified register and the I-bus and K-bus. Place the carry OR on 
CO. Logically AND the K-bus with the I-bus. Exclusive-NOR the 
result with AC or T, as specified. Deposit the final result in the 
specified register. 

Complement AC or T, as specified. Force CO to CI. 

Force CO to one if the logical AND of the specified register and 
the I-bus is non-zero. Exclusive-NOR AC with the I-bus. Deposit 
the result in AC or T, as specified. Used to exclusive-NOR input 
data with the accumulator. 
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SWITCHING CHARACTERISTIC~; T A ~ O°C to 70°C. VCC ~ 5V ± 5% 

SYMBOL PARAMETER MIN 

tCY Clock Cycle Time 

twp Clock Pulse Width 

tFS Function Input Set-Up Time (FO through F6) 

Data Set-Up TimE!: 

tDS 10. 11. MO. M1. KO. K1 
tss LI. CI 

Data and Function Hold Time: 

tFH FO through F6 
tDH 10.11. MO. M1. KO. K1 
tSH LI. CI 

Propagdi.on D'elay to X. Y. RO from: 

tXF Any Function Input 

tXD Any Data Input 

tXT Trailing Edge of ClK 

tXl leading Edge of ClK 

Propagation Delay to CO from: 

tCl leading Edge of ClK 

tCT Trailing Edge of ClK 

tCF Any Function Input 

tCD Any Data Input 

tcc CI (Ripple Cal-ry) 

Propagation Delay to AO. A1. DO. 01 from: 

tDl leading EdgE. of ClK 

tOE Enable Input ED. EA 

NOTE: 
1. Typical values are for TA = 25°C and typical supply 'toltage. 

PARAMETER MEASUREMENT INFORMATION 

48 

CLOCK INPUT 
elK 

----'Cy-------I 

----tFs-------I 'FH 

------h., r---- ------
FUNCTION INPUTS 

FO-F6 -----

SHIFT AND CARRV 
INPUTSlt,CJ ____ _ 

CARRY AND SHIfT 
OUTPUTS X, Y. RD __ _ 

'---------+------' '-----
---'D'----_-

DATA OUTPUTS 
AQ.A l .DO.01 - _____ ----/''-----------1''----

70 

17 

48 

40 
21 

4 
4 

12 

13 

16 

BIPOLAR MICROPROCESSOR 

TYpl MAX UNIT 

45 ns 

10 ns 

-23~35 ns 

12~29 ns 
0~7 ns 

0 ns 
-28~-11 ns 
-7~0 ns 

28 41 ns 
16~20 33 ns 

33 48 ns 
18~40 73 ns 

24~44 84 ns 
30~40 56 ns 
25~35 52 ns 
17~23 44 ns 
9~13 20 ns 

17~25 40 ns 
10~12 20 ns 



OBJECTIVE SPECIFICATION 
DESCRIPTION FEATURES 

• 12L technology 

axo1-A,F 
PIN CONFIGURATION 

The CRC Generator/Checker circuit is used 
to provide an error detection capability for 
serial digital data handling system. The se­
rial data stream is divided by a selected 
polynomial and the division remainder is 
transmitted at the end of the data stream, 
as a Cyclic Redundancy check character 
(CRCC). When the data is received, the 
same calculation is performed. If the re­
ceived message is error-free, the calculated 
remainder should satisfy a predetermined 
pattern. In most cases, the remainder is 
zero except in the case where Synchronous 
Data Link Control type protocols are used 
whereby the correct remainder is checked 
for 1111000010111000 (xO _ x15). 

• TTL inputs/outputs 
'10 MHz (max) data rate 

A,F PACKAGE 

• total power dissipation ~ 175 mw (max) 
'Ycc ~ 5.0Y 
·YJJ~1.0Y 
• separate preset and reset controls 
• SDLC specified pattern match 
• Automatic right justification 

a polynomials are provided and can be se­
lected via a 3-bit control bus. Popular 
polynomials such as CRC-16 and CCITT are 
implemented. Polynomials can be pro­
grammed to start with either all zeros or all 
ones. 

TYPICAL APPLICATIONS 
• Floppy and other disc systems 
• Digital cassette and cartridge systems 
• Data communication systems 

Automatic right justification for polynomials 
of degree less than 16 is provided. 

FUNCTIONAL DESCRIPTION 
The CRC Generator/Checker circuit provides a means of detecting 
errors in a serial data communications environment. A binary mes­
sage can be interpreted as a binary polynomial H(x). This 
polynomial can be divided by a generator polynomial PIx) such that 
H(x) ~ PIx) Q(x) + R(x) whereby Q(x) is the quotient and PIx) is the 
remainder. During transmission, the remainder is appended to the 
end of the message as check bits. For a given message, a unique 
remainder is generated. Hardware implementation of division is 
simply a feedback shift register with exclusive OR gating. 
Subtraction and addition in modulo 2 is implemented by the exclu­
sive OR function. The number of shift register stages is equal to the 
degree of the divisor polynomial. 

Table 1 shows the polynomials implemented in the CRC circuit. 
Each polynomial can be selected via the three-bit polynomial con­
trol inputs SO, Sl and S2. To generate the check bits, the data 
stream is entered via the Data (D) input, using the HIGH to LOW 
transition of the Clock (CP) input. This data is gated with the most 
significant output (Q) of the register, and controls the exclusive OR 
gates. The Check Word Enable (CWE) must be held HIGH while the 
data is being entered. After the last data bit is entered. the CWE is 
brought LOW and tho check bits are shifted out of the register and 
appended to the data bits using external gating. 

To check an incomin~1 message for errors, both the data and check 
bits are entered through the 0 input with the CWE input held HIGH. 
The axo 1 is not in t~le data path, but only monitors the message. 
The Error output becomes valid after the last check bit has been 
entered into the axo 1 by a HIGH to LOW transition of CP. If no de­
tectable errors have occurred during the data transmission, the 
resultant internal register bits are all LOW and the Error output (ER) 
is LOW. If a detectable error has occurred, ER is HIGH. ER remains 
valid until the next HIGH to LOW transition of CP or until the device 
has been Preset or Reset. PME must be HIGH if ER output is used 
to reflect all zero result. 

For data communicatiions using the Synchronous Data Link Control 
protocol (SOLC), the axo 1 is first preset to all ones before any ac­
cumulation is done. This applies to both transmitter and receiver. A 

special pattern of 1111000010111000 (xo - x15) is used in place of 
all zeroes during receiving for valid message check. PME is incor­
porated to select this option. If PME is LOW during the last bit time 
of the message, ER output is LOW if result matches this special 
pattern. When ER if HIGH, error has occurred 

A HIGH level on the Master Reset (MR) input asynchronously clears 
the register. A LOW level on the Preset (i» input asynchronously 
sets the entire register if the control code inputs specify a 16-bit 
polynomial; in the case of the 12 or a-bit check polynomials only 
the most significant 12 or a register bits are set and the remaining 
bits are cleared. 

RECOMMENDED OPERATING CONDITIONS 
LIMITS 

PARAMETER MIN TVP MAX UNITS 

VCC 
IJJ 

So. Sl, S2 

o 
CP 

CWE 

P 

MR 
Q 

ER 

PME 

Supply voltage 4.75 
Supply current 40 

Polynominal Select Inputs 

Data Input 

5.0 5.25 V 
100 mA 

Clock (operates on HIGH to LOW transition) Input 

Check Word Enable 

Preset (active LOW) input 

Master Reset (active HIGH) input 

Data Output 

Error (active HIGH) output 

Pattern match enable (active LOW) 
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OBJECTIVE SPECIFICATION 

SELECT CODE 

S2 S1 So PCIL YNOMIAL 

L L L X16+X15+X2+ 1 

L L H X16+X14+X+ 1 

L H L X16+X15+X113+X7 +X4+X2+X1+ 1 

L H H X12+X11+X<I+X2+X+ 1 

H L L X8+X7 +X!i+X4+X+ 1 

H L H X8+1 

H H L X16+X12+XS+ 1 

H H H X16+X11+X4+ 1 

LOGIC DIAGRAM 

LOGIC 

POLYNOMIAL ~ 
SELECT 

~----r-r-

DATA IN 
CP 

MASTER 
RESET 

REMARKS 

CRC-16 

CRC-16 REVERSE 

CRC-12 

LRC-8 

CRC-CCITT 

CRC-CCITT REVERSE 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 
(UNLESS OTHERWISE NOTED) 

LIMITS 

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

V'H Input high voltage 2.0 v 

VIL Input low voltage 0.8 v 

Input clamp diode voltage 'Vc,e ~ MIN, liN = 18mA -1.5 v 

VOH Output high voltage Vce = MIN, 10H = 400"A 2.7 v 

VOL Output low voltage Vce = MIN, 10L = 8mA 0.5 v 

11H Max. input current Vcc = MAX 0.1 mA 

11H Input high current Vcc ,= MAX, V1N = 2.7v 1.0 2.0 "A 
IlL Input low current Vcc = MAX, VIN = 0.4v -0.36 mA 

lOS Output short circuit current Vcc = MAX, VOUT = Ov -10 -42 mA 

IJJ Supply current Vec ,= MAX, Inputs open 60 100 mA 

ICC Vcc = MAX, Inputs open 10 18 mA 

50 S!,gnOliCS 

8X01-A,F 

12L INJECTOR CURRENT SOURCE 

VCC- VJJ (S.0-0.5)V 
RJJ 

Ijj 60mA 

=4.15V = 700!} 
60mA 

TEST CIRCUIT 

INPUT IOUTPUT CIRCUITS 

lNPD;~ 

fROM 

"< 

Input Structure 

Output Structure 

He 
OUTPUTS 



OBJECTIVE SPECIFICATION 

SWITCHING CHARACTERISTICS (T A ~ 25°C, IJJ ~ 60mA) 

PARAMETER TEST CONDITIONS MIN 

twCP(L) Clock Pulse Width (low) Fig.2 30 

tsD Setup Time, Data to Clock Fig. 5 

tsCWE Setup Time, CWE to Clock Fig. 5 

tn Hold Time, Data, CWE to Clock Fig. 5 CL ~ 15pF 

twP(L) Preset Pulse Width (Low) Fig. 3 40 

twMR(H) Master Reset Pulse Width (High) Fig. 5 40 

tREC Recovery Time, MR, Preset to Clock Fig. 3,4 

fmax Maximum Clock Frequency 

Propagation Delay 

tPLH,tPHL Clock, MR, Preset to Data Output Fig. 2,3,4 CL ~ 15pf 

Propagation Delay 

tPLH,tpHL Clock, MR, Preset to Error Output CL ~ 15pf 

Fig. 2 
CHECK WORD GENERATION 

DATA 
CHECK WORD o---1o--------------f"~ DATA PLUS 

ENABLE I----I~~CH~E~C:!:K~BI!!TS~ 
(NOTE 1 AND 3) o--f--------~-_-I_~, 

NOTE 2 

CWE 

o CRC Q i------iL-'" 
GENERATOR! 

CLOCK 0--- CP CHECKER 
MR 

NOTE 2 

NOTES: 
1. Check word Enable is HIGH while data is being clocked, LOW during transmission of check bits. 
2. 8XOl must be reset or pre-sel before each computation 
3. CRC check bits are generated and appended to data bits 

Fig. 4 
PROPAGATION DELAYS, it TO Q AND ER 

PLUS RECOVERY TIME P TO CP 

'hW"'~jL,ov 
L,,,,~ 

tPlH 

00'" -/-,-ov---f---
I 

" ---

Fig. 5 
PROPAGATION DELAYS, 

MRTO Q AND ER 
PLUS RECOVERY TIME, MR TO CP 

SmnOliCS 

LIMITS 

VCC~5V 

TYP MAX 

60 75 

45 65 

0 

60 90 

8X01-A,F 

LIMITS 

VCC~4.5V 

MIN TYP MAX 

8 10 

80 95 

110 125 

Fig. 3 
PROPAGATION DELAYS 
CP TO Q AND CP TO ER 

Fig. 6 
SET UP AND HOLD TIMES 
D TO CP and CWE TO CP 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

MHz 

ns 

ns 
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OBJECTIVE SPECIFICATION 8X02 

DESCRIPTION FEATURES PIN CONFIGURATION 
The Signetics 8X02 is a Low-Power 
Schottky lSI device Intended for use in high 
performance microprogrammed systems to 
control the fetch sequence of microinstruc­
tions. When combined with standard ROM 
or PROM, the 8X02 forms a powerful rniGro­
programmed control section for comput,ers, 
controllers, or sequenced logic. 

• Low-power Schottky process 
• 50ns cycle time (TYP) 
• 1024 microinstruction addressability 
• N-way branch 
• 4-level stack register file (LIFO type) 
• Automatic push/pop stack operation 
• "Test & skip" operation on test input 

line 

BLOCK DIAGRAM 

(2) 

(1) AC2 
(28) AC1 

(27) ACo 
(25) ClK o--l 

(~~; ~~;~ 

• 3-bit command code 
• Tri-state buffered outputs 
• Auto-reset to address 0 during power-up 
• Conditional branching, pop stack, & 

push stack 
• Positive edge trigger 

(low-to-high transition) 

: ...L1..-.,-r-"l""'""T" 

~-~---1-

}-o TEST 
I (26) 

PIN DESCRIPTION 
PIN SYMBOL 

AO-Ag 

ACO-AC2 

BO-B9 

EN 

ClK 

TEST 

GND 

Vee 

52 

898S 87 86 85 134 83 82 8180 
(24) (21) (19) (17) (15) 

(23) (20) (1S) (16) (14) 

NAME AND FUNCTION 

Microprogram Address Outputs 

Ne:<t Address Control Function Inputs 
All addressing control functions are selected by these command lines. 

Branc:h Address Inputs 
Dellermlnes the next address of an N-way branch when used with the 
BRANCH TO SUBROUTINE (BSR) or BRANCH ON TEST (BRT) 
command. 

Emlble Input 
When in the lOW state, the Microprogram Address Outputs are enabled. 

Cloc~. Input 
All resisters are triggered on the lOW-to-HIGH transition of the clock. 

Telst Input 
Used in conjunction with four NEXT ADDRESS CONTROL FUNC-
TION commands to effect conditional skips, branches, and stack 
opemtions. 

Gr'ound 

+5 V,olt Supply 

&i!lDOliC& 

XL PACKAGE 

TYPE 

Three-state 
Active HIGH 

Active HIGH 

Active HIGH 

Active lOW 

Active HIGH 



OBJECTIVE SPECIFICATION 

FUNCTIONAL DESCRIPTION 
The Signetics 8X02 Control Store Sequencer Is an LSI device using 
Low Power Schottky technology and Is Intended for use In high per­
formance microprogrammed applications. When used alone, the 
8X02 Is capable of addressing up to 1k words of microprogram. 
This may be expanded to any microprogram size by conventional 
paging techniques. 

The Address Register consists of ten D-type, edge-triggered fllp­
flops with a common clock. A new address Is entered Into the Ad­
dress Register on the LOW-to-HIGH transition of the clock. The 
next address to be entered Into the Address Register Is supplied 
via the Address Multiplexer. 

The Address Multiplexer Is a five-Input device that Is used to select 
either the branch Input, + 1 adder, +2 adder, stack register file, or 
ground (all zeros) as the source of the next microinstruction ad­
dress. The proper multiplexer channel Is automatically selected via 
the Decode Logic according to the Address Control Function Input 
and Test Input line. 

The + 1, +2 logic Is' used to Increment the present contents of the 
Address Register Register by one or two, depending on the func­
tion Input command. Thus, the next address to the Control Store 
ROM/PROM may be either the current address plus one (N+ 1) or 
the current address plus two (N+2). If the same Microprogram Ad­
dress Is to be used on successive occasions, the clock to the 8X02 
must simply be disabled; therefore, no new address Is loaded Into 
the Address Register. 

The Stack File Register Is used to provide a return address linkage 
whenever a subroutine or loop Is executed. The 4X10 stack oper-

NEXT ADDRESS CONTROL FUNCTION 

MNEMONIC 

TSK 

INC 

BLT 

POP 

BSR 

PLP 

BRT 

RST 

x '" Don't care 
N.C. = No change 

FUNCTION 
DESCRIPTION AC210 

Test & skip 000 

Increment 001 

Branch to 010 
Loop If test 
input true 

POP stack 011 

Branch to 100 
subroutine 
If test Input 
true 

Push for 10 1 
looping 

Branch if test 1 10 
Input true 

Set mlcro- 1 1 1 
program addr. 
output to zero 

TEST 

False 
True 

X 

False 
True 

X 

False 
True 

X 

False 
True 

X 

8X02 

ates In a last-In, first-out (LIFO) mode, with the stack pointer always 
pOinting to the next address to be read. Operation of the stack 
pOinter Is automatically controlled by the Address Control Function 
Inputs. Since the stack Is four words deep, up to four loops and/or 
subroutines may be nested. 

The branch Input Is a ten-bit field of direct Inputs to the multiplexer 
which can be selected as the next control store address. Using the 
appropriate branch command, an N-way branch Is possible where 
N Is the address of any micro-instruction within the 1024 word mi­
crocode page. Likewise, the RESET command Is a special case of 
an N-way branch In which the multiplexer selects an all zeros Input, 
forcing the next microinstruction address to be ZERO. 

The Test Input line Is used In conjunction with the conditional exe­
cution of four Address Control Function commands. When the Test 
Input If false (LOW), the sequencer simply Increments to the next 
address (N+ 1). When It is true (HIGH), the sequencer executes a 
branch as defined by the Input command, thereby transferring con­
trol to another portion of the microprogram. 

All Address Output lines of the 8X02 are three-state buffered out­
puts with a common enable line (EN). When the Enable line is HIGH, 
all outputs are placed In a high-impedance state, and external ac­
cess to the control store ROM/PROM Is possible. This allows a 
preprogrammed set of microinstructions to be executed from exter­
nal or built-in test equipment (BITE), vectored interrupts, and 
Writable Control Store If implemented. 

NEXT ADDRESS STACK STACK POINTER 

Current + 1 N.C. N.C. 
Current + 2 N.C. N.C. 

Current + 1 N.C. N.C. 

Current + 1 X Deer 
Stack reg file POP (read) Decr 

Stack reg file POP (read) Decr 

Current + 1 N.C. N.C. 
Branch addr. PUSH (Curr+1) Incr 

Current + 1 PUSH (Curr Incr 
Addr) 

Current + 1 N.C. N.C. 
Branch addr. N.C. N.C. 

AIIO's N.C. N.C. 
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OBJECTIVE SPECIFICATION 

FUNCTIONAL DESCRIPTION 
The following is a description of each of the eight Next Address Control Functions 
(AC2 - ACO) 

MNEMONIC FUNCTION DESCRIPTION 

TSK AC2_0~000: TEST & SKIP 
Perform test 011 TEST INPUT LINE. 
If test is 
FALSE (LOW): 
If test is 
TRUE (HIGH) 

Next Address~Current Address + 1 
Stack Pointer unchanged 
Next Address~Current Address +2 
(Le. Skip next microinstruction) 
Stack Pointer unchanged 

INC AC2_0~001: INCREMENT 
Next Adress~CuHent Address + 1 
Stack POinter unchanged 

BLT AC2_0~-010: BRANCH TO LOOP 
IF TEST CONDITION TRUE. 

Perform test on TEST INPUT LINE. 
If test is 
FALSE (LOW): 
If test is 
TRUE (HIGH): 

Next Address~Current Address+ 1 
Stack Pointer decremented by 1 
Next Address=Address from Stack 

Register File (POP) 
Stack Pointer decremented by 1 

POP AC2_0~011: POP STACK 
Next Address=Address from Stack Register File (POP) 
Stack Pointer dE'cremented by 1 

BSR AC2-0~ 100: BRANCH TO SUBROUTINE 
IF TEST CONDITION TRUE. 

Perform test on TEST INPUT LINE. 
If test is Next Address~ Current Address + 1 
FALSE (LOW): Stack Pointer unchanged 
If test is Next Address~ Branch Address Input (BO-9) 
TRUE (HIGH): Stack Pointer incremented by 1 

PUSH (write) Current Address + 1~Stack Register File 

PLP AC2_0~101: PUSH FOR LOOPING 
Next Address~Gurrent Address + 1 
Stack Pointer incremented by 1 

PUSH (write) Current Addres~Stack Register File 

BRT AC2_0~110: BRANCH ON TEST CONDITION TRUE 
Perform test on TEST INPUT LINE. 
If test is Next Address~Current Address + 1 
FALSE (LOW): Stack POinter unchanged 
If test is Next Address~Branch Address Input (BO-9) 
TRUE (HIGH): Stack Pointer unchanged 

RST AC2-0~ 111: RESET TO ZERO 
Next Address~O 
Stack Pointe.r_ .:.u,n __ c __ h..:.a __ n=.ge.:...d _________________ , 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER RATfNG UNIT 

VCC Power Supply Voltage +7 Vdc 

VIN Input Voltage. +5.5 Vdc 

Vo Off-State Output Voltage +5.5 Vdc 

TA Operating Temperature Rang'9 0° to +70° °c 

Tstg Storage Temperature Range _65° to +150° °c 
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OBJECTIVE SPECIFICATION 

ELECTRICAL CHARACTERISTICS 0°C<+70°C 475V Vce <5 25V - , - . 
LIMITS 

PARAMETER TEST CONDITIONS MIN Typl MAX UNIT 

VIH High level input voltage 2 V 

VIL Low-level Input voltage O.S V 

VI Input clamp voltage Vec = 4.75V, II =-lSmA -1.5 V 

VOH High-level output voltage Vec = 4.75V, 10H =-2.6mA 2.4 V 

VOL Low-level output voltage Vec = 4.75V, 10L = SmA 0.5 V 

II Input current at maximum Vee = 5.25V, VI = 5.5V 100 /lA 
Input voltage 

IIH High-level input current Vce = 5.25V, VI = 2.7V 
AeO - AC2, EN, TEST 40 /lA 
BO-B9 20 /lA 
CLK 60 !lA 

IlL Low-level Input current Vee = 5.25V, VI = OAV 
ACO-AC2, EN, TEST 0.72 mA 
BO-B9 0.36 mA 
eLK 1.0S mA 

lOS Short-circuit output current Vce = 5.25V -20 -100 mA 

IOZH High-Z state output current VOUT = 2.7V 20 /lA 

IOZL H Igh-Z state output current VOUT = 0.4V -20 /lA 

lec Supply current Vce = 5.25V 130 155 mA 

NOTE: 

1. All typical values are at Vee = 5V, TA '" 25°C. 

PARAMETER MEASUREMENT INFORMATION 
r=~~~----------------~ 

TEST LOAD CIRCUIT 
TEST 

POINT Vee 

51 

5k 

ALL RESISTORS VALUES ARE TYPICAL AND IN OHMS. 

NOTES: 
A. CL includes probe and jig capacitance. 
6. All diodes are 1 N916 or 1 N3064. 
C. RL ,2k, C~ lSpF. 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

TIMING 
INPUT 

,_----3V 
__ ....J.+ 

DATA 
INPUT 

ov 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INPUT 

IN PHASE 
OUTPUT 

VOH 
OUT Of PHASE ~

PHL tpLH 

OUTPUT 1.31/ 1.31/ 
---VOL 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

THREE-STATE OUTPUTS 

VOLTAGE WAVEFORMS 
PULSE WIDTHS 

HIGH-~~~~~ ~ 
--.-/L'w----l"-
~w 

LOW-LEV~L 13V 13V 
PULSE . . 

OUTPUT 
CONTROL 

(LOW-LEVEL 
ENABLING) 

,.._----3V 

WAVEFORM 1 

WAVEFORM 2 

'ZH 

51 OPEN, 
S2CLOSED 1.3V 

-----~---- "'"v 

V-"""'''-- "".5V 

,.".sv 
51 AND 82 CLOSED 

SX02 
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OBJECTIVE SPECIFICATION 

RECOMMENDED OPERATING CONDITIONS 
(IJJ = 200 mA ± 10%) 

LIMITS 

PARAMETER MIN TYP MAX UNITS 

WRITE CYCLE 
WPW Write clock pulse width 30 ns 

tWS1 Input data setup time 0 ns 

twso 20 ns 

tWHl Input data hold time 40 ns 

tWHO 60 ns 

FW Maximum input data rate 10 MHz 

READ CYCLE 
RpW Read clock pulse width 60 ns 

FR Maximum read frequency 10 MHz 

MRpW Master reset pulse width 30 ns 

8X03 - B,F • 8X04 - B,F 

ABSOLUTE MAXIMUM RATING OVER 
OPERATING FREE-AIR TEMPERATURE RANGE 
(UNLESS OTHERWISE NOTED) 

LIMITS 

PARAMETER MIN TYP MAX UNITS 

IJJ Supply current 275 mA 

VIN Input voltage (8X03) 15 V 
(8X04) 5.25 V 

Off-state (high level) 
Voltage applied to 
Open collector outputs 

(8X03) 15 V 
(8X04) 5.25 V 

Storage temperature -65 +150 °c 

DC CHARACTERISTICS OVER I~ECOMMENDED OPERATING CONDITIONS 
LIMITS 

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

8X03 --
VTH Input threshold voltage 2.4 V 
IlL Low level input current VIN = 0.4V 1 mA 
IIH High level input current VIN = 10V 100 p.A 
II Input current at max. voltage VIN = 13V 500 p.A 
VOH High level output voltage 10H = -5ma 7 V 
VOL Low level output Voltalle 10L = 2ma 0.4 V 
lOUT Output reverse current 

(For open collector oultputs) VOUT = 13V 750 p.A 
ICC Supply current 60 mA 
IJJ 100 105 300 mA 
lOS Short circuit current (Data outputs) VOUT = OV 11 mA 

8X04 --
VIH High level input voltage 2 V 
VIL Low level input voltage 0.8 V 
II Input current @ maximum input voltage VIN = 2.4V 200 p.A 
VOH High level output voltage: lOUT = -2.5ma 2.7 V 

(Data outputs) 

VOL Low level output voltage lOUT = 8ma 0.4 V 
lOUT Output reverse current VOUT = 5.25V 250 p.A 

(Open collector outputs) 

ICC Supply current 50 mA 
IJJ 100 165 300 mA 
lOS Short circuit current VOUT = OV 5 p.A 
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OBJECTIVE SPECIFICATION 

BLOCK DIAGRAM 

INPUT Ao----i'""""" 

WCLK 

INPUT B o----t_J 

INPUT 
READY 

MASTER 
RESET 

DESKEW FIFO 

16-81T STORAGE 

READ/WRITE POINTER 
AND 

STATUS FLAG GEN. LOGIC 

Hi-BIT STORAGE 

TYPICAL APPLICATIONS 

TRACK 2 

TRACK 9 

'N' INE 1 

'N2 
INE 2 

INE9 

§ 

E 

E 
0--

CASCADING CONFIGURATION 

Vee 

'A °A -'A °A 
'B DB -'B DB 

'R OR C 'R OR 
WCLK R~l~ -0 

WClK RClK ~f--
%F 

H "' ~f--
'; -0 " F f--

°A - 'A °A 
'B ::= 'B DB 

'R OR 'R OR 

WCLK RClK "- WCLK RClK -0--
%F-o %F 
"F ~F 

-0-,,-<l " F F 

0 0 

0 0 

0 0 

'A °A -'A °A 
'B DB -'B DB 

'R OR C 'R OR 

WClK R~~~ j<> 
WCLK RC~~ -0 

H H 
H-<l "-0 

F F 

~'AFULL 

L-- FULL 

aUlA 

...... -----0 READ elK 

OUTe 

OUTPUT 
READY 

TEST CIRCUITS 

OUT 1 

OUT 1E 

OUT 2 

DUl2E 

QUT9 

DUl9E 
OUTPUT ROY 

""'" 
I(, FULL 

II(gDDliBII 

RL 
Vee 

I PULSE 1-GENERATOR 

8X03 

3KG 
13V 

8X03 - B,F • 8X04 - B,F 

Vee 

}.--Vee 

VJJ 

RL 

~ 

-
fL 

~ 8X04 

1KG ~ 
I I 

5V ---I t--tpo 
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OBJECTIVE SPECIFICATION 

WAVEFORMS 

60 

DESKEW FIFO TIMING DIAGRAM 

WCLK 

DATA OUT 

1I~~==~==~i,=~~ 
OR 
-++--t--~ 

ReLK -++_+-_-++-__ , 

FLAG -++-t---+t---, 
tws 

CASCADED MODE - DA1'A INPUT "0" FOLLOWING BY "1" 
weLK, ~_~ ___________ _ 

DATA IN 1 ~ ,f;.3 \ 
DATA OUT 1 ""'\ I 

OR' J LJ 
WClK 2 J LJ 

IR 2 -I LJ 
RCLK 1 -I LJ 

DATA OUT 2 \ 
OR 2 I 

CASCADED MODE-BOTH STAGES FULL, READ "0" DATA THEN "I" DATA 
FR.OM 2ND STAGE. 

TRANSFER "0" D,Al'A, THEN "I" DATA FROM STAGE 1 

RCLK2~_ 

DOUT 2 ___ "';"' __ -J'-
F·FLAG 2 -------.L -------~(\~-----------

IR2 ________ ,J '--.J 

DOUT ' --------------~, 
___ --JI 

F·FLAG 1 \ 
"0" TRANSFER STORED-I "'" TRANSFER STORED-I 

SmnOliCS 
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OBJECTIVE SPECIFICATION 

DESCRIPTION 
The Signetics 8X300 Interpreter is a mono­
lithic, high-speed mi1ero-processor imple­
mented with bipolar Schottky technology. 
As the central processing unit, CPU, it al­
lows 16-bit instructions to be fetched, 
decoded and executed in 300 nanoseconds. 
A 300 nanosecond instruction cycle re­
quires maximum memory access of 85 
nanoseconds, and maximum 110 device 
access of 40 nanoseconds. 

Interpreter instructions operate on 8-bit, 
parallel data. Logic is distributed along the 
data path within the Interpreter. Input data 
can be rotated and masked before being 
subject to an arithmetic or logical opera­
tion; and output data can be shifted and 
merged with the input data, before being 
output to external logic. This allows 1- to 8-
bit 110 and data memory fields to be ac­
cessed and processed in a single instruc­
tion cycle. 

TYPICAL SYSTEM CONFIGURATION 
+5V 

FEATURES 
• 225 ns instruction decode and execute 

delay (with Signetics 8T32/33 1/0 port). 
• Eight 8-bit working registers, 
• Single instruction access to 1-bit, 2-bit, 

3-bit . , , or 8-bit field on 1/0 bus, 
• Separate instruction address, instruc-

tion, and 1/0 data busses. 
• On-chip oscillator. 
• Bipolar Schottky technology, 
• TTL inputs and outputs. 
• Tri-state output on 110 data bus, 
• +5 volt operation from 0° to 70°C. 

USER 
CONNECTION 

2N5337 

PROGRAM STORAGE 

ROM/PROM/RAM 
TTL COMPATIBLE 

UP TO 8k x 16 BITS 
(82S1'5) 

K::=A=O-=A=':::2=1 Vee VR VCR 

10-115 se 
we 

X, 
8X300 MCLK 

INTERPRETER I-'--=L'=B"'---I 
RB 

GND 

Si!lDOfiCS 

SYSTEM LOGIC 

PIN CONFIGURATION 

veR 

A6 

AS 

A4 
A3 

A2 
Al 

AD 

Xl 

X2 

GND 
10 
11 

13 

15 

16 

18 

19 

110 

I PACKAGE 

112 --..--=-___ -=.:.1 

VR 

A8 

A9 

A10 
A11 

A12 
'HALT 
RESET 
MCLK 
~ 
iVi31 
"iV8'2 
TVB3 
vee 
IVB4 

IVB5 
iV86 
iVB7 
AS 
LB 
we 
se 
115 
114 

113 
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OBJECTIVE SPECIFICATION SYSTEM LOGIC 

PIN DESCRIPTION 

PIN SYMBOL NAME ANtI FUNCTION TYPE 

2-9,45-49 AO-A12: Instruction address lines. A high level equals Active high 
"1." ThesEl outputs directly address up to 
8192 wordi; of program storage. A 12 is least 
signigicant bit. 

13-28 10-115: Instruction lines. A high level equals "1." Active high 
Receives instructions from Program Storage. 
115 is leslst significant bit. 

----
33-36,38-41 IVBO-IVB7 Interface Vector (IV) Bus. A low level equals Three-state 

"1." Bidirectional tri-state lines to communi- Active low 
cate with liO devices. IVB7 is least significant 
bit. 

42 MCLK: Master Clock. Output to clock 110 devices, 
and/or provide synchronization for external 
logic 

30 WC: Write Command. High level output indicates Active high 
data is being output on the IV Bus. 

29 SC: Select Cornmand. High level output indicates Active high 
that an address is being output on the IV 
Bus. 

-
31 LB: Left Bank. Low level output to enable one of Active low 

two sets of 110 devices (LB is the comple-
ment of REI). 

32 RB: Right Ban~:. Low level output to enable one of Active low 
two seti; of I/O devices (RB is the comple-
ment of LEI). 

44 HALT: Low level is input to stop the Interpreter. Active low 
---

43 RESET: Low lev,~1 is input to initialize the Interpreter. Active low 

10-11 X1,X2: Inputs for an external frequency determining 
crystal. May also be interfaced to logic or test 
equipm,~nt. 

50 VR Reference Voltage to Pass Transistor. 

1 VCR Regulated Output Voltage from Pass Transis-
tor 

37 VCC: 5V pow,er connection. 

12 GND: Ground. 

PROGRAM STORAGE INTERF'ACE 110 DEVICES INTERFACE 
Program Storage is typically connectEld to the AO-A 12 (A 12 is least 
signigicant bit) and 10-115 signal line:s. An address output on AO­
A 12 identifies one 16-bit instruction word in program storage. The 
instruction word is subsequently inpull on 10-115 and defines the in­
terpreter operations which are to follow. 

The Signetics 82S115 Prom, or any TTL compatible memory, may 
be used for program storage. 

An 8-bit 110 bus, called the Interface Vector (IV) data bus, is used 
by the Interpreter to communicate with two fields of I/O devices. 
The complementary LB and RB signals identify which field of the 
110 devices is selected. 

Both 110 data and 110 address information can be output on the IV 
bus. The SC ,and WC Signals are typically used to distinguish be­
tween 110 data and I/O address information as follows: 

SC WC 
1 0 
o 1 
o 0 

110 address is being output on IV bus 
110 data is being output on IV bus 
I/O data is expected on the IV bus, as input to the 
Interpreter 
Not generated by the Interpreter 

The Signetics 82sxxx series RAM, and the 8T32/33 may be at­
tached to the IV bus. (See Application Book) 
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INTERPRETER ARCHITECTURE AND OPERATION 
SUMMARY 
Figure 1 provides a diagram of Interpreter Internal architecture. and 
Table 1 summarizes Interpreter registers. 

.1 OVF 

0 7 

R1 

R2 

R3 

R4 

R5 

R6 

Rl1 

.,/ k AUX 

<==C 
AlU 

~ 
RIGHT 

~ 
MASK ROTATE 

L 
5=0 --I 

I 
I 
I 
I '" 0: 

I ~ 
!!: 

I ARO-AR4 

ARS-AR12 I 

1 1 L_ CONTROL I 
0 12 t 

J 
"I 

I I I I I IRO-IR2 
AR 

0' 
AO-A12 

INSTRUCTION ADDRESS 

PC 

<r 
IR 

,[ 
10-115 

INSTRUCTION DATA 

I 

Figure 1 

Interpreter Architecture 

II,gDOliCI 

SYSTEM LOGIC 

L => MERGE l==l SHIFT 

r 
>-

- • <II w 

'--
:I: 

" I-

:3 
I~JTERNAl CONTROL 2: 

SI~lS -

IVBO-IVB7 e IV BUS 

'-III 
0 

RB 0 
lB • DECODE 
WC .. 

AND 
CONTROL 

lOGIC 

SC 0 MClK 

HALT • REsET 0 
X2 -X , E 

+5 I 0 

GND I 0 -= --
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Table 1 
INTERPRETER INTERN'IL REGISTERS 

Programmable Registers (all 8 bits): 

AUX-General working register. Contains second term for arithme­
tic or logical operations. 

R1 -General Working register. 

R2 -General working register. 

R3 -General working register. 

R4 -General working register. 

R5 -General working register. 

R6 -General working register. 

R 11 -General working register. 

Other Registers: 

Address Register (AR) -A 13-bit r43gister containing the address 
of the current instruction. 

OVF - The least-significant bit of this register is used to reflect ov­
erflow status resulting from the most recent ADD operation 
(see Instruction Set Summary). 

Program Counter (PC) -Normally contains the address of the cur­
rent instruction and is incremented to 
obtain the nE'xt instruction address. 

Instruction Register (IR)-Holds the 16-bit instruction word cur­
rently being uxecuted. 

INSTRUCTION CYCLE 
Each interpreter operation is executod in one instruction cycle, 
which may be as short as 300ns. The Interpreter generates MCLK 
to synchronize external logic to the instruction cycle. Instruction 
cycles are subdivided into quarter cych3S. MCLK is an output during 
the last quarter cycle. 

During the third quarter cycle of an instruction, an address is out­
put on AO-A 12, identifying the location in program storage of the 
next instruction word. This instruction word defines the next in­
struction, which must be input on 10,·115 during the first quarter 
cycle of the next instruction cycle (sEle IFigure 2). 

INST, AND IV 
BUS DATA 

INPUT 
DATA ADDIR. AND IV 

PROCESSING BUi; C:HANGING 

ADDR,ANDIV 
BUS DATA 

VALID 
MCLK~HIGH . --------+---------~ 

+- '/. cycle ~ ~ V. cycle ~ -- 'I. cycle~ ~ V. cycle~ 

Figure ~! 
INSTRUCTION CYCLE 

Instruction Set Summary 
The 16-bit instruction word input ()n 10-115 is decoded by the in­
struction decode logic to implement events that are to occur during 
the remainder of the instruction cycle Generally the 16-bit instruc­
tion word is decoded as follows: 

Bit Position 0 1 2 3 15 

'-v--' 

Inatruction Operand(s) Specification 
Class 

SYSTEM LOGIC 

A detailed usage of the 13 "operand(s) specification" bits is given 
In following sections. 

Three operation code bits allow for eight instruction classes. The 
eight instruction classes are summarized in Table 2. Each entry is 
referred to as an "instruction class" because the unique architec­
ture of the Interpreter allows a number of powerful variations to be 
specified by the thirteen operand(s) specification bits. A complete 
description of instruction formats and some instruction examples 
are provided in the Applications Guide. 

Data Processing 
The Interpreter architecture includes eight 8-bit working registers, 
an arithmetic logic unit (ALU), an overflow register, and the 8-bit IV 
Bus. Internal 8-bit data paths connect the registers and IV Bus to 
the ALU inputs, and the ALU output to the registers and IV Bus. 
Data processing logic is distributed along these internal 8-bit data 
paths. Rotate and mask logic precedes the ALU on the data entry 
path. Shift and merge logic follows the ALU on the data output 
path. All four sets of logiC can operate on eight data bits in a Single 
instruction cycle. (See Figure 1) 

When less than eight bits of data are specified for output to the IV 
bus by the ALU, the data field (shifted if necessary) is inserted into 
the prior contents of the IV bus latcheL The IV bus latches contain 
data input at the start of an instruction. This data in the IV bus 
latches will be specified in the instruction as a) IV bus source data 
or b) data from an automatic read when the IV bus is specified as a 
destination. Therefore, IV bus bit positions outside an inserted bit 
field are unmodified. 
Data Addressing 
Sources and destinations of data are specified using a 5-bit octal 
number, as shown in Table 3. The source and/or destination of data 
to be operated upon is specified in a single instruction word. 

Referring to Table 1, the Auxiliary register (address 00) is the im­
plied source of the second argument for ADD, AND or XOR 
operations. 

IVL and IVR are write-only registers used only as a destination. 
They have addresses and are treated as registers, but in reality they 
do not exist. When IVL is specified as a destination or the 0 field ~ 
20-278, then LB~ 'low', RB ~ 'high' are generated; when IVR is 
specified as a destination or the 0 field ~ 30-378, then RB ~ low, 
LB ~ 'high' are generated. 

When IVL or IVR is specified as the destination in an instruction, SC 
Is also activated and data is placed on the IV bus. If IVL or IVR is 
specified as a source of data, the source data is all zeros . 

INSTRUCTION SEQUENCE CONTROL 
The Address Register and Program Counter are used to generate 
addresses for accessing an instruction. The Address Register is 
used to form the instruction address, and in all but three instruc­
tions (XEC, NZT, and JMP) the address is copied into the Program 
Counter. The instruction address is formed in one of three ways: 

1. For all instructions but the JMP, XEC, and a satisfied NZT, the 
Program Counter is incremented by one and placed in the Ad­
dress Register. 

2. For the JMP instruction, the full 13-bit address field from the 
JMP instruction is placed into the Address Register and copied 
into the Program Counter. 

3. For the XEC and NZT instructions, the high order 5- or 8-bits of 
the Program Counter are combined with 8- or 5-lower-order bits 
of ALU output (XEC or NZT) and placed in the Address Register. 
For the NZT instruction, it is also copied into the Program 
Counter. 
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INSTRUCTION OP 
MNEMONIC CODE 

MOVE 0 

ADD 1 

AND 2 

XOR 3 

XEC 4 

TABLE 2 
INSTRUCTION SET SUMMARY 

FORMATS DESCRIPTION 

Register to Register (S}--+D 
0 23 78 1011 15 Move contents of register specified 

I 0 I s I R/L I ° I by S to register specified by D. Right 
rotate contents of register S by R/L 

S,",07.17.20-378 0,",10.20-378 places before operation. 

IV aus to Register: Move right rotated IV bus (source) 
0 23 78 1011 15 data specified by S to register speci-

I 0 I s I R/L I ° I fied by D. R/L specifies the length of 
source data with most significant 

S~2o-378 0,",10.20-378 bits set to zero. 

RegIster to IV Bus: Move contents of register specified 
0 23 78 1011 15 by S to the IV bus. Before placement 

I 0 I s I R/L I ° I on IV bus, data is shifted as speci-
fied by 0, and R/L bits merged with 

S,",07,17.2O-378 D~2O-378 existing IV bus data. 

IV Bus to IV Bus: Move right rotated IV bus data 
0 23 78 1011 15 (sources) specified by S to the IV 

I 0 I s I R/L I ° I bus. Before placement on IV bus, 
data is shifted or specified by 0 and 

S~2o-378 D~2O-378 R/L specifies the leg nth of source 
data and of destination data merged 
with existing IV bus data. 

SAME AS MOVE (S) plus (AUX) - 0 
Same as MOVE but contents of AUX 
ADDed to the source data. If carry 
from most significant bit then 
OVF~1, otherwise OVF~O 

SAME AS MOVE (S) " (AUX) - 0 
Same as MOVE but contents of AUX 
ANDed with source data. 

SAME AS MOVE (S). (AUX) - 0 
Same as MOVE but contents of AUX 
exclusive ORed with source data. 

Register Immediate: Execute instruction at current page 
0 23 78 15 address offset by I + (S). 

I 4 I s I I I EXECute the instruction at the ad-
S,",07,17.20-378 1-OOG-3778 dress determined by catenating 5 

high order bits of PC with the 8 bit 
sum of I and register specified by S. 
PC is not incremented. 

IV au. Immediate: EXECute the instruction at the ad-
0 23 78 1011 15 dress determined by catenating 8 

I 4 I s I R/L I I I high order bits of PC with the 5 bit 
sum of I and rotated IV bus data 

S-20-378 I~OO-378 (source) specified by S. R/L specifies 
length of source data with most sig-
nificant bits set to zero. PC is not 
incremented. 

ImOOlll1 

I/O CONTROL 
SIGNALS 

SC~ 

WC~ 

LB/RB~ 

SC~ 

WC~ 

LB/RB~ 

LB/RB~ 

SC~ 

WC~ 

LB/RB~ 

LB/RB~ 

SC~ 

WC~ 

LB/RB~ 

LB/RB~ 

SC~ 

WC~ 

LB/RB 

SC~ 

WC~ 

LB/RB~ 

LB/RB~ 

-INSTRUCTION CYCLE-
INSTRUCTION 

INPUT AND 
DATA ADDRESS/IV 

PROCESSING BUS OUTPUT 

0 1 if D~07, 17 
0 0 
1 if D~ 17 1 if D~ 17 

0 1 if D~07, 17 
0 0 
o if S~20-27 1 if D~ 17 
1 if S~30-37 1ifD~17 

0 0 
0 1 
x o if D~20-27 
x 1 if D~30-37 

0 0 
0 1 
o if S~20-27 o if D~30-37 
1 if S~30-37 1 if D~30-37 

SAME AS 
MOVE 

SAME AS 
MOVE 

SAME AS 
MOVE 

0 0 
0 0 
x x 

0 0 
0 0 
o if S~20-27 x 
1 if S~30-37 x 
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INSTRUCTION OP 
MNEMONIC CODE 

NZT 5 

XMIT 6 

JMP 7 

66 

TABLE 2 
INSTRUCTION SET SUMMARY 

FORM,US DESCRIPTION 

Register ImmedlatEI: If (S) ,.. 0, jump to current page ad-
0 23 78 15 dress offset by I; otherwise PC + 1 

I 5 I sJ I I -PC 

If contents of register specified by S 
S;o< 07. 17.20-378 1.000-3778 is Non Zero then Transfer to address 

determined by catenating 5 high 
order bits of PC with I; otherwise 
increment PC. 

IV Bus Immedlslte: If right rotated IV bus data (source) 
0 23 H: 1011 15 is Non Zero then Transfer to address 

I 5 I s I R/L I I I determined by catenating 8 high 
order bits of PC with I; otherwise 

S~20-378 I~OO-378 increment PC. 

Register ImmedlaNt: Transmit I -+ 0 
0 23 711 15 TRANSMIT and store 8 bit binary 

I 8 I 01 I I pattern I to register specified by O. 

0;0<20-378 1=000-3778 

IV BUS IMMEC'IA1E TRANSMIT binary pattern I to IV 
0 23 711 1011 15 bus. Before placement on IV bus, lit-

I 6 I oj R/L I I I eral I is shifted as specified by 0 and 
R/L bits merged with existing IV bus 

0-20-378 I~OO-378 data. 

Address Immedlale: Jump to Program Address A 
0 23 15 JUMP to program storage address 

I 7 I A I A. A is stored in the address register 
(AR). 

A-OOOOO-177778 

Iii!jDOliDS 

~INSTRUCTION CYCLE~ 

INSTRUCTION 
INPUT AND 

110 CONTROL DATA ADDRESSIIV 
SIGNALS PROCESSING BUS OUTPUT 

SC= 0 0 
WC= 0 0 
LB/RB= x x 

SC= 0 0 
WC= 0 0 
LB/RB= o if S=20-27 x 
LB/RB= 1 if S=30-37 x 

SC= 0 1 if 0=07,17 
WC= 0 0 
LB/RB= x 1 if 0= 17 

SC= 0 0 
WC= 0 1 
LB/RB= x o if S=20-27 
LB/RB= x 1 if S=30-37 

SC= 0 0 
WC=LB/RB 0 0 

x x 
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I I I I I I I b R/L 1 

I I I I I I k--R/L~2 
.'1( R/L~3 

I I I I, Ie R/L~4 
"·~E---------R/L~5 

I I I", R/L~6 
I, 'I( R/L~7 
~·~E--------------R/L~O 

IV BUS DATA 
LENGTH SPECIFICATION 

TABLE 3 
DATA SOURCE/DESTINATION ADDRESS 

SAND/ORD 
FIELD 

SPECIFICATION 
(OCTAL) SOURCE/DESTINATION 

00 Auxiliary Register (AUX) 
01 to 06 Work reglstgers (R1 to R6) respectively 
07 IVL write-only register (destination only) 
10 Overflow status (OVF) - source only 
11 Working register (R11) 
17 IVR write-only register (destination only) 

2N a~ If a source, IV bus data right rotated (7 - N) bits and masked 
(N~O,1,2, (specified by R/L). LB~'low' and RB~'high' generated. 
3.4,5,6,7) IV Bus Source Data 

0 1 2 3 4 5 6 7 

I~I I I I 1 1 I I -I] 
b. If a destination, IV bus dat~eft shifted (L- N) bits and 

merged (specified by R/L). LB~'low' and RB~'high' gener-
ated. 

IV Bus Destination Data 

0 1 2 3 4 5 6 7 

-I- I I I I I I I I ... -0 

3N a. If a source, IV bus data right rotated (7 - N bits and masked 
(N~O,1,2, (specified by R/L). LB~'high' and RB~'low' generated. 
3,4,5,6,7) 

IV Bus Source Data 

0 1 2 3 4 5 6 7 

[~I I I I I I I I '11 
b. If a destination, IV bus data left shifted (7 - N) bits and 

merged (specified by R/L). LB~'high' and RB~'low' gener-
ated. 

IV Bus Destination Data 

0 1 2 3 4 5 6 7 

.-1· I 1 1 I 1 1 1 l+il 
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SYSTEM DESIGN USING 
THE INTERPRETER 
Designing hardware around the 8X300 Interpreter reduces to se­
lecting a program storage devicer (ROM, PROM, etc.), selecting 110 
devices (IV BYTE, MULTIPLEXERS, FlAM, etc.), selecting clock 
mode (system driven or crystal contwlled) and interfacing the Inter­
preter to these components, as shown in Figure 3. 

SYSTEM CLOCK 
The Interpreter has an integrated c)sc:illator which generates all 
necessary clock signals. The oscillator is designed to connect di­
rectly to a series resonant quartz crystal via pins X 1 and X2. The 
crystal resonant frequency, f, is relatEtd 10 the desired cycle time, T, 
by the relationship f~2/T. For a 300 ns !iystem, f~6.667 MHz. 

In lower speed applications where the c:ycle time need not be pre­
cisely controlled, a capacitor may be connected between X1 and X2 
to drive the oscillator. If cycle time, is to be varied, X1 and X2 
should be driven from complementary o,utputs of a pulse generator. 
Figure 4 shows a typical configuration. For systems where the Inter­
preter Is to be driven from a master clock, the X1 and X2 lines may 
be Interfaced to TTL logic'as shown in Figure 5. 

CRYSTAL CHARAC'TERISTICS 

Type: 

Impedance at 
Fundamental: 

Impedance at 
harmonics and 
spurs: 

Fundamental mode, series resonant 

35 ohms maximum 

50 ohms minimum 
.------------------~ 

HALT, RESET SIGNALS 

HALT: 
A low level at the HALT input causes the Interpreter to stop pro­
ceSSing after completion of the current instruction (end of quarter 
cycle when MCLK is high). HALT does not inhibit MCLK or affect 
any internal registers. Normal operations begins with the next com­
plete instruction cycle after the HALT input goes high. 

RESET: 
A low level at the RESET input sets the program counter and ad­
dress register to zero and inhibits MCLK. RESET must be applied 
for at least one full instruction cycle to insure both registers are 
cleared. MCLK occurs on first instruction cycle and normal opera­
tion begins with the second instruction cycle after the RESET input 
goes high. 

EXAMPLE: 
A specific example of a control system, using the 8X300 Interpreter 
-- four 8T32/33 IV Bytes, and two 82S215 ROMs is shown in Figure 
3. Only eight components are required to build this system which 
contains 512 words of program storage, 32 TTL 110 connection 
pOints, and operates at a 300-ns instruction cycle time. 
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EXAMPLE OF CONTROL SYSTEM 
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ZOUT= son VOUT= 0-1 VOLT 
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NOTE: ALL RESISTORS VALUES ARE TYPICAL AND IN OHMS. 

FIGURE 4 
CLOCKING WITH A PULSE GENERATOR 

CLOCK 
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SKEW BETWEEN COMPLEMENTARY 
OUTPUTS.;;;; 10ns 
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FIGURES 
CLOCKING WITH TTL 

INTERPRETER 
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SYSTEM TIMING 
The system instruction cycle time is determined by program stor­
age access time, I/O register data/control delays, and Interpreter 
propagation delays. Instruction cycle time is normally constrained 
by two major propagation delay paths: 

1. Program storage access time + instruction -to- address stable 
deiay!!! 

Program storage access time + I/O control input delay + I/O 
device access time, + IV Bus to address stable delay 

II. I/O control input delay + I/O device ~lccess time. 

These propagation path delay times must be consistent with the 
Interpreter internal clock times. 

Interpreter internal clock intervals occur every quarter cycle of a 
complete instruction cycle. The Interpreter output MCLK is high 
during the last quarter cycle of every instruction cycle. Interpreter 
input operations (instruction data, IV Bus data) occur during the 
first two quarter cycles (INPUT PHASE). Interpreter output opera­
tions (address, IV Bus data) occur durin!~ the last two quarter cycles 
(OUTPUT PHASE). Figure 6 illustrates typical timing waveforms for 
an instruction cycle. Interpreter propa!~ation delays are shown in 
Figure 6. 

Propagation path II delay time must be less than one quarter cycle. 
Interpreter delay times which are applicable are: MCLK TO SC/WC 
INPUT CONTROL and MCLK TO LB/RB INPUT CONTROL. These 
delays occur during the first part of the first quarter cycle as shown 
in Figure 6 and correspond to I/O contml input delays. 

The maximum I/O device access time is the difference between one 
quarter cycle time and the I/O control input delay. Using the delay 
values, the required I/O device access time is determined by the 
following equations: 

For a 300-ns instruction cycle time, I/O device access times must 
be less than 40ns and 50ns respectively. The Signetics 8T32/33 IV 
Byte is an I/O register which satisfies the I/O device access time 
constraints. 

Propagation path I determines the allowable program storage ac­
cess time for a given instruction cycle time. The program storage 
access time is the smaller of these two equations: 

Program storage access :5 cycle time - instruction to address sta-
ble EQ3 

Program storage access :5 cycle time - (I/O device access + I/O 
control Input delay :5 IV Bus to address stable deiay) EQ4 

Therefore, a cycle time of 300 ns requires a program storage ac­
cess time of 85ns or less. 

Tradeoffs can be made between I/O device access time and pro­
gram storage access time. If the I/O device access and program 
storage access times are less than the limits determined in equa­
tions EQ1,EQ2 and EQ3, then EQ4 can be used to trade I/O device 
and program storage access times. 

Propagation delays during the OUTPUT PHASE usually do not limit 
instruction cycle times. MCLK is normally used to control data entry 
into I/O devices on the IV Bus during the last two quarter cycles. 
The user must insure that data set-up time requirements of \/0 de­
vices are satisfied. Data output on the IV Bus will be stable for the 
duration of MCLK if the I/O device access time and instruction cy­
cle time satisfy the following equation: 

I/O device access + I/O control input delay + Vo(cycle time) :5 
MCLK to IV Bus stable delay. 

35ns + I/O device access :5 '/.(cycle tim'9) 
25ns + I/O device access :5 V.(cycle tim1e) 

EQ1 If the above inequality is not satisfied, the IV Bus data may be 
EQ2 changing during MCLK. 
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I- INSTRUCTION CYCLE -----------1 
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I----INPUTIPHASE-I-OUTPUT PHASE-r~-INPUT PHASE 

I I I I I 
I INST&IVBUS I DATA I ADDRESS&IV I ADDRESS & IV 
I INPUTS ACCEPTED I PROCESSING I BUS CHANGING I BUS OUTPUT STABlE 

I I I I I 

~ : : y. '\ 
I I I I 1'-----

INSTflo~~~~~~ =! ! ! X! ! 
I I I RPROGRAM I I I MCLK~OADDRESSSTABL~_ Sr~~~E----rf 

I I-----INSTRUCT!ON TO ADDRESSST~BLE_ I I 
I I I I I 
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--- MCLK TO SC/WC ------------1 I OUTPUT CONTROL I I 
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sc/We 
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I MClK TO LB/RB -------l--1 ! OUTPYT CONTROL I _I 
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I INPUIT CONTROL I I 

: IL'NSTRU~TlONTOIVBUSSTArLE 'I: 
(lVBO~~v"~~ -----r=*i ! ~~-----+--->I -----r pt= AQ[~~:~SS~~BLE ----j i I ~ 

I_ MCLK TO IV BUS STABL!, I 

~ 711~INP~~~~~IVE--1 ,-OUT~~TB~~TIVE 
I/O 

DEVICE CROSS HATCHED .. 
ACCESS AREA INDICATES 

IV BUS TRI-STATE 

Figure 6 
TYPICAL INSTRUCTION CYCLE TIMING ABSOLUTE MAXIMUM RATINGS 

Supply Voltage VCC ................................. 7V 
Logic Input Voltage ............................... 5.5V 
Crystal Input Voltage ............................... 2V 

AC ELECTRICAL CHARACTERISTICS 
PROPAGATION CYCLE TIME 

DELAY DESCRIPTION DELAY LIMIT LIMIT 

X1 falling edge to MCLK falling edge 
MCLK to SC/WC input control 25ns 
MCLK to SC/WC output control • .5(CYC) + 25ns 
INSTRUCTION to LB/RB input control 35ns 
MCLK to LB/RB input control 35ns 
MCLK to LB/RB output control .5 (CYC) + 35ns 
INSTRUCTION to IV BUS stable 225ns 
MCLK to IV BUS stable 225ns 
IV BUS input stable to IV BUS output stable 150ns 
INSTRUCTION to ADDRESS stable 215ns 
MCLK to ADDRESS stable 215ns .5 (CYC) + 40ns 
IV BUS to ADDRESS stable 140ns 
MCLK falling edge to HALT falling edge 1/.(CYC)-40ns (max) 
MCLK falling edge to HALT rising edge V4(CYC)-40ns 
MCLK falling edge to RESET falling edge 'I2(CYC) (max) 
RESET rising edge to first MCLK o to 1 CYC (max) 

Umits apply for Vee"" 5V.:s 5% and o°c.:s TA .:s70°C. 
Loading on ADDRESS outputs :5 1 OOpF and other outputs :5 300pF 

"IV Bus outputs remain Hi Z for at least 20ns after SC/WC output control 
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DC ELECTRICAL CHARACTERISTICS 
LIMITS 

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

VIH High-level input voltage 
X1, X2 .6 V 
All others 2 V 

Vil low-level input voltage 
X1, X2 .4 V 
All others .8 V 

Vel Input clamp voltage (Note 1) Vee ~ 4.75V -1.5 V 
II ~ -10mA 

IIH High-level input current 
X1, X2 Vee ~ 5.25V 2700 p.A 

VIH ~ .6V 
All others Vee ~ 5.25V <1 50 p.A 

VIH ~ 4.5V 

III low-level input current 
X1, X2 Vee ~ 5.25V 2500 p.A 
IVBO-7 Vil = .4V -140 -200 p.A 

Vee ~ 5.25V 
10-115 VIL ~.4V -880 1600 p.A 

Vee = 5.25V 
HALT, RESET VIL = .4V -230 -400 p.A 

Vee = 5.25V 

VOL Low-level output voltage 
VIL =.4V 

AO-A12 Vee = 4.75V .35 .55 V 
10L = 4.25mA 

All others Vee = 4.75V .35 .55 V 
10L = 16mA 

VOH High-level output voltage Vee = 4.75V 2.4 V 
10H = 3mA 

lOS Short circuit output current 
(Note 2) Vee = 5.25V -30 -140 mA 

Vee Supply voltage 4.75 5 5.25 V 
lee Supply current Vee = 5.25V 300 450 mA 

NOTES: 

1. Crystal inputs X 1 and X2 do not have clamp diodes. 
2. Only one output may be grounded at a time. 
3. (Limits apply for Vee = 5V ± 5% and O°C<TA<70°C unless specified otherwise.) 

INTERPRETER PACKAGI. DIMENSIONS 
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Table 1 
JAN 38510 PART NUMBERS - WHAT THEY MEAN 

The following chart is offered for your reference to help take some of the mystery out of JAN part number marking. For an example, we will take the marking for a 5400F processed to 
JAN and explain its meaning, as well as other options. 

~------------------~IJM38510~ 10:1 I~I;I~I 
I .a. ; ; • 

MILITARY DETAIL DEVICE DEVICE I LEAD 
DESIGNATOR SPECIFICATION TYPE CLASS CASE OUTLINE FINISH 

Calls Out Refers to detail Refers to a Device Class This Code denotes the package i.e: A ~ Kovar or 

MIL-M-38510 Slash sheet spec specific Part Calls out A ~ V4' x V4' flat pak 
alloy 42 with 

001,002,003----- Type under the Processing Hot solder Dip 
JAN IC detail spec. to either B ~ V4' x Va" flat pak -B ~ Kovar or A Slash sheet 
The "J" in the detail spec will This, plus the Class A C ~ V4' x %" 14 PIN I alloy 42 with 
marking is very usually represent detail spec # ~~rcof dual-in-line tin plate 
important. a family of devices will denote MIL-STD-883 

D ~ V4' x 'Is" flat pak 14 pin C ~ Kovar or 
If it's not with Similar func- a part type. 

E ~ 'I'" x %" 16 PIN alloy with 
tions. there it's not a i.e.: dual-in-line gold plate 

JAN DEVICE. "- i.e. the /001 detail dev. generic 

DO NOTbe detail spec F ~ 'I'" x 'Is" flat pak 16 pin 
spec + type ~ type 

confused by represents many 001 01 ~ 5430 G ~ 8 lead metal can 

JAN equivalents positive NAND 
001 02 ~ 5420 H ~ V4' x 'I'" 10 PIN 

Actual Marking for 

marked M38510. gates such as the 
001 03 ~ 5410 flat pak 

our 5400F as it 
5400,5401,5403, 

-1001 
appears on the device. 

5410,5420, & 5430 04 ~ 5400 I ~ 'Is" x '12" 10 lead 

etc. metal can 
SAAAA+ detail dev. generic Date Code 

The /002 detail J ~ '12" x 1'1'" 24 pin JM38510 
spec on the other spec + type ~ type dual-in-line 00104 
hand represents 002 01 ~ 5472 

K ~ 'Is" x Vi' 24 pin BeB 002 02 ~ 5473 many flip flop 
002 03 ~ 54107 flat pak DKB+ Signetics 

functions such 
L ~'Is" x 'I.' 24 PIN manufacturers 

as the 5472,5473, 
flat pak 

code (Per 
54107,5476,5474, and so on for the MiI-M-38510) 
5470 and so on for rest of the slash Z ~ V4' x 'Is" 24 PIN 
the rest of the sheets. 

flat pak 
slash sheets. 

---- - - -- ~---



TEST 

Internal Visual (Preseal) 

Stabilization Bake 

Temperature Cycling 

Constant Acceleration 

Seal 
A. Fine Leak 
B. Gross Leak 

Visual inspection 

Critical Electrical 
Parameters (pre burn-i'n) 

Burn-in Test 

Critical Electrical 
Parameters (post Burn-in) 

Signetlcs FAILURE CRITERIA 

Reverse Bias Burn in 
(note 7) 

Critical Electrical 
Parameters (post burn-in) 

Final Electrical Test 
Parameters 

Radiographic Inspection 

Quality Conformance 
Inspection 
(note 9) 

External Visual 

NOTES: 

Table 2 

MIL-M-38510/MIL-STD-883 PROCESSING LEVELS 
MIL-STD-883 

METHOD CLASS A CLASSB 

2010.2 Cond A Cond B 

1008.1 (24 hr min.) Cond C Cond C 

1010.1 Cond C Cond C (note 1) 

2001.1 Cond E Cond E 
Y2 then Y 1 plane Y1 plane 

1014.1 
Cond A or B Cond A or B 

(Note 3) Cond C2 Cond C2 

1010.1 (note 2) Required Required 

Subgroup A-1 (note 4) Read and Record Optional 

1015.1, TA=+125°C 240 hours min. 160 hours min. 

Subgroup A-1 (note 4) Read and Record Not Required 

PDA5% PDA 10% 

1015.1, TA =+150°C Cond A or C Not Required 
t = 72 hours 

Subgroup A-1 Read and Record Required 
(note 4) 

Perform 100% go-no-go Subgroups A1, A2, A3, Subgroups A1, A2, A3, 
measurements of sub- A9, Functional tests, A9, Functional tests, 
group A parameters truth table when appli- truth table when 
(note 4) cable (A7) applicable (A7) 

2012.1 Yes Not Required 

5005 Class A Class B 

2009.1 Yes Yes 

(1) Class B and Class C may be subjected to thermal shock, Method 1011.1. Condo A. as an alternate. 
(2) The visual examination of Method 1010.1 may be per10rmed at the end of each environmental screen test or at the end of the screening sequence. 

(3) Test is not applicable to solid molded devices. 

CLASSC 

Cond B 

CondC 

Cond C (note 1) 

Cond E 
Y1 plane 

Cond A or B 
Cond C2 

Required 

Not Required 

Not Required 

Not Required 

Not Required 

Not Required 

Not Required 

Subgroup A1, functional 
tests, truth table when 
applicable (A7) 

Not Required 

Class C 

Yes 

(4) Detailed tests, conditions, and limits applicable to each subgroup are given in the Signetics data sheet ELECTRICAL CHARACTERISTICS table. See Table 3 for the corresponding Group A 
tests of MIL·STD·BB3, 

(5) All test equipment calibrated to meet requirements of MIL-Q-985S and MIL-C-45662. 
(6) The individual MIL-STD-883 Test Methods are, in many cases, designed to "stand alone" as a sole screen or sale Group B environmental sampling test. But since 5004.3 specifies a screen­

ing series or flow, some of the measurements, etc., specified in an individual Test Method are not intended to be performed in the screening series, provided they are performed at the 

conclusion of the screening sequence. 
(7) Required only when specified in the applicable procurement document. For this stress, as many input and output junctions as possible are reversed biased. 

(8) Group A per 5005. Generic Data available for Groups Band C on Devices produced to Class Band C. (See MILrel Generic Data). 

3 
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QPLSTATUS JAN JANREU883 
JAN QUALIFIED + PROCESSED MIL TEMP DATA 

JANM3Q10 FLAT FLAT FLAT SHEET 
DEVICE SLASH SHEET DIP PACK DIP PACK DIP PACK REF PAGE 

5480 None - - - - F W 92 
5482 10.0601 - - - - - - -
5483 10060.2 I I F W F W 93 
5485 1150.0.1 II II F W F W 95 
5486 10.0701 I I F W F W 97 
5490 101307 Coming - Coming - F W 100 
5491 None - - - - F W 102 
5492 101301 Coming - Coming - Coming - 102 
5493 10.130.2 I Coming F W F W 104 
5494 None - - - - F W 106 
5495 100901 I - F - F - 106 
5496 10.0.90.2 I I F W F W 108 
5410.0. None - - - - F W 111 
5410.7 10.020.3 I - F - F - 116 
5410.9 None - - - - F W 118 
54116 10.150.3 Coming - I - I - 123 
54121 10.120.1 I I F W F W 124 
54122 10.120.2 - - - - - - 128 
54123 10.120.3 I I F W F W 129 
54125 11530.1 Coming - Coming - F W 130 
54126 11530.2 Coming - Coming - F W 131 
54128 None - - - - F W 131 
54132 11510.3 Coming - Coming - F W 132 
54145 1010.05 Coming - Coming - F W 136 
54147 "/1560.1 Coming - Coming - F W 137 
54148 "/1560.2 Coming - Coming - F W 138 
54150. /01401 II - I Q I Q 140. 
54151 /01406 Coming - F W F W 142 
54152 None - - - - F W 143 
54153 /01403 I I F W F W 145 
54154 "/1520.1 Coming - - - I Q 146 
54155 "/1520.2 Coming - - - F W 147 
54156 "/15203 Coming - - - F W 148 
54157 /0.1405 I I F W F W 149 
54158 None - - - - F W 150. 
54160 /0.1303 I I F W F W 152 
54161 /0130.6 I I F W F W 153 
54162 /01305 I I F W F W 156 
54163 /0.1304 I I F W F W 160 
54164 100903 I - F - F - 162 
54165 100904 Coming - Coming - F W 164 
54166 None - - - - F W 167 
54170 "/0.1801 - - - - F - 169 
54174 /0.170.1 I I F W F W 174 
54175 10.1702 II II F W F W 175 
54180 /0.190.1 II II F W F W 178 
54181 /0.110.1 Coming - I - I - 178 
54182 /01102 II II F W F W 183 
54190 None - - - - F W 184 
54191 None - - - - F W 187 
54192 101308 Coming - Coming - F W 190 
54193 101309 Coming - Coming - F W 192 
54194 100905 II II F W F W 196 
54195 100906 II II F W F W 197 
54198 None - - - - I Q 20.3 
54199 None - - - - I Q 20.6 
54279 None - - - - F W 221 

·Slash sheets not released as of date of this publication. 



QPL STATUS JAN 
JAN QUALIFIED + PROCESSED 

JAN M38510 FLAT FLAT 
DEVICE SLASH SHEET DIP PACK DIP PACK 

54298 None - - - -

54HOO 102304 I I F W 
54H01 102306 I Coming F W 
54H04 102305 I I F W 
54H05 None - - - -
54H08 115501 Coming - F -
54H10 102303 I I F W 
54H11 115502 Coming - F -
54H20 102302 I I F W 
54H21 115503 Coming - F -
54H22 102307 I Coming F W 
54H30 102301 I I F W 
54H40 102401 Coming II F W 
54H50 104001 I I F W 
54H51 104002 I I F W 
54H52 None - - - -
54H53 104003 I I F W 
54H54 104004 I I F W 
54H55 104005 I I F W 
54H60 None - - - -
54H61 None - - - -
54H62 None - - - -
54H71 None - - - -
54H72 102201 I I F W 
54H73 102202 I I F W 
54H74 102203 I I F W 
54H76 102204 I I F W 
54H101 102205 II II F W 
54H102 None - - - -
54H103 102206 II II F W 
54H106 None - - - -
54H108 None - - - -

54LSOO 130001 II II F W 
54LS01 None - - - -

54LS02 +/30301 Coming - Coming -
54LS03 130002 II II F W 
54LS04 130003 II II F W 
54LS05 130004 II II F W 
54LS08 */31004 Coming - Coming -
54LS09 None - - - -
54LS10 130005 II II F W 
54LS 11 */31001 Coming - Coming -
54LS12 130006 II II F W 
54LS13 None - - - -
54LS14 None - - - -
54LS15 * /31002 Coming - Coming -

54LS20 130007 II II F W 
54LS21 */31003 Coming - Coming -
54LS22 130008 II II F W 
54LS26 None - - - -
54LS27 * 130302 Coming - Coming -
54LS28 None - - - -
54LS30 130009 II II F W 
54LS32 * /30501 Coming - Coming -
54LS33 None - - - -
54LS37 * 130202 Coming - Coming -

"Slash sheet not released as of date of this publication. 

t Per QPL -38510-22 Dated 12 Jan 76 

9i!1DOlil:9 

JAN REL/883 
MIL TEMP 

FLAT 
DIP PACK 

F W 

F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 

F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 

DATA 

SHEET 
REF PAGE 

228 

53 
54 
55 
56 
57 
58 
59 
62 
63 
64 
66 
69 
77 
77 
78 
79 
80 
81 
82 
82 
82 
84 
85 
86 
87 
90 

111 
112 
114 
115 
117 

53 
54 
54 
55 
55 
56 
57 
58 
58 
59 
59 
60 
60 
61 
62 
63 
64 
64 
65 
65 
66 
66 
67 
67 

7 
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QPLSTATUS JAN JAN REL/883 
JAN QUALIFIED + PROCESSED MIL TEMP DATA 

JAN M38510 FLAT FLAT FLAT SHEET 
DEVICE SLASH SHEET DIP PACK DIP PACK DIP PACK REF PAGE 

54LS38 "/30203 Coming - Coming - F W 68 
54LS40 "/30201 Coming - Coming - F W 69 
54LS42 None - - - - Coming - 69 
54LS51 "/30401 Coming - Coming - F W 77 
54LS54 "/30402 Coming - Coming - F W 80 
54LS55 None - - - - F W 81 
54LS73 None - - - - F W 86 
54LS74 None - - - - F W 87 
54LS75 None - - - - F W 88 
54LS76 None - - - - F W 90 
54LS78 None - - - - F W 91 
54LS83A None - - - - Coming - 93 
54LS85 "/31101 Coming - Coming - Coming - 95 
54LS86 "/30502 Coming - Coming - F W 98 
54LS90 None - - - - F W 100 
54LS92 None - - - - F W 102 
54LS93 None - - - - F W 104 
54LS95B "/30603 Coming - Coming - Coming - 106 
54LS96 "/30604 Coming - Coming - Coming - 108 
54LS107 None - - - - F W 116 
54LS109 None - - - - F W 118 
54LS112 None - - - - F W 119 
54LS113 None - - - - F W 121 
54LS114 None - - - - F W 122 
54LS122 None - - - - Coming Coming 128 
54LS123 None - - - - Coming Coming 129 
54LS125 None - - - - Coming 130 
54LS126 None - - - - Coming Coming 131 
54LS132 None - - - - F W 132 
54LS136 None - - - - F W 134 
54LS138 None - - - - F W 134 
54LS139 None - - - - F W 135 
54LS145 None - - - - Coming 136 
54LS151 None - - - - F W 142 
54LS153 None - - - - F W 145 
54LS154 None - - - - Coming 146 
54LS157 None - - - - F W 149 
54LS158 None - - - - F W 150 
54LS161 None - - - - Coming 153 
54LS163 None - - - - F W 160 
54LS164 "/30605 - - - - F W 162 
54LS170 None - - - - F W 169 
54LS173 None - - - - Coming -
54LS174 None - - - - F W 174 
54LS175 None - - - - F W 175 
54LS181 "/30801 Coming - Coming - I a 178 
54LS190 None - - - - F W 184 
54LS191 None - - - - F W 187 
54LS192 None - - - - F W 190 
54LS193 None - - - - F W 192 
54LS194 "/30601 Coming - Coming - Coming - 195 
54LS195 "/30602 Coming - Coming - Coming - 197 
54LS196 None - - - - Coming - 200 
54LS197 None - - - - Coming - 201 
54LS221 None - - - - F W 210 
54LS251 None - - - - F W 212 

·Slash sheets not refea.sed as of date of this publication. 

+Per QPL-38510-22 Dated t2 Jan. 76 
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QPLSTATUS JAN JAN REL/883 
JAN QUALIFIED + PROCESSED MIL TEMP DATA 

JAN M38510 FLAT FLAT FLAT SHEET 
DEVICE SLASH SHEET DIP PACK DIP PACK DIP PACK REF PAGE 

54L5253 None - - - - F W 214 
54L5257 None - - - - Coming - 215 
54L5258 None - - - - Coming - 216 
54L5260 None - - - - F W 217 
54L5261 None - - - - F W 218 
54L5266 * 130303 Coming Coming F W 220 
54L5279 None - - - - Coming - 221 
54L5283 None - - - - Coming - 222 
54L5290 None - - - - Coming - 223 
54L5293 None - - - - Coming - 225 
54L5365 None - - - - Coming - -
54L5366 None - - - - Coming - -
54L5367 None - - - - Coming - -
54L5368 None - - - - Coming - -
54L5375 None - - - - Coming - -
54L5386 None - - - - F W 230 
54L5670 None - - - - F W 230 

54500 107001 II II F W F W 53 
54502 107301 Coming - Coming - F W 54 
54503 107002 Coming - F W F W 55 
54504 107003 Coming - F W F W 55 
54505 107004 Coming - F W F W 56 
54508 None - - - - F W 57 
54509 None - - - - F W 58 
54510 107005 Coming - F W F W 58 
54511 * 108001 Coming - Coming - F W 59 
54515 * 108002 Coming - Coming - F W 61 
54520 107006 Coming - F W F W 62 
54522 107007 Coming - F W F W 64 
54530 107008 - - - - - - 66 
54532 None - - - - F W 66 
54537 None - - - - F W 67 
54538 None - - - - - - 68 
54540 107201 Coming - Coming F W 69 
54551 107401 Coming - F W F W 77 

54564 107402 Coming - F W F W 80 
54565 107403 Coming - F W F W 83 -54574 107101 Coming - F W F W 87 
54585 "/08201 Coming - Coming - F None 95 
54586 /07501 Coming - Coming - F W 98 
545112 /07102 Coming - F W F W 119 

& ... ---545113 /07103 Coming - F W F W 121 
545114 /07104 Coming - F W F W 122 
545133 107009 Coming - F W F W 132 

E 
545134 /07010 Coming - F W F W 133 
545135 107502 - - F - - - 133 
545138 * /07701 - - - - - - 134 
545139 */07702 - - - - - - 135 --545140 /08101 Coming - Coming - F W -
545151 * /07901 Coming - Coming - F W 142 
545153 * 107902 Coming - Coming - F W 145 
545157 * 107903 Coming - Coming - F W 149 
545158 */07904 - - - - - - 150 
545174 /07105 - - - - - None 174 

.. Slash sheets not released as of date of this publication. 

+Per QPL-38510-22 Da1ed 12 Jan. 76 
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QPL STATUS JAN JAN REL/883 
JAN QUALIFIED + PROCESSED MIL TEMP DATA 

JAN M38510 FLAT FLAT FLAT SHEET 
DEVICE SLASH SHEET DIP PACK DIP PACK DIP PACK REF PAGE 

545175 /07106 - - - - - None -

545181 */07801 Coming - Coming - I None -
545182 */07802 - - - - F None -
545194 */OnOl - - - - - None -
545195 */07602 - - - - - - -
545251 */07905 - - - - Coming - -
545253 None - - - - F W -
545257 */07906 - - - - Coming None -
545258 */07907 Coming - Coming - F None -
545260 None - - - - F W -
545280 */07703 Coming - Coming - Coming - -

8200 None - - - - I Q 255 
8201 None - - - - I Q 255 
8202 None - - - - I Q 255 
8203 None - - - - I Q 255 
8230 None - - - - F W 259 
8231 None - - - - F W 259 
8232 None - - - - F W 259 
8233 None - - - - F W 262 
8234 None - - - - F W 262 
8235 None - - - - F W 262 
8241 None - - - - F W 264 
8242 None - - - - F W 264 
8243 None - - - - I - 247 
8250 */15204 Coming - Coming - F W 271 
8251 */15205 Coming - Coming - F W 271 
8252 */15206 Coming - Coming - F W 271 
8260 None - - - - I Q 275 
8261 None - - - - F W 278 
8262 None - - - - F W 280 
8263 None - - - - I Q 282 
8264 None - - - - I Q 282 
8266 None - - - - F W 285 
8267 None - - - - F W 285 
8269 None - - - - F W 291 
8270 None - - - - F W 292 
8271 None - - - - F W 292 
8273 None - - - - F W 297 
8274 None - - - - F W 298 
8275 None - - - - F W 300 
8280 None - - - - F W 306 
8281 None - - - - F W 306 
8284 None - - - - I Q 318 
8285 None - - - - I Q 318 
8288 None - - - - F W 321 
8290 (54196) None - - - - F W 323 
8291 (54197) None - - - - F W 323 
8292 None - - - - F W 328 
8293 None - - - - F W 330 
8808 None - - - - F W -
8815 None - - - - F W -

8816 None - - - - F W -
8819 None - - - - F W -
8822 None - - - - F W -

8824 None - - - - F W -
8825 None - - - - F W -

·Slash sheets not released 85 of date of this publication. 

+Per QPl-3851O-22 12 Jan. 76 
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QPL STATUS JAN 
JAN QUALIFIED + PROCESSED 

JAN M38510 FLAT FLAT 
DEVICE , SLASH SHEET DIP PACK DIP PACK 

8828 None - - - -
8829 None - - - -
8840 None - - - -
8848 None - - - -
8855 None - - - -
8859 None - - - -
8870 None - - - -
8875 None - - - -
8879 None - - - -
8880 None - - - -
8881 None - - - -
8885 None - - - -
8889 None - - - -
8890 None - - - -
8891 None - - - -
8H16 None - - - -
8H21 None - - - -
8H22 None - - - -
8H70 None - - - -
8H80 None - - - -
8H90 None - - - -
8T01 None - - - -
8T04 None - - - -
8T05 None - - - -
8T06 None - - - -
8T09 None - - - -
8T10 None - - - -
8T13 None - - - -
8T14 None - - - -
8T18 None - - - -
8T37 None - - - -
8T80 None - - - -
8T90 None - - - -
9300 115901 Coming - Coming -
9308 (54116) 101503 Coming - I -
9309 101404 I I F W 
9310 None - - - -
9316 None - - - -
9322 (54157) 101405 I I F W 
9324 115002 - - - -
9602 None - - - -

MOS 
2102-4 None - - - -
2102-6 None -- - - -
LINEAR 
LM101 None -- - - -
LM101A 110103 Coming - Coming -
LM107 None -- - - -
LM108 None -- - - -
LM108A 110104 - - - -

+Per QPL-38510-22 Dated 12 Jan. 76 

SI!IDOliCS 

JAN REL/883 
MIL TEMP 

FLAT 
DIP PACK 

F W 
F W 
F W 
F W 
F W 
I Q 

F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
F W 
I -
F W 
F W 
F W 
F W 

- -
F W 

F I 
F I 

F T 
F T 
F T 
F T 
F T 

DATA 

SHEET 
REF PAGE 

-

-
-
-
-
-
-
-
-
107 
-
-
-
-
-
-
-
-
-

-

-
-
17 
21 
23 
26 
30 
33 
35 
43 
89 
83 
84 

232 
-

-
-

-
-
-
-

-
-

56 
60 
69 
72 
80 
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JANM38510 
DEVICE SLASH SHEET 

5E510 None 
5E511 None 
5E555 */10901 
5E556 */10902 
5E567 None 

,.A709 None 
,.A709A None 
,.A710 /10301 
,.A711 /10302 
,.A723 /10201 
,.A733 /10301 
,.A741 /10101 
,.A747 /10102 
,.A748 None 

MC1558 None 

+Per QPL-38S10-22 12 Jan. 76 

JANM38510 
DEVICE SLASH SHEET 

3101A None 
545200 None 
545201 None 
545301 None 
82509 None 
82510 None 
82511 None 
82516 None 
82517 None 
82523 None 
82525 None 
825100 None 
825101 None 
825114 None 
825115 None 
825123 None 
825126 */00201 
825129 */00202 
825130 None 
825131 None 
825215 None 
825226 None 
825229 None 
825230 None 
825231 None 

All tAILrel products 8r8 also available to dle form. 
+Per OPL-38S1G-22 Dated 12 Jen. 76 

12 

QPLSTATUS JAN 
JAN QUALIFIED + PROCESSED 

FLAT FLAT 
DIP PACK DIP PACK 

- - - -
- - - -

Coming - Coming -
Coming - Coming -

- - - -

- - - -
- - - -
- - - -
- - - -
- - - -
- - - -

Coming - Coming -
Coming - Coming -

- - - -

- - - -
·Slash sheets not released as of date of this publication. 

BIPOLAR MEMORIES 

QPLSTATUS JAN 
JAN QUALIFIED + PROCESSED 

FLAT FLAT 
DIP PACK DIP PACK 

- - - -
- - - -
- - - -
- - - -
- - - -
- - - -
- - - -
- - - -
- - - -
- - - -
- - - -
- - - -
- - - -
- - - -
- - - -
- - - -

Coming - Coming -
Coming - Coming -

- - - -
- - - -
- - - -
- - - -
- - - -
- - - -
- - - -

JAN REL/883 
MIL TEMP DATA 

FLAT SHEET 
DIP PACK REF PAGE 

F - 106 
F - 107 
F T 158 
F - 162 
F T 282 

F T 89 
F T -
F T 202 
F K 203 
F L 117 
F K 172 
F T 93 
F K 96 
F T 101 

F T 87 

JANREU883 
MIL TEMP DATA 

FLAT SHEET 
DIP PACK REF PAGE 

F - 10 
F - 208 
F - 209 
F - 233 
I - 19 
F - 20 
F - 20 
F - 16 
F - 16 
F - 33 
F - 20 
F - 59 
F - 59 
I - 49 

- - 49 
F - 33 
F - 43 
F - 43 
F - 46 
F - 46 
I - 49 
F - 25 
F - 25 

Coming - 27 
Coming - 27 



CROSS REFERENCE 
JAN PART NUMBERS TO INDUSTRY PART TYPE 

JAN INO. PART TYPE JAN INO. PART TYPE JAN INO. PART TYPE 

M385101 00101 5430 M385101 01202 54122 M385101 02503 54L193 
00102 5420 01203 54123 02504 93L 10 
00103 5410 01301 5492 02505 93L16 
00104 5400 01302 5493 02601 54L86 
00105 5404 01303 54160 02701 54L02 
00106 5412 01304 54163 02801 54L95 
00107 5401 01305 54162 02802 54L164 
00108 ·5405 01306 54161 02803 93L28 
00109 5403 01307 5490 02804 93LOO 
00201 5472 01308 54192 02805 76L70 
00202 5473 01309 54193 02806 54L91 
00203 54107 01401 54150 02901 54L42 
00204 5476 01402 9312 02902 54L43 
00205 5474 01403 54153 02903 54L44 
00206 5470 01404 9309 02904 54L46 
00207 5479 01405 54157 (9322) 02905 54L47 
00301 5440 01406 54151 02906 76L42A 
00302 5437 01501 5475 02907 93L01 
00303 5438 01502 5477 03001 15930 
00401 5402 01503 54116 (9308) 03002 15935 
00402 5423 01504 9314 03003 15936 
00403 5425 01601 5408 03004 15946 
00404 5427 01602 5409 03005 15962 
00501 5450 01701 54174 03101 932 
00502 5451 01702 54175 03102 944 
00503 5453 01801 54170 03103 957 
00504 5454 01901 54180 03104 958 
00601 5482. 02001 54L30 03105 933 
00602 5483 02002 54L20 03201 951 
00603 9304 02003 54L 10 03301 945 
00701 5486 02004 54LOO 03302 948 
00801 5406 02005 54L04 03303 950 
00802 !;416 02006 54L011 03304 9093 
00803 5407 54L03 04001 54H50 
00804 5417 02101 54L71 04002 54H51 
00805 5426 02102 54L72 04003 54H53 
00901 5495 02103 54L73 04004 54H54 
00902 5496 02104 54L78 04005 54H55 
00903 54164 02105 54L74 04101 54L51 
00904 54165 02201 54H72 04102 54L54 
00905 54194 02202 54H73 04103 54L55 
00906 54195 02203 54H74 04104 54L54 
01001 5442 02204 54H76 04201 54L121 
01002 5443 02205 54H101 04202 54L122 
01003 5444 02206 54H103 05001 54011A 
01004 5445 02301 54H30 05002 4012A 
01005 54145 02302 54H20 05003 4023A 
01006 5446 02303 54H10 05101 4013A 
01007 5447 02305 54H04 05102 4027A 
01008 5448 02306 54H01 05201 4000A 
01009 5449 02307 54H22 05202 4001A 
01101 54181 02401 54H40 05203 4002A 
01102 54182 (9342) 02501 54L90 05204 4025A 
01201 54121 02502 54L93 05301 4007A 

9!!100liC9 

JAN/NO. 

M385101 05302 
05303 
05401 
05501 
05502 
05503 
05504 
05505 
05601 
05602 
05603 
05604 
05605 
05701 
05702 
05703 
05704 
05705 
05801 
06001 
06002 
06003 
06004 
06005 
06006 
06101 
06102 
06103 
06104 
07001 
07002 
07003 
07004 
07005 
07006 
07007 
07008 
07009 
07010 
07101 
07102 
07103 
07104 
07105 
07106 
07201 
07301 
07401 
07402 
07403 
07501 
07502 
07601 
07602 

PART TYPE 

4019A 
4030A 
4008A 
4009A 
4010A 
4049A 
4050A 
4041A 
4017A 
4018A 
4020A 
4022A 
4024A 
4006A 
4014A 
4015A 
4021A 
4031A 
4016A 
10501 
10502 
10505 
10506 
10507 
10509 
10531 
10631 
10576 
10535 
54800 
54803 
54804 
54805 
54810 
54820 
54822 
54830 
548133 
548134 
54874 
548112 
548113 
548114 
548174 
548175 
54840 
54802 
54851 
54864 
54865 
54886 
548135 
548194 
548195 
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CROSS REFERENCE 
JAtl PART NUMBERS TO INDUSTRY PART TYPE 

JAN/NO. PART TYPE JAN/NO. PART TYPE JAN/NO. PART TYPE JAN/NO. PART TYPE 

M385101 07701 548138 M385101 10404 55115 M385101 15602 54148 M38510/ 30003 54L804 
07702 548139 10405 55113 15603 9318 30004 54L805 
07703 548280 10406" 7831 15701 9338 30005 54L810 
07801 548181 10407" 7832 15801 9321 30006 54L812 
07802 5488182 10501 I'A733 15802 9317 30007 54L820 
07901 54812151 10601 LM102 15901 9300 30008 54L822 
07902 548153 10602 LM110 15902 9328 30009 54L830 
07903 548157 10701" I'A7805 16001 9334 30201" 54L840 
07904 548158 10702* I'A7812 20101* MCM5303 30202* 54L837 
07905 548251 10703* I'A7815 (64 x 8 Prom O.C.) 30203* 54L838 
07906 548257 10704" I'A7824 20102* MCM5304 30301* 54L802 
07907 548258 10801" MH0026 (64.8 Prom) 30302* 54L827 
08001 54811 10901* 555 20201* 828126 30303* 54L8266 
08002 54815 10902* 556 (256 • 4 Prom o.c. 30401" 54L851 
08101 548140 15001 5485 20202* 828129 30402* 54L854 
08201* 54885 15002 9324 (256 • 4 Prom I.s.) 30501* 54L832 
10101 I'A741 15101 5413 23001* 93410 30502* 54L886 
10102 I'A747 15102 5414 (256 • 1 RAM o.c.) 30601* 54L8194 
10103 LM101A 15103 54132 2302 * 5531 30602* 54L8195 
10104 LM108A 15201 54154 (256 • 1 RAM I.s.) 30603* 54L895 
10105 LM2101A 15202 54155 23501* 2680 30604* 54L896 
10106 LH2108A 15203 54156 (85'C 4K RAM) 30605* 54L8164 
10107 LM118 15204 8250 23502* TM84050 30606* 54L8295 
10201 I'A723 15205 8251 (85'C 4K RAM) 30607* 54L8395 
10301 I'A710 15206 8252 23503* 2680 30801* 54L8181 
10302 I'A711 15301 54125 (100'C 4K RAM) 31001* 54L811 
10303 LM106 15302 54126 23504" TM84050 31002" 54L815 
10304 1M111 15501 54H08 (100'C 4K RAM) 31003" 54L821 
10401 55107 15502 54H11 30001 54L800 31004" 54L808 
10402 55108 15503 54H21 30002 54L803 31101* 54L885 
10403 55114 15601 54147 

.. Slash sheets not released as of date of this publication. 
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I. STANDARD COMMERCIAL PRODUCT 
RELIABILITY 

"Slgnetica Product Reliability Raport R383"" dated June 
1975 represents the foundation upon which product reliability 
philosophy emanates at Signetics. The report differentiates 
product reliability from product quality. A summation of 13 
years (1962 to 1975) of product reliability data Is represented 
by the report. Excerpts from the report are presented here­
In. 

Failure Rate Packet." exist for all Signetics Products. Once 
per quarter life test data generated from various reliability 
programs (Including SURE II) is summarized and added to 
existing die process family life test data thereby resulting in 
updated I.C. failure rate calculations. At the present time, 10 
such "Failure Rate Packets" covering 18 Die Process Fami­
lies exist to provide current failure rate calcula­
tions/quotations. 

Quarterly SURE II Summarl .. " containing all recently com­
pleted SURE II Ole Process Qualification and SURE II 
Package Qualification Tests exist by which to monitor current 
product reliability performance to tests which meet or exceed 
MIL-STD-883A, Method 5005.3 requirements. 

Rallability Report." covering specific topics such as PROM 
Reliability, Dual Level Metallization Time-Temperature and 
Current Density Results, etc. are also available as compli­
ments to the Items above. 

II. SURE II (PRODUCT RELIABILITY 
QUALIFICATION PROGRAM) 

SURE II Bulletin 5005" details the philosophy and procedures 
used for the Systematic Uniformity and Reliability Evaluation 
(SURE II) Program. SURE II is a Signetics in-house qualifica­
tion program designed to continually qualify all Signetics Ole 
Process Families and all Package/Assembly Families to tests 
which meet or exceed the most recent military microelec­
tronic test programs (MIL-STD-883A, Method 5005.3 and 
MIL-M-38510). SURE II Is provided at no cost to the cus­
tomer. Excerpts from Bulletin 5005 are presented herein. 

III. SUPR II (100% Screening Program for 
Commercial/Industrial Products) 

SUPR II" the Signetics Upgraded Product Reliability (SUPR) 
Program Is designed to provide Integrated circuits of a higher 
level of quality and reliability than is available with standard 
commercial product. SUPR II products are available as Level 
A or Level B products. The SUPR II Brochure is presented 
herein. 

IV. MILrel 38510/883 Program (100% Screening 
Program for Hi-ReI/Mil Products) 

MILrel 38510/883 Program - The Signetics MILrel 
38510/883 Program Is designed to provide Integrated circuits 
of a Military/HI-Rei grade of product quality and reliability. 
The program Is organized to provide a broad selection of 
processing options, structured around the most commonly 
requested customer flows. The MILrel 38510/883 Program Is 
presented herein. 

* The reader may obtain a copy of this publication by contacting the 

Signetlcs QRA Department 
Signetics Corporation 
811 E. Arques Avenue 
Sunnyvale, California 94086 
(408) 739·7700 

SIGNETICS PRODUCT RELIABILITY REPORT R363 
JUNE,1975* 

FOREWORD 
13 Years of Reliability Data, Over 2000 Lots, over 100,000 De­
vices, Over 575,000,000 Actual Device hours 

All Signetics Products are Represented and Uniquely Delineated 

SECTION 1 (Summary of Signetics Product Reliability and Relia-
bility Philosophy) 

History of Reliability Testing at Signetics 

Signetics Philosophy Regarding Reliability 

Questions and Answers to Key Reliability Concerns (Section 1.3) 

Primary Manufacturing Factors Affecting Reliability (Table 1-2) 

SECTION 2 (Understanding the Failure Rate vs. Acceleration 
Factor vs. Activation Energy Relationship and Log 
Normal Life Distributions) 

Reliability Terms and Definitions (Failure Rate Equation, Bathtub 
Curve, Infant Mortality, Acceleration Factor, Arrhenius Equation, 
Activation Energies, Log Normal Life Distribution, etc.) 

Pitfalls to Taking Assessed Failure Rates at Face Value 

Failure Rate Acceleration Factor vs. Temperature Graphs 
Signetlcs and Others (Figure 2-2) 

SECTION 3 (Slgnetlcs Life Test Results and Assessed Failure 
Rates) 

Life Test Data from 1962 to April 1975 

Ole Process Family Failure Rates (Table 3-5) 

Failure Rate Predictions per MIL-HDBK-217B, An Alternate 
Method (Table 3-7) 

SECTION 4 (Signetlcs SURE Program Package Qualification 
Results) 

January 1963 to December 1969 Results (Table 4-1) 

January 1970 to December 1974 Results (Table 4-2) 

SECTION 5 (Plastic Molded Integrated Circuits) 

Plastic Encapsulant Manufacturing Considerations (Table 5-1) 

Plastic Product Accelerated Environmental Test Results (Tests 
Beyond the Scope of Section 4) 

Plastic Product vs. Hermetic Product Application Considera­
tions (Table 5-19) 

SECTION 8 (100% Screening vs. Reliability Improvement) 

The Use of Screening as a Poa.lble Enhancement of Product 
Reliability 

Reliability Improvement Factors VIA Screening (Table 6-5, Sec­
tion 6.3) 

SECTION 7 (SURE II - The Signetlcs 883A Reliability Program) 

Signetics has an Ongoing Product Qualification Program called 
"SURE II" 

Obtain a Copy of Bulletin 5005, "SURE II - Signetics 883A Re­
liability Program" 

• Highlights and excerpts trom report. All references to Tables. Sections. and Figures Bre with 
respect to the same as they appear In report R363. The excerpts were extracted intact so 
that a one to one relationship exists with the information contained in report R363. 
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ANSWERS TO SOME OF THE MORE FREQUENTLY 
ASKED RELIABILITY QUESTIONlS 
The following subsection presents the mOlit frequently asked ques­
tions about I.C. reliability. The foundation for each answer can be 
found elsewhere in this report. 

How should accelerated stresses be chos'en? The stresses chosen 
should relate to realistic operating conditions, relate to legitimate 
failure mechanisms which can be accelerated (while not introduc­
ing new failure mechanisms), and be d'Bsigned to limit physical 
destruction of the device so that failure analysis is possible. Sec­
tion 2 lists several other concepts whic:h Signetics believes are 
fundamental to the proper interpretation and understanding of 
accelerated stress results. 

What are the assessed failure rate levels for Signetics Products? 
The present day bipolar technology failure rates for standard non­
pre-screened products range from 0.0211% to 0.00049% per 1000 
hours at 25°C ambient at 60% confidenc'~. Similarly the MOS tech­
nology failure rates range from 0.031% to 0.0035% per 1000 hours. 
The reader Is urged to study Section 3 and understand the varia­
bles and limitations that apply to the ,die process family failure 
rates of Table 3-5. The reader should al~;o review Table 3-7, for an 
alternate method of determining failure rates. It behooves the sys­
tem analyst to know as much as possible about the limitations to 
existing I.C. failure rates so that the be:st system failure rate pre­
diction can be made based on the application and environment. 

How does one determine the current ~Issessed failure rate for a 
specific product based on Signetics Data? Signetics life test data 
and failure rates are organized by die process families. Given such 
a request, th( data for the appropriate die process family is pro­
vided. (Internal to Signetics, the QRA representative locates the 
tab process code corresponding to the specific product via refer­
encing the Product Master File. Once the die process family is 
determined, the corresponding failure rate is known). These data 
can then be applied directly as failure rates for the specific device 
In question. 

Are Signetics products continuing to IIhow a downward trend in 
failure rates? Yes and no. Figure 3.1 sh,)ws that bipolar technology 
products showed a downward trend for the six years that calcula­
tions were made between and including 1963 to 1970. The 
cumulative failure rate curve of 1975 has many new technologies 
as well as shorter stress times added to it. Considering all the 
"noise" In the failure rate calculations the failure rates appear to 
have leveled off. However, if one uses the acceleration factors de­
rived from the 1970 failure rate curve and applies them to 
OTl/TTL life test data generated from 1971 to 1975, the resulting 
25°C failure rate Is less than that "demonstrated" at 25°C in 1970. 
Signetics believes that a 25°C ambient assessed failure rate at the 
0.00 OX% (I.e. 0.0001%, 0.0002%, etc.) per 1000 hour level will be 
extremely difficult to improve in the 1970's. One must keep in 
mind, however, that due to increasing complexities, the actual fail­
ure rate per discrete component is decreaSing drastically. 

What are the dominant life test failure mechanisms? Signetics has 
found that accelerated testing at a junction temperature 
> 150°C for prolonged times leads to gold-aluminum intermetallic 
failure at the bond. Except for that m'~hanism, Signetics believes 
that the assessed failure rates are in'lIuenced by random defects 
rather than systematic failures to which reliability physics could be 
applied and solutions found. 
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What Is the longest life test that Signetics has run? The longest life 
test Is still In process as a demonstration in the front lobby of Sig­
netlcs In Sunnyvale, California. The "VIP'S" (very important parts) 
consist of 111 pre-production OTL circuits which have been oper­
ating since 1962. Their history Is shown in Table 3-1. 

How do the temperature acceleration factors that Signetics uses to 
assess failure rates compare to others used by the industry? Fig­
ure 2-2, shows that the Signetics Failure Rate Acceleration Factor 
vs Temperature Graph can be interpreted as slightly conservative 
when compared to other available graphs. 

What can be said about the integrity of Signetics packages and 
assembly techniques? Signetics packages are capable of routinely 
passing the class B L TPO requirements of MIL-STO-883 method 
5005. Typically, they are also capable of meeting class A L TPO 
requirements. See Section 4. 

How do plastic package failure rates compare to "hermetic" pack­
age failure rates? Based on extenslvtl relatively dry environment 
life tests (I.e. operating systems on the production floor, HTOL, 
HTRB, and HTSL), Signetics has found the Silicone, Epoxy Novolac 
I, and Hermetic package failure rates to be the same (within exper­
Imental uncertainty). Refer to Tables 5-2 and 5.3. 

What are the primary constraints placed on plastic molded product 
applications? Junction temperatures must be kept below 150°C to 
avoid excessive gold-aluminum intermetallic formation as well as 
bond wire grain growth, both contributing to bond failures. Pro­
longed exposures In environments approaching 85°C ambient and 
85% R.H. should be avoided. These environments are extreme. In 
more typical applications, problems do not exist as testified to by 
the millions of plastic I.C.'s that have been used in all types of ap­
plications for many years. Refer to Section 5. 

How does 100% Screening Affect I.C. Failure Rates? There is no 
simple answer to the question of screening effectiveness for a spe­
cific application. Usually the system application and MTBF (Mean 
Time Between Failure) requirements together with a good history 
of confirmed reject failure modes dictate what type of screening if 
any should be done. As a general guide, Signetics does reference 
MIL-HOBK-217B and has calculated reliability improvement factors 
as shown In Table 6-6. 

What effect does radiation have on Signetics I.C. performance? 
Per Table 1-1A, DTL circuits operate satisfactorily while being sub­
jected to transient radiation of 2.5X108 Rads/Sec. or a slow 
neutron flux of .2X1011 neutrons/cm2. Per Table 6-7, TTL circuits 
are capable of satisfactory operation during transient gamma ra­
diation In excess of 1X108 Rads/Sec. The TTL circuits are also 
capable of sustaining 1X1013 neutrons/cm2 without significant 
permanent damage due to the neutron radiation. 

Does Signetics have an ongoing Qualification Program for stand­
ard products? Yes, Its called the SURE II Program. A copy of the 
SURE II Bulletin 5005 dated March 1975 is available as a comple­
ment to this report. Also section 7 of this report contains a briet 
description of the SURE 1I/883A Reliability Program. 



Table 1-2A 
PRIMARY MANUFACTURING FACTORS WHICH HAVE A POTENTIAL IMPACT ON I.C. RELIABILITY (1) 

PRIMARY MANUFACTURING FACTORS 
(POSSIBLY AFFECTING RELIABILITY) 

I. Wafer Related Factors 
A. Bulk Considerations 

1. Power vs thermal resistance VB T J (Usualty milliwatt range power require­
ments are easily accommodated by suitable heat-sink packages) 

2. Current Non-Uniformity due to: 
a. Emitter geometry and size variations 
b. Dopant diffusion variations (emitter resistiVity, effective base width, large 

fields due to diffusion fronts and junction curvature.) 
c. Silicon lattice defects (dlaJocations, diffusion damage, oxidation damage) 

B. Passivation Considerations 
1. Thermal oxide dletectrlc strength 

B. Oxide contamination affect. Top side phosphosllicate glass (PSG) "g81-
taring". 

b. Oxide thickness and uniformity 
2. Junction coverage (passivation!). Latteral diffusion vs contract openings. 
3. Thermal oxide and PSG charges 

a. ass, surface state charge density (Intrinsic to 81-S102 Intarface for 
200Ao. Related to ionic SI in oxide. Post assembly stresses <300°C 
have IIHle affect) 

b. NST' fast surface state charge density at SI-SI02 due to lattice disrup­
tion. (Distort C-V plots, anneals at 500·C reduce levels to :S1010cm-2). 

c. Qo, mobile Ionic Impurity charge density. Na is the primary culprit. (K, LI, 
organics etc. are other posslbllittes, but seldom found. The usually large 
negative Ions are not a problem in SI02)' Na @ 127°C, 10V gate bias, 
redistributes 100% across 5.5KAo of oxide In 10 minutes. 

d. as', traps space charge density In Si02 Introduced by radiation generat­
ing electron-hole pairs which separate if gate bias exists. Anneal at 
300° C cures traps. 

e. Oxide surface charges "extended gate affect". (a R.H. of 40% to 90% 
produces Il. Sheet resistance of 1018 ohms to 1015 ohms). Also Includes 
propagation along the Interface of two Insulators under Influence of elec­
tric field. 

1. Polarization ot glass - dipole affect. ± VG produces ± A C-V during 
polarization. 

4. Phosphorous doped thermal oxide (emitter doping cycle), and PSG anom­
alies. 
a. Glass cracking (lOW P20S) 
b. Unattached P In glass (High P20S) 
c. lack of sufficient getterlng (low P20S) 
d. Negative oxide/glass slopes If phosphorous concentration Increases 

towards the SI surface. (Faster etching In areas at high concentration). 
e. PSG Porosity 

C. Metallization Considerations 
1. Metal-SI contact and "vla" (Al-Al) contact Integrity 
2. Stripe cross sectional area (Current capability) 
3. Grain size. 
4. Deposition contamination 
5. "Peellng" Aluminum (Non-Adherence to S102) 
6. Oxide/Glass step coverage (Especially Collector). 
7. Interrelationship of metal to glass (Glass chemical and mechanical proper­

ties and possible affect on microcracks, migration, corrosion, and 
bondability of metal). 

II. Package and Assembly Related Factors 
A. Wafer scribe, break, die plating. (Silicon microcracks, conductive particles, 

contamination - especially moisture related). 

B. Ole Attach (Ole Size - arealthlckness-dependent) 
1. AII~' (SI-Au eutectic, Solder reHow) 

a. Amount of "wetting" 
b. Void formation due to diffusion reactions 
c. Ductility (Thermal stress relief) 

POSSIBLE 
RELIABILITY IMPACT 

1. "Hot Spot" formation 
2. "Second breakdown" phenomenon 
3. excessive AL-Si eutectic formation. Al­

loy shorts through Junction. 
4. Increased carrier generatlon/re-

combination due to lattice defect propa­
gation. 

1. Direct metal to silicon shorts, resistiVe 
paths. 

2. Static discharge susceptibility (Increases 
with low series input resistance and high 
parallel reSistance or junction BV) 

3. SI02 + Al producing A'-:!03 plus SI 
which can short. 

4. Parametric degradation (aVT' ahFE' 
aBV, all etc. due to depletion, inver­
sion, and carrier generation sites) 

1. Cracked glass VB DlM 
2. Phosphorous leech out of glass fonmlng 

phosphoric acid In presence of H:zO 
which attacks metal. 

3. Parametric Instability 
4. Aluminum "mk:rocracks" over oxide/ 

glass steps. 
5. Trapped etchants (H3P04)' 

1. Il. ohmic contact resistance 
2. Al migration (Safe for J<2xlOS Alcm2) 
3. AI "mlcrocrecks" at step 
4. Metal corrosion (Oxide retards) 
5. Poor bond ability 
6. Parametric Instability 

1. Parametric Instability 
2. Loose conductive particles after assem­

bly 
3. Ole "pop off" 
4. Il. thermal resistance 
5. Il. electrical resistance 

APPLICABLE IN 
PROCESS CONTROLS 

1. Starting Slice (Orientation, resistivity, 
thickness, bow, taper) 

2. Mechanical Polish (t_, thickness, sur­
face finish, dislocations) 

3. Epitaxial Deposition (thickness, resistivi­
ty, stacking faults) 

4. Diffusion (Furnace control via V /I uni­
formity, registration, diffusion depth, 
resistivity, electrical tests) 

1. Oxidation (thickness, pinholes, cleanli­
ness via C-V plots and element 
detection) 

2. Photoresist (Dimensions, alignment, 
etch completeness, rinse completeness) 

3. Glass Density (Measure of porosity) 
4. Control of ass via proper oxidation 

ambient and temperature control. 

1. PSG deposition procedure. 
2. P20S content 
3. PSG annealing procedures 
4. Visual and SEM Inspections. 
5. Pinhole detection 

1. Target/source coverage and purity. 
Evaporator control. 

2. Thickness measurement 
3. Alloy Cycle 
4. SEM. 
5. C-V plots 
6. "Scotch Tape Pull Test" 
7. Bond Pull 

1. Visual Inspections 
2. Inert handling procedure 
3. Ole pry 

3 



Table 1-2B 
PRIMARY MANUFACTURII~G FACTORS HAVING A POTENTIAL IMPACT ON I.C. RELIABILITY (1) 

PRIMARY MANUFACTURINll FACTORS 
(POSSIBLY AFFECTING RE:LlABILlTY) 

C. Bonding (Requires proper pad layout and die orientation) 
1. Thermocompression Gold Wire Bonding (~~old wire Is work hardened dur­

Ing wire drawing then stress relieved 1,or suitable characteristics. Ball 
bonds, stitch bonds-via capillary. and wedge bonds-via wedge tool can be 
made.) 
B. Amount of bond deformation 
b. Wire gain growth 
c. Intermetallics (Au-AI) 
d. Wire sag 

2. Ultrasonic Aluminum Wire Bonding (Wire Is hardened for handling via sili­
con etc. addition). 
a. Ductility 
b. Intermetallics (Au-AI) at package. 
c. Bond deformation 
d. Wire dress 

O. Non-Plastic "Hermetic" Packages. Intent is to maintain a dry (dew point 
«O°C) Inert Inner atmosphere. 
1. Common to Hermetic Packages 

a. Plating Integrity (Nickel, gold, tin). Thl"kness, coverage, adherence, re­
sistance to oxidation and chemicals. SCl,lderablllty. 

b. Ole attach and bond integrity (Cavity Plating) 
c. External lead Integrity (presence of struss cracks prior to plating. ductili­

ty, and material strength) 
2. Metal Can (H20 < 10PPM attainable) 

a. Glass to lead seal Integrity. 
3. Ceramic Packages With Rellow Alloy Lid Seal (H20 « 200 PPM. Dew Point 

« - 350 C Is attainable). 
4. Ceramic Packages with top side lid frit seal plus Cerdlp and Cerpac 

(Ceramic base and ceramic lid sealed via. solder glass which also supports 
lead frame). The solder glass technology Is based on the glass-ceramic 
phenomena of nucleation and crystallza1'lon (devltrlficatlon) of a lead-zlnc­
borate glass. (H20'; 200 PPM, Dew pOint ,; - 350 C Is attainable). 
a. Lack 01 high Initial heating rates (lor high fluidity and maos transport In 

glassy phase) or lack of slow cooling rates (To minimize thermal shock) 
during lid seal. 

b. Proper glass binder control to achieve minimum of voids In glass ( < 
5%). 

c. Reliability hazard 01 tin dipping the ">ads alter lid seal (thermal shock 
potential) at the "user end". 

d. Water retention of certain glass binder's (used In glassing operation). 
e. Ole attach to printed glass-gold fllm. 
I. Suaceptlbility 01 the sealing glass to be attacked or become conductive 

In various plating and cleaning solutions. 
g. Contaminant free oxidizing environmeillt (Can not use N2) for lid seal. 

E. Plastic Packages 
ReIer to Section 5, Table 5-1 

NOTES: 

POSSIBLE 
RELIABILITY IMPACT 

I. Bond lilt off (under bonding) 
2. Au - AI Interdiffuslon (Klrckendall voids. 

"purple" plague) producing 
a. weak bonds 
b. resistive bonds 

Keep time temperature product low 
and do not exceed 150°C for long 
time periods after assembly. 

3. Wire breakage In span during thermal 
and mechanical stress. 

4. Both Au and AI wire lose strength above 
150·C 

5. Wire to wire shorts or wire to die shorts. 

1. Corrosion of AI wire and die metalliza-
tion. 

2. Corrosion of external leads. 
3. External lead latlgue. 
4. Inability to withstand chemical, thermal 

and mechanical environmental stresses. 
(ReI. MII-Std-883A) 

5. Parametric Instability. 

1. Problems preViously mentioned In prior 
box. 

2. Lead to lead shorts on cerdlp and cer­
pac due to Pb reduction and formation 
of lead balls. 

3. User handling. flxturlng and mounting 
procedures are important In maintaining 
seal Integrity. 

Reier to Section 5, Table 5-t 

Af'PLICABLE IN 
PROCESS CONTROLS 

1. Post bond visual for workmanship 
2. Au and AI wire (size. tensile strength, % 

etongatlon, composition, visual) 
3. Thermocompression Bonds 

a. Capillary cleanliness and tempera­
ture 

b. Bonding area temperature ('2:. 
300·C). 

c. Force (60-150g depending upon wire 
size etc.) and dwell time (ms range). 

d. Ball formation vs Wire Melt vs New 
Structure 

4. Bond pull data and analysis of break 
mode. 

1. Fine leak teot(10-6 to 10-" 
a:trn cc/sec) 

2. Gross leak 
(For <10_5 atm cc/sec) 

test 

3. Header bondabllity and discoloration. 
4. Inner package atmosphere analysis. 
5. Dye Penetrant 
6. Ole pry and bond pull 

1. OT A characterization 0' sealing glass. 
2. Torque test to ::! 20 in-Ib on lid. Aver­

ages of::! 40 in-Ib are typical. 
3. Proper SeaJ Profile. Time/temperature 

accumulation and oxidizing atmosphere 
are critical to determining devitriflcatlon 
IIle. 

4. Glass Thickness on Lids. 
5. Dye penetrant and other controls men­

tioned in prior box. 
6. Proper electroplating procedures. 

Refer to Section 5, Table 5-1 

(1) Many of the concepts expressed in table 1-2 werEl extracted from an article by Peattie, Adams, Carrell, George and Valek titled "Elements Of Semiconductor - Device Reliability" which 
appeared in Proceedings of the IEEE, Vol. 62, No.2. February, 1974, The concepts are applicable to present day I.C. manufacturing. 
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NOTES: 

Figure 2-2 
FAILURE RATE ACCELERATION FACTOR VB TEMPERATURE GRAPHS 

- SIGNETICS AND OTHERS 
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(1) Calculated from the Signetics Failure Rate vs Temperature Graph of Figure 3.2. Signetics uses acceleration factors of 15(for 
85"C), 50(Ior 125"C), 100(lor 150"C), 200(Ior 175"C), 350(lor 200"C), 970(Ior 250"C) and 2100(Ior 300"C) to relate to 
25°C equivalent ambient temperature. The 25°C to 125°C segment of the graph is based primarily on operating life data. 
The segment of the graph above 12S"C is based on high temperature storage data. The graph equates to an "activation 
energy" Ea =0.41 eV. 

(2) Calculated from Mll~HDBK-217B, 20 September, 1974, Table 2.1.5-4 for n T 1 VS TJ values. The graph equates to an "ac~ 
tivation energy" EA=0.41 eV and is applicable to all bipolar digital (except Eel) in the normal mode of operation. 

(3) Calculated from M'l~HDBK~21lB. 20 September. 1974, Table 2.1.5-4 for ITT 2 vs TJ values. The graph equates to an "acti­
vation energy" EA=0.70 eV and is applicable to all Mos. all Linear. and bipolar Eel devices in the normal mode of 
operation. 

(4) Calculated from Mll-STO-883A. 15 November 1974. Figures 1005-4 and 1015~1 by extrapolating the time temperature 
regression graph from 78°C back to 25"C. The Mll~STD-883A graph is the Bell Telephone laboratories Graph 
(Specification A~B~689143. 16 January 1974 etc.) and as such applies to storage and operating TJ values and primarily 
surface inversion failure mechanisms. The graph equates to an "activation energy" EA = 1.02 eV. 

(5) This curved graph is the result of plotting the "rule of thumb" that failure rates (hence acceleration factors) double for every 
+ to 10'C, 

(6) All competitor data (available to Signetlcs) produced graphs faUing within these two boundaries. The two boundaries equate 
to "activation energies" of EA "" 0.23 eV (for lower graph) and EA "" 1.92 eV. 
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Table 3-5 
SIGNETICS 1.C. FAILURE RATES CALCULATED FROM THE DATA OF TABLES 3-3 AND 3-4 

DESCRIPTION OF SURE EXAMPLE COMBINED (HTOL & HTSL) A (250C) IN % PER 1000 HOURS (2) 

SURE DIE PROCESS FAB OFA 250C EQUIVALENT (11 BASED UPON BASED UPON BASEOUPON 

FAMILIES PROCESS TYPICAL DEVICE # FAILURES CAT. AND DEG. CATASTROPHIC DIE RELATED 

1971 TO 1975 CODES DEVICE HOURS CAT. DEG. FAILURES FAILURES (31 CAT. FAILURES 

r2L & OTL. Gold Doped Slow A.Al.Bl.J SE 124 181.868.000 0 1 0.0011 0.00049 0.00049 
Saeed High/Low Voliage FLIPFLOP (1) 

r2L & OTL. Gold Doped Fast Cl.C2.C5.CA 7400 619.768.320 6 4 0.0019 0.0012 0.0010 

Speed Low Voltage CB.D.C6 GATE (51 (41 

Schottky. Std. Aluminum R2.S2.Xl.X2 86S62 115.275.000 5 1 0.0062 0.0054 0.0027 

SLM and DLM X6.X7.Z1 PARITYG (2) (1) 

Schottky. SiHclde R4.S4.X3.~:4 82S 10 19.900.000 3 0 0.021 0.021 0.0045 

SLM and DLM lKRAM (0) 

Low Pwr. Schottky. Silicide. P4. V3 74LS 74 141.100.000 2 0 0.0022 0.0022 0.00064 

Ion Imelantatlon. SLM/DLM FLIPFLOP (01 

PROMS. Std. Non-Schottky T2L E2Cl. C:I 8223 14.373.800 1 0 0.0063 0.0063 0.0063 

C 1 Process Plus Nichrome PROM (1) 

PROMS. Std. Aluminum SChottky R5. X5 82S 115 18.290.000 0 0 0.0050 0.0050 0.0050 

DLM Plus Nichrome Fuses 4KPROM (41 

ECL. Std. Aluminum Contacts Ql. Yl. 1(2 10131 180.700.000 0 5 0.0035 0.0005 0.0005 

SLM and DLM FLIPFLOP (5) 

ECL. Std. Aluminum Contacts. U2 10145 30.200.000 0 0 0.003 0.003 0.003 

Washed Emitter. SLM and OLM RAM 

EeL. Silicide. U4 10164 117.000.000 3 0 0.0035 0.0035 0.0026 

Washed Emitter. SLM and DLM MULTIPLX (2) 

Linear. High Voltage M.ME.MX,PX ~A741 172.779.000 4 3 0.0048 0.0030 0.0024 
R. p. Ml OP.AMP (31 (21 

Linear. Medium Voltage E.EX.EX2 565 25.600.000 0 0 0.0035 0.0035 0,0035 

ax.o~~ PLL 

Linear. Low Voltage B.B2.C.H.K 556 43.200.000 0 0 0.0021 0.0021 0.0021 
L/L l/L3.W.Wl TIMER 

TOTAL FOR BIPOLAR TECHNOLOGIES 1.680.074.120 24 14 0.0023 0,0015 0.00084 
(13) (13) 

DMOS. Double DiftlJsad MOS. L21A1e./C SO 301 26.450.000 0 0 0.0035 0.0035 0.0035 
N-Channel. Ion Imelanted M2D2/:I/4 FET 

CMOS. Complimentary MOS. Ion C2K 4011 91.519.000 4 4 0,010 0.0056 0,0056 

Imelanted. Metal Gate GATE (41 (4) 

NMOS. MOS Silicon Gate. LOW N3A 2602 26.880.450 0 2 0.012 0.004 0,004 

VoltaDe. N-GhanneJ. Ion Imelt C2N lKRAM (2) 

NMOS. MOS Silicone Gate High N3Ei 2604 5.920.000 0 0 0.015 0.015 0.015 

Voltaae. N-Ghannel. Ion Ime~ 4KRAM 

PMOS. MOS Silicon Gate Low K3~, 2580 84.535.000 9 5 0.018 0,011 0.0098 
Voltage P-Ghannei C2(~ 8KROM (7) (5) 

PMOS. MOS Silicon Gate High K3El 1103 8.955.720 2 0 0.031 0.031 0.031 
Voltaae P-GhanneJ C2T lKRAM (2) 

TOTAL FOR MOS TECHNOLOGIES 243.240.170 15 11 0.0113 0.0068 0.0059 
(13) (ltl 

TOTAL FOR BIPOLAR AND MOS TECHNOLOGIES 1.923.314.290 39 25 0.0034 0.0021 0.0014 

(26) (24) 

NOTES: 
(1) The Signetics Failure Rate Acceleration Factor 'lIS. Temperature Graph (figure 2-2) was used to calculate the TA-250C equivalent device hours. The catastrophic failures are defined as 

opens. shorts or non-functional parts. All other "failures" are defined as degradationsl. The total number of catastrophic and degradational failures are listed without parentheses. The 
quantity within the parentheses refers to those fullures which appear to be related to die failure mechanisms (i.e. assembly and package related failure mechanisms Bre not included in the in­
parenth .... quantities), 

(2) The faliure rates are calculated at 60 % confidenco and are based upon the combined (HTOL and HTSL) 250C Equivalent data shown. 

(3) Signetics recommends using the failure rate values of this column (more typical of real "18). When using these failure rate values, it is important to realize that the failure rates are constantly 
changing as more data becomes available. Of additional importance is the fact that the failure rates are somewhat influenced by assembly and packaging failUre mechanisms. which are 
random and not unique to a particlar die processofamlly. 

(4) To date over 9 billion fusad link hours and over !l billion unfused link hours have been accumulated producing an MTBF (Inverse of Failure Rate) 019.4 x lOS hours f04' both fusad and unfused 
links, 
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1975 SURE II 
DIE PROCESS 

FAMILY 

I TTL/DTl 

II TTL/DTl 

III Schottky 

IV Schottky 

V Low Power 

Schottky 

VI BIPOLAR 

MEMORY 

PROMS 

VII ECl 

VIII ECl 

IX linear 

X Linear 

XI Linear 

XII DMOS 

XIII CMOS 

XIV NMOS 

XV NMOS 

XVI PMOS 

XVII PMOS 

Table 3-7 

FAILURE RATE PREDICTIONS PER MIL-HDBK-217B, 20 SEPTEMBER 1974, 
"RELIABILITY PREDICTION OF ELECTRONIC EQUIPMENT" 

FAILURE RATE PREDICTIONS PER MIL-HDBK-217B 

ARBITRARY F.R. PARAMETERS PER FAILURE RATE EQUATION (1) 
FAMILY CANDIDATE PREDICT N 

~3~ ~~ fs~ ~T ~1 ~~ DESCRIPTION DEVICE TYPES MODEL(l) (2) 

Gold doped. Slow speed SE 124. DTl 1. B. G~ 150 1 0.2 0.17 .0033 .0064 
High 1 low Vol1age FLIP FLOP 4 

Gold Doped. Fast speed 7400. QUAD 2- 1. a. G~ 150 1 0.2 0.17 .0033 .0064 

Low Voltage IMPUT NAND GATE 4 

74147. 10 LINE TO 1. a. G~ 150 1 0.2 0.33 .013 .013 

4 LINE DECODER 31 

Std. Aluminum Schottky 82 S 62. 9 BIT 1. a. G~ 150 1 0.2 0.17 .0061 .0089 

SlM or DlM PARITY GEN. 10 

Silicide Schottky. 74 S 40. DUAL 4· 1. a. G~ 150 1 0.2 0.17 .0021 .0050 

Single Level Metal INPUT NAND BUFFER 2 

(SLM) or Dual Level 82 S 10. 1024x1 1. d. B~ 150 1 0.2 0.33 .13 .049 

Metal (DlM) BIPOLAR RAM 1024 

Silicide Schottky, Ion 74l S 74. DUAL 1. B. G~ 150 1 0.2 0.17 .0069 .0095 

Implantation, SLM or DLM FLIP FLOP 12 

Std. Aluminum Schottky 82 S 23. 32x8 1. d. B~ 150 1 0.2 0.33 .032 .012 

DLM plus Ni-Cr Fuses BIPOLAR PROM 256 

82 S 115. 512x8 1. d. B~ 150 1 0.2 0.33 .17 .070 

BIPOLAR PROM 4096 

Standard Silicide. 10109. DUAL 4/5- 1. B. G~ 150 1 0.2 0.24 .0033 .0064 

ECl. SlM or DlM INPUT ORINOR GATE 4 

Silicide, Washed 10164. 8 LINE TO 1. a. G~ 150 1 0.2 0.24 .0069 .0095 

Emitter. ECl. SlMI DlM 1 LINE MUl TIPlXR 12 

Higher Voltage Process p,A 7 41 Operation- 1. b. T~ 150 1 0.2 0.24 .0055 .013 

al Amplifier 20 

Medium Voltage Process 565. PHASE 1. b. T~ 150 1 0.2 0.24 .0071 .016 

lOCKED lOOP 28 

Low Voltage Process 556. DUAL 1. b. h 150 1 0.2 0.24 .010 .021 

TIMER 46 

Double Diffused MOS. SD 301. DUAL 1. b. T ~ 150 1 0.2 0.24 .0016 .0056 

N-Channel. Ion 1m lnld GATE DMOS FET 2 

CMOS. Ion Implanted, 4011. QUAD 2- 1. a. G~ 150 1 0.2 0.24 .0033 .0064 

Metal Gate IMPUT NAND GATE 4 

MOS Silicon Gate. 2602. 1024x1 1. d. B~ 150 1 0.2 0.76 .13 .049 

Low Voltage N Channel. STATIC RAM 1024 

Ion Implantation 2650.8 BIT 1. c. Go 150 1 0.2 0.76 9.35 3.52 

MICROPROCESSOR 1300 

MOS Silicon Gate. High 2604. 4096x 1 1. d. B~ 150 1 0.2 0.76 .30 .12 

Volt N-Chan. Ion 1m Int DYNAMIC RAM 4096 

MOS Silicon Gate. 2521. DUAL 128 1. d. B~ 150 1 0.2 0.76 .056 .020 

Low Voltage P BIT STATIC S. R. 256 

Channel 2580. 2048x4 1. d. Bo 150 1 0.2 0.76 .26 .11 

STATIC ROM 8192 

MOS Silicon Gate. 1103.1024x1 1. d. B~ 150 1 0.2 0.76 .13 .049 

Hioh Voltage P Channel DYNAMIC RAM 1024 

A A 
FI10RHR %FI103HR 

0.276 0.0276 

0.276 0.0276 

1.034 0.1034 

0.423 0.0423 

0.204 0.0204 

7.91 0.791 

0.461 0.0461 

1.94 0.194 

10.52 1.052 

0.311 0.0311 

0.533 0.0533 

0.588 0.0588 

0.735 0.0735 

0.99 0.099 

0.226 0.0226 

0.311 0.0311 

16.29 1.629 

1171.5 117.15 

37.8 3.78 

6.98 .698 

32.94 3.294 

16.29 1.629 

(1) A p= AT + XM = TIL TIQ (C 1IIT + C2TIE). The overall device failure rate A P (Failures/l06Hours) is composed of the failure rate component A T due to time degradation causes 
(represents degradation mechanisms which are accelerated by temperature and electrical bias; composed largely of phenomena which follow the Arrhenius type rate acceleration) plus the 
failure rate component X M due to mechanical causes (application environment induces direct or indirect failure mechanisms from mechanical stresses such as stresses set up by thermal 
expansion). The TIT (temperature acceleration factor),C1 and C2 (circut complexity factors) values are related to device technology/circut complexity and their values are computed from 
Section 2.1 of MIL-HDBK-217 B for one of the following four classes of devices: 
a. Monolithic Bipolar and NMOS. PMOS. CMOS Digital (SSI/MSI. Gates'; 100. Transistors'; 400). 
b. Monollthic Bipolar and DMOS Unear. 
c. Monolithic Bipolar and NMOS. PMOS. CMOS Digital (LSI). 
d. Monolithic Bipolar and NMOS. PMOS, CMOS Memories (RAMS. ROMS. PROMS. and ~ Dual 8 Bit Shift Registers). 

(2) N = # of gates (G). assume 4 transisto~s/gate, for 1.a. or l.c.; N=# transistors (T) for l.b.; N=# bits (B) for 1.d. 
(3) IIO Quality factor can be 1, 2, 5, 10. 16 or 150. 150 was chosen to coincide with commercial (non-military standard) parts. 
(4) ilL Learning factor can be 1 or 10. 1 was chosen to relate to products for which production conditions/controls have stabilized. 
(5) liE The applicable environmental factor can be 0.2. 1.0.4.0,5.0.6.0 or 10.0. 0.2 chosen to reflect a ground benign environment. 
(6) lIT Temperature acceleration factor based on T J=25°C (ambient) + lOoC (or 25"C). 10"C used for #transistors :::;; 120. 
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Table 4-1 
SUMMARY OF ALL SURE ENVIRONMENTAL RESULTS (PACKAGE QUALIFICATIONS TESTS) 

- JANUARY 1963 TO DECEMBER 1969 
RESULTS BY SUBGROUP (TOTAL OTV FAILURESITOTAL OTV OF OEVICES)(l1 

SURE PACKAGE LTPO~..!L- LTPO~~ LTPO~ LTPD r-!L-- LTP0;...!L- LTPO~ LTPD~ 

FAMILY DESCRIPTIONS Bl {21 B2 {21 B3 {21 84(2L B5 (g) B8 .. (2) B7 (2) 

Metal Cans (K, T) 0/330 - 3/330 1-4A 0/330 - 0/330 - 0/330 - 2/880 2-1C 0/880 -
2-20 

Plaslic Dip, Silicone 0/615 - 14/653 13-1C 0/615 - 0/615 - 0/615 - 5/1640 3-1C 3/1640 1-2B 

1-3C l-IC 

(A, B) 1-20 1-3A 1-2A 

1-4A 

Dip-Cerdlp (F) 0/45 - 0/45 - 0/45 - 2/64 2-3F 0/45 - 0/120 - 1/120 1-2B 

Flatpac - Glass, Kovar 2-2E 

3-2A 

Lid/Glass To Kovar 0/1530 - 3/1540 1-20 2/1530 1-4A 3/1549 3-3F 211540 2-31 9/3994 1-3E 5/4078 3-2A 

Seal (G, J) 1-4A 1-3E 1-2B 1-2B 

1-4B l-IB l-IC 

HC 

Flatpac - Ceramic Body/ 

Glass Seal at Leads, 0/30 - 1/40 l-IC 0/30 - 1/40 1-3F 0/30 - 1/80 HC 0/80 -
Ceramic Lid/Glass Seal (O) 

Flatpac-Ceramic Body. 0/20 - 0/20 - 0/20 - 0/20 - 0/20 - 0/60 - 0/40 -
Alloy Seal (P, R) 

TOTAL % REJECTS 0% 0.799% 0.078% 0.229% 0.077% 0.286% 0.132% 

0/2570 21/2628 2/2570 6/2618 2/2580 18/6774 9/6802 

% LOTS WITHOUT 100% 93% 99% 98% 99% 90% 95% 

REJECTS 171/171 158/171 169/171 168/171 169/171 152/169 162/171 

NOTES: 
(1) Explanation of Subgroups (Per MIL-S-19500 and MIL-STD-750; Reference SURE Bullelin 5001) 

B 1: Physical Dimensions 
82: DC Parameters. Solderability, Temperature Cycling (10 cycles), Thermal Shock (5 cyctes), Moisture Resistance (10 days). End Point Electricats with Drift Criteria Appned. 
B3: DC Parameters, Mechanical Shock (1500g), Vibration Fatigue (30g), Vibration Variable Frequency (30g), Acceleration (30,000g), End Point Electricals with Drift Criteria Applied. 
B4: Terminal Strength, Hermeticity (Small Leak & Large Leak) 
B5: Salt Atmosphere (24 hours) 
B6: DC Parameters, Storage Life (1000 hours TA ~ 150°C), End Point Electrlcals with Drift Criteria Applied. 
87: DC Parameters. Operating Ufe (1000 hours, rA ,., 125°C. Dynamic Conditions), End Point Electricals with Drift Criteria Applied. 

(2) The results of failure analysis are shown via code X-YZ where X is the quantity of failures with mechanism YZ. The YZ mechanisms are defined as follows: 
1. Bond Probtams 

A. Bond Degradation (Intermetaliics) 
B. Poor Bond Adherence (Substd. Bonds) 
C. Broken Bond Wires (At the Die or Package) 

2. Ole Problems 
A. Oxide Defects (Shorts, Pits, Voids) 
B. Junction (Leakage) Degradation 
C. Mask or Diffusion Defects 
D. Aluminum Metallization (Cracked. Thin. Voided) 
E. Cause Unknown. Electrical Degradation 

3. Assembly and Package Problems 
A. Aluminum Metal Scratches 
B. Die Chips or Cracks 
C. Wire Shorts to Die or Package 
D. Wire Breakage (In the Span) 
E. Lifted Die From Attach Pad 
F. HermetiC Seal (Fine or Gross) 
G. External Lead Broken 
H. Cracked Package 
I. Pitted Leadsl Lead Corrosion 

4. Miscellaneous 
A. Failures Not Analyzed 
B. Aluminum Corrosion (Moisture Ingression, E!tC. Could be Die Fab, Package or Assembly Related) 
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Table 4-2 
SUMMARY OF ALL SURE ENVIRONMENTAL RESULTS (PACKAGE QUALIFICATION TESTS) 

- JANUARY 1970 TO DECEMBER 1974 
RESULTS BY SUBGROUP /TOTAL OTY FAILURESITOTAL OTY OF DEVICES) 11 

SURE PACKAGE LTPD ~,..lL L TPD r-J.L-- LTPD ,=....:!L LTPD r-J!- LTPD -,...1!- LTPD ;:....1L LTPD~ LTPD~ 

FAMILY DESCRIPTIONS Bl (2) B2 (2) B3 (2) B4 12) Cl (2) C2 /2) C3 /21 C4 /21 

Plastic Dips. Epoxy (V.A.B. 01105 - 01105 - 01105 - 01105 - 01105 - 01105 - 0/105 - 0/315 -
AA.BA. N. XF) 

Plastic Dip. Silicone (V.A.B. 0/165 - 0/165 - 0/172 - 3/222 3-4A 15/277 S-4A 4/228 4-4B 0/165 - 3/445 1-2C 
XA. XC. N) &-4B 

l-IB 2-2E 
4-1C 

Plastic Dip. APT I PIL~LAHl 0/120 - 0/120 0/120 - 1/130 1-3G 0/120 0/120 0/120 0/34<1 

Flatpac~Cer8mlc Body I 0/225 - 0/225 - 0/225 - 0/225 - 1/235 1-4B 0/225 - 1/235 1-3G 0/640 -
Glass Seal at Leads. 
Ceramic LidlGlass Seal (0) 

Flatpac-Cerpac (W) 0/210 - 0/210 - 0/210 - 2/229 2-3G 0/210 - 0/210 - 0/210 - 2/605 1-2E 

1-2B 

Flatpac-Glass, Koyar Lid/ 01270 - 0/270 - 0/270 - 0/270 - 1/280 1-4A 0/269 - 3/299 1-31 0/730 -
Glass to Kovar Seal (J) 2-4A 

Flatpac-Ceramlc Body. 

AlloY Seal/P.R) 0/30 - 0/30 - 0/30 - 0/30 - 0/30 - 2/49 2-4A 3/82 3-31 0/80 

DIP - Cerdlp (F) 0/322 - 0/322 - 0/322 - 13/411 8-3F 12/418 7-3F 0/322 - 0/322 - 2/885 1-2E 

3-4A 

S-3G 1-1 A 1-2C 

1-2A 

DIP - Ceramic Body. Metal 0/210 - 0/210 - 0/210 - 0/210 - 1/210 1-3H 3/210 3-3C 0/210 - 1/590 1-4A 

Lid/Alloy Seal (U 

DIP· Ceramic Body. Ceramic 0/45 - 0/45 - 0/45 - 0/45 - 3/55 1-3F 2/45 2-1C 0/45 - 0/135 -
LidlGlass Seal (L A. )NC) 1-2B 

1-2E 

SOlid Header With Mounting 0/30 - 0/30 - 0/30 - 0/30 - 1/30 1-3B 0/30 - 0/30 - 2/90 1-3A 

Holes IDA) 1-3B 

Metal Cans (T.TA.DB.DC. 0/150 - 0/150 - 0/150 - 1/160 1-4A 0/150 - 1/150 l-IC 0/150 - 0/430 -
DE L. K) 

TOTAL % REJECTS 0% 0% 0% 0.97% 1.60% 0.61% 0.36% 0.19% 

0/1882 0/1882 0/1889 20/2067 34/2120 12/1963 711973 10/5285 

% LOTS WITHOUT REJECTS 100% 100% 100% 90% 86% 95% 97% 92% 

1251125 125/125 125/125 113/125 107/125 118/125 121/125 115/125 

NOTES: 
(1) Explanation of Subgroups (Per MIL-8TD-883 Groups Band C Environmental Tests. Ref­

erence SURE Bulletin SOOlA of June 1970). The numbers in parentheses refer to Mll­
STD-883 Methods. 

(2) The results of failure analysis are shown via code X-YZ where X Is the quantity of failures 
with mechenlsm YZ. The YZ machenlsms are defined as fOllOWS: 

B t Physical Dimensions (2008). Condo A 
B2 Marking Permanency (2008). Condo B; Visual and Mechanical (2008). Cond. B; 

Bond Strengfh (2011). Condo D 
B3 _ Solderability (2003). 260°C", 10°C 
B4 Lead Fatigue (2004). Condo B2; 10 x Visual; Hermetlclty (1014). Flne-cond. A or 

Band Gross-Cond. C 
Cl = Pr ... Test Electrical Parameters; Thermal Shock (1011). Condo C. 15 cycles. 

_65°C to 150°C; Temperature cycle (1010). Condo C. 10 cycles. -65°C to 
150°C; Hermeticity (1014). Fin&-Cond. A or Band Gross-Cond. C; Moisture R&­
slstance (1004): Vibration and Initial Conditioning Omitted; End Point Electrical 
Parameters Recorded, 25°C D.C. and Functional. 

C2 = Pre-Test Electrical Parameters; Mechanical Shock (2002). Cond. B. 1500G's; VI­
bration Variable Frequancy (2007). Condo A (2OG pk); Constant Accaleration 
(2001). Condo E (30 KG); End Point Electrical Parameters Recorded. 25°C D.C. 
and functional. 

C3 _ Salt Atmosphere (1009). Condo A. Omit Inijial Conditioning; 10 x V1suallnspec­
tion 

C4 _ Pr ... Test Electrical Parameters; High Temperature Storage (1008). TA = 150°C. 
+ _ 1000 hours; End Point Electrical Parameters Recorded. 25°C D.C. and Func­
tional. Drllt criteria appli8\l. 

Note that the Hermeticity Test does not apply to solid molded packages. 

1. Bond Problems 
A. Bond Degradation (Intermetallics) 
B. Poor Bond Adherenca (Substd. Bonds) 
C. Broken Bond Wires (At the Die or Package) 

2. Die Problems 
A. Oxide Defects (Shorts. p~s. Voids) 
B. Junction (Leakage) Degradation 
C. Mask or Diltuslon De/ects 
D. Aluminum Metallization (Cracked. Thin. Voided) 
E. Cause Unknown. Electrical Degradation 

3. Assembly and Package Problems 
A. Aluminum Metal Scratches 
B. Die Chips or Cracks 
C. Wire Shorts to Die or Package 
D. Wire Breakage (In the Span) 
E. Lilted Die From Attach Pad 
F. Hermetic Seal (Fine or Gross) 
G. External Lead Broken 
H. Cracked Package 
I. Pitted Leads/Lead CorrOSion 

4. Miscellaneous 
A. Failures Not Anelyzed 
B. Aluminum Corrosion (Moisture Ingression. etc. Could be Die Fab. Package. or 

Assembly Rotated). 
(3) Changed from a L TPD of 15 to a L TPD of 5 In 1973. 
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Table 5-1 
ENCAPSULANT VS RELIABILITY VS "MANUFACTURING" CONSIDERATIONS 

PLASTIC ENCAPSULANT COI~SIDERATIONS 
(COMPOSITION, PROPERTIES, PROCESSING) 

I. Chemical Composition 
1. Resin (Type and Hardener) 
2. Catalyst 
3. Mold Release 
4. Flame retardant Syste'TI 
5. Filler (Type, Amount and Particle Size Distribution) 

II. Chemical - Physical Properties 
1. Thermal Stability 
2. Impurities (Ionic Conductance and PH of water extract, 

Total Halogens, Total Metallic Impurities). 

III. Thermomechanlcal Properties 
1. Thermal Expansion Coeflcients ( .. 1, .. 2) 
2. Glass Transition Temperature (Tt3) 

IV. Thermal Conductivity 

V. Mechanical and Electrical Properties 
1. Molded Material 
2. Post Cured Material 

VI. Process Conditions Affecting Packslge Properties 
1. Preheating 
2. Encapsulant Flow Characteristlc:s. 
3. Molding (Temperature, time, anci pressure). 
4. Post molding curing (Temperature and time). 
5. Finish Operations (Deflash, cutapart, lead bend, lead 

dipping/plating). 

NOTES: 

(1) Typical Signetics reliability "tools" include 

APPLICABLE RELIABILITY 
CONSIDERATIONS (1) 

1. Dry environment paramet­
ric stability (leakage cur­
rent, threshold voltage, 
bond resistance, etc.) 
a. Evolution of contami­

nants during molding 
and cure. (Mobile Ionic 
Impurities, polar organic 
groups, etc.) 

b. Post cure thermal deg­
radation of encapsulant. 

2. Humid environment para­
metric stability (measure of 
the encapsulants ability to 
resist water absorption by 
the bulk material or mois­
ture ingression along the 
leadframe/bond wire/ en­
capsulant interfaces.) 
a. Electrolytic metal (usu­

ally aluminum) corro­
sion. 

b. Leach of contaminants 
producing "extended 
gate" affect, conductive 
glass, depletion/Inver­
Sion or accumulation of 
silicon surface. 

c. Decrease In encapsulant 
electrical resistance. 

3. Effect of thermomechan­
Ical stress of encapsulant 
on the bond/bond wire 
system. (Room, "window", 
and hot opens or shorts). 
a. Wire grain growth 

("Creep"). 
b. Decrease in bond 

strength. 
c. Wire to wire shorts 

("Wire Sweep" related). 
d. Wire to die shorts. 

4. Flammability 

POSSIBLE MANUFACTURING 
INTERACTIONS (2) 

1. Die Process Technology 
(Sensitivity to contami­
nants and corrosion) 
a. Gold doped bipolar digi­

tal. 
b. Non-gold doped bipolar 

digital. 
c. Bipolar linear. 
d. NMOS, PMOS, DMOS, 

CMOS 

2. Glass Integrity 
a. Porosity 
b. Phosphorous leach 
c. Getterlng ability 

3. Metal Integrity 
a. Retarding effect of oxi­

dized metal on metal 
corrosion 

b. Grain size, etc. 

4. Bond Integrity Factors of 
table 1-2 paragraph II. C. 

5. Lead frame 
a. Material 
b. Plating 

8. HTOL or HTRB (8S a C or 125"C), and HTSL (150°C) to evaluate the electrical compatibility of the encapsulating material in a dry env;ronment. 
b. Temperature humidity stresses (85"C and El5% R.H., 121°C and 100% R.H., cyclic 25"C to 65"C with 80 to 98% R.H.) with or without electrical bias. 
c. Power Cycle (PO max and either a5 min. or a10 min. cycle), Temperature cycle (0 to 125"C. -55"C to 125"C. -65"C to IS0 a C), and thermal shock (0 10 100"C, -55"C to 

125'C. -65'C 10 150'C). 

(2) Refer to Table 1-2 for a more comprehensive coverage of "manufacturing" factors. 
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Table 5-19 
A GENERAL COMPARISON OF EPOXY DIP TO CERDIP APPLICATION CONSIDERATIONS 

APPLICATION OR PERFORMANCE GENERAL COMPARISON (1) 

CONSIDERATION EPOXY DIP CERDIP COMMENTS 

Cost lower Higher 

Failure Rate for Steady Same Same Refer to Section 5.3 and Table 5.2 for 

State non-Humid Environment (0.0024%/1000 Hour) (0.0024 % 11000 hour) details 

Thermal Resistance (Effect on Usually Higher Standard Medium Power Plastic Packages with a 

T J During Operation) (J JA comparable to CerDip are availabkt 

Storage Temperature 150·C 200·C E-Dlp limited by Au-AI bonding system 

(Maximum Rating) and epoxy thermal stability. Ref. Sec. 5.1 

Temperature Limit for Reverse :S125·C 150·C E-Dlp:S125·C to keep TJ:SI50·C lor 

Bias Stresses extended stress times. 

Resistance to Mechanical Abuse High Strength Package Strength CerDips could lose their hermetic seal with 

Encapsulant is related to the abnormal handling, board insertion, etc. 

seal area 

Mechanical Shock Solid Package Cavity Package BOTH packages easily meet SURE subgroup 

Mechanical Vibration C2 requirement of Table 4-2. (Refer to 

Constant Acceleration Section 5.6 also) 

Salt Atmosphere (For Lead Same Same BOTH packages have Alloy 42 leadlrames. 

Corrosion) CerDip has tin plated, E-Oip has solder 

dipped leads. See Subgroup C-3 01 Table 

4-2. 

Thermal Shock, 15_.-65 to 150·C Excellent Good See Subgroup C-l 01 Table 4-2. The possi-

Temperature Cycle. 10-. -65 to bility of CerDip loosing hermetic seal 

150°C. Moisture Resistance. 10 days increases slightly with larger seal areas. 

Extended Power Cycle, 5 min I cycle No Bond Problems No Bond Problems Refer to figure 5-3 for E-Dip. See note 

<l.TJ " 80·C. 
at 20,000 cycles Expected at 10,000 (2) lor Cerdip. 

cycles 

Extended Temperature Cycle (Ex- 4000 cyc. 0 to 125·C For E-Dip. concern is bond integrity. Refer 

pected Safe Performance Levels) 1000 cyc, -55 to 125·C 200 cycles, -55 to 125·C to figure 5-3 for E-Dip. For CerDip. concern 

500 cyc, 0 to 150·C is loss 01 hermetic seal (3). 

Extended Thermal Shock (Expected 2000 Shocks. 0 to loo·C 200 Shocks, 010 loo·C For E-Dip. concern is bond integrity. Refer 

Safe Performance Levels) 1000 Scks. -55 to 125·C to figure 5-4 for E-Dip, for CerDip concern 

250 Scks. -65 to 150·C is hermetic seal loss (3) 

Extended Temperature (85°C) Humi- 2000 Hour. 2% Re- Hermettc For E-Dip. refer to figure 5-1, CerDip will 

dlty (85%R.H.) with 5V Bias. jects (4) also fail if hermetic seal is lost. 

(Expected Performance, 

Pressure Cooker, 30 PSIA (15 PSIG), 24 hour. 0 % Rejects Hermetic For E-Dip. refer to figure 5-2. CerDip will 

121°C (Expected Performance) 96 hour. 2 % rejects also fail if hermetic seal is lost. 

(4) 

NOTES: 
(1) Refer to Table 1-2 and Table 5-1 for an overview of manufacturing factors and encapsulant considerations vs. potential impact on I.C. Reliability. CerDip packages have a glass seal at the 

leadframe and use ultrasonic aluminum wire bonding. The Epoxy Dip packages use Novolac I encapsulant and thermocompression gold wire bonding. 

(2) A November 30, 1970 NASA (MSFC) Report, TMX-64566. showed that 2N2222A transistors (vendor unknown) with 1 mil alUminUm uHrasonic bonded wire can develop 5.8 CUM. % bond 
failures (at the heel of the bond) after 10.000 cycles (0% at 8.000 cycles) of 6 minute power cycles of 4Pd - 500mW. 41c - SOmA. The aluminum wire in air can be expected to see a 
higher temperature than the gold wire which is surrounded by epoxy. Aluminum wire lead movement caused by Joulian heating (l2R) and die power dissipation can result in fatigue if exces­
sive microcrack/tool marks exist. 

(3) Signetics packages were tested to and passed 200 cycles of -65°C to 150 a C thermal shock. However. a report by W. T. Fitch. "The Degradation of Bonding Wires and Sealing Glasses with 
Extended Thermal Cycling". appearing In the April 1975 13th Annual Proceedings Reliability Physics. states that 0 to 100"C thermal shock tests performed on CerDip packages from 6 ven­
dors showed one vendor having a 50 % hermetic seal failure problem after 110 shocks. Seal integrity is related to the amount of extended thermal shock testing. 

(4) Refer to Section 5-4 for an interpretation of these reject levels. 
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Table 6-6 
MIL-HDBK-217B RELIABILITY IMPROVEMENT FACTORS 

VIA SCREENING 
100% SCREENING AFFECT ON 
I.C. FAILURE RATES 
Considering the various screening flows, the 
failure mechanisms, the lot to lot varlatlc,ns, 
etc., It Is extremely difficult to predict with 
any certainty to what extent a spec::lflc 
screen will improve product reliability. If 
general criteria are required, Signetics sug­
gests using MIL-HDBK-217B, "Reliability 
Prediction Of Electronic Equipment", TSlble 
2.1.5-1 nQ Quality Factors. Since nQ Is a 
direct multiplier In the failure rate equations 
of MIL-HDBK-217B, Table 2.1.5-1 of the 
MIL-HDBK can be translated as shown in 
Table 6-6. 

RELIABILITY 
IMPROVEMENT 

FACTOR 

1 

9 (1) 

9.4 

15 

25 (1) 

30 

75 

150 

NOTE: 

SCREENING LEVEL USED EXAMPLEOFA 
(Quelity Level) SIGNETICS 

PRODUCT 

Commercial part with no screening be-
yond the manufacturer's regular quality N7400A 
asurance practices. 

SIGNETICS SUPR II Level A (1)- S N7400A 

MIL-M-38510, Class C (JAN) JM38510/XXXXXCZZ 

Manufacturer equivalent of MIL-STD-883, 
METHOD 5004, Class B S5400F/883B 

SIGNETICS SUPR II Level B (1) S-B N7400A 

MIL-STD-883, Method 5004, Class B M38510/5400BZZ 

MIL-M-38510, Class B (JAN) JM38510/XXXXXBZZ 

MIL-M-38510, Class A (JAN) ... _ .. _-

(I) These Rellablltty Improvemenl Factors and assoclaled Screening Levels are not from MIL-HDKB-217B bul rather from the 
Signelics Upgraded Reliability (SUPR II) Program for commercial and industrial producls. These are approximate Reliability 
Improvement Factors which Signetics has estimated for these two screening levets. 

SURE II - THE SIGNETICS 883A RELIABILITY 
PROGRAM 

SURE II BULLETIN 5005 
Bulletin 5005 dated March, 1975 and titled "SURE II The Signetics 
883A Reliability Program Covering All Product Lines" details the 
philosophy and procedures used for the SURE II in-house qualifica­
tion program designed to continually qualify all Signetics die 
process families and all Signetics pack.age families. Bulletin 5005 
contains three sections. 

Section 1: 100% Product Screen lfests and Lot Acceptance 
Tests 

Section 2: Signetics SURE 11/883A Flellabllity Program 

Section 3: Optional High Reliability Screening 

Bulletin 5005 Is available as a separate publication and as such Is 
not reproduced here. However, a few Elxcerpts from Bulletin 5005 
which are considered basic to understanding the ongoing Signetics 
SURE II Program are Included here for qlulck reference purposes. 

Whet II SURE II For? 
SURE II provides fingertip data that demonstrates the reliability of 
Signetics Products. Data summaries from each SURE II Quallflce­
tlon Test are available for customer Inquiries. Quarterly com­
prehensive summaries are also availablE, for customer Inquiries. 

SURE " allows the customer to quallfJl Signetics products based 
upon testing at Signetics. This Is a cost effective approach as It al­
lows many customers to use the same qualification results. 

SURE II provides assurance that all Signetics Fab Processes meet 
established reliability standards on a continual basis. 

SURE II provides assurance that all Slgrtetlcs Packages meet estab­
lished reliability standards on a continual basis. 

SURE II provides the basic attributes data quoted In Product Relia­
bility Reports and Is used for failure calculations. 

SURE II provides variables data on key drift parameters (as well as 
additional parameters) for all storage and operating life tests. This 
data Is available for Inspection at Signetics and can be obtained at 
a nominal fee. 

A Brief DelCrlptlon of SURE II Procedure8 
For 1975, grouping of Similar die processes and similar packages at 
Signetics resulted In 27 unique generic families to be qualified peri­
odically. Throughout 1975, 88 unique qualification tests were 
scheduled. The number of generic families can and will change from 
year to year as new fab processes and packages are introduced 
and old ones obsoleted. A description of each of the 27 unique 
generic families for 1975 as well as the candidate products that 
were scheduled throughout the year are shown In Tables 2.5, 2.6, 
and 2.7. Similar generic family descriptions and schedules of prod­
ucts to be sampled on the SURE II program will be available at the 
start of each new year. 

For die process family qualifications, a representative device from 
each generic die process family is evaluated once every 90 days (4 
times a year) per Table 2.1. Post stress failures are defined via the 
criteria of Table 2.4. References to additional Tables within Tables 
2.1 and 2.4 refer to additional tables contained in Bulletin 5005. 

Similarly, a representative device (representative package with a 
common die for electrical testing) from each generic package family 
Is evaluated bl-annually per Table 2.2 or Table 2.3. References to 
additional tables within Tables 2.2 and 2.3 refer to additional tables 
contained In Bulletin 5005. 
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Table 2.1 
SIGNETICS SURE II PROGRAM FOR DIE PROCESSES (REFERENCING MIL-STD-883A, GROUP C) 

MIL-STD-883A 
GROUPC MIL-STD-883A 

SUBGROUP TEST DESCRIPTION METHOD CONDITIONS LTPD 

- Pre Test Electrical Parameters - Subgroup A 1 & A4 or A7 as 
applicable. Refer to Table 1.3 

- High Temperature Storage 1008.1 Test Condition C. TA= 150°C, A=5 
t= 1000 hours. 

End Point Electrical Parameters Subgroups A 1 & A4 or A7 as 
FAILURE CRITERIA Note 2 applicable. Refer to Table 2.4 

C1 High Temperature Operating Life 1005.1 Test Condition 0 or E as A=5 
applicable. TA=+125°C or +85°C 
as applicable. t= 1000 hours. 

End POint Electrical Parameters Subgroups A1 & A4 or A7 as 
FAILURE CRITERIA Note 2 applicable Refer to Table 2.4 

Table 2.2 
SIGNETICS SURE II PROGRAM FOR HERMETIC PACKAGES (PER MIL-STD-883A, GROUP B & D) 

MIL-STD-883A 
GROUPB& D MIL-STD-883A 
SUBGROUP TEST DESCRIPTION METHOD CONDITIONS 

01 Physical Dimensions 2016 Attributes data per appropriate 
Signetics package outline 

B1 Resistance to Solvents 2015 
B2 Internal Visual and Mechanical 2014 No Photograph 
B3 Bond Strength 2011.1 Test Condition 0 

Stabilization Bake 1008.1 Condition B, 160 hours minimum. 
B4 Solderability 2003.1 Solder Temperature 260°C ± 10°C 

02 Lead Integrity 2004.1 Test Condition B2 
Seal 1014.1 
a. Fine Test Condition A 
b. Gross Note 2 Test Condition C 

03 Thermal Shock 1011.1 15 cycles, Test Condition C, 
+150°C to -65°C 

Temperature Cycle 1010.1 10 cycles, Test Condition C, 
150°C to -65°C 

Moisture Resistance 1004.1 
Seal 1014.1 
a. Fine Test Condition A 
b. Gross Test Condition C 
Visual Examination Note 3 
End Point Electrical Parameters Note 2 Subgroups A1 & A4 to A7 as 

applicable. Refer to Table 1.3 

04 Mechanical Shock 2002.1 Test Condition B 
Vibration Variable 
Frequency 2007 Test Condition A 
Constant Acceleration 2001.1 Test Condition E 
Seal 1014.1 
a. Fine Test Condition A 
b. Gross Test Condition C 
Visual Examination Note 3 
End Point Electrical Parameters Note 2 Subgroups A1 & A4 or A7 as 

applicable. Refer to Table 1.3 

05 Salt Atmosphere 1009.1 Test Condition A 

NOTES: 
(1) Preconditioning of Solderability sample satisfies the time/temperature requirement of Class B screening (Burn-in). 
(2) Only electrically and/or hermetically acceptable parts (as applicable) are to be subjected to this test subgroup. 
(3) Visual examination shall be in accordance with Method 1010.1 or 1011.1 at a magnification 5X to lOX. 
(4) All test equipment calibrated to meet requirements of MIL-Q-98SSA and MIL-C-45662A. 

L TPD/MAX. ACC. 

15 

3 devices/no failure 
1 device/no failure 

15 (10 devices min.) 

Note 1 
15 (3 devices min.) 

15 

15 

15 

15 
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Table 2.3 
SIGNETICS SURE II PROGRAMI FOR PLASTIC PACKAGES (REFERENCING MIL-STD-883A, GROUP B & D) 

MIL-STD-883A 
GROUPB&D MIL-STD-883A 
SUBGROUP TEST DESCRIPTION METHOD CONDITIONS L TPD/MAX. ACC. 

01 Physical Olmensioni~ 2016 Attributes data per appropriate 15 
Signetics package outline 

B1 Resistance to Solvents 2015 3 devices/no failure 
B2 Internal Visual and Mechanical 2014 No Photograph 1 device/no failure 

B4 Stabilization Bake 1008.1 Condition B, 160 hours min. Note 1 
Solderability 2003.1 Solder Temperature 260°C ± 10°C 15 (3 devices min) 

02 Lead Integrity 2004.1 Test Condition B2 15 

03 Pre Test Electrical Parameters Subgroup A7 & Thermal Scan. 
Note 2 5 

Thermal Shock, Extended 1011.1 200 cycles, Test Condition C, 
+150°C to -65°C 

End Point Electrical Parameters Subgroup A7 & Thermal Scan. 10 for TO-220 
Note 2 

03 Pre Test Electrical Parameters Subgroup A7 & Thermal Scan. 
Note 2 

Temperature Cycle, Extended 1010.1 1000 cycles, Test Condition B, 
125°C to -55°C 5 

End POint Electricall Parameters Subgroup A7 & Thermal Scan. 10 for TO-220 
Note 2 

03 Moisture Resistanc,e 1004.1 Subgroup A 1 & A4 or A 7 as 15 
End Point Electrical Parameters Note 3 applicable. Refer to Table 1.3 

04 Mechanical Shock 2002.1 Test Condition B 15 
Vibration Variable 
Frequency 2007 Test Condition A 
Constant Acceleration 2001.1 Test Condition E 
End POint Electrical Parameters Note 3 Subgroup A 1 & A4 or A7 as 

app1icable. Refer to Table 1.3 

05 Salt Atmosphere 1009.1 Test Condition A 15 
End Point Electrical Parameters Note 3 Subgroup A1 & A4 or A7 as 

applicable. Refer to Table 1.3 

96 hours, 30 PSIA, Note 4 
- Pressure Cooker - Subgroup A 1, A4 or A7 as 10 

End Point Electrical Parameters Note 3 applicable. Refer to Table 1.3 

- Temperature-Humidity, Note 5 - 85° C/85% R.H. with bias ::55 volts, 
t ~ 2000 hours 
Subgroup A1, A4 or A7 as 10/2 

End Point Electrical Parameters Note 3 applicable. Refer to Table 1.3 

NOTES: 
(1) Preconditioning of solderability sample satisfies the 'time/temperature requirement of Class B screening (Burn-in). 
(2) Refer to Table 1.3 for subgroup A7 definition. Thermal Scan refers to a test that monitors bond continuity continuously over the temperature range o125°C to 125°C. 
(3) Where endpoint measurements are required. only ell~ctrically acceptable parts to same measurement criteria are subjected to the prior stresses. 
(4) 24 hours 30 PSIA tor TO·220 
(5) Not applicable to TO·220 
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TABLE 2.4 
SIGNETICS SURE II FAILURE CRITERIA FOR DIE PROCESS FAMILIES 

lOGIC - DTL AND TTL ECl (EMITTER COUPLED lOGIC) 

Parameter ALimit Parameter ALimit 

"1" Input Current 5X initial value or 25% of "1" Input Current ±20% of initial value or 
limit, whichever is greater ±35I'A, whichever is greater 

"1" Output Voltage ±20% of initial value "1" Output Voltage ±20% of initial value or 

"0" Input Current ±20% of initial value ±25mV, whichever is greater 

"0" Output Voltage ±100mV "0" Input Current ±20% of initial value or 
±15I'A, whichever is greater 

ICC (Supply Current) ±20% of initial value 
"0" Output Voltage ±20% of initial value or 

±45mV, whichever is greater 

IE (Supply Current) ±20% of initial value 

lOGIC - SCHOTTKY AND lOW POWER SCHOTTKY MOS (N-CHANNEl, P-CHANNEl, AND COMPLIMENTARY) 

Parameter 

" 1" Input Current 

"0" Input Current 

"1" Output Voltage 

"0" Output Voltage 

VOS (Offset Voltage) 

ICC (Supply Current) 

ALimit Parameter 

5X initial value, or 25% of Input & Clock Leakage 
limit, whichever is greater 

±20% of initial value "0" Input Voltage 

±20% of initial value "1" Input Voltage 

±100 mV "0" Output Voltage 

± 10% of initial value "1" Output Voltage 

±20% of initial value 100 or ICC (Supply Current) 

DMOS (DOUBLE DIFFUSED MOS) 

Parameter ALimit 

VT ±30% of initial value or 
±200mV, whichever is greater 

Rds (on) ±20% of initial value 

BVOS ±20% of initial value 

10(off) 5X initial value or ± 100nA, 
w.hich is greater 

NOTES: 
(1) All products are tested to subgroups A 1, A4. or A7 as applicable. Refer to Table 1.3. 

The detailed tests, conditions and limits applicable to each product are listed in the Sig­
neties Data Book ELECTRICAL CHARACTERISTICS table. All parameters must meet the 
min I max limits as well as the .6. limits shown. 

(2) All fusible products (PROM's) are programmed prior to stress and fuse patterns verified 
after stress 

ALimit 

5X initial value or ±100nA, 
whichever is greater 

±20% of initial value 

±20% of initial value 

±20% of initial value 

±20% of initial value 

±20% of initial value 
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TABLE 2.4 (Continued) 
SIGNETICS SURE II FAILURE CRITERIA FOR DIE PROCESS FAMILIES 

Operational and Video & 
Applicable Differential Sense RFIIF 
Parameter Amplifiers Amplifer Ampllfers 

Power Supply ",20 % of initial ",20% of ",20% of 
or Cuiescent value Initial value initial value 
current 

Input Offset ±lmV 
Voltage (Via) 

Input Bias ",30% of 
Current (I in) initial value 

Input Threshold :::I:lmV 
Voltage (VT) 

Voltage Gain ",20% of 
Initial value 

Output Voltage 

Initial Accuracy 

Trigger Voltage 

High Level Output ",20% of 
Voltage (VOH) initial value 

Low Level Output ",100mV 
Voltage (VOL) 

High Level Input ~5X initial 
CUrrent (IIH) value or> 

'" 5~A 

Low Level Input '" 20% of 
Current (ilL) Initial value 

Output Leakage I 

Current (IOH) 

Output Breakdown 
Voltage 

Center Frequency 
of OSCillation 

NOTES: 
(1) Radios, Receivers, Modulators, Demodulators, Detectors 
(2) MOS Clock Drivers, line Drivers, Une Receivers 

Linear/Analog Product Family - Parameter t. Limits 

Consumer 
Communications 

Circuits & Voltage Phase Locked 
Comparators Function Gen (1) Timers Regulators Loops 

",20% of :t:20 % of initial value ",20% of ",20% of ",20% of 
initial value initial initial initial value 

value value 

:t:lmV 

",20% of 
initial value 

",0.20 ",20% of 
volts initial 

value 

",1% 
(absolute 
value 

",0.10 
volts 

'" 10% of 
initial value 

Per. Gas Table 
Interlace Decoder/ 

Circuits (2) Drivers 

",20% of ",20% of 
initial initial value 
value 

20% of 
initial value 

±l00mV 

~ 5X initial 2:: 5X initial 
value or> value or > 
± S",A :I: SpA 

± 20% of ± 20% of inl-
initial value tial value 

±300nA 

± 20% of ini-
tial value 

(3) All products are tested to subgroups A 1, A4, or Ai' as applicable. Refer to Table 1.3. The detailed tests, conditions and limits applicable to each product are listed in the Signetics Data 
Book ELECTRICAL CHARACTERISTICS Table. All parameters must meet the minimax limits as well as the 4 limits shown . 
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Table 2.5 
1975 SURE II QUALIFICATION PROGRAM - DIE PROCESS FAMILIES - DEFINITIONS AND SCHEDULE 

SURE Family SURF Fab Candidate 
Quarter I Quarter II Quarter III Quarter IV 

Family Description Process Codes Device Types Device Oate(2) Device Oate(2) DevIce Oate(2) DevIce Oate(2) 

I Gold Doped A 7490,74121,7420, 7420 2-17-75 
TTL Slow Speed 8T16 
OTl High/low A1 7426 7426 5-12-75 

Voltage B1 8T80 8T80 8-18-75 
J 8E124 SE124 12-8-75 

II Gold Ooped C1 8242, 74175, 74H76, 74175 9-29-75 
TTL Fast Speed 8233, 7474, 8293 
OTl Low Voltage C2 74193,74164 74193 11-24-75 

C5 7406, 7416, 7407, 
7417 

CA 74107 
CB 74160,74161 74161 6-2-75 
0 74147, 74148 74147 3-3-75 

III Std. Aluminum R2 82S226" 82S226 7-1-75 
8chottky Schottky, 8ingle S2 C2272 (82809)"· 

level Metal (8l.M) X2 C2237, 3207 A·"" 
or Dual Level 521""",522""" 
(OlM) X7 82862"" 82862 3-10-75 82862 10-6-75 

Z1 8204",8205"", 8205 4-1-75 
8208"" 

X1 3207""" 3207 4-1-75 
X6 527""",529""" 

IV Silicide Schottky R4 82825"" 
Schottky (8lM) or (OlM) 84 82816"",82817"", 82810 2-3-75 

82809B"",82810"" 
X3 54800, 54840 54800 5-19-75 54840 11-3-75 
X4 548112 548112 8-25-75 

V Silicide Schott~:y, P4 10144" 
l8 Ion Implantation V3 74l800, 7 4187 4 741800 2-10-75 741874 4-21-75 741840 8-4-75 741820 11-24-75 

(8lM) or (OlM) 74l840, 741820 

VI Std. Aluminum R5 82823, 828123, 82823 2-3-75 828115 4-8-75 828130 7-8-75 828126 10-13-75 
Bipolar 8chottky, OlM, 828126, 828129, 
Memory plus Ni:Cr fuses 828114,828115, 

828130, 82827 

VII Standard SiHcide. Y3 10105, 10109, 10110 10109 2-24-75 10110 9-1-75 
ECl ECl Y4 10131, 10133, 10191 10133 5-26-75 10131 12-22-75 

(8lM) or (OlM;1 

VIII Silicide, Washed U4 10141. 10145, 10141 2-17-75 10145 4-28-75 10160 7-28-75 10164 11-17-75 
ECl Emitter. EeL 10160, 10164 

(8lM) or (OlM) 

IX High Voltage M lM311 lM311 11-17-75 
Unear Process ME OM8880 

MX "A723, "A723 "A723 2-17-75 "A741 12-1-75 
PX 536 536 8-11-75 
R lM108 lM108 5-5-75 

X Medium Voltagl9 E 565, 566, 562 565 4-21-75 
UneaT Process EX 545,532 545 3-17-75 532 7-1-75 

EX2 "A78l00 
QX "A7800 "A78oo 10-20-75 
Q2 lM109 

XI Low Voltage B "A711 
Unear Process B2 75453 75453 6-9-75 

C OM8880 
H 7524 7524 12-22-75 
K "A733 
l 556, 567, "A 758 556 3-10-75 567 6-2-75 "A758 9-22-75 
W CG388, CG451 

XII Double Oiffusecl l21A 805000, 80211 S05000 4-7-75 80211 7-14-75 
OM08 MOS. N~Channel l21B 806000, 80303 806000 2-10-75 80303 10-27-75 

Ion Implanted l21C S0301 

XIII CMOS, Ion Implanted C2K 4015, 4050, 4528 4015 2-24-75 4050 4-28-75 4528 7-21-75 4014 11-10-75 
CM08 Metal Gate 4014,4027, 4025 

XIV MOS Silicon Gate N3A 2602, 2606, 2608, 2602B 2-24-75 2602F 6-9-75 2602B 9-15-75 2602F 12-15-75 
M08 Low Voltage N 2650 

Channel. ion Implant 
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Table 2.5 (Continued) 

1975 SURE II QUALIFICATION PROGRAM - DIE PROCESS FAMILIES - DEFINITIONS AND SCHEDULE 

SURE Family SURF Fab Candidate 
Quarter I 

Family Deecrlptlon Process Codes Device Types Device 

XV MaS Silicon Gale N3B 2604 2604 

MaS High Vollage N 
Channel. Ion Implant 

XVI MaS Silicon Gate K3A 2518.2521.2522. 2521 

MaS Low Voltage P 2525. 2532. 2533 
Channel 2580 

XVII MaS SIlicon Gale K3B 1103. 2504. 2527 1103 

MaS High Vollage P 
Channel 

NOTES: 
(1) SURE Die Quais involve N ~ 45 10 HTSL. N ~ 45 to ~ITOL. R & R Pre and Pesl .1000 hours. 
(2) The dale relers to scheduled start date. 
(3) A developmental test Is scheduled in lieu of a SURE Clual test. 
(4) This family has only one device and thus requires qualification every six months . 

Date (2) 

3-3-75 
(3) 

3-10-75 

3-17-75 
(3) 

• This device Is Included in the Eel product line even though fabricated per die process family shown. 

Quarter II Quarter III Quarter IV 

DevIce Date (2) Device Date (2) DevIce Date (2) 

2604 7-21-75 
(4) (4) 

2533 5-5-75 2580 9-8-75 2525 12-29-75 

1103 4-14-75 2504 7-7-75 1103 10-27-75 

*. This device Is Included In the Bipolar Memory produ<:t line even though fabricated per die process family shown . 
• * * This devtcs Is Included in the linear product line even though fabricated per die process family shown. 

Table 2.6 

1975 SURE II QUALIFICATION PROGRAM - PLASTIC PACKAGES - DEFINITIONS AND SCHEDULE 
1975 SCHEDULE 

SURE PACKAGE PACKAGES IN FAMILY QUARTERS I • II QUARTERS 1114 IV 

FAMILY DESCRIPTIONI (CODE DESIGNATION) PACKAGE DATE (1) PACKAGE DATE (1) 

I PlastiC Dip (Epoxy) V- 8 lead N-24 lead 
A-14 lead XF-28 lead 
B-16 lead A 3-10-75 V 7-1-75 
AA-14 lead Medium Power 
BA-16 lead Medium Power 

II Plastic Dip (SiliconEI) V- 81eed XA-18 lead 
A-14 lead SC-22 lead B 3-10-75 XA 8-4-75 
B-16 lead N-24 lead 

III Plastic Power, 
Flange Mounted TO-220 3 lead TO-220 6-2-75 TO-220 10-27-75 

(1) The date refers to scheduled package qualification start date. 
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Table 2.7 
1975 SURE II QUALIFICATION PROGRAM - HERMETIC PACKAGE - DEFINITIONS AND SCHEDULE 

1975 SCHEDULE 

SURE PACKAGE PACKAGES IN FAMILY QUARTERS I a II QUARTERS III a IV 

FAMILY DESCRIPTION (CODE DESIGNATION) PACKAGE DATE (1) PACKAGE DATE (1) 

I (0) Flatpac-Ceramic OF-10 lead 
Body/Glass Seal at OH-14 lead 
Leads/Ceramic Lid/ OJ-16 lead OH 5-19-75 ON 7-14-75 
Glass Seal ON-24 lead 

II (W) Flatpac-Cerpac WF-10 lead 
WH-14 lead WH 3-17-75 WJ S-25-75 
WJ-16 lead 

III (F) Dip-Cerdip FH-14 lead. SSI or MSI FH 3-31-75 FJ 9-15-75 
FJ-16 lead. SSI or MSI or LSI (SSI) (LSI) 
FN-24 lead 

IV (I) Dip-Ceramic Body/ IE-Slead IM-22 lead 
Metal Lid/Alloy Seal IH-14 lead INB-24 lead 

IJ 4-7-75 INB 10-6-75 IJ-16 lead 10-2Slead 
IK-1S lead IW-40lead 

V (I) Dip-Ceramic Body/ IEA-Slead IMA-22 lead 
Ceramic Lid/Glass Seal IHA-14 lead INC-24 lead 

IJA 4-21-75 INC 11-10-75 IJA-16 lead IOA-2Slead 
IKA-1Slead IWA-40 lead 

VI Solid Header With DA-2 lead TO-3 DA 5-12-75 DA 12-1-75 
Mounting Holes 

VII Metal Can T-S lead TO-5. 200 mil diameter 
TA-S lead TO-5. 230 mil diameter 
DB-3 lead. TO-5 SOlid Header 
DC-4 lead TO-46 K 3-3-75 TA 12-15-75 
DE-4 lead TO-72 
L-10 lead TO-5 Tall Can 
K-10 lead TO-5 Short Can 

(1) The date refers to scheduled package qualification start date. 
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SIGNETICS SUPR II 
FOR ANALOG, LOGIC, MEMORY AND MOS PRODUCTS 
Signet/cs' Upgraded Product Reliability (SUPR) program is de­
signed to provide Industrial manufacturElrs with integrated circuits 
of a higher level of quality and reliability than is available with 
standard commercial product. Improvements in quality and reliabil­
Ity will result In significant cost savings tel the integrated circuit user 
by: 

Eliminating the need 'or incominSI electrical inspection 

Eliminating the need 'or outside testing laboratories 

Reducing In-proce .. inventory 

Reducing P.C. board rework 

Simplifying system check-out 

Reducing warranty repair work 

Reducing field service calls 

Reducing customer di .. atis'actiCl,n 

SUPR II Is a corporate program covering a comprehensive selection 
of device types In ceramic. metal can and plastic packages from all 
of Signetics' product groups. 

Logic (TTL, Schottky TTL, low pClwer Schottky TTL, 
CMOS) 

Analog (Industrial, consumer andl inter'ace) 

Bipolar memory (ROMs, RAMs, PIROMs) 

MOS (ROMs, RAMs and MicroprClceslOrs) 

SUPR II OPTIONS 
SUPR II combines both quality and r,sliability Improvements by 
Imposing more stringent controls and raising inspection criteria at 
all stages of manufacturing and testing .. Two levels of quality and 
reliability are offered. each tailored to different user needs. 

LEVEL A - CostlEHectlve Program 
Improved In-process controls and tighter inspection levels, are 
combined with thermal stressing and high temperature testing to 
Insure the maximum improvement in quality and reliability which 
can be achieved at nominal cost. 

Highlights of Level A processing Include: 

MIL-STD-883 die and preseal visual inspection criteria 

MIL-STD-883 thermal shock preconditioning 

100% D.C. testing 

100% high temperature testing 

The tightest commercial outgoing inspection criteria in the 
Industry 

QUALITY AND RELIABILITY 
Quality and Reliability are two important measurements of a prod­
ucts merit. "Quality" provides information concerning the 
probability of faulty I.C.s existing in a given lot arriving at your 
plant, while "Reliability" is a measurement of how well an initially 
good part will remain so over time. 

1. IMPROVING QUALITY 

Some percentage of defective devices will always exist in any lot 
of mass produced Items. The number of defective units received 
by the customers can be reduced by the use of tightened 
Inspection criteria at the vendors outgOing quality control sta­
tion. 

A good example of the savings which can be achieved by pur­
chasing tighter inspection levels is given in Figure 1. Here we are 
comparing the various levels of inspection (AQL) available for 
device functionality and Its Impact on the number of P.C. boards 
which must be reworked during system manufacturing. Using the 
standard commercial AQL on functionality of 1.0%. at 120 inte­
grated circuit packages per board, typically more than 90% of 
boards will require rework. At 0.15% AQL. rework is reduced to 
25%, and at 0.1%, typically over 12% rework is required. 
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LEVEL B - Maximum Reliability Progmm Figure 1 
SUPR II Level B provides the maximum level of reliability which can 
be achieved at costs compatible with thEI needs of manufacturers of 
Industrial eqUipment. 2. IMPROVING RELIABILITY 

Level B processing provides in addition 10 all the steps of Level A: 

100% burn-in to MIL-STD-883A test conditions equivalent 
to 188 hOUri at 125°C 

SUPR II procedures have been developed as a result of Signetics' 
many years of supplying integrated Circuits to the exacting require­
ments of large mainframe computer, automotive. industrial and 
military customers. 

Your local Signetics sales office or distributor can supply details of 
device types currently included In the SUPR II program. 

20 

Reliability Is a measurement of how well a device that meets all 
electrical requirements Initially will continue to operate over the 
life of a system. In general, If an integrated circuit is going to fail, 
It will occur during the early stages of Its life. The SUPR II pro­
gram employs Improved manufacturing screens to identify 
potential defects that would result in early operational failure 
together with stresses which subject the circuit to conditions 
equivalent to an accelerated period of actual use. 



QUALITY VERSUS RELIABILITY 
Quality and Reliability are two measurements which are often mis­
takenly used interchangeably. 

The interrelation between the two only occurs in the steps the I.C. 
vendor takes to improve them. Thus controls designed to enhance 
the long term reliability of a device may also help reduce the num­
ber of marginal devices produced. It is important to realize that a 
shipment of circuits of high quality (few defects), may possibly be of 
low reliability (high failure rate). Signetics' SUPR II program ad­
dresses both of these attributes. 

HOW DO INTEGRATED CIRCUIT FAILURES OCCUR 
Results of a three years failure analysis performed on Signetics 
product returned from board check-out, systems check-out, field 
usage, environmental life tests, etc., revealed the pattern shown in 
Figure 2. 

FAILURE ANALYSIS 
DATA SUMMARY 

TEST 
RELATED 
DEFECTS 

Figure 2 
50% of the devices were found to be electrically good. They are attributed to 
being "false pulls" that occur during normal trouble shooting at the board and 
system levels. 

25% of the devices wore damaged by electrical overstress. Causes for electrical 
overstress are incorrect Insertion. board shorts between device pins, power sup­
ply transients, poor handling techniques, etc. 

The remaining 25% were verified to be true failures. These occur as a result of an 
In-process manufacturing defect or a test escape. The failure mechanisms were 
grouped Into three major categories: Wafer fabrication. assembly and packaging, 
and test problems. Table I shows the SUPR " program process flows and AQL 
guarantees designed to reduce the number of failures resulting from this category 
of defects. 

Table I. 

Failure SUPRII 
Mechanisms Causes Control 

Die Metalization SEM Monitor 
or Oxide Defects Die Visual 

Fabrication Mechanical Stabilization 
Related Scratches Bake (Plastic only) 

Contamination Burn-in (Option) 

Preseal Visual 
Thermal Shock 

Assembly Bonding, Wire, Stabilization Bake 
Related Package and Hermeticity 

Seal Defects (Non Plastic) 
Hot-Rail Testing 
(Plastic Only) 

Test Escapes AQL Guarantees 
Test Specification High Temperature 
Related Errors Testing 

INFANT MORTALITY FAILURES 
The relative failure rate for a given lot of standard commercial inte­
grated circuits over a period of time after delivery to a customer is 
illustrated in Figure 3. 

Failure rates are most severe during the first few months of operat­
Ing life. This is known as the "infant mortality" phase. Beyond this 
time, a very low failure rate can be expected until the old age or 
"wear-out" phase Is reached. 

A system manufacturer has various alternate approaches to solving 
problems arising from infant failures. He can ship his system to the 
end customer and repair field failure as they occur. He can operate 
the system In-house for this period. Or he can purchase devices 
which have already been preconditioned to eliminate most of the 
weak units. Each customer must choose the most cost effective 
method for his particular business. A considerable number of the 
reliability defects which cause early failures are eliminated by the 
manufacturing control and preconditioning steps of SUPR II Level A 
processing. More persistent defects can be accelerated by the use 
of "burn-in" techniques. The "burn-in" proceSSing of SUPR II, 
Level B effectively allows the system manufacturer to ship his 
equipment at polnf 3 on the failure rate curve. SUPR II Level B pro­
ceSSing is generally only applicable to systems where a field failure 
is extremely expensive or hazardous. 
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RELATIVE FAILURE RATE "ERSUS TIME 
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WEAR 
OUT 
PHASE 

"Burn-In" consists of placing the integrated circuit in an oven at a 
high temperature for a specified period of time. During this period. 
electrical power Is supplied to the devicEI. 

This process is designed to accelerate the aging of a device beyond 
the Infant mortality life stage. After burn-in. integrated circuits 
should have a very low failure rate. There are a number of ways of 
burning-In a device. Signetics' program is based upon a MIL-STD 
883A regression curve which provides clptions based upon temper­
ature levels versus time. From the curve. a program designed 
around an accelerated temperature tha,t will provide an equivalent 
test to 168 hours at 125°C is utilized. 

BURN-IN CONDITIONS 
Test data accumulated on Signetics dE,vices indicates that point 3 
on Figure 3 can be reached with a burn-in equivalent to 168 hours 
at 125°C. 

MIL-STD-883A. Method 1015 describes a number of different con­
ditions for Integrated circuit burn-in. For SUPR \I Level B. Signetics 
has selected Condition F. This is an liccelerated burn-in derived 
from military programs which uses a high temperature reversed 
bias condition together with a tempernture-time regression curve. 
This allows the flexabillty of using a hi'gher temperature to reduce 
the time required In the oven. 

Figure 4 shows the MIL-STO-883A curve normalized to 25°C. It can 
be seen that every hour at 125°C is equivalent to 2.5 x 104 hours 
(or approximately 3 years) at 25°C. Similarly. 21 hours at 155°C is 
equivalent to 168 hours at 125°C. 

Signetics SUPR \I Level B burn-in pre<:onditioning is performed at 
an appropriate point on this curve to provide the same reliability 
assurance as 168 hours at 125°C. The shorter time a\lows maxi­
mum utilization of equipment resulting in cost effective pricing for 
the commercial market place. In addition. delivery lead times can 
be reduced significantly. 
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HOW TO ORDER 
Your local Signetics distributor or sales office can advise price and 
availability of SUPR \I integrated circuits. 

Many Signetics distributors will be able to supply some of the more 
popular devices processed to Level A off the shelf. Level B devices 
are built to order. SUPR \I prices are quoted as adders to the 
standard commercial device price. Product should be ordered by 
the same procedure as Is outlined for standard I.C.s in the Signetics 
Catalog with the addition of the Identifier for the desired level of 
SUPR \I processing. 

EXAMPLE. To order a plastic 7400 TTL circuit: 

N 

TEMPERATURE 
RANGE 

7400 

PART 
IDENTIFICATION 

A SUPRII-B 

14 PIN PLASTIC SUPR II LEVEL B 
PACKAGE PROCESSING 



SUPR II PROGRAM PROCESS FLOWS 
Figure 5 shows the generalized process flow for all Signetics inte­
grated circuits purchased to the SUPR II program. Each product 
group (Analog, Bipolar Memory, Logic and MOS) may follow slightly 
different procedures dictated by the specific device characteristics. 

Each of these steps has been designed to provide the most compre­
hensive program for upgraded quality and reliability In the Integrated 
circuit Industry. 

LEVEL BURN B ·IN ONLY 

-

I 

WAFER 
FABRICATION 

AND TEST 

¢~ 
SCANNING ELECTRON MICROSCOPE MONITOR 

Wafers are taken daily from the production area and subjected to SEM analysis. This will reveal any 
manufacturing defects such as contact and step coverage in the metalization process which could result 
in field failures. 

DIE SORT VISUAL ACCEPTANCE 

I PLATE I r--------j 
Criteria based on MIL-STD-883 Method 2010. Condition B. Die are inspected at a magnification of 
75X minimum to detect any damage caused during 100% electrical wafer testing or during the 
mechanical scribe and break operation. Lot acceptance is to a 4% A.Q.L. Critical random defects 
such as scratches, smears, and glassivated bonding pads are inspected to a 1% A.C.l. 

I 

Qt----..------fr------PRE·SEAL VISUAL ACCEPTANCE 

Criteria based on MIL·STD·B83 Method 2010, Condition B. Magnification of 30X to 50X is employed 
to detect any damage incurred at the die attach and wire bonding stations. Inspection is to a 2.5% 

DIE ATTACH 
WIRE BONO 

100% 
TESTING 

I 
J 

A.Q.l. with critical defects to a 0.65% A.C.L. Critical defects include scratches, contamination and 
smeared ball bonds. 

STABILIZATION BAKE PRECONDITIONING 

Plastic molded devices are baked at 175°C for 4 hours. This stresses wire and die bonds and helps 
eliminate marginal devices. It also ensures an excellent seal of epoxy to enhance moisture resistance. 

THERMAL SHOCK PRECONDITIONING 

MIL·STD-BB3, Method 101 1 Condition A or MIL·STD·BB3, Method 1010, Condition C for ceramic 
packages. Devices are cycled from cold to hot temperatures imposing a very severe stress which 
weakens loose bonds, and package seals without degrading good devices. A loosened bond is later 
detected during high temperature "HOT·RAI L" functional testing. This preconditioning is especially 
effective in eliminating intermittent or "HOT OPENS" problems in plastic devices. 

CENTRIFUGE MONITOR 

This monitor is used to stress weak bonds in hermetic package devices only. 

SEAL TESTS 

I All hermetic devices are tested for fine leak 1 x 10-7 cc/sec (MIL-STD·883 Method 1014, Condition 
B) and gross leak 1 x 10-6 cc/sec (MIL·STD·883 Method 1014, Condition C) conditions. This is to 

L-__ e_ns_u_~_P_~_k_.g_e_~_.r_;n_t~ __ rit_Y_U_nd_e_,s_ev_e_re_e_nv_;'_on_m_e_nt_.r_c_on_d_;t_;o_ns_. ____________________ ~ 

100% PRODUCTION ELECTRICAL TESTING 

Every device is tested for functional and D.C. parameters at 25°C, room ambient. 

BURN-IN (SUPR II LEVEL B ONLY) 

Devices are burned-in for the equivalent of 168 hrs. at 125°C in accordance with MIL-STD-883A 
(Method 1015. Test Condition F) and marked. 

HOT RAIL, HIGH TEMPERATURE AND FUNCTIONAL TESTING 

~ ____ ---,I ¢ All plastic devices are subjected to testing at 100°C. In plastic devices this eliminates "HOT·OPENS" 
and shorts resulting from temperature sensitive intermittent bonds. 
In addition logic circuits are tested 100% to a functional pattern that simulates usage in a system 
environment. 

OUTGOING QUALITY TIGHTENED Q.A. GUARANTEES 
CONTROL 

AND 
SYMBOLIZATION 

+ 
I SHIPMENT I 

The thorough nature of the processing steps described above allows Signetics to guarantee the A.O.L 
levels of Table II for SUPR II integrated circuits. Every shipment is sealed and identified by Q.A. 
personnel. 

Figure 5 
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Table II 
SUPR II AQL GUARANTEES 

ANALOG BIPOLAR MEMORY LOGIC MOS/LSI 

CERAMIC CERAMIC CERAMIC CERAMIC 
PUSTIC METAL CAN PLASTIC METAL CAN PLASTIC METAL CAN PLASTIC METAL CAN 

HOT OPENS 100°C 0.015% - 0.015% - 0.015% - 0.015% -

FUNCTIONALITY 25°C 0.15 0.15 0.25 0.25 0.10 0.10 0.25 0.25 

(NOTE 1) HIGH 
0.25 0.25 0.10 0.10 0.25 0.25 

TEMPERATURE - -

D.C. 25°C 0.25 0.25 0.65 0.6S 0.65 0.65 0.65 0.65 

PARAMETRIC OVER 
0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 

TEMPERATURE 

A.C. 
25°C '1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

PARAMETRIC 

MECHANICAL 
MAJOR 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 

MINOR 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

SEAL TEST FINE LEAK 
N/A 1.0 N/A 1.0 N/A 1.0 N/A 1.0 

(CERAMIC 1 x 10.7 eels 

METAL GROSS LEAK 
N/A 0.65 N/A 0.65 N/A 0.65 N/A 0.65 CAN ONLY) 1 x 10.5 eels 

NOTE 1: 
To Insure AQL levels tighter than 0.65 % on D. C. parameters usually requires continual correlation of test equipment between customer and vendor to avoid test interpretation problems. If the 
objective Is to reduce system rework costs. functional operation of a device (does it switch or toggle in the system) is often more critical than the absolute value of a parameter. For this reason 
SUPR II focuses attention on Ughtened AQLs on tunctionality. 

For analog devices. D.C. parameters. such as input current and offset voltages. tend to be more critical to system operation than for logic devices. A 0.25 % AQL is therefore offered on analog 
D.C. parameters, with the realization that careful attention must be paid to establishing correlation at the customer's incoming inspection. 
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INTRODUCTION 
The following information applies to all packages unless otherwise 
specified on individual package outline drawings. 

GENERAL: 
1. Dimensions shown are metric units (millimeters), except 

those in parentheses which are English units (inches). 

2. Lead spacing shall be measured within this zone. 

3. Tolerances non-cumulative. 

4. Thermal resistance values are determined by utilizing the 
linear temperature dependence of the forward voltage drop 
across the substrate diode in a digital device to monitor the 
junction temperature rise during known power application 
across VCC and ground. The values are based upon 120 
mils square die for plastic packages and a 90 milS square 
die in the smallest available cavity for hermetic packages. 
All units were solder mounted to P.C. boards, with standard 
stand-off, for measurement. 

PLASTIC ONLY: 
5. Lead material: Alloy 42 or equivalent, solder dipped. 

6. Body material: Plastic 

7. Round hole in top corner denotes lead No.1. 

8. Body dimensions do not include molding flash. 

HERMETIC ONLY: 

9. Lead material: 

a. Alloy 52 - gold plated, tin plated, or solder dipped. 

b. ASTM alloy F-15 (KOVAR) or equivalent - gold plated, tin 
plated, or solder dipped. 

c. ASTM alloy F-30 (Alloy 42) or equivalent - tin plated. 

d. ASTM alloy F-15 (KOVAR) or equivalent - gold plated. 

e. ASTM alloy F-15 (KOVAR) or equivalent - tin plated. 

10. Body Material: 

a. 1010 Steel - nickel plated or tin plate over nickel. 

b. Eyelet, ASTM alloy F-15 or equivalent - gold or tin 
plated. 

c. Eyelet, ASTM alloy F-15 or equivalent - gold or tin plat-
ed, glass body. 

d. Ceramic with glass seal at leads. 

e. BeO ceramic with glass seal at leads. 

f. Ceramic with ASTM alloy F-15 or equivalent. 

11. Lid Material: 

a. 1010 steel, nickel plated, or tin-plate over nickel, weld 
seal. 

b. Nickel or tin plated nickel, weld seal. 

c. Ceramic, glass seal. 

d. ASTM alloy F-15 or equivalent, gold plated. 

12. Signetics symbol, angle cut, or lead tab denotes Lead No.1. 

13. Recommended minimum offset before lead bend. 

14. Maximum glass climb .010 inches. 

15. Maximum glass climb or lid skew is .010 inches. 

16. Typical four places. 

STANDARD DUAL-IN-L1NE PLASTIC PACKAGES 

NO. OF PACKAGE 
LEADS CODE °ja/OjC<°C/W) DESCRIPTION' PAGE 

8 V 162/65 3 
14 A 150/65 TO-116/MO-001 3 
16 B 137/53 MO-001 3 
18 XA 135/53 3 
20 NL2 135/53 3 
22 XC 120/53 3 
24 N 116/53 MO-015 4 
28 XF 116/53 MO-015 4 
40 NW2 110/50 MO-015 4 

si!l0olms 1 



PLASTIC POWER PACKAGES 

NO. OF PACKAGE 
LEADS C:ODE °ja/Ojc(OC/W) DESCRIPTION' PAGE 

3 S 200170 TO-92 4 
3 U 75/3 TO-220 4 
3+ GND GiB2 95/15 Single-In-Line (Sill 5 
4 + GND GiC2 95/15 Single-In-Line (Sill 5 

12 + GND PH/PHA 95/15 Batwing 5 
14 AA3 95/33 Butterfly 5 
16 BA3 95/33 Butterfly 5 
18 XAA2 90/26 Butterfly 5 
20 NllA2 90/26 Butterfly 6 
24 NlA3 60/23 Butterfly 6 
28 X:L3 56/21 Butterfly 6 

HERMETIC PACKAGES 
METAL HEADERS 

NO. OF PA,CKAGE 
LEADS I::ODE °ja/OjcOC/mW DESCRIPTION PAGE 

2 DA TBD TO-3 Solid Header 7 
3 DB TBD TO-39 Solid Header, Short Can 7 
4 DC TBD TO-72 Solid Header 7 
4 DE TBD TO-72 Glass Filled Header 7 
8 T .150/.025 TO-99 Header (.200 Dia.l 8 

10 K .150/.025 TO-100 Header, Short Can 8 
10 L .150/.025 TO-100 Header, Tall Can 8 

FLAT PACKS 

10 WF .240/.050 Flat Ceramic 9 
14 WH .205/.050 Flat Ceramic 9 
16 WJ .200/.050 Flat Ceramic 9 
16 FlJ .133/.030 Flat Ceramic, Bed Base 9 
24 WN .155/.040 Flat Ceramic 9 
10 OF .230/.055 Flat Ceramic 9 
14 OH .185/.045 Flat Ceramic 10 
16 (lJ .170/.045 Flat Ceramic 10 
24 ON .155/.044 Flat Ceramic 10 
10 (lFA .230/.055 Flat Ceramic laminate 10 
14 (lHA .185/.045 Flat Ceramic laminate 10 
16 (lJA .170/.045 Flat Ceramic laminate 10 
24 (lNA .155/.044 Flat Ceramic laminate 11 

CERDIP FAMILY 
14 FH .110/.030 Dual-In-Line Ceramic 11 
16 FJ .100/.030 Dual-In-Line Ceramic 11 
18 FK .093/.027 Dual-In-Line Ceramic 11 
22 I'M .075/.027 Dual-In-Line Ceramic 11 
24 FN .060/.026 Dual-In-Line Ceramic 12 

lAMINATED CERAMIC, SIDE BRAZED LEAD PACKAGES 
8 lEA .100/.030 Dip laminate 12 

14 IHA .095/.025 Dip laminate 12 
16 IJA .090/.025 Dip laminate 12 
18 IKA .088/.025 Dip laminate 12 
22 IMA .080/.025 Dip laminate 13 
24 INC .065/.025 Dip laminate 13 
28 IQA .060/.025 Dip laminate 13 
40 IWA .055/.025 Dip laminate 13 

NOTES; 
1. Dual-in-Line packa,~es unless otherwise described. 
2. Package not yet available; scheduled for 1976 release. 
3. Package outline Is the same as corresponding standard Dual-in-line package with Identical number of leads. 
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PLASTIC: Standard Dual-In-Line 

LEAD NO.1 

I2l 

6.40 (.2521 

t.,--,---.-.,-,------,--,---." 6.22 (45
1 

0.75 (.030) 
0.51 (.020) 

L 
-t 

B Package 

9.53 (.375) 
9.27 (.365) 

2.79 (.110) 
2.29 (.090) 

I 

-. 
3.17 (.125) 
2.92 (.1151 

-~ 

1 3.43~"35) 
3.05 (.120) 

~!... 

-I 
1.14 (.045J 
0.64 (.025) 

-) 
6.40(.252) 

L,-.,....,.-r-r-,---;-,,----,-,-r-r-r...,.,-l '.22(451 

A Package 

I. 

~::~:::~~:--I 

NL Package 

Package not yet available 
Scheduled for 1976 release 

XC Package r ____ LEADNO.'[!] 

[ ~ : : : : : : : : ::1 ::~ 
~ ----~. -. ----~i 

BRIDI'IIB 

9.53(.375) 
8.21(.325) 

lQ.l(.'O) 
lUI (.3!ICI) 

.1 

2161011!;1 

UllrUI 

o 
T 

3 



PLASTIC: Standard Dual·ln·Line (cont' d.l 

N Package 

NW Package 

Package not yet available 
Scheduled for 1976 rell~ase 

PLASTIC: Power 

S Package 

_ODD-
3431135i MIN 

--1 r~-
_2~ __ iH 
241109b1 II i! 

! _~ !.40 (.055) 

4 

XF Package 
[2J 

~~~~~~~~~~~~~ 

U Package 

4.88(.1901 
4.06 (t6(J} 

IIJIOII:I 

-- ,,~- 7.5 12~)REF 

NOTE: 1. LEAD MATERIAL _ COPPER, NIC!{EL PLATED. SOLDER DIPPED 

76(.(1301 
I :38C(15) 

! 
==1 

-~(~J 
30(.0121 



PLASTIC: Power (cant' d.l 

GB Package 

Package not yet available 
Scheduled for 1976 release 

GC Package 

Package not yet available 
Scheduled for 1976 release 

PH/PHA Package DgJ 
Jti OLJ 

AA Package 

19.117751 
1fiT'iiii 

BA Package 
r _.- LEAD NO.1 

[i] 

-1 o 6.4Dt252) 

'-r-T""T-r-r-,--,-r-r-r"--r-rrr _ 6.22f2451 

I 
! 19.18(.755) 
-. ~-- - 1B.92 (.745) --~.---

1D36I'­;---.t:ii&T3iif----

I---::~::~~~:--I 

r-----------------------~~ 
0.38 (.016) 3.18(.125) 
~(.'15) 

2.16(.085) 
1.65(.065) 

XAA Package 

IIJDIIIe. 

Package not yet available 
Scheduled for 1976 release 

9.53(.375) 
8.26(.326) 

5 



PLASTIC: Power (cont' d.) 

NLA Package 

Package not yet availablE! 
Scheduled for 1976 release 

XL Package 

6 

NA Package 

II h ~ 
"""" J~. 
02"0'01 '" 

SI!IOOII:S 



HERMETIC: Metal Headers 

DA Package r- 22.23 (0.875) MAX, OIA. --', 

.--
11.43 (.450) 
- (.250) 3.43 (.135) MAX 

I t 

---~ 
-fsEATtNG PLANE 

7.93 (.312) MIN 

L __ 

r ~~::-
iP1N NO.2 \ 

(1.197) 
(1:177) 

17.151.675) 
16:64 (.655) 

j 

~ 4.78 (.188) A. MAX 
• Both Ends 

TERMINAL CONNECTIONS 
PIN 1 - INPUT 
PIN 2 - OUTPUT 
CASE - GROUND 

13.35 (.525) R. MAX. 

2 PINS 1.09 (.043) 

CONSTRUCTION NOTES: Sa, lOa, l1a 
0:97 (,038) OIA. 

DC Package DIA 

i-~ ::~~~:~I 

5.33 (.210) 

432. (~17(») 0.76 (.03.01 -1~ 
i , MAX 
I -------r- -I 

14_22 {'56011 t 
12.70 (.500) inn n 4 LEADS 

1 i U U U 0.48 ('019) 

~5_84 (,230)___ 0Mi (m6) 
5.31 (.209) 

DIA 

2.54 (.100) T.P. , 
1.17 (.046) 
0.91 (.036) 

CONSTRUCTION NOTES: 9b, lOb, l1b 

2 MOUNTING 

HOLES ~: ~:~: OIA 

DB Pa9<age 
9.40(.370) 

1j4~ ~ (~.~~:I -=;l 
I 8.00 (.315) , II 

~1--~I"5) 
~ i ! 4'191.1651 

T= -t-
0.761.0JOIl.., 

~I"OI 0 0 0 _:i~ 
5.33(.210) 
4.831-:190) 

--T 
2.67(,105) 
2.42(-:095) 

___ l 

CONSTRUCTION NOTES, 9b, lOb, l1b 

DE Package 

-l~ 5.33 (.2l0) 

4.32 (170) _ 0.76 (.030) j __ f MAX. 

--I -
I I I 

14.22 (.560) I 
12.70 (.500) n n n /4 .LEADS 

U U U I 0.48 (.019) 
_5.84 (.230)__ 0.41 (.016) 

5.31 (.209) 
DIA 

CONSTRUCTION NOTES: 9b, lOb, l1b 

7 



T Package 
\

- 8.26 1.3251 I 
8.001.31SI D1A. -

4.JI.'85I~ 4.19 (.165) r 0.76 (.0301 I 0.51 1.0201 

14.28 ~1.5621 l ==--l 12.70 1.5001 ~ - -+-+ 
j 00 0 00,- JI.0451 0.38 (.015) INSULATOR 

'- 0.48 (.019) 

___ 9.401.370). ~ 0'" 1.01" DIA 

9.02 (.355) DIA . ---I 8 LEADS 

t 

4.06 (.160) 
3.05 (.120) 

5.33 (.210) 

4.83 "i' 

L Package 1 ___ ~('32S1 

:~h;l8.00I.3151D". I r~IOJO) 

8 

. (,351 0.51 1.0201 

_ ~ (045) I .1 -- fO. 38 ('OIS)!NSULATOR 

14.28 ('&62) 
12.70 1.5(0) t j nn n ~~ __ ~:0191 U U U 0,41 L0161 D1A 

10 LEADS 

.. __ ~ 1.370) 
9.02 (.355) OIA. _____ 

~ '- ~ (034) 

0.71 (.02BI 

CONSTRUCTION NOTES: 9b. IOc, lIb 

/ 

.!:~(.040) 
0.74 (.029) 

K Package I ___ ~ 1325) 

t. - 800 (3i5j DIA --I 
~(.185) 

4.19 (.165) 

j~1 
::~,~I~~ 

9.02 (.355) DIA. _______ 

CONSTRUCTION NOTES 9b. IOc. lIb 

rll :::: 
_ r~ :~:: INSULATOR 

10 LEADS 
~ 1.019) 
0.41 (.016) CIA 



HERMETIC: Flat Packs 

WF Package 

=,,~ i 1- _@]LEADN01-----1f-,,_0.S1(.020)1.40(.055) 
~~ I 11:141-:045) 

·;r,:-~--I I: ~j0~-~j~::: 
~ I ._._--==_ ~ -=~ :::1 ~::: 1 

7.87 (.3101-t-_ 6.60(.260) I J-.... j --L r. 7.37(.290~". __ ~}O(.240)----1 21.84(.8601----j ~:.~~~: L~:.~~~: 

~111+-§] I~OI __ -.-l------L 

till ---'--
L~(·006) 

0.08(.003) 

-T' -, 
~(~£J ~ ~ (.085) J 

---j i--- @] 0.7H030) 
0.51(.020) 1.40(.055) 

CONSTRUCTION NOTES: 9c, lOd, llc 

WJ Package ['] 

C LEAD NO.1 --1, f-- 0.51 (020) 1401.055) 

~ !~-

~~ ~l]jt ~f\.:.~~~:~ ~_~ 1 ~ ~ OJ""" L l 
T- ,!~(~I ____ ,'-.',",,'-,',',',1- I t~I~1 
~ 1- 838(.330) I -J 0.25(010) 

000 MIN r-- 2438(.960) 
-- 23.88(940)--'--' 

~.~L.-

t~~=71 '-I~~~~~f==~-~~~~----~---.!. 
~:.=~ ---j L~6('030) 1.02~::-J.t.2.16(.085) 

ii51 COm) - 1.40 (05"5) 

CONSTRUCTION NOTES' 9<:, lOd, 11c 

WN Package 
05110201--i k-- i2l 

1 I -~ I ~ ~- ~ :.~~: TYP ~ 

.f-, 11 I r 1--' 

II l T I 

_

_ 14.22(560) r- 1372(54'0) 

l====~ '::;::~::. 
~048101911 

0381011 I 

I 1 

Jill 
1_ 940(370) I { •. 99(275) I 
1---8.3iI(330)-~ ~;n(245)-' 

--~"-~(~) 

---+-- +--L 

_J ~ 101004IMIN[!ill 
2388(.940) 

to.15('006) 

I 
r- ~ -"G]- -076(030) 

, ' f r::-=:r· .-
T 

1.021.040) 

__ .+.---.1. 

~ ~;~: '-,-
008(003) 

Cili(.020) 

CONSTRUCTION NOTES: 9c, TOd, 110 

WH Package 
0.13(.005) MIN [}] 1.40(.055) 

~f= @] LEAD NO 1 051 (020)~! 1"'- ~ (.045) 

~~i~f~~~lfrft:~~~3 ~17~Jj~'j'3~05l- :9:14L T 7.49 (.295) 838 ( 330) 

lo.",.ol9) '1' . I' 
0.38 (.015) t I 

, ~ 
1
'-.- ZE lBQI ---...-1-.- ~.60 (.260). _ I I .. 

7.24 (.2aS) , 597 (.235) .- I 
1--- - -- N:~ ;:::~: - ------"-1 ~ i:~~~~ 

t 
4 
,_ 0.15 (.OOS) 

0.08 (.003) 

-----.-il~ -~ 

II 
-----...11-.-- 0.76 (.030) 

@] 

CONSTRUCTION NOTES: 9c, 1Od, l1c 

RJ Package 

I---~-
L~t085) 

1.40 (.055) 

C°.QOMIN :!E 

I~l ~~~-JJ;:: 
LEAD NO 1 ~ 

I 
1-.-[3]051(,020) 

864(340) 

048(019) j 
038 (015) TVP 

t!940(~ 1731(290) I ----t---- ~ 
838 (330) -~r-- if48 (255' -I I 0.71 (.028) 

___ 2438(960) o:2s{'010) 
-- 2388 (940) -- --- -----I 

0.15 (.006) 
iJiij"(004) ----I r-~ -I I-@J 076(.030) ~ 

~j=~' £;1 ~±I ~-==-±-. 
t l2.16(.085~ 

(.030) MIN. 1.27 (.050) 

CONSTRUCTION NOTES: 9c, 10e. 11d 

OF Package 
I LEAD NO.1 0.48 (.019) 

t [i2J - t- 0:3810 '51 TiP 

L~===l 101 2l :~j::~::: 
rr I J ----r-I -1 =I 140 'E;S' f3] 

0.13 (.0051 ?.!!!. \:l!QI+- E?!.Q 1_2601 _ I 114(045) L 

7.371.2901 6.10 (240) I L ~.~.~: ~~~: 

1-------_. ~~.~ ~!ij:-----

O===-=1I~~=5E~::::::::::f~====±- 051['01.1 I I _.1.. 

---I 1--'0261030(M'~II~ T-\I 
B] _ I ~ 051 (020) L_ 0.2.§.100£1 L Hi :~~~: 

010(004) 

CONSTRUCTION NOTES 9d, lOd. 11c 

9 



HERMETIC: Flat Packs (cont' d.l 

UH Package 
tLEADNO.l -j §] 

D L 
.t~ t-?E 13101 ---+-~ 12601 ~ 
013 7.24,.285) 6.10 (.240) 

f.005) 21.84 (.860) 
MIN 21.34 1.840) 

-.l \.-- 0.76 (.030) 

~ 

CONSTRUCTION NOTES; 911, 1Od, l1e 

ON Package 
0.61 1.0201- I-- [!] L [j!J 

llli 

I-0.51 (.021)) [!] 1~::!aS:: 

• 0 7.7J3051 
~ 7.49(.295) 

~ 1 a~l. 
~ =4 ~:: :~~:: ] 

J 

f 
0.79(.031) 
0.511.020) 

l~(.O2 
0.31 (.01 

1.91 '.075) 
1.27 f.05O) 

r ~::=:TYP. [!] 

~ J , .. ,,1,.5601 
- t 13.12(.540) 

~ --.L '~:::::~: 
=---';: .. 1.019!! 

~ 0,38 1.0151 
Jj II -~,--Jt---'-

t.,38l.330'j-r-' 6.22(.245) -

3501 
3301 

t-~(.J701~~~(.275)_ -J L 
i---------- ~::::=: ------- .101.004I\f1IN I!!l 

lO.'51.0061 
0.10 (.004) 

1 t~ I 

CONSTRUCTION NOTES: ge, lOcI. 11c 

OHA Package 

CONSTRUCTION NOTES: 9d.1Df,11c 

10 

f 
~(.031) 
0.51 (.020) 

2.16 (.0851 
1.27 (.050) 

OJ Package 
LEAD NO.1 5!1 
I 

-I j-C!J 0.51 (.020) 
CO,DOMINI!!] 

01 T 
l 1.52 (J160) 

~1.02('040) 

J 10.03 (.395\ 

~~ (.3701 __ ~ 6.99(.275)_1 1 

I . e.38 1.330) 6.22 (.245) J 
1---------- ~::=::~: ---------

0.15(.006) 
0.;0 /.004) 

j 
-j r-~ 0.76(.030) 

I 

9.14 (.360) 
8.64 (.340) 

0.481.019)TYP I 
0.38(.015) . 

± 

0.71 t028) 
Q.2s('010) 

9.40(.370) 

f 
0.781,031) 
ci5'1 (.020) 

t2.16f,085) 
1.27 (.050) 

CONSTRUCTION NOTES: Sd, lOd, l1c 

OFA Package 
I' ~~::~~ --------1 

LEAONO.' §).l===f'==l1 I~:~m-

, ~ [][ .. ,im1:i= 
D.3ii:iii'51 6.10(:240) 1.14(.045JUAX J 

tf.- 7.f11(.310). -J I r.I I 
L~ .• 8 (.011' 7.24 (.285) -~t; 6.60 (.260) r-- 0.51 (.2001 L.!.J : 

---1 ~ f-O.78 (.0301 I!!] _L 

~I====I~ ~I~===~ 
T L-J:D T !!:.!!~) ~(.:.!.!!:II __ !.:!!.~ 0.841.025) 

0.101.0001) "20(.165) f----- 0.711.0301 [26 (:O'iil 

CONSTRUCTION NOTES: 9d.1Of, l1c 

OJA Package 
24.38 (.960) 

,.., I 23.88 (.940) I LEAD NO. 1 8 ~'~------'---'--------1' 
~::::::m II 

10.29 1.405) 9.14 (.360) 
I 8.64 (.3401 

2.16(.085) 
1.7i(iiiiO) 

T -~t l j ~ 
I L 0.48 (.019) G4 (.045) MAX 

~.61 '.020) m '0.38(.015) 

CONSTRUCTION NOTES: 9d,lOf, 11c 

t- .76 1.0301 i t 1- 2.16(.085) 
1.7iT.06Oi 

~' 0.64 1.0251:::1 
0.261.0101 

1.271.0501 
0.76(.030) 

f 



CONSTRUCTION NOTES: 9d. lOf. llc 

HERMETIC: Cerdip 

FH Package 

I. ::::::~f~"t-
1 

19.94(.786' 
19.181.755.------ "I 

c==---------~·~i~L~li3\'~=trl 
3.18(-:1'25, -t ~~.....-0.20(.008' 

~:::l[!] ~(.098) 1.78(.070) 

CONSTRUCTION NOTES: 9c, 111d, l1e 

FK Package "'DND.1 @I 

I' 
23.50 (.925' 
22.40 (.882)-

CONSTRUCTION NOTES: k. lOd, l1e 

4.451.175' 
3.68 (.145) 

L,.,nosolJ 
0.381.015' 

4.19(.165) 
3.18(.120) 

FJ Package 

. - -. 
7.87 (.310) MAX 

___ -.-1. 

_. __ ..-1, ,1.O2{.040)~~31.320) 

1f~:::;:~;:;=::===-1 I 0.51 {.020) i 7.371.290)----

F -I, ! _ J~:~~fEBtl I : _. t [I] : .. I_I~U '."'090' 
1 1 

I 
I 

~. II 
1-11- r0 

0.58(.023) 2. 3 

0.38/.0151 2.~ ::~:: 
CONSTRUCTION NOTES: 9c, ll1d. l1c 

I I 4.191.165, t t+- - ..2~) 0.36 (.014) 
~ I . 0.20(,008. 

1.27(.050. 
0.38(.015, 

FM Package 

[:::::-~:J + 
r b::== ___ -_--_;_7:00" __ ~:_~_0~ ___ .-_-__ _==~:I::~ I~::l:; l rn 

JEEF=H-- 1 

1_121 i~~YOO! 
0.20(.008' 

_ 1.02 (.040' 
0.38(,015, 

4.191.1115) 
3.18(.125' 

CONSTRUCTION NOTES: 91=, lOll, l1c 

11 



HERMETIC: Cerdip (cont' d.l 

HERMETIC: Laminated Ceramic, Side Brazed Lead 

lEA 

I 13.97 (.550) : 
f-----12.95 (.510)--------+: 

1.40 (.O~,51 
I 12.95 (.510) --------j '-0:63 C~;Sl 
r-----12.45 (.490) I I , 

_L. i ___ 1_' _ 1,-___ --.1 

T 

i,1 ! 

0.53 (.021) i III 
ii3ii (_01~5)~ ~f-- ---j r.1 

2.79 (.110) ~ 
~ (.060) 2.29 (.090) 
1.14 (.045) 

1 
1----_. ~i:m:----

~ ~ ---j----i r----. iH~~: -----j 
L_ ~I I 

r 

i I I 

i I 

0.53(.0211 I:IW--
o:3aCO_---,51-+: I }g(~ 

r---,.14 (.0451 

IHA 

[[~~~JJ;C 
l-- ---~:~---- I 

CONSTRUCTION NOTES: ge. 101. 110 

1--___ 23.6219301 ._-------1 

12 IiIJIO'.1i 



HERMETIC: Laminated Ceramic, Side Brazed Lead (cant' d.) 

INC Package 

D 

IWA Package 

151.'6201 
"_9815901 -

~~~~~~~"'" j-~~;~'~-.;;;~~ 0 
, .1:-", '"", ---1' 

lWaHffi: [ 0201_00II1 ! 

1651-''''51 I 
01610301 ..... --

Bmnoncs 13 



9tgnOliC& 



SmDnliCS 





SAlES OffiCES 9 





Argentina: FAPESA l.y.C., Av. Crovara 2550, Tablada, Provo de BUENOS AIRES, Tel. 652-743817478. 
Australia: PHILIPS INDUSTRIES HOLDINGS LTD., Elcoma Division, 67 Mars Road, LANE COVE, 2066, N.S. W., Tel. 42 1261. 
Austria: OSTERREICHISCHE PHILIPS BAUELEMENTE Industrie G.m.b.H., Zieglergasse 6, A-1 072 WIEN, Tel. 932622. 
Belgium: M.B.L.E., 80, rue des Deux Gares, B-1 070 BRUXELLES, Tel 523 0000. 

Brazil: IBRAPE S.A., Caixa Postal 7383, Av. Paulista 2073-S/Loja, SAO PAULO, SP, Tel. 287-7144, 01311. 

Canada: PHILIPS ELECTRONICS INDUSTRIES LTD., Electron Devices Div., 116 Vanderhoof Ave., TORONTO 17, Ontario, Tel. 425-5161. 
Chile: PHILIPS CHIL.ENA S.A., Av. Santa Maria 0760, SANTIAGO, Tel. 39-4001. 
Colombia: SADAPE S.A., P.O. Box 9805 Calle 13, No. 51 + 39, BOGOTA D.E. 1., Tel. 600600. 

Denmark: MINIWATT AzS, Emdrupvej 115A, DK-2400 K0BENHAVN NV., Tel. (01) 6916 22. 
Finland: OY PHILIPS AB, Elcoma Division, Kaivokatu 8, SF-001 00 HELSINKI 1 0, Tel. 1 72 71. 

France: R.T.C. LA RADIOTECHNIOUE-COMPELEC, 130 Avenue Ledru Rollin, F-75540 PARIS 11, Tel. 355-44-99. 

Germany: VALVO, UB Bauelemente der Philips G.m.b.H., Valvo Haus, Burchardstrasse 19, D-2 HAMBURG 1, Tel. (040) 3296-1. 
Greece: PHILIPS S.Il,. HELLENIOUE, Elcoma Division, 52, Av. Syngrou, ATHENS, Tel. 915 311. 

Hong Kong: PHILIPS HONG KONG LTD., Components Dept., 11th FI., Din Wai Ind. Bldg., 49 Hoi Yuen Rd, KWUNTONG, Tel. K-42 72 32. 

India: PHILIPS INDIA LTD., Elcoma Div., Band Box House, 254-D, Dr. Annie Besant Rd., Prabhadevi, BOMBAY-25-DD, Tel. 457 311-5. 

Indonesia: P.T. PHILlPS-RALIN ELECTRONICS, Elcoma Division, 'Timah' Building, JI. Jen. Gatot Subroto, JAKARTA, Tel. 44163. 
Ireland: PHILIPS ELECTRICAL (IRELAND) LTD., Newstead, Clonskeagh, DUBLIN 14, Tel. 69 33 55. 

Italy: PHILIPS S.P.A., Sezione Elcoma, Piazza IV Novembre 3,1-20124 MILANO, Tel. 2-6994. 
Japan: Signetics Japan, Ltd., TOKYO, Tel. (03) 230-1521. 

Korea: PHILIPS ELECTRONICS (KOREA) LTD., Philips House, 260-199Itaewon-dong, Yongsan-ku, C.P.O. Box 3680, SEOUL, Tel. 44-4202. 
Mex{co: ELECTRONICA S.A. de C.V., Varsovia No. 36, MEXICO 6, D.F., Tel. 5-33-11-80. 
Netherlands: PHILIPS NEDERLAND B.V., Afd. Elonco, Boschdijk 525, NL-451 0 EINDHOVEN, Tel. (040) 79 33 33. 
New Zealand: EDAC LTD., 70-72 Kingsford Smith Street, WELLINGTON, Tel. 873 159. 

Norway: ELECTRONICA A/S., Vitaminveien 11, P.O. Box 29, Grefsen, OSLO 4, Tel. (02) 15 05 90. 

Peru: CADESA, Jr. 110, No. 216, Apartado 10132, LIMA, Tel. 27 7317. 
Philippines: ELDAC, Philips Industrial Dev. Inc., 2246 Pasong Tamo, MAKATI-RIZAL, Tel. 86-89-51 to 59. 
Portugal PHILIPS PORTUGESA S.A.R.L., Av. Eng. Duharte Pacheco 6, LlSBOA 1, Tel. 683121. 

Singapore: PHILIPS SINGAPORE PTE LTD., Elcoma Div., POB 340, Toa Payoh CPO, Lorong 1, Toa Payoh, SINGAPORE 12, Tel. 538811. 
South Africa: EDAC (Pty.) Ltd., South Park Lane, New Doorntontein, JOHANNESBURG, Tel. 24/6701-2. 
Spain: COPRESA S.A., Balmes 22, BARCELONA 7, Tel. 301 6312. 

Sweden: A.B. ELCOMA, Lidingtivagen 50, S-1 0 250 STOCKHOLM 27, Tel. 08/679780. 

Switzerland: PHILIPS A.G., Elcoma Dept., Edenstrasse 20, CH-B027 ZURICH, Tel. 01/44 2211. 

Taiwan: PHILIPS TAIWAN LTD., 3rd FI., San Min Building, 57-1, Chung Shan N. Rd, Section 2, P.O. Box 22978, TAIPEI, Tel. 5513101-5. 
Turkey: TURK PHILIPS TICARET A.S., EMET Department, Gumussuyu Cad. 78-80, Beyoglu, ISTANBUL, Tel. 45 32 50. 

United Kingdom: MULLARD LTD., Mullard House, Torrington Place, LONDON WC1 E 7HD, Tel. 01-5806633. 
United States: SIGNETICS CORPORATION, 811 East Arques Avenue, SUNNYVALE, California 94086, Tel. (408) 739-7700. 

Uruguay: LUZILECTRON S.A., Rondeau 1567, pi so 5, MONTEVIDEO, Tel. 94321. 
Venezuela: IND. VENEZOLANAS PHILIPS S.A., Elcoma Dept., A. Ppal de los Ruices, Edit. Centro Colgate, Apdo 1167, CARACAS, Tel. 360511. 
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Index 

DEVICE 
AMPLIFIERS 

510 Dual Differential Amplifier 
511 Dual Differential Amplifier 
515 Differential Amplifier 
NE501 Video Amplifier 
NE592 Video Amplifier 
uA733 Differential Video Amplifier 
8T25 Tri-State Dual Sense Amplifier/Latch 
75S207 High Speed Dual Sense Amplifier for MOS Memories 
75S208 High Speed Dual Sense Amplifier for MOS Memories 
7520 Dual Core Memory Sense Amplifier 
7521 Dual Core Memory Sense Amplifier 
7522 Dual Core Memory Sense Amplifier 
7523 Dual Core Memory Sense Amplifier 
7524 Dual Core Memory Sense Amplifier 
7525 Dual Core Memory Sense Amplifier 
ARITHMETIC ELEMENTS 
54/7480 Gated Full Adder 
5417483/83A 4-Bit Binary Full Adder 
5417485 4-Bit Magnitude Comparator 
54174180 8-Bit Odd/Even Parity Generator/Checker 
54174181 4-Bit Arithmetic Logic Unit 
54174182 Look-Ahead Carry Generator 
54/74280 9-Bit Odd/Even Parity Generator/Checker 
54/74283 4-Bit Binary Adder 
9324 5-Bit Comparator 
8260 Arithmetic Logic Element 
8261 Fast Carry Expander 
8268 Gated Full Adder 
8282 4-Bit BCD Arithmetic Unit 
82S83 4-Bit BCD Adder 
10160 Checker-Generator Circuit (12-Bit Parity) 
10170 9-Bit Parity Circuit (with 2 Carry Inputs) 
10179 Look-Ahead Carry 
10181 4-Bit Arithmetic Logic Unit/Function Generator 
COMPARATORS 

521 
522 
526 
527 
529 
LM111 
LM211 
LH2111 
LH2211 
LH2311 
LM311 
LM119 
LM129 
LM319 
LM139 
LM239 
LM339 
LM139A 
LM239A 
LM339A 
MC3302 
uA710 
uA711 
8269 

High Speed Dual Differential Comparator/Sense Amplifier 
High Speed Dual Differential Comparator/Sense Amplifier 
Analog Voltage Comparator 
Analog Voltage Comparator 
Analog Voltage Comparator 
Analog Voltage Comparator 
Analog Voltage Comparator 
Dual Voltage Comparator 
Dual Voltage Comparator 
Dual Voltage Comparator 
Analog Voltage Comparator 
Dual Voltage Comparator 
Dual Voltage Comparator 
Dual Voltage Comparator 
Quad Voltage Comparator/Buffer 
Quad Voltage Comparator/Buffer 
Quad Voltage Comparator/Buffer 
Quad Voltage Comparator/Buffer 
Quad Voltage Comparator/Buffer 
Quad Voltage Comparator/Buffer 
Quad Voltage Comparator 
Differential Voltage Comparator 
Dual Voltage Comparator 
4-Bit Comparator 

CHAPTER PAGE 

Analog 106 
Analog 107 
Analog 109 
Analog 166 
Analog 167 
Analog 172 
Interface 56 
Interface 138 
Interface 141 
Interface 144 
Interface 144 
Interface 144 
Interface 144 
Interface 144 
Interface 144 

Logic 92 
Logic 93 
Logic 95 
Logic 178 
Logic 178 
Logic 183 
Logic 221 
Logic 222 
Logic 235 
Logic 275 
Logic 278 
Logic 288 
Logic 310 
Logic 304 
Logic 393 
Logic 399 
Logic 407 
Logic 408 

Analog 177 
Analog 180 
Analog 183 
Analog 184 
Analog 187 
Analog 190 
Analog 190 
Analog 191 
Analog 191 
Analog 191 
Analog 192 
Analog 194 
Analog 194 
Analog 195 
,Analog 197 
Analog 197 
Analog 197 
Analog 198 
Analog 198 
Analog 198 
Analog 200 
Analog 202 
Analog 203 
Logic 291 
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DEVICE CHAPTER PAGE 

CONSUMER PRODUCTS 
S0200 D-MOS FET Single Gate N-Channel Enhancement Analog 204 
SD201 O-MOS FET Single Gate N-Channel Enhancement Analog 206 
SD202 D-MOS FET Single Gate N-Channel Enhancement Analog 206 
SD203 D-MOS FET Single Gate N-Channel Enhancement Analog 206 
SD210 D-MOS FET Switch N-Channel Enhancement Analog 209 
SD211 D-MOS FET Switch N-Channel Enhancement Analog 209 
SD212 D-MOS FET Switch N-Channel Enhancement Analog 209 
SD213 D-MOS FET Switch N-Channel Enhancement Analog 209 
SD214 D-MOS FET Switch N-Channel Enhancement Analog 209 
SD215 D-MOS FET Switch N-Channel Enhancement Analog 209 
SD300 D-MOS FET Dual Gate N-Channel Enhancement Analog 212 
SD301 D-MOS FET Dual Gate N-Channel Enhancement Analog 212 
SD303 D-MOS FET Dual Gate N-Channel Enhancement Analog 212 
SD304 D-MOS FET Dual Gate N-Channel Enhancement Analog 212 
SD305 D-MOS FET Dual Gate N-Channel Enhancement Analog 218 
SD306 D-MOS FET Dual Gate N-Channel Enhancement Analog 221 
SD5000 D-MOS FET Quad Switch Array, Multiplexers, Drivers Analog 224 
SD5001 D-MOS FET Quad Switch Array, Multiplexers, Drivers Analog 224 
SD5100 D-MOS FET Quad Switch Array, Multiplexers, Drivers Analog 224 
SD5101 D-MOS FET Quad Switch Array, Multiplexers, Drivers Analog 224 
SD5200 D-MOD FET Quad Switch Array, Multiplexers, Drivers Analog 224 
SD6000 D-MOS Dual Gate FETs N-Channel Enhancement Analog 228 
540 Power Driver Analog 223 
542 Dual Low-Noise Preamp Analog 241 
543 Servo Driver Analog 245 
546 AM Radio Receiver Subsystem Analog 247 

COUNTERS 
5417490 Decade Counter Logic 100 
5417492 Divide-by-Twelve Counter Logic 102 
5417493 4-Bit Binary Counlter Logic 104 
54174160 Synchronous 4-Bit Decade Counter with Direct Clear Logic 151 
54174161 Synchronous 4-Bi1: Binary Counter Logic 153 
54174162 Synchronous 4-Bil: Decade Counter Logic 156 
54/74163 Synchronous 4-Bi't Binary Counter Logic 160 
54174176 Presettable Decade and Binary Counter/Latch Logic 176 
54174177 Presettable Decade and Binary Counter/Latch Logic 176 
54174190 Synchronous BCD Up/Down Counter Logic 184 
54174191 Synchronous Binary Up/Down Counter Logic 187 
54174192 Synchronous Decade Up/Down Counter Logic 190 
54174193 Synchronous 4-Bit Binary Up/Down Counter Logic 192 
54/74196 3MHz Presettable Decade Counter/Latch Logic 200 
54/74197 Presettable Binary Counter/Latch Logic 201 
54/74290 Decade Counter Logic 223 
54174293 4-Bit Binary Counter Logic 225 
8280 BCD Decade Counter/Storage Element Logic 306 
8281 4-Bit Binary Counter/Storage Element Logic 306 
8284 Binary Hexadecimal Synchronous Up/Down Counter Logic 308 
8285 BCD Decade Synchronous Up/Down Counter Logic 318 
8288 Divide-by-Twelve Counter/Storage Element Logic 321 
8290 Presettable High Speed Decade Counter Logic 323 
82S90 Presettable High Speed Decade Counter Logic 323 
8291 Presettable High Speed Binary Counter Logic 323 
82S91 Presettable High Speed Binary Counter Logic 323 
8292 Presettable Low Power Decade Counter Logic 328 
8293 Presettable Low Power Binary Counter Logic 328 
10136 Universal Hexadecimal Counter Logic 385 
10137 Universal Decimal Counter Logic 385 
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DEVICE CHAPTER PAGE 
DATA SELECTORS/MULTIPLEXERS 
54174150 16-Line to 1-Line Data Selector/Multiplexer Logic 140 
54/74151 8-Line to 1-Line Data Selector/Multiplexer Logic 142 
54174152 8-Line to 1-Line Data Selector/Multiplexer Logic 143 
54174153 Dual 4-Line to 1-Line Multiplexer Logic 145 
54174157 Quad 2-Line to 1-Line Data Selector/Multiplexer (Non-Inverting) Logic 149 
54/74158 Quad 2-lnput Data Selector (Inverting) Logic 150 
54174251 Data Selector/Multiplexer with 3-State Outputs Logic 212 
54174253 Dual 4-Line to 1-Line Data Selector/Multiplexer Logic 214 
54/74257 Quad 2-Line to 1-Line Data Selector/Multiplexer Logic 215 
54174258 Quad 2-Line to 1-Line Data Selector/Multiplexer Logic 216 
54174298 Quad 2-lnput Multiplexer with Storage Logic 228 
9309 Dual 4-lnput Multiplexer Logic 234 
9312 8-lnput Multiplexer Logic 234 
DECODERS 
5417442 BCD-to-Decimal Decoder (1-of-10) Logic 69 
5417443 Excess 3-to-Decimal Decoder Logic 70 
5417444 Excess 3-Gray-to-Decimal Decoder Logic 71 
54/7445 BCD-to-Decimal Decoder/Driver Logic 72 
5417446A BCD-to-Seven Segment Decoder/Driver Logic 73 
54/7447A BCD-to-Seven Segment Decoder/Driver Logic 74 
54/7448 BCD-to-Seven Segment Decoder/Driver Logic 76 
54174138 3-to-8 Line Decoder/Demultiplexer Logic 134 
54/74139 Dual 2-to-4 Line Decoder/Demultiplexer Logic 135 
54174145 BCD-to-Decimal Decoder/Driver Logic 136 
54174154 4-Line to 16-Line Decoder/Demultiplexer Logic 147 
54174155 Dual 2-Line to 4-Line Decoder/Demultiplexer Logic 147 
54174156 Dual 2-Line to 4-Line Decoder/Demultiplexer Logic 148 
54174261 Multiply/Decoder Logic 218 
9301 One-of-Ten Decoder Logic 233 
8250 Binary-to-Octal Decoder Logic 271 
82S50 Binary-to-Octal Decoder Logic 271 
8251 BCD-to-Decimal Decoder Logic 271 
82S51 BCD-to-Decimal Decoder Logic 271 
8252 BCD-to-Decimal Decoder Logic 271 
82S52 BCO-to-Decimal Decoder Logic 271 
8T04 Seven Segment Decoder/Driver Interface 17 
8T05 Seven Segment DecoderiTransistor Driver Interface 20 
8T06 Seven Segment Decoder/Display Driver Interface 23 
DRIVERS/RECEIVERS/TRANSLATORS/TRANSCEIVERS 
10114 Triple Differential OR/NOR Line Receiver Logic 366 
10115 Quad Differential Line Receiver Logic 367 
10116 Triple Differential OR/NOR Line Receiver Logic 368 
10124 Quad Differential Line Driver/Quad TTL to ECL Translator Logic 373 
10125 Quad Differential Line Receiver/Quad ECL to TTL Translator Logic 374 
10190 Quad Differential Receiver/MST-ECL Translator Logic 410 
10191 Hex ECL/MST Translator Logic 412 
10192 Quad Current-Mode Bus Driver Logic 413 
10216 High Performance Triple Differential OR/NOR Line Receiver Logic 415 
8T09 Tri-State Quad Bus Driver Interface 26 
8T13 Dual Line Driver Interface 33 
8T14 Triple Line Receiver with Hysteresis Interface 35 
8T15 Dual Communications EIA/MIL Line Driver Interface 38 
8T16 Dual Communications EIA/MIL Receiver with Hysteresis Interface 40 
8T23 Dual Line Driver Interface 51 
8T24 Triple Line Receiver with Hysteresis Interface 53 
8T26A Tri-State Quad Bus Receiver Interface 59 
8T28 Tri-State Quad Bus Receiver Interface 59 
8T30 Dual TTLlDTL to MOS Transceiver/Port Controller Interface 62 
8T34 Quad Bus Transceiver with Tri-State Outputs Interface 78 
8T37 Hex Bus Receiver with Hysteresis-Schmitt Trigger Interface 80 
8T38 Quad Bus Transceiver (Open Collector) Interface 82 
8T100 Quad Differential Line Driver Interface 90 
8T101 Quad Differential Line Driver Interface 90 
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DEVICE CHAPTER PAGE 
DRIVERS/RECEIVERSITRANSLAT()RSITRANSCEIVERS (Cont'd.) 
8T110 Quad Differential Line Receiver with Tri-State Outputs Interface 92 
8Tlll Quad Differential Line Receiver with Tri-State Outputs Interface 92 
8T380 Quad Bus Receiver with Hysteresis-Schmitt Trigger Interface 97 
NE582 Hex Universal Driver Interface 99 
NE584 Cathode Driver Interface 101 
NE585 Anode Driver Interface 101 
DM7820 Dual Line Receiver Interface 103 
DM8820 Dual Line Receiver Interface 103 
DM7830 Dual Differential Line Receiver Interface 105 
DM8830 Dual Differential Line Receiver Interface 105 
DM8880 High Voltage 7-Segment Decoder/Driver Interface 107 
MC1488 Quad Line Driver Interface 110 
MC1489 Quad Line Receiver Interface 112 
MC1489A Quad Line Receiver Interface 112 
75S107 High Speed Dual Line Receiver Interface 114 
75S108 High Speed Dual Line Receiver Interface 117 
55fl5450B Dual Peripheral Positive Driver Interface 121 
55fl5451B Dual Peripheral Positive-AND Driver Interface 126 
55175452B Dual Peripheral Positive-NAND Driver Interface 128 
55fl5453B Dual Peripheral Positive-OR Driver Interface 130 
55fl5454B Dual Peripheral Positive-NOR Driver Interface 132 
3207A Quad Bipolar-to-MOS Clock Driver Interface 134 
3207A-l Quad Bipolar-to-MOS Clock Driver Interface 136 
75324 Memory Driver with Decode Input Interface 151 
55/75325 Memory Drivers Interface 156 
75361 A Dual TTL-to-MOS Driver Interface 170 

ENCODERS 
54fl4147 10-Line to 4-Line Priority Encoder Logic 137 
54fl4148 8-Line to 3-Line Priority Encoder Logic 138 
10165 8-Line to 3-Line Priority Encoder Logic 397 

EXPANDERS 
54fl460 Dual 4-lnput Expander Logic 81 
54fl461 Triple 3-lnput Expander Logic 82 
54fl462 3-2-2-3-lnput AND-OR Expander Logic 82 

FLIP-FLOPS 
54fl470 J-K Flip-Flop Logic 84 
54fl471 J-K Master-Slave Flip-Flop Logic 84 
54fl472 J-K Master-Slave Flip-Flop Logic 85 
54fl474 Dual D-Type Positive Edge-Triggered Flip-Flop Logic 87 
54fl476 Dual J-K Flip-Flop Logic 90 
54fl478 Dual J-K Negative Edge-Triggered Flip-Flop Logic 91 
54fl41 01 J-K Edge-Triggered Flip-Flop Logic 111 
54fl41 02 J-K Edge-Triggered Flip-Flop Logic 112 
54fl41 03 J-K Edge-Triggered Flip-Flop Logic 114 
54fl41 06 Dual J-K Edge-Tri~lgered Flip-Flop Logic 115 
54fl41 07 Dual J-K Master-Slave Flip-Flop Logic 116 
54fl41 08 Dual J-K Edge-Tri~lgered Flip-Flop Logic 117 
54fl41 09 Dual J-K Positive Edge-Triggered Flip-Flop Logic 118 
54fl4112 Dual J-K Negative Edge-Triggered Flip-Flop Logic 119 
54fl4113 Dual J-K Negative Edge-Triggered Flip-Flop Logic 121 
54fl4114 Dual J-K Negative Edge-Triggered Flip-Flop Logic 122 
54fl4175 Quad D-Type Edge-Triggered Flip-Flop Logic 175 
10131 Dual D-Type MastEH-Slave Flip-Flop Logic 379 
10135 Dual J-K Master-Slave Flip-Flop Logic 384 
10176 Hex D-Type Master-Slave Flip-Flop Logic 405 
10231 Dual D-Type Master-Slave Flip-Flop Logic 416 
8Tl0 Tri-State Quad D-Type Bus Flip-Flop Interface 29 

FPLAs 
FPLA Product Family Introduction Memories 57 
82S100 Bipolar Field-Programmable Logic Array Memories 59 
82S101 Bipolar Field-Programmable Logic Array Memories 59 
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DEVICE CHAPTER PAGE 
GATES 
54174125 Quad Bus Buffer Gate Logic 130 
54/74126 Quad Bus Buffer Gate Logic 131 
HIGH PERFORMANCE 
10210 Dual 3-lnput 3-0utput High Performance Gate Logic 414 
10211 Dual 3-lnput 3-0utput High Performance Gate Logic 414 
10212 Dual 3-lnput 3-0utput High Performance Gate Logic 414 
AND 
5417408 Quad 2-lnput AND Gate Logic 57 
5417409 Quad 2-lnput AND Gate with Open Col/ector Outputs Logic 58 
5417411 Triple 3-lnput AND Gate Logic 59 
54/7415 Triple 3-lnput AND Gate with Open Col/ector Outputs Logic 61 
5417421 Dual 4-lnput AND Gate Logic 63 
10104 Quad 2-lnput AND Gate Logic 356 
10108 Dual 4-lnput ANDINAND Gate Logic 360 
AND-OR 
5417452 4-Wide 2-2-2-3-lnput AND-OR Gate Logic 78 
5417464 4-2-3-2-lnput AND-OR Gate Logic 83 
5417465 4-2-3-2-lnput AND-OR Gate Logic 83 
AND-OR-INVERT 
5417450 Expandable Dual 2-Wide 2-lnput AND-DR-INVERT Gate Logic 77 
5417451 Dual 2-Wide 2-lnput AND-DR-INVERT Gate Logic 77 
5417453 4-Wide 2-lnput AND-DR-INVERT Gate Logic 79 
5417454 4-Wide 2-lnput AND-DR-INVERT Gate Logic 80 
5417455 2-Wide 4-lnput AND-DR-INVERT Gate Logic 81 
OR 
5417432 Quad 2-lnput OR Gate Logic 66 
5417486 Quad 2-lnput Exclusive-OR Gate Logic 98 
54174135 Quad Exclusive-OR/NOR Gate Logic 133 
54174136 Quad Exclusive-OR Gate with Open Col/ector Outputs Logic 134 
54174386 Quad 2-lnput Exclusive-OR Gate Logic 230 
8241 Quad Exclusive-OR/NOR Gate Logic 264 
82841 Quad Exclusive-OR/NOR Gate Logic 264 
8242 Quad Exclusive-OR/NOR Gate Logic 264 
82842 Quad Exclusive-OR/NOR Gate Logic 264 
10101 Quad 2-lnput/OR/NOR Gate (Complementary Outputs) Logic 353 
10103 Quad 2-lnput Gate (3 OR, 1 OR/NOR) Logic 355 
10105 Triple 2-3-2 ORINOR Gate Logic 357 
10107 Triple Exclusive ORINOR Gate Logic 359 
10109 Dual 4-5-lnput ORINOR Gate Logic 360 
10110 Dual 3-lnput 3-0utput OR Gate Logic 362 
10112 Dual 3-lnput OR/2 NOR Output Gate Logic 364 
10113 Quad Exclusive OR Gate (with Enable) Logic 361 
10117 Dual 2-Wide, 2,3-lnput OR-AND/OR-AND-INVERT Gate Logic 369 
10118 Dual 2-Wide, 3,3-lnput OR-AND Gate Logic 370 
10119 4-Wide, 3,3,3,3-lnput OR-AND Gate Logic 371 
10121 4-Wide, 3,3,3,3-lnput OR-AND/OR-AND-INVERT Gate Logic 372 
NAND 
5417400 Quad 2-lnput NAND Gate Logic 53 
5417401 Quad 2-lnput NAND Gate with Open Col/ector Outputs Logic 53 
5417403 Quad 2-lnput NAND Gate with Open Col/ector Outputs Logic 55 
5417410 Triple 3-lnput NAND Gate Logic 58 
5417412 Triple 3-lnput NAND Gate with Open Col/ector Outputs Logic 59 
5417420 Dual 4-lnput NAND Gate Logic 63 
5417422 Dual 4-lnput NAND Gate with Open Col/ector Outputs Logic 64 
54/7426 Quad 2-lnput NAND Gate with Open Col/ector Outputs Logic 64 
54/7430 8-lnput NAND Gate Logic 66 
54174133 13-lnput NAND Gate Logic 132 
54174134 12-lnput NAND Gate Logic 133 
8T18 Dual 2-lnput NAND Gate (High Voltage to TTL Interface) Interface 43 
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DEVICE 
NOR 
5417402 Quad 2-lnput NOH Gate 
54/7427 Triple 3-lnput NOB Gate 
54174135 Quad Exclusive-OR/NOR Gate 
54174260 Dual 5-lnput NOR Gate 
54174266 Quad 2-lnput Exclusive-NOR Gate with Open Collector Outputs 
10100 Quad 2-lnput NOFl Gate 
10102 Quad 2-lnput NOFl Gate 
10106 Triple 4-3-3 NOR Gate 
10111 Dual 3-lnput 3-0utput NOR Gate 

GENERATOR/CHECKER 
8262 8-Bit Parity Generator/Checker 
82S62 8- Bit Parity Generator/Checker 

HEXINVERTERS/BUFFERS 
5417404 
5417405 
5417406 
5417407 
5417416 
5417417 
54174125 
54174126 
8T93 
8T94 
8T95 
8T96 
8T97 
8T98 

NAND 
5417437 
5417438 
5417439 
5417440 

NOR 

Hex Inverter 
Hex Inverter with Open Collector Outputs 
Hex Inverter Buffm/Driver 
Hex Buffer/Driver 
Hex Inverter/BuffHr 
Hex Buffer/Driver 
Quad Bus Buffer Gate 
Quad Bus Buffer Gate 
High Speed Hex Inverter (PNP Inputs) 
Hex Inverter High Speed Open Collector (PNP Inputs) 
High Speed Hex Tri-State Buffer 
High Speed Hex Tri-State Buffer 
High Speed Hex Tri-State Inverter 
High Speed Hex Tri-State Inverter 

Quad 2-lnput NAND Buffer 
Quad 2-lnput NAND Buffer 
Quad 2-lnput NAND Buffer 
Dual 4-lnput NAND Buffer 

54/7428 Quad 2-lnput NOR Buffer 
5417433 Quad 2-lnput NOR Buffer with Open Collector Outputs 
54174128 Quad 2-lnput NOR Buffer 

INTERFACE ELEMENTS 
8T20 
8T22 
8T31 
8T32 
8T33 
8T80 
8T90 
8T63 

Bidirectional OnEl Shot 
Retriggerable One Shot 
8-Bit Bidirectional Port 
Interface Vector (IV) Byte 
Interface Vector (IV) Byte 
Quad 2-lnput N)I,ND Interface Gate Hex Inverter Interface Element 
Quad 2-lnput NAND Interface Gate Nex Inverter Interface Element 
Dual Zero Crossing Detector 

CHAPTER PAGE 

Logic 54 
Logic 65 
Logic 133 
Logic 217 
Logic 276 
Logic 352 
Logic 354 
Logic 358 
Logic 363 

Logic 280 
Logic 280 

Logic 55 
Logic 56 
Logic 56 
Logic 57 
Logic 62 
Logic 62 
Logic 136 
Logic 131 
Logic 85 
Logic 86 
Logic 87 
Logic 87 
Logic 87 
Logic 87 

Logic 67 
Logic 68 
Logic 68 
Logic 69 

Logic 65 
Logic 67 
Logic 131 

Logic 45 
Logic 49 
Logic 71 
Logic 71 
Logic 71 
Logic 83 
Logic 84 
Logic 94 



DEVICE CHAPTER PAGE 
LATCHES 
54/7475 Quad Bistable Latch Logic 88 
5477 Quad Bistable Latch Logic 91 
54174100 4-Bit Bistable Latch Logic 110 
54174116 Dual 4-Bit Latch with Clear Logic 123 
54174176 Presettable Decade and Binary Counter/Latch Logic 176 
54174177 Presettable Decade and Binary Counter/Latch Logic 176 
54174196 3MHz Presettable Decade Counter/Latch Logic 200 
54/74197 Presettable Binary Counter/Latch Logic 261 
54174279 Quad S-R Latch Logic 221 
9334 8-Bit Addressable Latch Logic 236 
10129 Quad TTL/IBM Bus Receiver/Latch Logic 376 
10130 Dual D-Type Latch Logic 377 
10132 Dual Multiplexer/Latch (with Reset) Logic 381 
10133 Quad D-Type Latch (with Gated Outputs) Logic 382 
10134 Dual Multiplexer/Latch (with Independent Selects) Logic 383 
10173 Quad 2-to-1 Multiplexer Latch Logic 402 
10175 Quint Latch Logic 404 
MEMORIES 
7488 256-Bit Read-Only Memory Logic 99 
7489 64-Bit Read/Write Memory (RAM) Logic 99 
54174200 TTL 256x1 RAM (Tri-State) Memories 268 
54174201 TTL 256X1 RAM (Tri-State) Memories 209 
54174206 TTL 256X1 RAM (Open Collector) Memories 209 
54174301 TTL 256X1 RAM (Open Collector) Memories 229 
82S12 3~~-Bit Multiport Memory Memories 7 
82S112 32-Bit Multiport Memory Memories 7 
82S25 64-Bit Bipolar Scratch Pad Memory (16X4 RAM) Memories 8 
3101A 64-Bit Bipolar Scratch Pad Memory (16X4 RAM) Memories 8 
74S89 64-Bit Bipolar Scratch Pad Memory (16X4 RAM) Memories 11 
74S189 64-Bit Bipolar Scratch Pad Memory (16X4 RAM) Memories 12 
82S21 64-Bit Bipolar Write-While-Read RAM (32X2) Memories 14 
82S16 256-Bit Bipolar RAM (256X1) Memories 16 
82S17 2Ei6-Bit Bipolar RAM (256X1) Memories 16 
82S116 256-Bit Bipolar RAM (256X1) Memories 16 
82S117 256-Bit Bipolar RAM (256X1) Memories 16 
54174S200 256-Bit Bipolar RAM (256X1) Memories 17 
54/74S201 256-Bit Bipolar RAM (256X1) Memories 17 
54174S301 256-Bit Bipolar RAM (256X1) Memories 17 
82S09 576-Bit Bipolar RAM (64X9) Memories 19 
82S10 1024-Bit Bipolar RAM (1024X1) Memories 20 
82S11 1024-Bit Bipolar RAM (1 024X1) Memories 20 
93415 1024-Bit Bipolar RAM (1024X1) Memories 20 
93425 1024-Bit Bipolar RAM (1 024X1) Memories 20 
10145 ECL 16X4 RAM Logic 290 
25L01 256-Bit Low Power Static ReadIWrite RAM Memories 96 
2101 1024-Bit Static MOS RAM (256X4) Memories 97 
2101-1 1024-Bit Static MOS RAM (256X4) Memories 97 
2101-2 1024-Bit Static MOS RAM (256X4) Memories 97 
2601 1024-Bit Static MOS RAM (256X4) Memories 97 
2111 1024-Bit Static MOS RAM (256X4) Memories 99 
2111-1 1024-Bit Static MOS RAM (256X4) Memories 99 
2111-2 1024-Bit Static MOS RAM (256X4) Memories 99 
2611 1024-Bit Static MOS RAM (256X4) Memories 99 
2112 1024-Bit Static MOS RAM (256X4) Memories 101 
2112-1 1024-Bit Static MOS RAM (256X4) Memories 101 
2112-2 1024-Bit Static MOS RAM (256X4) Memories 101 
2612 1024-Bit Static MOS RAM (256X4) Memories 101 
2606 1024-Bit Read/Write Static MOS RAM (256X4) Memories 103 
2606-1 1024-Bit ReadIWrite Static MOS RAM (256X4) Memories 103 
1103 1024-Bit Dynamic Decoded MOS RAM (1024X1) Memories 105 
1103-1 1024-Bit Dynamic Decoded MOS RAM (1024X1) Memories 105 
2102 1024-Bit Read/Write Static MOS RAM (1024X1) Memories 108 
21 L02-1 1024-Bit Read/Write Static MOS RAM (1024X1) Memories 108 
21 L02-3 1024-Bit ReadIWrite Static MOS RAM (1024X1) Memories 108 
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DEVICE 

21f02 1024-Bit Read/Write Static MOS RAM (1024X1) 
2680 4096-Bit Read/Write Dynamic MOS RAM (4096X1) 
2680-1 4096-Bit Read/Write Dynamic MOS RAM 
2680-2 4096-Bit Read/Write Dynamic MOS RAM 

MUL TIPLEXERS/DEMUL TIPLEXERS 
8230 8-lnput Digital Multiplexer 
82S30 8-lnput Digital Multiplexer 
8231 8-lnput Digital Multiplexer 
82S31 8-lnput Digital Multiplexer 
8232 8-lnput Digital Multiplexer 
82S32 8-lnput Digital Multiplexer 
8233 2-/nput 4-Bit Digital Multiplexer 
82S33 2-lnput 4-Bit Digital Multiplexer 
8234 2-lnput 4-Bit Digital Multiplexer 
82S34 2-lnput 4-Bit Digital Multiplexer 
8235 2-lnput 4-Bit Digital Multiplexer 
82S35 2-lnput 4-Bit Digital Multiplexer 
8263 3-lnput 4-Bit Digital Multiplexer 
8264 3-lnput 4-Bit Digital Multiplexer 
8266 2-lnput 4-Bit Digital Multiplexer 
82S66 2-lnput 4-Bit Digital Multiplexer 
8267 2-lnput 4-Bit Digital Multiplexer 
82S67 2-lnput 4-Bit Digital Multiplexer 
10158 Quad 2-to-1 Multipl19xer 
10159 Quad 2-to-1 Multipl l9xer 
10161 1-of-8 Demultiplexer/Decoder (Selected Output is Low) 
10162 1-of-8 Demultiplexer/Decoder (Selected Outputs is High) 
10164 8-Line to 1-Line Multiplexer (with Enable) 
10171 DuaI1-of-4 Demultiplexer/Decoder (Selected Outputs is Low) 
10172 Dual 1-of-4 Demultiplexer/Decoder (Selected Output is High) 
10173 Quad 2-to-1 Multiplexer/Latch 
10174 Quad4-Line to 1 Multiplexer (with Enable) 

MONOSTABLE MUL TIVIBRATOR~~ 
54/74121 Monostable Multivibrator 
74122 Retriggerable Monostable Multivibrator with Clear 
54/74123/123A Retriggerable Monostable Multivibrator with Clear 
54/74221 Dual Monostable Multivibrator with Schmitt Trigger Inputs 
9601 Retriggerable Monostable Multivibrator 
9602 Dual Retriggerable Resettable Monostable Multivibrator 

OPERATIONAL AMPLIFIERS 
531 
532 
535 
536 
LH2101A 
LH2201A 
LH2301A 
LH2108 
LH2208 
LH2308 
LH2108A 
LH2208A 
LH2308A 
LM101 
LM201 
LM101A 
lM201A 
LM301A 
LM107 
LM207 
LM307 
LM108 
LM208 

8 

High Slew Rate Operational Amplifier 
Dual Operational Amplifier - Single or Dual Power Supply Operation 
High Slew Rate Operational Amplifier 
FET Input Operational Amplifier 
Dual Operational ,A,mplifier 
Dual Operation'al ,A,mplifier 
Dual Operational Amplifier 
Dual Operational Amplifier 
Dual Operational Amplifier 
Dual Operational Amplifier 
Dual Operational Amplifier 
Dual Operational !Implifier 
Dual Operational Amplifier 
High Performance Amplifier 
High Performance Amplifier 
High Performance Operational Amplifier 
High Performance Operational Amplifier 
High Performance Operational Amplifier 
General Purpose Operational Amplifier 
General Purpose Operational Amplifier 
General Purpose Operational Amplifier 
Precision Operational Amplifier 
Precision Operational Amplifier 

IIIDnel 

CHAPTER PAGE 

Memories 108 
Memories 110 
Memories 110 
Memories 110 

Logic 259 
Logic 259 
Logic 259 
Logic 259 
Logic 259 
Logic 259 
Logic 262 
Logic 262 
Logic 262 
Logic 262 
Logic 262 
Logic 262 
Logic 282 
Logic 282 
Logic 285 
Logic 285 
Logic 285 
Logic 285 
Logic 392 
Logic 392 
Logic 394 
Logic 395 
Logic 396 
Logic 400 
Logic 401 
Logic 402 
Logic 403 

Logic 124 
Logic 128 
Logic 129 
Logic 210 
Logic 237 
Logic 239 

Analog 42 
Analog 47 
Analog 50 
Analog 51 
Analog 54 
Analog 54 
Analog 54 
Analog 55 
Analog 55 
Analog 55 
Analog 55 
Analog 55 
Analog 55 
Analog 56 
Analog 56 
Analog 60 
Analog 60 
Analog 60 
Analog 69 
Analog 69 
Analog 69 
Analog 72 
Analog 72 



DEVICE CHAPTER PAGE 
OPERATIONAL AMPLIFIERS (Cont'd.) 
LM308 Precision Operational Amplifier Analog 76 
LM108A Precision Operational Amplifier Analog 80 
LM208A Precision Operational Amplifier Analog 80 
LM308A Precision Operational Amplifier Analog 80 
LM124 Quad Operational Amplifier Analog 82 
LM224 Quad Operational Amplifier Analog 82 
LM324 Quad Operational Amplifier Analog 82 
MC1456 High Performance Operational Amplifier 85 
MC1556 High Performance Operational Amplifier Analog 85 
MC1458 Dual Operational Amplifier Analog 87 
MC1558 Dual Operational Amplifier Analog 87 
uA709 Operational Amplifier Analog 89 
uA740 FET Input Operational Amplifier Analog 91 
uA741 General Purpose Operational Amplifier Analog 93 
uA747 Dual Operational Amplifier Analog 96 
uA748 General Purpose Operational Amplifier Analog 100 
8A534 Quad Operational Amplifier Analog 103 
PHASE LOCKED LOOPS 
560 Phase Locked Loop Analog 257 
561 Phase Locked Loop Analog 262 
562 Phase Locked Loop Analog 267 
565 Phase Locked Loop Analog 274 
566 Function Generator Analog 279 
567 Tone Decoder/Phase Locked Loop Analog 292 
uA758 FM 8tereo Multiplex Decoder/Phase Locked Loop Analog 292 
LM381 Dual Low-Noise Preamplifier Analog 296 
LM381A Dual Low-Noise Preamplifier Analog 296 
LM382 Dual Low-Noise Preamplifier Analog 299 
LM387 Dual Low-Noise Preamplifier Analog 302 
5596 Balanced Modulator Demodulator Analog 305 
MC1496 Balanced Modulator Demodulator Analog 305 
MC1596 Balanced Modulator Demodulator Analog 305 
PA239 Dual Low-Noise Preamplifier Analog 307 
ULN2111 FM Detector and Limiter Analog 307 
ULN2208 FM Gain Block Analog 315 
ULN2209 FM Gain Block Analog 318 
TBA1208 8-8tage Amplifier with Balanced Demodulator Analog 321 
TBA1440 TV Video Amplifier with Demodulator Analog 324 
TBA440N TV Video Amplifier with Demodulator Analog 324 

PROMs 

82823 256-Bit Bipolar PROM (32X8) Memories 33 
828123 256-Bit Bipolar PROM (32X8) Memories 33 
10139 256-Bit ECL PROM (32X8) Memories 36 
82827 1024-Bit Bipolar PROM (256X4) Memories 39 
828126 1024-Bit Bipolar PROM (256X4) Memories 43 
828129 1024-Bit Bipolar PROM (256X4) Memories 43 
828130 2048-Bit Bipolar PROM (512X4) Memories 46 
828131 2048-Bit Bipolar PROM (512X4) Memories 46 
828114 2048-Bit Bipolar PROM (256X8) Memories 49 
828115 4096-Bit Bipolar PROM (512X8) Memories 59 
828136 4096-Bit Bipolar PROM (1024X4) Memories 53 
828137 4096-Bit Bipolar PROM (1024X4) Memories 53 
828184 8192-Bit Bipolar PROM (2048X4) Memories 55 
828185 8192-Bit Bipolar PROM (2048X4) Memories 55 
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DEVICE CHAPTER PAGE 
ROMS/CHARACTER GENERATORS 
825226 1024-Bit Bipolar ROM (256X4) Memories 25 
825229 1024-Bit Bipolar ROM (256X4) Memories 25 
82S214 2048-Bit Bipolar ROM (256X8) Memories 25 
82S215 2048-Bit Bipolar ROM (256X8) Memories 25 
82S230 2048-Bit Bipolar ROM (512X4) Memories 27 
82S231 2048-Bit Bipolar ROM (512X4) Memories 27 
8228 4096-Bit Bipolar ROM (1024X4) Memories 28 
82S280 8192-Bit Bipolar ROM (1024X8) Memories 28 
82S281 8192-Bit Bipolar ROM (1024X8) Memories 28 
2513 2560-Bit Static Character Generator (64X8X5) Memories 116 
2516 3072-Bit Static Character Generator (64X6X8) Memories 121 
2530 4096-Bit High SpeE~d Static ROM (512X8) Memories 126 
2526 5184-Bit Static ROM/Character Generator (64X9X9) Memories 128 
2580 8192-Bit Static ROM (2048X4) Memories 133 
2608 8192-Bit Static MOS ROM (1024X8) Memories 136 
2608-1 8192-Bit Static MOS ROM (1024X8) Memories 136 
SCALER 
8243 8-Position Scaler Logic 267 
SCHMITT TRIGGER 
54/7413 Hex Schmitt Trigger Logic 60 
5417414 Hex Schmitt Trigger Logic 60 
54174132 Quad 2-lnput NAND Schmitt Trigger Logic 132 
54174232 Quad NOR Schmitt Trigger Logic 212 

REGISTERS 
5417491 8-Bit Shift Register Logic 102 
5417494 4-Bit Shift Register Logic 105 
5417495B 4-Bit Parallel-Access Shift Register Logic 106 
5417496 5-Bit Shift Register Logic 108 
54174164 8-Bit Parallel-Out Serial Shift Register Logic 162 
54174165 Parallel-Load 8-Bit Shift Register Logic 164 
54174166 8-Bit Shift Register Logic 167 
54174170 4X4 Register File with OR Outputs Logic 169 
74172 16-Bit Multiple Port Register File Logic 172 
54174178 4-Bit Parallel-Access Shift Register Logic 177 
54174179 4-Bit Parallel-Access Shift Register Logic 177 
54174194 4-Bit Bidirectional Universal Shift Register Logic 195 
54174195 4-Bit Parallel-Acce'ss Shift Register 199 
54174198 8-Bit Shift Register Logic 203 
54174199 8-Bit Shift Register Logic 206 
54174295A 4-Bit Right-Shift Left-Shift Register with 3-State Outputs Logic 227 
54174670 4X4 Register File with 3-State Outputs Logic 230 
9300 4-Bit Shift Register Logic 232 
8200 Buffer Register Logic 255 
8201 Buffer/Register Logic 255 
8202 Buffer/Register Logic 255 
8302 Buffer/Register Logic 255 
8270 4-Bit Shift Register Logic 292 
82S70 4-Bit Shift Register Logic 292 
8271 4-Bit Shift Register Logic 292 
82S71 4-Bit Shift Register Logic 292 
8273 10-Bit Serial-In Parrallel-Out Shift Register Logic 297 
8274 10-Bit Parallel-In Serial-Out Shift Register Logic 299 
8275 Quad Bistable Latc:h Logic 301 
8276 8-Bit Shift Register Logic 302 
8277 Dual 8-Bit Shift Register Logic 305 
10141 4-Bit Universal Shift Register Logic 389 
2518 Hex 32-Bit Static Shift Register Memories 74 
2519 Hex 4-Bit Static Shift Register Memories 75 
2509 Dual 50-Bit Static Shift Register (Tri-State Output) Memories 77 
2532 Quad 80-Bit Static Shift Register Memories 79 
2532-1 Quad 80-Bit Static Shift Register Memories 79 
2510 Dual 100-Bit 5tatic Shift Register (Tri-State Output) Memories 80 
2521 Dual 128-Bit Static Shift Register Memories 82 
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DEVICE CHAPTER PAGE 

SHIFT REGISTERS (Cont'd.) 
2522 Dual 132-Bit Static Shift Register Memories 83 
2511 Dual 2-Bit Static Shift Register (Tri-State Output) Memories 85 
2529 Dual 240-Bit Static Shift Register Memories 86 
2528 Dual 250-Bit Static Shift Register Memories 87 
2527 Dual 256-Bit Static Shift Register Memories 88 
2533 1024-Bit Static Shift Register Memories 89 
2506 Dual100-Bit Dynamic Shift Register Memories 90 
2507 Dual100-Bit Dynamic Shift Register Memories 90 
2517 Dual 100-Bit Dynamic Shift Register Memories 90 
2505/1405 512-Bit Recirculating Dynamic Shift Register Memories 91 
2524 512-Bit Recirculating Dynamic Shit Register Memories 92 
2502/1402A 1 024-Bit Multiplex Dynamic Shift Register Memories 93 
2503l1403A 1024-Bit Multiplex Dynamic Shift Register Memories 93 
2504/1404A 1024-Bit Multiplex Dynamic Shift Register Memories 93 
2512 1024-Bit Recirculating Dynamic Shift Register Memories 94 
2525 1024-Bit Recirculating Dynamic Shift Register Memories 95 
TIMERS 

553 Quad Timer Analog 155 
554 Quad Timer Analog 155 
555 Timer Analog 158 
556 Dual Timer Analog 162 

VOL TAGE REGULATORS 

550 Precision Voltage Regulator Analog 112 
uA723 Precision Voltage Regulator Analog 116 
uA7800 Three-Terminal Positive Voltage Regulator Analog 122 
uA78LOO Three-Terminal Positive Voltage Regulator Analog 130 
uA78MOO Three-Terminal Positive Voltage Regulator Analog 139 
LM109 Five Volt Regulator Analog 147 
LM209 Five Volt Regulator Analog 147 
LM309 Five Volt Regulator Analog 147 
LM340 Three-Terminal Positive Voltage Regulator Analog 151 
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