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Harris Semiconductor Analog Products represent the
state of the art in precision and high speed performance.
Capitalizing on the advanced linear processing tech-
nologies developed over the past 15 years, Harris Semi-
conductor Analog Products offer high quality and wun-
matched performance.

This book describes Harris Semiconductor's complete
line of Linear and Data Acqutsition products, and in-
cludes a complete set of product specifications and data
sheets, application notes and a separate section descriking
our quality and high reliability program.

Please fill out the registration card at the back of this
book and return it to us so we may keep you informed
of our latest new product developments over the next
year.

If you need more information on these and other Harris
products, piease contact the nearest Harris sales office
listed in the back of this data book.

Harris Semiconductor’s products are sold by description only.
Harris reservas the right to make changas in circuit design, speci-
fications and other information at any time without prior notice.
Aceordingly, the reader is cautioned to verify that data sheets and
other information in this publication are current before placing
orders. Information contained in application notes is intended
sofely for general guidance; use of the infofmation for users spe-
cific application is at user's risk. Reference to products of other
manutacturers are solely for corrvenience of comparison and do not
imply total equivalency of design, performance, or otherwise.

Copyright © Harris Corporation 1977

AN rights reserved}
Printed in USA
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HA-209
HA-211
HA-2050
HA-2050A
HA-2085
HA-2055A
HA-2050
HA-2060A
HA-2065
HA-2065A
HA-2400
HA-2404
HA-2405
HA-2420
HA-2425
HA-2500
HA-2502
HA-2505
HA-2510
HA-2512
HA-2515
HA-2520
HA-2522
HA-2525
HA-2530
HA-2535
HA-2600
HA-2602
HA-2605
HA-2620
HA-2622
HA-2625
HA-2630
HA-2635
HA-2640
HA-2645
HA-2650
HA-2655
HA-2700
HA-2704
HA-2705
HA-2720
HA-2725
HA-2730
HA-2735
HA-2820
HA-2825
HA-2900
HA-2904
HA-2905
HA-4602
HA-4605
HA-4741

Alpha-Numeric Product Index

Low Noise Operational Amplifier

Low Moise Operational Amplifier

High Slew Rate F.E.T. Input Operational Ampiifier
High Slew Rate F.E, T, Input Operational Amplifier
High Slew Rate F.E.T. Input Operationa! Amplifier
High Slew Rate F.E.T. Input Operationa! Amplifier
Wide Band F.E.T. Input Operational Amplifier

Wide Band F.E.T. Input Operational Amplifier

Wide Band F.E.T. Input Operational Amplifier

Wide Band F.E.T. 1nput Operational Amplifier

PRAM, Four Channe| Operational Amplifier

PRAM, Four Channet Operational Amplifier

PRAM, Four Channel Operational Amplifier
Sample and Hold

Sample and Hold

Precision High Slew Rate Qperational Amplifier
Precision High Slew Rate Operational Amplifier
Precision High Slew Rate Operational Amplifier

High Slews Rate Operational Amplifier

High Slew Rate Operational Amplifier

High Slew Rate Operational Amplifier

High Slew Rate, Uncompensated Qperational Amplifier
High Slew Rate, Uncompensated Operational Ampiifier
High Slew Rate, Uncompensated Operational Amptifier
Wide Band High Slew Inverting Amplifier

Wide Band High Slew Inverting Amplifier

High Performance Operational Amplifier

High Performance Operational Amplifier

High Performance Operational Amplifier

Yery Wide Band, Uncompensated Operational Amplifier
Very Wide Band, Uncompensated Operational Amplifier
WVery Wide Band, Uncompensated Qperational Amplifier
High Performance Current Booster

High Performance Current Booster

High Voltage Operational Amplifier

High Voltage Operational Amplifier

Cual High Performance Operational Amplifier

Dual High Performance Operational Amplifier

Low Power, High Performance Qperational Amplifier
Low Power, High Perfarmance Operational Amplifier
Low Power, High Performance Qperational Amplifiar
Low Power, Current Programmable Operational Amplifier
Low Power, Current Programmable Operational Amplifier
Dual Low Power, Current Programmable Operational Amplifier
Dual | .ow Pewer, Current Programmable Operational Amplifier
Phase Locked Loop

Phase Locked Loop

Chepper Stahilized Operational Amplifier

Chopper Stabilized Operational Amplifier

Chopper Stabilized Operational Amplifier

Quad High Performance Operational Amplifier

Quad High Performance Qperational Amplifier

Quad Operational Amplifier

{continued)
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HA-4900 Quad Precision Comparator 2-90
HA-4905 Quad Precision Comparator 2-90
HC-BB516 Delta Modulator (CVSD} -6
HC-66532 Delta Modulator (CVSD) 5-6
HO-0165 Keyboard Encader 6-2
HO-254 Tripte Line Transmitter 6-5
HD-246 Tripie Line Receiver 6-5
HD-2438 Triple Party Line Receiver 6-5
HD-249 Triple Line Receiver 6-5
HD-545 Triple Line Transmitter 6-5
HD-545 Triple Line Receiver 6-5
HD-548 Triple Party Line Receiver B-5
HD-549 Triple Line Receiver 6-5
HI-200 Dual SPST Switch 3-4
HI-201 Quad SPST Switch 3-10
HI-5086 18/Dual 8 Channel Multiplexer 3-28
HI-506A Qvervoltage Protected 16/Dual 8 Channel Muitiplexer 3-34
HI-507 16/Dual 8 Channel Multiplexar 3-23
HI-507A Qvervoltage Protected 16/Dual 8 Channel Multiplexer 3-34
HI-G0BA Overvoltage Protected 8/Dual 4 Channel Multiplexer 3-40
HI-509A Overvaitage Protected 8/Cual 4 Channel Multiplexer 3-40
HI-562 12 Bit High Speed, Precision Digita! to Analog Converter 4-6
HI-1080 8 Bit Precision Digital to Analog Converter 4-11
HI-1085 & Bit Precision Digital to Analog Converter 4-11
HI-1800A Dual DPDT Low Leskage Switch 3-18
HI-1818A 8/Dual 4 Channel Multiplexer 3-26
HI-1828A 8/Dual 4 Channel Muttiplexer 346
HI-1840 Fail-Safe 16 Channel Multipiexer 3-50
HI-5040 Eow Resistance SPST Switch 3-20
HI-5(41 low Resistance Dual SPST Switch 3-20
HI-5042 Low Resistance SPOT Switch 3-20
HI-5043 Low Resistance Dual SPDT Switch 3-20
HI-5044 Low Resistance DPST Switch 3-20
HI-5046 Low Resistance DPDT Switch 3-20
HI-5046A Low Resistance DPDT Switch 3-20
HI-5047 Low Resistance 4 PST Switch 3-20
HI-5D47A Low Resistance 4 PST Switch 3-20
HI-b48 Low Resistance Dual SPST Switch 3-20
Ht-5049 Low Resistance Dual DPST Switch 3-20
Hi-5050 Low Resistance SPDT Switch 3-20
H!-5051 Low Resistance Dual SPDT Switch 3-20



Ordering Information

Harris Products are designated by “Product Code”.
When ordering please refer to products by the full
code. Harris products will always begin with H.

Specific device numbers will always be isolated
by hyphens.

PRODUCT CODE EXAMPLE

HAT-

PREFIX:
H (Harris)
FAMILY:
A — Analog
€ — Communications
D — Digital
I — Interface
M — Memoryil)
PACKAGE:
1 — Dual In-Line
2 — TO-56 Type
3 — Epoxy Package
7 — Mini DIP
9 — Fiat Pack
0 — Chip Form
N

QTE:
{1} EXCEPT —
HPROM X-1024-X
HFRDM X-5256-X
HPROM X-0152-X%

HARRIS DASH 8 PROGRAM

As a service to users of High Rel products Harris
makes readily available via the high reliability
DASH 8 program many products from our product
lines. Parts screened to MIL-STD-883 Method
B004 Class B are simply branded with the post-
seript -8 to the appropriate Harris part numbers,
in effect, offering "'off the shelf” delivery. For
details concerning this special Harris program for
High Rel users, see the Dash 8 section of this
Data Book.

SPECIAL ORDERS

For best availability and price, it is urged that
standard ''Product Code” devices be specified,
which are available worldwide from authorized dis-
tributors. Where enhanced . zliability is needed,

T

PART NUMBER

TEMPERATURE: (2} —

2425 - b

2 -5§9C to +1250C

4 -250C to +85°C

5  00C to +750C

6 100% 250C Probe {Dice Only}

8 Dash 8 Program MIL-5TD-883 Clasz B
HA2-2700-8 (Example Only)

9 -40°CC to +850C

12} The 54C/74C CMOS Family temperature
designation is contained in the Part Number,

-650C 10 +1260C

F4CKX 0oC 1o +700C

note standard ""Dash 8" screening described in
this Data Book. Harris application engineers may
be consulted for advice about suitabitity of a part
for a given application.

IT additional electrical parameter guarantees or
reliability screening are absolutely required, a
Request for Quotation ang Source Controt Draw-
ing should be submitted through the local Harris
Sales Office or Sales Representative. Since, many
electrical parameters may be economicaily assured
through design analysis, characterization, or
correfation with other parameters, additionally
desired parameters should be labeled, ""Vendor
wil! guarantee, but not necessarily test”.

Harris reserves the right to decline to quote, or
o request modification to special screening re-
guirements.
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l. C. Handling Procedures

Harris Analog |.C. processes produce circuits more
rugged than similar ones. However, no semi-
conductor is immune from damage resulting from
the sudden application of many thousands of volts
of static electricity. While the phenomenon of
catastrophic failure of devices containing MOS
transistors or capacitors is well known, even bi-
polar circuits can be damaged by static discharge,
with altered electrical properties and diminished
reliability. None of the common L.C. internal
protection networks operate quickly enough to
positively prevent damage.

It is suggested that all semiconductors be handled,
tested, and installed using standard ""MOS handling
techniques’” of proper grounding of personnel and
equipment. Parts and subassemblies should not be
in contact with untreated plastic bags or wrapping
material. High impedance |.C. inputs wired to a
P.C. connector should have a path to ground
ont the card.

HANDLING RULES

Since the introduction of integrated circuits with
MOS structures and high quality junctions, a safe
and effective means of handling these devices has
been of primary importance. One method em-
ployed to protect gate oxide structures is to in-
corporate input protection diodes directly on the
monaolithic chip. However, there is no completely
foolproof system of chip input protection in exist-
ance in the industry. In addition most compensa-
tion networks in linear circuits are Jocated at
high impedance nodes, where protection netwaorks
woutd disturb normal circuit operation. [f static
discharge occurs at sufficient magnitude (2KV or
more), some damage or degradation wiil wsually
occur. |t has been found that handling equipment
and personnel can generate static potentials in
excess of 10KV in a low humidity environment;
thus it becomes necessary for additional measures
to be implemented to eliminate or reduce static

Harris Analog |

JUNCTHON ISOLATION (J.1.}

This is the most commmaon integrated circuit proc-
cess. Bipolar [.C.'s generally begin with a p-type
wafer into which a buried layer pattern, if used, is
first diffused. Then the n-type epitaxial layer is
grown, and p-type isoiation walls are diffused
around each area which is to he electrically isolated
from the ather circuitry. These isolation walls
must be diffused deeply inte the wafer in order to

charge. It is evident, therefore, that proper hand-
ling procedures or rules should be adopted.

Etimination or reduction of static charge can be
accomplished as Tollows:

» {Jse conductive work stations. Metallic or
conductive plastic* tops on work benches
connected to ground help eliminate static
build-up.

* Ground all handling equipment,

» Ground all handling personnel with a conduc-
tive bracetet through 1-M ohm to ground,
The 1-M ohm resistor will prevent electroshock
injury to personnel.

* Smocks, clothing, and especially shoes of
certain insulating materials {notably nylon}
should not be worh in areas where devices are
handled. These materials, highly dielectric in
nature, will hold, or aid, in the generation of
a static change. Where they cannot be elimin-
ated natural materials such as cotton etc.
should be used to minimize charge generation
capacity.

» Control relative humidity to as high as a
level as practical. (RH 50%).

* |lonized air blowers reduce charge build-up
in areas where grounding is not possible or
desirabte.

¢ Devices should be in conductive carriers during
all phases of transport. Leads may be shorted
by tubular metallic carriers, conductive foam
or foil.

» In automated handling equipment, the belts,
chutes, or other surfaces should be of con-
ducting material, If this is nhot possible, ionized
air blowers may be a good alternative,

* Supplier 3M Company “Velostat”

. C. Technologies

contact the griginal p-substrate. In operation, the
p-substrate and isolation walls are connected to
the most negative circuit potentiai, so that each
active area is surrounded on the sides and bottom
by a reverse biased junction through which neg-
ligible current flows (Figure 1).

To compiete the I.C., base and emitter diffusions
are performed, the wafer is coated with aluminum
and the conductor pattern is etched.



Representative Harris devices using this process are
HA-2820, HA-4741 and HD-0165.

DIELECTRIC ISOLATION (D.L)

A somewhat different process has been proven
particularly advantageous for fabricating high per-
formance analog .C.’s. This is dielectric isclation
{D.1.), where each active area is surrounded on the
sides and bottom by an insulating layer of silican
dioxide, and far mechanical strength imbedded

in polycrystalline silicon. This process for bipolar
1.C.'s begins with a wafer of n-type silicon. The
side of the wafer which will eventually be the
bottom is deeply etched to form the sidewal
pattern, then silicon dioxide and palycrystalline
silicon are grown to fili the etched “moats’”. The
opposite side of the wafer is then polished until
the insulating sidewalls appear at the wafer surface
(Figure 2). Conventional diffusion and metalliza-
tion processes follow to complete the 1.C. D.I. for
analog 1.C."s has a number of advantages:

1. Almost all op amp designs require at least
one PNP transistor in the signal path. Typ-
ical J.I. op amps must use a lateral PNP
which inherently has very low frequency
response, limiting typical campensated band-
width to TMHz. The D.l. process makes it
practical to build a vertical PNP with much
higher bandwidth making possible compen-
sated op amp bandwidths of 12MHz or
higher (Figure 3). Also, transistor coilector
to substrate capacitance is 2/3 less using
O.l., further enbancing high frequency

2. Other devices such as optimally specified
MOS or JFET transistors may be fabricated
on the same chip. Isolated diffused and thin
film resistors are also practical.

3. The soiation removes the possibility of par-
asitic SCR’s which might create latchup
under certain sequences of power and signal
appiication.

4. Leakage currents to the substrate under high
temperature or nuclear radiation conditions
are greatly reduced. While the circuits in
this catalog were not specifically designed
for high radiation environments or operating
temperatures greater than +1250C, many
have shown superior performance. For |.C.'s
requiring the ultimate in radiation resistance,
Harris Semiconductor Programs Division
should be consuited.

DIELECTRIC ISOLATED CMOS

J0. processed CMOS Anaiog 1.C.'s, which are
generally used in conjunction with several power
supplies, are particularly prone to parasitic SCR
latchup failures and failures due to input voitage
spikes. The D.l. CMOS process, which is compared
in detail in Harris Application Note 521, has
proved to be the best solution.

Since analeg multiplexers are often used at the
input of a data acquisition system, particular
attention must be paid to the possibility of dam-
aging input overvoltage conditions. Harris has
provided an effective apswer in the HI-BOGA
through HI-5094 muitiplexers with built-in

performance. overvoltage protection.
Dlarkl 20031 S6HOTA FONTALN AP ALLEES
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COLLECTOR — EMITTER
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{h} Cross-sectional viaw,
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Cross Reference

MANUFACTURER PART KUMBER HARRIS EQUIVALENT NOTES

Advanced Micro Devices AM118/318 HA-2510/2515 B2
AMT15 HA-2520/2525 82

AM16E60 HA-2500/2505 B2

HA-2600/2608 Bz

HA-2700f2709 B2

Analog Devices ADSO5 HA-2530/2535 Lz
ADSOTI* HA-2625 Al

ADRS07S HA-2620 At

ADS09J* HA-2525 Al

AD509S HA-2520) Al

ADD18 HA-2510/2515 B2

AD562 Hi-BG2 B2

ADE82 HA-2420/2425 c2

ADSBIK HA-2425 Al

AD7H01 HI-1818A B2

AD7502 Hi-1828A B2

AD7503 HI-1818A B2

AD7506 HI-506 Al

ADT507 H1-507 Al

AD7510 Hl-2M c2

AD7511 HI1-201 L2

AD7512 HI-8043 €2

AD7513 HI-200 Al

Burr Brown 3500A/3501A HA-Z605 B2
3500R/3501R HA-2600 B2

3505} HA-2%05 Al

3506) HA-2605 Al

3507) HA-2525 At

36084 HA-2625 At

35500 HA-2055 B2

3560K HA-2050 B2

35608 HA-2085 B2

3553AM HA-2630 C3

MPLAD HI-609A-5 Al

MPCES HI-508A-5 Al

MPCED HE-507A-5 Al

MPC16S H!-608A-5 Al

Datal AM-405-2 HAZ-2055-5 Al
AN -406-2 HAZ-2065-5 Al

AM-450-2 HA-2505 Al

AM-452-2 HAZ2-2525-5 Al

AM-460-2 HA-2605 Al

AM-462-1 HA1-2625-5 Al

AM-462-2 HAZ-2625-5 Al

AM-464-2 HA-2645 Al

AM-480-2A HA-2905 Al

MX-808 HI-508A-5 At

MX-1606 HI-508A-5 Al

MXD-409 HI-508A-5 Al

MXD-807 HI-6(7A-5 Al

SHM-1C-1 HA-2425 Al

Exar XR215 HA-2820/2825 C3
XR4212 HA-2741 A2

® UK equivatent iz gither military device or sslected commarcisl device.

NOTES: A. Pin-far-pin reptacement.
B. Minor pinnut difference {offset adj_,
compensation, Bte.l,
<. Not pin compatible — consult data sheets.

. identical slectrical spacifications,
2. Harris part superior in most parameters,
3. Parameter tradeoffs — consult date sheets,
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Cross Reference

MANUFACTURER PART NUMBER HARRIS EQUIVALENT NOTES
Fairchild Semiconductor HATO2 HA-2620/2625 c2
MATOY HA-309/91? B2
HATIS HA-2520/2525 B2
MAT2E HA-2700/2705 A3
pAT27 HA-2900/2905 c2
PATAD HA-2060/2065 B2
HATH HA-309/911, 2600/2605 B2
2700/2705 B2
2640/2645 A2
uATAT HA-2650/2655 2
LATAR HA-2620/2625 B2
HATT2 HA-2510/2515 A2
HATIE HA-2720/2125 A2
HATI HA-2630/2635 c2
SH3002 HI-1800A c2
1558/1458 HA-2650/2655 A2
Intersil 4750 HA-2720 A2
4150C HA-2725 A2
IH5040* HI-6040 Al
thru thru
IH50861 H1-5051
2007 HA-2060/2065 B2
8008 HA-2600/2605 BZ
8017 HA-2620/2525 B2
2021V HA-2720 A2
8021C HA-2725 A2
a0z2m HA-2130 c2
B022C HA-2735 c2
{H5110/5111 HA-2420/2425 c2
1H5060 Hi-506A A2
1H5070 Hi-507A A2
M=-2
C=-5
DE=HI1
_L. PE=HI1
TW=HI2
*Part Numbhers: Intarsil {H-5040MDE
Harris HI 1-5040-2
Intronics FA-550 HA-2095 At
FA-B51 HA-2065 Al
A-560 HA-2525 Al
A-B61 HA-2625 Al
A-570 HA-2535 Al
CA-H80 HA-2905 Al
Motorala MC1508/1408 HI-1080/1085 G2
ME 152011420 HA-2600/2605 G2
MC1530/1531/1430/1431 HA-2600/2605 c2
MC1522{1433 HA-2700/2705 G2
MC1536/1436 HA-26840/2645 A2
MC1538/1438 HA-2630/2635 c2
MC1539/1439 HA-2620/2625 B2

NOTES: A. Pin-for-pin replacement.
B. Minor pinout diffarence {offset adj.,
compensation, etc.).
£. Not pin compatibla — cansult data shaets,

1. ldentical electrical specifications,
2. Harris part supericr in most parameters.
3. Parameter tradeoffs — consult data sheets.




Cross Reference

MANUFACTURER PART NUMBER HARRIS EQUIVALENT NOTES
Matorola (continued) MC1545/1445 HA-2400/2405 c3
MEC 155471454 HA-2630/2635 c3
ML 1556/1456 HA-2600/2605 B2
MC1558/1458 HA-2660/2654 A2
MC 16821 HD-245 G2
MC1583L HD-246 G2
MC1984L HD-249 c2
MC3301/3401 HA-4741 c2
MC3302 HA-29300 c2
MC3403/3503 HA-AT4Y A2
MCaTH RA-A741 A2
Nationat Semiconductor LF155/156/152/355/356/357 HA-2060/2065 B2
LF198/398 HA-2420/2425 c2
LHOG01 HA-2700 €2
LHODO02 HA-2630 €2
LHO003 HA-2520 £2
LHOOD4 HA-26840 4
LHOO05 HA-2620 42
LHO022/42/52 HA-2060/2065 B2
LH0023/43 HA-24206/2425 c2
LH0024 HA-2530/2535 B2
LH0932 HA-2050/2055 3
LH0033/63 HA-2630/2635 ca
LHD0G2 HA-2050/2055 B2
LM101/301/107/307 HA-909/911, 2600/ 2605,
2700/2705 B2
LM 102{302 HA-2600/2605 B2
LM 108/208/308 HA-2700/2704/2705 B3
LW 110/310 HA-2500/2505 B2
LWM112/212/312 HA-2700/2704/27G5 B3
LM216/316 HA-2060/2065 B3
LM118/318 HA-2510/2515 B2
LM124/324 HA-4741 A2
LM134/339 HA-4900/4905 c2
LM143/343 HA-2640/2645 A2
LM144/344 HA-2640/2645 A2
LM148/348 HA-4341 A2
LM 149/349 HA-4602{3605 A2
LM163/363 HO-248/548 C3
Precision Monuolithics oP-01 HA-2600/2605/2500/2508 B2
OP-05/07 HA-2900/2905 B2
CMP-01/02 HA-2111/23%1 B3
5851558/1458 HA-~2650/2655 AZ
DAC-02/04/100 HI-1080/108% €3
DAC-12 HI-562A C2
ACA CA3020 HA-2630/2635 cz
CA3078 HA-2720/2730 B2
CA3t00 HA-2620/2625 B2
CA3130 HA-2060/2D65 B2
CA3558/3458 HA-2660/2655 A2
CABD78 HA-2T2042730 B2
cnanig HI-2 c2
CO04046 HA-2820/2825 c2

NCTES: A. Pin-far-pin replacement.
B, Minor pingut difference offsat ad).,
compensation, etc.).
C. Mot pin compatible ~ consult data sheets,

1, ldentleal electrical specifications.

2. Harris part superior in most parametgrs,

3. Parameter tradeoffs — consult data sheets.




Cross Reference

MARUFACTUHER PART NUMBER HARRIS EQUIVALENT NOTES

Raythaon RM/RC1556A HA-2600/2605 B2
AM/RC2131 HA-2800/2605 82

RM/RC4132 HA-2700/2705 B2

RM/RG4136 HA-4741 |4

RM/RC4156 HA-1741 (selected) Al

HA-4741 HA-4741 Al

RM/RC4631 HA-2500/2595 B2

RM/RCA558 HA-2650/2655 A2

1121131 HA-2111/2211/2311 Al

1488 HD-1488 Al

1489/1489A HA-1483/1489A Al

Signetics 531 HA-2510/2915 B2
536 HA-2060/2065 B2

560 HA-2820/2825 c2

851 HA-2820/2825 c2

562 HA-2820/2825 c2

565 HA-2B20/2825 c2

5556 HA-2600/2605 B2

6568 HA-2650/2655 A2

Silicon General 567415 HA-2500 B2
8674156 HA-~2b05 B2

Siliconix DL+ Hi-5048 c2
DG184 Hi-5049 AZ

DG185 H1-5045 A2

DG187 H1-5050 G2

DG188 HI-5042 c2

DG1%0 HI-5051 A2

D691 HI-56043 A2

DG 200 HI1-200 A2

0G2m H1-201 A2

DG506 HI-506 Al

DGH0? HI-507 Al

DGHnE HI-808A A3

DG5OG HI-809A, A3

L120 HA-2060/2065 B2

L14D HA-2720/2725 B2

*Part Numbers: Siliconix

Harris

A =-2

B=-5

A =HI2

K=HI

P=HI

R =HI1
DG200AA

HI2-200-2

MNOTES: A. Pin-for-pin rgplacement,
B. Minor pinout difference {offset adj.,
compansation, ete.}.
. Mot pin compatibla — consult data sheats.

1.
2. Harris part superiar in most paramerers.
3. Parameter tradeoffs — consuit data sheets,

Iddentical electrical spacifications.




Cross Reference

MANUFACTURER PART NUMBER HARRIS EQUIVALENT NOTES
Salitran CM4016A HI-201 c2
Lc4000/4001/4002 HA-2600 c2
Hed000C/2001C/4002C HA-2605 c2
Led250 HA-2720 A2
uca250c HA-2725 A2
Spragus LS/ pEN 2139 HA-2600/2605 B2
HLS/e b N2151 HA-2600/2605 B2
HLS/uLN2156 HA-2600/2605 B2
MLSfLN2157 HA-2650/2655 B2
HLS/uLN2158 HA-2620/2625 B2
BLS/HLN217T HA-2600/2605 B2
PLS/uLN2172 HA-2620/2625 B2
HESIULN2173 HA-2600/2605 B2
MLSfMLN2174 HA-2620/2625 B2
MESfULN2175 HA-2600/2605 B2
HLS/ULN2178 HA-2620/2625 B2
RLS/ULN2177 HA-2060/2065 B2
HLS/HLN2178 HA-2060/2065 B2
Teledyne Philbrick 131 HA-2625 Al
1322 HA-2525 Al
1323 HA-2708 Al
1324 HA-2505 B2
1332 HA-2645 Al
1339 HA-2625 B2
1340 HA-2905 Al
1422 HA-2055/2065 82
1427 HA-2065 c2
1433 HA-2065A Al
1433-01 HA-2060A Al
1434 HA-2055A Al
1434-01 HA-2050A Al
4551 HI-507A-5 Al
4562 HI-506A-5 Al
4856 HA-2425 Al
Texas instruments TLDZ22M/C HA-2730/2735 B2
TLOA4 HA-4741% c2
TLO84 HA-46G2 A2
TLOB91/089C HA-29064/2905 A2
52/72310 HA-2500/2505 B2
62111172311 HA-Z2111/2311 Al
52/72558 HA-2650/2655 A2
52/72660 HA-2700/2705 B2
524227170 HA-~2600/2605 B2
8217217t HA-2620/2625 B2
TSINTA/108A HO-52% c2
75109/140 HD-545 c2
75150 HD-1488 c2
75152 HD-1489/A c2
75154 HD-1489/A cz
Transitran TOA7709 HA-2600 82
TOAZ709 HA-260% a2
TOA7809 HA-2060A 82
TOAZRN9 HA-2065A Bz

. ldentical alectrical specifications.
. Harris part superior in most parametsrs,
. Parameter tradecffs — consult data sheets.

NOTES: A. Pin-far-pin replacerment.
B. Minor pinout difference (offset adj.,
compensation, g,
€. Not pin compatibie -- consult data sheats.

Lo b =






Operational

Selection Guides
HA-209/911
HA-2050/2065/A
HA-2060/2065/A
HA-2400/2404/2405
HA-2500/2502/2505
HA-2510/2512/2515
HA-2520/2522{2625
HA-2530/25356
HA-2600/2602/2605
HA-2620/2622/2625
HA-2630/2636
HA-2640/2645
HA-2660/2656
HA-2700/2704/2705
HA-2720/2725
HA-2730/2736
HA-2800/2904/2906
HA-4602/4605
HA-4741
HA-4900/4906

Low Noise Operational Amplifiers

High Slew Rate F.E.T. taput Operaticnat Amplifiers

Wide Band F.E.T. Input Operational Amplifiers

PRAM, Four Channel Dperational Amplifiers

Precision High Slew Rate Operational Amplifiers

High Slew Rate Operaticnal Amplifiers

High Stew Rate, Uncompensated Operational Amplifiers
Wide Band High Slew Inverting Amplifiers

High Performance Operational Amplifiers

Yery Wide Band, Uncompensated Operational Amplifiers
High Performance Current Booster

High Voltage Operational Amplifier

Dual High Performance Operational Amplifiers

Lewy Power, High Performance Operational Amplifiers
Low Power, Current Programmable Operaticnal Amplifiers
Dual Low Power, Current Programmable Operational Amplifiers
Chopper Stabilized Operational Amplifiers

Quad High Performance Operational Amplifiers

Quad Operational Amplifier

Quad Precision Comparators
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Operational Amplifiers Selection Guide

* TO-86 onty 1 Guaranterd for 215V supplies and sppticable temperature range unless otherwise macitied,

-550C to +1269C
F.ET. PAEAMP FRAMTH | s
PARAMETERt HA-909 1 HA-2000 | HA-20004 | BA-2050 | HA-2050A | HA-2060 | HA-20B0A | HA-2400 | HA-2420 | HA-2500 | HA-2502 | HA-2510 | HA-2512 | HA-2520 | HA-2522 YNTS
INFUT CHARACTERISTICS
DFsat Voltage ] 25 12 30 17 an 15 7 § [ 10 1 L} 1 4 my
Drift {Typ.} 1@ 50 20 50 20 50 20 20 5 20 20 20 2% 0 25 uv/oC
Bias Current 300i1) i 10 16 L] 10 10 400 400 400 500 AR 50G 400 500 A
OFfset Current 300 5 § § § 5 5 180 300 50 100 50 e “ 160 nA
Common Made Aange 112 i 10 10 E31] g 10 110 114 Ll 19 1D Ril 210 10 v
JNPUT NOISE {1) 5 HVAME
TRANSFEA CHARACTERISTICS
Larpe Signal Voltaga Galn 25K 88 a8 BK 14 60K GOK 25K 25K 15K 10K 15K 5K 75K 5K viv
Comman Mods Aejection Ratio ED 8 &0 i 4 74 74 a0 &0 a0 i 1) T4 &0 4 8
Bandwidth (Typ.J{1} 7 ] ] w03 13} 2413) 24813} 163} 2 12 12 12 12 25 25 Mz
OUTPUT CHARACTERISTICS
Output Voltags Swing *12 a1} Eal] Eaii] e kel e 10 o R4l 0 110 10 2160 Eali] v
Output Gurrent (1} X0 51 +5I1] 210i1} B3 )] Ealib] 210i1) 220{M 110 £10 210 110 Eal] 110 £10 mA
Full Power Bandwidth Typ i1} 25 100003} | 100003 | 2.00003) 2.000{3) BOMAY 6003} 50013 0 500 500 4,000 1,900 1,500 1,500 kHz
TRANSIENT RESPOHSE
Riss Time (1} 75 S0I31 5003} 5003} 5013} 50(3) 50(3) Pk 100{3) 50 50 50 50 50 50 ng
Overshoot (1) 40 B3} 513} 2613} 25(3) 25{31 25(3) 2513} 003 40 50 40 50 40 5 %
Sizw Aate {1} 212 10013 10013 12003) 1203} 35(3) 35(3) 5013 51 25 120 50 a0 106 28D Vius
Setting Time {Typ )il 2 0.213 0.4(3) 0.4(3) 0.413) 0.8{3) 0.8{3) 1.513) 033 0.33 0.2% 0.25 0.2¢ 0.20 s
POWERA SUPPLY CHARACTERISTICS
Supp'y Current i1} 25 LMY L7 80011 8.0(1) 5.1 B.041 B} 50 6.0 8.0 68 6.0 6.0 6.0 mA
Power Supply Rejection Aatio 80 80 &0 EL) 74 b % Bo F:41] B0 i 80 ptt 80 14 d6
FUNCTICNAL CHARACTERISTIES
Offset Adjust ¥eg' Yes Yes Yo ¥es Yes Yes Ko Yes Yes Yas Yas Yez Yes Yes
Compensation Componants a a 0 QAV >3 DAV>3 DAY >5 0AV>S 0AY > 10 ] 0 0 a 0 DAV>3 | DAV>]
Dutput Protection No No No Ko Ho Yes Yes Yes Yas Ka No No No Na Na
(1} At+250C {31 Typical 5! Dependant upon IET value
{2} Notapplicable or no1 specified 4 VsuppLy = HH0V
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Operational Amplifiers Selection Guide

* TQ-86 only

t Guaranteed for ¥15V supplies and applicable 1emperature range unlgss otherwise specilied.

-5500 ta +1250C
FARAMETERY HA-2530 | HA-2600 | HA-2602 | HA-2620 | HA-2622 | HA-2630 | HA-264D HA- 2660 HA-ZT0G HA-27#) HA-2730 HA-290D | HA-4761 | HA-360Z UNITS
T INPUT CHARACTERISTICS (s) ts)
Offset Vohage 3 [ 7 [ 7 1300 [ i5 ] 5 5 .06 5.0 10 my
Drift (Typ.) s 5 5 & 5 2 15 ) % Bto 10 f1010 3 L3 2 pWDC
Bias Currenr 100 30 60 35 1] 200 50 200 S0 10 to 40 101040 1 325 325 nA
Offset Corrent 0 30 60 35 60 2} 35 60 30 2510 20 151020 5 75 125 nA
Comman Mode Range tE Eal H " " HD £35{4) £13 E3| 170 E21'] 1y 12 12 ¥
INFUT NOISE {1} HVYRMS
TRANSFER CHARACTERISTICS 15 I5)
Large Signal Valrage Gain 100K 70K BOK oK BOK kL 75K 20K 100K 5K 25K 106 25K 100% ViV
Common Made Reection Ratio B6 a0 ™ a0 " 1] [:41] 80 1 &0 BD 126 M 1] []:]
Bandwidth {Typ.)i1) 20 12 12 35 35 8 4 B 1 diw e 0 to 18 3 35 H WH:z
OUTPUT CHARACTERISTICS 15 5
Output Voltage Swing hali] hali] pali] Eali] kil hali] +35{4} ha k| H 11,503} 23513 Eali] st} falil v
Quiput Current (1} 125 te e 10 o 400 2 003 12213 5 5 +5 10 5.003) o 5.0 fali] mA
Full Power Bandwidih (Typ.JIN) 6,000 % % 600 600 §,000 2 a0 50 1.5 to J0{1) 1.5 10 303 40 5 B0 kHz
TRANSIENT RESPONSE 15 15}
fise Time a0 60 60 45 45 3613) 80(3} 40(3) {21 200 to 2,G0003) | 200 10 2,00043) | 200{3) 5 5013} ns
Overshoot (1) 45 40 40 2 2 2503 15(31 1513 ] 510 15(3) § 10 15(3) 26(3) 25 30i3) %
Slew Rate (1) 1780 4 &g 125 20 00 Tk ]] 2 Ea] | Ao 80 At 21 153 G 030 Vs
Settling Time (Typ. )1} 5 15 15 0.30 030 Rk 1.5(3) 1.513} 50 b3} 12 2 12 4.0 e
POWER SUPPLY CHARAGCTERISTICS 15} 15)
Supply Lurrent {1) 6 37 4.0 3.7 40 i) 38 3 .15 02t0.2 02w .2 ] 5.0 5.5 mA
Power Supply Rajaction Ratio 86 80 " &0 FL) 66 20 80 86 80 a0 120 80 86 dé
FUNCTIONAL CHARACTERISTICS
Offsar Adjust Na Yes Yes Yes Yes No Yes QIP Pig. Only Yes Yos Yes Ng Ko Na
Compensaticn Components 1 L] 1] DAV>E | DAV>S 1] 1] 0 1] 1] 0 3 [ Q
Dutput Protection No Yes Yes Yes Yes External Yes Yos Yas Yo Yes Yes Yest6l Yeslb)
11 Ar+250C 3 Typical {5} Dependent upon ISET value
{21 Notapplicable ar not specified (4l Vgueppy = HOV
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Operational Amplifiers Selection Guide

A0(; 1o +7540
F.ET. PREAMP FRAMTH SH
PARAMETERt HA-911 | HA-2005 | WA-2005A | HA-2055 ] HA-2055A | HA-2065 | HA-2065A | HA-2405 | HA-2425 | HA-2505 | HA-2515 | HA-2525 | HA-2535 | HA2G0G UNITS
‘INPUT CHARACTERISTICS
Offset Voltage 1.5 85 12 65 17 65 15 i ] 1 14 4 ] 7 mY
Drift {Typ.} 15 80 40 60 40 60 a0 k] 5 2 30 20 5 b pvfoc
Bist Calrvan 750 1 1 1 1 1 1 500 400 500 500 500 200 40 na
Offset Turrent 450 A 5 B 5 5 5 100 1o 100 e nn 20 an nA
Commaon Mode Range 2 fa i} 1 Eali] 10 Eali] 210 Ead} Eal} kil bl <1} 5 n v
INPUT NCISE (3) 1 HVRME
TRANSFER CHARACTERISTICS
Lavge Signal Voltage Gain 16K a8 e SK SK K K il nK 10K 5K 5K 0K TIK Vicd
Lommon Maode Rejection Ratin EL] 0 0 0 70 m m " i) 4 " " 80 ] dB
Bandwidth {Typ.) 7 iz 1073} 03 o3 2413} 2413} 1813} 213} 1213} 12{3) 25 20 1 ¥] MHz
QUTPUT CHARACTERISTICS
Output Voltage Swing 1t 10 ey o 110 Ey]] E3] ] 0 2]} 2D 211} 2] ali] o v
Quiput Current {1) 115 5 15 Ealsl] pAlng]] £1a01] 210i1) 2013 i Ho Hp 2] £25 a1} mA
Full Power Bandwidih (Typ. }{1) 35 1.A0c{3) 1,06043) 2,00013} 2,00013} 600(3} GOAI3} HOT} I3} 00 1406 1,500 5,000 1] kHz
TRANSIENT RESPONSE
Rise Time {1 15 5043) 5043} 50(3) 5013 5003} £013) 20 1003} 50 50 50 40 60 ]
Dvarshoot {11 40 5(3) 5031 ikl 2543 263} 25(3) 26 2003} 50 5¢ 50 50 A %
Slew Rate {1) 23 10003 1003} 12043 12043} 35(3) 35(3) 15 5(3) 20 140 50 1256 4 Vius
Sartling Time (Typ {1} i 0431 0.443) 0.43) 0.4{3) B{3} BI3) 1.5 033 1.25 1.2¢ 5 15 it
POWER SUPPLY CHARAGTERISTILS
Supply Current {1) 25 1.7 .7 80 80 6.0 6.0 6.0 6.0 6.0 6.0 6.0 [} 4.0 mA
Power Supply Anjection Ratin T4 0 i) i L 0 70 4 I i "% 14 80 " i8
FUNCTIONAL CHARACTERISTICS
Ofset Adiust Ho Yes Yes Yes Yes ¥og Yas Ho Yex Yo Yoz Y No Yos
Compensation Components ] 9 0 DAV >3 DAY > S DAY >S5 JAV >S5 AV >0 [ 0 1] 1AV >3 1 i}
Gutput Protection Ho Ho Ng No No Yes Yus Ko Yeg No Na Ne No A{H
1 At+2500 {31 Typical (5} Dependent upon ISET welue
(2} Hotapplicable or not specified 4l VgyppLy = 250V

* TO-86 onky tG i far ¥15Y supplies and appli range unlass otharwise specified.
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Operational Amplifiers Selection Guide

¢ to +759C -250( to +R500
PRAMTM
PARAMETER T HA-2626 | HA-2635 | HA-2645 HA-2655 HA-2705 HA-2725 BA-2735 HA-2905 HA-4TH HA-3605 | HA-24D4 | HA-270d | HA-2904 UNITS

INPUT CHARACTERISTICS

Dffset Voltage 1 300 7 1 H 7 7 .08 85 a0 7 6 05 my

Drift (Typ.} 5 2 15 L] 5 Bw 10 8w il 2 5 2 20 5 2 pviol

Blas Current 40 200 50 300 10 1012 40 100 40 1 400 400 400 50 1 A

Offsat Currant 40 23 B0 100 a0 151w20 15w20 4 100 120 100 30 8 né

Common Mode Hange 3] i2) £35{4) 113 N 10 10 1 12 12 iia i1t E30] v
INPUT NOISE (3} LVRMS
TRANSFEA CHARACTERISTICS

Large Signal Vaktage Gain 0K .85 75K 15K 100K 20K 20K 106 15K 75K 25K 100K 107 iy

Gammon Mode Rejection Ratio 4 21 FL) T &0 4 4 i20 I &0 .11] BG 130 de

Bandwidth (Typ. (1} 35 8 4 § 1 A1 10 0110 3 kY] 8 1613} 1 3 MH:
OUTPUT CHARACTERISTICS

Output Vaoltage Swing B3] fali] 135(4) 113 i 13,613} 125 g Bl 3o o B3] Bl v

Dutput Cursznt (3} Egli] 1300 10 1813} 223 .5 1o 503N .5 10 5.013} 17 15 3 2001} Ereik] Eal] mA

Full Power Bandwidth {Typ.} 6500 8,000 fx] 30 50 1.5 to BO(3) 1510 6O 49 15 [0 500{3} 56 a0 kHz
TRANSIENT RESPONSE

Rig Time {1} 45 3003} 60L3) 4003} {2 20010 2,000(3) | 200 to 2000031 |  20043) 7503) 5013 20{3) [H] 20843) ng

Overshoot (1} k] i 1513} 15(3) t21 510 15{3) 510 15{3} 20021 253 Iniat 253 2 03 %

Slew Aate (1} 170 200 5{3} 2 10 R IR} Jted 2.5(3) 1.6(3 14,013} 50 1% 153 Vius

Serding Time {Typ. )1} 0.30 513} 1.543} 1.5(3) 5.0 2} @2 {2 1H 4,213 1503 50 {2 I'H
POWES SUPPLY CHARACTERISTICS

Supply Current (%) 40 73 4.5 L] 0150 D20 .2 N210.2 5 7.0 65 6.0i1) 0.150 5 mA

Power Supply Rejection Ratio 7 66 b 74 89 b 7% 120 B0 80 80 66 130 48
FUNLCTIONAL CHARACTERISTICS

Dffret Adjust Yes He Yes P Pky. Only Yes Yoy Yes Na No Ho Ho Yes No

Compentaticn Campanents HAVZ 5} 0 0 1] Q 1] ] 2 0 1] DAV 10 1] 2

Dutput Protection Yes External Yes e Yes Tes Yes Yes Yes(B) Yeul€) Yex Yes Yes

{1} Ars250C {31 Typical {5}  Dependent upon ISET value
{2)  Not spplicable ot not spetified @ VguppLY = 0V

* TO-86 only

+ 6

d For 215 li

and

temperature range unless otherwise specified.




Comparators Selection Guide

-hROC to +1262¢ GOC to +750C
PARAMETER? HA-4900 HA-4805 UNITS
Dffset Valtage 4 10 my
Bias Current 150 300 nA
Qffset Current 35 74 nA
Responsg Time {TYP) 130 130 ns
Output Current {(+290C) 35 35 mA
Sugply Current (1) Ingl+) 12 13 mA
lps {-) 6 7 mA
Ips {Logicl 2 25 mA

1 Guaranfeed for Applicakle Temperature range, unless atherwise specified.

{1) At+250C

PRAM PROGRAMMABLE AMPLIFIER
HA-2400/2404/2405

One of four op amp input stages may be digitally
selected to be connected to 2 single output. Re-
places & op amps and a four channe! multiplexer
to obtain programmable gain, signal selection
or countless other functions,

2-6

CURRENT BOOSTER AMPLIFIER
HA-2630/2635

A unity gain ampiifier with output current up
to $400mA, and 600V/u s  slew rate, designed
far use in series with any op amp output. For
Coax line drivers, servo amps, audio amps, clock
drivers etc.



HARRIS

SEMICONDUCTOR

A DAESHON OF HARRFS CORPORAT WON

FEATURES

HA-909/911
Wideband, Low Naise,
Operational Amplifiers

DESCRIPTION

LOW BRDADBAND NOISE 1V RMS.
LOW NOISE VOLTAGE v/
LOW OFFSET VOLTAGE my
WiDE BANDWIDTH TMHz
POWER BANDWIDTH 20KH2
SUPPLY RANGE TEY TO +20V
INTERNALLY COMPENSATED

APPLICATIONS

« HIGH Q, WiDEBAND FILTERS
* AUDIO AMPLIFIERS

» SIGNAL GENERATORS

HA-909 and HA-911 are monolithic ampliifers delivering veey
low noise and excellent bandwidth specifications withaut the
need for external compensation.  Addithanal features of these
dielectrically isolated devices include low offset valtage, offset
trim capabitlity (14-pin flat package anly), and high output
current drive capabitlity.

With 7MHz bandwidth and internal compensation these ampii-
fiers are extremely useful in many active fitter designs. In audio
ciecuitry reguiring quiet operation these devices offer 1 u V
typical broadband naise {1GHz to 1kHz} and 20kHz power
bandwidth. 2mV typical offset voltage, offset trim capahibity,
and 20mA output current drive capability (£10.0V swing}
make these amplifiers wsefw! in signal conditioning cirguits.

HA-309 and HA-971 are available in metal can (T0-99) and
14-gin flar packages. HA-909 i specified over the -550C 1o
+1259C range. HA-917 is specified from 00C to +750C.

PiNouT

SCHEMATIC

T0-86 TOP VIEW Package Code 8V
BANDWIDTH CONTROL V=T [0 rase

NC 2 11 ne

NL 31— [—12 L

INVERTING INPUT 4= [
NON IWVERTINGINFUT &+ =10 DuTPUT

W= =~ 1 NC

OFFSET CONTROL T—-—-—J & EIASTONTADL

TOP VIEW Package Code 2A
BANDWIOTH CONTROL

QUTPUT

CAUTIOMN: These devices are sensitive to electrostatic discharge,
Usars should follow 1C Handling Procedures specified on pg. 1-4,

L)
WONANVERTING

BANOWIDTH
OWNTROL

INPUT

o
LTy S—

I

BIAS e
CONTRAOL

NFF5ET
CONTRHL o
LLR

a2
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Voltage Between WV and ¥V~ Terminals 50.0v

Differential Input Voltage +H.0V

Peak Output Current +50mA

interna) Power Dissipation (Note 100 300mwW

Operating Temperature Range — HA-508 —659C < Ty < +125°C
HAIN 0°C < Tp, < +760C

Stavage Temperature Range —B59C < T4 <+150°C

ELECTRICAL CHARACTERISTICS
TEST CONDITIONS: V§yppjy = +15.0V unless otherwise specified.

HA-909 HA-B11
~550( 1o + 12600 00C 10 + 7500

PARAMETER MIN. TYe. MAX. . TR MA X

INPUT CHARACTERISTICS
* Qser Voltage 24 . 20

Equivalent Input Noise {Nole 9} . . i.0
Input Nuoise Valtage 7

Bias Current
0Hset Current

Odfset Corrent Average Crift

Input Resistance

Lommaon Mode Rangs

TRANSFER CHARACTERISTICS
* Largs Sipnal Vaoltage Gain
Motes 1, 4)

Full Pawer BW

Common Mods Rejection Ratio
{Note 2)

. Unity Gain Bandwidth (Note 3}

DUTPUT CHARACTERISTICS
Quipus Voltage Swing (Note 1}

* Dutput Current (Note 4}

Qutput Aesistance

TRANSIENT RESPONSE
Risa Time (Nows 1, 5,6 & Bl

Overshoot (Notes 1, 5, 6 & B}
* Slew Aate (Notes 1, 58 8)

POWER SUPPLY
CHARACTERISTICS
* Supply Currem

* Power Supply Rejection Ratin
{Now 7|

NOTES: 1. R = 2K 4. Vg =1100v 8. See Transient Response test
2. Vom = 5.0V 5. ¢ = 100pF circuits and waveforms - gage 3,
3. Vg <90my 6. v =1200my 9. 10 - 1000Hz, Rg = 10K
7. Vgyp = 19.0V 1o T15.0V 10. Derate by 6.6mW/OC
*100% Tested For DASH 8 above 105°C

2-8



GUARANTEED ELECTRICAL CHARACTERISTILS

OPEN LOOF YOLTAGE GAIN VS,

SUPPLY VGLTAGE

QUTPUT VOLTAGE SWING V5.
SUPPLY YOLTAGE

|
[ T Aa=en 1]
—S5°C £, < & 125°C

—

2]

R = 2K
-55'C <

T, < 4 12570

PEAK TO PEAK O4TRUT YOLTAGE SwWING — YOLTS

§

&
=

-]
=

OFEN. LEKP VOLTAGE G

¥

r/

W

15

SURFLY WOLTAGE — + wOLTS

COMMON MDDE INPUT VOLTAGE
V5. SUPPLY VOLTAGE

T LIIT L]

ST, £ ]

0 15

SUPPLY WOLTAGE — = wOLTS

COMMON MOGE IMPUT YOLTAGE — = WOLTE

SUPFLY yINLTEGE — WIS

3

POWER DISSIPATION V3.
SUPPLY VIWL.TAGE

POWER QFSEIPATION — st

I
=

TA = +25*C

g

3

.
=

8

L=]

10 15
BUPFLY VOLTACGE — - WIS

TYPICAL PERFORMANCE CURVES

INPUT RESISTANCE V5. AMBIENT TEMPERATURE

1

1HIT PESISTANCE = KI;

+25 +50

EXE]

AMBIEMT TEMPERATURE — *G

INPUT BIAS CURRENT VS,
AMBIENT TEMPERATURE

INPUT OFFSET CURRENT VS, AMBIENT TEMPERATURE

INPUT OFFSET CLURRENT —na

INPUT BIAS CURRENT VS,
SUPPLY VOLTAGE

+25 430+ 41
AMSILT TEMEERATUAE - %

+ —
s
e
Ar
I swyeramy

4
UnEHEHINIT 5%

I N A

T, = +25°C

TRANSIENT RESPONSE

Wy = xT

L]

ASHOOT
1 ]

E

=]

=
=

o
m

BELATIVE OLUTPLT

NPUT BIAS CURI

INPUT BIAS CLIRRENT — na

e e
Y

",

n

b

-

e
+25  +5  +75
AMBIENT TEMPERATURE — *C

T
+100 +125

| !
I

) 15
SURRLY WOLTACE — - WELTS

100 150 200 256
TIME . pu




TYPICAL PERFORMANCE CURVES{continued)

CLOSED-LOOP VOLTAGE GaN —dB

FREQUENCY RESPONSE FOR
VARIOUS CLOSED-LDOP GAINS

QUTPUT VOLTAGE SWING
VS. FREQUENCY

[ TITTI

T

V= 15V

|
I
I
I
Vg = 15V

T, = +25°C

Ty = +25°C

It
N |
Il

!

&

Ly

T

)

N\

BEAK CHLITPUT WOLTAGE SWIHG — = VOLT

186w

FREQUENCY — Ht

g

o
=]

o
[=1

1

OFEN.LOOP vOLTAGE Gaw —dB
- B -~
L=1K-=] g @ =2 =] 8 =2

L
=

I
]
=1

10K 100K
FREQUENCY H:

DEFINITIONS

2-10

INPUT OFFSET VOLTAGE — That voltage which
must be applied between the input terminals through
two equal resistances to force the ourput voltage
to zero.

INPUT QOFFSET CURRENT — The difference in
the currents into the two input terminals when the
output is at rero voltage.

INPUT BIAS CURRENT — The average of the
currents flowing into the input terminals when the
outpul is at zerc voltage,

INPUT COMMON MODE VOLTAGE — The avsrage
referred to ground of the voltages at the two input
terminals.

COMMON MODE RANGE — The range of vollages
which is exceeded at either input terminal will cause
the amplifier 1o cease oparating,

COMMON MQDE REJECTION RATIO — The ratio
of a specified range of input common mode voltage
to the peak-to-peak change in input offset voltage
ower this range,

DUTPUT VOLTAGE SWING — The peak symmet-
rical output velage swing, referred to ground, that
«an be obtained without clipping.

INPUT RESISTANCE — The ratic of the change in
input valtage te the change in input current.

QUTPUT RESISTANCE — The ratic ot the change
in owipul voltage 1o the change in Qutpul currant.
POSITIVE OUTPUT VOLTAGE SWING - The
peak positive putpul voltage swing, referred to
grovnd, that can be obtained without clipping,
NEGATIVE OUTPUT VOLTAGE SWING — The
peak negative output voltage swing, referrad to
ground, that can be gbtained without clipping,
VOLTAGE GAIN — The ratio of the change in out-
pPuUt voltage to the change in input voltage produc~
ing it.

BANDWIDTH — The frequency at which the voltage
gain is 3dB below its tow frequency value.

UNITY GAIN BANDWIDTH - The frequency at
which the voltage gain of the amplifier i wnity.

POWER SUPPLY REJECTION RATIO — The ratio
of the change in input offset voltage to the change
in power supply voltage producing it.

TRANSIENT RESPONSE — The closed loop step
tunction response of the amplitier under smell signal
conditions,

PHASE MARGIN — (3800 ~ { ¢ 1 - b2l where ¢4
is the phase shift at the trequancy where the absolute
magnitude of gain is unity qbz i5 the phase shift gt 3
frequency much lower than the open loop band-
wicith,




s HA-2050/2055/2050A/2055A

SEMICONDUCTOR

oo s coronn High Siew Rate F.E.T. Input
Operational Amplifiers

FEATURES DESCRIPTION

* HIGH SLEW RATE 120¥/us
FAST SETTLING 400ns
WIDE POWER BANDWIDTH 2MHz

HIGH GAIN BANDWIDTH 20MHz The HA-2050/2055 is an operational ampiifier combining

the advantages of very high stew rate and wide bandwidth

1

HIGH INPUT IMPEDANCE 1012 0HMS with ultra-low input current and high input resistance.
LOW BIAS CURRENT Tnh Thesa davices are ideal for vse in sample-and-hold circuits,
TRUE OP AMP — CAN BE OPERATED INVERTING AfD, D/A and ‘sampled data systems; amd for use in w!ds

band R.F. or video systems where wide bandwidth at high

OR NON-INVERTING ) ! . ;

autput levels is required. The device may be operated in-
verting or noninverting; and external compensation is re-
APPLICATIONS quired only when operated at clesed logp gains less than
three. An internal feedback capacitor is pravided to cancel
phase shift in the feedback leop due to input capacitance.

The HA-2050 is guaranteed for operation from -550C
ta +1250C and the HA-2065 is guaranteed from GOC to

¢ DATAACOQUISITION 17500

* SIGNAL CONDITIONING

* RF.AND VIDED AMFLIFICATION

PINOUT FUNCTIONAL DIAGRAM
To-% Top View Package Code 2A DFFSET
BANDWIDTH
CONTROL T
T r=—===1
I _I 10pF |1 !
IN-O—-—:—J f i i
] L l
| H Yo
| I i
i I !
i I |
I S I
HA-2000/2005 HA-2520/2525

Case Connected to V+

CAUTION: These devices are sensitive to electrostatic discharge.
Users should follow i€ Handling Procedures specified on pg. 1-4. 2-11



SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS
Voltage Between ¥+ and V— Terminals 35,0V Internat Power Dissipation (Note 10)  300mW

Diffsrential Input Valtage +15.0V  Dperating Temp. Range -559C S Ty <41259C  (HA-2050
Output Cusrent 50mA 090 < Tp <+75°C {HA-2055)
Storage Temp, Range -659C < T <+150°C

ELECTRICAL CHARACTERISTICS
Test Conditions: vSuppIy = +15.0V unless atherwise specified,

HA-2050/HA-2050A HA-2055/HA-20854
-550( to +125°C 008 (o +7500
LIMITS LIMITS
PARAMETER TEMP. | MIN. TYP. | MAX. | MIN. TYF. | MAX. | UNITS
INPUT CHARACTERISTICS
* Offsat Voltage {Nota 1}
HA-2050 / HA-2055 +250C 15 25 30 1] my
Full k1] 65 my
HA-2050A 7 HA-2055A +25°C 1 14 1 14 mv
Full 17 172 my
Hias Current +250C 1 20 1 20 ph
*i12500) Full &5 10 0.2 1 né
Hiset Cutrant +250C 0.5 20 0.5 20 oA
* {12500} Full a1 5 005 0s nA
Input Resistance +250¢ 2 1012 2
Input Capacitance +500 5 5 oF
Common Mode Range Full +10.0 +10.0 v
TRANSFER CHARACTERISTICS
* Largs Signal Vittage Gain {Note 2,5} +250C 7.5K 1.4 1.5K 15K viv
Full 5K 5K WiV
* Gomman Made Reiection Ratio {Note 3) Full 74 a0 H P d8
Gain Bandwidth Praduct {Note 4] +2500 0 bl MHz
OUTPUT CHARACTERISTICS .
* Qutput W oltage Swing {Nate 2 Full +10 12 10 *12 W
* Output Current +350C | 10 +20 £t0 +20 mA
Full Power Bandwidth {Nose 5} +259C 2,000 2,000 hHz
TRANSIENT RESFONSE
(NDTES 2,8,9)
Rise Time (Note 6} +259C 50 80 ns
Overshoot (%ote 6) +259¢ 5 % %
Slew Rate INate 5) +259C 120 120 Vits
Settling Time +250¢ 0.4 0.4 s
POWER SUPPLY CHARACTERISTICS
* Supply Curment +250( 6.0 RO [:41] an mA
* Pawer Supply Aejection RariaiMate 7) Fuli 7 a0 it 90 dB
NOTES: 1. Adjustable to zero with 100K§} pot between pins B. Vg = £200my
1 and &; wiper to V+, 7. AV =360V
2, R =2K 8. C_ = 50pF
3. Weom = 5.0V 9. Ay = +3, See transient response test circuit
4, Ay > 10 and wave forms, page 4.
5. Vg =110V 10. Derate by 6.6mW/2C
above 1059C

212 *100% Tested for DASH 8



PERFORMANCE CURVES

V+=15VDC, V-=15VDC, Tp = 259C UNLESS OTHERWISE STATED.

INPUT BIAS AND DFFSET CURRENT EQUIVALENT INPUT KOISE
VS, TEMPERATURE VS. BANDWIDTH
o ===
_ _ 7 E LA
S vk
Lo ::‘ g‘m\) i —TTT HH
- == — ] Ty T ]|
§ == A — 2 = 1 il i |
; — “,‘:{ _ %z u 3
=3 /i v =
f/‘ % | |
e Ff
71— R +abs 184 D9 ke 1M
Upper 3d8 Frequency
Lower 3dB Frequency - 10 Hz

Temperature (°C)

OPEN-LOOP FREQUENCY AND PHASE RESPDNSE

NORMALIZED AC PARAMETERS i || | H
VS, TEMPERATURE "
Y g% .=H ..!!!ﬂlllllllllllllill -
gx O 28 L, e 3
Eg A Ew I 5
ES o o] s &L v g I‘ll 2
& 5 Y a
= =3 P s, ||||||ll ljn' R
AR o 1 . G T Tl
EE " \IL m 1
sa T Frequency (Hz)
“ ETI ] B T
Temperature (°C)
OPEN LOOP FREQUENCY RESPONSE FOR VARIQUS
VALUES OF CAPACITORS FROM BANDWIDTH CONTROL
NORMALIZED AC PARAMETERS PIN TO GROUND
VS. SUPPLY VOLTAGE AT +25° |HH'llllllllll||||l||zl||l|lli|'|||l||||
. Q=i St il pEA
$p e i 2% ‘.!I "'II‘ lIUWIIIH
L OTD 2 il
-4
LR : |
E .E o 180 ® WK 80K w ™ o
2 \ Frequency (Hz)
) 1 =20
Supply Vottage
DUTPUT VOLTAGE SWING
0
OPEN LOOP VOLTAGE GAIN - V3. FREQUENCY AT +25°C
V5. TEMPERATURE i
* —-"'sum.v‘ml.lr__ [
58 LT
VsypaLy = 1B L] —— a 0% —F Ve, y * £1IW HH
3 o o
= Yoy y 2 100DV -é % 1
5| =3,
k) — b —]
. 1l
ad -60 -26 L] 125 +50 +5 =10 +n26 ) THE QK T mM 100M
Temperature (°C) Frequency {Hz)
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PERFORMANCE CURVES {continusd)

POWER SUPPLY GURRENT
V5. TEMPERATURE

VEUPRLY T 27
N

Y

Current - mA

Y

L +13 50 L) Ll BT

Temperatitre (7€)

TRANSIENT RESPONSE: Ay =+3 SLEWING WAVEFORM

LARRRERREE IREL

-

AN RRANNEEY FHETI

NIRRT
LLLLE LAY

HH

RL = 2K Ohms, ) = 50pF

Upper Trage: Input; 33mY/Div.
Lower Trace: OQutput; 100mV/Oiv.
Harizental = 100 Div.

Tp =+259C, Yg= 115V

Haorizontal Scale:  100ns/Div,

Upper Trace: Input; 167V 0w,
Lower Trace: Qutput; 5.0¥/0w.
Gain = +3, Ry = 2K Ohms, C_ = 50pF

SUGGESTED
SLEW RATE AND TRANSIENT SLEW RATE AND QFFSET ZERD
SETTLING TIME RESPONSE TRANSIENT RESPONSE ADJUST HOOK-UP

'l.' wyyw ‘VU’Y
'II—-}I—l
g
=
5

1
I ERR{R BAND
1+ 1Bm¥ FROM
: FINAL VALUE
1

|-=—HI5E TIME
NOTE  Maured on bl o= 30
- e

COMPENSATION CIRCUIT FOR UNITY GAIN

Slew Rate == 40V is

fBandwidth = 8 MHz




s HA-2060/2065/

SEMICONDUCTOR

RSbininibndbos 2060A/2065A

Wide Band F.E.T. Input Operational Amplifier

FEATURES DESCRIPTION

GAIN RANDWIDTH PRODUCT 100MHz
HIGH INPUT IMPEDANCE 1012 OHMS
LOW BIAS CURRENT 1pA i R - .
The HA-2060/2065 is an operatianal amplifier combining
HIGH SLEW RATE 38V s the advantages of very wide bandwidth and high slew rate
WIDE POWER BANDWIDTH B00kHz with ultra-tlow input current and high input resistance, These
davices are ideal for use in somple-and-hofd circuits, active

TRUE OF AMP — CAN BE QPERATED INVERTING filters, wide band amplifiers, high gain amplifiers with sup-
OR NON-INVERTING eripr bandwidth, and wheraver very low closed loop gain
and phase shift errors are required. The device may be oper-
ated inverting or noninverting; and external compensation
APPLICATIONS is required only when operating at clased loop gains {ess than
five. An internal feedhack capacitor is provided to cancel
phase shift in the feedhack laop due to input capacitance.

The HA-2060 is guaranteed for operation from -G59C to
e SIGNAL CONDITIONING +1250C and the HA-2065 is guaranteed from 00C to +750C,

s ACTIVE FILTERS

* SIGNAL GENERATORS

PINQUT FUNCTIONAL DIAGRAM
T0-99 Top View Package Code 2A OFFSET
ADJUST
BANDWIDTH
CONTROL T T
rr—yee-trr=—-- A
_i(l_opF

P
!

S I |

IN+

@%

r
r
|
|
|
L
r
|
!
]
!
L

Casa Connectsd 10 V+ v- HA-2000/2005 HA-2620/2675

CAUTION: These devices are sensitive to electrostatic dischange.
Users should follow IC Handling Procedures specified on pg. 14, 2-1%



SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Vuoltage Between YVt and V- Terminals 35.0V Internal Power issipation (Note 10} 300mW

Ditferential Input Voltage 12V Operating Temp. Range -§50C < Tp <+1259%C  (HA-2060)

Output Current { Full Short Circuit Protection 09C < T < +75°%¢C (HA-2065)
Storage Temp. Range -B59C < T4 < +150%C

ELECTRICAL CHARACTERISTICS

Test Conditions: VSupnlv = +15.0V unless otherwise specified.

HA-2060/HA-2060A HA-2065/HA-2065A
-550C 10 +126°%C 0°C 1o +759C
LIMITS LIMITS
PARAMETER .| MIN, TYP. | MAX, . TYP.
INPUT CHARACTERISTICS

* Offset Voltage (Note 1)
HA-Z060 / HA-2DES

HA-20BDA { HA-20654
Bias Currant
*{1250C)

Dffset Current
*hizsec)

Input Resistance
Input Capacitance

Comman Mods Range

YRANSFER CHARACTERISTICS
* Large Signal Voltage Gain (Note 2 5}

*Common Mode Rejection Ratio {Note 3)

Gain Bandwidih Praduct {Nate 4}

QUTPUT CHARACTERISTICS
* Dutput Moltage Swing {Note 2)

* Dutput Current

Full Fower Bandwidth {Nota 5)

TRANSIENT RESPONSE
(NOTES 2,8, 9)

Rise Time (Note 6}
Dvershoot {Note 6)

Siaw Rate (Now 5}

POWER SUPPLY CHARACTERISTICS
* Supply Current

* Power Supply Rejection Ratio (Note 7} 10

NOTES: 1. Adjustable to zero with 100K {2 pot between pins 6. Vg = +200mV
1 and B; wipsr to V+. 7, AV = 165 0V
2 RL=2K 8. CL =D OF
3. Vom = B0V 9. Ay = +b, See transient response test circuits and
4. Ay »10 waveforms, page 4.
6 Vp =410V 10. Derate by 6.6mwW/*C
above 105°C

*100% Tested for DASH 8
2-16



PERFORMANCE CURVES

V+=15¥DC, V- = 15VDC, Ty = 259C UNLESS OTHERWISE STATED

INPUT BIAS AND OFFSET CURRENT

VS. TEMPERATURE EQUVALENT INPUT NGISE

VS. BANDWIDTH

wra

Moise 11V

Equivalent Input

.
Vi - e LT I kM

/' L . Upper 3dB Frequency
Lower 3dB Frequency - 10 Hz

1 vn

Temperature {9C}

NORMALIZED AC PARAMETERS OPEN-LOOP FREQUENLY AND PHASE RESPONSE
VS TEMPERATURE

10
1on

[

3
e

\Q

Gpen Loop
Voltage Gain dB

—]
™~

K ™

Frequency {Hz)

Narmalized Parameter.
Referred to Values at

b 25 1 16 5l

[n}
Temperature (°C) QOPEN LOOP FREQUENCY RESPONSE FOR VARIOUS
VALUES OF CAPACITORS FROM BANOWIDTH CONTROL
NOBRMALIZED AC FARAMETERS PINTO GROUND
VS, SUPPLY VOLTAGE AT +25°%C

I
1.0008F

Open Loop
Valtage Gain dB

LY 3K (L]

Frequency (Hz)

Narmalized Parameters
Referred to Values at

QUTPUT VOLTAGE SWING
V5. FREGUENCY AT +25°C

5

Supply Voltage

_-'i- ; T II'I'I[
OPEN LOOP VOLTAGE GAIN sy s
VS, TEMPERATURE Emmaiilis

= Vsuppyy = 0V S
Isu L

=

=4

T
i
I

25V SUPALY

Peak-to-Peak
Voltage Swing

00V Supp y —]

T

—
]

FEEE T

Temperature {°C} Frequency {Hz}




PERFORMANCE CURVES (continued)

POWER SUPPLY CURRENT
V5. TEMPERATURE

:‘s_'m_m' = EAEY
i
]

Vaypryy - 10

-0 -2 L] 26 5 T AL T

Temperature (°C)

SLEW RATE AND
SETTLING TIME

TRANSIENT
RESPONSE

mu‘_l-—-L
o

DVERSHDOT

ERROR RAND
A0y FROW oo —
FIH, E

L YA qurRdT

SETTLING TIME

TRANSIENT RESPONSE; Ay~ +5

R = 2K Ohms, L = 5dpF

Upper Trace:  (nput; 20mV/Div.
Lowear Trace:  Qutput; 100mV/Div.
Horizantal = 100ns/Div.

Ty = +259C, Vg = 15V

SUGGESTED
OFFSET ZERD
ADJUST HOOK-UP

SLEW RATE AND
TRANSIENT-RESPONSE

TYPICAL APPLICATIONS

COMPENSATION CIRCUIT FOR UNITY GAIN

SLEWRATE = §V/us

BANDWIDTH = 10MHz




S
SEMICONDUCTOR

A HARRLS

FEATURES

HA-2400/2404/2405
PRAM "Four Channel
Programmable Amplifier

DESCRIPTION

* PROGAAMMASBILITY
HIGH SLEW RATE
WIDE GAIN BANDWIDTH
HIGH GAIN
LOW OFFSET CURRENT
HIGH INPUT IMPEDANCE
SINGLE CAFACITOR COMPENSATION
DTL/TTL COMPATIBLE INPUTS

I /s
40MHz
150,000

anA
J0M 2

HA-2400/2904/2405 comprise a series of four-channel
programmable amplifiers providing a level of versatifity unsur—
passed by any other monolithic operational amplifier. Versa-
tility is achieved by employing four input amplifier channels,
any ane {or nonel of which may be electronically selected and
connegted to a single autput stage through DTL/TTL compatikle
address inputs. The device formed by the output and the
selected pair of inputs is an op amp which delivers excellent
slew rate, gain bandwidth and power bandwidth performance.
Other advantageous features far these dielectrically isolated
amplifiers include high voltage gain and input impedance cou-
pled with low input offset voltage and offset current. External

tion is not required on this device at closed loop

APPLICATIONS

¢ THOUSANDS OF NEW APPLICATIONS; PROGRAM
SIGNAL SELECTION/MULTIPLEXING
OP AMP GAIN
OSCILLATOR FREQUENCY
FILTER CHARACTERISTICS
ADD-SUBTRACT FUNCTIONS
INTEGRATOR CHARACTERISTICS
COMPARATOR LEVELS

gains greater than 10,

Each channel of the HA-2400/2404/2405 can be con-
tralled and operated with suitable feedback netwarks in any of
the standard op amp configurations. This specialization makes
these amplifiers excelfent components for muitiplexing, signal
selection, and mathematical funciion designs. With 30V/ s
slewe rate, 40MHz gain bandwidth, and 30M ohms input imped-
ance these devices are ideal building blocks for signal generators,
active filters, and data acquisition designs. Programenability
coupled with 2ZmV typical offset voltage and Snd gffset current
makes these amplifiers outstanding components for signal
tonditioning circuits.

HA-2400/2404/2405 are evailable in a 16 pin dual-in-line
package. HA-2400 is specified from -559C to +125600. HA-
2404 is specified over the -260C to +8B0C range, while HhA-
2405 operates from BOC to +750C,

PINOUT

SCHEMATIC

{TOP VIEW) Package Code 4B

OECOOE
CONTAOL |0y
[EMSLE

GHD

b
o]

TRUTH TABLE

CTEEEEEE G

CHAMNEL

“ SELECTED

[y
X HOWE

CAUTION: These devices are sensitive to electrostatic discharge,
Users shoukd follow FC Handling Procedures specified on pg. 1-4.

Caondenzed cireuit disgram for a progremmabte amplifier
[PRAM HA-240(

O ADD AL
IWRI T ETaGEY

i
% Fooet 1.

Diagram includas: ONE INPUT STAGE, DECODE CONTROL,
BIAS NETWORK AND OUTPUT STAGE
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Voltage Between V+ and V— Terminals 45.0V Internal Power Dissipatian J00mW
{Kote 13}
Differential Input Voltage FVsupply Operating Temperature Range  —55°C = T < +1259C (HA-2400)
Digital Input Voltage —0.76V to +10.0V —~2500 < Tp < +8500 [HA-2404}
Output Current Short Circuit Protected 00C < Tp £ +75%C {HA-2405)
Starage Temperature Range —B80C < Ta < +1509¢C
ELECTRICAL CHARACTERISTICS Test Conditions: V§ypply = +15.0V unless otherwise specified.
Digital inputs: VL = +0.5V, V|4 =+2.4V
Limits apply 1o each of the HA-2400/HA-2404 HA-2405
fout channels, when addressed. LIMITS LIMITS
PARAMETER TEMP. MIN. TYP. MAX. . TYP.
INPUT CHARACTERISTICS
= +250¢ 2 5 4
Dffset Voltage Full 2
*p +259¢ 50 a0
Bias Current (Note 12} Full 400
0
* pffset Current {Note 12) 5oL 50
Full
Input Resistance (Note 12) +250C
Common Mode Range Full
TRANSFER CHARACTERISTICS
* . , +250¢
Large Signal Voltage Gain (Note 1,5} Full
* Common Mode Rejection Ratio {Note 2) Full
Gzin Bandwidth {Nate 2) +280C
{Note 4) +250C
QUTPUT CHARACTERISTICS
Qutput Yoltage Swing INote 1) Full 100 | 120 +i0.0 | +1240 v
Qutput Curcent +260C 20 20 mA
Full Pawer Bandwidth (Notes 3, 5 +25°C 500 a00 kHz
{Notes 4,5 +259C 200 200 kHz
TRANSIENT RESPQNSE
Rise Time {Notes 4,6) +259C 20 20 ns
Overshoot (Notes 4,8) +250¢ 25 25 %
Slew Rate (Notes 3,7) +250C 30 30 Vips
{Notes 4.7} +299 8 8 Vips
Settling Time (Motes 4, 7, 8) +250C 15 1% s
CHANNEL SELECT CHARACTERISTICS
Digital Input Current (V) = 0V} Full 1 1 mA
Rigital Input Current (V| = +5.0V) Full 5 5 nA
Guiput Delay (Note 9} +259C 00 100 s
Crosstalk (Note 10) +259C | -80 -110 -1 | -110 dB
POWER SUPPLY CHARACTERISTILS
* Supply Current +259C 4.8 6.0 4.8 5O mA
* Power Supply Rejection Ratio (Note 11) Full i ap 74 a0 dB
NOTES: 1, R = 2K{ B. To 0.14% of {inal value
2. Vo = 16 V.D.C 9. To 10% of final value; cutput then slews at normal
3 Ay =+1D, Coompp = 0. Ry = 2K{, © = 5OpF rate to final value,
4, Ay = +1, Coomp = 15pF, By = 2K§L, C| = 50pF 10, Unselegted input ta output; V) = +1¢ V.D.C.
5. VguT = 20V peak-to-peak 11, Vgypp = £10V.0.C. to 20V D.C.
8. VpouTt =400 mV pesk-to-peak 12. Unselacted channels have approximately the same
7. VQUT = 10,0V peak-to-poak input parameters.

13. Derats by 4.3mW/°C above 105°C
*100% Tested For DASH 8
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CHARACTERISTIC CURVES

V+= 18VDC, V-=15VDC, Ta = 259C UNLESS OTHERWISE STATED.

INPUT BIAS CURRENT AND OFFSET MORMALIZED A.C. PARAMETERS
CURRENT AS A FUNCTION OF TEMPERATURE VS. TEMPERATURE
140 12
[2)
120 <, .
™~
™ 2 3,
- 5
. & SLEW RATE
TN £
= @
E 50 BiaS CURRENT = b
3 =
< W -
5 S B
10 Ao
5 E L_i_1 . \1
OFFSET CURAENT =
=
EG-BD <25 0 25 +G0 475 +ID0 4125 o 66150 1% W25 BG #7510 126
Temperature {°C) Temperature (°C}
OPEN LOOP FREQUENCY AND PHASE RESPONSE
=
= T T T T ¥ 1T o
‘E ETE?ST,QLK RE"JECTION,‘IAI\. =" §
POWER SUPPLY CURRENT DRAIN 3 m™ s
AS A FUNCTION OF TEMPERATURE =, LU
L g i} %
g 120 é
a 150
V5 peLy = FI00V g Crome - DoF T T §
_ | VguepLy - 2150V : 2:_ J'I";CCWP"W ﬁmﬂ' H”H i W L
¥ = x10. ; - NiFHI 1L
"é vsueeL [ 10 ;\;\ S i a n [ 1% [ [3 ™ oM o
'E g @ Freguency {Hz}
3 - FREQUENLY RESPONSE VS. CooMp
F % oo LTI JTA | |
= = 1 | L !
[ o 15pF B i
3 HH/ soer | [
5 [ Al il
3 : S
CREE0 25 D +25 50 475 +100 +12% a !Il"'\"‘ iy Al |
Temperature (?C) k] i a"l"“; E: il
. I T
= 10K oK M ™ 1004
Frequency {Hz)
NORMALIZED A.C. PARAMETERS OPEN LOQP VOLTAGE GAIN
VS. SUPPLY VDLTAGE VS. TEMPERATIRE
12 10 T
= [ '
: —vI - 200v E
= Vaumy - E!sio\f\
2 13 105 |—m YEUPPLY xm.w\ A
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£ i —R
3 g 7. N\
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E TH ‘g ’,A 1
E 09 SLEW RATE % L J
F- !
E L.
2 ! N ']
1] -‘?Erl‘_
110 215 120 % -ph[-50 -2% +25 5] +75 +100  +125
Supply Voltage Temperature {9C)
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CHARACTERISTIC CURVES feontinued)

QUTPUT VOLTAGE SWING V5. FREQUENCY EQUIVALENT INPUT NOISE VS. BANDOWIDTH
S S 100

. i
] < Tt rpFn
‘L;_ e Lt C?gz‘:ﬁsq i :
= “=:~ = w A1
F] = r]
E E ‘\\ 3 IUE 10K SDURCE RESISTANCE ] —
= \\ _g, — 0SOURCE RESISTANC '\“\,
= 2 "
g - 5 - it /I o
- N LD S0 af o
H & o
3 | R

o 0 LA

108 100% L 10M 1K= 1kHr TkH2 1MlkHz 1MHz
Frequency (Hz) Uppar 3dB Frequency
Lower 3dB Frequency - 10Hz
Broadband Noise Characteristics
TRAMNSIENT RESPONSE SLEW RATE AND SETTLING SLEW RATE AND TRANSIENT RESPONSE

H2MmyY 5.0
Ay seLectep  _ COMF e e
NPT NPT I CHAMNEL i :]:
o o O—r—o hiiaid

_____ N l
“W“i‘&-’-‘” : m:: N ot
oUTRUT i | ERROR 6AND T I !
14 1 ltmv FrORe [ \ -
Bl = ey o : FINAL VALUE < I 150
S LT Wwh oaewy ) a4
(0 avrar | _L : b4
— Il-—mss TIME SEFTLING ThE = o :. s I ™
! NOTE  Mgpred @i bith ponifive and ‘F —_—
iy trondstians, £ ol
‘.
d_—
TYPICAL APPLICATIONS
AMPLIFIER, NON-INVERTING PROGRAMMABLE GAIN SAMPLE AND KOLD
s ] N Nl [ N 1
| :l ; DECOOES H DECDGE! o
{ = I conTho | o, } ocgg;‘l, EF] conTraL | oy 1 i
L =
E AI : I:muaLE [} [ﬁ EHAALE i S—L_N
- .
: 4 h c»o]:f IRUT 5 ane h_-
COMP comP ] il
_: - 15gF [ - T
U &I 2 w——F "o ey :F u...]___’t—omv
! TLTRIT O Gt i e 1 ——0 oumyt
Hp-2e0 e ¥ i a2 o - ]'_‘?v
L9
) 1 1152180 x 1076 4
- Sampte charging ra;e == Visec. I3 2 200 x 1072 A @ +35°¢C
Hold drife rate = = Vsec. 2600 x 1073 A @ 559C
o ) ) a 2100 % 1072 A @ +1259C
Switch pedistal errar = = Volts a2 x 10712 cqul,
o
4 FOR MORE EXAMPLES, SEE HARRIS APPLICATION NOTE 514
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SEMICONDUCTOR

A DHWSION OF HARRES CORPOA AT HON

FEATURES

HA-2500/02/05

Precision High Slew Rate
Operational Amplifiers

DESCRIPTION

HIGH SLEW RATE
FASTSETTLING

WIDE POWER BANDWIDTH
HIGH GAIN BANDWIDTH
HIGH INPUT IMPERANCE
LOW OFFSET CURRENT
IKTERNALLY CCMPENSATED

30v/us
330ns
500kHz
12MMHz
100M2
10nA

APPLICATIONS

DATA ACQUISTIGN SYSTEMS

+ R.F, AMPLIFIERS

VIDED AMPLIFIERS

SIGNAL GENERATORS

PULSE AMPLIFICATION

HA-2600/2502/250% comprise a series of monolithic opera~
tional amplifiers whose designs are aptimized to deliver excellent
slew rate, bandwidth, and settling time specificatians, The
outstanding dynamic features of this internally campensated
device are complemented with low offset voltage and offset
current.

These dielectrically isolated amgplifiers are ideally suited for
applications such as data acquisition, R.F., video, and pulse
conditioning circuits. Slew rate of 126V/ s and 330ns (0.1%)
settling time make these devices excellent components in fast,
accurate data acquisition and pulse amplification designs. 12
MHz bandwidth and 500kHz power bandwidth make these
devices well suited to B.F. and video applications. With 2mV
typical offset woltage plus offset trim capability and 10n&
offset current, HA-2500/2502/2505 are particularly usaful
components in signal conditioning designs.

The gain and offset voltage figures of the HA-2500 series are
aptimized by internal component value changes while the
simitar design of the HA-2510 seriex is maximized for slew rate,

HA-2500/2502/2505 are availahle in metal can {T0-99) pack-
ayes. HA-2500 and HA-2502 are specified over the -550C to
+12500 range.  HA-2505 is specified from 0OC 1o +750C,

PiNOUT

SCHEMATIC

TO-99 Package Code 2A
Top View

BANDWIDTH CONTROL

CAUTIDN: These devices are sensitive 1o electrostatic discharge.
Users shouid follow (C Handling Procedurss specified on pg, 1-4.
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Voitage Between V* and V- Terminals  40.0V Operating Temperature Range — HA-2500/HA-2502 -55°C <Tp <+1259C
[ifferential Input Voltags +15.0v HA-2505 00C < Tg < +750C
Peak Dutput Cusent S0mA Storage Temperature Range -659¢ < Tp < +1509C
Internal Power Dissipation 300mW

ELECTRICAL CHARACTERISTICS

V+=+18Y D.C, V-=-15V D.C,
HA-2500 HA-75{12 HA-2505
-550C to +125%C -550C 1o +1259C A°C 1o +75°C
LIMITS LIMITS LIMITS
PARAMETER _ | MIN TYP. | MAX. | MIN. TYP. | MAX. . TYP. | MAX,

INPUT
CHARAGTERISTICS

* Offset Valiage

0fset Yohage Average Drift

* Bias Current

* Offset Corrent

Input Resistance

Cammon Mede Range

TRANSFER
CHARACTERISTICS

* Large Signal Voltaqe Gain
iNote 1,4}

* Cammon Made Rejscnon
Ralio [Note 2}

Gain Bandwidth Product
[Note 3|

DUTPUT
CHARACTERISTICS
Dutput Voltage Swing
{Note 1)

* Dutput Current {Note 4}

Full Power Bandwidth
{Nute 4)

TAANSIENT RESPONSE
Rise Timg {Nutes 1,5, 6 & 8)

Overshoot {Notes 1,57 B 81
* Slew Rale (Notes 14,58 B)

Settling Time to 0.1%
{Naotes 1,45 & 8}

FUWER SUPPLY
CHARACTERISTICS

* Supply Gurrent +250¢ 4 B 4 B 4 B mé
* _—
Power Supply Rejection
Ratio (Note 9] Full 80 90 74 90 74 0 dB
NOTES: 1. By = 2K 7. Vg = feoomv
2. Wy = 5.0V §. See transiant response test
3. Ay 10 circuits and wavefarms page faur.
4. vg=1100V o, AV’fS.DV
5. = 50pF

& wgo=tap0my
2.04 100% Tested Far DASH B



PERFORMANCE CURVES

V+ = 15VDC, V- = 16VDC, Tp = 26°C UNLESS OTHERWISE STATED
INPUT BIAS AND OFFSET CURRENT EQUIVALENT INPUT NOISE
vs TEMPERATURE vs BANDWIDTH
=
L

BASE CLRRERT

[

=

Currept - nA
fnput

Equivalent Ingut
Noise 4 ¥

OFFSET CUARENT

]

L 10uH; 100 M,

-Ak 25 425 60 TR 4D A13E
Temperature °C Upper 3d8 Frequency
Lower 3dB Frequency - 10Hz
NORMALIZED AC PARAMETERS

vs TEMPERATURE
X U o OPEN-1.00P FREQUENCY AND PHASE RESPONSE

%

OPEN LDOP FREQUENCY RESPONSE FOR VARIOUS
NORMALIZED AC PARAMETERS VALUES OF CAPACITORS FROM BAKOWIDTH CONTROL
vs SUPPLY VOLTAGE AT +255C PIN ¥O GROUND

T [ [ nn!Fll Hm
% ;; :’ {

L N
i T

T 100k

[

I

Phase Angle

QOpen Lagp
Voltage Gain dB

o

Normalized Parameters
Referred to Values at
+2600

]

Frequency Hz

-54 -~ 28 L] +25 50 T 100 +12§
Temperaturs °C

g

S et

g B

T A 7f]1

SLEWRaATE

Qpen Loop
Voltage Gain dB

1 o 8 B

Referred to Values at

Normalized Parameters

Freguency Hz2

NOTE: External compensation components are not required for
15 stability, but may be added to reduce bandwidth if desived.

Supply Valtage

OUTPUT VOLTAGE SWING
QPEN LOOP VOLTAGE GAIN vs FAEQUENCY AT +259C

vs TEMPERATURE

R e T

| SLepLY * £ihOv

VRpRL Y * LT8OV

vELppLY = FHOV \‘suvvu_}r AL St M il o o Mg pRyy = 410
;

s e i
I
/

.

Peak-Ta~Peak
Valtage Swing

8 | A [ i
-50 -5 [ +2% 4 75 +tH 125 0K 100k L] o 1M

Temperature °C Frequency Hz
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PERFORMANCE CURVES (continued)

POWER SUPPLY CURRENT
vs TEMPERATURE

-

et
/

Cureant - mA

+% +60 TR e #1235

Temperature °C

SLEW RATE AND
SETTLING TIME

TRANSIENT RESPONSE

—-4: bt e

TWOTE  Wuasied 08 DOLR ikErd At
ARGCA IrI G,

SETTLING TIME

VOLTAGE FOLLOWER PULSE RESPONSE

TT

Va

pie e b Chee o ety
LEREEIEEET I ARENERREI

Ll
LEREU

HL = ZKQ,CL = 5|]DF
Upper Trace: Input
Lower Trace: Qutput

Vertical = 5/ Div.
Horizontal = 200ns/ Div,
Tp=+259C, Vg = £15.0¢

SLEW RATE AND
TRANSIENT RESPONSE

SUGGESTED
OFFSET ZERO
ADJUST HOOK-UP

DEFINITIONS

2-26

INPUT OFFSET VOLTAGE - That voltage which must
be applied between the input terminals through twe
equal resistances to force the output voltage to zero.

INPUT OFFSET CURRENT - The difference in the
currents into the two input terminals when the autput
is at zero voltage.

INPUT BIAS CURRENT - The average of the currents
flowing into the input terminals when the output is
at zero voltage.

INPUT COMBION MODE VOLTAGE — The average
refarred to ground of the voltages at the two input
terminals.

COMMON MODE RANGE — The range of voltages
which is exceeded at either input terrminal will cause
the amplifier to cease operating.

TRANSIENT RESPONSE — The closed loop step
function response of the amplifier under small signal
conditions.

GAIN BANDWIDTH PRODUCT — The product of the
gain and the bandwidth at a given gain.

SLEW RATE (Rating Limiting) — The rate at which the
output will mave between full scale stops, measured in
terms of volts per unit time. This limit to an ideal
step function response Is due to the non-lingar behavior
in an amplifier due to its limited ability to produce
large, rapid changes in output voltage (slewing) . . .
restricting it to rates of change of voltage lower than
might be predicted by observing the small signal fre-
quEncy response,

SETTLING TIME — Time required for output waveform
to remain within 0.1 percent of final value.




& DIVIBION OF HARRIE CORPORATION

FEATURES

HA-2510/2512/2515

High Slew Rate
Operational Amplifiers

DESCRIPTION

HIGH SLEW RATE
FASTSETTLING

WIDE POWER BANOWIDTH
HIGH GAIN BANOWIDTH
HIGH INPUT (MPEDANCE
LOW GFFSET CURRENT
INTERNALLY COMPENSATED

60V s
250ns
1.000kHz
12MHz
100M12
10nA

APPLICATIONS

DATA ACOUISITION SYSTEMS
R.F. AMPLIFIERS

VIDED AMPLIFIERS

SIGNAL GENERATORS

PULSE AMPLIFICATION

The HA-2510/2512/2516 are a series of high performance
operational amplifiers which set the standards for maximum
slew rate, highest accuracy and widest bandwidth for internally
compensated monplithic devices, in addition to excellent
dynamic characteristics, these dielectrically isolated amplifiers
also offer low offset current and high input impedance.

The 2B0V/ ps slew rate and 250ns (0.1%} settling time of these
amplifiers is idealfy suited for high speed DfA, A/D, and pulse
smplification designs. HA-2510/25§2/2515" superior 12MHz
gain bandwidth and 1000kHz power bandwidth is extremely
useful in R.F. and video applications, For accurate signal condi-
tianing these amplifiars also provide 10nA offset current, coup-
lgd with 100ML input impedance, and offset trim capabifity.

The HA-2510/2512 are available in metal can (TQ-99} and
14-pin flat packages. HA-2510 and HA-2512 are specified from
-550C to +1250C. HA-2515 is specifiad over the DOC to +756C
range, and is available in the TO-99 package.

PINOUT

SCHEMATIC

T0-99 TOF VIEW

GANDWIDTH CONTROL
L]

[Y)
ovrsnnm .
1” b our
. ousn abs

@
To-8 TOF VIEW

conthoe ] v

—

—
Y OFFSET Al
i [ v

Fackage Coda 9V
{HA-2510/2812
Dnly}

CAUTION: These devices are sensitive to electrosiatic discharge,
Users should fofiow [C Handling Procedures specified on py. 1-4.
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SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS

Valtage Between V¥ and V™ Terminals 40.0¥ Peak Qutput Current 50mA
Ditterential Input Voltage 150V Internal Power Dissipation 300mw

Operating Temperatute Aange Storage Temperature Range —B.’J“CSTA-C_HSO"C
HA-2510/HA-2512 —559CL TA< +1259C
HA-2515 00C < T < +75°C

ELECTRICAL CHARACTERISTICS
V4= +15V D.C. V-=15V D.L.

HA-2510 HA. 2612 HA2518
559 to +125°C -550C 1o +1250C 0°C 10 +780C

LIMITS LIMITS LIMIFS
PARAMETER TEMP. | MIN. TYP. MAX. | MIN. TYP. | WAZX, . TYP. | MAX,

INFUT CHARACTERISTICS
* 0ffwet Yoltage

+25°C 10 10
Full : 14 14

0ffset Voltage Average Orift Full

+250¢C

*
Bias Current Full

+259C

*
Gfset Current Full

Input Resisrance +250¢

Common Mode Range Full

TRAMSFER CHARACTERISTICS
* Large Signal Valtage Gain (Note 14)

+25°C
Full

* Common Mode Rejection Ratio

INgrte 2} Ful

Gain Bandwidth Product {Note 3) +25°0

QUTPUT CHARALCTERISTICS
Output Woltage Swing {Note 1) Full

* Duiput Current (Note 4) +259¢

Futl Power 8angwidth {Note 4} +259¢C

TRANSIENT RESPONSE

Rise Time {Nates 1,5, 6 & 8) +25°C
Ouershoot (Notes 1,5, 7 & &) +250C
¥ Shew Rare (Notes 1, 4,5 & 8) +259¢
Sectling Time (Noles 1,4, 5 & 8) +250¢
POWER SUPPLY CHARACTERISTICS
* Supply Current +259C
* Power Supply Rejection Ratio {Nate 9) Full 74
NOTES: 1. R, = 2K 7. Vg = Ye0omy
2 Vey = tsov B. Ses transient response test
3. A >10 circults and waveforms paga four,
4. Vg =100V 2. 4 v=Isov
5. C," = 50pF

6. Vg = f4D0mv
*100% Testad Far DASH 8
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PERFORMANCE CURVES
V+ = 15VDC, V- = 15VDC, Ta = 259C UNLESS OTHERWISE STATED.

INPUT BIAS AND OFFSET CURRENT EQUIVALENT INPUT NOISE
ys TEMPERATURE vs BANDWIDTH

||

RIS CURRENT

ICE RES)
E AES!

Current - nA

AFFSET LHARERT
‘Hifb
B e an Vi - lan ol 4

Temperature °C

Equivalent Input
Moise UV

w3
L
!

IkH L[] 100k Hy

NORMALIZED AC PARAMETERS Lower 3d8 Frequency - 10Hz
vs TEMPERATURE

] QOPEN LOOP FREQUENCY AND PHASE RESPONSE

HANDWIDH

SIEWRATE

|..1N[-¢\'|M
| ! WK 100K

n [Eil Al vit [ =) OEL
Frequency Hz
Temperature 00

PITETE

hase Angle

Mormalized Parameters
Referred to Values at

Opea Lgog
Yoltage Gain dB

OPEN-LOOP FREQUENCY RESPONSE FOR VARIQUS
NORMALIZED AC PARAMETERS VALUES OF CAPACITORS FROM BANDWIDTH
vs SUPPLY VOLTAGE CONTROL PIN TO GROUND

SLbW HATF
—

I

agnmmii il

— pannwite :

3

Open Loop
Voltage Gain dB

|
i o 100 10K, 100K 1
} Fraquency Hz

MOTE: External compensation componanis are not raquired for
Supply Voltage stability, but may be added 10 reduce bandwidth if desired,

Narmalized Parameters
Referred 10 Values at

P
w g

QUTPUT VOLTAGE SWING
OPEN LOOP VOLTAGE GAIN vs FREQUENCY AT +259C
vs TEMPERATURE 22 F D= mmat

1
T
1

;
-
:

L}
1

s ",
e

LT URRLY -
L w SUBPLY - 19
FEUPPLY - o1

=
I

—

Peak-to-Peak
Voltage Swing

=t

===
E

: it
Temperature °C Freguency Hz
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PERFORMANCE CURVES {contimied}

POWER SUPPLY CURRENT VOLTAGE FOLLOWER PULSE RESPONSE

Vs
TEMPERATURE

Current — mA

vV
/

G I

Temperature @C
Vertical = 5V/Div.
Horizontal = 100n/0iv.
Ta= +250C, ‘h"s =+16.0V

HL-" ZKQ ,CL=50|JF
Upger Trace: Input
Lower Trace: Qutput

SLEW RATE AND
SETTLING TIME

TRANSIENT RESPONSE SLEW RATE AND

TRANSIENT RESPONSE

SUGGESTED
OFFSET ZERO
ADJUST HDOK-UP

RRDA BARD
Wmy FROM
INAL YALUE

|
£
[
L
F
i
1
'
'

1
1 aviar —— b i TE

SETTUNG TIES UV e Mrmarad e o s 1ot

DEFINITIONS
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INPUT OFFSET VOLTAGE — That voltage which
must be applied between the input terminals through
two equal resistances to force the output voltage
to zero.

INPUT OFFSET CURRENT — The difference in
the currents into the two input terminals when the
output is at zero voltage.
iINPUT BIAS CURRENT — The average of the
currents flowing into the input terminals when the
autput is at 2ero voltage.

INPUT COMMON MODE VOLTAGE ~ The average
referred to ground of the voltages at the two input
terminals.

COMMON MODE RANGE — The range of voltages
which is exceeded at either input terminal will cause
the amplifier to cease operating.

COMMON MODE REJECTION RATIO — The ratic
of a specified range of input commen mode voltage
ta the peak-to-peak change in input offset voltage
over this rangs.

OUTPUT VOLTAGE SWING — The pezk symmet-
rical output voltage swing, referred to ground, that
can be obtained without clipging.,

INPLT RESISTANCE — The ratio of the change in
input voltage to the change in input current.

OUTPUT RESISTANCE — The ratio of the change
in ocutput voltage to the change in output current,

WVOLTAGE GAIN — The ratio of the change in out-
put voltage to the change i input voltage produc-
ing it.

UNITY GAIN BANDWIDTH — The frequency at
which the voltage gain of the amplifier is unity,




SEMICONDUCTOR

& DIVISHGN OF HARRIS CORSORATION

FEATURES

HA-2520/22/25

Uncompensated High Slew Rate
Operational Amplifiers

DESCRIPTION

HIGH SLEW RATE

FAST SETTLING

WIDE POWER BANDWIDTH
HIGH GAIN BANDWIDTH
HIGH INPUT IMPEDANCE
LOW OFFSET CURRENT

120V/us
200ns
2,000kHz
Z0MH:2
oM
10na

APPLICATIONS

DATA ACOUISITION SYSTEMS
R.F, AMPLIFIERS

VIDED AMPLIFIERS

SIGNAL GENERATORS

PULSE AMPLIFICATION

HA-2520/2522/2525 comprise a series of monolithic opera-
tional amplifiers delivering an unsurpassed combination of
specifications for slew rate, bandwidth and settling time. These
dielectrically isolated amplifiers are controfied at closed loop
gains grester than 3 without external compensation. in additan,
these high performance components also provide low offset
current and high input impedance,

120/ i s slew rate and 200ns {0.1%} settling tima of these
amplifiers make them ideal components for puite amplification
and data acquisition designs. These devices are valuable com-
ponents for R.F. and video circuitry requiring up to Z20MHz
gain bandwidth and 2MHz power bandwidth. For accurate
signal conditioning designs the HA-2520/2522/2525" superior
dynamir: specifications are complimented by 10nA offset cur-
rent, 100ML  input impedance and offset trim capability.

The HA-2620/2522 are availsble in metal can (TD-99) and
t4-pin flat packages. HA-252¢ and HA-2522 are specified
over -560C to 4712500 range. HA-2525 is specified from
09C to +759C, and is available in the T0-39 package.

PINOUT

SCHEMATIC

TOP VIEW
T0-2% AANDWIOTH CONTAGL

OFFSET ADJ Y
ouT

OFFSET ADJ

T0-86
TOP VIEW

"‘S‘C:.__lj  p—
cobteoL "] v

Package Code 24

Packaga Code 9V

{HA-2520{2522
Only)

arsseT aoil__] aur
P ﬂ>—l_:::lowr s
e [ v

L] m— [ ease
[ — | [ R |

&

aeESEr
T

A

Ly .

arfsiT

nuTRL
—
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Voltage Besween Vtand ¥~ Terminals 40.0¥ Peak Output Corrent BlmA
Differential input Voltage +15.0V intaenat Power Dissipation 300mwW
Qpersting Temperature Range
HA-2820/2522 -B50CL Ty £41250C $torage Temparature Range -6EOC LT A< +1500C
HA-2525 0%C < T <+75°C

ELECTRICAL CHARACTERISTICS

V4= +315V D0, V-=-15V 0.6

HA-2520 HA-2522 HA-2525
-559¢C to +125°%C -55%C to +1250C 0°C to +750C
_ LIMITS LIMITS LIMITS
PARAMETER TEMP. B MiN, | TYr | -max. ] min | TYP | MaX. | TYR | MAx

INPUT CHARACTERISTICS
* Dffset Voltage

+250¢ 1 14
Full L} 14

Offset Voltage Average Drift Full

o,

* Bias Gurrent +250C
Full
i}

* Dffset Curcent +2500
Full

Input Resistance +7500

Commnr Mode Ranga Full

TRANSFER CHARACTERISTICS
* Large Signal Voltage Gain (Note 1.4}

+25°C
Fuit

* Common Mode Rejection Ratia

(Note 2} Full

Gain Bandwidth Product {Note 3} +250C

DUTPUT CHARALTERISTICS
Output Voltage Swing (Note 1} Full

* Qutput Current (Note 4) +259¢C

Full Power Bandwidih (Noie 4} +259C

TRANSIENT RESPONSE (&y=+3}
Rise Time (Notes 1,5, 6 & 8 +250¢

Overshont iNptes 1,5, 6 & 8) +250C
* Stew Rate {Notes 1, 4,5 & 8} +25%¢

Settling Time {Notes 1,4, 5 & 8) +3500 0.20

POWER SUPPLY CHARACTERISTIES
* Supply Current +250¢ 4 4

* Power Supply Rejection Ratio (Note T) Ful 90 13 90

NOTES: 1. R = 2K 4, Vg =+10.0V 7. AV =150V
2. Vop =350V 5. € =580pF 8. Ser transignt response test
3. Ay > 10 B. Vg = +200mV cireuits and waveforms page four.

*100% Tested For DASH B
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PERFORMANCE CURVES
V+ = 15VDC, V- = 18VDC, Tp = 259C UNLESS OTHERWISE STATED

INPUT BIAS AND DFFSET CURARENT EQUIVALENT INPUT NOISE
vs TEMPERATURE ) vs BANDWIDTH

abots
\\ bl Il sIsw

BAS CURAEY T

ACE RESISTANCE
ACE AESESTANCE

™
\

Cursent - pA

Equivalent Input
Naoise LUV

]

BFFSEN EUPRENT
\h-‘.“"""‘-h--.__ L

T Tt

Ty N o a7 50 HE PR TE

ThHE TH2 0kHr
Temperature *C Upper 3dB Frequency
Lower 3dB Frequency - 10Hz

NORMALIZED AL PARAMETERS
vs TEMPERATU RE OPEN-LDOP FREQUENCY AND PHASE RESPONSE

W SUFFLY - £P5Y

+25%C

Cpen Locp
Veltage Gain dB
Phase Angle

Normalized Parametess
Referred to Values at

rom 00K

Frequency Hz

4 T

Temperature °C OPEN LOOP FREQUENCY RESPONSE FOR VARIQUS
VALUES OF CAPACITORS FROM 8ANOWIOTH CONTROL
PIN TO GROUND

7]

NORMALIZED AL PARAMETERS
vs SUPPLY VOLTAGE AT +25°C

4
ot

Open Loop
Voltage Gain 4B

Normalized Parameters
Aeferred to Values st

Frequency Hz

o : DUTPUT VOLTAGE SWING
Supply Voltage vs FREQUENCY AT +259¢C

OPEK LOOP VOLTAGE GAIN
vs TEMPERATURE

[™ VAuRLY o

P
) \ISUPFLI’l/;Ifr/

Peak-To-Peak
Vultage Swing

Temparsture OC Frequency Hz
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PERFGRMANCE CURVES (continued)

VOLTAGE FGLLOWER PULSE RESPONSE
POWER SUPPLY CURRENT
vs TEMPERATURE

s
PRLY 50 ’//

PRLY 0 21

AN

Temperature °C

R~ 2K 5L, Gy = 50pF Harizantal = 100ns/Div.
Upper Trace: Input; 1.33V/Div. Ty = +259C, Vg =215V
Lower Trace: Qutput; 5V/Div.

SUGGESTED
SLEW RATE AND TRANSIENT SLEW RATE AND OFFSET ZERO
SETTLING TIME RESPONSE TRANSIENT RESPONSE ADJUST HOOK-UP

SETTLING TIME H
—=1 = RISE TIME
ol wote eses o e

TYPICAL APPLICATIONS

COMPENSATION CIRCWNT FOR INVERTING UNITY GAIN

10K
IN Qr——ANS—

Slew Rate =5 120¥/us
2K Bendwidth == 10MHz
Settling Time ==  500ns
F /_I_\

500p
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s HA-2530/2535

SEMICONDUCTOR

A DI HAON DF HARRIS CORPORAT 0N

High Slew Rate, Widehand
Inverting Amplifier

FEATURES DESCRIPTION

HIGH SLEW RATE 320V /us HA-2530 and HA-2535 are monolithic high speed inverting
FAST SETTLING TIME 560ns amplifiers which deliver superfor siew rate, bandwidth, and
accuracy specifications compared to any other amplifier in its
WIDE FOWER BANDWIDTH SMH2 tiass, Desigas of these dielectrically isolated amplifiers utilize
HiGH GAIN BANDWIDTH PRODUCT 7OMHz the feed forward amplifier tethnique to produce excelent
dynamic and DC specifications coupled with low power con-
LOW OFFSET VOLTAGE 0.8mV sumption. These devices require no external compensatian at

LOW POWER SUPPLY CURRENT 3.EmA closed loop gains greater than 10.

These amplifiers are excellent camponents for pulse circuits,
APPLICA TIONS data acguisition designs, and high spaed integrators that can take
advantage of the ¥320V/ i s slew rate and 550ns (0.1%) setiling
time. 70MHz gain bandwidth product, SMHz power bandwidth
o PULSE AMPLIFICATION coupled with 0.8mY offset voitage and *50mA typical output

current levels make these amplifiers ideally suited for signal
* SIGNAL CONDITIONING conditioning, signal generation, and coaxial driver applications.

SIGNAL GENERATGRS The HA-2530 and HA-2535 are avaflable in metal can (T0-99)
COAXIAL CABLE DRIVERS packages. HA-2530 is specified over the -GBOC to +%250C

range while HA-2535 is spacified from 00C to +759C.
INTEGRATORS

PINQUT SCHEMATIC

TO-59% Package Code 2A

Top View E—ﬁm ay (el T ]
? - m‘ 0% 1050 [Gag

L

A
HErouTRUT
AT

tid

NOTE: Case tied to V-

CAUTION: These devices ara sensitive to slectrostatic discharge.
Users shouid follow IC Handling Procedures specified on pg, 1-4. 2-35



SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Voltage Between V+ and V- Terminals 1A Internai Power Dissipation {Note 1) E50mMW
Dperating Temperature Range -SEOCETAS+1259%C  (HA-2530)
Peak Output Current +100mA 0OC ST, <+750C (HA-2535)
Starage Temperature Range -B59C £T A < +150°C

ELECTRICAL CHARACTERISTICS

Test Conditions: VSUPD'\' = +15.0V Unless Otherwise Specified.

HA-2530 HA-2535
-§5%C 10 +1259¢ 09¢ to +759C
LIMITS LiITS
PARAMETER FEMP.| MIN. TYP, MAX. . TYP.
INPUT CHARACTERISTICS

* Otfset Voltage +260C 08 0.8
Fult

Average Offset Voltage Drift Fuil

* Bias Current +260¢
Ful!

* Dffset Current +259C
Full

Input Resistance +259¢

Input Capacitance +250¢

TRAANSFER CHARACTERISTICS

Large Signal Voltage Gain (Notes 2,5 +259¢
* Full

* Comman-Mode Rejection
Ratio (Note 3) Full

Gain Bandwidth Product {Note 4) +259¢C
QUTPUT CHARACTER!STICS
* Dutput Voltage Swing (Note 2) Full
* Quiput Current {Note 5) +250C
Full Power Bandwidth {Note 5 +25°C
TRANSIEKT RESPONSE (NOTES §&7}
* Rise Time +259C
* Overshaot +250¢ 30
* Slew Rate +250C
Settling Yime +250C 500
POWER SUPPLY CHARACTERISTICS
* Supply Current +2500 35
* Pawes Supply Rejection Ratio {Note 8} | Full 100

NOTES: 1. Derate at 5.5mW/?C for Operation at . Vg =Hov
Ambient Temparature Above 7550, . C_ = 50pF
2. R = 2K . See Transient Respanse Test Circuit
3 Vem =t5.0v and Wave Forms, Paga 4,
4. Ay >10 - AV =10V

*400% Tusted For DASH B
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PERFORMANCE CURVES

V+ = 18VDC, V- = 168VDC, T 5 = 25°C UNLESS OTHERWISE STATED
INPUT BIAS AND OFFSET CURRENT

Nosrmalized Paramsters Referred

Normalized Parameters Referred

to Values at +259C Current — nA

to Vatues at 15V

vs. TEMPERATURE

o,

<~

\-.. 145 EURRENY

T

QFFIET

CUNNENT

[~

3

Input Equivalent
knput Noise LtV

CEGeL |.500r 257 [ FE ERY B

Temperature °C

NORMALIZED AC PARAMETERS

vs. TEMPERATURE

T [53 [Fla-

ol

EQUIVALENT INPUT NOISE

vs. BANDWIDTH

.Y

HHY ]

173
Upper 3d8 Frequsncy
Lower 3d8 Frequency - 10Hz

OPEN-LOOP FREQUENCY AND PHASE RESPONSE

] s
12 13 \ L o
BANDMIDTH T
L1 2 2w \_\
1 .E L]
BANDWLTH SLEW RATE E & w \ \:m i .E'
A E g o> —X\ z
P 2 +
A siewnaie b E . e \\ \ e ,“.Ea
s \ \ e &
\\q
~WACLumn -0 [ a0 bt +750 100 1 & 10 .- 3 nx K [ [ 00M
Temperature °C Frequency Hz
NOAMALIZED AC PARAMETERS POWER SUPPLY CURRENT
vs, SUPPLY VOLTAGE AT +25°C vs, TEMPERATURE
“ [ ] *
Isl.m R'lT‘ o /
" ;muw oo ey 00 ﬁ__—'/______.,.-
BLEW RATE < ¢ YsieeLx v I e S0P,
. £ ) ey
é 3 r/;
1] = ’
= 4
3 =~
LAY
l
bz
E 115 20 * -sns-seac -5 "~ = L " [ [Ihd
Supply Veoltage Temperature °C
QUTPUT VOLTAGE SWING
- vs. FREQUENCY AT +25°C
'!I'U';J'L__Y‘- sany Hi
Vgippyy ' 115V
£ T W Youpery " I
o :
f=
% &
25
©F e

L] [l
Frequency Hz

2-37



PERFORMANCE CURVES (continued)

" SETTLING TIME MEASUREMENT *1 UNITY GAIN PULSE RESPONSE

\

\

\T

VERTICAL  =EmV/DIV, UPPER TRACE: INPUT  VERTICAL = 5V/DIV.
HORIZONTAL = 100ns/DIV. LOWER TRACE: OUTPUT HORIZONTAL = 50ns/DIV.
Tp = +250C, Vg.= 15V Tp = +250C, Vg = 415V

SLEW RATE/SETTLING TIME/TRANSIENT RESPONSE TEST CIRCUIT

g

%K I3
8y § 100 2 §31
3pF o

O vy *1 Settling time (Tg) is measured using & high speed high
racovery oscilloscope to display the error voltage V.
When Vp is within #5mV of final value the output Vg
will be within +10mV 10.1%).

T
L S¢ closed for settling time.

SLEW RATE SETTLING TIME

HEV.
NPT ‘ ’ INPUT l |
4.5V
+5V Ennun BAND
GUTPUT — £ ~
i i QUTPUT numv FROM
v | SLEW 2ve FINAI. WALUE
ARy | | RATE AT

—] Iq—
ar TRANSIENT RESPONSE

Y e
-40GmV .—‘

5MHz VIOEQ AMPLIFIER (Ay = 0}

= MEASURED QN BOTH POSITHVE
AND NEGATIVE EXCURSIONS,
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SEMICONDUCTOR

A DIVIERON OF HARRKS CORPORAT HON

HA-2600/2602/2605

Wide Band. High Impedance
Operational Amplifier

FEATURES

DESCRIPTION

* WIDE BANDWIDTH

* HIGH INPUT IMPEDANCE

* LOWINPUT BIAS CURRENT

» LOWINPUT OFFSET CURRENT

* LOWINPUT OFFSET VOLTAGE

* HIGH GAIN

* HIGH SLEW RATE

e QUTPUT SHORT CIRCUIT PROTECTION

12MHz
500MQ2
TnA

Tnd
0.5mV
150K ViV
s

APPLICATIONS

& YIOED AMPLIFIER

* PULSE AMPLIFIER

# AUDID AMPLIFIERS AND FILTERS
¢ HiGH-Q ACTIVE FILTERS

# HIGH-SPEED COMPARATORS

* LOWDISTORTION OSCILLATORS

HA-2600/2602/2605 are internally compensated hipolar opera-
tional amplifiers that feature very high input impedance {500
M:Z, HA-Z600) coupled with wideband AC performance, The
high resistance of the input stage is complemented by low pffset
voitage (0.5mV, HA-2600) and fow bias and offset current
(1nA, HA-2600} to facilitate accurate signal pracessing. Input
offset can be reduced further by means of an external nufling
patentiometer, 12MHz unity gain-handwidth product, 7V/u s
slew rate and 160,000V/V open-loop gain enables HA-2600/
2602/2605 to perform high-gain amplification of fast, widehand
signats.  These dynamic characterisitics, coupled with fast
settling times, make these amplifiers ideally suited to pulse
amplificatian designs as well as high frequency (e.q. videa)
applications. The frequency response of the amplifier can be
tailored to exact design requirements hy means of an external
bandwidth control capacitar.

In addition to its application in pulse and vides ampiifier de-
signs, HA-2600/2602/28G5 is particularly suftad to ather high
performance designs such as high-gain low distortion audio
amplifiers, high-Q and wideband active filters and high-speed
comparators,

HA-2500 and HA-2602 are guaranteed over -550C to +1250C,
HA-2605 is specified from 020 to +750C. Al devices are
avaifeble in TO-99 cans, and HA-2600/2602 are availsble in
10 lead flat packages.

PINOQUT

SCHEMATIC

TOP VIEW

BANDWIDTH CONTROL
OFESET AD.I. v
- (2) ’ (s} aur
OFFSE‘I AD.
(1)
W

Casa Connected to V-

TC-91

TOP VIEW
N——1 & K NC
OFFSET ADUUAT. M 9| BANDWIDTH
>
L 7] DUTAUT
' H &f———OFFSET ADJIST

Case Connectad to V-

Package Code 24

Package Code 3V

{HA-2600/2602
Only)

CAUTICN: These devices are sensitive to electrostatic discharge.

Users should follow IC Handling Pracedures specified on pg. 1-4.

AN TH
CONTROL

ovami ] -4
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Voltage Between V1 and V— Terminals 45.0v
Differential Input Voltage +12.0¢
Peak Qutput Current Full Shert Circuit Protection
Internal Power Dissipation I00mW
Operating Temperature Range — HA-2600/HA-2602 800 < TA< +1260C
HA-2605 00 < Ty < +750C
Storage Temperaturs Range —B50C < Tp <+1500C
ELECTRICAL CHARACTERISTICS V+=+15VDC, V- = -15vDC
HA-2600 HA-2602 HA-2605
—559C 1o +125°C —850C to +126°C 09C to +750C
LIMITS LIMITS LiMITS
PARAMETER TEMP. MIN. TYP. Max. W, TYP. MA K. MIN. TYP. MAY, §UNITS
INPUT CHARACTERISTICS N
* +269¢C Q45 4 3 ] 3 5 my
Dffset Voltage Full 2 6 7 7 v
Bffsel Voltage Average Drift Fult 5 HWEC
. +26°C 1 10 15 25 5 25 nA
Bias Current Full 10 30 I411] 40 ni
" +259¢ 1 10 5 25 5 25 n4,
Offset Cusrent Full 5 % 60 aw | ma
Input Resistance +2590 106 S00 a0 300 il kLilt} Mi2
Gommaon Mode Fange Fulr +11.0 +1.0 +1i.0 Y
TRANSFER CHARACTERISTICS
. . +259¢ 100K 150K 80K 150K 20K 150K Vi
* Large Sighal Yoltage Gain (Notes 1, 4) Fail 0K 50K 70K Viv
*G Mode Rejection Rati
(lote gy e election Hati Full 80 100 1 100 4 100 dB
Uity Gain Bandwidth (Note 3} +250¢ 12 12 12 MHz
QUTPUT CHARACTERISTICS
Output Voltage Swing {Note 1) Full +10.0 | 12,0 0.0 | 21240 100 | 120 v
* Qutput Current {Note 4) +25°C +15 +22 £10 +18 110 +18 mA
Full Power Bandwidth {Note 4} Lriie 50 75 50 75 50 75 kHz
TRANSIENT RESPONSE
Rise Time {Notes 1,5, 6 & 8) +250¢ 30 1] 36 40 kil 60 ny
Dvershont [Notes 1, 5, 7 & 8} +2500 5 a0 25 20 25 20 %
* Slew Rate (Notes 1,4, 5 & B) +2500 4 + +4 +7 +4 +7 Vitis
Settling Time {Notes 1, 4,5 & 8) +250¢ 1.5 15 1.5 F7H
POWER SUPPLY CHARACTERISTICS
- Supply Current +2500 3.0 317 30 44 3.0 A0 mA
* Pawer Supply Rejection Ratic (No1e 39| Full 80 90 T4 90 T4 90 dB

TEST CONDITIONS

NOTES: 1. R, = 2K 7. Vg = F400my
2, VCM =450V 3. See Transieni response test circuits
3, Vp<2omy and wavafarrms page three,
4. Vo =Hov 9. Vvg=1o0Vie XY
5. Ct. = 100pF
[N VO =Iz200mv

*100% Testad For DASH 8
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PERFORMANCE CURVES

V+=15VDC, V- = 15VDC, TA = 25°C UNLESS OTHERWISE STATED.

15 [l

v . il L
EQUIVALENT INPLT NEISE V5., / v, T i
BANDWIDTH mbEe= e 4
o— —-- - / g . 1, eni ] # |
= / = N A 3
5 2o 37 Pl o i
z g . N s o
= = = W ] - 2
[ = = P -
g | [orsEl) ™ = = w2 |
5 z = £ i
5 Z 1 g, i ;
2 / =2 ~F '
=
oo A £, S ) '
4 1 / -
=T -1 ] +H +5 15 IS TUIRHE LKHe 1kHs 100kHL LAsHz 10MHz 10Hz  10AHz  WkHr  T0kHZ  1080kHZ  IWHZ  J0MHz  10OMHZ
TEMPER ATURE °C UPPER 308 FREQUENCY OPEN LODP FREQUENTY AND PHASE RES PONSE
|MPUT B445 CLRRFKT AND OFFS ET CURRENT LOWFLA 308 FREQUENCY - 0Kz
AS A FUNCTION OF TEMPERATURE BROADBAND MOISE EHARACTERISTICS
- —_
i T
v B IR " i |] ] v, - o+ lsy
o T T . M i |
Lo ful o - * M SUPBLY g '\3\ : ' Elgt; 1o s
e S sy = ¥ - 2
1] . o ’\ 3 [ I
P E N =
£ ™ s " PIC TN 5
S 80 B3 S kb I
£ AN o] W % L0007~ N SN
E N £ = W0
0 = m 4
Zow 27y U3 ﬁ
2 ANy z
=2 .
A = r s W
- 0
T " S I
o ) E— ] IR WMz JkMz  bkdz HOGAT iMHz | MMHZ
R T T T ST L ¥z [ty [ Takne L00MHz FREGUELCY He
q
TEMPERATURE “C FRLQUENCY He GPEN-LOOP FREGUENLY RESPONSE FOR VARIDUS YALUES OF
FHPUT IMPERANCE 5, TEMPERAFURE. MOHZ CUTPUT VOLFAGE SWING VS, TREGUENCY CAPACITORS FROM BANDWI DTH CONTROL PEN TO GROUNG
reona. £ <teenal LOMPRARST COMpOnents are nut ABGUaed
inr Stagahty, Bu Mav 8 Added 1o Fedece Bandwdth il Desicad.
H Enterngd Commgancalion o Wadd. Ald Connecl 100pF Capaciior
From Quipnr oo Graumg
El i | 10
-5 s e ksl Jgu ] |
- / 2 A SuPpLY
s i
g ——— 218¢ Suppy .
H ] I DT P s, B
; / E . I e T 5.9 (1172 Sup;y
U] = T 1=
2 z | | 45 SuPsry i
é / R e S
z
g
o E— E)
g [ 1 ki % 5 s % &5 B &5 16 1%
SUPPLY VOLTAGE - YOLTS TEMPER ATURE ¢
COMMON MODE YOLTAGE RANGE CPEN-LOOP YOLTAGE GAIN VS, FEMPERATURE
45 & FUNCTIEN OF SUPPLY wOITAGE
TRANSIENT SLEW RATE AND SLEW RATE AND SUGGESTED
RESPONSE SETTLING TIME TRANSIENT OFFSET
nv Y RESPONSE ZERO ADJUST
HbUT | et l 1 HOOK-UP
07y —1 -5 W s
_OveRsWoor _ _ aur
—_———— k - L
| ERROR BAND A L
: + IV FROM,
T FINAL VALUE
I awre | + -
—--ll b=—RISE fIME 1 awiaTh
q SETTLING TIME

NGIE: MEASLRED O BOTH POSITIVE
ANE HEGATIVE TRANS ITIONS,
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TYPICAL APPLICATIONS DEFINITIONS

PHOTO-CURRENT TO VOLTAGE CONVERTER INPUT OFFSET VOLTAGE — That voltage which

must be applied betweean the input terminals through
two equal resistances ta force the output woltage
10 Zera.

WPUT OFFSET CURARENT — The difference in
the currents into the two input terminals when the
output is at Zerg voltage.
INPUT BIAS CURBRENT - The average of the
currents flowing inte the input terminals when the
output is at zero voltage.

0 vy -Riprigl
™ Stpr"

=

PEATURES.
R R iyl S INPUT COMMON MODE VOLTAGE —~ The average
referred 1w ground of the” voltages at the two input
terminals,

COMMON MDDE RANGE — The range of voltages

SAMPLE — AND — HOLD

- Liny

T o which is exceeded at erther input terminal will cause
the amplifier to cease operating.

oG ’ COMMON MODE REJECTION RATIO — The ratio
Lo/r.';——--

of a specified range of input common mode voltage
to the peak-to-peak change in input offset voltage
MULTHLERER .

over this range.

l L— . OUTPUT VOILTAGE SWING — The peak symmet-

CIGIFAL CONTAGL J rical output voltage swing, referred to ground, that
orrraae B b can be obtained without clipping.

. INPUT RESISTANCE — The ratio of the change in
REFERENCE VOLTAGE AMPLIFIER input voltage to the change in input current.
QUTPUT RESISTANCE — The ratio of the change
n output voltage to the change in cutput current.

VOLTAGE GAIN — The ratio of the change in put-
put voltage to the change in input voltage produc-

p—O vo= 11+ §b vage ing it.
I-EOPF BANDWIDTH — The frequency at which the voltage

gain is 3dB below its low fraguency value.

fw UNITY GAIN BANDWIDTH — The frequency at
which the voltage gain of the armplifier js unity.
FEATURES

1. MIMItRAY BrA5 CURRENT i AFFERENCE CELL POWER SUPPLY REJECTION RATIO — The ratio
2. SWORT-CIACULT FROTECTION :
ot the change in input offset voltage to the change

VOLTAGE FOLLOWER in power supply voltage producing it.

v gy TRANSIENT RESPONSE — The closed logp step
function response of the amplifier under small signal
conditions.

PHASE MARGIN — {1800 — { ¢ 1 ~¢p2}) where ¢bq
is the phase shift at the frequency where the absolute
magnitude of gain is unity ¢ 2 is the phase shifrat s
frequency much lower than the open loop band-

wiclth,

1000 CAM (o989 SEW RATE = avy LIl a s .
Lo W2 W paigiowiivispivhey SLEW RATE (Rate Limiting) — The rate at which the

T2 q
Zourm B0 MAX FUTPUT SHING * £ 16V MIN. TO SN autpul will move hetween full scale stops, measured
in terms of valts per unit time, This limit to anoidesl
*A small load eapacitance is recommended in all applications whare step function response is due o the non-linear
practical to prevant possiblglhigh frsque_ncy oscillations resufting hehavior in an amplifier doe to its limited ability to
fmrfr.' _;Tter:fal wiring parasitics.  Capacitance up to 100pF has prodiuce  large, rapidd changes in gutput vollage
n & e i ; .
eglio) ect on the bandwidth er slew rate, {slewing) . . . restricting 1t 10 rates of change of
yollage lower than might be predicted by observing
the small signal frequency response.

SETTLING TIME - Time required for outpui
waveiorm 10 remain within 0.1% of final value.
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SEMICONDUCTOR

A DHYVIERON OF HARAIE CORPOALT KN

FEATURES

HA-2620/2622/2625

Very Wide Band, Uncompensated
Operational Amplifiers

DESCRIPTION

GAIN BANDWIDTH PRODUCT{Ay = 5)
RIGH INPUT IMPEDANCE

LOW INPUT BIAS CURRENT

LOW INPUT OFFSET CURRENT

LOW INPUT OFFSET YOLTAGE

HIGH GAIN

HIGH SLEW RATE

100MHz
500MS2
1A

A
0.5mv
150K V/vV
35V us

OUTPUT SHORT CIACUIT PROTECTION

APPLICATIONS

VIDEO AND R.F, AMPLIFIERS
PULSE AMPLIFIER

AUDID AMPLIFIERS AND FILTERS
HIGH-Q ACTIVE FILTERS
HIGH-SPEEDR COMPARATORS

LOW BISTORTION DSCILLATORS

HA-2620/2622/2625 are bipolar operational amplifiers that
feature very high input impedance {500M 2, HA-2620) coupled
with wideband AC performance, The high resistance of the
input stage is complemented by low offset voltage [0.5mV,
HA-2620) and low bias and offset current {1nA, HA-2620) to
facilitate accurate signal processing. Input affset can be reduced
further by means of an external nulling potentiometer. 100MHz
gain-bandwidth product {HA-2G20/2622/2625 are stable far
closed Inap gains greater than &) 35Y/ is stew rate and
150,000v/V open-loop gain enables HA-2620/2622/2625 to
perform high-gain amplification of very fast, wideband signals.
These dynamic characterisites, coupled with fast settling times,
make these amplifiers ideally suited to pulse amplification
designs as well as high frequiency {e.g. videa} applications. The
frequency response of the amplifier can be tailored to exact
design requirements by means of an #xternal bandwidth conirgl
capacitor,

In addition to its apptication in pulse and video amplifier de-
signs HA-2620/2622/2625 is particetarly svited to other high
perfarmance designs such as high-gain low distortion audia
amgplifiers, high-Q and wideband active filters and high-speed
camparators.

HA-2620 and HA-2622 are guaranteed over -550C to +1260C.
HA-2625 is specified from 0O0C to +¥50C. All devices are
available in TO-39 cans, and 14 lead D.1.P. packages,

PINQUT

SCHEMATIC

TOP VIEW
T0-95 BANDWIDTH CONTRAL

Case Connected 1o V- Yo

TOP VIEW
TO-t16 "

K 1 — —14

NC 27— —13

Packags Code 4L

EANOWIGTH
CONTROL

NC

OFFSEY HULL 3 —— |—-12 NC

INVEATING INPUT 4— 1
NON.INVERTHNG —]>“|
INPUT

Ve

W gUTPUY

V- b ——5 OFFSETNILL
HE 7o F— & NC

Case Connected 0 V-

Jowse e

4

gl e
sy
Hiz{ g
any




SPECIFICATIONS

ABSCOLUTE MAXIMUM RATINGS

Voltage Between V' and V— Terminals 45,0V

Differentia! Input Voltage 120V

Peak Output Current Full Short Circuit Protection
Internal Power Dissipation 300mW

Storage Temperature Range —650C € Ta < +150°C

ELECTRICAL CHARACTERISTICS
V= +15VDL, V-=~15VDC HA.2620 HA-2622 HA-2625
-56%C to +125%C —55°C o +1259C  0OC t0 +75%C
PARAMETER TEMPERATURE | MIN.| TYP. | MAX)MIN. [ TYP. [MAX]MIN. [TYP. [MAX.
INPUT CHARACTERIST!CS

* Dffset Voltage (Note 1}

+250¢ 0.5 8
Full 1

+269¢ 28
Full 60

+250¢ 25
Full 50

* Bias Current

* Qffset Current

Input Resistance +25%0

Common Mode Range Ful!

TRANSFER CHARALTERISTICS
* Large Signal Valtage Gain +250C
{Notes 2 & 3} Full

* Common Mode Rejection Aatio Full
{Note 4)

Gain Bandwidth Product

D
{Notes 2, 5, &6 +25°C

QUTPUT CHARACTERISTICS
Qutput Voliage Swing (Nate 2) Full

* Qutput Cursent (Nots 3} +250C

Full Powser Bandwidth

(Notes 2, 3& 7} +25%C

TRANSIENT RESPONSE
Rise Time (Notes 2, 5,7 & 8) +2500

* Slew Rote {Notes 2, 7, 8 & 10/ +250C

POWER SUPPLY
CHARACTERISTICS
* Supply Current +780C

* Power Supply Rejection Ratio Eull
{Note 9} Y

1. Offset may be externally adjusted to zero, . See transient response test circuits and waveforms page 3.
2, AL =2K§l, CL = 50pF . Ay = B0V I The HA-2B20 family is not stable at unity
1 Vg = 100V gain without external compensatian.)
4. Vep = 5.0V . Vgyp = +8.0V 16 +15.0V

5. Vg < 90mV . Vg = 5.0V

8. 40dB Gain

*100% Tostad For DASH 8
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TYPICAL PERFORMANCE CURVES

V+=15VDC, V- = 15VDC, TA = 25°C UNLESS OTHERWISE STATED,

M)

T T 120
EQUIVALERT INFUT NOTSE ¥,
BANDWIDTH

g

-~

iy

E

N\

2

CURRENT nh

=
PHASE AHGLE

N,

N

=3 L) 25 15] REETIRY (1. 1] T Tz IkH: 10wHz L0GHz LMaHx by 100Hz  dkHz  LOkHzr 100whr EMbF 20MHz  1DOIHE

o,
TEMPERATURE & UPPER 38 FREQUENCY DPEN LOGP FREGULNEY AND PHASE RES PONSE
IHPUT B1AS CURRENT AN OFESET CURRENT - LOAER 38 FREQUENCY - 10z

AS AFUNCTION OF TEMPERATURE BROADEAND MOISE CHARACTERISTICS

=

QOPEY LOOP WOILTAGE GAIYN OB

| ==

EQUIVALEMT INPUT NOISE ¥

10

10

S

30

OPEY LOOP VEHTAGE GAIM af

MEGOHRS

rill
IH;  IDOH:  IkHz  MikH:  HO0KHT  LMHZ MMM

FREGUENCY Hr
o0 LPEN-LDO2 SREQUENCY RESPONSE FOR VARG VALUES OF
E T T L] V[u.H, 100kH2 |MHZ MhiHz CAPACITORS FROM BANOWI DTH COMTROL PIN TO GROUND

a
TEMPERATURE ~C FREQUENCY K2 Note. Exienal Compenzaton i Arquined For
INPUT IMPEDANCE W5, TEMPERATURE, t0Hz DUTPUT VOLTAGE SWING YS. FREQUENLY Closad Loog Gan « 5 AT Enteriol Compen-
stian 15 Used, Alza Connect 100 0F Capacitar
From Ouiput 1o Ground.

>

PEAK WORTAGE SWING ¢ wOLTS

T

557 5o 0l

]
-

o —
m—
r—-—-—
L] ]

=]

COMMON MODE RANGE + ¥

wn

[ 15 R ST B 5 % W5 1S
SUPPLY VOLTAGE - VOETS TENMPERATYURE OF;

COMMON MODE VOLTAGE RANGE DPEN-LOOF YOLTAGE GAIH Y5 TEMPERATURE
AS A FUNCTIOHN OF SUPPLY VOLTACE

TRANSIENT RESPONSE SLEW RATE AND SUGGESTED OFFSET ZERQ

E ADIUST AND BANOWIDTH
SLEW RATE TAANSIENT RESPONSE CONTROL HODK-UP

——HI5E TIME

NOTE. MEASURLD (M BOTH FORITIVE
D WEGATIVE TRANHSTIGONS.
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TYPICAL APPLICATIONS DEFINITIONS

HIGH IMPEDANCE COMPARATOR
INPUT ODFFSET VOLTAGE-That voltage which
must be applied berween the inpur terminals
through wo equal resistances to force the output
voltage to zeérd.

INPUT OFFSET CURRENT—The difference «n the
gurrents into the fwo dnput terminals when the
output is 8t zero voltage.

b
g | INPUT BIAS CURRENT-The average of the cur-
rents flowing intg the input terminals when the

b GlpF - .
cutput is at zero voltage,
k. U1

L INPUT COMMON MODE VOLTAGE-The average
= reierred to ground of the voitages at the two input
terminals.

COMMON MODE RANGE-—The range of voltages
which is exceedad at enther input t@rminal vl
cause the amplifier 1o cease operating,

COMMON MODE REJECTION RATIO-The raric
FUNCTION GENERATOR of a specified range of input common mode voltage
1o the peak-to-peak change in input ofse1 voltage
quer this range.

OUTPUT VOLTAGE SWING—The peak syrmmetri-
cal cutput voltage swing, referred 1o ground, that
can be obtained without chpping.

INPUT RESISTANCE~—The ratio of the change in
input wottage to the change it inpul current,

DUTPUT RESISTANCE—-The ratio of the change
th Gutput voltage to the change in outpul cureent,

VOLTAGE GAIN=The ratio of the change in cut-
put voltage to the change in anput voiltage pro-

- o .
B1Ry, PRI L duging at.

DUTRUT
UNITY GAIN BANDWIDTH—The freguency at
which the valtage gain of the amphber is unity.

POWER SUPPLY REJECTION RATIO-The ratic
of the change in input offset voltage 1o the change
in power supply voltage producing it.

TAANSIENT RESPONSE—-The closed Inop step
tunction response of the amplifier under smali

VIDEQ AMPLIFIER signal conditions.

GAIN BANDWIDTH PRODUCT-The product of
1he gain and the bandwidth at & given gain,

SLEW RATE |Rate Limitingl—The rate at which
The output will move between full scale stops,
measured in terens of valts per unit time, This himit
o an ideal step function response is dye ta 1he
no-linear behavior in an amplifier due to its
hmited ability to produce large, rapid changes in
output veltage {slewing). restricting 1t to rates of
S vour change of_ vorltane |ower _than might be predicted

by ohserving the small signal frequency respanse,

- S0pF

= *& emall luad capacilance of al ltasi J0pF
Sirglhding $imy CaHECRANCAT 1 FREOMTH AR
1 prewens possinla hagh | requrney s illahgns

Bw = 1 Mar
ERIN - 1R




BT p HA-2630/2635

High Performance Current Booster

A DAY IBHIN DF HARRIS COAPDAATION

FEATURES DESCRIPTION

* JQUTPUT CURRENT *40dmA
SLEW RATE 500V/us

BANDWIDTH BMH: HA-26830 and HA-2635 are monolithic, unity voltage gain

current amplifiers delivering extremely high slew rate, wide
FULL FOWER BANDWIDTH BhHz bandwidth, and full power bandwidth even under heavy output
{NPUT RESISTANCE 2.0x 1065 loading corditivns. This dielectrically isolated current booster
OUTPUT RESISTANCE 201 alse 0ffsr§ high h}put impedance andl!aw 'uutptl!t resistance.
These devices are intended to ba used in serips with an opera-
POWER SUFPLY RANGE 5V ta 220V tiona! amplifier and inside the feedback loop whenever addi-

PACKAGE IS ELECTRICALLY ISOLATED tional output current is regquired. Dutput current levels are
programmahle by selecting two oprional external resistors.

APPLICATIONS These current amplifiers affer an exceptional 500V/ g s slew
rate and 8MHz bandwidth which allows them to be used with
many high performance op amps in precision data recording
and high speed coaxial cable driver designs. 2.0M ohm input
COAXIAL CABLE DRIVERS resistance and 2 ahm autput resistance coupled with 3400ma
output current make HA-2630 and HA-2639 ideal companents
AUDIO QUTPUT AMPLIFIERS in high fidality audia output ampifier designs.

SERVO MOTOR DRIVERS HA-2630 and HA-2835 are available in an electrically isolated
T0-8 type can for ease of mounting with or without 2 heat
POWER SUPPLIES (BIPOLAR) sink. HA-2630 is specified over the -55°C to +12595 range.
HA-Z635 is specified from 00C to +750C.

PRECISION DATA RECORDING

PINOUT SCHEMATIC

Package Code 2G

* Dptional Gurrent
Limiting Resistar

CAUTION: These devices are sansitive to electrostatic discharge. 2-47
Uisers should foliow LG Mandling Procedures spegified on pg. 1-4.



SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS
Voltage Between V+ and V- Terminals
input Voltage Range
Qutput Current (Note 2)

Enternal Power Oissipation {Note 6} Free Air:
In Heat Sink: W

40V Operating Temperature Range:

1V Supply ‘5520 g TA% +123“E {HA-2630)
+700mA %0 = Tpa % +75YC {HA-2635}
w Starage Temperature Range:

—650C < Tp < +150°C

ELECTRICAL CHARACTERISTICS

Viuppiy = £15 Valts A =50 Ohms R1{=Rz=00hms Unless otheewise specified.
HA-2630 HA-2635
-550C 10 +1259C 09C 1o +75%C
PARAMETER TEMP, MIN, TYP. MAX, MIN. TYP. MAX. | UNITS

INPUT CHARACTERISTICS

*Bias Current +250C 30 180 30 50 HA

Full 200 200 HA

Input Resistance +260¢ 2.0 2.0 me
input Capacitance +259C 5.0 5.0 pF
THANSFER CHARACTERISTICS
Voltage Gain (Note 1} Full BS 95 .85 A5 ViV

* Difset Voltage {VguT - VIN! +250C 0 +200 70 +200 my

Fall +300 1200 my

Bandwidth (-3dB) +25°¢0 8.0 8.0 WHz
QUTPUT CHARACTERISTICS

* Dutput Voltage Swing Full +10 +10 v

* Butput Current (Nots 1} Full +300 | +400 1300 | 400 mh
Output Resistance +250C 2.0 2.0 L9
Full Power Bandwidth {Note 1} +259¢ 8.0 8.0 MHz
TRANSIENT RESFONSE
Rise Time (Note 3} +250¢ 30 30 ns
Slew Rate [Note 4} +25°0¢ 200 a00 200 500 Vius
POWER SUPPLY GHARACTERISTICS

* Supply Current Full i5 20 15 23 mA
Supply Voltage Range Full h +20 15 +20 v
Power Supply Aejection Ratio {Note 5} Full 66 66 48

NOTEE: 1. Vg= +10V

5. AVguppry = 5V.

2. Heat slnk |s reguired for contlnuows short circuin 6. Without heat sink, derate by 14mwW/2C ambient
protection, regerdless of current limit getting. temperature above 100°C ambisnt, with heat

3. Vpg=04vp-p. sink, cterata by 67mW/%C case temparature above

4. Vo =10V p-p. 1159C casa.

*100% Tested Far DASH 8
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PERFORMANCE CURVES

Dwiel Smrg |+ Wk, o)

Neamalized Valwe Arlered 1 +7500 | Ry = 50001

Pavewr Ligpaon, {Waresd

¥+ = 15VDC, V- = 15YDC, Ty = 250¢ UNLESS OTHEAWISE STATED

GUTPUT SWING
(RLimT = or)

L

0 5 m
Supply Varame 13 Vohst

NORAMALIZED AC PARAMETERS vs,
TEMPERATURE [Ry =508

A /

I EERN

] SLEW RATE -4 BANCWLE TH

-5l -5 o 425 +50 ats I H1TE
Tamperayrr. 1761

OUTRUT CURRENT LIMITING ws.
LIMITING RESISTANCE

i
) + LIMET 1Ry}
] +
E 1 T
d
3
| -NLIMIT 4R gk
“'\ | f
" i
il
(] 10

Limiting Retistecs, 111

POWER DISSIPATION we. LIMITING RESISTANCE
WITH OUTPUT SHORTED TQ GROUND; ¥y = +10¥

Limiting Ristasce, | 01

Opun Loop Gain, 4dbl

OPEN LOOP FREQUENCY AND
PHASE RESPONSE 1A = 5051, £ =106l

.‘“hh [T
\ M
O ]
W F
\ =
9 u 1 2
\ <
ol b, H
19| -
N Y
-] :
318
100K T] . [
Frgency, e
NORAMALIZED AL PARAMETERS vs.
SUPPLY VDLTAGE IR = 505
H
iR
-3t AANDWIDTH

i

Mormulited Yalur Reluned to # 16 Valts

—
/S}Ew RATE

Supply ¥aliege. N#ig

QUTPUT CURRENT CHARACTERISTIC
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15} \-wl’-/ ! 7
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H
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TYPICAL APPLICATION

20db, 5MHz VIDEQ COAXIAL LINE DRIVER

HA-2530 HA-2630

EL D

IpF =

5052 COAX

_— NOTE: RY and RZ tead Yeaqgth should he minimal,

LINE DRIVER PULSE RESPONSE

L LRI

/

L RS REARF RERE LA

bt

++

-4
r
-5

Horizantal Scale = 200ns/ Div.
Upper Trace:  Input, 200mV/Div.
Lower Traca:  Cutput, 2V/Div.

SOME OTHER APPLICATIONS

® BIPOLAR POWER SUPPLY

® FUNCTION GENERATOR OUTPUT
® DEFLECTI(CN COLL ORIVE

@ AUDID QUTPUT AMPLIFIER
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HARRIS HA-2640/2645

AoIsONr e convonson High Voltage
Operational Amplifier

FEATURES DESCRIPTION

DUTPUT VOLTAGE SWING tasv HA-2640 and HA-2645 are monalithic operational ampfifiers
which are designed to deliver unprecedented dynamic specifica-
SUPPLY VOLTAGE 110V T0 40V tions for a high voltage internally compensated device, These
OFFSET CURRENT EnA dielectrically isolated devices offer wery low values for offset
voltage and offset current coupled with large output voitage
BANDWIDTH AMHz swing and cammon mode input voltage,

SLEW RATE AT For maximum reliability, these amplifiers offer unconditional
COMMON MODE INPUT YOLTAGE SWING 135V autput averload protection through current limiting and a chip
temperature sensing circuit.  This sensing device turns the
OUTPUT OVERLOAD PRGTECTIGN amplifier "off”, when the chip reaches a certain temperature
level.

APPLICATIONS These amplifers deliver £35Y comman mode input voltage
swing, £35Y puiput voltage swing, and up to 4GV supply range
far uge in such designs as regulators, pawer supplies, and ingdus-
trial cantrol systems. 4MHz gain bandwidth and 5W/u 5 slew
rate make these devices excellent companents for high perfor-
mance signal conditioning applications. Outstanding input and
output voltage swings coupled with 2 law SnA offset current
POWER SUPFLIES make these amplifiers excellent components for resolver excit-
ation designs.

INDUSTRIAL CONTROL SYSTEMS

HIGH YOLTAGE REGULATORS

: HA-2840 and HA-2645 are available in metal can (T0-99)
RESOLVER EXCITATION packages and can be used as high perfarmance pin-ta-pin
replacements for many general purpose gp amps. HA-2640 is
specified from -5592C ta +12500 and KA-2845 is specified over

SIGNAL CONDITIONING the 0O to +750 range,

Pineur SCHEMATIC

T0O-99 Package Code 24
Top View

[owe—_
SN g
S A

o i

OFFSET |

ADJUST é)v-
CAUTION: These devices are sensitive to elecirostatic discharge.
Users should follow IC Handling Procedures specified on pg. 1-4. 2-51




SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Vaoltage Between W+ and V- Yerminals 100V Operating Temperature Aange
Input Voltage Range +37V -650C < Ta < +1269C (HA-2840)
Cutput Current/Full Short Circuit Protection 000 < Tp <+75°C (HA-2645)
Internal Power Dissipation GEOmW* Storage Temperature Hange
-B5UC < Ta < +1600C
*Derate by 4 GmW/OC abave +25°C

ELECTRICAL CHARACTERISTICS
Vsupply = ¥40V,  R) = 3K, Unless Otherwise Specified.

HA-2640 HA-2645
550C 1o +125°C 09C to +75°C

FABAMETER MIN, | TYP. MAX, | TYP. | MAX.
INPUT CHARACTERISTICS

* 0 #fset Voltage

2 4 [
[ 7

Offset Voltage Average Orift

* Bias Current

* Offset Current

Input Resistance
Camman Mode Range

TRANSFER CHARALTERISTICS
* Large Signal Voltage Gain {Note 8]

* Comman Mode Rejectian Ratio {Note 1)
Unity Gain Bandwidth (Note 2}

QUTPUT CHARALCTERISTICS
* Qutput Voltage Swing

* Qutput Current {Note 9)
Dutput Resistance
Full Power Bandwidth {Nota 3}

TRANSIENT RESPONSE (Note 7
Hige Time (Notes 4, 6)

Overshoot (Notes 4, B)
Slew Rate {Note 6}

POWER SUPPLY CHABALTERISTICS
* Supply Current

Supply Vo!tage Range

* Power Supply Rejection Hatio (Note 5)

*100% Tested For DASHEB

NOTES: 1. Vppy = 30V 3. ¥ = +3BV 5. Mg+ +10V 1o 140V 8. Avg =
2. W =00my 4. Vp = £200mv B Ay =1 2. A_=1k
7. € =500F
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PERFORMANCE CURVES

V+ = V- =40VDC, Tp = +25°C UNLESS OTHERWISE STATED

INFUT BIAS AND OFFSET CURRENT {NPUT NDISE CHARALTERISYICS
vs TEMPERATURE m: — M
b . \
f P\ VOLTAGE .
ok E . _— Vmse E
= N S N 2
ERUIANSANE 2 \ E
2 -
Mamas BUAS CURRENT S0 £
G N - B A :
GFFSET CURRENT ] B CURRENT b
3 NO{SE s
b | l i =
-5l ) ] wn 4D 9% 410 2% i:'- \ =
Temperature, °C k
. — w1
m [Li]e] 1.9 HE 1M
Frequency Hz
o NORMAVLIZEDG AC PARAMETERS OPEN LOOP FAEQUENCY AND
2, vs TEMPERATURE PHASE RESPONSE
I »
:é [X].N -‘h\\
3 @& e
5 = \
& 12
> \ ;E o \&_ PHASE [ o o
E 1 gpSLEW AT M % ;}* \ i E’a
= .| = » . \\ I N
z muwlmm < \ é‘
s ° | g ~ \
E Y 5 [ T 40 L YT -E : i_ “\‘\mm
= a
Temperature, 20 2 P
aw
o 3 3 i WK W oW

Frequency Hz

OPEN LOOF FREQUENCY RESPONSE FOR VARIOUS
VALUES OF CAPACITORS FROM BANDW!DTH
CONTAGLPIN TO GROUNG

MORMALIZED AC PARAMETERS
vs SUPPLY YOLTAGE AT +25°C

= 2 =
=
+
o 120
hati N1
=
E 2
k-2
= SLEW RATE < L
[=5 __é [
ar ! o
=3 gL
2 uannmy o
= ..L./ / 3
=
| [
R / a
K] / s
£
= 8 i —_
2z 5 2l ) L]
upply V
Supply Voltage, Voits 0 1w " 3 00K [C] oM

Frequency Hz

NOTE: Externsl Compensation Compoanents are nat Aegquired for
Stabitity. But May be Added to Feduce Bandwidth if Dasided.
<, * 100pF is Alsp Required for Stability Only if External
Compensation Cepacltor is Used.
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PERFORMANCE CURVES (continued)

QUTPUT VOLTAGE SWING

QUTPUT CURRENT CHARACTERISTIC
vs FREQUENCY AT +26°C

M 4

T T I
—— ALY, = yaty
[ ¥supeLy = 6V -“X 5 SU";'L: . :35:’" _'f ‘} \ |
—— .} H
— voypepy - 120V ., 2 I| w10 f o oagatipf |0
= S— - NN 3, ! 0 I
H Vg UpRLY * 10V _‘\\\ ?.; i e VsapeLy Tealv .I‘I ."l l
Cg Y Pty = ] Vi T el n “| ! \‘
5 S :
- ol
E AN = L e L /
ol e \\ E‘ T 0 I fua
3 N = | amfc apen | senr
n|' \\ o _._,_‘_t . } i S .1n_,_4___,_4_. PR WIS S
‘? o b \“‘ | | R sy v
3 3 - s
JU S aseg /-zsﬂc ozt j
e — - {
! AV Vgopyy T MY L
" L —1 + -“;I" o p —e—ahe \._,-._..J

L3 K 1% 1

Frequency, Hz Output Load Current, mA

SWITCHING WAVEFORM AND TEST CIRCUIT

VOLTAGE FOLLOWER SLEW RATE AND TRANSIENT
PULSE RESPONSE RESPOMSE TEST CIRCUIT
IN
ouT
5K

Rp = 5K, C = 50pF
Vertical = 10V/Div. Ty =+25°C
Horizantal = 515/ 0, Vg = HA0V
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B AR HA-2650/2655

cmmon ot e comonarn Dual High Performance
Operational Amplifier

FEATURES DESCRIPTION

HA-2850/2655 contains two internally compensated opera-
* SLEW RATE BV /us tional amplifiers offering high slew rate and high frequancy

BANDWIDTH EMHz performance combined with exceptional DC characteristics.
BV/t sec slew rate and BMHz bandwidth make these amplifiers
BIAS CURRENT JonA suitable for processing fast, wideband signals extending into the
AV. DFFSET VOLTAGE DRIFT 8uv/oc videa frequency spectrum. Signal processing accuracy is en-
hanced by front-end perfermance that includes 1.5mY offset
POWER CONSUMPTION TomW voltage, B V/OC offset voltage drift and low offset and bias
SUPPLY VOLTAGE RANGE fay TO H20V current (1nA and 35nA respectively). Offset voltage can be
trimmed to zero on the devices offered in deal-in-line packages,
Signal conditioning is further enhanced by S00ME2 input imp-
edance.

APPLICATIONS

Anpplications for HA-2650/2655 include video circuit designs
such as high impedance bufters, iniegrators, tone generators
and filters, These amplifiers are also idsal components for
« VIDEO AMPLIFIERS active filtering of audio and voice signals.

HA-2660/2656 are offered in 14 min D.1.P. and metal TO-99
packages and are also available in dice form. HA-2650 is spec-
ified from -559C 1o +1250C. HA-Z65% operates from OC
to +7590.

HIGH IMPEDANCE, WIDEBAND BUFFERS
INTEGRATQRS
AUDIO AMPLIFIERS

ACTIVE FILTERS

PINOUT SCHEMATIC

TOP VIEW
T0-99 Pachaga Code 24

-— ok KEMOAR

NOTE: Case Lonneched 1o -
TOP VIEW

P
we 11— s " ackage Code 4L

ouT 2 - —13 N
K 11 007

OFFSET {

A —

s—|

e 11
}OFFSET
]

—*

b

HMOTE" @odinm of packam & canmcied Y -
CAUTION: These devices are sensitive to electrostatic discharge. 9_E5
Users should faltow )G Handling Procedures spacified an pg. 1-4.



SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Tp, = +259C Unless Otherwise Stated

Voltage Between ¥+ and V- Terminals
Differential Input Voltage

Input Voltage {Nate 1)

Qutput Shart Gireuit Duratian

40.0v
30.0v
He.0v
Indefinite

Power Dissipation (Note 2}

300 mw
300 mW

T0-99
TO-116

Operating Temperature Range:
HA-2650
HA-265%

Storage Temperature Range

-B60C <Tp < +1250¢
000 < Tp < +75°C
-B50C <Tp < +1509C

2-56

ELECTRICAL CHARACTERISTICS

V=15V V-=-15V

PARAMETER

HA-2650

-55°C to +125°C

HA-265%
09C 10 +75°C

MIN.

TYP.

MAX.

MIN.

TYP. | MAX.

INPUT CHARACTERISTICS
* Bffset Voltage

Av. Dffset Voitege Orift

*Bias Current

* Ofset Currant

Camman Mode Range
Diiferential Input Resistance
Camman Mode laput Resistance

Input Capacitance

1.5

TRANSFER CHARACTERISTICS
* Large Signal Voltage Gain (Note 3ah)

*Comman Mode Rejectian Ratio (Kote 4)

QUTPUT CHABACTERISTICS
*Qutput Voltage Swing {Note 3c}

Fuli Power Bandwidth (Note 5}
Output Current (Note Ja)
Output Resistance

TRANSIENT RESPONSE iNote B)
Rise Time (Nate 7)

Quershoot {Nots 7)

Slew Rate

POWER SUPPLY CHARACTERISTICS

*Supply Current

* Power Supply Reiection Ratio {Nate 8)

NOTES: 1. For supply voltages less then 115V,

80
a0

25
100

- Vo™ 15.0v

74
4

the absolute maximum input veltage
is equal 1o the supply voltage.

2. Derats at 4.7mW/OC at ambient tem-
peratures above +110°C.,

3. fal v =210V {b) R =2K
e} Ry = 10K

*100% Tested For DASH 8

. Ay =1,Ry = 2K,V = 20Vpp

. See transient response/siew rate circuit.
. Wip = 200mV

. Av=I50v



PERFORMANCE CURVES

V+ = +15V, V- = =18V, Tp = +259C Unless Otherwise Stated.
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PERFORMANCE CHARACTERISTICS

TRANSIENT RESPONSE/SLEW RATE CIRCUIT SLEWING WAVEFORM

Yin

—tm
-

Mote: Numbers in parentheses refer to the second half of VERTICAL 5V/DIV. HORIZONTAL tus/DIV.
TG-116 package,

TYPICAL APPLICATIONS

LOW COST HIGH FREQUENCY GENERATOR
Ry

AN \/\/
vy

Ry, AMPLITUDE ADJUST
-l I Hl
t=2R,C (—-*)
33l

{Eolpp = ZVZ(:%)

ABSOLUTE-VALUE CIRCUIT
R

AAA

—0 Eo = 1Eil
A A

HIGH IMPEDANCE

HIGH GAIN 8W = 100KHz
HIGH FREQUENCY INVEATING AMP Ay = 100
Zip=2x10%0

'l
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HARRIS

SEMICONDUCTOR

& DUHEIDN OF HARFAS COAPOMATHIN

FEATURES

HA-2700/2704/2705

Low Power, High Performance
Operational Amplifiers

DESCRIPTION

LOW POWER DISSIPATION 224mW AT H15.0v

HIGH SLEW RATE
HIGH OPEN LOOP GAIN

LOW INPUT RIAS CURRENT
LOW DFFSET VOLTAGE
HIGH CM,y

WIDE POWER SUPPLY RANGE

20V us

3R0K(RY = 2K}
BnA

0.5mY¥

10648

15,5V TO 220.0v

APPLICATIONS

HIGH GAIN AMPL{FIER
INSTRUMENTATION AMPLIFIERS
ACTIVE FILTERS

TELEMETRY SYSTEMS
BATTERY-PCWERED EQUIPMENT

HA-2700/2704/2705 are internally campensated operations
amplifiers which employ dielectric isolation to achieve excellent
0OC and dynamic performance with very fow guiescent power
consumption.

DC performance of the ampiifier input is characterized by high
CMRR {106dB), low offset voltape {0.5mV, HA-2700 and
HA-2304; 1mV, HA-2708! along with fow bias and offset
current {5.0nA and 2.5nA respectively). These input specifi-
cations, in canjunction with offset nuli capability and open-
loop gain of 360,000V/V, enable HA-2700/2704/2705 to
provide aceurate, high-gain signal amplification.  Gain band-
width TMHz and slew rate of 20V/g s allow for processing of
fast, wideband signals. Input and output signal amplitudes of
at lsast £11 volts can be accomodated while providing output
drive capability of 10mA. For maximum reliability, the autput
is protected in the event of shart circuits to ground.

These amplifiers operate from a wide range of supplies {£5.5V to
+20V) with a maximum guiescent supply drain of oaly 150uA.
HA-2700/2704/2705 are, therefore, ideally suited to low-power
instrumentation and filtering applications that reguire fast,
accurate response over a wide range of signal frequency.

These amplifers are available in three performance grades:
HA-2700 is rated for operation from -550C to +1250C; HA-
2704 is specified aver -290C vo +859C; HA-2705 is specitied
from 09C o +759°C. All three deviees are available in TO-99
cans or 14 lead D_1P. patkages.

PINOUT

SCHEMATIC

T0-99 NFESET RO,

T0-116

HE |

Package Code 2A

Packaga Coda 44

" ML

LTSI VR p—

LERT

GUARD 3 o)

— T«

1 OFFSLT apy

"nov

+ meuT
BUARD & ]

W ouThut
LIk

W Pt

# NG

TOR VIEW
Caseg Connected to W~

CAUTION: These devices ara sensitive to electrostatic discharge,
Users shauld Fallow IC Handling Procedures specified an pg. 1-4,
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Valtage Between V* and V= Terminals
Differential input Voltage
Internal Power Dissipation (Note 7}

“4.0v
+18.0v
300mW

Storage Temperature —B50C < Ta <+150°C

ELECTRICAL CHARACTERISTICS

V= +15.0 V.0.C. V==-150V.D.C.

HA-270M]
~550¢ 1o +125%C

MIN. |[TYP.|MAX,

HA-2704
-25%¢ to +85°C

MIN, | TYP.

HA-2706
00C to +75%¢

MAIMIN. [ TYP,

PARAMETER
INPUT CHARACTERISTICS

* Offser Voltage {Note 1) 0513 03 g‘g 10

* Bias Current 5.0 5.0 5.0

* Offset Current 2.5 25 25

Common Made Range

TRANSFER CHARACTERISTICS
* Large Signal Voltage Gain
{Motes 2 & 3)

* Cammon Maode Rejection Ratio
{Notwe 4)

Gain Bandwidih Product {Nate 2)

QUTPUT CHARALTERISTICS
Output Voltage Swing (Note 2}

Queput Guerent (Nota 3)

TRANSIENT RESPONSE
CHARALTERISTICS
* Slew Rate (Notes 2 & 6}

POWER SUPPLY

CHARACTERISTICS
* Supply Current

* Power Supply Rejection Ratio

{Note 5) Ful 86

100 86 | 100 80 |00 dB

HOTES: 1. Can be adjusted to Zero with 1 megohin pot betwean Pins { and 8 with the tap to Pin 7.
2. R =2K, C =10Q0pF
3. Vo=110.0v
4, Vom = 5.0V
E. Vg = +10.0V ta +2°V

&6 Ay=58

7. Darate by B.S mW/OC abova 105°C,

* $00% Tested For DASH &
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TYPICAL PERFORMANCE CURVES

INPUT BIAS CURRENT AND OFFSET CURRENTY
OFFSET VOLTAGE AS A FUNCTION OF TEMPERATURE AS A FUNCTION OF TEMPERATURE

IS5 EURRENT

|
GFFSET CUARENT

VOLYAGE tmyt

CURRENT ik}

-1% L FL Y s i) » s
TEMFERATURE 1°CH TEWPERATLRE 19C)

BlAS CUARENT AS A FUNCTION OF BIAS CURREMT AS A FUNCTION OF DIFFERENTIAL
COMMON MODE VOLTAGE INPUT VOLTAGE

Vg = IS g T E150Y
T + 7508 Ta v eSO

L

Bra% [URRENT (Al
BIAS CURRENT 1281

-5 L] L3 5 w %
LOMMON MIDE VOLTAGE |v] DIFFERENTLAL WNPUT VOLTAGE IW)

POWESR SUPPLY CURREKT AS A FUNCTION OF POWER SUPPLY CURRENT A5 A FUNCTION
DIFFERENTIAL INPUT VOLTAGE OF TEMPERATURE

vg= b v |
Ta =+ 2800

POWER SUFPLY CURRENT 4 Al
POWER SUMPLY CURRENE | Ad

0 ) 50
DIEFERENTIAL INPYT VOLTAGE fmW) TEMPERATURE P01

VOLTAGE GAIN AS A FUNCTION OF TEMPERATURE

NOTE:  Cpen loop Icomparator} applications are
not recammended, because of the abova
characteristic,

GAIN (dEY

50
TEMPERATURE 170]
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TYPICAL PERFOGRMANCE CURVES (continued}

PHASE-FREQUENCY RESPONSE FOR THE HA-2700

L it
1N

=

GAFN — d8

10aHz IkH:
FREQGUENLY - Hz

TYPICAL APPLICATIONS

HIGH GAIN AMPLIFIER {100 W/V) DIFFERENTIAL INPUT INSTRUMENTATION AMPLIFIER

OFFSET
ADILETMENT

GIFFERENTIAL
WPUT

00—

IR+ R+ Rgb

THE GAIN 15 GIVER BY.
#2

SCALE
Honzomal - Z0ursichesion
Werheal = S0V v

Non-irverting unity gain with a 2K5and 100pF load
TOP: ¥y = 10.0V Peak to Peak
BOTTOM:VOUT

SCALE: Horizontal -1 psidivision

Vertical -5.0V /division

NOTE: Faster increase rise and fall time and increase
distortion an cutput wave form
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HA-2720/25

Wide Range Programmable
Operational Amplifier

SEMICONDUCTOR

& DIVAS N OF HARRIS CORP DR AT KON

FEATURES DESCRIPTION

* WIDE PROGRAMMING RANGE HA-Z?‘ZD/Z?’_ZE‘ pmgr_ammahle _amplifi?.rs are internally compen-
SLEW RATE 0.06 T0 6¥/u sated monglithic devices offering 2 wide range of performance,
that can be contralled by adjusting the circuits
BANDWIDTH SkHz TO 10MHz 5 Tan v tonndtler Ty aryistng e B

set” current

{ISET). By means of adjusting an external resistor or current
BIAS CURRENT 0.4 TO B0nA
SUPPLY CURRENT 1A T 1.5mA

source, power dissipation, slew rate, bandwidth, ocutput currant
and input noise can be programmed to desired fevels. This
versatile adjustment capability enables HA-2720/2725 to pro-
vide optimum design solutians by delivering the reguired level

of perfarmance with minimum possible power dissipation.
* CONSTANT AC PERFORMANRCE OVER SUPPLY HA-2720 and HA-2725 can, therefare, be utilized as the stand-

RANGE

* WIDE POWER SUPPLY RANGE 31270 Y18v

ard amplifier for a variety of dasigns simply by adjusting their
programming gurrent,

APPLICATIONS

A major advantage of HA-2720/2725 is that operating charac-
teristics remain virtually constant over a wide supply range
e ACTIVE FILTERS {£1.2V to iTIS\H, allowing the amplifiers to affer maximum
performance in almost any system including battery-operated
* CURRENT CONTROLLED OSCILLATORS squipment. A primary applicatian for HA-2720/2725 is in

VARIABLE ACTIVE EILTERS active filters for a wide variety of signals that differ in frequency
and amplitude. Also, by modulating the “set” current, HA-
MODULATORS 272042725 can be vused for designs such as current controlled
BATTERY-POWERED EQUIPMENT oscillators modulators, sample and hold circuits and variable
active filters.

HA- 2720 is guaranteed over -550C to +1250C. HA-2725 is
specified from (OC ta +750C, Both parts are available in TG -39
cans or dice farm.

PiNOUT SCHEMATIC

TO-49 Package Code 2A

Top View

NOTE: Case tied 10 V™

CAUTION: These devices are sensitive to electrostatic discharge.

Users should foftaw IC Handling Procedures specified on po. 1-4. 2-63



SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Voltage Between Y+ and V- Terminals 45.0¢ Power Dissipation {Nate 2) 300mW

Differential |nput Volitage +30.0V Operating Temperature Ranga:
Input Voltage {Note 1} +15.0¥ HA-2720  -557C £ Tp < +125°C

- op < < 1]
ISET (Current at ISET) 500LEA HA-2125 PC=Tax ”g E{ < o
VgET (Voltage to Gnd. at ISgT} Vi - 20V < VSET < V+ Starage Temperature Range -659C < Ta = +150°C

ELECTRICAL CHARACTERISTICS
Vi = L0V, V-=-3.0V

HA-2720 HA-2725
-659C to +1259¢€ 0°C o +750C
ISET = 1.54A ISET = 150A ISET = L3HA ISET = 154A
PARAMETER i | TYe Max ] sin Frye [Max f min | Tye [Max Jsin [Ty [max,

INPUT CHARACTERISTICS

*Otfset Voltage 2.0 30 20] 3.0 201 50 20 50
5.0 8.0 7.0 7.0

Offset Current 0.5] 3.0 1.0] 10 05| 50 ta| 10
15 20 15 20

Bias Current 20] 59 . 20 20 10 80| 30
10 40 10 40

taput Resistance a0 50

Enput Capacitance 30 . 30

TRANSFEA CHARACTERISTICS
*Large Signal Voltage Gain (Note 9

*Common Mode Rejection Ratio {Note 4)

OUTPUT CHARACTERISTICS
*0utput Voltage Swing (Note 3)

Output Current {Note 5}

DOutput Resistance

Output Shon-Circuit Current

TRANSIENT RESPONSE
Rise Time (Nate B)

Quershaot (Note 6)

Slew Rate {Note 7)

POWER SUPPLY CHARACTERISTICS
Supply Current

*Power Supply Rejection Ratio(Note 8}

*100% Testet For DASH 8
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SPECIFICATIONS

ELECTRICAL CHARACTERISTICS
V+=4150V, V-=-150V

HA-2720
-599C to +125%C

HA-2725

0°C 10 +75°C

1SET = 1.5uA ISET = 150LA ISET = LBUA

ISET = 154A

PARAMETER L] MINTYPIMAX. § MINTYP. [MAX ] MIK |TYP,

MAX. | MIN.

TYP.

MAX.

INPUY CHARACTERISTICS

*Dffset Voitage 20| 3 20| 20
) 50

*Otfset Current 051 3 1.0 10
i 20

*Bias Current 20§ 4 . 20
)

Input Resistance 50

Input Capacitance 30

2.0

0.5

2.0

50
3.0

5.0
7.0

5.0
75

10
10

29

3.0

5.0
7.0

10
20

30
40

TRANSFER CHARACTERISTICS
* Large Signal Voltage Gain (Notes 3 & 8)

*Common Mode Rejection Ratio {Note 4)

QUTPUT CHARACTERISTICS

* Dutput Voltage Swing {Note 3}
Qutput Current (Note 5}
Quiput Aesistance

Qutput Short-Circuit Current

TYRANSIENT RESPONSE
Rise Time (Note 6)

Overshaot {Note 6)

Slew Rate (Nate 7)

POWER SUPPLY CHARACTERISTICS
*Supply Current

* Pawer Supply Rejection Ratio{Note 8}

NOTES: 1. For supply voltages less than 15,0, the atsolute maximum input voltage is equal 1o supply voliage.

2. Derate at 6.8mW/°C for operation ambiant temparaturss abova 75°C,

VuppLy = 3.0V VeuepLy = F15.0V IgpT = LEUA

T =a359C and F e onbe _
3. T=+25%C and Full T » +25%C Ry = 75K1}
— T = Full A= 75xk02
L Ny =215V Vieym = $5.0v
. Vg =20V Vg = 1100V

lsET " 1544

Ry~

sk}

A - 75Kk51

L e Ay =+, W = AD0MY, A, = 5K, C = 1000F
. Vg =120V Vg = H0.0v RRA » 20K
LAV = f1sv AV = 15,0V

. Vg =ty Vg = Hoov

*100% Tasted For DASH 8
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PERFORMANCE CURVES

UNLESS QTHERWISE NOTED: Ty = +259C, Vg = #15VDC

INFUT BIAS CURRENT INPUT BIAS CURRENT INFUT OFFSET CURRENT
vs. SET CURRENT vs, TEMPERATLURE vi. TEMPERATURE
b $IVE ey VS ® \\ ,;v:lc\.-sg-:llav
[ [
\ S TN
[k .\'-\ 7 *
i, | o - \ IggT = 15t ':
Z H
4 r 3 X \\
B, é ! R B \'- mppe IS
1
. i e S
- b [—
I e ' Igg 715 Lk
1 e
o 1 [} L] O UIIT TR0 T RUL e3ON +TSOL S1000L +150C -.raol: S0PC A0 OOT 0N eRI0  e7ROC  o1GOPL +AFSOT
Ew Lurw |usk Taromipiyin Tamptiauie
CHANGE 1N OFFSET VOLTAGE INPUT NOISE CURRENT INPUT NQISE YOLTAGE
v IgeT IVKNULLED) vs. IggT v IgET
= "
=H] B
Iall 1= 1kH:z
ar W€ vy € ey
% N -2 ER s "
"u .; :;
] 1 ¥
% ' 2 wm ! Tt
! ; T i
5 g i 4
fun i
=z =3
| 1 Il ||
w ” m-"l
- r kL ] - n 10 > L
For Curipmn ek Sl Cumar QAL
INPUT HNOISE VOLTAGE AND CURRENT QPTHAUM SET CURRENT FOR MiNImUM
vs, FREQUENCY NOISE vs. SOURCE RESISTOR
" +IVE Vg s WY
£ o0
% s 3
£ -
] E F
F i K
§ : Eln =
} 2 =s i
i }% :
T
ﬂ.l::-
L3 ™ ™ .
Source Nmistor
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PERFORMANCE CURVES

UNLESS OTHERWISE NOTED: Tp =+25°C, Vg =+15VDC

MAXIMUM QUTPUT YOLTAGE SWING GAIN BANDMWIOTH PROOUCT OPEN LOOP YOLTAGE GAIN
vs. LUAD RESISTANCE wsdggT vs. TEMPERATURE
Lt =4 - -
ae=at] =& = l
H‘ TsEre 15 UA i ] S TISY
P : et Iggr ¢ 1508
AT R HT72 i1 - e R P
" Vet 158 3 = - 1 // |r-:‘:n
g 5 il i ] ser
¥ H ki *
5 £ 3
2 H 3
H i —h g
& i + B T ¥
z HIlNb Z ik
H 3 e — — lger * 150k
N 1 1
! i l =. ; 1
i . 1® [ i 1
;mcl 1213 ] ol 1 . ] R 00 S -250E (\‘I:T | s0PL 490 00CE 1%9C
Losd Aenzlinge # Cusiem - g EMpEIAILTE
OPEN LOOP VOLTAGE GAIN POWER SUPPLY REJECTION STANDRY SUPPLY CURRENT
v fgET eIy ve IseT
= Siin=— mil
IniN
oy —1 1
i i HH T i
I | F=t-T1 FIVENGE L IRV
g e IS P _-au'svssew—v! o0
3 iy3 i LR iR & « T TFl
] T o £ || :
: [ il i 4 il g =t
¢ Sl T < 3= t
== = i, il H A : i
e Hi " '[
T 1 j_ _.ﬁiﬂ il :'||| = HH 3
i ! H 3
T L1 H I
i
o ] thlLl LI I L . 1|11 I

0 [ ol 1

]
Sl Curenn |2rhk tar turrin uk

561 Cutiend - L&

SUPPLY CURAENT vs. NORMALIZED BANDWIDTH
TEMRERATURE vs. TEMPERATURE

T
[
m - 1
] g1 Y o lggr- 15U
) I
s PN
E H
p 7] S g T et T
< . 5 T lgpr s 15n
T C— HE ;
A H ¥
i i b
| i ~
Iggr s 3ka4 PRy =
w s it I 11 — -
P [
ol
T T LA T N TWOSE 25T OO0 W SOOT +i5OL eNINOL 128

Temprraar Timaarae
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PERFORMANCE CURVES

SLEW RATE vs. Igg T

" ey gy

PHASE MARGIN v« SET CURRENT

.—-—|—- =
—H s
i 1t
- -
F iy NN+
=
w H
é‘ g
e
" = | 1
| 1 N
o ] [} 3 B

Sel Curman | Al

SET CURRENT VS. SET RESISTOR

SUGGESTED
OFFSET NULL

¥- OR V-
GND

TRANSIENT RESPONSE/SLEW RATE CIRCUIT

SLEWING WAVEFORM

T
LNFYT

OUTHIT
N
MERTICAL: BYITHY
HORITONTAL 1 iy
IET - 1Mk
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HA-2730/35

SEMICONDUCTOR |
oo o A comronsTEN Wide Range Dual Programmable !

Operational Amplifier

FEATURES DESCRIPTION

HA-2730/2735 Dual Programmable Ampfifiers are internally

« WIDE PROGRAMMING RANGE
SET CURRENT 0.1 70 1004 compensated monolithic devices offering a wide range of perfor-
) mance, that can be contralled by adjusting the circuits’ “set™

SLEW BATE 0.06 TO 6V/us
BANDWIDTH EkHz TO 10MHz current {(ISET). 8y means of adjusting an external resistor or
BIAS CURRENT 2.4 TO 5OnA current source, power dissipation, slew rate, bandwidth, autp:]t
current and input noise can be programmed to desired levels,
SUPPLY CURRERT 1A TO 1.5mA Each amplifier on the chip can be adjusted independently. This
+ WIDE POWER SUPPLY RANGE +1.2 T0 *igv versatile adjustment capability enables HA-2730/2735 to pro-
vide optimum design salutions by delivering the required level

of performance with minimum passible power dissipation.
HA-2730/2735 can, therefare, be utilized as the standard
amplifier for a variety of designs simply by adjusting theic
programming current.

» CONSTANT AC PERFORMANCE OVER SUPPLY
RANGE

APPLICATIONS

A major advantage of HA-2730/2735 is that opersting charac-
teristics remain virtually constant over a wide supply range
{£1.2V tn 15V}, allgwing the amplifiers to offer maximum
perfarmance in almaost any system including battery-operated
¢ ACTIVE FILTERS equipement, A ptimary application for HA-2730/2735 is in

s CURRENT CONTROLLED OSCILLATORS active ﬁltgrs for a wide variety of siglnals that"diff?r in fraquency
and amplitude. Alse, by modulating the “set” current, HA-
* VARIABLE ACTIVE FILTERS 27302735 can be used for designs such as current controlled
oseillators, modulators, sample and hold circuits and variable
MODULATORS active filters.
HA-2730 is guarantsed over -550C to +1269C. HA-2735 is
* BATTERY-POWERED EQUIPMENT specified from 00C 1o +750C. Both parts ere available in 14
lead D.1.9. package or dice form,

PINQUT SCHEMATIC

Package Cade 4U
Top View i

L
Iset [1] 14] v+
out [2] 13 17

OFFSET {E 2] our
(ADJUST) AN D}
OFFSET

m{ 5 AR {ADJUST}
E N
0 El

NOTE: Bottom of package 1 connecied ta V=

ONE HALF)
ONLY

. " L HA-2730/35

CAUTION: These devices are sensitive to electrostatic discharge,

Users should follaw IC Handling Procedures specified on pg. 1-4. 2-68




SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Voltage Between ¥+ and V- Terminals 450V Power Dissipation (Note 2) S00mwW

Differential Input Voltage +30.0v Ogperating Temperature Range:

Input Voltage (Note 1} 150V HA-2730  -BS°C < Ta < +1250C
IgET (Current at IgET) 500LA HA-2735  0°C S7p S+75°C

VgET {Voltage to Bad. at IgET) Vi - 20V < VgET < Vb Storage Temperature Range -BBOC < Ta < +150°C

ELECTRICAL CHARACTERISTICS  (Each Side}
Ve =+3.0¥, V-=-3.0V

HA-2730 HA-2735
-550C 1o +1259¢C 009G to +75°C
IgET = 1.54A ISET = 154A {SET = 1.54A ISET = 154A
PARAMETER TEMP. § MINJTYPsRA | MIKN | TYP PMAX | MUK TYP IMAX I MIKN.|TYP |MAX | UKITS
INPUT CHARACTERISTICS
* Dffset Voltage 259¢ 20| 390 207 30 20) 5D 20 501 mV¢
Full 9.0 50 1.0 10 my
Dffset Current 250¢ 05| 30 1.0] 10 05 50 1.0 10 nA
Fult 1.5 20 15 20 nA
Bias Current 2500 204 50 80| 20 209 1w 80} 30| nA
Fult 10 an 10 a0 nA,
Input Resistance 25°¢C 50 5 50 5 M2
Input Capacitance 2500 3.0 k¥1} 3 3.0 of
TRANSFER CHARACTERISTICS
*Large Signat Voltage Gain (Nores 38 9} | 259C | 20K| 40K 20K | 40K 15K | 40K 15K [ 40K ViV
Full 19K 15K 10K 10K ViV
*Commen Mode Rejection Ratic (Note 4} Full 80 80 " i1 bl
DUTPUT CHARACTERISTICS
*Quiput Yoltage Swing (Nate 3} 28°c | 2.0 £2.2 20|22 20| +22 120 +2.2 v
Full | +20 19 29 2.0 v
Qutput Current {Note 5} 250¢ 0.2 20 0.2 +2.0 mA
Output Resistance 250C 2K 500 2K 500 2
Qutput Short-Circuit Current 250C 28 14 18 14 mA
TRANSIENT BESPONSE
Rise Tima {Note §) 2500 25 0.25 25 0.25 As
Dvershaot (Note 6I 250¢ ] 10 5 10 %
Slew Rate {Note 7} 50¢C 0.07 0.70 0.07 0.70 Vits
POWER SUPPLY CHARALCTERISTICS
*Supply Current {Each Amp} 250¢ 15 170 15 170 LA
Full 20 200 20 200 | HA
*Power Supply Rejection Ratio{Nete 8) | Fult 100 100 150 150 VIV

*100% Tested For DASH 8
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SPECIFICATIONS

ELECTRICAL CHARACTERISTICS  (Each Side)
V+=415.0V, V-=-15.0V
HA-2130 HA-2735
-550C 19 +1250C 09C to +75°C
ISET = 1.50A ISET = 15LLA I5ET = 1.54A ISET = 15HA
PARAMETER TEMP. | MINJTYP IMAX. | MIN | TYP [MAX | MINJTYP. | MAX | MIN |TYP, |[MAX Y UNITS
INPUT CHABACTERISTICS
"Dffset Voltage 259¢C 20| 30 20| 30 201 50 20| 50} mv
Fuil 5 5.0 7.0 1.0 my
*Offset Current 259 051 3.0 1.0 10 05| 50 0 10 A
Full 15 20 1.5 H nA
" Bias Current 25%¢C 20| 50 g0t 20 20 10 80| 3 nA
Full 10 a0 10 L] nA
Input Resistance 2500 50 5 50 3 M2
Input Capacitance 25°¢ 3.0 3.0 3.0 3.0 pF
TRANSFER CHARACTERISTICS
*Large Signal Voltage Gain{Notes 3 & 9} [ 267¢ | 40K [100K 40K 120K 25K (100K 26K |120K ViV
Full 25k 25K 20K 20K ViV
* T - mog an 90 90 90 a8
Comman Mode Rejection Ratio (Nate 4) Full 20 40 74 74 OB
OUTPUT CHARACTERISTICS
*Qutput Voltage Swing {Kote 3) mog | 12 (4135 £17 [£135 124135 +12 | 1135 v
Fufl +10 +10 +10 +10 v
Output Current {Note 5} 250¢ 5 5.0 +0.5 50 mA
Qutput Resistance 2759 K 500 2K 500 2
Output Short-Circuit Current 250¢ 1.7 19 37 19 mA
TRANSIENT RESPONSE
Rise Fime {Nate 6) 250¢ 2.0 0.2 24 0.2 s
Overshoot |Note 6) 250C 5 15 5 15 %
Slew Rate (Nate 7} 2500 IR ] 08 21 08 Viess
POWER SUPPLY CHARACTERISTICS
*Supply Current {Each Amp) 250C 20 210 20 210 A
Full 25 250 25 290 | UA
* Power Supply Rejection Ratio{Note 8} | Full 100 00 150 150 NI

NQOTES: 1. For supply voltages less than 15,0V, the abaclute maximum input voitage is equal to supply voltags.

2. Derate &t 4.7mW/2C at smbient temperatures above 68°¢C,

VaupeLy * 1.0V VguppLy = 115.0V IgeT = 1.5HHA (gpT ™ 15 1A
Iy ea—— =

3. T = +25°C and Full T=14+25% R, = 75KI) R =Bk}
— T.= Full R ~75k82 A 75K

4. Vo =tisv Ve = 16,0V

5. Vg =12.0v Vg = 1100V

6. = Ay, = +1, ¥y = 400mV, R = 5K, C = 100pF

7. Vg = 2.0V Vgt 1100V ARy = 20K R, =5K

8. AV =116V Av = i5.0v

9. V4 =t0v Ve 1100V

*100% Testad For DASH 8
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PERFORMANCE CURVES

UNLESS OTHERWISE NOTED: Tp = 25°C, Vg =+15VDC

INPUT BiAS CURRENT [NPUT B1A45 CURRENT INPUT QFFSET CURRENT
vs. SET CURRENT vs. TEMPERATURE vs, TEMPERATURE
L an
3V Evg S NV R tS\"{_‘USE'!IIC\‘
15 [y }
1
" \_\ ‘ , RECEACTE L
3w . \\i TegT T Y *
t ] .
! Z H M""--...‘ %?." N
S i =
2 3 £ ™
= ® = 2 ~
¥ £ ?‘ \ Teprlpa
i
! e TGEr T T54A R r——
Hl 1 ui Igere | 5 ah
n.:u 1 1] e R T T S S L -“?5\‘1: ETE A1 Co2SM et T LINR 125
Sar rant {LAF Tamempiyrr Temperarare
CHANGE iN OFFSET WOLTAGE iNFUT NOMSE CURRENT INPUT HOISE VOLTAGE
vs lger UNNULLED) vi. IgeT v ISET
—TTT w13
— BT
" s W= e
RV V21 IV it W T Vg S LUV
H 11 . ! ey g wt
& 0F B T = LS
S MR ‘ i
¥ et - 5 -2 H 13
< - -H !ll FL
b A - —— i b =
ER R _|_ H i Il i 1l
ien ;m"‘
1 L 11 —
el 1HT I I
L L} Wb w
T 1 W 100 Al 1 0] e LX) ) [} T
Sin tem - b 1 Lt Lizkd S Cwiran | 25F

INFUT HDISE VOLTAGE AND CURRENT
vs. FREQUENCY

OPTIMUM SET CURRENT FOR BUNIBUM
NQISE vs, SDURCE RESISTOR
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PERFORMANCE CURVES

UNLESS OTHERWISE NDTED: Ty = 25°C, Vg = +15V0C

MAXHIUM DUTPUT VOLTAGE SWING GAIN BANDWIDTH FRODUCT OPEN LOOP YOLTAGE GAIN
vs, LOAD RESISTANGE v IgET ve. TEMPERATLIRE
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PERFORMANCE CURVES

SLEW RATE vs. g7 PHASE MARBGIN vs, SET CURRENT CHANNEL SEPARATION v,
FREQUENLY
1] T 11 12 r ! i Iﬂ.r
I T
fl K Suxj . e
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Vg 130 - B g ] &
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TYPICAL BIASING CIRCUITS

SUGGESTED
DOFFSET NULL

Rser

- 0R
GHD

NOTE. Mumbery in ppranthuy saler 1o iRy wecond hei?

TRANSIENT RESPONSE/SLEW RATE CIRCUIT SLEWING WAVEFORM

T
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LL¢v] UTPUT
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YERTIEAL: SYIIY
HOTE  Mumbars «n Pardrikiog relie 40 the second hail, HORIZONTAL: iy
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HARRIS HA-2900/04/05

SEMICONDUCTOR

emion o amconeomaton Chopper Stabilized
Operational Amplifier

FEATURES DESCRIPTION

HA-2900/2904/2905 are maenolithic chopper-stabilized opera-
OFFSET VOLTAGE DRIFT 0.2 pv/oC tional amplifiers that employ dielectric isolation achieving super-
OFFSET CURRENT DRIFT 1pAfoC ior offset drift, extremely low input currents and excellent AC
. performance. {nput drift is characterizad by offset valtage drift
OFEN LOOF GAIN 5x 108 of 0.2 £ V/OC and offset current drift of 1pA/OC. nitial oifset
BANDWIDTH 3MHz voltage is only 20 uV while offset current is S0pA. These input
specifications make HA-2900/2904/2305 ideally suited to high
SLEW RATE 25¥/us accuracy applications such as high-gain DG instrumentation, and
TRUE OIFFERENT!AL INFUTS precision integration. The amplifiers can be used to replace
other op amps in designs where much |ower errars are required
without external adjustments. 3MHz gain-handwidth product
makes HA-29G0/2905/2905 valuable for processing wide band
-APPLICATIONS signals as wel' as for low frequency measurements,

In addition ta offering high-accuracy performance, these "chap-
pers” aiso offer versatility by virtus of their symmetrical, dif-
HIGH-GAIN DC INSTRUMENTATION ferential inputs which permit operatian in any ap amp config-
uration — inverting, non-inverting or batanced. These devices
HIGH-ACCURACY WEIGHING EOUPMENT require only three external capacitors for proper operation.

BIGMEMHCAL AMPLIFIERS HA-2800 is guaranteed over -550C 1o +129%5; - HA-2904
nperates from -280C to +850L; HA-290% operates from 00C
PRECISION IKTEGRATORS AND TIMERS to +7500, Alj devices are available in a hermetically sealed
metal can,

PINOUT AND SUGGESTED HOOKUP FUNCTIONAL DIAGRAM

T0-99 Package Code 2E

Top View

™ g
1 wpirnaran 1
- _.ql- -

s
CA0HED 1
¥

CAUTION: These devices are sensitive to slectrostatic discharge.
Users should faltow IC Hendling Procedures specified on pg. 1-4. 2-7%



SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Voltage Between V+ and V- Terminals 42.0v Operating Temperature Range -EE0CCTA S +1260C (HA-2900)
Ditferential Input Voltage (Note 1) +15V -260C <Tp < +859C (HA-2904)
Output CurrentfFull Short Circuit Protection Storage Temperature Range 0°C <Tp <+750C{HA-2905)

Internal Power Dissipation 300mw= -550C STa < +1600¢
*Derate by 8.6mW/C above +105°C A

ELECTRICAL CHARACTERISTICS

Test Conditions:  C¥=C2=0.1uF, C3=1500pF, VSupply = +15.0% unless otherwise specified.

Ha-2900 HA.2004 HA-2905
-55°C 10 +125°G 2500 1o +85°C 0°C 10 +75°%

PARAMETER N, [ Tye. [ max. | sen T OYRTT MAXC | MIN T TYR. | MAX.

INPUT CHARACTERISTICS

* Offset Valtage 20 20 ki

Otfset Voltage Average Drift 3 . 02 , 0.2
*Bias Current 150 150 150

* Offset Currant 50 50 50

OFset Current Ayerage Drift
Input Aesistance

Input Capaciiance

Commen Mode Range

TRANSFER CHARACTERISTICS
*Large Signal Voltags Gain (Note 2)

Chopper Frequeney
*Commen Mode Rejsction Ratic (Note 3}
Gain Bandwidth Product {Mote 4}

QUTPUT CHARACTERISTICS
*Dutpin Vel1age Swing (Note 2)

*Output Current
Qutput Resistance
Full Power Bandwidth (Nete 5

TRANSIENT RESPONSE
INQTES 2, 8, end 9)
Rise Time {Note 6l +26°C

Overshoot [Note B +2500
Slew Rate {Note §) +260C

POWER SUPPLY CHARACTERISTILS
* Supply Current +250¢

"Sup ply Voltage Range Full +12

*Power Supply Rejection Ratio (Note 71 Full 120 1860 160

NOTES: 1. Input terminals should be protected against static - W = 210V
i ge during ing and i { Input - N = 2200mY
voliege should never éxceed supply voliages. . AVg = 4BV
LR =2K . €L ~ 50pF
. Vo = 150 . Ay = +1 Sea ransient response test
LAy =10 gircuits and waveforms, page 4,

*100% Tastad For DASH 8
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PERFORMANCE CURVES

V+=V- = 15V¥DL, Ty = 269C UNLESS OTHERWISE STATED

OPEN LOOP FREQUENCY AND
INPUT VOLTAGE NOISE PHASE RESPONSE

- ~L 3 ™~ -
. RNENERNE

it

NIA'S .
e’ TN~

Input Noise { nV/+vHz)
g
//
QOgen Loop Voltage Gain 0B
3
e
y.
\
/

/

(L] L — 4D prod
10 (L] 114 il 3 00 "W W 1L 1% 108K - "
Frequency (Hz) Frequency (Hz)
OUTPUT VOLTAGE SWING TYPICAL INPUT CHARACTERISTICS
vs, FREQUENLY vs, TEMPERATURE
({1
) L]
<
=
E‘ [~ Vsuppyy - 220V = s L]
z - & =
g | VuprLy = £15% ! é " " .s:_-
; VEURpLY = 0¥ g / "g
x W C'_ o Z, ==
& H g
$ é 0 oFFSET VOLIAGE _Lrasee" | n O
= P =" s
¢ \éj = N sl / H
i " <’ e BASCURRENT | et -
= [ — QFESET CURRENT __.,_._._-—-""""“
IWK 100K ™ ¢ L] -5 [ ] 125 +50 +75 1 *I?ﬁ-‘n
Frequency (Hzl Temperature {9C}
NORMALIZED A.C, PARAMETERS NORMALIZED A.C. PARAMETERS
vs. SUPPLY VOLTAGE vs. TEMPERATURE
11
-3 1 B
g T,
2 / =
= To M
== o ;?ua \""'--___ __..--""/
b smmm\/ S5 w —
@ | eanDwioTa - Ew /
E = A — g s BANDWIDTH
g3 3
[ -] E
E* =
£, s« \
= all EF 413 F1t} 215 Fild 7 a1\ -5 B +76 :n +T6. ] +l s"'
Supply Voltage Temperature {9C)
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PERFORMANCE CURVES (continued)

VOLTAGE FOLLOWER
SLEWING WAVEFORM

TN ST

'l
T

).

-y

TR IR nauul

IR B R LREEERRE AR RRRR" 0]

VOLTAGE FOLLOWER
THANSIENT RESPONSE WAVEFORM

i

HHH

HH AT

i

E \
/ E A ]
Upper Trace: Input: 5¥/0Oiv. Upper Trace: Input; 100mV/Div.
Lower Trace: Qutput; 2V/Div. Lower Trace: Qutput; S0mV/Div.
Horizontal: 2445/00v. Haorizontal: 500ns/Div.
SLEW RATE AND
SLEW RATE TRANSIENT RESPONSE TRANSIENT RESPONSE

" —
DUTRUT
!

+200my
INPUT
w ’ l IN +

. O our
ovemsgor . x®q|
_— o — LI ¢J-_ = 50pF
¢1| cz] ca 1
= _—
VoW

—#l  le—RISE TIME

NOTE: Measured on both positive and
negalive Iransalions,

APPLICATION TIPS

{1} Device inputs should be protected egainst exceeding either sup-
ply veltage from static discharge or inadvertent connection, par-
ticularly when wired divectly 1o a connector or instrument pan-
el

{2} External capacitors C1, €2, and C3 should have good tempera-
ture stability, low leakage, and taw dielectric absorption. Paly-
styrene [below +85%C). teflan types  or polycarbonate  are
recommended. C3 could also be silver mica -

(3) Particular care must be exercised in system fayout and material
and component selection: 1o realize the full performance poten-
tial of the HA-2900/2904/2905. External sources of drift error
may intlude the thermocouple and electrachemical EMF's gen-
erated at junctions of dissimilar metals, leakage scross insuisting
materials, static charges created by moving air, and improper
grounding and shielding practices.

{4) Chopper noise is present chiefly as a comman mode input cur-

{5}

{6

rent signal, and may be minimized by matching the impedances
at the two inputs. Random noise may be reduced at the expense
of bandwidth using active or passive filtering.

Input freq ies near the chopper frequency (750Hz} ar its har-
monics may result in smail companents of difference frequency
in the output. This effect should be checked in the individual
application, and if objectionable, a low pass filter may be added
in series with the input,

When operating at clased loop gaing between 70dB and 140 dB,
compensation networks may be reguired, because of open loop
phase shift in this gain region. In most cases, a capacitor placed
in parailel with the feedback resistor to yield a gain-bandwidth
product < ZMHz will be sufficient,
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HA-4602/4605

SEMICONDUCTOR

o oA ot cnarcn High Performance
Quad Operational Amplifier

FEATURES DESCRIPTION

LOW CFFSET VOLTAGE 0.3mY
The HA-4602 and HA-460% are high performance dielec-
HIGH SLEW RATE HVips trically isolated monolithic quad operational amplifiers with
WIDE BANDWIDTH 8MHz superior specifications not previously availabfe in a quad
LOW DRIET 2uV/oC amplifier. Thssa'ampliﬁers offer exce!lent dynamic perfur!n-
ance coupled with low values for offset voltage and drift,
FAST SETTLING (0.03%, 10V STEP) 4.2us input noise voltage and power consumption,

LOW FOWER CONSUMPTION ISmW/AMP
A wide range of applications can be achieved by using the

SUPPLY RANGE 5V TO £20V features made available by the HA-4602/4605, With wide
bandwidth (8MHz], low power (35mW/amp}, and internal
- compensation, these devices are ideally suited for precision
APPLICATIONS active filter designs. For audio applications these amplifiers
offer low noise {8nV/ 2} and excellent full power band-
width (60kHz). The HA-4G02/3GD5 is particularly useful
in designs reguiring low offset voltage {0.3mV) and drift
HIGH 0, WIDE BAND FILTERS {2 pV/OC), such as instrumentation and signal conditioning
INSTRUMENTATION AMPLIFIERS circuits.  The high slew rate (4V/ s} and fast settling time
4.2 s to 0.01%, 10V step) makes these amplifiers useful
AUDID AMPLIFIERS companents in fast, accurate data acquisition systems.

DATA ACQUISITION SYSTEMS

The HA-4602 and 4805's are available in 14 pin CERODIP
INTEGRATORS packages which are interchangeable with most other quad op
ABSOLUTE VALUE CIRCUITS amps. HA-4602 is specified from -959C to +125¢C, and

HA-4605 i ified over DOC tg +750 i
TOME DETECTORS 05 is specified over 09C to +759C range

PINQUT SCHEMATIC

Package Code 44U

TOP VIEW

g
T

ONE FOURTH ORLY (HA-4602/46G5)
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS ifiote 1)

Ta = +250C Unless Otherwise Stated Power Digsipation (Note 4] 880mW
Voltage Between V+ and V- Terminals 40.0¢ Operating Temperature Range

Differential fnput Valtage v HA-4602-2 -BROC T <+125%C
Input Voltage {Nate 2) +15.0v HA-4605-5 0°C<Ta SHIBMC
Output Short Circuit Duration {Note 3) Indefinite Starage Temperature Range -B5OC €T <+1500C

ELECTRICAL CHARACTERISTICS

. . HA-4B02-2 HA-4B]5-5
Ve = I8V, V.= -5V 550G tp +1259C 0°C t0 +750C

PARAMETER N, | Tve. | max. L | oTve | Max

{NPUT CHARACTERIS1 LS
= Oflse Voltage

A, Offset Voltage Drifr
*Bias Gurrent

* Dffal Current
Common Mode Rangs

Input Noise Volrege {F = 1KH2)

Inpur Aesistance

TRANSFER CHARACTERISTICS

* Lorge Signal Voltage Gaii (Note 51

* Common Mode Rvjction Ratia (Haw 9)
Chanoet Spanation {Note §)
Small Signal Bandwidth

QUTFUT CHARACTERISTICS

" Qutput Valtags Sunng (R = 10K)
{Ry = 2K)
Full ower Bandwidth {Note 5}
Output Current {Note 7}
Qutput Resistance

TRANSIENT RESPONSE (Nom B

Rise Time
Gwershoat
Slaw Rate
Settling Tima {Hote 10

POWER SLPPLY CHARACTERISTICS

* Supply Current {I* or 1-3
* Powar Supply Rejsction Ratio Nate 9)

*100% tested for HA1-4602-8
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NOTES

Absolute maximum ratings are limiting values, applied
individually, heyond which the serviceability of the circuit
may he impaired. Functional aperability under any of
these canditions is not necessarily implied.

amplifier. Input test conditions are: f = 10kHz; V(N =
200mV peak-to-peak; Rg = 1K ahms. {Refer ta Channel
Separation vs. Freguency Curve for test circuits,)

7. Output current i measured with Vgt = 25 volts. The
For supply voltages less than *15Y, the absolute maximum output current specified can also be applied to VgpT =
input valtage is equal to the supply voltage. ov.
Any one amplifier mey ba shorted to ground indefinitely, 8. For transient response test circuits and measurement

conditions refer to Test Circuits section of the data sheet.
4. Derate 5.8mW/0C ahove Ta = +250C,
4. AV =I50volts,
5  Voyr=3110¥; R = 2K chms,
10.  Settling time is measured to 0.01% of final value for a 10

6. Channel separation value is referred ta the input of the valt input step, Ay = -1,

TEST CIRCUITS
*®
AAd !NO"""'—>_<
aur
3 -
O >_ KL BpF
LTOOUT
4
40gF I
® I - =
LARGE SIGRAL = = SMALL SIGNAL ouTRUT
RESPONSE RESPONSE L1
CiRCUIT CIRCUIT o \i/‘
{Volts: 5¥/Div., E3 {Volts: 10mV/Div., | npur E
Time: 5us/Div.) 3 Tims: 50ns/Div.} [ _[ .
HHpHHHTHH HHH ’ EE
HORIZONTAL: 50 NSEC/DIV.
VERTICAL: 10m¥/DY
VERT. SW/DIV.
HORZ. § pefiY.
SETTLING TiME CIRCUIT -
Yot 'y TO DIFFERENTIAL OSCOPE™" I
AOTTRY, >
e A
T mn
HIbY I8V
- F--m----
B—y ::' o S S B B o L1 s 7% I PGP 2000
iﬂn
b b
#  SHOWH FOR AW =1 USE BODIE AND 'ﬁ.;
40051 FOR AY = -f, AV = .18, AE-
SPECTIVELY.

R TG IS UMMING FOINT ERROR
TUTET EARGIR, £ _ 15 GIVEN BY
¥t AV Ve

FER MEASUREMENT (5 34 vy WHEN
GATH HPUT 15 "LOR" -4¥), FOR
GATE LT HIGH" (0¥], MEA-
SUREMENT LGHORES INPUT vap
SO THAT SCORE DVERLOAD (5 FRE-
VENTED DURING LARGE TRANSI-
TIOHS, GATE (WPUT SKINAL 15 DE -
LAYED wITH REEMICT TO SIGNAL
IHPUT TO ALLON TIME FOR A, U, T
£LEWING AND SETTLING TO SMALL it -
ERRCR VOLTAGES,

o
2813 1 a

=15\ JiNg 4
GATE
o] INPLET**
TO O'SCOPE TRIGGER |-
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PERFORMANCE CURVES

Y+ = +15Y, - =-15V, Ta = +259C Unless Otherwise Stated.

OFFSET VOLTAGE INPUT BIAS AND OFFSET OPEN LOOP FREQUENCY RESPONSE
CURRENT V8. TEMPERATURE

BIAS CLIRREN
o

e

[

INPYUT AT
CURRENT

BPEN LOOR ¥OLTAGE
GAIN - o8

v UFFSET CURR
"‘"-__“
""\h“-

-

higgl ABSOLUTE DEFSET YOLTAGE -~ m¥

._-—l-"'-'-.-. L 1Ll L 1

e (TYRICAL |- ] 100K
ol FREQENCY —H:
J ]

| |

[} 4 3
TEMFERATURE - OF;

IMPUT DFFSET
CURRENT - ha,

SMALL SIGNAL BANDWIDTH AND PHASE OUTPUT YOLTAGE SWING
MARGIN V8. LOAD CAPACITANCE VS. FREQUENCY AND SUPPLY VOLTAGE

[ LI

L
E MARGIN

| :
N

BAMDWIDTH

PHASE MARGHN

A=
€L v S

-

-
UNITY BANDWIDTH - Mt
QU FMHT WOL TAGE SWING - (YOLTS ppt

P

m 100 L3
LOAD CARACITANCE - pf FAEBUENCY - He

CHANMEL SEPARATION VS. FREQUENCY

INPUT NOISE VS, FREQUENCY . m

d8

CHENNEL SEPARATION -

é\iunm&u
NN

—{0 vz
I

INPUTNOISE vOLTaGE MYy M
INPUT NOISE CURAERT 'ﬂ{’,ﬂ?

™ 1K
FREGUENGY - Hy FREGUENCY —Hz
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PERFORMANCE CURVES (cont'd.)

NORMALIZED AC PARAMETERS NORMALIZED AC PARAMETERS
VS. SUPPLY VOLTAGE V8. TEMPERATURE

|
|
T

- H\.
{ /s | BANDWDTH |
1

EaNEwr

NOAMALIZED VALUE
REFERRED TO 25°%
=

[

MDRMALIZED AC FARAMETERS

REFERAED TO VALUE &T *i5y

=

=
-

hd3 *n | +a0
SUPPLY vt TAGE - vOLTS TEMPERATERE - 9¢

MAXIMUM OUTPUT VOLTAGE SWING VS. LGAD POWER SUPPLY CURRENT VS, TEMPERATURE
RESISTANCE AND SUPPLY VOLTAGE AND SUPPLY VOLTAGE

! T
i ¥g = ety H
I 11

n

- mh

&

5

i
!}
,T«
T
.T.

SUPPLY CLURRENT

=
=
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i
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2
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=
=
=
)
=
x
5
=
-
o
-
2
i
u
3
H

=

a £ ]
LDAD RESISTANCE - QHMs TEMPERATURE - L

2

SETTLING TIME V5. OUTPUT SETTLING TIME V5. GUTPUT AMPLITUDE
AMPLITUGE (Ay =-1) AND SIGNAL GAIN Ay = -5 AND Ay =-10)

4.2

IR

Yoyt = w¥ L T THH
VR

l
i
{
i
|

il
I
!
]
]

|
LT gL I
I

] Vo - 5 =

Ay T

i

] T
Your -V
[ERY

SETTUNG TIME. 51y
SETTLING TiME, w2

e t e
OUTPUT ERROR VOLTAGE my DUTPUT ERACR VOLTAGE, my
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APPLYING THE HA-4602/4605 QUAD OPERATIONAL AMPLIFIERS

POWER SUPPLY DECQUPLING: Althaugh not ahsolutely
necessary, it is recommended that alf power supply lines
be decoupled with .01 u F ceramic capacitors te ground,
Decoupling capacitors should be located as near to the
amglifier tarminals as passible.

UNUSED OP AMPS: Unused op amp sections shoutd be
connected in a non-inverting followsr configuration with

the {+} input tied to ground in order to insure optimum
perfarmance of devices being used. i

In high frequenty applications where large value faed-
back resistors are used, a small capacitor {3pF) may be
needed in parallel with the feedback resistar to neutralize
the polz introduced by input capacitance.

APPLICATIONS

2ND ORDER STATE VARIABLE FILTER (1kHz, Q.= 10}

R2
———
5K 14.7K
Fu

L

O BAND PASS

The state wariable filter ig relatively ingensitive to component
changes [chenges can be adjusted out with potentiometers)
and alsa has low sensitivity to amptifier bandwidths, [Amplifier
gain bandwidth product should be 22> Q x fc). The handwidth
criteria will determine whether a general purpose op amp like
Hattis HA-4741 or the wide band HA-48602/4605 should
be uzed. -

This filter finds wide application because mudtiple filtering
functions are available simultansously {High pass, Lo pass,
Band pass, Band reject). In this ¢ircuit the various RC products
are matched with pot adjustments allowing fer non-interactive

NOTES: 1. MAKE Rq1C1=HR2C2

R
2. fc= 2”R1c1

3.a=%(14+£E)

}

|

I

I

I

|
BAND I
REJECT |
I

|

f

{OPTIONALI

4

adjustment of O and fg. This allows capacitors {g, Gz} with
lpose tolerances to be used. To tune for fo, apply a sine wove
at fr to the input, adjust Ry for equal amplitudes at the Hi pass
and Band pass terminals {they will be phased 900 apart} then
adjust Ry for egual amplitudes at the Band pass and Lo pass
terminals.

The state variable fifter is often used as building blacks in
multiple pole Butterworth of Chebysher filters, Many references
contain normalized tables indicating settings for @ and f of
each pole- pair section,




APPLICATIONS [continusd)

SALLEN AND KEY 2ND ORDER LO PASS FILTER

NOTES:

1. Make R1=R»2
1

2 fe=gnm o
out 27TR4, /C1C2
—0

The advantage of using the Sallen and Key filter is simplicity, In this filter all companent values affect both O and fe. Pre-
but in any application this must be weighed against the state- cisian, temperature stahle resistors and capatitors must be vsed.
variable type filter far accuracy, practicality, and cost. Amp-

lifier bandwidth tmitations are much more apparent at moderate For economy, this filter cauld be used in the low {0 stages
frequencies and [ values with this filter design. {For accuracy, of multiple-pole filter design, while the state variable type is
amplifier gain-bandwidth praduct shoutd be>>p x 02). The usad in the more critical stages.

wide bandwidth of the HA-4602/4505 is particularly advan-

tageous in this design even at audio frequencies.

INSTRUMENTATION AMPLIFIER

gain=(1+B1}]({Ra
Rz/\ R3

I |

{OPTIONAL)
Instrumentation amplifiers (differential amplifiers) are specif- cation, delivering superior input and speed characteristics.
tcally designed to extract and amplify smali differential signals
fram much larger eommon made voltages, The optienal circuitry makes use of the fourth amplifier section
as a shield driver which enhances the AC comman mode re-
To serve as building hlocks in instrumentation amplifiers, op jection by nullifying the effects of capacitance~to-ground

amps must have very low offset voltage drift, high gain and wide mismatch between input conductors.
bandwidth. The HA-4602/4605 is ideally svited for this appli-
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e HA-4741

A DN ISHIN OF HAMi|S COAPORATIGN

Quad Operational Amplifier

FEATURES DESCRIPTION

The HA-4741, which contains four amplifiers on a monolithic
SLEW RATE 1.6V s (TYP} chip, provides a new measure of performance far gengral purpase
BANDWIDTH 3.5WHz (TYP.) operational amplifiers. Cach amplifier in the HA-4741 has
INPUT VOLTAGE NOISE Bn\fﬁ ITYP.) operating specifications that equal or exceed those of the 741-
INPUT OFFSET VOLTAGE 0.5mV (TYP) type amplifier in all categories of gerformance.

INPUT BiAS CURRENT BOnA (TYP) HA-4741 is wef! suited to applications requiring accurate gignal
SUPPLY RANGE 2V TO *20v pracessing by virtue of its low valugs of input offset voitage
NO CROSSOVER DISTORTION {0.5mV}, input hias current {BOnA) and input voltage naise
STANDARD QUAD PIN-OUT {anV/ fHz at 1kHz). 3.5MHz handwidth, coupled with high
open-loop gain, allow the HA-4741 to be used in designs requir-
ing amplification of wide band signals, such as audio ampifiers.
Audio application is further enhanced by the HA-4741's neg-
APPLICATIONS ligible output crossover distortion. These excellent dynamic
characteristics also make the HA-4141 ideal for a wida range of
active filter designs. Performance integrity of multi-channel
» UNIVERSAL ACTIVE FILTERS designs is assured by a high level of amplifier-to-amplifier
tsalation (108dB at 1kHz).

s % 8 % & & 8 @

D3 COMMUNICATIONS FILTERS A wide range of supply valtages {£2V to £20¥} can be used to

power the HA-4741, making it compatible with almast any

AUDIO AMPLIFIERS system incleding battery-powered equipment.

BATTERY-POWERED EQUIPMENT The HA-4741 has guaranteed operation over —550C to +3250C
and can he furnished to meet MIL-STD-882 (HA-4741-8).
The HA-4741-5 is guaranteed aver 00C to +752C and is avail-
able in ceramic and plastic dual-in-line packages and in dice
form.

PINQUT SCHEMATIC

Package Code 4U
Package Code 3B (-5 Only}

LIGE
b

QuAD OP AMP

(%) HA-471
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Ta = +250C Unless Otherwise Stated Pawer Dissipation (Note 3) 480mwW

Voltage Between V+ and V- Terminals 40.0v Cperating Temperature Range

Ditferential Input Valtage +io.v HA-4741.2 -550CCTAS+H1250C
Input Voitage {Nota 1) I1g.0v HA-47415 M0CETa=+750C
Output Short Circuit Duration {Nate 2} Indefinite Starage Temperature Range ~BRO0L KT <+15000

ELECTRICAL CHARACTERISTICS

HA-4741.2 HA-4741.5
¥+ = 15V, V- = - 15V - 5500 tg +1259C 0oc ta +760C

PARAMETER _ | N TYR. | MAX. . TYP. MAX,

INPUT CHARACTERISTICS
* OFset Vaitage

Av. Offset Voltage Onif1
# Bias Current

+ Dffset Corvent
Lomman Mode Range

Difterential i nput Aesistance
Input Hoite Voltage {1 = tKHz

TRANSFER CHARACTERISTICS
# Large Signsl Voltage Gain (Note 4}

+ Comman Mode Agjection Aatio |Note §}

L hanne| Separation iNote 5)
Emall Signal Bandwidth

OUTPUT CHARACTERISTICS
* {Jutpu1 Voltage Swing {A = 10K}
It = 1K}
Full Power Bandwidth {Nate 4)
Output Coerent {Note &)
CQutput Aesittance

TAANSIENT RESPDNSE (Note 1)
Rise Time
Dwershopt
Slew Rate

POWER SUPPLY CHARACTERISTICS
# Supply Curvant {I% or ) +2500
= Pawar Supply Rejection Ratio (Note 8) Full 80 40

NOTES: 1. Far supply voltages less than 215y, the gbsolure 4 VgyT =40, R =2x
maximum [nput vgltega is agual to tha supply 6. Referred o input; f = 10K Hz, Ag = 1K
voltage. 6. Vaout = *o
2. One amplifier may ba shortad to ground [ndefpnitely. 7. Sen pulse response charatter[stics
3. Darate 580W/OGC abova Ty = +269C, 8. Av=isov

*100% Tested for DASH 8.
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PERFORMANCE CURVES

V+ = +16Y, V- = - 156V, Ta = +250C

Uniess Otherwise Stated,
OUTPUT VOLTAGE SWING
V5. FREQUENCY
OPEN LOOP FREQUENCY RESPONSE I— Tm[
Vgl M My
16 . » g oy m.w b
b g ) .
4 £ 1] I
= Vo= ¥ T "~
g+ o H
% +1 —:: l 1 il.l “ E " \ \n.'
§ B0 — !!! .l LLU1Y 450 ? ’ o
Tyl Illllll 'I 1 g g
g = E
2 o —tH i we > 5
§ eap ot L I Tk, § [||'E = o |\;t:1‘r;§:"wumm
E ol I 11 IS - iy - $0F
& it
+10 i m
o i 180%
wl L]l . m il
[ ] W0 [t g [ 10k 15K, s
FREQUENCY - Hr FREQUENCY -
NORMALIZED AC PARAMETERS NGRMALIZED AC PARAMETERS
V5. SUPPLY VOLTAGE V5. TEMPERATURE
11 [F)
- RﬂINDWIllK ;:,
|/
I P :
2z i = — ~——
g3 i BAADWIOTH ey
gg / .E SLEW RATE Ty
§E 1] l § F ,/
ur ] ]_,_
1] 2 £ n iy 3 E) ) 5] +ED *15 w10 h
SUPPLY VILTAGE TEMPERATURE - B0
(NPUT NOJSE VS, FREQUENCY SMALL SIGNAL BANDWIDTH AND PHASE
MARGIN VS, LDAD CAPACITANCE
EL] L4 o _“:Ll‘”“w
w ¥} e H:l ] ™
_ HI.QSE[MAIIEIN
] m
E“ 10? w0 -t s
i, w3z Hu wE
3 \ H £ [ sanowomn TN H
§ 5 \uous VOLTAGE . g g’“’ : \\ §
AN : | : :
L Y TS E A | AN Iy ~ M a0
[ \ 42 o o ™ J -
T — WOI5E CUNRENT " L
i : It [—F== u
10 ) 1K 3 00K by ] 100 0,0 [T

FREQUERCY -Hr LOAD CAPACITARLE -pF
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PERFORMANCE CURVES (cont'd.)

MAXIMUM OUTPUT VOLTAGE
CHANNEL SEPARAT!ON V5. FREQUENCY SWING VS. LOAD RESISTANCE

CHANMEL SERAAREION - 4B

PEAK-TD-FPEAK DUTPUT VOLTAGE SWING -V

3
FREIENCY —he

" 0w
LOAD RESISTANCE - QHMS

INPUT BIAS AND OFFSET CURRENT POWER CONSUMPTION
V8. TEMPERATURE VS, TEMPERATURE

wratisy

CRAHENT - an

PRWER COKSLMPTIOH- mh

3 = . . N - - 1 +bl
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S HA-4900/4905

A DIVISION OF HARRES CORPORAT /0N

Precision Quad Comparator

FEATURES DESCRIPTION

FAST RESPONSE TIME
The HA-29G0/4905 are manalithic, quad, precision compar-

LOW OFFSET VOLTAGE atars offering fast response time, low offset voltage, low

1 1

LOW OFFSET CURRENT offset current, and virtually no ch I-to cr

for applications requiring accurate, high speed, signal leve!
S"’:}[;'é:f: ::AL‘VDLTAGE SUPPLY detection. These comparators can sense signals at ground

levet while being operated From either a single +5 volt supply
SELECTABLE QOUTPUT LOGIC LEVELS {digital systems) or from dual supplies (analog networks) up
to #15 volts. The HA-4900/4505 contains a unique current
AETNE PULL-UP/FULL-DOWN DUTPUT driven output stage which can be connected to logic system
glEﬂuctﬂlgE—DNO EXTERNAL RESISTORS supplies WLngiH and VLogiC'j to make the output levels
directly compatible (no external components needad} with
any standard logic or special system logic levels. In cam-
APPLICATIONS bination analeg/digital systems, the design employed in the
HA-4900/4905 input and output steges prevents trauble-
some grownd coupling of signals betwean analog and digital
portions of the system,

THRESHOLD DETECTOR These comparators’ cambination of features makes them
ZERQ-CROSSING DETECTOR ideal components for signal datection and processing in data
WINDOW DETECTOR atquisition systems, fest equipment, and micropracessor/
enalog signal interface networks,

ANALOG INTERFACES FOR MICROPROCESSORS
HIGH STABILITY 0SCILLATORS Both devices are available in 1B pin dual-in-line ceramic
packages. The HA-4900 operates from -550C ta +1250C
LOGIC SYSTEM INTERFACES and the HA-3905 aperates aver a 00f to +750C temper-
ature rarge.

PIN OUT SCHEMATIC
Packaga Code 4B

Tap View

ViogicH)

TLpgIcH

(AR

BAISE
w1
" " L'"l

One Fourth Only (HA-4900/3905}

A

il
7

Je
| 72

g
Viogigl-h p=

2_90 CAUTION: These devices are sensitive to electrostatic discharge.
Users should follow IC Handling Procedures spacified on pg, 1-4.



SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS (Note 1)

Yoltage Between V+ and V- 33v
Valtage Between V[ ggic+) and V| ggicl-) 18Y
Differential Input Vaoltage b 3%
Peak Queput Current 50mA

Internal Power Dissipation (Note 7, B) HEGmW
Storage Temperature Range -650C < Tp < 1500C

ELECTRICAL CHARACTERISTICS

W+ = +15.0V
V- = <150
Viogict = B0V

Viogict-} = GND. HA-4900 HA-4805

-550C 1o +1250C 00C g +750C
PARAMETER . MIN, TYe. . - TYP.

INFUT CHARACTERISTICS
Qfiset Voltage (Note 2)

OFfset Current

Bias Cuprent {Note 3}

Input Sensitivity {Nate 41

Common Mpde Aange

TRANSFER CHARACTERISTICS
Largs Signal Voitage Gain

Response Time (TyqgHNate 5)
Response Time {TpgqHNote 5
GUTPUT CHARACTERISTICS

* Qutpur Yolrage Level
Logic “Low State” {¥ ) HNoteS)
Lagic "High State” (¥ giNoted)
Cutput Current
I8ink
1Sgurce
POWER SUPPLY CHARACTERISTICS

* Sugply Curent, 1pgl+)
* Supply Corrent, {psl-)
* Supply Current, Ipgl Logic)
Supply Yeltage Range
Va
Y-

Viogic!+! (Note )

ViogicH tNete )

*100% tested for HA-4200-8, 7-91



Absolute maximum ratings are limiting values, applied
individually, beyand which the sevviceability of the
circuit may be impaired, Functionsl operability under
any of these conditions is not necessarily implied.

Minimum differential input voitage required to ensure
a defined cutput state,

Input bias currents are assentially constant with diffar-
ential input voltages up te £9 volts. With differential
input voltages fram 19 1o 15 valts, bias current on
the more negative input can rise to approximately
500 1t A,

Rg < 200 ohms; Vin < Common Mode Range. Input
sengitivity is the worst case minimum differentiat input
voltage requived to guarantes a given output fogic state.
This parameter inctudes the effects of affset voltage,
offset current, common mode rejection, and woitage
gain,

For Tpd[ﬂ; 100mY input step,-6mY overdrive. For
Tpd'ln}; -100mV input step, BmV overdrive. Freg-
uency ~ 100Hz; Puty Cycie R 50%; Inverting input

driven. See Test Circuit below.

For VgH and ¥oUL: 1Sink = 3.5mA, ISqurce = 3.0mA,
For other vatues of Vi pgic; VOH imin) = Vi ggic +
=15V,

Totad Power Dissipation (T.P.0.) is the sum of individ-
ual dissipation contributions of V+, V- and V| ggic
shown in curves of Power Dissipation vs. Supply Volt-
ages {see page & ). The calculated T.P,0. is then located
on the graph of Maximum Allowable Package Dissipa-
tion v§, Amhient Temperature (see page 5 } to deter-
ming ambient temperature operating limits irposed by
the calculated TP.D.. For instance, the combination
of +15V, -15V, +5V, OV {V+, V-, V| ggict, VLogic)
gives a T.P.D, of 350mW which allaws operation to
+1252C; the combination +18V, -15V, +15V, OV gives
a T.P.0. of 450mW and an operating limit of Tp =
+950C.

Derate by 5.8mW/OC above Tp = +750C.

RESPONSE TIME TEST CIRCUITS
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Input and qutput voitage waveforms for various input overdrives is shown on page 5,



PERFORMANCE CURVES

V4= 15V, V- = -15V, Vi agic¥) = 5.0V, V| pgicl-) = BV, Ta = +250C, Unless Otherwise Stated.

INPUT BIAS EURRENT vs. TEMPERATURE INPUT DFFSET CURRENT vs. TEMPERATURE

INFUT BIAS CURAEMT, int)

1MPT OFFSET CURKENT, [nAt

] » E
TEMPEAATURE, (9L} TEMPERATURE, 1bC}

INPUT BIAS CURRENT vs, COMMON MODE INPUT VOLTAGE
{(VpIFF, =0V

-
]

S
=
]
£
ajn
H
£

-1 L]
GOMMON MOOE INFUT VOLTAGE

SUPPLY CURRENT vs. TEMPERATURE SUPPLY CURRENT vs. TEMPERATURE
FOR *15Y SUPPLIES ANG +5V LOGIC SUPPLY FOR SINGLE +5V OPERATION

T
W4 = S0¥
vingiel] = S0V
V- = YLggIcl-l = GHO

— sk
¥ee 5y
|, vout = H

Y- 16.0¥
VLoGigieh » 50 Iy

VLoGigl-l = GND

Ip5+
¥oun - H
|-

pd

et
Vout=y
L

k|

SUPPLY CURRENT, (ma)

SUPPLY CURKENT, Imi)

L
Vauret

E

TEMPERATUAE, 140] TEWFERATUAE, (£E)
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PERFORMANCE CURVES (continued)

PACKAGE DISSIPATION, (mWh

RESPOMSE TIME FOR VARIOUS INPUT OVERDRIVES

5
: | OVERDRIVE - 20wy
Yoot [ - Smb
LT -
wours (\\ .= 2w
‘ \
,, \
Ua.'.
Yin
-0
m
[} " D 00 an
TIME m
MAXIMUM PACKAGE DISSIPATION
vs. TAMBIENT
L T 1T
0 | HAXIMUM ALLOWABLE PACKAGE
QISSIFATION [SEE NOTE 71 “-..M
frey S - P,
0 ! [ \“'-..
2
106
D
25 [Lii] [E]

50 T
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o
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MAXIMUM POWER DISSIPATION vs, SUPPLY YOLTAGE
{NO LOAD CONDITION)
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SIPPLY VOLTAGE, (¥OLTS

APPLYING THE HA-4300/4905 COMPARATORS
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SUPPLY CONNECTIONS: This davice is exceptionally
varsatile in working with most available power supplies.
The voltage apglied to the W+ and V- terminals determines
the allowable input signal range; while the voltage applied
to the Vi + and V- determines the output swing. in
systems where dual analog supplies are avaiiahle, these
would be connected to W+ and V-, while the logic supply
and return would be connected 16 V| ggict and ¥y ggic-.
The analog and logic supply commansg can be connecied
together at ane point in the system, since the comparator
is immune ta noise on the logic supply ground, A negative
output swing may be chtained by connecting V| + to
ground and V| _ to a negative supply. Bipolar output
swings {15 P-P, max.) may be obtained using dual sup-
plies. In systems whera only a single logic supply is avail-
able (+6Y ta +16V}, V+ and V| ngict may be connected
together o the pasitive supply while V- and VLngiC'
are grounded. 1¥ an input signal could swing negative with
raspect the V- terminal, a resistor shauld be cannected in
series with the input to limit input current to < 5mA
since the C-B junctian of the input transistor would be
forward hiased.

2

UNUSED INPUTS: Inputs of unused comparator sections
should be tied to a differential voftage source to prevent
putput “chatter”,

{AQOSSTALK: Simultaneous high freguency operation of
all other channels in the package will not affect the output
togic state of a given channel, pravided that its differential
input voltage is sufficient to define a given logic state
{AVIN > ¥k Low level or high impedance input lines
should be shiglded from other signal sources to reduce
crasstalk and interference.

POWER SUPPLY DECOUPLING: D ple all pawer
supply lines with .01 u F ceramic capacitors to a ground
line located near the package to reduce coupling betwesn
chananels ar from external soueces.

RESPOMSE TIME: Fast rise time { < 200ns} input pulses
of several volts amplitude may result in delay times some-
what Jonger than those illustrated for 100mV steps. Oper-
ating spesd is optimized by limiting the maximum differ-
ential input voltage apphied, with resistor-diode clamping
networks.



APPLICATIONS
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ANALOG INPUT MODULE PROCESSOR

DATA ACOUISITION SYSTEM
In this circuit the HA-4900/4905 is used in conjunction with a O to A converter to form a simple, versatile, multi-channel analog
input for a data acquisition system. In operation the processor first sends an address to the D to A, then the processor reads
the digital word generated by the comparatar outputs,

To peeform a simple comparison, the processar sets the D to A to a given reference level, then examines cne or more comparator
outputs to determine if their inputs are above or below the referenca, A window comparison consists of twe such cycles with
2 reference levels set by the D to A, One way to digitize the inputs would be for the processer to increment the D ta A in steps.
The O to A address, as each comparator switches, is the digitized level of the input, While stairstepping the B to A is slower than
successive approximation, all channels are digitized during one staircase ramp.

+5W tg +15Y

50V
10K
%
o 1" "
1a-4900 o .
HA-4900
TTL TOCMOS CMOS TO TTL

LOGIC LEVEL TRANSLATORS
The HA-4900/4905 comparators can be used as versatile {ogic interface devices as shown in the circuits
ahbove. Negative logic devices may also be interfaced with apprapriate supply canneactions.

If separate suppiies are used for V- and Vi qgic-, these logic fevel translators will talerate several valts of
graund line differential noise.
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APPLICATIONS (continued)

+1w
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RS§-232 TO CMOS LINE RECEIVER
This RS-232 type line receiver to drive CMOS logic uses a
Schmitt trigger feedback network to give about 1 voit input
hysteresis for added noise immunity. A possible prablem in
an interface which connects two equipments, each plugged
into a different AC receptacle, is thet the power fing voltage
may appear at the receiver input when the interface connect-
jon is made or Hroken. The two diodes and a 3 watt input
resistar will protect the inputs under these conditions.

b
N3l Dy ny
1506
FY ¥
150K ey
¥+
+ I
HA-AY —0 |
150 p ~
— 1
R= F= LI
- vw
- 50K
O5=

OSCILLATOR/CLOCK GENERATOR

This selt-starting fixed frequency oscillatar circuit gives
excellent freguency stability. Ry and Cj comprise the
frequency determining neiwark while Ry provides the
regenerative feedback. Diode D1 enhances the stability by
compensating fot the difference betwesn Vg and Vsyppiy-
In applicatians where a precision ¢lock generator up io
100kHz i~ required, such a8 in automatic test eguipment,
€1 may be reptaced by a crystal.

INPUT

HI REF O

L0 REF O

WINDOW DETECTOR
The high switching speed, Jow offsat current and Jow offset
valtage of the HA-4900/4305 makes this windaw detector
circuit extremely well suited to applications requiring fast,
accurate, decision-making. The circuit above is ideal for
industrial process system feedback contrallers, or "out-
of-limit™ alarm indicators.

+16Y

Vo 42V

A3
13K

- 15V

SCHMITT TRIGGER {ZERO CROSSING

DETECTOR WITH HYSTERESIS)
This circuit has a 100mV hysteresis which can be used in
applicstions where very fast transition times are required
at the output even though the signal input is very slow.
The hysteresis lopyp also reauces false triguering due fo noise
on the input. The waveforms below show the trip points
developed by the hysteresis loop,

VO ———————

YR+l {
/

VTRIEH

Input to Output Wavefarm
Showing Hysteresis Trip Points
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CMOS Switches Selection Guide

RoN{L2) | ID{OFF)NAL | t{oN)INS) | t{OFFHNS] [ PpimW)
FUNCTION | DEVICE {TYP) {TYP) {TYP) {TYP) (TYP) | PAGE
5PST HI-5040 50 0.5 370 280 1.5 20
2 x SPST HI-200 55 1 240 180 15 4
HI-6048 25 0.5 370 280 1.5 20
HI-6041 50 0.5 370 280 1.5 20
4 x SPST HI-2(1 65 2 180 155 15 10
SPDT Hi-5050 25 06 370 280 1.5 20
Hi-6042 50 0.5 370 280 1.5 20
2 x 5PDT Hi-5051 25 0.5 370 280 1.5 20
Hi-5043 50 0.5 370 280 1.5 20
DPST HI-5044 80 0.5 370 280 1.5 20
2 x DPST HI-5048 25 05 370 280 1.5 20
HI-5045 50 05 370 280 1.5 20
2 x DPST
(3 ADDRESS) HI-1800A 125 0.02 500 300 10 16
OPDT HI-6046A 25 0.5 370 280 1.5 20
Hi-5046 50 0.5 370 280 1.5 20
4PST HI-B047A, 26 0.5 370 280 1.5 20
HI-5047 50 0.6 370 280 t.5 20

NOTE: All data typical room temperature spacifications at ¥ 15V supplies, For guaraniged
and tested specifications consult the device dsta sheet.
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CMOS Multiplexers Selection Guide

TTL IDIOFF) | HON) | HOFF)
"HIGH” | Ron(§2) |  (NA) (NS} {NS} | PpimW)
FUNCTION DEVICE FEATURE MIN{V) {TYP} {TYP) {TYP} | (TYP} {TYP) |PAGE
4-CHANNEL LOW Ron
DIFEERENTIAL HI-1828A LOW LEAKAGE 4.0 250 0.06 350 250 8 46
ANALOG INPUT
HI-B09A OVERVOLTAGE 4.0 1200 1.0 500 420 7.5 40
PROTECTION
8-CHANNEL LOW Rom
HI-1818A LOW LEAKAGE 4.0 250 0.1 350 250 5 46
ANALOG
Hi-508A OVERVOLTAGE 4.0 1200 1.0 500 420 7.5 40
PROTECTION
8-CHANNEL H1-807 LOW RpN 24 170 10 300 220 30 28
DIFFERENTIAL ANALOG
HI-507A OVERVOLTAGE 4.0 1200 1.0 500 420 7.5 34
PROTECTION
t6-CHANNEL | HI-508 LOW RoN 24 170 1.0 300 220 30 28
ANALOG
Hi-506A OVERVOLTAGE 4.0 1200 1.0 500 420 7.5 34
PROTECTION
HIGH-Z2
HI-1B40 OVERVOLTAGE 4.0 2000 1.0 500 420 0.6 50
PROTECTION

NOTE: All data typical room temparature specifications at % 15¥ suppliss. For guaranteed

and tested specifications consuly the davica data sheet.
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HI-200

Dual SPST CMOS Analog Switch

FEATURES

DESCRIPTION

ANALOG VOLTAGE RANGE
ANALOG CURRENT RANGE
TURN-ON TIME

LOW Agy

LOW POWER DISSIPATION
TTL/GMDS COMPATIBLE

NO DIGITAL INPUT CURRENT SPIKE

APPLICATIONS

HIGH FREQUENCY ANALOG SWITCHING
SAMPLE AND HOLD CiRCUITS
DIGITAL FILTERS

0P AMP GAIN SWITCHING NETWORKS

HI-200 is a monolithic device comprising twa independentiy
selectable SPST switches which feature fast switching speeds
{290n5) combined with low power dissipation {15mW at 250C).
Each switch grovides fow "OHN” resistance operation for input
signal voltages up to the supply rails and for signal currents up
to 80mA. Employing Dielectric isolatian and Complementary
£MOS processing, HI-200 operates without any applications
problems induced by latch-up or SCR mode phenomena,

Ali devices provide hreak-hefore-make switching and are TTL
and CMOS compatible for maximum application versatility,
HI-200 is an ideat component for use in high frequency analog
switching. Typical applications include signal path switching,
sample and fold cirguit, diital filters and op amp gain switching
networks.

HI-200 is available in D.1.P. (TO-116} and metal (TO-100} cans.
HI-200-2 is specified from -559C to +1250C while HI-200-5
operates fram 0OC to +750C. HI-200 is functionally and pin
compatible with other available “200 saries” switches,

PINOUT

FUNCTIONAL DIAGRAM

3-4

Package Coda 4B
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CAUTION: These devices are sensitive to electrostatic discharge.
Usars should follow IC Handling Procedures specified on pg. 1-4,
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Supply Voltage Between Pins 6§ and 10 +40v Total Power Dissipation* 450mwW

VREF to Ground +20V, -5y Operating Temparatuse

Digital Ingut Voltage: +Vguppty +4V HI-200-2 -560C 10 +1258C
~Vgupply -4V HI-200-4 -200C to +850C

Analog Input Voltage {One Switch) +Vsyppiy +2.0V HI-200-5 09C to +750C
“VSupply -2.0V Storage Temperature -650C to +15000

*Derate BmW/OC Above Tp = 759G

ELECTRICAL CHARACTERISTICS

Unless Otherwise Specified
Supplies = +15V, -15Y; VREF = Open; VAH{Logic Level High} = 3.0V V| {Logic Leve Low} = +0.8V
For Test Conditions, consult Performance Characteristics

Hi-200-2*+ HI-200-5
-55°C 1o +1259C 09¢ ta +75°C
PARAMETER TEMP. | MIN, TYP, | MAX, MIN. TYP. | Max_ | UNITS
ANALOG SWITCH CHARACTERISTICS
* Vg, Analng Signal Ranga Full -15 +15 -15 +15
* AgN. On Resistance (Note 1) +259¢C 10 80 n
Full t0@ 100 o
* Ig{QFF}, OH Input Leskage Current +«25°C nA
Full 500 500 nA
* Ip{DF¥}, OFf Dutput Leakage Current +259¢0 nA
Full 50 | 500 n
*1g{on) On Leakage Current +269C | nA
Full 500 500 nA,
DIGITAL INPUT CHARACTERISTICS
VAL, Input Low Threshold Full 0.8
VaH, [npet High Thrashold Full
¥ 15, [nput Leakage Gusrent {High or Low) IMote 2) | Full 1.0
SWITCHING CHARACTERISTICS
tOPEN, Braak - Before Make Delay (Note 3} +260C 60
tgn, Switch on Time +250C 240 ns
tof. Switch off Time +250C 330 500 ns
"t isalation” {Nate 4} +25°C 0 Fil] db
L5 {OFF). Input Switch Capacitance +250C 5.5 55 ofF
€0 (OFF). +25°C 5.5 55 oF
Dutput Switch Capacitance
Cpion, +250C 1 1 pf
C . Digital tnput Cepacitance +250¢ 5 5 pF
Cps {OEF), Drain-To-Sovree Capacitante 42590 0.5 a5 pF
POWER REQUMREMENTS [Mote b) +260¢ 15 15 my
Pq. Power Dissipation Fug 1] 50 mw
+251¢ 0.8 0.5 LY
* 4% Curvent {Pin 10) Fult 20 240 ?m
- : +260¢ 0.8 0.5 mA
* |- Current {Pin B} Full 20 20 mA
NOTES: 1 Vour = £10V Ig,,r = tma 4.V, =43V, B =1K{E, € " YOPF, Vg = IVAMS,
2. Digital Inputs Are MOS Gates - Typical Leakage iy 1,100 kHz
Lats Than TnA 5.V, ™+ or ¥ 4 = OV For Both Switchiy

A V= a0V
*100% Tested For Dash 8 At +259C And +1259C Oniy
**Note: Hi-200-4 has same spacifications as H1-200-2 over the reduced tempargture range -209C to +859C
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SCHEMATIC DIAGRAMS

TTL/CMOS
REFERENCE CIRCUIT

SWITCH CELL

1

QUTFUT

H

o]

Lyt }
*5\!

PTTL Interface; Leave VxpppE Open

CMOS Intarface: If Voo 3> +5.5Y,
Connect Vpp 10 Vigg for
Higher Naisa |mmunity;
Otharwisa Leave Qpan,

DIGITAL INPUT BUFFER
AND LEVEL SHITTER

ALL N-CHANNKEL
BODIES TO ¥~

ALL P-CHANNEL
BOEHES TO ¥+

EXCEPT AS SHOWN.




PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS
{UNLESS OTHERWISE SPECIFIED T = 259C, VgppLy =+ 18V, Vay = 3.0V V(= 0.8Y AND Vg = OPEN),

ON RESISTANGE vs, ANALQG SIGNAL LEVEL,
SUPPLY VOLTAGE AND TEMPERATURE

TmA
—(

¥z

OO

¥

OM RESISTANCE vs. TEMPERATURE

%
E
=
=
I
a
&
=
&
B
&
a
[ =
=
=

] 25 +50
Ambient Temperature -9C

{Rt-200}
ON RESISTANCE vs. ANALDG SIGNAL LEVEL
AND POWER SUPPLY VOLTAGE

Cn Resistance - Ohms

-15 -t0 -5 [ [ +10 +15
Analog Signal Level - Volts
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (continued]

SWITCH LEAKAGE CURRENT ws,
TEMPERATURE {H1-200}

{FF LEAKAGE CURRENT
vs. TEMPERATURE

IgiGFF} IgidFF)

[T 1®]

- 7lay

I I

IstorFi'ptn 416y

Current — nA

ON LEAKAGE CORRENT
vs. TEMPERATURE

+750C +100°¢ +{750¢C

Temperature

SWITCH CURRENT vs. YOLTAGE

SWITCH CURRENT
vs. VOLTABE

Switch Current - mA

+2 1 + +5

Voltage Across Switch - Valts




PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (continued)

(HI-200}

SWITCH TIME vs. TTL LOSIC LEVEL

sog

400
\ QL

v
\Q
30

# BREAK—BEFORE-MA
1

KE

w
=
b
2 N [ 1
i= IgN " #440ns
=
i w
L] MAKE-GEFDAE - dm—r=
— BREAK
140
]
25 kR 5 LX) 45 50

TTL Lugic Level (V) ~ Valts

ONJOFF SWITCH TIME vs.
LOGIC LEVEL

?nw N

T

1K = 38pF

SWITCHING WAVEFORMS

DIGITAL
INPUT

SWITCH
QUTPUT

tow. toFe (TTL INPUT)

VAH =+4.0V

Top: TTL Input
Bottam: Qutput

Vertical: 2V/Div.
Horizontal: 200ns/0iv.

toy. topp{CMOS (NPUT)
VHEF = UPEN, VAH =+15V

s

-

/

/

J

\

Top: CMOS Input
Bettom: Quiput

Vartical: 5Y/0iv.
Haorizontal: 200ns/Div.
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HI-201

Quad SPST CM0S
Analog Switch

SEMICONDUCTOR

& HARRYS C

FEATURES DESCRIPTION

ANALOG VOLTAGE RANGE
AMALDG CURRENT RANGE
TURN-0ON TIME

LOW Ron

LOW POWER DISSIPATION
TTL/CMOS COMPATIBLE

NQ GIGITAL INPUT CURRENT SPIKE

HI-20t is a monolithic device comprising four independently
selectable SPST switches which feature fast switching speeds
{189ns} combined with low pawer dissipation {15mW at 250C}.
Each switch grovides fow “ON“ resistance operation for input
signal voltages up to the supply rails and for signal currents up
to 80mA. Employing Diglectric Isoiation and Complementary

CMOS processing, HI-201 operates without any applications
problems induced by latch-up or SCH-mode phenomena,

APPLICATIONS

All davices provide break-before-make switching and are 7TL
and CMOS compatible for maximum application versatility,
HI-201 is an ideal component for use fn high frequency analog
switching. Typical appliativns inctude signal path switching,
sample and hold circuit, digital filters and op amp gain switching
networks.

HIGH FREDUENCY ANALOG SWITCHING

SAMPLE AND HOLD CIRCUITS
HI-2G1 is available in a 16 lead dual-in-fine package, H!-201-2

is specified from -55%C to +1250C while HI-201-5 operates
from QOC to +750C, HI-201 is functionally and pin compatible
with ather available 200 series™ switches.

DIGITAL FILTERS

OF AMP GAIN SWITCHING NETWORKS

PIN DUT FUNCTIONAL DIAGRAM
Package Code 4B
A2 TYPICAL SWITCH
ouT2
N2
Ve
GND 5 12 Vaer SWITCH OPEN —0

IN 4

] "IN3
ouT 4 ?——-—o/l Le——fu ouT3
* [}

13 I3
Ay g 9 A

3-10 CAUTION: These devices are sensitive to electrostatic discharge.
Users should fotlow IC Handling Procedures specified on pg. 1-4,

FOR LOGIC HIGH




SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Supply Voltage Between Pins 4 and 13 +Hov Total Pawer Dissipation® 750mwW

VREF to Ground +20V, -5Y Operating Temperature

Digital Input Yoltage: VSuppl\r("'] +Hy HI-201-2 -650C ta +1250C
Vsupply(-] -4V H1-201-4 -200C to +850C

Analog Input Valtage (One Switch) +VSupply +2.0V Hi-201-5 gog to +750C
“VSupply ~2.0V Storage Temperature -B&OC g +16Q0C

*Derate BmW/0C Ahove Tp = +750C

ELECTRICAL CHARACTERISTICS

Unless Gtherwise Specified
Supplies = +15V, -15V; Vgpp = Open; Vay (Logic Level Highl = 3.0 V4 {Logic Level Low) = +0.8V
For Test Conditions, consult Perfermance Characteristics

HI-201-2%* Hi-201-5
-550C to +1259C 0°C 1o +759C
PARAMETER TEMP, | MIN. TYP, MAX, MIN, TYP, | MAX. | UNITS
ANALOG SWITCH CHARACTERISTICS
*Vg, Analog Signat Range Full -1 +15 -1 +18 ¥
*Rgy. On Resistance {(Note 1) +2500 65 80 85 100 Q2
Full 8 125 75 125 19
*1g(0FF}. 0ff Input Leakage Current +250C 2 2 nA
Full 500 it} né
*I0(F F). O Dutpur Leakage Current +2508 2 Fi né
Full 500 250 nA
"I]ll)NJr On Leakage Current +25°C 7 2 nA
Full 500 250 né
DIGITAL INPLT CHARACTERISTICS
¥aL, Input Low Threshold Full . 08 ng v
V¥ aAH. Input High Threshold Full 3.0 30 v
'I,q, Input Leakage Corrent (High or Lowl {Note 2) Full 1.0 1.0 LA
SWITCHING CHARACTERISTICS
1QPEN. Braak - Before Make Delay iNote 31 li +2507 30 30 ns
tgn , Switch ON Time +2500 188 500 185 ns
toff , Switch OFF Time +250C 220 500 20 4
"OFf Isolation” {Note &) +250C il 80 dB
CS {OFF}, Input Switch Capacitance +250¢ 5.5 5.5 pF
Cp (OFF). +25°C 5.5 55 pF
Dutput Switch Capacitance
Cotani +25°C 1 " oF
Ca, Digital Input Capacitance +7500 5 5 eF
Cos (0FF), Drain-To-Source Capacitance +259C [1R-] 0.5 ef
POWER REQUIREMENTS {Note 5 +2500 19 15 mwW
£p. Power Dissipation Full 60 60 mW
. +259C 05 05 mA
*1+, Current (Pin 13} Full 24 2.0 mA
+25%¢ 0% 0.5 mA
*i— Current {Pin 4} Full 24 20 mA
NOTES: 1. wo  r7 #10V Ig 1 = 1™A 4. v,y =sv. R+ 18{) C = 100F, vg = 3VRMS,T = 100KH2
2 Digial Inpuls Are MOS Giaras - Typical Laakage is S M =3Var V, =0V For all Switches

Less Than Tna
3 Wy - ARV
* 300% Tested for Dash 8. (""Fuil " Tested at +25°C to +12659C)
*¥Naote: HI-201-4 has same specifications as HI-201-2 over tha reduced temperature range ~20°C 1o +859C 3-11



SCHEMATIC DIAGRAMS

TTL/CMOS
REFERENCE CIRCUIT

SWITCH CELL

j‘m quTeuT

%"ﬂ il
He |-

1)

a9
By

*TTL Intorfaca: Leave VRzfp Open

*CMOS Iatarface: If Vpp > +5.5V,
Connact Vo to Ve for
Higher Noise Immunity;
Otherwise Lagve Open.

DIGITAL INPUT BUFFER
AND LEVEL SHIFTER

ALL N-CHANNEL
BOQIES TO v~

ALl P-CHANNEL
BODIES TO Y+

EXCEPT AS SHOWN.




PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS

{UNLESS OTHERWISE SPECIFIED T = 259C, VgppLy =£15V, Vay = 3.0V V5 = 0.8V AND Vg = OPEN],

ON RESISTANCE vs. ANALOG StGNAL LEVEL,
SUPPLY VOLTAGE AND TEMPERATURE

Tmh
—®

Y2

Ou—0-

ON RESISTANCE vs. TEMPERATURE

On Resistance - Qhms

1 o1 “5d
Ambient Temperature - 0C

{HI-201}
ON RESISTANCE vs. ANALDG SIGNAL LEVEL

AKD POWER SUPPLY VOLTAGE

pr
I
nre"}

On Resistance - Dhms

-5 +
Analog Signal Level - Volis




PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (continued)

SWITCH LEAKAGE CURRENT vs.
TEMPERATURE {H1-201}

OFF LEAKAGE CURRENT
vs. TEMPERATURE

IgiOFF) IptaFFl

N - aut
/
HI-201
IS10FF'ni0 : = 5V

I

Current — nA

ON LEAKAGE CURRENT
vs, TEMPERATURE

/
/ 1piON)

V

15

+150C +106%C +125%C

Termperature

SWITCH CURRENT vs. VOLTAGE

SWITCH CURRENT
vs. VOLTAGE

IN auT
o —O——

Hi-201

Switch Current - mA

+3 +4

Voltage Across Switeh - Volts




SWITCHING WAVEFORMS

DIGITAL
INPUT

SWITCH

aquTeuT
ToN- topp(TTL INPUT) ton: tgFEICMOS INPUT)
Vi =35V VREF = OPEN, V| = +15V

T H T

|

AN

.
="
[
Y
[ )

N RN

Top: TTL knput
Bottom: Qutput

Horizontal: 100ns/Div. Top: CMOS Input Vertical: 5V/Div.
Vertical: 2¥/Div. Bottom: Quiput Horizontad; 100ns/Div.




AP HI-1800A

& DWVIEION GF HARME CORPORATION

Low Leakage
Dual DPDT Analog Switch

FEATURES DESCRIPTION

LEAKAGE AT +125¢C (TYP.)
SIGNAL RANGE

“ON" RESISTANCE (TYP)

AGGESS TIME {TYP) The HI-1800A is a general purpose analog switch which may
be used as a signal selector, multiplexer, chopper, ar cross-
DTL/TTL COMPATIBLE ADDRESS point switch far signals from D.C. ta R.F. The configuration
-550C T +1250C GPERATION is two independent OPST switches with versatile TTL com-
patibile addressing logic which allows connection as twao
SPOT, or as a single DPDT, SPOT, or SPST switch by con-
nection of external jumpers. ON resistance decreases corre-
APPLICATIONS spondingly when switching elements are connected in par-
alfel. The HI-1800A is fabricated on a single dielectrically
isolated chip using complementary N and P channel MOS
devices. This vnigue process produces exceptionally low
leakage currents (even at +1259C), constant ON resistance,
SIGNAL SELECTOR low power dissipation, snd fast switching. The HI-1800A is
CHOPPER available in a hermetic 16 pin dual-in-line package.

SAMPLE AND HOLD
GAIN SWITCHING

PINOUT FUNCTIONAL DIAGRAM
Package Code 4B
ADDRESS 2 - {16 ANDRESS 1
+5.0% SUPPLY }—15 MEG. SUPPLY
ENRBLE POS. SUPPLY
ADDRESS ) : _‘ LB
[ L 12 W
ILE] T =11 0OUT1
ouY UECH
'H -8 ouT2
TRUTH TABLE
INPUT SWITCH
ADCRESS CHANNELS |'|
a1 & a3y A 1 1 4 \
Lok ox L | oon oow A0 —couTs
Hox X L OFF OFF
¥oLoX L an oM —C N4
XX H L oM ON A3
¥ H L L OFF OFF H
X X x M OFF OFF OFF DFF
H>ed Oy L& +DAY auT4

3-16 CAUTION: These devices are sensitive to electrustatic discharge.
Users shauld follow IC Handling Procedures specified on py. 1-4.



SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS (Note 1)

Supply Voltage Between Pins 14 and 15 40.0v Digital tnput Valtage V'Supply, V"’Suppiv
Lagic Supply Voitage, Pin 2 30.0v Total Power Dissipation 780 mW {Note 2)
Analog input Voitage: V4gupply +2V V-gupply -2v S1o7age Temperature Range —659C 1o +150°C

ELECTRICAL CHARACTERISTICS HI-18004.2 HI-1800A.5
Supplies = +15¥, =15V, +5.0V 560G 10 +1250¢ 0°C tq +750C
PARAMETER MIN. TYP. | MAX. MtN. TYP. MAX.
ANALQG CHANNEL CHARACTERISTICS

* V|N, Analay Signal Range 15 15

*RpN. ON Resistance (Note 3}

* Ig (OFF), Ingut Leakage Current
I {OFF}, Dutput Leekage Current
* 1 {ON), On Channet Leakage Current

DIGITAL INPUT CHARACTERISTICS
VL, Input Low Threshold

V|H. Input High Threshald (Nate 4)

* 1IN, input Leakage Current

SWITEHING CHARACTERISTICS

1, Actess Time [Note 5)
Break-Before-Make Delay

Cyy. Channet Input Capacitance
CqayT. Channel Output Capacitance
Cp. Digital Input Capacitance

POWER REQUIREMENTS

Pp, Power Dissipation

Ppg. Standby Power (Nate §)
'I.;, Current Pin 14
* 1., Current Pin 15

*IL, Current Pin 2

. Woitage ratings apply when votteges at all other ping . Time measured te 90% of final cutput level;
are within their nominal operating ranges. VouT = -5.0V to +5.0V, Dipital Inputs =

. Derate 9.25 mW/°C above ty = +75°C 0.4V to +4.0V,

. VouT =110V IgyT=-100HA. . Voltage at Pin 3, ENABLE = +4.0V,

. To drive fram DTL/TTL circuits, 1€ puliup resistors
10 +5,0V supply are recommended.

*100% Tested for Desh 8. {"Full’” Tastedg at +250C to +1250C)




PERFORMANCE CHARACTERISTICS

ON RESISTANCE vs
ANALOG SIGNAL LEVEL

e 100§A
2

e T e
L

_Q"'"‘O—

-.—..—_..o"mo....

Ao~z

Test Circuit

ON CHANNEL CURRENT
vs VOLTAGE

v %’ OUTCDﬁ‘-]:‘

Test Circuit

]
=

W MEEKSTAMLE -OMME

CURRENT THROUTH SWITCH-ma

7
n/‘

[ L

2 [ +1 +
¥+ SIGNAL LEVEL f¥OLTS)

4
F] 3 E -1 [} "
VIOLTAEE ACROSS SWITCH

ON/OFF LEAKAGE CURRENTS vs
TEMPERATURE

OFF LEAKAGE ON LEAKAGE

I5\DFF) IplaFFI
- b Ot

T
o —@—0 | 0

WY O
1]

(? 108
Test Circuit v

Rl ——

VSLORFI = I {OFF = i ON)

TEMPERATURE -°C

ACCESS TIME

v oz o1

N3

-5 DC O

o\\::
A A3 A3
4y
Y

+0.ay

200ns/D1V,



SCHEMATIC DIAGRAM

ADDRESS INPUT BUFFER

ALL N-CHANNEL BODIES TO V-
ALL P-CHANNEL BODIES TO V+
UNLESS OTHERWISE INDICATED

DECODER GATE

[-i Fi5¢ (P16

~1|f‘“11 -|ﬁ12

[-l NisY N1

P CHANNEL YO +¥
N CHANNEL TO -V

P CHAMNEL
w

1
T0

N CHARNEL
W

!

MULTIPLEX SWITCH
, FROM DECODE

FAOM DECODE

ﬁ
=l

iy
w

=
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HI-5040 thru HI-5051

SEMICONDUCTOR

e {|-5046A and HI-5047A

CMOS Analog Switches

FEATURES DESCRIPTION

WIDE ANALDG SIGNAL RANGE sy This family of CMOS analog switches offers low-resistance

LOW "ON“ RESISTANCE (TYP} Fit) switching performance for analog voltages up to the supply

HIGH CURRENT CAPABILITY {TYP) 80mA rails and for signa! currents up to BOmA. “ON” resistance is |ow

BREAK-BEFORE-MAKE SWITCHING and stays reasonably constant over the full range of operating

TURN-ON TIME [TYP) 370ns signa! voltage and current. Rgp remains exceptionally constant

TURN-GFF TIME {TYP} 780ns for input voltages between +5Y and -5Y and currents up to

HO LATCH-UP S0mA. Switch impedance also changes very little over temp-

- erature, particularly between GOF and +750C. Rppy is namin-

* INPU“I!'Rf;ng[‘ir;:\sTEISSCA::HPgEUTE[}TEIJ FROM ELEC ally 26 ophms far HI-5048 through Hi-5051 and HI-6D46AS
DTL, TTL, GMOS, PMOS COMPATIBLE §047A and 50 for H1-5040 through HI-5047.

All deyicas provide break-before-make switching and are TTL
APPLICATIONS and CMOS compatible for maximum application versatility.
Performance is further enhanced by Dielectric tsalation pro-
cessing which insures latch-free aperatian with very low input
and output leakage currents {0.8nA at 259C). This family of
switches also features very low power operation (1.5mW at
HIGH FREQUENCY SWITCHING 250C).

SAMPLE AND HOLD There are 14 devices in this switch series which are differem!ated
by type of switch action and value of Rgp (see Functional
DIGITAL FILTERS diagram]. All devices are available in 16 pin D.1.P, pal:kag?s‘
The HI-5040/9050 switches can- directly replace |H-5040 series
OF AMP GAIN SWITCHING devif;:es and are flunctiunail'\f CUH‘!palihiF with the DG 180/190
family, E£ach switch type is available in the -550C to +1250C
and 09C to +752C perfarmance grades.

FUNCTIONAL DESCRIPTION FUNCTIONAL DIAGRAM

Packaga Code 4B

PART NUMBER TYPE RON
HI-5040 SPST B0
HI-5081 OUAL SPST %0 TYPICAL SWITCH
HI-5042 SPOT 750
HI-5043 DUALSPDT %0
HI-5044 0PST 150
HI-5045 DUAL OPST %0
HI-5046 ppOT AT ——|
HI-50464 0POT 300
HI-5047 4pST 750
HI-50478 apsT 00
HI-5048 DUAL SPST 18 Dc
HI-S049 DUAL DPST ag
HI-5050 sPOT 300
HI-S051 DUAL SPOT 8

3.20 CAUTION: These devices are sensitive to electrostatic discharge,
” Uzers should follow IC Handling Procedures specified on pg. 1-4.



SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS

Supply Voltage {v* -v) 6V Anatog Cusrent (S to D) BOmA

VR to Ground vy Total Power Dissipation* 450mW
Digital and Analog vy Dperating Temperature

input Voitage V- -4y HI-50XX-2 -659C to +125°C

Hi-50XX-5 0°Cto +750C

Storage Temperature -65°C to +150°C

*Derate GmW/OC ahove Ty = 75°C

ELECTRICAL CHARACTERISTICS

Unless Otherwise Specified )
Supplies = +15V, -15V; Vg = OV; Vapy (Logic Level High} = 3.0V; Vg {Logic Level Low] = +0.8V, V| = +5V
For Test Conditions, consult Parformance Characteristics

-550C to +126%C 0°L to +759C
PARAMETER TEMP MIN TYP MAX MIN TYP MAX

ANALOG SWITCH CHARACTERISTICS
Analog Signal Range Full -15 +15 -15 +15
Ron,“ON* Resistance {Note Tal +350¢
Full 75 75
Ron," 0N Aasistance |Mote 1h) +250¢
Full 113 50
Ron, Channghto-Channel Match (Note 3} +250¢ 0 10
Ran, Channelto-Charnel Match (Note th} +2500 5 5
IstofF) = lotpee). OF Input or Qutput +2500
Lpakage Current Full 500 500
Inion;. On Leakage Cursent +250C
Full 500 500

DIGITAL INPUT CHARACTERISTICS
Vi L. Input Low Threshold Full 08
V4 4. Irput High Threshoid Full
|4, Input Laakae Gurrgnt [High or Low) Full X 16

SWITCHING CHARACTERISTICS
top, SWilch “ON” Time +35%C
tff, Switch “OFF” Time +259¢
Change Injection (Ncte 2) +2500
“QFF lsolation” {Hote 3} +2500
“Crosatalk” {Note 3} +250C
CSI0FF), Input Switch Capacitante *250C

EoiorFy +250C

Output Switch Capacitance
Cpiom;, +25°C
Cp, Qigital Input Capacitance +259C
Cps (0FF}. DrainTo-Source Capacitance +259C

POWER RECUIREMENTS

Pp. Quisscent Power Dissipation +I50( 15 15 miy¥
# 1*, +15¥ Quiescent Current Full 0.3 05 mA
# |7, ~35V Ouiesgant Current Full 0.3 058 ma
# ¥, +5¥ Ruiescent Current full 03 05 mA
* lg, Grd Quigscent Curreant Full 03 05 ma

NOTES: 1.Vgyr =10V, gyt = tmA
a} For HI-6040 thru KI-5047
b} Far HI-B048 thru HI-5051, Hi-5046A/5047A
2,V = OV, €| = 10,000pF
3R = 10082, f= 100 KHz, v = 2 Vpp, G| =5pF
*100% Tezted for Dash 8. {"Full” Tested at +259C to +125°C] 3-21



SWITCH FUNCTIONS

SPST
HI-5040 (7552}

SWITCH STATES ARE FOR LOGIC 1”7 INPUT

DUAL SPST
HI-5041 (76£2)

SPST
Hi-6042 (75652)

Vi ¥+
T:z Tn

-—o--!“f_
———°~L.1—

>
s ¥

DUAL SPST
HI-5043 {7552}

i '
le Tn

TRY Sy
D>
F——ol

IE———g

gr'; ] é_“

DPST
HI-5044 (762}

L Y+
T12 TI 1

DUAL DPST
HI-5045 (7581}

vi

{2

rT

DPOT
HI-5046 (7551}
HI-5046A (302}

¥i L2
T!z Tn

"

APST
HI-5047 (7502}
HI-5047A (3002)

DUAL SPST
HI-5048 (3082}

VL V4
le T
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DUAL DPST
HI-5049 {301}
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SPST
HI-5050 {3052)

Vi
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS

{UNLESS OTHERWISE SPECIFIED T4 = 26°C, V* = +15V, Y~ =15V, V| =+5V, Vg =0V, Vay = 3.0V and V4 = 0.8V :

NORMALIZED “ON” RESISTANCE

(REFERRED TO +25%C)

1.0

0.9

0.8

0.7

0.6

ON RESISTANCE vs. ANALOHG SIGNAL LEVEL,
SUPPLY VOLTAGE AKD TEMPERATURE

imA
vz E
=22 v
OR "Tha 2
|M OO Ut
Nn T

“0ON"" RESISTANCE vs. ANALOG SIGMAL LEVEL
AND POWER SUPPLY VOLTAGE

TEMPERATURE - 9¢

80

E @

[

|
wd

= vr=+10v

< - = vt=112v
= A Vo= 10V |

7 ¢ g 7/A’L V=12V
=Z --""“--i

? 20 V+ =+1bY

V== o158V
0
-15 -10 -8 1} +5 +10 +15
ANALOG SIGNAL LEVEL — VOLTS
NORMALIZED “ON"" RESISTANGE vs. TEMPERATURE
\r‘m =0V
-—""'-_-.-
e
pd
-500 -25¢ 0° +250 +50¢ +750 +100°

+125°
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (continuad)

OFF LEAKAGE CURRENT
vs. TEMPERATURE
Ig{OFF) Ip{OFF}

i o il

Hiv — = 10V
fn

ON/OFF LEAKAGE CURRENT vs. TEMPERATURE
——F

ON LEAKAGE CURRENT
vs. TEMPERATURE

N Ot ouT

LEAKAGE CURRENT

500 750
TEMPERATURE — °C

NORMALIZED "ON" RESISTANCE
ve ANALDG CURRENT

“ON" RESISTANCE
vs. ANALOG CURRENT

Win

I

{REFERRED TO tmA)

NORMALIZED “ON" RESISTANCE

=

0 4 60 80
ANALGG CURRENT — mA
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS {continved)

“OFF” ISOLATION vs. FREQUENCY

I

= 1605

OFF ISOLATION - 48

]
s

v
"OtFF ISOLATION = 20 Iog(v_.
out

1K 10K
FRAEQUENCY - H:

CROSSTALK vs, FREQUENTY

I
gt
H “cuanneL o——{>—1

o aklﬂ
Ui w’ 500 '
| Ry = 10052 |||
L %

'1k :
8| = IKEL
g “CROSSTALK" = 20 :n,(vv'"

| ||
out

CROSSTALK - dB

a
Ay = 10K0)
it

1K 10K
FREQUENCY - Hz

POWER CONSUMPTION vs. FREQUENCY

+ 10V Qe

o
]

10V Oy

TOGGLE
AT 50% O—o

ouTY

[
=

POWER CORSUMPTION — mw
-
=

v

-

——

u=¢"‘ al
Mk 10K 160K [T’}
TOGGLE FREQUENCY (50% QUTY CYCLE) - Hz

3-25



SWITCHING CHARACTERISTICS

ON/OFF SWITCH TIME Vay
vs. LOGIC LEVEL
VaL
r— VA
l | 90% 90%
lNl ' )

SWITCHNG TIMES FOR POSITIVE DIQITAL TAANSISTION

- SWITCHING TIMES FOR WEGATIVE DIGITAL TRANSISTION
¥ E Fi
» 0 /
s ]\ y
sap
z w E - Y2V 218 /
g il \ L5V 2, 200 g
5 \ | o
g w - T = W ] /|
= \\ “'--..--..____ toN § I!u T ,
] T E a0 —
5 2 s are I-——
- il o okE ]
180 il
it 2 —1 1]
&0
v 3 36V v a8y 5
DIGITAL “HIBH" (¥ ! w wsy 1% L5V
DIGITAL "LOW" lvy }
SWITCHING WAVEFORMS
FOP: TTL INPUT {IW/01V) TOP: CMOS INPUT {5%/D1V]
VaH = 3V, Va =08V Vap =10V, Vg4 =0V
BOTTOM: CUTPUT (5v/DiV] BOTTOM: DUTPUT {5v/DIV
pe E
L1 Ll LLLlL Ll LLL1 lIIl::IIII LiLl Ll Lill LLLL LLLL Ll LLLL Iyl ]Al];:Jlll il -l il LiLtL
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sANERERIEEEEE]
e

200ns/DIV 200ns/01V
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SCHEMATIC DIAGRAMS

TTL/CMOS
REFERENCE CIACINT®

W+

*Canneer V¥ 1o V| for
minimizing power consumplion
whan driving from CMOS circwits

SWITCH CELL

AqlAz) >

DIGITAL INPUT BUFFER
AND LEVEL SHIFTER

ALL N-CHANNEL
BODHES TO V-

ALL P-CHANNEL
BODIES TO V+

EXCEPT AS SHOWN
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HI-506/H1-507

SEMICONDUCTOR

oo s commomston Single 16/ Differential
& Channel CMOS

Analog Multiplexers

FEATURES DESCRIPTION

o LOW GN RESISTAMCE (TYP.} 170 The HI-508/507 are monolithic high performance CMOS analog
multiplexers offering built-in ¢hannel selection decoding plus
« WIDE ANALOG SIGNAL RANGE sy an inhibit input for disabling ofl channals. Dielectric fsalation
o DIRECTLY TTL/CMOS (D1} is used to fabricate these devices for anhanced reliability
COMPATIBLE 2.4V {LOGIC *1") and performance over conventional Junction-isolated W1}

: devices. {See Application Note 521). Substrate leakages and

ACCESS TIME {TYP) 300ns parasitic capacitancs are much lower in DI resulting in extremaly

low static errors and high throughput rates. Low output leakage

HIGH CURRENT CAPABILITY (TYP.} 50mA {typically 3.3InA) and low channgl ON resistance {170£)) assure

BAEAK-BEFORE-MAKE SWITCHING optimum performange in low level or current mode applications,

Operation is specified with ingl *15Y s, h

NO LATCH-tP supplies as low as 7V can ba used at sumewhat lower parfor-

mance, The HI-506/507 internally develops a +5Y digital logic

refgrence fram the positive supply which eliminates an additian-

APPLICATIONS al supply and provides direct TTL/CMOS compatihility without
interfate pull-up resistars,

» DATA ACQUISITION SYSTEMS
The HI-506 is a single-gnded 16 channe! multiplexer while the
» PRECISION INSTRUMENTATION HI-507 is a differential 8 channgl version. Either device is
ideally suited for medical instrumentation, lelematry sysiems
» DEMULTIPLEXING and microprocassor based data atquisition systems.

The Hi-b06-2 and HI-HQ7-2 are specified over -55CC 1o
+1250C, while the -5 versions are specified over 00C e +750C.

PINOUT FUNCTIONAL BIAGRAM
HI-506 Top VIEW Package Code 1M | HI-506
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TOP VIEW 9 : ! b=
WaypPLy 1 -2 out & T : - :
[[1T) R 37 Vauppry : ! T lI : i
NC 3 - 26 A [ | e
i ] 25 78 g St | e
INTE 5 |- 24 N GA \ : : . | : ! s
WER E—f — 23 1N 54 | 1 T ™
W5E 7 |22 0 an - ; ' |
e — 21 N 38 X | . [} win
wi 9] - 20 w28 I ) N !
N8 10— =13 1A | 1 H ol : wH
18 11— |- 16 ENABLE : : o : ! H :
Nt 13— |15 annRESS Ay n T ' T
NG 1] |- 15 ADORESS By [ e Lmoi 3
EDNEL INMIY LAFFLR DACOnIng muLTHLES

AND LIVEL pHFTIE IATEERING

3.78 CAUTION: These devices are sensitive to electrostatic discharge.
Users should follow IC Handling Procedures specified on pg. 1-4.



SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Supply Voltage Between Pins 1 and 27 Total Power Dissipation® 1200 mW

VEN, VA, Digital Input Overvoltage: Operating Temperature:

Vgupply (+) +4V HI-506/HI-507-2 -550C ta +1260C
VSupply (- -4y HI-506/HI-507-5 0%C to +7500
Analog [nput Qvervoitage: {Note &) Storage Temperature -650C to +15008
Vaupply (+) +2V

Vsuppw {-) -2v

Va

VporVg
*Derate SmW/AC above Ty = +250C

ELECTRICAL CHARACTERISTICS Unless Otherwise Specified; Supplies=+15V, -15V; VagiLagic Level High} =+2.4V,
VaLlLogic Level Low) = +0.8Y. For Test Conditians, consuit Perfarmance Characteristics section.

H{-506/H1-507-2 HI-506/HE-507-5
~B5OC tp +125%¢C D9C to +750C

FARAMETER MIN | TYP [ MaxX | MIN | TYF | MAX TRUTH TABIES

AMALDG CHANNEL CHARALTERISTICE

T
* ¥5, Analag Signal Range

* RN, On Aesiziance (Note 1}

N
CHANNEL

NOKE

* ARp, {Between Chonnelsh

>

* lgif FE1. DI input Leakage Current

* IMOFE), Of Dutput Leakage Current
HI-506

HI-507

" tpipR). G0 Chaonel Leakage Currem
HI-506

Hr-507

DIGHTAL INPUT CHARACTERISTIES

WaL, Maput Low Threshald

Yan. thput High Threshold

T EXT Er~ e ETxT e eox

" {4, Inpet Leakage Current [High or Lowl{Ngte 21

SWITCHING CHARACTERISTICS
14, Access Time

THPEN, Broak-Bafore Waks Dakay

LONLENE, Enabe Dekiy (DM

tOFFEN), Enable Delay {GFF)

»

"
»

=

Batuling Time M 1%)
100 25%"

01 tsnlation” {Nate 3]

Ca(0FFi Channel Inpul Capscitance

TXTXT T oo~ o
TP T oD T o

CyjoF ), Channel Qutput Capacilance
HI-5{6
HI-507

L. Digital Inpot Capecitsnce

CoSi0FF). Inpul to Qutpu Capacitance

POWER REOUREMENTS
* 1+, Current Pin 1Mot 4 Fuyll
*1-, Current Pin 27 [Note &) Foll

* I+, Standby (Nove 5 Full

*1-, Standby (Note 5 Fult 0.4 1.0 18 0 mA

NOTES: 1, ¥guT =110V, IgyT * -ImA L VEN * A0V, AN Wa =40V

-

2. Digital Inputs are Mos Gates. Typical Laakage B Ve =0V, All Va =0V
Leas Than Tnd . B. Il Annslog input 0 Itage Conditicns are A

3. VEN =08V R = 1K, CL = 260F Vg = TVRMS, Usa of HI-S05A/607A Protectas Multiplexars is Recommandad.
f = GDEKH:, Sea HI-506AS507A Data Shawt.

*100% Tested for Dash 8. {"Full” Tasted at +250C to +1269C)
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS

Untess Dthenwise Specified; Ta = 26°%, VSypaly = 15y, ot smﬂlﬁ::?x:’:; voutace

VAH =24V VA =08V, e
-

TEST CIRCUIT A—— E—

NO, 1 .
o O o
—0

GN RESISTANGE NDRMALIZED ON RESISTANCE
vs. ANALOG INPUT VOLTAGE, TEMPERATURE vs. SUPPLY VO LTAGE

1 1 T
12500 TA > 5E0F, _|
Vin=0v

(=)
1=
=
o P
moo

]
—
-

et

I oy

Ta = -550C
i

r

-5 1 +5 1 n Hootg f f7 3 e NS
WiN Analng Input! Volis Supphy Voltage ¥ oits)

On Aesistanee-Ghms
~
=
=

=]
=

Homalized Rasistance
{Reterred to Valus at F15¥alts)

LEAKAGE CURRENT vs. TEMPERATURE TEST CIRCUIT OFF LEAKAGE CURRENT
NO. 2 vs. TEMPERATURE

T00nA

1glOFFY IgiOFF}

Ty

—_— —0
Qif Jutput - | E ?

Leskage Curreat

IuiDlﬂ%ﬁlnan] -
e Eu I.eahg'eZ'
urrent
/ TEST CIRCUIT ON LEAKAGE CURRENT

/ / ND. 3 vs. TEMPERATURE

x
"
vl
a

u
w0 loput

Lashage Current |
15 (0

Leakage Current

80 1009 1290
Temperature OC

LOGIC THRESHOLD POWER SUPPLY CURRENT OFF ISOLATION ys,
vs. POWER SUPPLY VOLTAGE vs. TEMPERATURE FREQUENLCY
L] 10 100
- 4 I[um
;: =z T B0 L WE T
= 3 E -
= z 28 =
H § i ow == =
5oz — < VEN 5 20V = L= oM
e | T E iy i S w
3 2 18 o »a
! ‘g zz W[ ven s OV
= +t L rrun 1
= CLoAD = 2B0F T Vg =7 VAMS
¢ 0 n TP W RT3 T AT 7T 3
H oW N vz he 16 NE o -6 -35-18 -5 25 45 65 A5 M5 125 14 105 108 107
Power Sugply Voltage | nlish Tenperature {9C} -Fraguency (Hzh
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (continued) .

TEST CIRCUIT
0N CHANWEL CURRENT vs. VOLTAGE NG, 2 '

— OM CHANNEL CURRENT ,
vi WOLTAGE |

A -Switch Cutrent - mf

b T I TS I PR T
Wiy - Vortage Across Swiich

TEST CIRCUNT
NO.5 +51a0

+ISUPPLY

SUPPLY CURRENT vs. TOGGLE FREQUENCY SUPPLY CUARENT

us. TOGHLE FREQUENCY
&

"
N0 10/ 45

Ysupply = 15 Nz ;
\/ p—1* HI-50B ‘,T,'ﬁ:':gj =

fy = IV, / Sugt s f——O 1048
— our

- == E

= = 5y M pf
/ 0Nz =
_—

v Way = 38Y
10K 180K Aqva =
B0% DUTY CYCLE -

=

o
E
=
&
=
£}
=)
= 4
=
&
3
A
|
=

)

-ISUPPLY
Topgle Frequency,Hz

Similar connection for HI-507 “)i-i0

TEST CIRCUIT
NO. 6 ACCESS TIME

AGCESS TIME ve. LOGIC LEVEL (HIGH) T e LOGIE LEVEL HGH!

yr

LB

1N 2 THRL 1N 15

HI-806

IN1E

d

our
-

5

-15

ta - Actess Time ins)

re
P 5 4l
Vat - Loge Level {High), Yalis Similar connectian for HI-507

| S —

SWITCHING WAVEFORMS

Vau-35v ADBRESS ACCESS TIME
DRIVE (V) ] ]
Mﬂ“
| —_ lzwm l
1 QuTPUT sow [ ] % t
| 3
-8V :
| i -1y ¥ gyreur ’
BVIDIY ’
I ! L]
.I 14 | 515 0N U
IN0NSIOIV
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SWITCHING WAVEFORMS (contimued)

TEST CIRCWNT

NO.7 BREAK-BEFORE-MAKE DELAY {tppgn)

WREAK-BEFDNE-MAKE DELAYiUeER!

[ ]

ADDRESS
DAIVE ¥ 5]

ki)
NI
QUTAUT A W
THi!

1 HE-506

100 NSOV

Simitar connection for H1-507

TEST CIRCUIT

NO. 8 ENABLE DELAY {tgN(EN) , YOFF(EN))

ENABLE DRIVE ENABLE BELAYNONLEN). FOFFIEMH
Ve = 3.5V e

i T

"W
Lk}

AL+
_H1-506 Tk

NS0V

Simitar connection for HI-507

SCHEMATIC DIAGRAMS

ADDRESS DECODER

T P-LHANKEL
DEVICE OF
THE SWITLH

TO M-CHAMNEL
¥ DEVICE OF
THE SWITCH

ENABLE

v-l

Dalete Az or A3 Input for HI-607
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SCHEMATIC DIAGRAM (continued)

ADDRESS INPUT BUFFER MULTIPLEX SWITCH
LEVER SHIFTER

AW DECODE

i 1
M

459 =l

[T

tru |
, FAOM DECODE —1—

All N-Channel Bodies to V-
All P-Channsl Badies to V+ Unless Dtherwise Indicated.

TTL REFERENEE CIRCUIT
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HARRIS
SEMICONDUCTOR

£ ENASION OF HARRE CORPORAT N

FEATURES

HI-506A/H1-507A

16 Channel CMOS
Analog Multiplexer with

Overvoltage Protection

DESCRIPTION

* ANALOG/DIGITAL OVERVOLTAGE PROTECTION
* FAIL SAFE WITH POWER LOSS {ND LATCHUP)

« BREAK-BEFORE-MAKE SWITCHING

* DTL/TTL ANG CMOS COMPATIRLE

* ANALOG SIGNAL RANGE

« ACCESS TIME (TYP.)

* SUPPLY CUARENT AT 1MHz
ADDRESS TOGGLE {TYP.)

* STANDBY POWER (TY?.)

APPLICATIONS

* DATA ACOQUISITION

= INDUSTR!AL CONTROLS

¢ TELEMETRY

The HI-506A and Hi-507A are diglectrically isolated CMOS
analog muitiplexers incorporating an important feature; they
withstand analog input voltages much greater than the supplies.
This is essential in any system where the analog inputs originate
outside the equipment. They tan withstand 2 continuous input
up to 10 volts greater than either supply, which eliminates the
possibility of damage when supplies are off, but input signals
are present, Equally important, they can withstand brief input
transient spikes of several hundred volts; which otherwise
would require complex external protection networks. Meces-
sarily, DN resistance is somewhat higher than similar unprao-
tected devices, but very low {eakage currents combine to pro-
duce low errors. Application Notes 520 and 521 further explain
these features.

The HI-BGBA-2 and HI-507A-F are specified over -550C to
+12508 whila the -§ versions are specified over 09C 1o +75°9C.

PINOUT

FUNCTIONAL DIAGRAM

HI-506A Package Code 1M

TOP VIEW
v serLy 4@ hd [— @ aur
NQ 2 ] — 17w sumy
T f— N
(TR X B f— HwNe
LE R S womg
N E =1 — 71 NS
W7 —— — 22
Wy s —] — 71 4
LI B [— w2
nig 19 = — 5N
e —] |— 1B ENABLE
oD 13— | — 1 aooRess ag
Vg 1 —] |— 15 ADGRESS A,
ADURESS &g W —] |— 15 anoRESS 8

HI-506A

F
===re
j

PRI RpE PR R B S 1T e |

-

r

T

.

1

4
ADONEES UL JUSFER uyLneL gy
AN LEVEL GHIP IER PRTCHES

HI-5074 Package Codes 1M

TOF VIEW

—
H¥suprLy 1| -8 aur A

DuT & 3 = 27 -VsubeLy
NC 1 |- 26 N 3A

LR = 25 IN 1A

N7 5 [— M HEa

[LE S =73 IN%a

N 5B ¥ [— 22 N 44

N4 2 mrAELEEY

EINJE 39— [—20 IN 2A

IN28 10 = 19 i th

[LRERIES =18 ENABLE

LND 1Y — [— 17 ADORESS Ag

VREF 13- }— 16 pODRESS Ay
NC 14— = 15 ADDRESS Az

3.34 CAUTION: These devices are sensitive to electrostatic discharge,
Usars should foltow IC Handling Proceduras specified on pg, 1-4.
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Supply Voitage Between Pins 1 and 27 Total Power Dissipatian® 1200mW

VREF to Ground Y+ to Ground Operating Temperature

VEN. V4, Digital Input Dvervaltage: HI-506A/507A-2 -55°C to+$25°C
Vsupply (+} +y HI-506A/507A-5 09C 10 +759C
Vsupaly {—) iy Storage Temperatura ~659C tn +1500C

Anpalog Overvoltage:
'1.!" ‘ USuppw {+} 20V
Vsupply () =20V *Derate SmW/OC ahave Tp = +250¢C

ELECTRICAL CHARACTERISTICS {Unless Otherwise Specified) !
Supplies = +15V, -15V; VREF (Pin 13) = Open; VAN (Logic Levet High) = +4.0V; v {Logic Level Low! = 1+0.8Y '
For Test Canditions, consult Perfarmance Charactarisies section. I

HI-506A/5074-7 HI-E06A/507A-5
-559C to #1250 0°C to +75°C

PARAMETER TEMF. ¢ MW 1 TYP, | Max, | M, | TYP | MAX. THUTH fAB!fS

ANALOG CHANNEL CHARACTERISTICE
Vg, Anaiog Signal Rangs Full -15 5 -15% +15

HI-506A
*RpN, On Resistance (Note 1] +50C . 15 1.5 18
Fuilt . 2.0 r 20

N~
CHANNEL
NOHE

»
=
>
-y
>
>
@
-
=

*I5 {0FEY. O Input Leakage Curreat +25°C
Ful 50 50

*1g rpFF). DFF Ourput Leakage Current +250¢
HI-5iGA Full
HI-bE7A Full

*Ip (DFF) with |aput Overvaltaga Anplisd +25°¢
Mo 21 Full

*In (04} On Channel Leakage Current +250¢
HI-5b06A Full
Hi-507A Fult

DIGITAL INPUT CHARACTERISTIES
Wa. lbput Low Thrashatd ] TTL Drive Full
¥ay, Input High Threshold| (Nowe 71 Full

rXTTXITZTITTTI~FmCmmRCx
ITXTrETrrrCfTITTZ~CoFCom
PRI I N N N T T
E-I~ftrIoTCTCoXI-oTCR
XrZTXTZIXTITTTITTIELET T~

VAL . +25%C
Van MOS Drive {Note 34 +7500

Hi-507A

Iy, lopui Leakage Current (High or Low) Full

SWITCHING CHARACTYERISTICE

]
13, Arcess Time +26°¢ uy | ay | &g | EN
| T Ed H X L
OPEN. Break-Belore Make Delay +25°0
L L L H
Wi (EN). Enable Deley 10DM} +250¢0 L{L | H |~
L H L H
OFF {EN;. Enable Delay (DFF) +255C LiH | HIH
H L L H
Satthing Time {1141 +250C H L H H
10.025%H +250C H|HlLL|H
H H H H
QN bendation” [Howe 20 +25°C
€5 tOFF). Channal Tput Capatilante +250¢
L (0FF). Channet Output Capaciranca  HI-5064 +25°¢
HI-507A +2500
Ca. Dugited input Copacitance +250¢
Cpg {QFF). bnput to Qutput Gagac ltancs +250C
POWER REQUIREMENTS
P, Power Dissipation Full
I+, Currant Fin 1 iNote 5 Full
"I-, Current Pin 27 (Note B) Full
"I+, Standby {N ot G Full
*1-, Standby {Hote §) Full (A1} 10 0o bA] LY.
NOTES: b Wpur - t10V, gyt = - 100 pa & vy = IV,
2. Anslog Dvervaitage = +33V B, WEy = 08Y.
3. Vpge - 10V, 7. Ta drive Irom OTUTTL circuity, 1X8pull-  *$00% Tasted for Dash 8,
A, WEn* DBV AL 39K L= TeF, ¥5= 1 resistors 1o +5.0Y sopply are medm- *Eull” Tested st +259C to +12500C)

IYAME, (= S00KH2 mended. 3-35



PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS

|UN|.ESS OTHERWISE SPECIHED IA = 2505, USUPPLY = ﬂSV,VAH = +4V,VAL =0.8¥ AND VREF = UPENJ

ON RESISTAMCE v,
TEST CIRCUIT INPUT SIGAL LEVEL, SUPPLY VOLTAGE

NO.1 — 20 A

¥
Ay =t e Ny ——
AT

—o
~—>
+—-o0

ON AESISTANCE NDRMALIZEC ON RESISTANCE
v ANALQG INPUT VDLTAGE vz, SUPPLY VO LTAGE

I
Ty = +1250C

1 T T
1259 2Ty, 25500
Wiy = +5Y

el
n

Ty + +159C
—

Ty - -95°C

N

On Registance - K §}

Harmalizsd on Rasistance
{Refecced to Valur 2t +15Volrs)

7 A 3 E3 L B N 3 F3
Supply Voltage (¥ altsh

4

Wy - Analog Inpur Eansh

LEAKAGE CURRENT vs. TEMPERATURE TEST CIRCUIT OFF LEAKAGE CURRENT
NO.2 vi. TEMPEAATURE

glDFF} IpiGFFI

OFF OUTPUT
[~ LEAKAGE CURRENT
1g (OFF}

+

] [ —
F 1 I -

Z |

DH LEAKAGE
CURARENT 0N LEAKAGE CURRENT

tp ION} vs, TERPERATUAE
]

— TEST CIRCIHT
7 NO.3

-

-

Leakagr Current

OFF INPUT
YLEAKAGE CLURRENT |
15 (OFF]

502 150 100¢ 1259
Temperstore -0C

ANALOG INPUT OVERYOLTAGE CHARALTERISTICS ANALOG INPUT OVEAVOLTAGE CHARACTERISTICS

Tl % TEST CIRCUIT
F s E L NO.4
;,; 31 ANALOG INPHT // N I (OFF)
311 g S — T CURRENT um:/,

&= 0
LR RN - T—
g itr% / ] ;!VIN f 1
< = OUTPUT OFF T : ? =
S Sl-l-i - LEAXAGE CURRENT — he
& S IpfGFF}

1] . e "
#1518 231 w24 127 W0 431 3%

¥\ - Anslog Input Dvervaliege iValts
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS {continued)

ON CHANNEL CURRENT 4, VOLTAGE

- 559
T a2
E - |-2?|‘E‘
£ 110 gl

= 0
E /‘// «1250¢
= - /
£ w —
E
.
- o2

4 7 + * 4 10 1z e

Wy - Valisge acru;s Switch

TEST CIRCU
NO.5

T OK CHANKEL CURAENT

ve YOLTAGE

thy

TEST CIRCUIT ROt
NOS SUPPLY CUHRENT
_ SUPPLY CURAENT w. TOGGLE FREQUENCY ve TOGGLE FREGUENCY Mgy
<
E- L
H B -
E VSUPPI.'(‘!IE\ , p— "3 N} (3 210/ 25
=3
2 VsuppLY = 10V | / v g NSORATHESL =
) [, s by e ——0 s s
O—en oyt
e = =T v EN{ Ky Wl
? 3 10F 00K ™ 10 LLLh
Togyke Frequency, Hz
— -lgupeLy 3
SIMILAR COMNECTION FOR HI-507A 18710
ALCESS TIME
v, LAGIC LEVEL {(HIGH|
ACCESS TIME vs. LOGIC LEVEL (HIGH) TEST CIRCUIT Py
NO.7 C|'> T
_ ny REF W
£ a00 3 W —0 v
E Vpgr = GPEN FDR V<4V Ay IH 2 THRY IN15)
E 3 REF AHS 0
= o VREF = Vap FOR Vaq > ¥ V& Al =
£ 600 ag Ws0BA  WEE—QOReT
L.y
" 500 02 5w -
= o -t = = Ya :
300 i
3 4 5 b 1 3 0 1 12 13 14 18 1
Vi -Logic Lwvel tHight, Volis :
—
SIMILAR CONNECTION FOR HI-507A
ACCESS TIME
Vpp:agy  ADDRESS
© DRIVE Y}
0 A W INRUT
Van Vap - 08V Y.
!
10V
ouTPuT -
|
| \ LY 3
| | 1 outPuT A
g EV/DIV,
—_ ——
N /
2000/ Div.
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SWITCHING WAVEFORMS (continued)

TEST CIRCUNT

NO.8 REAK BEFORE MAKE DELAY lLgpgy)

BHEAK BEFORE MAKE DELAY figppy)

Vap= 0V
AH vy, INPUT

ImY,
ADDRESS

0E=Vy BRIVE (v 5

3 e
7 N
gutPuT HI-50BA  Wh
son-dy 0% ; ] =

b
1

—l p—

1oPEN = ) I1?s¢!

SIMILAR CONNECTION FOR HI-S07A

TEST CVRCUIT

NO.9 ENABLE DELAY ligNiEN)- \OFFEENY

ENABLE DELAY l1gy en)- IDFFIENE

ENABLE DRIVE

Vay “4.0v

] j Vg = L8V HI-506R 4y
|
|

mALl
mpu-—-‘}l
ALY

90 ouTeuT s
| i Wi
| | . B
|
|

on(EN) f— | 1ggp
- i llﬂFF

| Eny

SIMILAR CONNECTION FOQR HI-507A

SCHEMATIC DIAGRAMS

ADDRESS DECODER

TP CHANNEL
UENICE OF
THE SHITCH

TO N-LHAMNEL
= DEVICE OF

DELETE Ag or 33 THE SWITEH
INFUT FOR HI-507A

By 0R By

EwasLE
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SCHEMATIC DIAGRAMS (continued}

ADDRAESS INPUT BUFFER
AND LEVEL SHIFTER

¥
]
J 1
| LEVEL
4> swFTED
OVERVOLTAGE ADDRESS
PROTECTION T4 DECDDE

[ ———
1 LAl 1

b

I

I vy

- SHIFTED
| SDORESS
]

L[]

1

T4 DECODE

pecoot > MULTIPLEX SWITCH

GVENVOLTASE PAOTECTION
-
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SEMICONDUCTOR

- L]

FEATURES

HI-508A/509A

8 Channel CMOS Analog Multiplexers
with Overvoltage Protection

DESCRIPTION

ANALOG/DIGITAL OVERVOLTAGE PROTECTICK
FAlL SAFE WITH POWER LOSS (NO LATCHUP}
BAEAK-BEFORE-MAKE SWITCHING

OTL/TTL AND CMOS COMPATIBLE

ANALOG SIGNAL RANGE

AGCESS TIME (TYP.)

SUPPLY CURRENT AT 1MHz
ADDRESS TOGGLE (TYP.)

STANDBY POWER (TYP.)

APPLICATIONS

» DATA ACOUISITION

* [NDUSTRIAL EONTROLS

e TELEMETRY

The HI-508& and HI-503A are dielectrically isolated EMOS
analeg multiplexers incorporating an important feature; they
withstand analag input voltages much greater than the supplies.
This is essential in any system where the analog inputs originate
outside the equipment. They can withstand a continuous nput
up to 10 volts greater than either supply, which eliminates the
possibility of damage when supplies are off, but input signals
are present. Egually important, they can withstand brief input
transient spikes of several hundred volts; which otherwise
would require complex external protection netwarks. Meces-
arily, OM resistance is samewhat higher than similar unpro-
tected devices, but very low leakage currents combine to pro-
duce low errors. Application Motes 520 and 521 further explain
these features.

The Hi-BOBA-2 and H!-509A-2 are specified over -550C to
+1292C while the -5 versions are specified over 09C to +750C.

PINOUT

FUNCTIONAL DIAGRAM

Hi-508A Package Code 4B
TOP VIEW

1B
15

HI-508A

RODRESS INFUT RUFFER
ka1 LEVEL Sl LR

HI-5094 Package Code 4B
TOP VIEW
Ag— 16 1= Ay
Ey—2 15 |~ GND
Vaup—3 MV
INIA—] 4 13— 118
IN2A—]S 12— IN2B
K381 § i IN38
INda— 1 10}~ INaB
uTA— 8 9 |—ouTs

3-4p CAUTION: These devices are ssusitive to electrastatic discharge.
Users should follow 1€ Handling Procedures specified on pg. 14,

HI-508A r====a
1 -
o el
: =
) 1
]
1 ouTh
1
1
. ' 1
migaaL !
ABLAER ] LEE]
! ) e

ayty

——frm—— ot ——

—_———

HUGNELS el BYFH R ICARENL W TeE
ann L EVIL SHIETER b UL H



SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS
Voltage between Supply Pins Total Pawer Digsipation* 7256 mW
V+ ta Ground Dperating Temperature:
VEN, V4. Digital tnput Overvoltage: HI-508A/HI-5094-2 -B50C 10 +1259C
va | Vsupplylt) +4v H1-508A/H1-509A-5 09€ to +75°C
A Vupply -) -4V Storage Temperature -B&°C to +150°C
Analog Input Qvervoliage:
Vg I Vguppty [+ +20V . ,
Vsuppiy (-} 20V *Derate 8mW/OC above ta = 75°C

ELECTRICAL CHARACTERISTICS {Uniess Otherwise Specified)

Supplies = +15Y, -15V, ¥y (Logic Level Hight = +4.0V; Va, {Legic Level Low) = +0.8Y
For Test Conditipns, consult Parlormance Charat terisites sectian,

HI-508A/5094-2 HI-508A/5084-5
-55°C to +125°C 09 to +75%C
PARAMETER [TEMP. JWin. | TVP. | MAX. | MIN. | TYP MAX. TRUTH TABLES
ANALOG CHANNEL CHARACTERISTILS
"V, Analng Sgnal Range Fun -15 +1% =15 +15
* Ry, Un Resistance (Note 1) +250C . 15 ; 18 HI-508A
Full . 1.8 J 20
"IgtarF). OH Input Leakage Current +250C A “ON"
Full *sD A2 [*1|Av|En | cHaNNEL
* Hf Qutput Leakage Current +25%
a{oFF;. O Qutp ge Lurre 5084 Fifl ¢ Xl x|x]|L NONE
. . L{L|L|H i
"iptgE pp with Inpat Overvoltage Applied {Note 2 ;iﬁ“c clholalw
*Ip(ows. On Channel Leakage Current +2800 LIH|L]H
HI-5084 Full LfH|H]|H
BIGITAL THPUT CHARACTERTSTICS HrlfL|H
Vav. Input Low Thrsshold e | P WL |HIH
V. Input High Threshold Fuill HlH|L]|H
"1 g, nput Leskage Corrent (High or Low) Full Hl{H]|H|H
SWITCHING CHARACTERISTICS
th, Access Time +2500
tgpgn. Break - Hebore Make Delay +250C
VIN{EN} Enable Delay {ON} 42500
HOFF (EN). Ernable Delay {QFF} +25%¢
Settling Time {B.1%} +250C
0.0 25%) +2600
“OFF lsalation” [Mote 3 +25°C
Cs {OFFbe Channel bnpul Capatitance +2500
Cp ik py. Channel Qutpur Caparitance
HI-5084 | +25°C i
HI-5094 +260¢ 12
La. Digital loput Capacitence +2600 1
EUS{OFF}-“‘W‘ o Ovtput Capacitance +250¢ D1
POWER REGUIREMENTS
Ppy, Power Dissipation Full 15
1+, Current {Nowe 41 Full 05 20
“I-, Current {Mute 44 Full o0z y 1A
*1+, Standby {Note 5 Full a5 20
*I-, Srandby {Note 51 Full 0.02 1.0
NOTES: 1. VguT =110V, IgyT=-100HA 4, Vgy = +4,0V
2, Anslog Cverveltege = T 33V 6. Ve = 0.8V
3. Veny =08V, A =1K, CL = IpF, 6. To drive from DTL/TTL Circuits, 1K pull-up
Vg =3V AMS, f = S00KHZ rasistors to +5.0¥ supply are recommended

*10G% Testad for Dash 8. {"Fuil” Tested at +259C to +1250C)
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS

UNLESS OTHERWISE SPECIFIED: Ta = 250C, VguppLy = +15V, VAH =+4V, VaL = LBV

180 A

v
mzm - V; —» ON RESISTANCE vs.

INPUT SIBGNAL LEVEL, SUPPLY VOLTAGE

RoH -
TEST CIRCUIT
NO. 1

——0
O—0
—o

ON RESISTANCE NORMALIZED ON RESISTANCE
vs. ANALDG INPUT YOLTAGE vs. SUPPLY VOLTAGE

|
Ta = 17500

rl'l I > fn
5 412600 2T, 2-68% _|
¥y =45V

14
1.3
12
11
14
n_ﬂ

04
-6 -4 -1 1] 1 4 E- T - ] 17 18 B EL b ELP A
Wi = Anslog tnput {Valty Supphy Viliage - Yolis

Ty = +25°0

Ty = -559C

Normalized on Resistance
{Refarred to Valua st +15%olis)

LEAKAGE CURRENT vs. TEMPERATURE TEST CIRCUIT OFF LEAKAGE CURRENT vs. TEMPERATURE
NO. 2
1008 |

151 0FF) Iy OFF)
" T
OFF OUTFUT F@ ?J
—0 o

2

[~ LEAKAGE CURRENT
1p {OFFt \/

r
P -
..

0N LEAKAGE

CURRENT

1p 0]

DEE INPUT TEST CIRCIET
“LEAKAGE CURRENT NO. 3
I tOFF)

e 1000 1250
Temperstyre -*¢

ANALOG INPUT OVERVOLTAGE CHARACTERISTICS ANALOG INPUT OVERVOLTAGE CHARACTERISTICS
Zu

"] TESY CIRCUIT
AHALOGINPUT } 4 NO. 4 N 1g {UFF)

o Lo
W My

P —_
DUTPUT DFF
LEAKAGE CURRENT— l
1l0FF) =
o o e
5§18 1 18 s27 50 @3 8
¥y - Anmog Ingut Overvoltage | Volig

uHen
=

i 10F!

B
4-
3.
2.
H -

Cutput off Leskags Current [nd]

ty gy Aviadey nput C
— ] L-r] m

+
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (continued)

| = Switch Current - mA

ON CHANMNEL CURRENT vs. VOLTAGE

EH

+250C

A

+12580C

)
e

[

# #9012
Wy - Yaoltane Acrgss Switch

TEST CIRCUIT
NQ. 5

ON CHAKRNEL CURRENT
vs. VOLTAGE

I
E
E
=

(X}
=
o
=
=

@
E

SUPPLY CURRENT vs. TOGGLE FREQUENCY

]

VsupeLy © ﬂﬁ\ ,
|
T

Vsuppry = $10V | /

.

—

16K 100K
Tagole Frequency, Hz

TEST CIRCUIT
NO. 6

4151410

A J ISURPLY
SUPPLY CURRENT vs.
TOGGLE FREQUENCY

I
L1

e ]
IN2
THRY|
(L}
INE

outr
-

Ri-508A

Viaw=4¥
Vafwg = 0BV
5% DUTY CYCLE
*SIMILAR CONNECTIDN FOR HE-5095

LI L)

A -lsueeLy

-151-10

ig, - Access Time {nsh

AGGESS TIME vs, LOGIC LEVEL (HIGH)

i

3

4 5§ B 7T 8 9 10 n 1213
¥ an -Logit Level (High, Volts

TEST CIRCUIT
NQ. 7

ACCESS TIME vs.
LOGIC LEVELIHIGH)

(=]

N
1% 2 THRU N 7
HI-508A NG

ouT

" SIMLAR CONNECYION FOR Hl-50%a

Gh

SWITCHING WAVEFORMS

V=40 AODAESS

DRIVE (V)
e \
|
'L“I_‘_LOUTPUT a
f
-BY
-1V
Ly
| I
—

le—

ACLCESS TIME

Vi INPUT

0V,

OUTFUT &

SO,

f

20005 Div.
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SWITCHING WAVEFORMS (continued)

TESTN(;‘.)IHSCUIT BREAK BEFORE MAKE DELAY {igpgy)

BREAK BEFORE MAKE DELAY (tgpgy)

v INPUT

ADDRESS vmv.
DRIVE {¥p) w1

B2l YHI-S08A 4y

e L 1’1
¥

*SIMILAR CONMECTION FOR HI-508A

TEST CIRCUIT
NO. 9 ENABLE DELAY {tpn(EN)- tOFFIENY

ENABLE DELAY {tgN(EN). tUFF{EN})

ENABLE DAIVE
Vant4

LB
"HI-S088 4y,

} 1 A THRU
} | = M e
|

0% outeUT
| N
) i 0% Va
1

(
1
— TON{EN) f—

1
oFF
| {1 B

10003/ Div.
*SIMILAR CONNECTION FOR HI-EB9A

SCHEMATIC DIAGRAMS

TTL REFERENCE CIRCUIT

ADDRESS \NPUT BUFFER
AND LEVEL SHIFTER

LEVEL SHIFTER

LEVEL

OYERVDLTAGE
FROTECTION

LEVEL

= SHIFTED
ADDRESS
0 BECODE
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SCHEMATIC DIAGRAMS {continued)

ADORESS DECODER

T0 FLHANNEL
DEVICE OF
THE SMITCH PAIN

T0 W-CHANNEL
DEVILE OF
THE DNITCH PAIR

A7 OR Ry

MULTIPLEX SWITCH

FROM
otcong OYERYOLTAGE PROTECTION

FAOM
BECORE -

3-45



e HI-1818A/1828A

R Low Resistance
& Channel CMOS Analog Multiplexers

FEATURES DESCRIPTION

SEGNAL RANGE The HI-1818A/1828A are monalithic high perfarmance CMDS
“ON" RESISTANCE (T¥P) anslog multiptexers offering built-in channel selection decoding
@lus an inhibit (enable} input for disabling ali channels.
INPUT LEAKAGE AT +1250C {TYP.) Diclecteic  Isolation {DI} processing is used for enhanced
ACCESS TIME (TYP.) reliability and performance (see Application Note 521}
POWER CONSUMPTION (TYP) Substrate feskage and parasitic capacitance are much lawer,
resulting in extremely low static errors and high throughput
OTL/TTL COMPATIBLE ADDRESS rates, Low autput leakage {typically 0.1nA} and low channel
-b50¢ to +1259C OPERATION ON resistance {250 £2 ) assure optimum performance in low level
or current mode agplications.

APPLICATIONS The 1818A is a single-ended § channel multiplexer, while the

HI-1828A is a differential 8 channel version. Either device
DATA ACOAUISITION SYSTEMS is ideally suited for medical instrumentation, telametry systems,
PRECISION (NSTRUMENTATION and microprocessor based data acquisition systems.

DEMULTIPLEXING The Hi-1818A-2 and HI-1828A are specified over -550C
SELECTOR SWITCH to +1290C, while the -5 versions are specified over GPC to
+750C,

PINOUT FUNCTIONAL DIAGRAM
HI-1818A

HI-1818A
Top View Package Code 4B DIGI TAL ASDRESS
—_—

ADDRESS Aq ——18 ADDRESS Ag ~ s D SR
+5.0V SUPPLY p— 15 15V SUPPLY ApuRss orid LT Ex
ENABLE —— 14 +15v SUPPLY sureens i

DECODERS

ADDRESS Ap —13 IN1

N7 —11 N2
IN 6 f—10 N3
IKS —20 IN4

IN8 —217 0UT l

HI-18284A Package Code 4B HI-1828A
Top View "

ADDRESS A1 — 16 ADDRESS Au ";?AEVE{ I
+5.0V SUPPLY 15 _15V SUPPLY sireen
ENABLE 14 +15V SUPPLY
OUT 5 THRU 8 3 N1
INg L 12 OUT 1 THRU 4
N7 — 11 (N2
IN & 10 3

L >
IN§ 9 N4 | :

3-46 CAUTION: These devices are sensitive to electrostatic discharge,
Users shoauld follow IC Handling Procedures specified on pg. 1-4,




SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS (NOTE 1)

Supply Valtage Between Pins 14 and 15 40.0v Digital Input Voltage V-Supply to V+ Supply
Lagic Supply Voltage, Pin 2 300V Tatal Power Digsipation {Note 2}  780mW
Analog Input Yoltage: Vguppiv +2v Storage Temperature Range -659C to +150%C

Supply ~2V

ELECTRICAL CHARACTERISTICS

Suppligs = +15¥, -15V, +5V HI-18184-2/1828A-2 HI-181BA-5/1B284-5
_559 1o +1250€ 0°¢ 1o +755C YRUTH TABIES

PARAMETER MIH, TYP. L L MiN, TYP. | MAX.

ANALDG CHANNEL CHARACTERISTICS ©
* V|, Anzlog Signal Range +15 -15
*AgN. ON Resistance (Nots 3 400
500

Hi-1818A
*)g{OFFI, Input Leakage Current 50

*I(OND, Da Channet Leaksge Current
{HI-18184) 250
{H1-18284) 125

*Ip{OFFI Dutput Leakage Current
{HI-1B184) 280
[H1-18284)

ADDRESS “gN"
A1 Ag CHARNEL

DHGITAL INPUT CHARACTERISTICS
V1L, Input Lew Thrashald

V{H, Input High Threshold iNote 4)
*liN, Input Leakage Cument J i HA

xxxxxrerrlF
XITrrTErC
WItTmIrTC
T e 3

SWITCHING CHARACTERISTICS
Ts. Access Time {Hote §) +250C ns
Braak-Bafpre-Make Dalay 42500 . ng
Sattling Time {0,1%} +250C K He
10.025%) +2508 i % us
Ciy, Channel tnput Capacitance +259¢ pF
CouT. Ghannel Qistput Capacitance HI-1828A
(HI-18184A} «250¢ pF
{Hi-18284) +25°_C oF ADORESS N
Cpgl0FF), Drain-To-Source Capacitance 2500 ! ; gF Ag CHANNELS
Cp, Digial Input Capacitance +259C eF 1anth

2and §
POWER REQUIREMENTS Jand 7

Pp. Power Dissipation Full 5 ) m 4and 8
Pps, Standby Power {Hote 6) Full ) ) m NONE
* |y, Currant Pin 14 Full 0.1 0.5 a1 1 mA
*1_., Current Pin 15 Full 0.3 1 03 2 mé
*ly, Current Pin 2 Full o3 1 0.3 F4 mé

MOTES: 1. Voitage ratings apply when volteges at oll ather pinssre 4. To drive from OTL/TTL circuits, 1K pull-up rasistons
within their narmal gperating ranges. - 10+ 5.0V supply are recommanded,
2. Derate 3.25 mW/OC above 75°C, 5. Timemeasured to 30% of final output bevel;
oVMguT=H10v lguT * - 1mA. Vaut = - 5.0V to +5.0V, Digitel Inputs = 6 to + 4.0V,
B, Voltage at Pin 3, ENABLE =+ 4.0V,

*100% Tested far Dash 8. {"Full™ Tested at +250C to +1259C)
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PERFORMANCE CHARACTERISTICS

ON RESISTANCE vs ON CHANNEL CURRENT
ANALOG SIGNAL LEVEL vs VOLTAGE

- 1mA

GO

V2

Test Circuit

k
=

&

g & 8 8

2

SWITCHING CURRENT - MA
)

B
=

-

ON RESISTANCE - OHMS

g

o *2 +
VOLTAGE ACROSS SWITCH

8

6 -4 -2 ] +2 ke i +8
W) - SIGNAL LEVEL {VOLTS)

ON/OFF LEAKAGE CURRENTS ACCESS TIME

vs TEMPERATURE
Off Leakage On Leakage
IS(OFF) ID(OER N ouT +5VDL 0—]

+0v o-@-——o_%o—---@—f’ -svoc o2
E—-O QUT Flov

IptONI=IRIOFF)
-~ HI-1818A
= HI-1828A

Ly

LY
A\

\
X
X

3, Ig{OFF)
(HI-18184/1828A)

100ns/DIV.

25 50 75 100 126
TEMPERATLIRE- o




SCHEMATIC DIAGRAM

ADDRESS INPUT BUFFER

+V

01

D2

v
ADDRESS

INPUT,

ALL N-CHANNEL
BODIES TO V-

ALL P-CHANNEL
BODIES TO V+
UNLESS OTHERWISE |
INDICATED. '

DECODER GATE

S
|
|

0,
— P CHANNEL
sw |

|—| P15t P16 |

it -[@12

1
|
|
|
|
!
!

N CHANNEL
|-| n1sy [Nis S |

I

P CHANNEL BODIES TO +V
N CHANNEL BODIES TG -v

A2 OR A2 NOT USED
FOR HI-182BA

v

MULTIPLEX SWITCH

FROM DECODE

FROM DECOBDE

T
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R H1-1840
SEMICONDUCTOR 16 Channel CMOS Analog

Multiplexer with High-Z Analog
Input Protection

A DIVISION OF HAFFRIS COAPDRATION

FEATURES DESCRIPTION

HIGK ANALOG INPUT IMPEBANCE
DURING POWER LOSS {DPEN} S00ME2

LOW POWER CONSUMPTION The HI-1841 is a monalithic 16 channel multiplexer constructed
ISTANDBY) 600pW with the Harris Linear Dielectric lsolation CMOS process. 1t
ACCESS TIME 50005 is designed to provide & high input impedance ta the analag
EXCELLENT IN HI-REL REDUNDANT SYSTEMS source if device power fails {open} or the analag signal voltage
BREAK-BEFORE -MAKE SWITCHING inadvertently sxce.eds the supply rai!s riLllring p.uwered operation,

Excallent for use in redundant applications, since the secondary
NO LATCH-UP device can be operated in'a standby unpawered mode affarding
no additional power drain. But more significantly, a very high
APPLICATIONS impedance exists between the active and inactive devices pre-
venting any interaction, One of sixteen channe! selection is
controlled by a 4-hit binary address pius an Enable-Inhibit
input which conveniently controls the ON/OFF operation of
several multiplexers in a system. Al digital inputs have electro-
static discharge protection. The Hi-1849 is tested and guzran-
tead within the military temperature range and is available in a
* FAIL-SAFE TELEMETRY SYSTEMS Z8 pin dual-in-line package.

® FAIL-SAFE DATA ACQUISITION SYSTEMS

* AIRCRAFTINSTRUMENTATICON AND CONTROL

PINOUT FUNCTIGNAL DIAGRAM

Package Code M
Tog View

e

+VSYPPLY - 28 OUT
NC — 27 -VsuppLY
NC - 25 INB
1N 16 — 25 INT HEITAL
iN 15 l— 24 IN E ADORESS
IN 14 23 INS
IN13 —22 N4
IN 12 —21 183
N1 20 N2
IN 10 — 19 N1
INS |— 12 ENABLE
GNO |17 ADDRESS ag _
HSYSyPPLY! VREF |- 16 ADDRESS Ay t !

ADDRESS A3 15 ADDRESS Az Lmmnd | IR |
ADDAESS IMFUT BUIFFER OECODERS MULTIFLEX
AMD LEVEL SHIFTER EWITCHES

>

Y

e ]

—4

7

3.50 CAUTION: These devices are sensitive to electrostatic discharge.
Usess should follow IC Handling Proceduras specified on pg. 1-4.



SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Supply Voltage Between Pins 1 ang 27 Total Power Dissipation*® 1200mwW
VREF ta Ground Dperating Temperature:
VEN, V4, Digital Input Dvervoltage: HI-1840-2 -550C to +12500
VSupply (4] +4V Storage Temperature -650¢ to +1500C
Analog Ingut Dvervoltage:
VSupply (-1 -10V *Derate BmW/aC above Ta = +250C

ELECTRICAL CHARACTERISTICS

Unless Otherwise Specified:
Supplies = +15V, -15¥: VREF{Pin 13) = +5V: WA (Logic Level High) = 2.0V ; Vo) [Logic Level Low) = +0.8V
Far Test Conditions, consult Ferformance Characteristics section.

- <B50C 1 +12500

PARAMETER . TYP, M.

ANALDG CHANNEL CHARACTERLSTICS

Vg, Analog Sipne Aange

*RN, On Rariience {Nots 1] Vi = +15Y
YN -5y

*I50FFY, O Inpun Lakege Current

TRUTH TABLE

*IgtOFE), with Power D6 (Nots 8
*Ig[DFFI, DIf Dutpui Lessksgs Curmend

* ApIOFF), or IS[OFF] with {npui Qvarugltage

Applind (NG 2] "N
CHANNEL

k4
bt
Ll
)
*
e
=

!
IpLONY, On Chennel Liskagd Cument NONE

DIGITAL WRPUT CHARACTERISTICS
VAL, Ingut Law Theeshold ¢ TTL Drive
VaH, Input High Threheld * {Nom 71
¥,

AL | M08 Dl thgre 31
YAH

I, Inpui Laskspa Curmeni [High ar Lowl

SWITCHING CHARACTERISTICS
14, Acers Timp
COPEN, Brank-Balors-Muks Delay
W MIENE, Ennble Dukay (DN}
QEFIERL, Enntin Dty (OFF}
Sartling Tome 40, 1%)

10.025%
01 laglatign” {Hone 4]
Cg{OFF), Channel Inpur Copacitance
CIQFF), Chanadl Gutput Capacaance -
La, Digitnl Fnput Capaciteacy
CoglOFF), Input ot Gutput Capatilanee

TIIZTTITXrrrrrre
IXTII~rrrITITTcro X
ITFrIXreIEC~TTcx
rrIFeXr-rIr-rZ-cIZc-cTcCXTcX
Lol ol ol ol el el Sl Sl i el -

POWER REOUIRERENTS
Fo. Power Dissipation {Note 51

(Nate 5}
® I+, Curruse Pin 1 {Hom 5
*1-. Currant Pin 27 ibete 51
"1+, Stancly (Now 6)

"1+, Standby {Now 6]
NOTES:
Tyt = TmA. . VEn =40V
2. Analog Overyoltage = 1204 7. Todrive from DTL/TTL cireuits 1K pull-up resistors 1o
3. VRep=+10V +5.0V supply are recammended
4. VEn sS40V, R = 1K, € = IpF, Vg = 3VRMS, f = S00kM2 2. All supplies [V+, V-, 4BV} ana aigital inputs [Ag, Aq, Az, Ay,
B VgN=D8Y EN} apened. Analog input 110V,
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS

Unless Otherwise Spacified: Tp = 250C, VEppLy = 115V, VAN = tAV, V| = 0.8V and VREE = V.

ON RESISTANCE VS, ANALDG INPUT VOLTAGE

ON REHETANCE wy. INPUT SIGNAL LEVEL

— ma
)

—0

s -Ot—0-
\ _0

On Resigtante - K2

+{ +3
Anatag input Voliage — Yolts

LEAKAGE CURRENT VS, TEMPERATURE

OFF LEAKAGE CURRENT
1000 A vz TEWPERATURE

Ig{OFFI \plOFFi

OFF QUTRUT @_

[ LEAKAGE CURRENT O
Ip (QFF)

°9

-z
.

.

ON LEAKAGE CHARENT
vz TEMPERATURE

£
-
H
[}
-
13
=
]
o
-

. 06F NPUT -
LEAKAGE CURRENT __|
15 (OFF}

Flid 150
Temperatore °C

ANALOG INPUT DVERVOLTAGE CHARACTERISTICS

/ . ANALOEG INFUT OVERVOLTAGE CHARACTERISTICS

IStOFFH

Leakage Curments — [SIOF FHpA), I (OFFlina)

5 7 g ]| 23 £26
¥|N — Anafog input Overvoltage — Yelit
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SCHEMATIC DIAGRAMS

ADDRESS AND ENABLE INPUT BUFFER AND LEVEL SRIFTER

LEVEL SHIFTER

| UEVEL

™ SHIFTED
ADORESE

OVERVOLTAGE

PROTECTION T0 DECORE

LEYEL

{4 SHIFTED
ADDRESS
TO DECODE

ADDRESS DECODER

EMABLE

MULTIPLEX SWITCH

FROM DECODE
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Data Conversion Products ,'I ,'I ,'I

HA-2420/2425
HI-582
HI-1080/1085

Sample and Hald

12 Bit High Speed, Precision Digital to Analog Converter
8 Bit Precision Digital to Analog Converter

PAGE

-ih-llh-#n
- M KN
iy
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4-2

SEMICONDUCTOR

o L] L]

FEATURES

HA-2420/2425

Fast Sample and Hold

Gated Operational Amplifier

DESCRIPTION

]

SAMPLE CURRENT/HOLD RATID
ACQUISITION TIME (0.01%)

SLEW RATE

BANDWIDTH

APERTURE DELAY

LOW CHARGE TRANSFER

DTL/TTL COMPATIBLE CONTROL INPUT

APPLICATIONS

ATODINPUT {TQ 13 BITS)
D TO A DEGLITEHER
AUTO ZERD SYSTEMS
PEAK DETECTODR

GATED OPF AMP

The HA-2420/2425 is 8 monolithic circuit cansisting of a high
performance operatioral amplifier with its output in series with
an ultra-low leakage analag switch and a MOSFET input unity
gain amplifier.

With an external holding capatitor connected to the switch
output, a wersatite, high perfarmance sample-and-hold or
track-and-hold circuit is formed. When the switch is closed,
the device beh I amplifier, end any af the
standard op amp feedback networks may be connected argund
the device to control gain, frequency response, etc, When the
switch is opened the output will remain at its [ast level.

Performance as & sample-and-hold compares very favorably
with other monolithic, hybrid, madular, and discrete tircuits.
Accuracy to hetter than 0.01% is achigvable over the tempera-
ture range. Fast acquisition is coupled with superior droop
characteristics, even at high temperatures. High slew rate,
wide bandwidth, and low acquisition time produce excellent
dynamic characteristics. The sbility to operate at gains greater
than 1 frequently eliminates the need for external scaling
amplifiers.

The device may also be used as a versatile operational amplifier
with a gated cutput for applications such as analog switches,
peak halding circuits, etc.

PINOUT

FUNCTIONAL DIAGRAM

Package Cade 4L}

Top View
py

SAMPLE/HOLD
m-[1] 14 § canTroL

fN+| 2 13 |GND

OFFSET
any. L2 12
OFFSET
AQJ.

HOLD
& D lcar.

(10 Jne.
o
5 ) case

CAUTION: These devices are sensitive to electrastatic discharge.
Users should follow IC Handling Procedures specified an pg. 1-4.

SAMPLE/S
OFFSET HOLD HOLD
#UJ CONTROL  CAP.

81
L_l____

HIGH LOW
BAIN LEAKAGE
AMP SWITCH

IMPEDANCE
MOSFET
FOLLOWER




SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS
Yaltage Between V+ and V- Terminals 40V Internal Power Dissipation 300mW (Note 7}
Differential Input Voltage 130V Opesating Temperature Range
Digital input Valtage {Pin 14} +8V, 16V HA-2420  -55%C < Ta < +1250C
Qutput Current Shart Circuit Protected HA-2425 0%C< Tp <+759C
Storage Temperature Range -B59C < T < +1500C

ELECTRICAL CHARACTERISTICS

Test Conditions  Vgupply = £15.0¥ . . Digital Input {Pin 14} V| = +0.8V (Sample)
| h fied
CH = 1000pF Unless Otherwise Specife ViH = +2.0V (Hold)
HA-2420 HA-2475
PARAMETER . T¥P. . . TYP, MAX, UNITS

INPUT CHARACTERISTICS
* Offset Voltage § mV
8 my

*Bias Current 200 nA
404 nA

* 0ffset Current 50 nA
nA

Inpui Resistance Mi

Common Mode Range kS + v

TRANSFER CHARACTERISTICS
* Large Signal Voitage Gain {Mote 1, 4} ViV

*Common Mode Reection {Note 2} dB
Gain Bandwidth Product {Note 1 MHz

QUTPUT CHARACTERISTICS
* Qutput Voltage Swing (Note 1)

Qurput Current
Full Power 8zndwidih [Note 3, 4}

Qutput Resistance

TRANSIENT RESPONSE
Rise Time (Nole 3, §I

Overshoot {Note 3, 5)
Slew Rate (Note 3, 6}

BiGITAL INPUT CHARACTERISTILS
Digital Imput Current (Vy = OV}

DigHal boput Current {Vy = +5.0%)
Digital lnput Yoltage {Low}
Thgital Inpul Voltage (High}

SAMPLE/MOLD CHARALTERISTICS
Acquisition Time to 1% 10V Step | 3}

Acquisition Time to 01% 10V Step {3

Aperture Delay
Aperture Uncertainty

* Dritt Current

* Charge Transfer

POWER SUPPLY CHARACTERISTICS

* Supply Current +2600 2.5 1] 25 5.0 mh
* Power Supply Rejection Ratie Fuil 80 90 4 90 dé
NOTES: 1. R = 2K} 5. VayT = 400mVY peak-to-peak
2. Vem = B1ovDe & VouT = 100V peak-to-paak
3 Ay =+, R = ET< €| = s0pF 7. Derats Power Dissipation by
4. Vot 20V peak-ta~peak 4.3mW/CC above +10B9C

*100% Testad For DASH B Ambiant Temperature.



PERFORMANCE CURVES

VSUPPLY = +15VDC, Ta = +26°C, Cy4 = 1,000pF UNLESS OTHERWISE SPECIFIED

BROADBAND NOISE CHARACTERISTICS

TYPICAL SAMPLE-AND-HOLD PERFORMANCE 100 :
AS A FUNCTION OF HOLDING CAPACITANCE 1 i ERis H
R ——— | i
E= ] | I nuTeur Ngige
- il rWaLoeWaDe et 1
-~ 2] = : :
P = T - =
' S 1 DUAIAG hOLD AL +787E; = : I L - =
NILOYDLTEISERON : 7 =1 | VAR e meut notse | o
\\ = uun{r GAIN FHASE MARGIN: /I | - ?&:&E .m“‘“!i““- //’-Ji--
BEGREES ) Y = 4 i e $
- S e e
7 + H-- ™ SOURCE RESISTAMCE -~ -
N ya e T pREaNi 1]
: L S Tl L1l
?{DNI" GAEN FAMMMOTH; bt " L) ik Dok ']
Bandwidth
e {Lawer 3db Frequency = 10Hz2)
e TINE Fid CHARGE RATE
1.1% ACCURACY, 10 VOLTS SANGS o —— kel
WIEROSECAMDE e
1 N N
- OPEN LOOP FREQUENCY RESPONSE
SAMPLE T0 KO LD FFRET ERAGH; b -
WALLIYOLT S “
= S |
w N
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APPLICATIONS

BASIC
SAMPLE-AND-HOLD

CONTAGOL

Ty

100K 2
DFFSET TRIM

Figure 1

GUARD RING LAYOUT
{BOTTOM VIEW)

CONTROL

HOLDING
CAPACITOR b §

Figure 2

NOTES: 1} Figure 1 shows a typical unity gain circuit, with afiset zeraing. AM of the other normal op amp
feedback configurations may be used with the HA-2420/2425, The input amplifier may be used as
agated amplifier by utilizing Pin 1 as the output. This amplifier has excellent drive capabilities

aleng with exceptionally low switch leakage,

2) The method vsed to reduce leakage paths on the P.C. board and the device package is shawn in

Figure 2. This guard ring is rec

Aned

inimize the drift during hold characteristic.

3} The holding capacitos should have extremely high insulation sesistance and low dielectric
ahsorption. Polystyrene (belaw +B59C), Teflon, or Parlsne types are recommended.

For mora apptications, consult Harris Application Note 517,

GLOSSARY OF TERMS

ACQUISITION TIME:
The time required by the device after the “sample” com-
mend to reach its final value within +0.1% ar +0.01%.
This time includes switch delay time, slewing time and
settling time, This is the minimum sample time reguired 1o
obtain a given accuracy.

CHARGE TRANSFER:
The smatl charge transferred to the holding capacitor from
the inter-electrode capacitance of the switch when the unit
is switched to the Hold mods. Sampie-to-Hold offset error
is directly praportional to this charge, where:

Ofset Error (V) = Charge (pC)
CHipF)

APERTURE DELAY:
The time required after the “hold” command until the
switch is fully open. This delays the effective sample timing
with rapidly changing input signals.

DRIFT CURRENT:

Leakage currents from the hoiding capacitor during the
Haold mode which cause the owtput valtage to drift, Drift
rate (droop ratet can be calculated from drift current values
using the formula:

1{pA)
CHinF)

AV
——VIIS—
A{ s/Sec)




S
SEMICONDUCTOR

& DIASKON OF HARRIES CORPORATHON

FEATURES

PRELIMINARY

HI-b62

12 Bit High Speed Monolithic
Digital-to-Analog Converter

DESCRIPTION

& MOKOLITHIC CONSTRUCTION
* EXTREMELY FAST SETTLING
¢ LOW GAIN DRIFY

EXCELLENT LINEARITY
OVER TEMPERATURE

DESIGNED FOR MiNIMUM GLITCHES
MONOTONIC OVER TEMPERATURE

200ns TO 0.01% (TYP.)
2ppm/oC (MAX.)

$1/2 LSB {MAX.}

The Harriz HI-562 is the first monolithic digital-to-snalog converter to
combing both ultra-high spesd performance and trae 12-bit aceuraty on the
same chip. The HI-562's fast output current settling of 200ns to 0.H% is
athieved using dielectric isolation processing to reduce internal parasitics for
fast rise and fall times during switching. Owiput glitches are minimized in
the HI-562 by incorperating equally weighted current sources switthed into
an R-2R laddar network for symmaetrical turn-0N and turn-0FF switching
times.  Thig creates within the chip a very uniform and :nnstant 1hnrrnl|
distribution for ] linearity and alsp pletely

transients during switching. High stability thin film resistor processing to-
gether with laser winming provide the HI-562 with guaranteed true 12-bit
linearity to within £1/2 LS meximum over the -550C to +1250C temp-
grature range. Beyond that, the HI-562's low offset and gain drift over this
temperature range assure that its absoluts accuracy when mferred to a fixed
OV ref will not deviste mare than £3/2 LSB for unipolar mode apera~

APPLICATIONS

CRT DISPLAY GENERATION
HIGK SPEED A/D CONVERTERS
& VIDED SIGNAL RECONSTAUCTION
* WAVEFORM SYNTHESIZERS
* HIGH SPEED DATA ACQUISITION
HIGH-REL APPLICATIONS
PRECISION INSTRUMENTS

tion ¢2 LSA for bipolar operation). The input reference can be varied from
+2V to +10V for two quadrant multiplying mode operation.

The HI-662 is recommended as a repiacement foe higher cost hybrid and
modular units for |m:reased reliability and accuracy in applications such
CRT displays, | ingtr and date acquisition systems raquiriag
throughput rates as high as 5MHz for full range transitions. lts smalt size
makes it an idesl choice as the heart of high speed A/D converter designs or &
a huilding block in high speed or hiph resolution industrial pracess contral
systerns. The HI-562 is also ideally suited for sircraft and space instrumenta-
tion where operation aver 2 wide & FANGE iS requi

The HI-SEZ-5 it specified for operation aver 09C to +700C, the HI-562-4
over -250C 1o +850C and the KI1-562-2 and H1-562-8 over -550C to +1250C.
Processing to MIL-STD-943A Clas B ing is availahle by selecting the
Hi-562-8. All are svailablz in a hermetically sealad 24-lead dual-in-line
package.

PINOUT

FUNCTIONAL DIAGRAM

Package Code 1H
TOPF VIEW
Vps+ ~ BIT 1 (M50 1N

CMOSITTL
LOGIE SELECT BITZIN
BITIIN

* VREE (LD I8}
ni BTN
VREF tHI N} BTSN
Vps- 6 — - —19 BITEM
BIPOLAR R (N aTTm
BIPOLAR R QUT aTEM
BITAIN
BIT 101N
BIT 1IN

BIT 12 (LS8} N

IpaAc QUT
10V 5PAN R
20V SPAN R

* GND

* Pins 3 and 127 connactad 1o top and bottom casa
for high trequency shlelding.

o M
VAR LD IN)

TILAEMGE

LG
CEVEL BITH m ull |zm

¥+ GELECT Muamt

Tiﬁ?????“?‘?????

CHOITAL INPUT LEVEL SHFTEAS e RAITCH DRIVERS

WREF M1 IN)




SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS  (Referred to Ground)?
Vpst +20V
Vps- -Hv
VREF (Hil Vs
VREF (Lo) av
Bits 1-12 -1V, 112y
CMOS/TTL Logic Select -1V, +12V

Pins 7, 8, 10, 11 ps
Pin 9 +Vps, -5V

Pawes Digsipation Pd, Package 1000mW

Operating Temperature Range
HI-562-2
HI-562-4
HI-562-5
HI-562-8
Starage Temperature Range

Power Supply Inpuis

-550C ta +1250C
~259C to +859C
02C to +700C
-550( to +1250C

-650L tg +1502C

Reference inputs
Digital Inputs

Quiputs

ELECTRICAL CHARACTERISTICS (@ +250C, Vpgt, = +6V, Vg~ = -18V, VREF = +10V, pin 2 apen circuit
unless otherwise noted)

PARAMETER

HI-562-2{HI-562-B

HI-562-4/HI-562-5

CONDITIDNS

MiN | TYP

[ MAX

MIN I TYP I MAX

INPUT CHARACTERISTICS

Digitaé Inputs {3)

Input Voliage {2
Lagic "1~
Lagic 0"

Tt Currant (2}
Logic "t"

Lagic “0"

tnput Voltage
Lagic “1"

Lagic “6”

Input Currem
Lagic "1
Logic “0°

Bit ON "Logic 1
Bit OFF “Logic 0"

Ovey full
temp. range

Pin 1 tind to pin 2,
+H.IVE Vg SHI2V
over Full tevripr range

Referance Input
Input Rasistance
Input Voliage

louyT = SmA (F20%)

TRANSFER CHARACYERISTICS

Resalution

Over full temp. range

12

Nonlinearity {31

®+2500
Over full temp. range

Xtia /s
12

Differential
Nonlinaarity {3}

@+2600
Ower full ssmp. range

4 *1/a

MONOTOKICITY GUARANTEED

Relatree Accursey (B
Gain Evror
Bipolar Offset Errar
Unipalar Gffset Emar

With 24,952 1%} Telm Resistors

Adt Bits ON

All Bits OFF

10.024
10.024
*0.012

% F3R 14}

Adjustment A ange
Gain
Bipolar Offsat

Sea Operating Ingtruttions

With 5051 Trim
Potentiometers

Tamperature Stability

Gain Drift (3}
Offsat Drify {3
Unipolar Offset
Eipolar O Ffset
Didferential Nonlinesrity

Drift specified with intma)
tpan resistors for voltage output

Over full
ternp. rnge

All Bits GFF

Qver full temp, range

pom of
FSRioC

Settling Time (3}
10 £1/2 LSB

AM Birs ON-10-0FF or
OFF-to-ON




SPECIFICATIONS (continued)

HI-562-2/HI-562-B HI-§62-4/HI-562-5

PARAMETER CONDITIONS L1 TYP MAX MIN FYP MAX

Major Carry Transient
Peak Amplitude From 011...1 to 100 0.?
Settting Time to or 100...0 o D11...%

0% Complete

Power Supply Sensitivity (3)
Unipolar Otfset
Vgt B 45V or +15¢
Vs @ -16Y
Bipotar Offset
Vst @ 5V or +15V All Bits OFF, Bipgiar mode
Vs @ -15¥
Gain
Vgt @ +BV or H15Y Al Biw ON
Vo @ -15V

All Bits DFF

DUTPUT CHARACTERISTICS

Jutpot Current

Unipohar
Bipolar

Resistance

Capacitance

Outpud Valtage Ranges
Unipolar Using external ap amp
and internal scaling
Bipalar resistors. See Figure 1
and Table 1 for connections

Compliance Limit 13)

fomplianca Valtage {3} Dver full temp, range

R 0.1 1o 10Hz (All Bix DN
Output Noisa 0.1 to SMHz {All Bits ON) WV {p-p)

MULTIPLYING MODE PERFORMANLE

Quadrants Bipalar Made
Reference Input; 2V to + 10V

Reference Voltage Unipolar mode, 3l Bits DFF
Feadthrough snd +2V 1o +10V (p-p), Zkeiz LSE Ip-p}
Sinewave

Relative Accuracy Aefarsnge Input @ 2V %FSR

Qutput Slew Rare All Bitz ON and mAfus
+Z ta+10V Step
Setiling Time thange at reference fTH

o £1/2 LSB input.

Control Amplifigr
Bandwidth Sl signal

POWER REQUtREMENTS

Vst (T Over full
Vs temy. range

Ipg+ {5 Al Bits O or OFF in
Ips- {51 either TTL or CMOS mods

Ipgt {5 Rame a3 abave except
Ips- (B} over full Tmp. range




Absolute maximum ratings are [imiting valves, applied
individually, beyond which the serviceability of the circuit
may be impaired. Functional gperation under any of
these conditions is not necessarily implied,

\f"ps+ talerance is ¥10% for Hi-562-2, -B. and X5% for
HI-562-4, -5,

See Definitions.

FSR is “full scale range” and is 20V for 210V range, 10V
for THY range, etc.; or SmA{X2{%) for current putput.

After 30 seconds warm-up.

Using an external op amp with internal span resistors and
specified external trim resistors in place of potentiometers
A1 and Ry Errors are adjustable to zero using fF{ and Ry
patentiometers, (See Operating instructions Figere 2.}

Maximum ‘u‘ps+ is +12¥ for high level logic oaly, i.e. when
gin 1is tied to pin 2.

DEFINITIONS OF SPECIFICATIONS

DIGITAL INPUTS

The HI-A562 accepts digital input codes in binary format and
may be user connected for any one af three hinary codes.
Straight Binary, Two's Complement, or Offset Binary, (See
Qperating Instructions}.

ANALDG QUTPUT

DIGITAL
INPUT

Offset
Binary

Two's
Complement*

Straight
Binary

MSB LSB
000...000 Zero =F5 {Full Scale) Zero
1060...000 ¥%FS Zero -FS
1111 | +FS—1LS8B | +FS-1LSE | %“FS -1 LSB
01111 | ¥FS ~7LSE | Zero— 1 LSB | +F5 -1 158

*Invert MSE with external inverter to obtain Two's
Complement Sading

DRIFT

GAIN DRIFT - The change in full scale analog output over the
specified temperature range expressed in parts per million of
full scale range per 9C {ppm of FSR/OC). Gain error is meas-
ured with respect 1o 4£259C at high {TH) and low (T} temp-
eratures. Gain drift is calculated for hoth high {T\ ~250C} and
low ranges (+259C T} by dividing the gain error by the respec-
tive change in temperature. The specification is the larger of
the twa representing worst case drift,

OFFSET DRIFT — The change in analog output with all bits
OFF over the specified temperature range expressed in parts
per million of full scale range per o€ (ppm of FSR/0C). Offset
errar is measured with respect to +250C at high (TH) and low
{TL} temperatures. Offset Drift is calculated far both high
{TH -25°C} and low (+259C -T) } ranges by dividing the offset
errar by the respective change in temperature. The specification
given is the larger of the two, representing worst-case drift.

POWER SUPPLY SENSITIVITY

ACCURACY

NOMLINEARITY - HNonlinearity of a D/A canverter is an
important measure of its accuracy. It deseribes the deviation
from an ideal straight line transfer curve drawn between zerp
{all bits OFF) and full seale {2l bits ON}.

DIFFERENTIAL NONLINEARITY — For a O/A converter, it
i$ the difference hetween the actual output voltage change and
the ideal {1 LSB) voltage change for a one hit change in code.
A Differential Nonfinearity of 1 |LSB or less guarantees mona-
tonictiy; i.e., the output always increases and never decreases
for an increasing input.

SETTLING TIME
Settling time is the time required for the putput to settle to

within the specified errer band for any input code transition,
It is usually specified for a full scale or major carry transition.

Fower Supply Sensitivity is a measure of the change in gain ant
offset of the O/A converter resulting from a change in -15V,
+5Y ar +15Y supplies. It is specified under DC conditions ang
expressed as parts per million of full seale range per percent of
change in pawer supply {ppm of FSR/%).

COMPLIANCE

Compliance voltage is the maximum output voltage range that
can be talerated and still maintain its specified accuracy. Com-
pliange limit implies functional operation only and makes no
claims te accuracy.

GLITCH

A glitch on the gutput of a O/A converter is a large transient
spike resulting from unequal internal GN-OFF switching times.
Worst case glitches usually accur at half-scale or the major carry
code transition from 011...1 to 100..0 or vice versa. For ex-
ample, if tum ON s greater than turn OFF for 011..1 to
100...0, an intermediate state of 000..0 exists, such that, the
putput momentarity glitches to zero output. Matched switching
times and fast switching will reduce glitches considerably.

4-9



OPERATING INSTRUCTIONS

DECOUPLING AND GROUNDING

For hest accuracy and high frequency performance, the ground-
ing and decaupling schema shown in Figure 1 should be used.
Decoupling capacitars should be connected close to the HI-
562 {preferrably to the device pins} and shauld he tantalum
or slectrolytic bypsssed with ceramic types for best high fre—
guency noise rejection,

Vor

DE1UF
1L
LL]

IL

= HI-562

¥
ARALDG GAOUWD

Figure 1

UNIPOLAR AND BIPOLAR VOLTAGE OUTPUT
CONNECTIONS

CONNECTIONS — Using an external resistive load, the output
compliance should not exceed 1V to maintain specified actur-
aty. For higher output voltages, accuracy can be maintained by
using an external op amp and the inteenal span resistars as shawn
in Figure 2 and defined in Table 1 for unipolar and higalar

FIBVAISY, TV

Tabde 1

CONKECTIONS

OUTPUT Pin § {Pin 10 |Pin 11
RANGE to to to

BIAS {Rp)
RESISTOR

Unipolar |0 t0+10¥ | NC. |N.C.| A N.C. BB7S2

Mode Ota45V [NC (NC | A 9 5008}

L10v 9 N.C. A 68782

Bipolar

15V 9 A N.C. 58082

Mode

125v 9 A 9 43482

EXTERNAL GAIN AND ZERO CALIBRATION
{See Figure 2)

The input reference rasistor {7.975K) and bipolar affset resistors
shown in Figure 2 are both intentivnally set low by 2652 to
allow the user 1o externally trim-out initial errors to a very high
degree of precision. The adjustments are made in the voltage
output mode using an external ap amp as current-to-voltage
converter and the Hi-862 internal scaling resistars as feedhack
elements for optimum accuracy and temperature coefficient.
Far best acturacy aver temperature, select an op amp that has
gond front-and temperature coefficients such as the HA-2600/
2605 with offset voltage and offset current tampco’s of b /OC
and 1nA/OC, respectively. For high speed voltage mode applica-
tions where fast settling is required, the HA-2510/2515 is
recammended for batter than T.5us settfing ta D.01%. Using
gither one, potentiometer K3 conveniently nulls unipolar pffset
plus op amp offset in ana aperation {far HA-2510/2515 and
HA-2600/2605 use Ry = 20K and 100K, respectivelyl. For
hipodar mode operation, R3 should be used to nwil op amp offset
to optimize its tempco (i.e., short 91w A and adjust R3 for zero
before calibrating in hipotar model. The gain and bipolar offsat
adjustment range using 5052 potentiometers is £12 LSB and
125 18B respectively. |f desired, the potentiometers can be
replaced with fixed 24.9 L2 {1%) resistors resulting in an initial
gair and bipolar offset accuracy of typically £1/2 LSB.

UNIPOLAR CALIRRATION

mades.
(1)
x® @_ our
() HA-ZI0/2516
ETS
T.975K b L)
K - 08

: omi )j‘__r—@-rw-

192K
At
BPOLAS 9] wwivoLA
R w7 ZERD
L L At {5) ADIUST

* For TTL and DTL compatibility, connect +5V 1o pin 1 and
lagve pin 2 ppen, For CMOS compatibllity, connect digital
power supply (+4.85V £ vpp € +12v} o pin 1 and short
gln 2to pin 1.

-

w

Gias ragistor, BB, stiould be chozen to equalize op amp offset
voltage duse 1o bias currant. Its valua |5 calculatad from tha
paralle] comblnation of the current source output resistance
{1K} and the op amp feadback resistor. See Table 1 for
values of AR,

Figure 2

Step 1: Unipolar Qffset
» Turn all bits GFF
+ Adjust R3 for zero volts output
Step 22 Gain
« Turn all bits ON
+ Adjust R2 for an output of FS -1 LSB
That is, adjust for:
9,9976V for 0V to 410V range
4,9988V for OV 1o +5V range

BIPOLAR CALIBRATION

Step 1: Bipofar Offset
» Turn all hits OFF
+ Adjust R1 for an output of:
-10V for 210V range
-5Y for 15V range
-2.5V for 2,5V range
Step 21 Gain
« Turn bit 1 |MSB} ON; all ather bits OFF
« Adiust A2 for zero volts output




SEMICONDUCTOR

A DIVISION OF HAAMS CORAPIIAATION

FEATURES

H1-1080/1085

Precision Monolithic
8-Bit D to A Converter

DESCRIPTION

GUARANTEED 1 L.S.B. ACCURALY OVER
TEMPERATURE

HI-1G80 -550C 1o +1250C

HI-1085 00C to +750C
FAST SETTLING 1.5us to % L.S.B.
EXPANDABLE FOR HIGHER RESOLUTICNS
MOROLITHIC CONSTRUCTIDN
DTL/TTL COMPATIBLE INPUTS

RELIABLE MONOLITHIC CONSTRUCTION MEETS
REDUDIREMENTS OF MIL-STD-883

APPLICATIONS

o WAVEFORM SYNTHESIZERS
+ MICROPROGESSOR /0 INTERFACE
HIGH REL APPLICATIONS

ATODCONVERTER (USING COMPARATOR AND
RIGITAL LOGIC}

DATA ACTQUISITION SYSTEMS

The HI-1080/1085 is a mongiithic § bit digital-to-analog can-
verter employing bipolar current switches feeding a thin film
R-2R ladder netwaork.

Because of the ewcellent stahility of this device, it is practical
to specHy one all-inclusive accuracy parameter: X1L.5.B.
aecuracy aver the aperating temperature range. This means that
once the desired full scale output level is set at room tempers-~
ture by adjustment of the input reference current, gach of the
256 output levels will always measure within X1 L.5.8. of the
carrespanding putput of a "perfect” DAC. Thus the accuracy
speeification includes the worst case effects of all of the norm-
ally puhlished errors such as non-lingarity, zerg dritt, full scale
drift, etc.

The device is exceptionally versatile, since it may be used in a
voltage or current output mode, and may be offset to produce
bipolar operation. Matched auxiltary resistors are provided for
amplifier feedback or current summing, Pravisions are also made
for scale factor adjustment and for cascading of additional O/A
converters far extended resplution.

PINOUT

FUNCTIONAL DIAGRAM

CONNECTION

Tap View

NEGATIVE
SUPPLY

L]

VRERH

TAP 3

COMMOIHE ——————] —————————TAP2
nf ——l e Vgl

0} ——] ————TAP t

0§ LADDER

b/a
CONVERYER
4 LEAD

LADDER
05 PACKAGE

EXTENSION

04 — om~——=——— LADOER BUS

LADDER

os QUTPUT

b ——————qid it 12 13 W Sp————— AU
o1 i I— 2R SUM
CASE LOGICSUPP ¥

Package Code 4K

TERMINATION

4w
and

- - - — —10‘
ILsa)
wwenen L& 3
TERMINA T4DH ' [
=

Ay

LER
EATENSION Y masr

LABBER

&, eIt
[T
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Maximum Ratings are limiting values ahove which permanent circuit damage may otcur.

+E.0V
1.6mA

-659C <TA<+1500C

Ladder Common:
IREF:

Storage Temperature;

Voltage
V+ +8.0V
V- -18.0V

Digital |nputs: +5,5V

Power Dissipation: 450mw *

*Derate at 4mW/2C above 85°C ambient.

ELECTRICAL CHARACTERISTICS

Unless otherwise stated all measurements taken at ¥+ = +5V, V~= 16V
VREF = +3V, VjpHigh = +2.8V, VipLow = +0.4V
Unipolar, zero reference connactian {Figure 3)

HI-1089 HI-1085

TYP TYP MAX

Resolution

+259C

-580C to
+1250C

+250C

Accuracy

{Calibrated at 250C)
{Nate 1)

Y Full Scale {Note 2)
{{ncalibrated)

Power Supply -550C
Rejection ta
{Note 3) +1250C

Settling Time +2500

{Nate 4)

Digital Inputs:
High Threshold
Low Threshold
{Note 5}
lipHigh
lin Low
{Note 5}

-550C to
+1260C

Supply Cuyrent:
I+ -560C
I- to
IREF +1250C
{Note 7)

NOTES: Test Conditions -

. Any Input Combination 4, To *0.2% of full scale 6. Vin =24 Volts T V=450V

_ Inputs ail Tow

. AVgut/AVsuppLy
V+=+5L 0,5V
V-=-1523y

5.

after fult scale input step
RL>10M
CL<5pF
V=45V

W= 55¢
Vip =04 Volts
V+= 55V

V-=-15.0V
VREF = +5.0V
tppuis all low




PERFORMANCE CURVES

TYPICAL SETTLING TIME

TYPICAL OUTPUT ACCURACY vs. TEMPERATURE

10

05
FULL SCALE EARCA
| K S
I -

l

ZERQ EARDR

Error — L.8.5.

+15 +50 +75 #4100 H12%
Temgerature — 20

1.0 15
Sertling Time — Microseconds

D/A CONVERTER QPERATION MODES

DIGITAL INPUTS
+5Y

Tl ] e

10K

LADDER QUT
9.4K

LADDER BUS j—OD
LADDER TERMINAL

V-

l

-5V

MO0E OUTPUT RANGE INPUTS: CONNECTIONS
ALL HIGH TO ALLLOW 8 | ¢

UNIPOLAR
ZERO 0TO -VR+-1L.5.8. NG,
REFERENCE

UNIPOLAR
ZERO F.§. +HVR+TO A +1LS.B.

BIPOLAR MVRHTO -V +1L.5.B.

OPERATING MODES

*Tap 1 or Tap 3 with selectad external series resistors may be substituted for points A or B,
respectively, for flne sdjustment of cutput range,
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TYPICAL APPLICATIONS

BUFFER AMPLIFIER CONNECTION

LADDER OUT

LADDER BUS

LADDER
TERMINAL

GND OR VR+

NON-INVERTING QUTPUT

(MOAE NEGATIVE WITH INGREASING
COMPLEMENT OF INPUT NUMBER}

OUTPUT RANGE: SAME AS SHOWN
DN 'OPERATING MODE" CHART
R}

MULTIPLIED BY 1+ R2

fsUM
28 SUM
LADDER QUT

LADDER BUS
LADDER
TERMINAL

—0o
b0~ A5 30pF

GND OR V

R+

INVERTING OUTPUT

{MORE POSITIVE WITH INCREASING
COMPLEMENT OF INPUT NUMBER}

T
A
—o0
+
A1 HA-2500

T

FULL SCALE
ouTPUT

OUTPUT FEEDBACK
CONNECTED TO

+4.98V

+9,96V

SUM

2RgUM

CASCADED UNITS FOR 12 BIT RESOLUTION

DIGITAL
INPUTS

“LSE.

o ]]]

DB D7 06 05 D4 03 D2 Dt
LADDER GUT

m LADDER BUS
LADDER EXTENSION

VR

LT

Dg 0

kL

VR

7 06 D5 D4 D3 D2 D1
LADDER OUT
LADDER BUS
LADDER EXTENSION
LADDER TERMINAL
Rsum
205uMm

ANALOG
[ ouTPUT

o
M.C.

5
—o
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SEMICONDUCTOR

FEATURES

HA-2820/2825

Phase Locked Loop

DESCRIPTION

FREQUENCY RANGE 0.01Hz tTO 3MHz

INGEPEMDENT PHASE DETECTDR AND
OSCILLATOR FOR VERSATILITY

TWQ ISOLATED PHASE DETECTOR CUTPUTS
DTL/TTL COMPATIBLE OSCILLATOR QUTPUT

APPLICATIONS

DISCRIMINATORS

RECEIVERS

DATA DECODERS {DATA MODEMS}
DATA SYNCHAONIZERS

The HA-2820/282%5 Phase Locked Loop is useful for many
operatfons in the frequency domain in the sub-audio to low
R. F. bands. |t features a number of functional and paramatric
impravements over other similar monalithic circuits.

A major feature is @ high impedance current source phase detegt-
or output with provisions for external cannection to the pscit-
fator input which is a low impedanca carrent sink. This allows
connection of complex passive or active filters, amplifiers,
SWeBp circuits, etc. within the loop. Aiso, the two phase detect—
or outputs are isolated from one another so that different filter
functipns can be tonnected at the two outputs without inter-
actian, The capability of independently adjusting loop band-
width allows phase modulation detectors to be constructed.

Applications include modulators and demodufators for F.M.,
phase modulation, and F.5.K.. fraguency multiplication; dats
synchronization. tracking filters. and speed controls.

FUNCTIONAL DIAGRAM

PINOUT
Top View Package Code 4U
- DETECTOR
sicuaLin [ 7 ] >3] b
SIGNAL IN Er’ - — 1al TIMING R
S G
o k= .
Ve E i E - 12] TIMING R
DEMOD. s o
auT s g E —E] TIMING G
[N =
o
ono. [5 ] S 0] mnac
=
w
aee.n [6 b E e 5] osc.n
(2]
osc.out [7 |+ 5] v-

OEMDDULATED
DUTRUT
r _'“"'$ r-{& -1
. 1 = LOWRASS
ILTER
_t AAA- 4 b AAA o
= 1 '
44 y
AW
-
- CURRENT
meur ¢ @ CONTROLLED #CT
o - OSCILLATOR
PHASE -
S DETECTOR
k4
v n
L e mm - 4



SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Voltage Between V+ and V- Terminals  27.0V Power Dissipation 300mW (Note 3)

Input Voltage 2 VAMS Operating Temperature
: HA-2820 -550C > Tp >+ 1260C
HA-2825 090 3 Tp > +750C

Output Cutrent, Pin 7 10mA Storage Temperature -650C > Tp> +1500C

ELECTRICAL CHARACTERISTICS
V+ = +6.0V Vin = 100mV AMS
V- = -6.0V Fg =< bDkHz Unless otherwise specified
Pin 5 = Ground See Test Circuit, Page 3
HA-2820 HA-2825

-55°¢ to +1259C 0°C to0 +75°C
LMITS LIMITS

PARAMETER MiN. TYP. MAX. . TYP. MAX.
PHASE DETECTOR
Input Impedance, Pins 1- 2 100K Q

Input Valtage Range, Pins 1- 2 (Note 1) §
Output Impedance, Pins 4 & 14 10 M52
Output Offset Current, Pins 4 & 14 10 HA
Cutput Dffset Current, Pins § & 14 LA
Canversian Gain, Pins 4 & 14 HAfRadian

CUARENT CONTROLLED OSCILLATOR

Maximum Frequency

Frequency Drift

Frequency Change with Suppiy Voltage
fnput Resistance, Pin 9 {Nate 4)
Input Open Circuit Voltage, Pin 9
Conversion Gain

Output Valtage, High

Qutput Yaltage, Low

Output Rise Time

Output Fall Time

CLOSED LODP CHARACTERISTICS
Loop Gain % AffRadian
Tracking Range %At
Demod. Dutput Swing, Pin 4 {Note 5 my
Frequency Drift ppm{°C

PCWER SUPPLY GHARACTERISTICS

Supply Current, ¥+ b
Supply Current, V- 10
Supply Voltage Range (Notes 2, 3) 6 +12 + 12
NOTES 1. For ¥ 10% Tracking range. 3. Derate power dissipatlon by 4, AvVg= oy
2. +5,0V,-1.0V may be used B.6mW/OC above +105°C 5. Whan not in use pin 4
alternatively. ambignt temperatura, should be groundead.
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TEST CIRCUIT

. SIGNAL IN
V4 ——— e —,
Cgi iﬂa

Ry

I—-ll
akfa

GND.

PHASE DETECTOR

CURRENT CONTROLLED OSC.

Y
8 9 10 1 12 13
Lﬂ Cr l:rl LI:I Ry 5“‘
R2
Cz
L
l -

Vo

Unfess otherwise specified: V4 = +6.0V; V-= -6.0V; Rq=Rz= 10KEX Ry = 1KS2: Ry = Rg = 30082 Ry =54082; €1 =.015uf;
Cy=C3=Cq=0.14%; CT= 00141 (fy=50kHD): Vi = 100mV RMS; T4 =+26°C

PERFORMANCE CURVES

CENTER FREQUENCY, 1q vs. CENTER FREQUENCY, fq vs.
TIMING CAPACITOR, Cr (Rt = 5400) TIMING RESISTOR, fi (Cy = .01 f)

Fraquency (kHz)

Normatized Frequency

N

Mok W0RF  LD0GPF DNt 0.1pf 10

Timing Capacitance Timing Resistor (K$2)
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PERFORMANCE CURVES [continued)

w
=
o
=
2
&
g
-
®
E
=
(=]
P
=
=%
=

Percent Freguency Crift

CENTER FREQUENCY DRIFT
vs. TEMPERATURE

o +25 +50 +15 100
Temperature (°C)

MINIMUM SIGNAL TO MAINTAIN LOCK

Cutput Swing, Pin 4 (V)

13 +25 +50
Temperatuse {2C)

DEMODULATEC OUTPUT SWING

/

r—-‘
4

-0 -#0 BB 40 -M 4 2 &0 A0 100

tnput Frequency Deviation from fq {% of fg)

Tracking fange (% of fg)

TRACKING RANGE vs. INPUT SIGNAL LEVEL

—

=

R

Tt
3 - 10k [

.
7

Frequency Deviation from fg {% of fy)

Imy

10my

100mYy

Input Signal Level {RMS)

t 0OP GAIN CHARACTERISTIC

P

o

]

7

r.

-~

7

1} Fi

] o &0

BM 10

T Mg

160 18D

Phase Angle Between Input Signal & Oscillator, Degrees

Marmalized Frequency

LY

OSCILLATOR FREQUENCY
vs. INPUT CURRENT, PIN 9 {fg = 50kHz)

/

/

Vi

7

- 200

+1H a

-1 = 00

-0 - 40 - S00
Input Current [ 44 A}




HARRIS HC-55516/55532

SEMICONDUCTOR

- All-Digital Continuously Variable

Slope Delta Modulator (CVSD)

FEATURES DESCRIPTION

* REQUIRES FEWER EXTERNAL PARTS
s LOWPOWER DRAIN: 6mW FROM SINGLE 5V-7V

SupPLY The H{-56516 and HC-55632 are haf duplex modulator/
TIMEF%EENDSGTEAI-“N&S ?\IEUTEETIII;'RERT?ENC'(}?HCDKRIFT demodulator CMOS integrated circuits used to convert voige
i ; signais into serisl NRZ digital data, and to reconvert that data

:‘HE%I?I.LEMS’ AUTOMATIC OFFSET ADJUST- into voice. The canversian is by delta modulation, using the

continuousgly variahle slope (CVSD) method of campanding.

* HALF DUPLEX OPERATION BY DIGITAL CONTROL
« FILTER RESET BY DIG!TAL CONTROL While signals are compatible with other CYSD circuits, intarnal

& AUTOMATIC OVERLGAD RECOVERY design is unique. The analog loop filters have been replaced by

" " digital filters, uzing very low power, and requiring no sxternal
® AUTOMATIC "QUIET” PATTERN GENERATION timing components. This approach allows inclusion of many

& AGC CONTROL SIGNAL AVAILABLE desirable features which would be difficult to implement using

other approaches.
APPLICATIONS

The HC-55516 has internal time constants aptimized for 16K
. bits/set data rate and is usable down to 9K hits/see. The HG-
# VDICE TRANSMISSION OVER DATA CHANNELS 55532 is optimized far 32K bitsfsec and is usable beyond 64K
» VOICE ENCRYPTIGN/SCRAMELING hits/sec. Bath ul:n'ts are availzble in 14 pin D.LP. (HC1} or flat
packages (HCH) in twa temperature ranges; -560¢ to +1250C
& VOICE I/0 FOR DIGITAL SYSTEMS {-2 or -8) and -400C to +850C |-}

¢ AUDIO MANIPULATIONS: DELAY LINES, TIME

COMPAESSION, ECHO GENERATION/
SURPRESSION, SPECIAL EFFECTS, ETC.

PINOUT FUNCTIONAL DIAGRAM

Package Code 9R, 40 wz onw o nm

103 tot Hx
Yoo DHTITAL
+5 w07V, GND. IN

voo[1] [4]og. 0w 14 PIN D.LP.

. AND Weed '
Sig. Gnd. [ 2 13| F2 A H
b o 2] sl FLAT PACK o voee ] qm:! >
Aud_ Oul [3: El Dig In < COMPARATOR '““l' 'T
wi  [D oo 1E
Aud. In E E Enc-Dec. rma.

(2 HGHAL
oy sYLL
Ne E E Clock o DIQITAL| DAL
il P

ne [7] HES
|

RO
(L]} T




PINOUT PIN ASSIGNMENTS

PIN #
12-LEAD
F.P.&D.P.

SYMBOL

ACTIVE*
LEVEL

DESCRiPTION

Voo

Sig. Gnd,

Aud. Qut

Encode
{Qecode)

Oig. Out

Positive supply voltage,

Ground connectian ta D/A ladders and comparator;
i.e. audio ground.

Recovered audio out. May be wsed as side tone at
the transmitter. Presents approximately 100 kilchm
source. Zero signal reference is Vpp/f2.

A logic “Low” level will appear at this cutput when
the recovered signal excursion reaches one-half of
fuil seale value.

Audio input.  Should be externally AC coupled.
Presents approximately 100 kilohms in series with
van/2

No internal connectian is made to these pins.
Logic ground. Negative supply voltage.

Receiver clock must be phased with digital input
such that a positive clock transition occurs near the
middle of each received data bit.

A single CVSO can provide half-duplex operation.
The encode and decode functions are selected by
the lagic level applied to this input. A low level se-
lects the encode mode, & high level, the decode mada.

Activating this input causes an “alternate plain text”
{quieting pattern| to be transmitted without affecting
the internal operation af the CVSD.

Input for the received digital data.

Activating this input forces the transmitted output,
the intemal logic, and the recovered audio output into

the "guigting”’ condition.

Output for transmitted digital data.

*Nata: Na active input should be left in 2 “floating condition'".




SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Vojtage At Aay Pin -3.0V 10 Vg +0.3V Oparating Temperature (-9} -400( 1o +850C

{-2) -§50( to +1250(
-5§50(C to +1250C
Operating Vp Range 3.0V to +7.0V Storage Temperaturs -650C to +1500C

Maximum Vpp Voliage +1.0V {-8)

ELECTRICAL CHARACTERISTICS @ T = 250C

Test Conditions Vg = 6.0V, Bit Rate = 16Kh/s, (HC-55516}
Bit Rate = 32Kb/s, (HL-55532}

PARAMETER

Ciock Bit Rate

Clack Duty Cycle
Supply Voltage

Supply Current

Digital 1" input
Digitat “" Input
Digital 1" Qutput
Digital 0" Qutput
Audin Input Voltage
Audin Qutput Voltage
Audio Input Impedance
Audio Qutput Impedance
Transter Gain

Syllahic Time Constant

L.P. Fitter Time Constant {95516}
{55632)

Step Size Ratio {55516}
{55532}

Resalution {55516)
{55532

Min, Step Size (56516}
{55532

Slope Quarload
Signaf/Noise Ratio

Quieting Pattern Ampiitude {55616
{55532

AGC Threshold
Clamping Threshokd




There is orre NAZ data bit ger clock peried. Cleck must
be phased with digita} data such that a pasitive clock
transition occurs in the middle of each received data
hit; i.e., the transmitter and receiver clack are in phase,

Logic inputs are CMOS compatible at supply voltage
and are diode protected, Digital data input is NRZ at
clock rate.

Logic outputs are CMOS compatibie at supply valtage
and withstand short—circuits to Vpp of ground. Digital
data output is NRZ and changes with negative clock
trangitions.

Recommended voice input range for best voice per-
formance.

May he used for side-tone in encade mode,

Shautd be externally AC coupled. Presents 100 Kil-
ohms in series with Vpp/2.

Presents 100 Kilohms in series with recovered audie
voltage. Zero-signal references is Vpp/2.

Unloaded, for linear signals,

Note that filter time constants are inversely propor-
tional to ctock rate,

. Step size compression ratia of the sylabic filter is
defined as the ratic of the filter output, with an equal
1-0 bit density inpit to the filter, to its minimum
output.

TABLE |

FREOQUENCY

INPUT
AMPLITUDE
Hz mV RWMS

ouTRPUT
SNR
dB MIN.

300 1400 20
300 45 18
1000 500 14
1000 16 9

. Minimum quantization voltage level expressed as a per-

. The

centage of supply voltage.

lavels is twice the re-

step siza
solutian.

. For large signal amplitudes or high frequencies, the

encoder may become slope-overloaded. Figure 1 shows
the frequency respanse at various signal levels, measured
with a 3&Hz low-pass fifter having a 130kIB/actave rol-
off to -60dB. See Table 11,

. Table | shows the SNR under verious conditicns, using

the output filter described in 13 {above) at a bit rate
of 16Kb/s. See Tahle II.

. The "quieting” pattern ar idle-channel audin output

steps at ane-haif the bit rate, changing state on negative
clock transitions.

. A logic “0” will appear a1 the AGC output pin when

the recovered signal reaches one-half of full-scale
value {positive or negative}.

. The recoverad signal will be clampad, and the computa-

tion will be inhibited, when the recovered signal reaches
three-quarters of full-scale value, and will unclamp
when it falls below this value (positive or negativel.

SHINAL LEVEL

=]

008 N - 1407 AMS
Y

vg=

B
1208,
oe

2408
2008

_Jo08

L L
FREQUIMCY

Figure 1 — Transfer Function for CVSD at 16KB




NOTES (cont'd)

TABLE I

INPUT FILTER FREQUENCY RESPONSE OUTPUT FILTER FREQUENCY RESPONSE

FREQUENCY RELATIVE OUTPUT FREQUENECY RELATIVE DUTPUT

100Hz 0+0.548 100Hz to 1500Hz 0+1.5dB
200Mz 0x0.1dB 1500Hz to 3000H:z 04 2.5d8
1000Hz 04+0.1d8 3800Hz to 106KHZ Less Than -46dB
3000H:z -3+ 0548
2000Hz -202.008

INPUT LOW-PASE FILTER

CwsD
T AUDIDIN

c3

0.1 aF 10
Ifi
10

L1 Lz Uz
PIN4 PIN & FIN4
U1, Uz Uz, HARRIS HA-4 74 GUAD OF AMP

CAPACITORS (N pF UNLESS CTHERWISE
STATED

RETISTORS 120 WATT

CAP, TOL, 1% UNLESS OTHERWISE
STATED

RES. TOL, 1% UNLESS OTHERWISE
STATED

Uy 4 L
PIM 1Y FIN 1Y FIN 11

QUTPUT LOW-FASS FILTER

Wb DECODER
Aaubio ouT

b} .
™ B%
1

CWED ENCODER
AUDIO OUT

FOR SIDETONE \
N

Uz A *
R30
Lr] iy - 13K 6%
- WEK Uz b |———
- ] VRICE DUT

17
4T aF 10V 0%

Figure 2 — Suggested Input/Output Audio Filters for SNR Measurament

NOTE: An output filter similar to the input filter section above will genarally suffice for good vaice intelligibility.
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HaRRIS HD-0165

Keyhoard Encoder

A CIVIEHIN OF HARRIS COFFOR AT

FEATURES DESCRIPTION

* STROBE OUTPUT

+ KEY ROLLOVER OUTPUT

EXPANDABLE: 2 PACKAGES REQUIRED FOR FULL

TELETYPEWRITER, EIGHT-BIT ENCODING The HD-0165 Keyboard Encoder is 3 16 line to faur-hit parallel
encoder intended for use with manual data entry devices such as
calculator or typewriter keyboards. In addition to the gncpding
DTLATTL QUTPUTS function, there is a Strobg output and a Key Rollover output
which energizes whenever two or more inputs ate energized
MONQLITHIC RELIABILITY simuitaneously.  Any four-bit code cen be implemented by
propet wiring af the input lines, laputs are normally wired
APPLICATIONS thrapgh the key switches to the +5.0V power suppiy. Full
typewriter keyboard encoding vp to eight bits can be accomp-
lished with two Encoder circuits by the use of dowble pole key
switches or single pale switches with twao isolation diodes per
MICROPROCESSOR DATA ENTRY (18 KEY TO key. Cutputs wiil interface with all popular DTL and TTL logic

HEX CODE) families. The circuit is packaged in a hermetic 24-pin dual-in-
ling package and operates over the temperature range of QOC
BCD DATA ENTRY to +7504,

SINGLE +5.0¥ SUPPLY REQUIRED

TYPEWRITER TYPE KEYBOARDS

CONTROL PANELS

PINOUT EQUIVALENT CIRCUITS

Package Code 4K INPUT

BuTeUT
Top View

Ve L 24 KRD
pAnALLELqurs — 23 GND R S
BINARY LOUT 4 — 22 OUT 1] PARALLEL
STROBE }— 2t OUT 2| BINARY ANY DUTPYT
1B INPUT — 20 #= 1 INPUT

15 19 o
4 - — 18 ir
3o — 17 "
12 — 16

— 15

L 14

—13 7t

KEYBDARQO

* EQUIVALENT RESISTORS FOR OTHER
INPUTS ARE BETWEEN THESE TWO VALLIES
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Supply Voltage +1.0V Output Current 30mA
Input Voltage +6.5¥ Starage Temperature —659 to +160°C
OQutput Voltage +5.5V Dperating Temperature {Case)  0OC to +75°C

ELECTRICAL CHARACTERISTICS

Test Conditions:  Vpp = +5.0 +5%
Trase = 0°C to +78°C
Unless otherwise specified

LIMITS
PARAMETER SYM. UNITS TEST CONDITIONS
MIN IYP MAX
Input Current "1t WK 17 mA Viy = +5.0V
QY VOL +0,2 +0.4 v VlH =+4.5V |0|_ = 10mA
D.C.| Output Voltage +0.4 Vg = +3.5V gL = 3.2mA
" VDH +2.4 +4.0 V“_ = Open Cin‘.‘uil,|0H = -240UA
Operating] I 52 mA One Input at +6.25Y
Power Supply Current
Maximum| tepm 88 mA Adl Inputs at +5.25V
ﬁ:: — |
Toase = 259¢C
A.C.| Skew Time iMate 1) Tk 80 200 ns Voo = Vi = +5.0V
C) < 50pF
NOTE: {1} Skew time is the maximurm time differential between propagation delay times of any
outputs including sirobe and KHO‘
TRUTH TABLE
INFUTS DUTFUTS_
vz 3 a4 5 6 P & % W 1 12 13 1 i 8| v 2 3 4 B Kpp
L L L 1 L 1 L L L L L L L L L L H H H H H H
H L L L L i L L L 1 L L L L L L H H H H L H
L 4 ¢ L L L ot L L i L L Lt L L}L H H H L H
L L H L L L L L L L L i L L L L H L H H L H
L L 4 H L L 1 L L L L L L L L L L i H H L H
L LL L H L oL ELL L L Lt L LIH H L H L H
L L L L L H L L L L L L L L L L L H L H L H
L L L L L L H L L L L L L L L L H L L H L H
L oL L L L L L H L 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 i L L L H H H L L H
L 1 L 3 L L L i L H L i L L L L L H H L i H
L L L L L L L L L L H L L L L L H L H L L H
L L L L L L L L L L L H L L L L L L H L L H
L L Lt L i L L Lt L L L H L t|lHw H L L L H
L L L L L L L L L L L L L H L L L H L L L H
L L L L [§ L L L L L L L L i H L H L L L L H
L L L L L L L L L 1 L L L L L H L L L L L H
ANY TWO OR MORE HIGH X X X X L L

INPLITS L = Opin Carcuit or < +1.0% H = > +4 5Y Current Source
OUTPUTS: L= & +0.4% H =2 r2dv X = Ecrgneou’ Dara
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APPLICATIONS

SOV INPUTS j)‘-’cc v
0—17—0/ — 1
r A .7 fu
: 3— 18 22— 1 PARALLEL
a—gn N 2 BINARY .
Lo : AN Figura 1. GENERAL CONFIGURATION FOR
o 1= . ENCODING TWO TO SIXTEEN KEYS
I 1= . .
I g—{ 0 o|— &TAOEE Tha Truth Table is used to determing
1 oa— e AUNILILRY wiring from the key switches to Encader
Vo] - FRD CUTRUTS inputs to produce desired quiput codes.
: 11 10
R
iy om—fa
PR s & ]
os—{s
' W T PO 3
— END
KEYBOARD =
fuaL Mﬂuos‘msL&l
9602 OR EQUIVALENT
OTL OR OPEN E 10K Figure 2. SWITCH BOUNCE ELIMINATION
COLLECTOR ZHF&
GATE
This circuit generates a delayed Strobe
pulse {5t} Delay time is determined by
first monaostable and should be about
HD-0165 I
| N , 10ms. Pulse width is determined by sec—
5T 1 2 1 O 8 ond monostable and should be et ac—
%5 nﬂ ;H.s_o 5 cording to system requirements. Effect
T 1 of switch bounce or arcing on make or
_—— . o | break is positively eliminated and pro-
! 1® 8 par encoding will take place under two
key rotlover conditions.
*5.0W SUFPLY QOULLE POLE
P e s IRPUTS QuTPUTS
._C?‘ XN
a3
'
: A4 j H ouTPYTS
— ! —
— H KRO
T
— —
—
DPEN COLLECTOR
b— GATE
1 1O CIRCWIT
) OF FIGURE 2
: HD-0185
g ! STROBE
[ o4 i Ll
ALTEANATE iSOLATION METHOD:

SINGLE POLE KEY SWITCHWITH
TWO IDDES.

NITE - Reéduce Encoder lanoul 1a 1we TTL
oada riax Mo,

Figure 3. ENCODING UP TO 256 KEYS

Use upper Encoder to produce the four mast significant output bits; the lower 1o produce the least
significant bits. Use Truth Table and required output codes to determine wiring from each key to the
two Encaders,

SHIFT and CONTROL functions can be implemented by iogic gates in series with the output lines,
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SEMICONDUCTOR

A OF HAARIS COH

FEATURES

HD-245/ b4h Triple Line Transmitter
HD-246/546/249/549 rripie tine Receivers
HD-243/548 Triple Party Lina Raceiver

DESCRIPTION

* CURRENT MODE OPERATION
® HiGH SPEED: 16MHz WITH 50 FT. CABLE;
ZMHz WITH 1,000 FT. CABLE

& HIGH NOISE IMMUNITY

¢ LOW EMI GENERATION

& LOWPOWER DISSIPATION

* HIGH COMMON MODE REJECTION

* TRANSMITTER AND RECEIVER PARTY LINE
CAPABILITY

¢ TOLERATES -2.0v¥ GROUND DIFFERENTIAL
{Transmitter with respect ta receiver)

TRANSMITTER INPUT/RECEIVER QUTPUT TTL/

DTL COMPATIBLE

Each Iransmitter-receiver comhination provides a digitsl
inlerface between systems linked by 10052 wwisted pair, shielded
cable. Each device containg three circuits fabricated within a
single monliithic chip. Data rates greater than 15MH:z are
possitfe depending on transmission line loss characteristics and
length.

The transmitter employs constant current switching which
provides high noise immunity along with bigh speeds, low power
dissipation, low EMI generation and the ability to drive high
capacitance loads, In addition, the ransmitters can be turned
“off”, allowing several transmitters to time-sharg a single line.

Receiver input/output differences are shown i the follow-
ing table:

INPUT

QUTRLT

HD-246 / 546

APPLICATIONS

HO-248 { 548
HO-248 / 545

[[OEY;
Hi-Z
10052

OPEN COLLECTOR
6X PULL-UPF RES.
GK PULL-UP RES.

#* AIRCRAFT INSTRUMENTATION

each input to ground.

The internal 10052 cable termination consists of 5052 trom

s TELEMETRY

* INDUSTRIAL CONTROLS

* DATA EXCHANGE WITHIN A
BUILDINGS

MO BETWEEN

HD-248/548 “party line” receivers have 3 high-Z input
such that as many as ten of these receivers can be used on 2
single rransmission line.

Each transmitter input and receiver putput can be con-
nected to TTL and DTL systems. When used with shielded
transmission line, 1he transmitter-receiver system has very high
immunity ta capacitive and magnetic noise coupling from adja-
cent conductors. The system can tolerate ground differentials
of -2.0V to +20.0Y {wansmitter with respect to receiver).

PINOUTS

SCHEMATIC DIAGRAMS

TRANSMITTERS

TGP VIEW
CATLLVL ]

& 10uTPUT 2]
&2 QUTRUT 3

Package Codes 9V, 15

14 vig
13 INPUT 2

12 OUTPUT &2

H2INPYT 4

11 QUTPOT 1

d1iNPUT 5

10 INPET

&1 OUTPUT 6 |

SUBSTRATE 7|
GNO

3 INPUT B2

[ 2 ouTPUT 2

TRANSMITTERS

WV

o 4 -
Sl
£

RECEIVERS

TOP VIEW

Package Codes 9V, 15

1-HINPUT _1] -
{+} INPUT _z;|
tH1y QUTPUT 3|
(-} INFUT 4
1 INPUT i
(R2) OUTPUT B I i

6o 7] 4@

14 Vep AVERZ
(13 vee R3
|12 Vg R1& A2
1 Vee A3

|10 OUTFUTR3
[ 9 INPUT {4)

| B INPUT {-]

10 H 3 L om o1 ”o

1 #1 $2 42 P10 #t 1 g2

[L] ouT  auT W WAuT Ut e

I fn 1 |

"y, 13y,
RECEIVERS e «

ER BUTPUT
H

4K i
« INPYT - INPUIT
? I
3

TS -RELI 4 1]
P

o : ' . 4
v 11 VEE

| E 1 |
HOTES:
1 HD- M43 5 a5 shown
2. HO- 2AG/54E dom ol hwa B ounput pull - ue 4. Reusior wqlub o8 Domingl
rastars raEREDeY

3 Hik MBS does not have B0 & input tarmenation




SPECIFICATIONS HD-245/545 TRANSMITTERS

ABSOLUTE MAXIMUM RATINGS

Input Vaoitage Range: -0.5V to +10V Ve Range: -0.5V to +10V
Cutput Voltage Range:  -30V to +0.5V with respect to V5 Storage Tempersture Range: -659C to +1500C

ELECTRICAL CHARACTERISTICS

HI}-245 HD-545 TEST
-5500 tg +125°C 0% to +75°C LONDITION
PARAMETER SYMBOL TEMP. MIN. TYP. MAX, MIN, TYP. MAX. | UNITS | V¢ NOTES
INPUT LOW 25%C =15 -2.2 -1.5 23
CURRENT e Full -25 za | ™A | 58 !
“ON™ QUTPUT 280C -3 =18 mh 45 1
CURRENT louT Ful} -0 -1.8 m 45 1
“ON” Fult -1.6 -15 mA, 45 2
250¢ 4.1 6.4 -4.1 -6.3
Full Y £7 | ™ | 85 !
"ON" DUTPUT 25%C 0.1 0.26 a1 0.2%
OC  CURAENT Blour | Fum 03 03 | ™| 85| 3
UNBALANCE
“OFF" QUTPUT lgu 259C =30 -100 =30 -140
CURRENT “OFF* Full -100 agg | HA | A8 !
QUTPUT o _ = N
EREAKDOWN BY eR 259C =30 50 30 Sk v GND 4
POWER SUPPLY 2590 15 1B.6 15 24 mA 5.0 5
CURRENT- 259C 0.6 a.6 . §
TOTAL
1 PROPAGATION | B 3 10 3 10 s 56
DELAY PLH Full 14 14 )
AC
TEST CIRCUIT 1 t 250¢ k¥4 10 32 L] s 5.0
PAGE 4 PHL Full 14 14 .
NETES: 1. One Input at Gnd. ons Input gpen, sach putput at 5 .One input of each transmitter &t Gnd, and the other
2. Oneinput et 046V, ane input open, sach gutput at Gnd, input cpan. All six output Hnes at Gnd.
3. Difference betweaan ¢1 nnd¢2 "ON' cutput data currant, 6. All six Input lines apen, all slx autput lines at Gnd,
4. Each Input at Gnd., one sutpus at Gnd.,

ILimit 2 100MA on putput tested with -0V applied,
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SPECIFICATIONS HD-246/546; HD-248/548; HD-249/549 RECEIVERS

ABSOLUTE MAXIMUM RATINGS

Input Voltage Range 1.0V ta +1.0V Input Current +25mA

Qutput Voltage Range -0.5V to +6.0V Qutpyt Current +50mA

Ve Range -0.5Y 1o +8.0V Starage Temperature -659C to +150°C
VEE Range -8.0V to +0.5V

ELECTRICAL CHARACTERISTICS

HD-245/ 708/ 249 | HD-506 /548 548 TEST CONDITIONS
-B5C 10 +1259C 09€ 10 +750C VEE = -5

FARAMETER . L MIN, | YR [MAX | MIN, | TYP. | MAX, Yoo NOTES

INPUT RESISTANCE
{HO-246/546 40 41 61 38 41 6%

& HO-249/549 39 68 k¥ 70

PULL-UP RESISTCR
{HO-248/548

18 49 21
& HD-249/549) 8.5

86

Note 1
QUTPUT ) , lgH=-120LA
VOLTAGE (HIGH} \ . 7| Ext 6K Ras. For
HO-246/546

LC-

Note 2
QuTPUT lgL=9.5mA
VOLTAGE iLOW) i 10ma For
HO-246/546

QUTPUT Natz 3
VOLTAGE (LOW) +25°C - - | 1gp = 32ma
{INPUT SHORT CIRCUIT)

lee | Las0g Nate 4

lee

m
ta &2

HE-246 { 546

lee o Note §
POWE R SUPPLY lee | B¢

CURRENT (TOTAL)

mm
[0 -r)

:CC +2500 Natez 4
HO-248 / 548 EE

lec +250¢
See

— =W

Nose &
:CC +2600 Note §
HIH-249 / 549 EE

lec i ra50c
1313

Nete 7

e ol g opm
am B m® o
LN W il LR

]

s
-

L1}
| propacaTiOn DELAY | 1, | 2 C
AC
TEST CIRCUNT 2 t +250¢
PAGE 4 PHL | Fu

5 B
o0

Lk Ll
o

NOTES: 1. 4] Iy = 1.5mA; {-] Input = open {For HD-248/548; . (+} Input = opan; (=} Iy = 3mA,
Ext, 50 Ras, or 75mV). . (+} Gy = 3AmA; (-} Input = opan.
2. {+} Input = open; {-) |y = 1.BmA. {For HD-248/548; . {+} Input = Gnd.; (-} fnput = 15V,
Ext. 50 Res or 76mMA}= L {+) impur = A5V {=) Input = Gnd.
2. Both inputs shorted 1o Gnd; or both Inputs epan such
that B0 terrnlnation ragiytors are in the clrcult.




TEST CIRCUITS

TEST CIRCUIT 1 - TRANSMITTER PROPAGATION DELAY

Vcﬂﬂ 114

- - — - DPEN {222.2v)
3] |N—ﬂ—ov

3
INPUT: 2N ) OPEN{%:3.2V!}

el <yom o)

t
THL @1 out
pw = 500 ns
=1 MH:z
¢z 0uT ov

Al measurements retarenced to 50 % V points

TEST CIRCUIT 2 - RECEIVER PROPAGATION DELAY

Vep=+5v

) IN ,

INPLIT: 1IN |

1
TLH |«
= 10ns
the teu—]

1
1
!
pw = 500ns 1 ¥

= 1MHz '

RECEIVER oA Ne—

out

Al) measurements referenced to SU%Y points. NOTE: Externat 50 resistars needad for HD— 248,548,

APPLICATIONS

TYPICAL APPLICATION +5¥

1/3 HD- 246/546 OR
HO- 248543

* HO-245/645 should b drivan by opan— collector gaws.
{re1am—pole oulput May cause shght reductgn in “on’ dara curren)
For more detailed inbormation, «ofe 1o Harri Semiconductor
apabcation notes 205 and 207,




Analog Application Notes n ,I n

AN 204
AN 205
AN 207
AN 502
AN 605
AN 508
AN 509
AN 510
AN 511
AN G512
AN 514
AN 515
AN 518
AN 517

AN 518
AN 519
AN 520
AN 521
AN 6801
AN 602
AN 605

Designing with the HD-01685 Keyboard Encoder

High Speed Digital Cormmunications
Receiver/Transmitter Noise Immunity

HA-9092 Cperational Amplifiers Performance Tailoring

A High Performance Hystersis Circuit

Test Procedurss for Operational Amplifiers

A Simple Comparator Using the HA-2820

A Simple Square-Triangle Wave-Form Generator

Digital to Analog Converter Applications

Counter Type A to D Converter

The HA-2400 PRAM, 4 Channel Operational Amplifier
Operational Amplifier Stability: Input Capacitance Considerations
The HA-2530/2635 Wide Band High Slew Inverting Amplifier
Applications of a Monolithic Sample-and-Hold/Gated
Operational Amplifier

The HA-2900 Monglithic Chopper Stabilized Amplifier
Operational Amplifier Noise Prediction

CMOS Anatog Multiplexers and Switches

CMOS Devices for Analog Switching

Introduction to the Phase Locked Loop

A General Analysis of the Phase Locked Loop

The HA-2820/2826 Low Frequency Phase Locked Loops
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The Harris Semiconductor type HD-0165
Keyboard Encoder integrated circuit provides
an ideal low cost means of transforming sig-
nals from any manual keyboard into a TTL
compatible parallei binary code.

CODE IMPLEMENTATION

The organization and truth table for the
HD-0165 are shown in Figure 1 and Table 1.
Basically, there are sixteen input lines, only
one of which is normaily connected at a time
through the keyboard to the +BV supply,
There are four output tines which produce a
patallel binary code which is determined by
the actuated input lines. The outputs will
drive any DTL or TTL gircuits with a fanout
of six normal loads, The function of the two
auxiliary outputs will be explained later,

To produce a certain output code by actuating
a particular key, simply look down the output

columns (1-4) of the truth table until the
desired four-bit code is found; then look
across to see which input is high (H} and
connect that input pin to the key,

One fact which should be obvious is that since
all sixteen possible combinations of four bits
are available on the cutput lines, the num-
hering system for the input and output lines
is arbitrary. The ordering of the truth table
arbitrarily shows an ascending negative logic
{H=0, L=1} output in binary code with out-
put line 4 the most significant bit. But we do
not need to be governed by this, If we want
the "“zero” key to produce LLLL, we do not
need to tie input 1 to that key and put inver-
ter gates in series with the outputs; we can
simply fie input 16 1o the 'zero' key.
Similarly, we could wire up a ten button key-
board to vield a 1—2—-4—-8 BCD code, a
1-2-4-2 BCD code, a 1-2—2-b code, a
Gray code, or any other code up to four bits

DESIGNING WITH
THE HD-0165
KEYBOARD ENCODER

BY D. F. JONES

simply by using the truth table and wiring
the inpuis to the appropriate keys. Redun-
dant codes can be generated, if desired, by
wiring one input line to more than one key.

QO 50V INPUTS j Voo +90v

[~ | eaRaLLeL
[ 5 O BINARY
[ [ outPuTs

HD-0165

DUTFUTS

[—~STROBE | auxiLLARY
| — kRO

(L

KEYBOARD
= GNDO

Figare 1. Keyhoard Encoder Organization

ENCODING MORE THAN SIXTEEN KEYS

Two keyboard encoder circuits may be used
to encode up to 266 keys, represented by
eight bhits.

The general scheme is to let the outputs from
one device represent the four most significant
bits ang the output from the other device
represent the four least significant bits of the
output word. Each key is wired to one input
on each of the two devices to produce the
desired cutput code.

It is necessary to isolate the two wires from
each key, since each device input usually is
connected to more than one key., This is
accomplished either by using double-pole key
switches, or by using two diodes per key in
series with the device input lines, The general
scheme for cascading two encoders is shown
in Figure 2.



TABLE |

TRUTH TABLE, HD-0165

INPUTS OUTPUTS
t z 3 4 5 B T 8 @ W0 1 12 13 @ 1B w1 T 3 4 St Kpo
L L L L L L L L L L t L L L L L|HKH H H H ® H
H L L L L L ¢ L L L L L L L L L|H H H W L H
t H L L L L L L L L L L L L L L[L H H H L H
L 1L H L L L L L L L L L L L L L H L H H L H
L ¢ ¢ H L L L L L L L L L L L L[t L H K L H
L L L L H L L L L L L L L L L LJH HW L H L H
L L ¢t L L ¥ L L L L L L L L L LJ]L H v H L s
L L L £ L L H L [ L 1 L L L L L H L L H L H
L L L Y L L L H L L L L Lt t L L|]L L v H L H
L L L ¢ t L L L H L L L L L L LJH H H L L H
L L L L &L L L ¢t L H L L L L L L]JL B H L L H
t L L L ¢ L t t L L H L L L t t}lHw v #® v L H
t L L L L L L t L L ¢t #® v v v ¢l v ow L L H
L v L L L L t L L L t L H L L L]H H L L L H
Lt L L L L ¢ L ¢t L L 4+ L L H L tLt{L H L L L H
L L L L L C L C & L t L L L H t}lw v v v v H
Lt L L L L L L L L L Y L L L L H{L U L L 1 H
ANY TWD OR MORE HIGH X X X X t L
INFUTS: L = Dpen Cicuit ar < +1.0¥ H = > +4.5Y Current Source
TUITPUTS: L= > +04Y H= 2 +2.4%¥ X = Errgneous Data
ssavsumy AUXILIARY QUTPUTS
HO-0165 As shown in the truth table, the STROBE
. P output is high if no keys are actuated, and
w0 hecomes fow when any key is actuated.
—— This signal s normally used to gate the en-
— coded signal into other circuitry, and may be
conditioned to eliminate any effects of switch
) bounce or skew in cutput propagation delays.
HD-0155 STROSE
i The KEY ROLLOVER {KRgQ) output is nor-
o mally high, and goes low only when twa or
ATERNATE SOUTONMETHOD gt more keys are actuated simutaneously. This
Figurs 2 signals that the output data word is not valid

An important fact — when diode input isola-
tion is used the diode forward voltage drop
decreases the input current available to the
encoder, and the result is that the encoder
output fancut should be reduced o two TTL
loads. The fanout capability could be restored
by returning the keys to a higher voltage
{+6.7V to +6.0V). This voltage could be gen-
erated by placing a high-current dicde be-
tween the normal supply regulator output
and its sense line, as shown in Figure 3.

5.7
OUT KEYBOARD SUPPLY
+5.0V LOGIC SUPFLY
+SENSE

SVOLT
REGULATGR —ouT
—SENSE |
Figure 3

during that time.

Figure 4 illustrates one method of switch
bounce surpression which also gives correct
data input under key rollover conditions.
One dual retriggerable monostable multivibra-
tor device is required per keyboard to suppress
multiple strobe pulses resulting from key
bounce or arcing on either “make” or “break’’,
With this scheme, there is no necessity for the
use of mercury-wetted or other exotic key
switches to prevent bounce effects.

The strobe and KRQ outputs from one or
more encoders are combined at point A; so
that the signa! at point A is high when any
one key is depressed, and low when no key or
two or more keys are depressed.

The time delay, Tq, generated by the first
monostabie must be longer than the worst
expected interval between switching spikes —
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about 3 to 10 milliseconds is usually sufficient.

The time delay, T2, generated by the second
monostable depends on system requirements
— about 0.9 microseconds will result from the
values shown,

The waveforms shown at A, B, and C show a
typical situation, At interval |, a key is de-
pressed and the first monostable generates a
delay, T1, sufficiently long to allow any
switch bounce spikes to die out. At the
trailing edge of T1, the second monostable
generates a strobe pulse, T2, for entering the
data into the system, The delayed strobe also
assures that the parallel data are stabilized
when strobed into the system.

At interval 11, a second key is depressed while
the first key is not released until interval 111,
The first monostable might be triggered at
this time, but this will not cause an output at
C, because the clear {Cp) terminal of the
second monostable will be held low, At inter-

. val Ill, when the first key is released, the two

monostables will again be triggered, entering
the data from the second key into the system.

If noise occurs at interval |V, when the second
key is reteased, no signal will appear at C since
Cp will again be low before the trailing edge
at B is generated.

For data entry, it is necessary that a key be
held down for longer than T1, but since this
interval is only a few milliseconds, it is highly
unlikely that any deliberate key depression
would be for a shorter interval.

The delayed strobe pulse, S, is used to signal
the presence of new data to the system.
The pulse can be used to gate a latch circuit
or, if a serial data format is required, the pulse
can be used to enable the parailel loading of a
shift register.

BL Ll
H m b L]
!owmtelnio o TRIGSEREG
T N

Figure 4. Switch B Elimi

An optional “tactite feedback” circuit is also
shown in Figure 4, which for a small increass
in cost will greatly increase operator accuracy
at high entry speeds, The transistor load is
either a smal} solenoid hammer which taps the
keyboard area, or a small loudspeaker which
produces an audible “'tick" each time data is
entered, Since the “tick” only occurs when
data entry actually occurs in the system, this
scheme will give more accuracy (probably at
lower cost] than special “'tactile feelf’ key
switches, Actual circuitry will depend on the
type of Yoad used, A capacitor is shown at the
gate expander terminal to stretch the pulse at
this point,

BATTERY OPEBATED KEYROARD

The circuit shown in Figure 5 will help con-
serve hattery life in a portable keyboard.
When no key is depressed, the PNP transistor
is turned off, and there is no battery drain.
When any key is pressed, the input current
causes the transistor to turn on, supplying
power to the encoder and to any other digital
circuitry, The transistor should be capable of
switching the necessary current and should
have low VCE{Sat) for low power dissipation.

& 7
+ 7
= L
e —
—] HD-0165
0-—0/‘“-::
- =
1) —
:_O/.: 23
L

Figure 5, Battary Oparated Keyboard

DESIGN EXAMPLE:
TELETYPEWRITER KEYBOARD ENCODER

Each keyboard encoding design task must
start with an analysis of the code to be pro-
duced and the arrangement of the keyboard.
A minor complication arises when a single key
must produce more than one code; for
example when SHIFT and CONTROL keys
are used.



TABLE It

HEX CHARACTER ASSIGNMENT

As an example we will design a keyboard en-
coder for a teletypewriter or CRT terminal
using the standard ASCIl code for capital
letters only, plus symbols and control func-
tions.
First, for convenience, using the encoder truth HEX INPUT PIN
table, we ‘WI”‘ asmgn_an hexidecimal char_acter 10 CHARACTER LINE NUMBER
each device input line. The conventions for
the output will be: positive logic {L=0, H=1); a 16 §
output line 1 will be the L.S.B., and output 1 15 6
line 4 will be the M.S.B. This results in 2 1 !
Table 11. 8 13 8
4 12 ]
Now, we tabulate the desired output words 5 " 10
as a two digit hex code {Table lil) with the 6 0 i
first digit representing the four most signifi- 7 9 12
cant bits and the second digit representing the 8 8 13
four least significant bits. This naw gives us 9 7 14
the wiring list to correct each key in the nor- A 6 15
mal [unshifted} mode to the two encoder cir- B 5 16
cuits as in Figure 2. Since the hex code for G 4 17
A" is Cl, we can connect the two wires from b 3 18
the “A” key to the C input {Pin 17) of the E 2 19
top encoder and to the 1 input (Pin 6} of the F 1 26
bottom encoder of Figure 2. The rest of the
keys are wired similarty for the specified out-
put code in the unshifted state.
TABLE 1
ASCIt TELETYPEWRITER CODE
CHARACTER ) HEX CHARACTER HEX CHARACTER HEX CHARACTER HEX

@ Lo Blank Al NULL &0 ACK FC

A, 1 ! Al S0H 81 ALT FD

B £2 o A2 57X 82 ESC FE

c c3 # Aj ETX 33 Rubout FF

1] 4 $ Ad EOT 84

E 4] % Ab WRU 85

F Ch & AB friu 86

G c? ' AT BELL B?

H 8 { A8 FE 88

| ca H A3 HT iss]

J LA * Al LF 8A

K c8 + AB VT 8B

L M H . AC FF 8C

M o - AD LR 8D

N LE . AE S0 8E

0 LF ! AF Al 8F

P Do 0 BO pco 90

o] [1]] 1 81 X-0ON 9

R 1k 2 B2 Tape-ON 92

] D3 3 83 X-OFF 93

T 04 4 B4 Tape-OFF 94

U Gh 5 85 ERR 25

v 113 g B6 SYN 96

w o7 7 87 LEWM 97

X D3 8 B8 Sg a3

¥ D9 9 B9 81 93

z DA : BA 5z 94

{ D8 ; BR S3 3B

y oc < BC 84 oc

] Do = BD S5 an

+ DE > BE Sg 9E

“ DF ? BF $7 9F

7-5



7-6

TABLE IV

ENCODER ENCODER
KEY INPUT KEY INPUT
NORMAL SHIFT CONTROL M5B LSB NORMAL SHIFT CONTROL MSB LSB

A SOH c ] ) ! B 1
B 5TX [4 2 2 i 8 2
c ETX C 3 3 # B8 1
n EQT ¢ 4 4 $ 8 4
E WRU [ 5 5 % i1 3
F RU C 6 [ & B 6
G BELL ¢ 7 7 ’ B 7
H FE £ 8 8 [ B B
| daT C 9 9 } B 9
J LF [ A 0 B 0
K [ vT C B : * B A
L Y FF C [H - = A ]
M | CR c 5} > A E
N + 50 C E \ < A C
a “ 5l C F ; + B B
P ] NUL a0 [H f ? A F
a X-ON D 1 Line Feed B A
R Tape-ON D 2 Return 8 1]
3 X-0FF D 3 Rubaut F F
T Tape-0FF D 4 Space A V]
1] ERR D L ACK F C
Vv SYN ] G ALT F D
w LEMW D 7 ESC F E
X Sp D 8

Y 51 V] 9

Zz 82 o A

For this example, we will design one of the
more popular terminal keyboard arrangements
as shown in Table IV,

Comparing Table |V with Table II1, we note
that the L.5.B.s change in a particular pat-
tern: A-—=B, B-=A, C—D, D—C. Further
investigation shows that this is simply an in-
version of the fifth output bit. So, we could
make the SHIFT key control a group of gates
in series with the fifth output bit to pass this
bit either inverted or not inverted.

investigation of the control mode codes shows
that bits 6 and 7 must always be “0"” when
the CONTROL key is depressed, the other
bits remaining the same as in the normal
mode for that key. This can easily be imple-
mented by connecting DTL gates in “'wired-
OR” to these outputs. Control functions S3
through S7 can be generated by holding both
the SHIFT and CONTROL keys down and
pressing "L" through "P”, respectively; or
these could be implemented by additional
wiring.
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SHIFT
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e
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FEED-
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Figure 6. Telatypawriter (ASCII} Encodar

Figure 6 shows the finished design, with the
wiring from keys to encoder input indicated
in Table 1V.

It may be desirable to have some keys, such as
the SPACE bar, produce the same output in
all three modes, If the “cancel” inputs shown
in Figure 6, are wired 1o those keys, the effect
of the SHIFT and CONTROL keys will be
nuliified for those particular keys.

An optional feature shown is the REPEAT
key which pulses the strobe output at about
10cps as long as it and another key are held
down.

A full typewriter ASCI| keyboard with upper
and lower case letters can be implemented in
a similar fashion. The “shift” requires inver-

sion of either bit & or bit 6 depending on the
state of bit 7, so the logic at the output is
somewhat maore complex.

UNIVERSAL KEYBUARD ENCODER

Suppose we required a keyboard with a code
in which there was no simple logical relation-
ships between shifted and unshifted output
words—or a keyboard which could produce
several entirely different codes at the flip of a
switch—or one which could be supplied with
any desired code on very short notice, Any of
these problems can be readily solved by using
keyboard encoder circuits to generate a uni-
versal code-which can then he translated to
the desired output code using programmabie
read-only memories,
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Figura 7. Universy Keyboard Encoder

Figure 7 shows the organization for a univer-
sal keyboard encoder. Up to 64 keys are
wired to two encoder circuits which produce
a six-bit output code {the fourth sutput bit of
each encoder is not used). The key to encoder
wiring is arbitrary as long as ¢ach key pro-
duces a unigue six-bit output code from the
encoders.

The six-bit code forms the address for one of
three ROM's wired in parallel. Each HROM-
0512 stores 64 eight-bit words, which can be
programmed electrically by the user {contact
Harris Semiconductor for data sheets and pro-
gramming instructions).

Each ROM is initially programmed for the
desired ocutput word at the address location
corresponding to a certain key. One ROM
contains all 64 cutput words for the unshifted
mode, the second containg all words for the

in the three ROM's, which greatly simplifies
implementation of special codes. 1f it is de-

shifted mode, and the third contains alt words

for the contro! mode. Selection of the par-

ticular ROM is accomplished through its en-

able inputs.

Cbviously, there is no requirement for a logi-

sired thai a particular word remain the same
in all three modes, simply program the same

cal relationship between corresponding words
word at the same address in the three ROM's,

A great advantage of this system is that any
eight-bit code can be produced without any
changes in wiring or P.C. board layout, simply
by plugging in ROM’s programmed 1o desired
code.  Additional ROM’s could be wired in
parallel with the enable inputs wired appro-
priately to produce multiple cedes (both
ASCYl and EBCDIC codes, for example)
either simultaneously or selectively.
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INTRODUCTION

The use of high speed digital communications
is rapidly increasing. This is partially due
to the FCC decision to aliow competition
in data communications as well as the great
increase in the use of computers with data
communications capability. The use of man-
agement information systems is expected to
continue to grow at a rapid rate. This will re-
st In increased usage of sophisticated data
collection systems , as well as the increased
usage of remote data entry terminals and
display systems.

There are several general classes of digital com-
munications systems discussed in this ap-
plication note. Low and moderate speed
local digital systems are defined by EIA
Standard RS-232. This type of system is in-
tended for local (less than 100 feet] com-
munications between the computer system
and the long distance cormmunications system
interface {modetn), Moders are generally re-
quired for lonc distance (greater than 10
miles) digital communications systems. Coax-
ial lines and microwave links are generally
required for high speed, long distance data
communications sysiems. Another general
class of digital communications which is
rapidly growing is that used #or commun-
ications within a8 company. [istances of
up to several thousand feet are generally
required for high speed communications be-
tween a data acquisition, system, or process
control system and the central computer
system.

HIGH SPEED DIGITAL
COMMUNICATIONS

BY G. G. MILER

very short., For example, a typical 60 foot
low capacitance cable will have a capacitance
of approximately 750pF which requires a
current of greater than 50mA to drive BV
into this cable at 10MHz; therefore, voltage
mode transmitters are undesirable for long
transmission lines at high data rates due to
the large current required to charge the
transmission line capacitance.

CURRENT MODE TRANSMISSION

VOLTAGE MODE TRANSMISSION

Data rates of up to 10 million bits per second
can be obtained with standard TTL logic;
however, the transmission distance must be

An alternate method of driving high data
rates down long transmission lines is to use a
current mode transmitter. Current mode
logic changes the current in a low impedance
transmission line and requires very littie
change in voltage. For example, a 2mA
change in transmitter current will produce a
130mV change in receiver voltage indepen-
dent of the series transmission line resis-
tance. The rise time at the receiver for a
typical 50 foot cable {760pF} is approximate-
ty 30ns for a 2mA pulse.

An emitter coupled logic gate is frequently
used for a current mode transmitter. How-
ever, ECL gates are not compatibie with TTL
and DTL togic and they reguire considerable
power. The Harris Semiconductor HD-245/
BAG is a TTL/DTL compatible current mode
transmitter designed for high data rates on
long transmission lines. Data rates of 15
megabits per second can be obtained with 50
feet of transmission line when using the
companion HD-246/546 or HD-249/549 re-
ceiver. [lata rates of 2 megabits per second
are easily obtained on transmission lines as




long as 1,000 feet. The Harris transmitter
and receivers feature very low power, typ-
ically 2bmW for the transmitter and 15mW
for the receiver,

HARRIS TRANSMITTER/RECEIVERS

The Harris transmittet/receiver family con-
sists of a triple iine transmitter, two triple
line receivers with internal terminations and
a triple party-line receiver. The general
charactenstics of the transmitter and receivers
are outlined in Table 1.

Triple Line Transmitter

PARAMETER HO-245 HO-545 |UNITS| COMMENTS
Operating Temp. Range | -85 tp +125 | 0 w +ms| %C
“ON" Butpul Eurrent 8 MIN 1.8 MIN | ma |Over bult temp. range
Pawer Suppty Current 5.2 MAX B.O MAX| mA |Per tranmmittey section
Sandby Current 23 MAX 33 WMAX| L1A  |Per wansmitter smetion
Propagation Delay 10 MAx ] 10 max|m  |estc

Triple Line Recaiver

PARAMETER RECEIVER TYPE| UIMITS (LNITS| COMMENTS
Operatng Temp fiange] HO-246/343/243|-55 104125 5
Powsr Supply HO- 296/ 2481245 22 mé | Per receiver sactivn
lee (Vpp=+5.0V} HD-546/548,/543 25 méA | With Qutpur High
Propagation Delay All Recaiver: 30 o {2500

nput

\nout Irnped HD- 246/5%6 'Tdﬁ.' Onhem | Open Callecior
""”U mee :'“, HO-248/548 HiZ 6K Pull-up Resistor
and Output Cucwit |y oagi6ay 150 Ohm |5 Pull-up Resistar

Table I.  General Transmitter/Receiver Charactaristics

low the transmitter will be disabled and will
present & high impedance to the transmissicn
line as well as requiring very little power
supply current.

Complementary input signals may be derived
from high speed inverter gates as shown,
ar by using the complementary outputs of &
flip-flop. When the transmitter is connected
near the midpoint of a long transmission line
or to a line with terminations at both ends,
two transmitter sections shouid be paralleled
with respective inputs and outputs connected
together in order to drive the reduced imped-
ance. This parallel transmitter technigue can
also be used to increase the data rate on long
transmission lines.

OPEN COLLECTOR GATES

TRANSMITTER

The HD-245/545 transmitters have two in-
puis per transmitter, either of which is low
while the other is open during normal oper-
ation and both inputs are cpen during stand
by. For optimum transmitter performance,
the “off"” input shouid be open circuit rather
than being pulled towards +5V, because this
will reduce the “on' output data current.
On the other hand, the “on’" and *“"off" out-
put data current will be increased if the “off”
input is held below its open circuit voltage.
Open collector gates such as the 7401 and
7403 or 7405 Hex-Inverter are suitable for
driving the HD-245/b45 {ransmitter inputs.
By using 2-input gates as shown in Figure 1,
an enable line can be provided so that more
than one transmitter may be connected to a
line for time sharing. When the enable fine is

ZN-BK FOR TTL DRIVE
AEOLHIRED FOOA HO. 246

Gk 4B -5

Figura .  Typicat Data Transmission System

TRANSMITTER OPERATION

The transmitter alternately applies the cur-
rent to each of the two conductors in the
twisted pair line such that the total current
in the twisted pair is constant and always in
the same direction. This current flows through
either of the two 50 ohm terminating resist-
ors at the receiver and returns 1o the transmit-
ter as a steady 0.C. current on the trans-
mission line shield. The D.C. power supply
return for the transmitter is through the
receiver terminating resistors {the transmitter



ground pin is only a substrate ground). There-
fore, it is essential that the shield be con-
nected to the power supply common at both
the transmitter and receiver, preferably at
the integrated circuit “ground” pin.  More
than fifteen twisted pair lines can share the
the same shield without crosstalk.

RECEIVERS

The HD-248/548 “party-line” receiver pre-
sents & high impedance load to the trans-
mission line allowing as many as ten HD-248/
548 receivers to be distributed along a line
without excessive loading., Figure 1 shows a
typical systermn of a transmitter, a terminating
receiver and a party-line receiver. The trans-
mission tine is terminated in its characteristics
impedance by an HD-246/5646, RD-249/549,
or by a pair of 50 ohm resistors connecting
each line to the ground return shield.

TRANSMISSION LINES

The maximum frequency (or minimum pulse
width} which can be carried by & certain
length of a given transmission line is depend-
ent on the loss characteristics of the particular
line, At low frequencies, there will be
virtually no loss in pulse amplitude, but there
will be a degradation of rise and fall-time
which is roughly proportional to the square
of the line length. This is shown int Figure 2,
If the pulse width is less than the rise-time at
the receiver end, the pulse amplitude will be
diminished, approaching the point where it
cannot be detected by the receiver.

The transmission line used with the Harris
HD-245/645 series transmitter and receivers
can be any ordinary shielded, twisted pair line
with a characteristic impedance of 100 ohms.
Twisted pair lines consisting of number 20 or
22 guage wire wil! generally have this charac-
teristic  impedance. Special high quality
transmission lines are not necessary and stand-
ard audio, shielded-twisted pair, cable is gen-
erally suitable.

Since the necessary characteristics for various
twisted pair fines are not readily available,
it may be necessary to take some measure-

ments on a length of the proposed line. To
do this, connect an HD-245/645 transmitter
to one end of the line (100 feet or more} and
an HD-246/5646 or an HD-249/649 receiver
to the other end. The rise and fali-times can
be measured on the line at both ends and
the constant *'K”, for that line can be com-
puted as shown in Figure 2 so that the mini-
mum pulse width can be determined for any
length of line,

Data rates of 2MHz have been obtained using
1,000 feet of standard shieided, twisted pair,
audio cable. Data rates of 15MHz are pos-
sible on shorter lengths of transmission line
{60 feet).
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Figure 2.  Transmission Line Wave-Shaping

ELECTROMAGNETIC INTERFERENCE

Very littie electromagnetic interference is

generated by the Harris current mode system
because the total current through the twisted
pair is constant, while the current through the
shield is also constant and in the opposite
direction. This can be verified by observing,
with a current probe, the total current

through the twisted pair, through the shield

“and through the complete shielded, twisted

pair cable. In each case a constant current
will be observed with only small variations.
Small pulses may be observed if the comple-
mentary inputs ta the transmitter do not
switch at the same time. The current will
decrease during the time both inputs are high,
and will increase during the time bath inputs
are low. These switching pulses may be ob-
served when using the circuit shown in Figure



1. The amplitude and shape of these puises
will depend on the propagation delay of Gy,
and transition times of G and Gg. These
pulses are generally of no concern because of

their small amplitude and width, but they
may be reduced by increasing the similarity
of the waveforms and timing synchronization
of the complementary signals applied io the
transmitter.

In addition to generating very littie noise,
the system is also highly immune to outside
noise since it is difficult to capacitively
couple a differential signal into the low im-
pedance twisted pair cable and it is even more
difficult in induce a differential current into
the tine due te the very high impedance of
the constant current transmitter. Therefore,

differential mode interference is generally
not a problem with the Harris current mode
system. Large common mode wvoltages can
also be tolerated because the output current
of the transmitter is constant as long as the
receiver termination ground is less than 2V
positive with respect to the grounded input

of the transmitter, and is less than 25V neg-
ative with respect to the transmitter Vg,
The current mode system is totally unaffected
by ground differential noise of +£2V at fre-
quencies as high as 1 MHz,

For the entire system, however, the propa-
gation delay of the transmission line must
aiso he considered. This delay, of course,
depends on the length of the line and the
characteristics of the line, but in general,
delays of between 1.5ns and 3.0ns per foot
can be expected.

SUMMARY

The optimum data communications system
for very high speed data transfer over long
transmission lines is the current mode system.
The Harris current mode transmitter/receiver
system provides a combination of: the high
speed required, excellent neoise immunity,
low power consumption and very Jow levels
of RFI.

Complex digital communications systems de-
sign can be simplified by fully utilizing the
unigque features of the Harris HD-245 family
current mode system.

PROPAGATION DELAY

-550¢ 4o +)2500 O™ 10 47500

M 245246/ 748/ 249| H T 5455455487549
CHARACTERIZTICS MIN'TYF Max MIN] TYP [Max | UanTs
Fropegation Deley 18| 40 i | 40 n§
TeLn
Propagatsin Delgy [ 8| 40 ns
TrHL
Duty Cyele Distortion L a L H "
Terw ~ Tewp f

Veo=tBY, Vpg= —5V

Table I1l.  Owvarall Transmitter/Receiver
Switching Characteristics

The worst case propagation delay of a trans-
mitter and receiver, connected as shown in
Figure 1, can be determined by adding the
maximum delay shown on the data sheet for
the transmitter and receiver., These overal!
switching characteristics are shown in Table (1.
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This paper is intended to answer many ques-
tions which have arisen about the noise im-
munity of Harris Semiconductor's HD-245
family digital line transmitter/receiver system
relative to other systems,

A ems o - e - o oan o - om oaw o o om
L#1*142 0R

| SHIELD —a NOTE: Shisld currant variangns may be oresent if 1he camplementory

IARLY $ignals a1 the trangrukter aré not symmetrical gnd synchronous.

Figure 1- Harris Current Mode System

Shown in Figure 1 is the operation of the
HD-245/249 system. First, line ©1 conducts
a current of about 3mA which travels down
the line through one of the 50 terminating
resistors in the receiver and returns through
the transmission line shield to the transmitter

1/ HO-HE Of HD-H$

RECEIVER/TRANSMITTER
NOISE IMMUNITY

BY DON JONES &
GEORGE MILER, JR.

power supply common. Then, the current on
line $1 shuts otf and line $ 2 conducts current
which is also returned through the shield.
The shield essentially carries the same DC cur-
rent since lines ¢1 and $2 alternate in con-
duction. There may be small variations in the
transmission line current if both transmitter
inputs are high or low simultaneously during
the data transition times. The important fact
concerning noise immunity is that this is
essentially a three conductor transmission sys-
termn, and in most instances, externally gener-
ated noise affects all three conductors.

The noise which can affect a digital line trans-
mission system includes several types:

1. Magnetic and capacitive pickup from
other electricat conductors in the near
proximity to the transmission line.

2. Magnetic and capacitive crosstalk be-
tween transmission lines sharing a com-
mon shield,

3. Ground line noise between the trans-
mitter and receiver.

All of these types of noise will be considered
in this discussion.

EXTERNAL MAGNETIC EFFECTS

Changing magnetic lines of force from an
adjacent AC power line which intersect the
digital transmission line will induce a voltage
difference between the transmitter and re-
ceiver. The induced voltage will be equal and
of the same polarity on the two signal lines
and return line at any point. Even though
large excursions can be measured between the
transmitter and receiver ground points, this
has no effect on the digital transmission
quality. To the transmitter and to the re-



ceiver, their respective ends of the transmission
line appear normal since they have not shifted
with respect to ground at that end of the line;

This has been verified experimentally by
winding a transmission line around a ferrite
core to form a pulse transformer secondary.
When a primary winding was connected to
a pulse generator {0 to 20MHz, 20V Peak)
no adverse effects could he noted on a re-
ceiver output {Figure 2).
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Figure 2- External Magnetic Fiald

The effect of a ground loop outside the mag-
netic circuit is only to reduce the coupled
noise, For maximum immunity, the power
supplies should be filtered by 0.1UF or larger
capacitors to the commaon lines at the trans-
mitter and receiver pins.

CROSSTALK

It is possible to contain a number of individu-
al  twisted-pair transmission lines within a
single overal! shield. Perfectly balanced sig-
nals on a twisted pair will produce an
unchanging magnetic and electric field which
will not couple to other lines. The delay
between the complementary inputs to the
transmitter must be small compared with
the transition times of the transmitter inputs
to minimize the small current pulses during
switching. The HD-245 transmitter worstcase
current unbslance is guaranteed so that it is
possible ito enclose more than 15 twisted
pairs without exceeding the common mode
range of a receiver even if 14 of the pairs
should switch at the same instant. Power
lines, single ended signal lines, or high level
twisted pair signal lines should not be en-
closed in the same shield.

GROUND LINE NOISE

EXTERNAL CAPACITIVE EFFECT

The effect of capacitive coupling of AC signals
from adjacent conductors is to tend to pro-
duce noise with respect to ground on both
signal lines which is uniform along the length
of the line. Here, a shield on the transmission
line is highly effective in preventing adverse
effects. The foil type shields, in addition to
being iess expensive, give more perfect pro-
tection than braided wire types,

The ability to reject capacitively coupled noise
has also been verified experimentally as shown
in Figure 3. Power supply filtering is again
essential. No erroneous receiver output was
noted.
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Figure 3- Extarnal Capacitive Field

In systems where transmission line shields are
the only connections between the transmitter
and receiver power supplies, interference from
noise currents on the shield will be negligible,
since the only current on the shield will be
signal return current and the system can
withstand noise up to 2V peak. If severe
ground loop currents are present, for example,
if both transmitter and receiver power supply
commons are connected to different points
on a noisy AC power line ground, interference
can be encountered. The best sclution is to
remove the ground loop and use DC power
supplies which are well isolated from the AC
line.
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Figure 4 - Ground Line Noise
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Another effective solution is 1o wind a portion
of each transmission line around a magnetic
core to form a balun transformer as snown in
Figure 4, Flux produced by the signal cur-
rents and the shieid return cancel one another,
so the signal remains unaffected. Ground loop
current produces a flux in the core so that the
current is reduced by the inductance and by
core losses. Thus, the coils form a low im-
pedance to signals but a high impedance to
noise.



This transmitter/receiver system is unaffected
by ground differentials as long as the receiver
ground is between 3V positive and 25V nega-
tive with respect to the transmitter V(.
Therefore, farge low frequency ground noises
can be tolerated as well as large ground error
signals.

Precautions should be taken tc minimize
ground differentials between the line termina-
tion and the HD-248 party line receiver,
For best performance, the tnputs of the party
line receiver should remain within +0.5V of
the HD-248 ground.

OTHER TRANSMISSION SYSTEMS

A popular low speed transmission system
which conforms with ElA Standard No. RS-
232C is shown in Figure 5. This standard was
established for low speed local digital com-
munications.
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Figure 5 « ELA STD. R§-232C Data System

RS3-232C specifies that the output of the
transmitter swings between +6YV and —6V
while the receiver thresholds are between
+0.8V and +2V. This is a simple system to
implemeant, requiring only one signal line and
a common ground return, Shielded or twisted
transmission lines are generally not used with
this system and several communications cir-
cuits can share the same ground return.
A terminated transmission line is not prac-
tical with this system because it is designed
to operate with an impedance of between
3KN and 7Kg,

Another popular high speed transmission sys-
tem is the differential voltage switching type
shown in Figure 6.

First, line A is connected to +5V and current
flows through the terminating resistor to line
B which is connected to common. Then, the
current is reversed for the next half cycle.
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Figure 6- Dyff

In the absence of noise, no ground return or
shield is required; however, shielding is defin-
itely necessary in any practical system,

tn an unshielded environment, the receiver
must have a high common mode noise rejec-
tion, and some systems boast the ability to
reject common mode noise up to t15V.
Common mode cusrents cannot return 1o
ground through the terminating resistor, but
must trave! through the high impedance re-
ceiver input.  Therefore, very little induced
noise power is required to exceed the common
made voltage range of the receiwer, and an
unshielded line could not be used in the
vicinity of AC power lines, teletypewriter
{ines, etc., carrying signals over 16V peak.

Also, the voltage switching type transmitter
is often a source of noise. Ringing resulting
from high speed low impedance switching will
be present on the lines. Most transmitters
have diode clamps to reduce ringing, but it
still may exceed 1VRMS which would make
an unshielded line a strong source of radiated
RF interference.

The “totem pole” transmitter output will
draw sharp current spikes from the power
supply, since at the instant of switching, the
formerly saturated transistor will turn off
slower than the other transistor turns on,
creating a power supply short circuit for a few
nanaseconds. This requires very drastic power
supply decoupling at the transmitter to pre-
vent interference with other circuitry, and the
transmitter will dissipate increasing amounts
of power at high signal frequencigs. The cur-
rent spikes aiso often couple to the signal king
creating additional differential and cormmon
mode noise. Obviously, the use of shielded
transmission lines is usually a necessity in this
type of system.



CONCLUSION

A comparison of noise rejection of the three
types of systems, Harris’ current switching
type (HD-245), RS-232C voltage mode, and
the differential voltage switching types, are
given below for various noise sources:

1. Externally generated magnetic and ca-
pacitive coupled noise: Using shieided
line, which is generally necessary for
other reasons, the three system iypes
should refect noise equally well,

2. Crosstatk between tines: In Harris’ cur-
rent switching system, parameters which
can cause crosstalk (current unbalance)
are well defined. Spikes and ringing on
the lines are negligible. Operation of
more than 15 twisted pair iines in a
single shield without mutual interference
is assured,

Crosstalk between a few lines can be
eliminated in the RS-232C systern by
filtering the transmitter. However, this
severely limits the maximum data rate,

In differential voltage switching type
systemns, caution should be taken when
using more than one line pair in a single
shieid, because spikes and ringing will be
significant and are not easily predicted.

3. Ground line noise: The current switch-
ing type and the RS-232C type systems
are not as good as the differential voltage
type in this respect, but the problem can
be avaided by efiminating noisy ground
loops as dictated by standard system
design practices.

4. Self-generated noise: The current switch-
ing type system is far superior in gener-
ating lower levels of conducted and radi-
ated RF interference. The signal swings
on the line are 20 times smaller. The
non-saturating current switching trans-
mitter generates smooth ramps without
overshoot or ringing. Power supply lines
are free of current spikes and power
drain is constant with signal frequency.

The noise generated by the differential
and the RS-232C voltage mode types can
be greatly reduced by filtering if high
data rates are not required.
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HA-309 OPERATIONAL
AMPLIFIERS
PERFORMANCE
TAILORING

BY DON JONES

OFFSET ADJUSTMENT

In most applications, the HA-909 operational
amplifier family wili approach the theoretical
"“ideal” op -amp requiring only connections to
the power supplies and to feedback com-
ponents determined from classical analog
computer theory. This results from the excep-
tionally wide bandwidth of the HA-90% com-
bined with internally compensated 6 dB per
octave frequency rolloff and high impedance,
low drift, low noise input characteristics.

Nevertheless, in the unlimited number of pos-
sible operational amplifier applications, there
are those in which certain performance factors
may need to be optimized. These performance
factors include offset, power dissipation, band-
width, large signal bandwidth, slew rate, tran-
sient response, and stability with reactive
loads. The Harris HA-909 combines a design
which minimizes the necessity for added ex-
ternal components with the availability of in-
ternal circuit points which allow the altering of
performance characteristics.

The schematic of the HA-909 family is shown
in Figure 1. The circuit nodes connected to the
device pins on the HA-909 for performance
tailering are the Offset Control, the Bandwidth
Control, and the Bias Contral. The HAZ2-909,
an 8-lead meta! can version, has only the Band-
- width Control availabie.

FIGURE 1.
SCHEMATIC, HA-909
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In many applications, «ne guaranteed offset
voltage of the HA-90Z family is sufficiently
small that no connaction to the offset control
pin is required. In some high precision or
high gain DC amplifier applications, it may
be desired to set the room temperature offset
voltage to zero. Figure 2 shows the proper con-
nection of a single 200K ohm potentiometer
to accomplish this. Selected fixed resistors in
a voltage divider circuit could also be used;
the upper leg between the bias control pin and
the offset contro! pin could be a fixed value of
about 120K ohms and the lower leg between
the offset control pin and -V could be a value
usually between 50K and 100K ohms selected
to yield zero offset.

Figure 3 shows offset voltage change with tem-
perature for one unit with and without room
temperature offset zeroing. These curves
should not be regarded as “typical” since off-

set can be of either polarity and the tempera-
ture slope can be in either direction. In general,
room temperature zeroing of offset voitage
results in lower temperature coefficients of
offset voltage. ,,

FIGURE 2,
OFFSET ADJUSTMENT, HA-009
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BANOWIDTH ADJUSTMENT

BIAS CONTROL ADJUSTMENT

A unique feature of the HA-909 family of oper-
ational amplifiers is wide bandwidth (typically
7 MHz) combined with internal compensation
for & dB per octave rolloff. This assures stable
operation at any gain with resistive loads, plus
superior transient response and full power
bandwidth,

In certain instances, such as when driving re-
active loads or when the amplifier is part of a
servo loop, it may be desirable for stability to
reduce the bandwidth while maintaining the 6
dB per octave rolioff characteristic. Also, in
certain systems, it may be desirable to attenu-
ate frequencies above a certain value or to
limit transient response.

Connection of a capacitor from the bandwidth
control pin to ground will move the first break
point on the open loop frequency response
curve to a lower frequency while retaining the
6 dBper octave rolloff (Figure 4).

The effective built in capacitance is about 10
pF, so the new bandwidth with external capaci-
tance connected is approximately Bw=Bwo X

10

C+i0
external capacitance and C is the external ca-
pacitance in pF. Slew rate and full power band-
width will be reduced by the same factor as the
bandwidth.

The Bandwidth Control pin may also be used
to limit the output swing by connecting diodes
at this point to reference voltages. This pin is
a high impedance point which carries the same
voltage swing as the output pin offset by about
+1.5 volts.

where Bwo ls the bandwidth without

FIGURE 4,
OFEN LOOP FREQUENCY RESPONSE
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Bias Control refers to control of internal device
quiescent currents and should not be confused
with the Input Bies Current parameter.

Referring to the HA-909 schematic in Figure 1,
the current in all stages of the amplifier is de-
termined by the resistor-dicde string consist-
ing of B1, Q1, R4, and Q2. The impedance at
the collector of Q10 which drives the rolloff
capacitor, C1, is directly proportional to the
current through R4 and Q2. This current is
approximately 1.0 mA at supply voltage of =15
volts; 0.65 mA at =10 volts; or 1.35 mA at =20
volts. As a result, the bandwidth and slew rate
measured with supplies of =20 volts are nearly
double the values measured at =10 volts. It is
poussible to control bandwidth, slew rate, and
to some extent open loop gain by adding or
subtracting current through R4 and Q2 by con-
necting a resistor from the supply voltage to
the Bias Control pin.

Adding bias control current by conngcting a
resistor between the positive supply and the
Bias Control pin may be desirable 1o achieve
maximum bandwldth or siew rate, particularly
when supply voltages less than * 15 volts must
be utilized. Reducing bias control current by
connecting a resistor between the negative
supply and the bias control pin has much the
same effect as adding capacitance to the Band-
width Conirol pin but may be desirable to mini-
mize power supply current.

Figure 5 shows the change in D, C. open loop
gain with supply voltage and exiernal bias con-
trol current normalized to the gain measured
at =15 volt supplies and the Bias Control pin
open,

FIGURE 5.
OPEN LOOP GAIN WITH BiAS CURRENT
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FIGURE 6. CONCLUSION

OTHER PARAMETER CHANGES WITH BIAS CURRENT

e
// For most applications, no connections are re-

/ P quired at the Offset, Bandwlidth, or Bias Con-
— trol pins; they are simply terminated at an iso-
/ e lated solder pad on the PC Card.

/ The versatility provided by these control points
ailows the HA-909 to be used in many speciat
applications so that a single op amp type can

be used for virtually all op amp requirements
in a system.
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HA-908 SCHEMATIC

Figure 6 refers 1o changes in slew rate, band-
width, large signal bandwidth for a fixed output
level, and power supply current with respect
to changes in supply voltage and external bias i
control current. These curves are normalized i
with respect to the parameters measured at s goeea |
=15 volt supplies and the Bias Control pin figimo
open. It can be seen that these parameters can I:[o' BANOWIDTH
be increased to those normal at a higher sup- T

ply voltage by adding bias control current; 0.35 VeI
mA added at =10 volts brings the performance NN INVERLT BT 5o
up to the normal 15 volt level and 0.35 mA

added at %15 volis brings the performance up LE
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to the normal 20 volt level.
Obviously the maximum ocutput voltage swing CONTROL Ot a
cannct be increased by adding bias control fo
current, but actually tends to decrease by OFFSET L_
about 1 volt at 2 mA bias contral current. Bias rokTaat
control currents from 2 to 5 mA increase the mde WEe mdarka
parameters even more but instability at unity LT;, 1

gain may result from reduced phase margin.

Figure 7 shows the typical external resistance Ve
required for various bias control currents at
different supply voltage lavels,

FIGURE 7. P
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Bias Connect .
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+0%5 +¥ | 3K SIR| 7K
FI0 | IR | 28K| 3%
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A hysteresis amplifier is often needed for Schmitt
triggers, analog simulation, differential comparators,
and for servomechanisms, Frequently the hysteresis
amplifiers used in these circuits are required to have a
high input impedance and a low input current to
avoid disturbing the input signal. The threshold volt-
ages should be independent of the signal source
impedances.

The input current introduces an error in the thresh-
olds, which is equal to the product of the input cur-
rent and the source resistance. The hysteresis circuit
uses positive feedback from the output to the non-
inverting input of the aoperational amplifier. Coupling
between the output and the source through the input
resistance of the operational amplifier can cause mul-
tipte triggering unless the differential input resistance
of the operational amplifier is large compared with
the source resistance. An input impedance of 100
megohms and a bias current of twg nanoatnperes is
obtainable with modern high impedance operational
amplifiers,

It is frequently necessary to limit the output swing to
some convenient levels, such as standard logic levels.
The output voltage of current limited devices can be
clamped; however, this will create an unnecessary
amount of powaer dissipation,

The gutput voltage of the circuit can also be limited
by using a series resistor between the operational
amplifier and a clamp. In this case, the output of the
operational amplifier is allowed to swing through its
full range. However, this will limit the available out-
put current and will require additional switching time
for the output to stew through its full range. On the
HA-2520 or HA-2620 the ouiput voltage can be
limited by placing a clamp at the bandwidth control
point. The bandwidth control peoint is a high imped-
ance point, which is at the same voltage as the out-
put.

A HIGH IMPEDANCE
HYSTERSIS CIRCUIT

BY G. G. MILER

Figure 1 shows a simple hysteresis circuit in which
the output voltage is clamped at the bandwidth con-
trol point. Let the thresholds, E1, be defined by:

Et = Eqp ¢ _é_;l. n

Where Eqq is the input threshold offset voltage. The
output voltage limits are Eg, defined hy:

Ep = Egp ¢ Agj_ (2)

Where Epg is the output offset. The total threshold
offset, ETO is defined as:

Etg = EOD - Eqp (3
The voltage at the noninverting input, E4, is given by:

= R
Ey = 1 E
R+ Ry 0 4)

The threshotd of the hysteresis circuit occurs when E.
is equal 1o E,. 11 can be shown that:

Ry

BE TR

AEg 5}

Since AE| is equal to AE, it is obvious that R4 can
be found by:

AE

{Ry + Ryt (6
iE; 1+ Ra

Ry + Ro is chosen to be some convenient resistance.

The next step is to calculate the reference voltage,
Ep. Rq and Ry form a voltage divider between Eg
and Eg. Therefore, the reference voltage can be cal-
culated by:

Ep = E0p - Eyp (1 2) 7
2



As an example, let the output swing between -0.5 and
6.5 volts. The output is diode clamped to these levels
as shown in Figure 2. Let the threshold be at £1.5
volts and let Ry + Ry be 4.4K.

AE}
R = m— R + R =
1= 5 {Rq + Rl
30 x 44K = 22K {8}
B
Therefore:

Rz = (R + Ry} ~ Ry =

44K — 22K = 22K 9)

The output offset is 2.5 volts and the input offset is
zero. Therefore, the total offset voltage is 2.5 volts.

ER"Eoo—ETquI =
R2
25 — 25 (44K, - \ 10
{_2.2K} 2.5 volts, {10}

An HA-2620 is used because it has an extremely high
input impedance. An HA-2520 could also be used if
faster switching times are desired.

The hysteresis cireuit wiggers approximately 70 mili-
volts early because the output voltage begins to drop
when the input is within 75 millivolts of the thresh-
old. The maximum current through the diode clamps
is only several hundred microamps and remains con-
stant if the differential input voltage is greater than
100 millivalts. Therefore, output voltage remains con-
stant within a few millivolts unless the input is near
the threshoid. The threshold voltages and the output
voltages vary by only a few millivolts from one device
to the next. The circuit functions properly with a
variation in the threshold voltage of less than ten
millivolts when the source resistance is 10 megohmms.

E
R B Ry
E, + EO
E1 -
— . B UPPER CLAMP
E REFERENCE
EouEp
Ep, DIODE DROP
Figure 1

Figure 2
b
—
s—1- ]
&
3
four ?
- VOLTS
1
v \»
-1 —
-2
-3 2 - 0 1 2 3
EIN - YOLTS

Figura 3. Qutput Voltage vs. Input Voltags for HA-2620
Hysterasis Amplifiar
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The offset voltage of the amplifier under test
{AULT.) is measured as follows:

1. Set + and -V to the desired supply voltage
and close 54 and S5.

2, Measure the voltage at Vofg.

The offset voltage is equal to {VoeE! {103). The
feedback amplifier, A1, drives the input of the A.U.T.
so that the output is at ground reference, Vg is
driven to 1000 times the voltage necessary ta com-
pensate for the offset voltage.

The bias current is measured as follows:
Measure the offset voltage, Vg 1, 85 above.
Cpen 54 and measure Vo pgs.

The plus input current is equal to (Voppz —
VorEp) x 107,

Close 54 and open 56 and measure Vo EE4.

The minus input current is equal to (Vape,
—VoFFql x 107

TEST CIRCUIT FOR MEASUREMENT
OF OFFSET VOLTAGE, BIAS CURRENT,
AND OFFSET CURRENT 10K

The input offset current is measured as follows:

TEST PROCEDURES
FOR OPERATIONAL

AMPLIFIERS

BY G. G. MILER

The bias current is ¢qual to the average of the plus
and minus input currents,

1. Measure the offset vohage, Vgppy, as
above,

2. Open 54 and 55 and measure VoEpg.

3. The offset current is equal 1o (Vopgo —
VOFF-I} ® 10'?.

TEST CIRCUNT FOR MEASURING OPEN
LOOP VOLTAGE GAIN

The open loop voltage gain is reasured as follows:

1. Set the +V and -V supply voltages to the
desired value and set-Vey T to ground.

2. Close 51 so that the sample and hold will
null the offset voltage.

2. 51 can be openad when the circuit stabilizes.
The sample and hold will maintain the volt-
age which nutls the offset voltage.

4. Set -VouT to the desired output voltage,
-V and measure Vg A1N4-

5. Set -VgyT 10 another output voltage, -V5
and measure VA I|NS-



6. The gain is equal to

V4 - VE
VGAINA — YGAING

VT can be first set 1o zero and then to-10 volts.
This gives the gain in the plus direction. The gain in
the minus direction can be determined by using zero
and +10 volts. The average gain can be determined by
using output voltages of <10 and +70 volts.

x  20,000.

TEST CIRCWHTS FOR MEASUREMENT OF
COMMON MODE REJECTION RATIO AND
POWER SUPPLY REJECTION RATIO

100K

Common Mode Rejection Ratio:

1. Set +V 1o +20 VDC, -V to - 10 VDC, Vot
+& VDG by applying -5 VDG to ‘VOUT'

2. Measure VOFF2.

3. Set +V to +10 VD, -V to -20 VDG, Vourt
to -6 VDC by applying +8 VOC 1o -VguT.

4, Measure | VOFFZ - VDFF‘I { <1.0v0C.

The +1.0 volt limit corresponds to a rejection ratio of
80 dB.

Pawer Supply Rejection Ratio:

1. Set +V to 420 VDC, -V ta 15 VDC, VOUT
to ground hy grounding -VoyT.

Measure Voppa.

Set +V to +10 VDC.

Messure | VoEg2 — VoFFg | < 1.0 VDC.
Set+V to +15 VDC, -V 10 -10 VDL,
Measure Vo s

Set -V 1o -20 VDC.

e C L

8. Measure | Vorrg — VopFg | <1.0 VDC.

The +1.0 volt limit corresponds 1o a rejection ratio of
80 ¢B.
TEST CIRCUITS FOR MEASURING
OUTPUT VOLTAGE/CURRENT, POWER
DISSIPATION, AND CONTINUITY CHECKS

—
Yarr

@ANOWIDTH

The output wvoltagefcurrent is measured by con-
necting a load resistor, Ry, to the output of the
AU.T. The value of R_ is chosen to yield an output
current which is the minimum acceptable output cur-
rent at the desired ocutput voltage. The amplifier
under test is programed to a voltage yreater than the
desired output voitage by applying an equal but
opposite polarity voltage to =Vgyy. The cutput volt-
age, V7. is measured 1o see if it reaches the
desired output voltage. This test is performed driving
the output positive and driving the output negative.

The power dissipation is measured by driving the out-
put voltage 1o zero by grounding-VoyT and meas-
uring the current in one of the power supply leads.

The continuity of the bandwidth control point is
checked by applying—5Y to—Vgy1 and grounding
the bandwidth contral point through a 13 resistor,
VouTt should be less than ore volt. There is a known
retationship between the voltage at the bandwidth
control point and the output voltage, VgyT. This
relationship depends on the device type. The conti-
nuity of the offset control points is determined by
measuring the voltage at these points. These voltages
will be siightly less than the positive supply voltage
for the HA-2600 and the HA-2500.

SIMPLIFIED SCHEMATIC OF THE COMPLETE
D.C. TEST CIRCUIT FOR OPERATIONAL
AMPLIFIERS

7-23




A SIMPLE
COMPARATOR USING
THE HA-2620

SEMICONDUCTOR

A CIVISION OF HARRES CORPORATION

7-24

APPLICATION NOTE
509

The input current and impedance of a
comparator circuit frequently loads the
source and reference signals enough to
cause significant errors. This problem
is frequently eliminated by wusing a
high impedance operational amplifier
between the signal and the comparator.
Figure 1 shows a simple circuit in which
the operational amplifier is used as a
comparator which is capable of driving
approximately ten logic gates. The in-
put impedance of the HA-2620 is typi-
cally 500 MS2. The input current is
typically 1 nA. The minimum output
current of 15 mA is obtainable with an
output swing of up to +10 volits.

L )
VREFERENCE -15V

FIGURE 1 - HIGH IMFEDANCE COMPARATOR

The bandwidth control point is a very
high impedance point having the same
voltage as the amphifier output. The
output swing can be conveniently lim-
ited by clamping the swing of the band-
width control point. The maximum
current through the clamp diodes is
approximately 300 uzA. The switching
time is dependent on the output voltage
swing and the stray capacitance at the
bandwidth controt point.

BY G. G. MILER

Figure 2 shows the waveforms for the
comparator. The stray capacitance at
the bandwidth control point can be
reduced considerably below that of the
hreadboard circuit; this would improve
the switching time. The switching time
begins to increase more rapidly as the
overdrive is reduced below 10 mV and
is approximately 1ps for an overdrive of
5 mV. Dependable switching can be
obtained with an overdrive as small as
1 mV. However, the switching time
increases to almost 12 us.

_I_V T
QUT= 2v/0DIV. ]

/
A

W =

HORIZONTAL SWEEP RATIO = S00ns/DIV.

FIGURE 2 - WAVEFORMS FOR
HA-2620 COMPARATOR

A common mode range of £11 volts and
a differential input range of +12 voits
makes the HA-2620 a very versatile
comparator. The HA-2620 can sink or
supply a minimum of 15 mA, The abil-
ity to externalty clamp the output to
any desired range makes the HA-2620 a
very flexible comparator which is cap-
able of driving unusual loads.
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[FUUarE Wave T TRIARGULAR WAVE M
GENERATOR

|[SENERATOR
Rz

22H
L3

oK 100K

I RANGE oo\\:,_‘

= w1 T =~~~ ]
R

Rg Rg 7

_———

Figure 1 shows a very simple function gener-
ator which uses only three operational amp-~
lifiers, The amplitude of the square and tri-
angular waveforms is variable from 0.2 to 20
volts peak-to-peak. The frequency range is
from 2.5Hz to 260kHz, The rise time of the
square wave is less than 100 nanoseconds.
The slope of the triangular waveform is very
lingar. Very little change in frequency,
amplitude, or wavelorm is observed with
changes in supply voltages between 10 and
20 volts.

The square wave generator consists of a
simple hysteresis circuit which is triggered
" by the triangular wave generatar. The output
voltage of the square wave generator is
clamped to the desired tevel by diodes con-

A SIMPLE
SQUARE-TRIANGLE
WAVEFORM GENERATOR

BY G. G. MILER

nected to the bandwidth control point,
The circuit shown gives an output of two
volis peak-to-peak. The ratic of the ampfi-
tude of the square wave to the triangular
wave i5 equal to the ratio of R1 to R2. An
HA-2620 is chosen for the comparator
because it has very low input currents, high
slew rate and wide bandwidth,

The triangular wave generator consists of an
integrator which integrates the output of the
sguare wave generator. The frequency of the
function generator is controlled by the ramp
rate of the triangular wave and the threshold
levels of the hysteresis circuit, S1 selects the
integrating capacitor which changes the fre-
qguency range in decade steps. R4 is the vari-
able frequency control. The frequency of the
function generator, T, is given by:

Better high freguency operation can be
abtained by reducing the value of Rz and Ra.
Very |ong periods can be obtained by in-
creasing the value of R3, R4 and the inte-
grating capacitor. The HA-2600 is chosen
because it produces the most accurate inte-
gration, having a typical input bias current of
InA. The HA-2620 can be used for the
integrator. It may be necessary to add some
external compensation to prevent ringing if
an HA-2620 is used.

The output amplifier consists of a simple
non-inverting amplifier using a HA-2510,
The HA-2510 is chosen for its high slew rate
of B0 volts per microsecond. S3 selects a
gain of one or ten. The variable output
attenuator, Rg, sets the input level to the
amplifier. R7 serves as an output level
calibration contrel. The maximum output
current shoutd be limited to 20mA. The
load impedance should not be less than 600 2
for a gain of ten and 5082 for unity gain.
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GENERAL USES

D w0 A converters are useful in any system where
both digital and analog signals are present. Some of
the more cormmon applications include:

1. Data processing output interface; driver for
displays, plotiers, etc.

Programmable power supply or function
generator in automatic test equipment.

Tool interface in numerical controlled
machining.

Interface for automatic process contrel to
control temperature, flow rates, ate.

Digital communications: digita)l to audio
interface.

Feedback network in A 1o 0 converters.

TERMINOLOGY

A definition of some of the terms and parameters
encountered in D to A conversion will be helpful to
those being introduced 10 the field.

Resolution: An indication of the number of possible
analog output levels, usually expressed
as the number of input bits that the con-
verter will handle. For example, an eight
(8) bit binary weighted converter will
have 28 = 256 possible output levels
lincluding zero). This should not be con-
fused with accuracy, which is sometimes
also expressed as a number of bits,
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HI-1080
DIGITAL TO ANALOG
CONVERTER

APPLICATIONS

BY DON JONES

Accuracy: A measure of the deviation of the analog

cutput level from its predicted value
under any input combination. This can
be expressed as & percentage of full
scale, a number of bits {N bits accuracy
=M possible ervor,} or a fraction of the
teast significant bit {if a converter with
M bits resolution has 1/2 L.S'.B. qlccu-
racy the possible error s 7 x T [
Accuracy may be of the same, higher, or
fower order of magnitude as the resolu-
tion. The importance of accuracy vs. res-
clution depends on the application.
Possible errors in individual bit weights
which may be cumulative with combina-
tions of bits; errors in the summation of
individual bit weights and changes in
these due to temperature variations.

Least Significant Bit {L.5.B.): The digital input bit
carrying the lowest numerical weight; or
the analog level shift associated with this
hit, which is the smallest possible analog
step.

Most Significant Bit IM.S.B.): The digital input hit
carrying the highest numerical weight; or
the analog level shift associated with this
bit. In a binary weighted converter the
M.S.B. creates a half of full scale level
shift,

Settling Time: The total time measured from a digi-
tal input change to the time the analog
output reaches its new value within a
specified error band. It should ke noted
that the transition from one level to
another is not always smooth; spikes and
ringing may ccour.




THE HI-1080 MONOLITHIC D TO A
CONVERTER

The Harris Semiconductor HI-10B0 is the first mono-
lithic integrated circuit D to A converter complete
with the thin film resistor ladder network on the
same chip as the switching devices. Along with the
advantages of small size and monolithic reliability,
this allows higher speed and faster settling. Also it has
the advaniage over separate switches and ladder net-
works in that overall performance s guaranteed and
there is no need to add the possible errars of separate
components.

The functionat diagram of the HI-1080 is shown in
Figure 1. An external reference supply, usually ©
velts, is connected between the +REF and the -REF
pins. The output levels will be directly proportional
to the differential reference voltage. Variations of the
ather +5 volt and the -15 vali power supplies have
negligibte effect on the analog output. Either the
+REF or the -REF pin may be grounded, so reference
supplies of either polarity may he accomaodated. The
smaller value resistors between +REF and Tq or
between T4 and T3 may be externally shorted out, or
an external trimmer substituted, for fine adjustment
of the full scate output level. The positive side of the
reference supply may be connecied to Toor Ty fora
10 volt nominal output swing, which is useful in
bipolar operation.
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Figura 1. Functional Diagram HI-1080

The reference level is conditioned through the current
driver conmirol where the output current of each of
the eight current drivers is determined.

The use of current sources to drive the ladder net-
work has several advantages over voliage sources.
Within the constant current range of the sources, the
current, and hence the differential ladder output valt-
age, will remain constant regardless of variations in
the negative supply voltage and the voltage of the
ladder return bus. The ladder bus may be returned to
a voltage other than ground if desired for offset or
bipalar outputs without affecting its output. The digi-
tal and analog grounds can be effectively separated
for noise free operation. Also switching of a current
source rather than a voltage source generally is faster,
creates less ringing at the output, and produces
smaller power supply transients,

The digital inputs effectively switch the current
source outputs either to the ladder network or 1o
ground. The inputs are fully compatible with any
standard 5 valt DTL or TTL logic circuits. A “’high”
input (> +2volts] switches the current source to
ground; a “low" input {<+0.8 volts] switches the cur-
rent source to the ladder, cresting a more negative
output voltage. This polarity convention should be
kept in mind when designing with the H1-1080.

The ladder network is constructed from high stability
metal film resistors deposited on the same silicon
chip. ldenticat material is used for the resistors in the
reference supply network and in the current source
circuitry to achieve good temperature stability. The
“R = 2R’ ladder network is used rather than a
weighted resistor network because identical resistors
will match better in wvalue and temperature
coefficient. Extra resistors are grovided at the R Sum
and 2R Sum terminals which are very useful for feed-
back or summing with external amplifiers or compar-
aiors, since these resistors will track almost perfectly
with the ladder source resistance. Pravision is made at
the other end of the ladder for cascading converters
for higher resclution.
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OPERATING MODES

AMPLIFIER CONNECTIONS

Some of the possible operating modes of the HI-1080
are illustrated in Figure 6. Since both the reference
supply terminals and the tadder bus terminal can be
connected to any voltage within + 5 volts with respect
to power supply ground, a number of output polarity
modes can be achieved. In all cases the ladder output
will become more negative with respect to the ladder
bus as a digital input is changed from the high to the
fow state.

DIGITAL INPUTS

L&DDER QUT f—oQuUT

LADDER BUS o
—farn
to— ¥R~ LABDER TERMINAL

MsoE SUTPUT RANGE INFUTS: CONMECTIONS
Al HIGH TS ALL LOWw a B o o
URIPOLAR
ZERD oTo - [vmr-1L58] Vet [ NC | BND | GNo
REFEREMGE
URIPCLAR
semore | *fvRt TOE+1088] | vgt [ ML | GND | Vet
BPOLAR figrs TO[Cup+ 1LSE] | NG| Rt | GNE | Vg

Figure 6. D/A Converter Operation Modes

In the unipolar — zero reference mode, the ladder bus
is grounded. Using negative logic convention {high =
0, low = 1], the output will increase in the negative
direction with increasing input hinary number, Either
side of the reference supply may be grounded.

In the unipolar — zero full scale mode, the ladder bus
is connected to the positive reference valtage, so the
output will be always positive with respect to the
reference ground. Now, using positive logic conven-
ticn {low = 0, high = 1), the output will increase in
the positive direction with increasing binary number,
It may be necessary to connect Vp+ica fower tap in
series with a potentiometer 1o adjust the zero level.

The bipolar mode connection is simifer to the pre-
vious mode except the VR+ is connected to T {or
T+ through a pot), so that the full scale excursion is
now 10 volts. With all inputs low, the cutput will be
most negative (about -4 .96V). With only the M.5.B.
high, the output will be zero volts. With all inputs
high, the output will be at Vg+,

Figure 7 illustrates connections from the converter to
an operational amplifier. The inverting connection
uses the summing registers provided on the chip for
amplifier feedback. Since the ladder impedance is
nominally 5K ohms, connection of the output to R
Sum will result in a gain of -1. Connection to 2 Sum
will result in a gain of -2, Any of the operating modes
discussed previously may be used.
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2R SUM |—a- -
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GND OR V., + =

FULL SCALE | QUTPUT FEEDBACK |g

QuUTPUT CONNECTED TO 1
+4.98Y R SUM 2 5K
+O 9Ev 2R o um 3.3K

INVERTING CUTPUT
IMORE POSITIVE WITH INCREASING
COMPLEMENT OF INPUT NMUMBER)

HaA 2500
+

; 0

| Ryt == 5pF
1

LADDER BUS
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OM "OPERATING MODE® CHART
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R1+R2
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Figure 7. Buffer Amplifisr Connaction
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For & noninverting output the operational amplifier is
wired in the conventional manner, The R Sum or 2A
Sum resistor could be used to sum an external analog
signal of opposite polarity at the amplifier input.

The Hartris Semiconductor HA-2500 operational
amplifier i§ recommended for high speed applications
since its slew rate of 25 volts per microsecond is suffi-
cient to follow the cenverter output steps very
closely. For more moderate speed applications, the
Harris Semiconductor HA-2600 operational amplifier
is recommended for better offset drift while rexaining
a minimum slew rate of 4 volts per microsecond.
Booster stages may he added te the amplifier outputs
to drive any required load.

A person might ask, "Why would anyone want a 12
bit converter with only 81/2 bit accuracy?” The
answer is that most applications require acouracy
exprassed as a percentage of actual output rather than
as a percentage of fufl scale output. One feature of
the R — 2R ladder network is that errors in terms of
mulivolt deviation from the predicted cutput tend to
become smaller as the lesser significant bits only are
exercised. So for the 12 bit converter shown, with
outputs between 1.25 and 5 volts the errors may be
on the order of 10 millivolts; but for outputs
between O and 20 millivolts the errors will tend 10 be
less than 0.7 millivolts.

A 70 D CONVERTER; UP-DOWN
COUNTER TYPE

CASCADED D TO A CONVERTERS
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Two HI-1080 units may be cascaded to achieve resol-
utions from 9 to 15 bits, using the ladder extension
terminals, a5 illustrated in Figure 8, Note that input
D8 of the higher significant bit unit is not used. This
is necessary in order to join the two ladders correctly.
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A high speed D to A converter can be used as the
heart of several very usefut types of A to D conver-
ters, The up-down counter, or servo type converter is
most efficient in monitoring one analog signal contin-
uously, rather than maonitoring multiplexed analog
signals.

The converter works basically by balancing the input
anatog signal with the D to A output, adjusting the D
to A by running a digital counter up or down as
required to halance the signal. When the two analog
signals ‘batance, the counter state represents the digi-
tal equivalent of the input signal.

In the example shown in Figure 9, the two analog
signals are fed differentially into an op-amp. For a
positive input signal, the D to A could be run in the
positive output mode, or in the negative output mode
by summing the two signals at the inverting amplifier
input. The amplifier gain should be set at 2 or greater
to allow less critical thresholds for the comparators.
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The two comparator thresholds are set up by voltage
dividers to comespond to unbalances of approxi-
mately +1/2 L.5.8. When the analog signals are bal-
anted within this range, the comparator outputs are
both high, which stops the counters and gives a Data
Ready signal to indicate that the digital outputs are
correct.

If the analog sigrals are unbalanced by more than
£1/2 L.S.B.. the counter is enabled and driven in the
up or down direction depending on the polarity of
the unbalance.

If the D te A converter is operated in the negative
output mode, the digital outputs will follow negative
logic convention,

If the analog input signal varies by less than 1 L.S.B,
per clock peried, the converter witl continuously
track the signal.

The Data Ready signal could be useful in adaptive
systems for most efficient data transfer, since that
signal changes state only when there is a significant
change in the analog input. When monitoring a stowly
varying input, it would be necessary to read-out the
digital output cnly after a change has taken place.
The Data Ready signal could trigger a flip-flop to flag
this condition and the flip-fiop would be reset after
read-out.

The main disadvantage of the up-down counter con-
verter is the time required to initially acquire a signat,
which in an 8 bit system, could be up to 256 clock
pericds. The input signal usually must be filtered so
that its rate of change does not exceed the tracking
rate of the converter.

A TO D CONVERTER, SUCCESSIVE
APPROXIMATIGN TYPE

INEEATIE v

Suppose you were asked to guess a secret number
between D and 15 hy asking the least number of
questions answerable by yes or no. One of the most
efficient ways might work as faltaws:

"Is it 8 or greater?"”
“Yeg'
"l5 it 12 or greater?”
“No"
“l5 it 10 or greater?”
“Yes"”
“lsit §13"

o'

if you had jotted down a 1" for each “yes' and a
“0" for each “no’, you would have 1010, which of
course, is the binary notation for ten. So it is possible
to find one number out of 16 with 4 questions. Like-
wise 8 guestions would be required o find a number
between O and 255. Obwviously this technique is
usuaily much quicker than saying, ’ls it zero?”’, “ls it
one?”, ete,, or guessing numbers at random.

The successive approximation converter shown in
Figure 10 uses the same technique to find which pro-
portional number between 0 and 255 hest approxi-
mates the input analog voltage.
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This is accomplished in 8 clock cycles — two addi-
tionat cycles are used in this design to hold the data
and to clear the registers, but this could be done
during the eighth cycle, if necessary, The measure-
ment starts with all zeros programmed into the D to
A and the decade counter set to zero. The decoder
enables the first of eight latches and the clock pulse
sets a flip-flop composed of two cross-coupled gates
setting a 1" in the first latch, so the D to A has a
10,000,000 input. The D to A consequently produces
a hatf-scale cutput which goes to one side of the com-
parator. The comparator now effectly asks the
question *'ls the input greater than half-scale?”. If the
answer is “yes”, the comparator output is high and
the flip-flop remains set. 1¥ the answer is “no” the
comparator resets the flip-flop during the second hatf
cycle of the clock, resetting the first latch to zero.

On the second clock cycle the decoder enables the
second Jatch while the last state of the first laich
rernains stored in it and remains as the D to A, M.S.B,
input. In a similar manner, the state of tha
second M.S.B. is decided and the decoder moves on
to the third. After the eighth clock cycle the conver-
sion is complete, which is signaled by the Data Ready
line on the ninth cycle. At the tenth cycle all latches
are reset to be ready for the next conversion.

In practice, the delay of the clock pulse through the
counter and decoder should be less than the delay
through the three gates for proper timing.

Polarities shown are corsect for the D to A connected
in the negative output mode, and the digital output
will be correct in negative Jogic. A positive analog
input can be handled by summing with the D o A
output at one comparater input, or by operating the
D to A in the positive output mode and shifting the
digital polarities as necessary.

1t is necessary in any successive approximation con-
verter for the analog input to remain constant during
the conversion,

In multiplexed systems this is usually accomplished
with a sample-and-hold circuit in the analoy line.

It can be seen that the successive approximation type
wilt give the correct output in eight clock cycles while
the up-down counter type could take up to 255
cycles to acqguire a signal. Once acquired, the
up-down counter can indicate a change in a slowly
varying signal within one ciock cycle, while the suc-
cessive approximation iype must step through
another eight c¢ycles. The choice really depends on
the type of signals 1o be monitcred,
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INTRODUCTION

This paper describes circuit details for a fuli
temperature range eight-bit A to D converter
employing a unidirectional digital counter
and a D 10 A converter. As shown in the
simplified diagram in Figure 1, circuit opera-
tion is quite simple. A multiple stage counter
circuit is driven from a clock and the counter
output drives a D to A converter producing a
staircase voltage ramp. When the D to A
output voltage equals the analog input voltage,
the comparator changes state, and at that
instant, the counter state represents the
digital equivalent of the analog input,

The heart of this circuit is the HI-1080 Eight-
Bit D to A Converter, which is a monolithic
integrated circuit containing both the current
switches and the R-2R ladder network, This
features good speed and accuracy over —55CC
to +125°C temperature range. The HI-1080
D to A converter is also very effective in up-
down counter and successive approximation
type A to D converters, which are described
in other application notes.
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COUNTER TYPE
A TO D CONVERTER

BY DON JONES

COUNTER vs. SUCCESSIVE
APPROXIMATION TYPE CONVERTERS

The most popular A to D converter employ-
inga D to A circuit is the successive approxi-
mation type, This type is usefu! for high
speed conversion, since it requires only N
clock cycles for an N-bit conversion, while
the counter type requires up to 2N cycles.
One disadvantage, where many conversions
per second are not needed, is that a sample-
and-hold circuit is nearly always required in
the analeg signat path. The sampie-and-hold
circuit is an additional errar source which is
difficult to control over a wide temperature
range. The counter type converter does not
require a sample-and-hold circuit, since its
output is a parallel digital number taken at
the instant that the D to A and input signals
are equal, although filtering of the input
signal may be desirable in some applications.
The counter type converter illustrated here
can perform 1,000 conversions per second,
which is adequate for many applications.

CIRCUIT DETAILS

The complete circuit schematic is shown in
Figure 2 and typical waveforms are illustrated
in Figure 3. The digital circuits shown are
9300 types, but comparable circuits from
other TTL famities will work equally well if
any functional differences are taken into
account,

Since the D to A converter normally has a
negative output level, a positive input signal
is compared by resistive summation at one
comparator input, using the summing resistor
internal to the D to A which closely matches
the D to A equivalent output resistance.
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The comparator is strobed with the clock to
prevent any D to A switching spikes from pre-
maturely triggering the comparator, The
strobing necessitates the use of the set-reset
flip-flop formed by the cross-coupled gates
50 that the latch receives only one enable
pulse per conversion cycle,

Note that the data output from the latch is
the complement of the digital value, due to
the polarity conventions of the D to A.

CIRCUIT VARIATIONS

CIRCUIT ADJUSTMENT

For @ to +5 volt input range the input op-amp
is first zeroed in the conventional manner,
Then +2.500 volts is applied to the input, and
the pot between the reference supply and the
D to A is adjusted so that the M_S.B, just trips
in at this level. The full scale input will then
be 1 L.5.B. below +5.000 volts which is
+4.980 volts.

For 0 to.+10 voits input range, connect the
op-amp output to the 2R sum terminal on the
D to A.

For 0 to —5 voit range, connect the op-amp
output to the negative input of the compara-
tor through a BK ohm resistor.

For —5 volt to +5 volt bipolar operation,
connect the ladder bus terminal on the D to
A to the +5 volt reference, and connect the
reference through the potentiometer to the
T3 terminal of the D to A.

Virtually any other input range is possible by
changing the op-amp gain or polarity, or ad-
justing the reference potentiometer. Zero
shift may be accomplished by offsetting the
ladder bus, or summing voitages at the op-
amp or comparator inputs,

CIRCUIT PERFORMANCE

Accuracy is affected primarily by the Dto A
accuracy, and to a lesser degree by offsets in
the input op-amp and the comparator. This
circuit proved to be accurate within +% L.S.B.
at rgom temperature, and £1 L.S.B. from
—6592C 10 +1259C, This accuracy was main-
tained at clock rates up to 330 KHz. Clock
rates up to 1 MHz could be used with about
1 additional L.S.B. of inaccuracy.

Using the illustrated circuit asa starting point,
many medifications to the digital circuitry
are possible to suit the application,

For convert-on-command aperation, the cir-
cuitry beyond the comparator, including the
latch could be eliminated and the comparator
output used to gate off the clock signal. The
counters will hold their value until a com-
mand 1o convert again is issued by resetting
the counters to zero.

For continuous conversion, a reduction in
average {but not maximum} conversion time
can be made by resetting the counters immed-
iately after data is entered in the latches,

Anather possible improvement in conversion
time can be acheived by running the clock at
a variable rate - fast while the D to A output
is far from the input level and slower when
the comparator is about ready to trip. One
possibility is to use a VCO as the clock,
centrolled in frequency by an op-amp with
inputs wired across the comparator inputs.
Another possibility would be to use a fixed
5 MHz clock and insert a +16 counter in
series with the clock line when the D to A
and input voltages are nearly equal, This
could be controlled by a second comparator
with the trip point offset from that of the
main comparator,
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INTRGDUCTION

THE HA-2400 PRAM™
FOUR CHANNEL

OPERATIONAL
AMPLIFIER

BY DON JONES

CIRCUIT CONNECTIONS
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Harris Sermiconductor has announced a new
linear device, the HA-2400/HA-24056 Four
Channel Operational Amplifier. This com-
bines the functions of an analog switch and a
high performance operational amplifier, and
makes practical a large number of new linear
circuit applications.

Yy ¥~ GND CDMP
[— — 0—O0—0—Q = ey

-
ANALOG

+ SWITCH
>_|-—Q

|
+ ] QUTPUT

L AMPLIFIER
- BECODE!

INPUT ™"
aiFrerenTaL | EONTROL

P
tegwuness TO]
Dp Dy ENABLE
DIGITAL (NPUTS.

ANALOG
NFUTS

A

GUTPUT

g

A functional diagram of the HA-2400 is shown
above. There are four preamplifier sections,
one of which is selected through the OTL/TTL
compatible inputs and connected to the out-
put amplifier. The selected analog input ter-
minals and the output terminal form a high
performance operational amplifier,

In actuality, the circuit consists of four con-
ventional op-amp input ¢ircuits connected in
parallel to & conventional op-amp output cir-
cuit. The decode/control circuitry furnishes
operating current only to the selected input
section,

These inputs control the selection of the
amplifier input channels in accordance with
the truth table below:

0y |emasief]l cHanneL 1]coannEL 2[cHannEr 3| cnannec
L oN OFF OFF aFF
L OFF oN OFF OFF
] OFF OFF oN aFF
OFF OFF OFF an
Lark OFF OFF 1113 OFF

V= L <Ay 120 ZH 24507

The digital inputs can be driven with any DTL
or TTL circuit which uses a standard +5.0V
supply.

COMPENSATION

fFrequency compensation for closed loop sta-
bility is recommended for closed loop gains
less than 10. This is accomplished by con-
nection of a single external capacitor from
Pin 12 to A.C. ground {the V+ supply is rec-
commended). The following table shows the
minimum suggested compensation for various
closed icop gains, with the resultant band-
width and slew rate. Obviously, when the
four channels are connected with different
feedback networks, the channel with the
lowest closed loop gain will govern the re-
guired compensation.

HANDWIDTH|SLEW RATE
GAIN, VOLTS/VOLT Coomp | fTYRICALY | TYPICALY
WONANVERTING]INVERTING | ofF  [i-3d8) MH: | VOLTS/us

1 - 15 80 1%
¥ 80 20
8.0 22
6.0 5
50 30
> 40+GAIN &0

Compensation capacitors of greater value can
he used to obtain lower bandwidth, greater



phase margin, and reduced overshoot, at the
expense of proportionately reduced slew rate.

External lead-lag networks could also be used
to optimize bandwidth and/or slew rate at a
particular gain.

 APPLICATIONS

Any circuit function which can be con-
structed using a conventional operational
amplifier can also be constructed using any
channel of the HA-2400. Sirnilar or different
networks can be wired from the cutput to
each channel input pair. The device can
therefore be used to select and condition
different input signals, or to select between
different op-amp functions to be performed
on a single input signal.

To wire a particular op-amp function tc a
channel, simply connect the appropriate net-
work betwseen the two inputs for that channel
and the common output in the same manner
as in wiring a conventional op-amp. It is
cften possible 1o design with fewer external
components than would be required in wiring
four separate op-amps (see Application Num-
bers 2and 3 on the following pagest. It should
be remembered that the networks for unse-
lected channels may still constitute a load at
the amplifier output and the signal input, as
if the unselected input terminals were discon-
nected from the netwaork.

If offset adjustment is required, it can gener-
ally be accomplished by resistive summation
at either of the inputs for each channel (see
Application Number 8).

The analog input terminals of the OFF chan-
nels draw the same bias current as the ON
inputs. The maximum differential input voit-
age of these terminals must be observed and
their voltage levels must never exceed the
supply voltages.

When the Enahle input is held low, ail four
input channels are disconnected from the
output, When this occurs, the putput voltage
will generally slowly drift towards the nega-
tive supply. If a zero valt cutput condition
is required, one channel should be wired as a
voltage follower with its positive input ground-
ed,

The amplifier output impedance remains low,
even when the inputs are disabled; so it is not

generally practical 1o wire the outputs of two
or more devices directly together. The com-
pensation pins of two devices, however, could
be wired together to produce a switch with
one gutput and more than four input channels.

The voltage at the compensation pin is about
0.7V more positive than the output sig-
nal, but has a very high source impedance.
Maximum current from this pin is about
300uA, which makes it a convenient point for
limiting the output swing through clamping
diodes and divider networks (see Application
Number 13).

Even if the application only requires a single
channel to be switched on and off, it is often
maore economical 1o use the HA-2400, rather
than a separate analag switch and high perfor-
mance cp-amp. Unused analog channel inputs
should be grounded. Unused digital inputs
may be wired to ground for a permanent
“low'" input, or either left open or wired to
+5.0V far a permanent "high” input.

" IMustrated on the following pages are a few of

the thousands of possible applications for the
Four Channel Operational Amplifier. These
will give the reader a general impression of
how the units can he connected; and probabty
will help generate many other ideas for appli-
cations. Also included are some “challenges’”
for the reader to modify the illustrated designs
to perform different functions.
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AMALOG MULTIPLEXER WITH BUFFERED INPUT
AND OUTPUT

This circuit is used for analog signal selection
or time division multiplexing. As shown, the
feedback signal places the selected amplifier
channel in a voltage follower {non-inverting
unity gain} configuration, and provides very
high input impedance and low output imped-
ance. The single package replaces four input
buffer amplifiers, four analog switches with
decoding, and one output buffer amplifier.
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For fow level input signals, gain can be added
to one or more channels by connecting the
{—} inputs to a voltage divider between cutput
and ground. Bandwidth is approximately
8 MHz, and the output will slew from one
level to another at about 15.0V per micro-
second.

Expansion to multiplex 5 to 12 channels can
be accomplished by connecting the compen-
sation pins of two or three devices together,
and using the output of only one of the
devices. The Enable input on the unselected
devices must be low.

Expansion to 16 or more channels is accom-
plished in a straightforward manner by con-
necting outputs of 4 four-channel mujsti-
plexers to the inputs of another faur-channel
multiplexer.

Differential signals can be handled by two
identical multiplexers addressed in parallef.

Inverting amptifier configurations can also be
used, but the feedback resistors may cause
crosstalk from the output to unselected inputs.

two HA-2400's which can be programmed to
any of 16 different gains.

APPLICATION NO. 3

APPLICATION NO. 2
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AMPLIFIER, INVERTING PROGRAMMABLE GAIN

b

The circuit above can be programmed for a
gain of 0, —1, -2, —4 or —B.

This could also have been accomplished with
one input resistor and one feedback resistor
per channel in the conventional manner, but
this would require eight resistors rather than
five.
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AMPLIFIER, NON-INVERTING PROGRAMMABLE GAIN

This is a non-inverting amplifier configuration
with feedback resistors chosen to produce a
gain of O, 1, 2, 4, or 8 depending on the
Digital Control inputs.

Comparators at the output could be used for
automatic gain selection for auto-ranging me-
ters, atc.

CHALLENGE: Design a circuit using only

APPLICATION NG. 4
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ATTENUATOR PROGRAMMARLE

This circuit performs the function of dividing
the input signat by a selected constant {1, 2,
4, 8, or eo as illustrated). To multiply by a
selected constant, see circuit No. 2. While T,
ar , or L sections could be used in the input
attenuator, this is not necessary since the
amplifier loading is negligible and a constant
input impedance is maintained. The circuit
is thus much simpler and more accurate than
the usual method of constructing a constant
impedance ladder and switching sections in
and out with analog switches,

Two identical circuits may be used 1o attenu-
ate a balanced line,
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ADDER/SUBTRACTOR PROGRAMMARBLE FUNCTION

The circuit shown above can be programmed
to give the output functions —K1X, —K2Y,
—{K3X + KqY), or KgX — Kg¥. Obviousty,
many ather functions of one or more variables
can be constructed, including combinations
with analog multiplier or logarithmic moduies.

This device opens up many new design ap-
proaches in digitally controiled analog com-
putation or signal manipulation,

With a fow frequency input signal and a high
frequency digital control signal, a balanced
{surpressed carrier} modulator is formed.

APPLICATION NO. 7
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PHASE SELECTOA/PHASE DETECTOR/
SYNCHRONOUS RECTIFIER/BALANCED MODULATOR

This circuit passes the input signal at unity
gain, either unchanged, ar inverted depending
on the Digital Control input. A buffered
input is shown, since low source impedance
is essential. Gain can be added by modifica-
tions to the feedback networks. Signals up to
100kHz can be handied with 20.0V peak-to-
peak output. The circuit becomes a phase
detector by driving the Digital Control input
with a reference phase at the same frequency
as the input signal, the average D.C. output
being proportional to the phase difference,
with zero volts at +90°, By connecting the
output to a comparator, which in turn drives
the Digital Control, a synchronous full-wave
rectifier is formed,
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INTEGRATOR/RAMP GENERATOR
WITH INITIAL CONDITIOM RESET

It is difficult in practice to set the initial
conditions accurately in an integrator. This
usually requires wiring contacts of a mechan-
ical relay across the capacitor - - leakage cur-
rents of solid state switches produce integra-
tion inaccuracy, The scheme shown above
eliminates these reliability and accuracy prob-
lerns,

Channel 1 is wired as a conventional integra-
tor, Channe! 2 as a voltage follower. When
Channel 2 is switched on, the output will
follow Vi, and C will discharge to maintain
zero volts across it. When Channel 1 is then
switched on the output will initially be at the
instantaneous value of Vipn, and then will
commence integrating towards the opposite
polarity. This circuit is particularly suitable
for timing ramp generation using a fixed D.C.
input. Many variations are possible, such as
programmable time constant integrators,

APPLICATION NG. &
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Channel 1 is wired as a voltage follower and
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is turned on during the track/sample time.
If the product of B x C is sufficiently short
compared to the period of maximum output
frequency, or sample time, C will charge to
the output level. Channel 2 is an integrator
with zero input signal. When Channel 2 is
then turned on, the output will remain at the
voltage across G,

An even simpler circuit can be made by wiring
cne channel as an amplifier, choosing the
compensation capacitor to yield the minimum
required bandwidth or slew rate. When the
Enable input is pulled low, the output will
tend to remain at its last level, because of the
charge remaining on the compensating capa-
citor.

APPLICATION NO. 9
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SINE WAVE OSCILLATOR PROGRAMMABLE FAEQUENCY

Any oscillator which can be constructed using
an op-amp, such as the twin-T, phase shift,
crystal controlled types, etc. can be made
programmable by using the HA-2400. Yiustra-
ted above is 3 Wien Bridae type, which is very
popular for signal generators, since it is easily
tunable over a wide frequency range, and has
a very ‘low distortion sine wave output.
The frequency determining netwarks can be
designed from about 10Hz to greater than
1MHz,  Output level is about 6.0V RMS.
By substituting a programmable attenuator
{Circuit No. 4) for the Buffer Amplifier, a
very versatile sine wave source for automatic
testing, etc. can be constructed,

CHALLENGE: A high Q, narrow band filter
can be made by feeding back greater than
1/3 of the output to the negative input.
Design a circuit using the HA-2400 and an
RC network which can be programsmed either
to generate or to detect an audio tone of the
same frequency. Such a circuit would be
quite useful for data communications.

APPLICATION NO. 10
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MULTWIBRATOR, FREE RUNNING,
PROGRAMMABLE FREQUENCY

This is the simplest of any programmable
oscillator cireuit, since only one stable timing
capacitor is required, The output square
wave is about 25.0V peak-to-peak and has



rise and fall times of about 0.5 gts. (f a pro-
grammable attenuator circuit (No. 4) is placed
between the ouiput and the divider netwark,
16 frequencies can be produced with two
HA-2400's and still only one timing capacitor.

A precision programmable square-triangle gen-
erator can also be constructed by adapting
circuit described in Harris Application Note
507 to the HA-2400.

APPLICATION NO. 11
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ACTIVE FILTER PROGRAMMARBLE

Shown above is a second order low pass filter
with programmable cutoff frequency. This
circuit should be driven from a low source
impedance since there are paths from the out-
put io-the input through the unselected net-
works.

Virtually any filter function which can be
constructed with a conventional op-amp can
be made programmable with the HA-2400.

A useful variation would be to wire one chan-
nel as a unity gain amplifier, so that one could
select the unfiltered signal, or the same signal
filtered in various manners. These could be
cascaded to provide a wide variety of program-
mable filter functions.

Many systems require one or more reia-
tively low current voltage sources which can
be programmed to a few predetermined levels.
It is no longer necessary to purchase a pro-
grammable power supply with far more capa-
bility than needed. The circuit shown above
produces positive output levels, but could be
modified for negative or bipolar outputs.
Q1 is the series regulator transistor, seiected
for the required current and power capability.
R1, Q2 and O3 form an optional short circuit
protection circuit, with Rl chosen to drop
about 0.7V at the maximum output current.
The compensation capacitor, C. should be
chosen to keep the overshoot, when switching,
10 an acceptable level.

CHALLENGE: Design a supply using only
two HA-2400's which can be programmed to
16 binary weighted {or 10 BCD weighted)
output levels.

APPLICATION NO. 12

APPLICATION NO. 12
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COMPARATOR, FOUR CHANNEL

When operated open loop without compensa-
tion, the HA-2400 becomes a comparator
with four selectable input channels, The
clamping network at the compensation pin
limits the output voltage to allow DTLor TTL
digital circuits to be driven with a fanout of
up to ten loads.

Output rise and fal! times will be about 100ns
for differential input signals of several hundred
millivolts, but will he in the microsecond
region for small differential signals.

The circuit can be used to compare several
signals against each other or against fixed
references; or a single signal can be compared
against several references. A “window com-
paratar’’, which assures that a signal is within
a voltage range, can be formed by maonitering
the output polarity while rapidly switching
between two channels with different reference
inputs and the same sigral input.
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APPLICATION NQ. 14

DIGITAL MPUT
TM. ] L%
ANALE I
o
3 T4
] L T} N To—
El a
wl| —- o 1 E o
. [ — . [ ]
L] q
—1- o f—— 152 - L
*® = =
- Come, — e O Conle,
f _— N =
1. - ——'11& m I PR LS Y
[77—| " our e ouT - QuTRUT
z
: HA 2400 W et} 1Y + HA2400 V- ™
Bl
1k
"5y
1%
e
=

MULTIPLYING D TO A CONVERTER

The circuit above performs the function,
VouT = VIN - % where N is the binary
number from 0 to 15 formed by the digital
input, If the analog input is a fixed D.C.
reference, the circuit is a conventional 4-bit
[ to A. The input could also be a variable or
A.C. signal, in which case the output is the
product of the analog signal and the digital
signal,

The circuit on the left is a programmable
attenuator with weights of 0, 1/4,1/2 or 3/4.
The circuit on the right is & non-inverting
adder which adds weights to the first cutput
of 0, 1/16, 1/8 or 3/16.

It four guadrant multiplication is required,
place the Phase Selector circuit (No. €) in
series with either the analog input or output,
The Dp input of that stage becomes the
+ or — sign bit of the digita! input.

MORE CHALLENGES

7-42

One of our favorite college textbooks paused
at each climactic point with a staterment to
the effect that, “Proof of the foliowing
theorem is omitted, and is suggested as an
exercise for the student.”

The following is a list of some additional
applications in which we believe the HA-2400
will prove very valuable, The “proaofs”, at
present, remain as exercises for our ingenious
readers.

s A to D Converter, Dual Slope Integrating

e Active Filter, State Variable Type with
Pragrammable Frequency and/or
Programmable Q"

¢ Amplifier with Programmabie D.C. Level
Shift

# Chopper Amplifiers

® Crosshar Switches

# Current Source, Programmable

* F.M, Stereo Modulator

* F.5.K. Modem

» Function Generators, Programmable

# Gyrator, Programmable

* Monostable Multivibrator, Prograrmmable
» Multiplier, Pulse Averaging :
# Peak Detector with Reset

» Resistance Bridge Amplifier/Comparator
with Programmable Range

® Sense Amp/Line Receiver with
Programmabie Threshold

# Spectrum Analyzer, Scanning Type
® Sweep Generator, Programmable
» Switching Requlator

» Touch-Tone ™ Generator/Detector
{Use Harris HD-0165 Keyhoard
Encoder I.C.)

FEEDBACK

We believe we have only scratched the surface
of possible applications for a multiple channel
operational amplifier,

I you have a solution for any of the previcus
"chailenges” or any new application, please
let us know., Anything from a one word
description to a tested design will be welcome,



HARRIS

SEMHCONDUCTOR

A OISO OF HARRIS CORAPCFAT MY

APPLICATION NOTE
515

This is the first in a series of notes dealing
with stabilization and optimization of A.C.
response in operational amplifiers. One of the
more common difficulties in applying opera-
tional amplifiers will be discussed.

Let's consider the unity gain inverting ampli-
fier circuit shown below:

10K

v

) +15V

S0pF 2K
% 1
. -16Y

This appears to be a straightforward applica-
tion with reascnable component values,

But, with the input grounded, the circuit out-
put shows an oscillation at about 5 MHz.

Even more surprising, if the same device is
connected as a voitage follower with the same
load, it is perfectly stable. Since the inverting
amplifier has 6 dB less feedback than the
voltage follower, shouldn’t it be more stable?

The culprit here is capacitance at the amplifier
inverting input. The HA-2600 in the TC-99
can has an input capacitance of about 2 or
3 pF. When soldered on a P.C. card, or in-
serted in a socket, wiring capacitance might
add another 3to 6 pF. With only 5K effective
resistance at this point, 5 to 10 pF seems
pretiy negligible, doesn'tit? But let's find out.

The open loop amplitude and phase response

OPERATIONAL

AMPLIFIER STABILITY:
INPUT CAPACITANCE

CONSIDERATIONS

BY DON JONES

characteristics of the amplifier between T and
10 MHz looks like this:

15uM_ gH PHASE BNGLE
H g
" %._,__"' - BE
Pt
o G 11—
150
]
P
130

i e
1 1 I i 5 B To% 3o

The characteristics of the feedback network
alone with 5 pF capacitance to ground looks
like this:

GAlk. 4B PHASE ANELE
1 1
I —— [
_10 _—"""'--—-‘ —— L3
|
"""---..._.._‘_‘_l

=1 ma RS
=30 -
—p B

Combining these two graphs by algebraically
adding the dB gains together and adding the
phase shifts together gives us the open loop
response at the summing point:

GAIN. 48 PHASE ANGLE

n -5t
0 e —nee
Q +
n ki [ T
e
P ] —180°
ey
] —2n*
| 2 L4
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We can see that on the composite respense
curves, the phase shift crosses 180%at 5.5 MHz,
and that there is still about +2 dB of gain at
this frequency., Therefore, closing the loop
automatically creates an oscillator.

How can we overcome this effect? If we add
acapacitor across the feedback resistor, we can
cancel the effects of the input capacitance:

ILSpF
|1
114

1

If the feedback capacitance matches the input
capacitance, the response curves of the feed-
back network atone will be a flat -6 dB and
09 across the frequency band, The composite
curves wilt then show a bandwidth of 7.5 MHz
and a positive phase margin of 332, So the
circuit will now be quite stable. [t's amazing
how much difference that small capacitance
can make.

The general scheme for compensation of var-
ious circuit types is shown below:

_1@__

ANy
Ry R2
O—AN—4
b
C1 - 0
] Co= C-l s I
. Ry
"—:-" - {Include high frequency
source impedance in R )
INVERTING AMPLIFIER
Hz T [:2
H
—
b~ B Ry
s R e
' 2z
3

NON-INVERTING AMPLIFIER

_o
R
—ANW——¢
‘r——‘%—
P Ca
[y Cy >> €4
p—

FOLLOWER WITH FEEDBACK RESISTOR

It’s not really necessary to know the exact
value of stray capacitance, Cq - for most iay-
outs, about 5 to 10 pF is a good guess. Unless
you are trying to squeeze out the last Hz of
frequency response, it doesn’t hurt to guess on
the high side. At higher gains, where Co
calculates out to less than 1 or 2 pF, it isn't
necessary to use C2 - but it won't disturb any-
thing if you do use it.

If you are uncertain about whether compensa-
tion is necessary, check the pulse response or
frequency response of the closed loop stage.
Hook a pulse generator to the input, and ad-
just the amplitude for about a 200 milliveit
step at the output - if the output overshoot is
less than 40% of the step, the circuit will be
stable.  Alternately, check the small signal
frequency response of the stage - if the high
frequency peaking is less than +6 dB, more
than the low frequency gain, the circuit is
stable. Of course, you can increase the com-
pensation capacitor if you need even smoother
YESPONSse.

The phencmena we have described are not
peculiar to any one amptlifier type, Wideband
amplifiers require a little more care in the
design of feedback networks; but the same
type oscillations will show up on 741 type

amplifiers with higher feedback resistor values.
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INTRODUCTION

THE HA-2530/2535
WIDEBAND HIGH SLEW
INVERTING AMPLIFIER

BY ERNIE THIBODEAUX

The HA-2530/2535 is a monolithic inverting
amplifier constructed using the Harris dielec-
tric isolation process. It incorporates both bi-
polar and MOS devices on the same chip
allowing excellent D.C. characteristics not nor-
mally achieved in most high performance A.C.
amplifiers. The HA-2530/2635 is a continua-
tien of the HA-2500 family of high slew rate
amplifiers and represents a factor of 3 improve-
ment in A.C, performance over the HA-2520
op amp. Its superior A.C. performance is
achieved by using a two amplifier feedforward
scheme on the same chip. Among the many
applications best suited for this device are
video amplifiers/linedrivers, high speed inte-
grators, signal separators, waveform generators,
A/D, D/A and sampled data systems. This ap-
plication note will briefly discuss the internal
circuitry, show how closed-ioop frequency
response can be predicted and present a few
of the above mentioned applications.

Figura 1

T

IN | Y A2 {

ouT

INSIDE THE HA-2530/2535

The detailed schematic shown in Figure 1 can
be simplified with the functional diagram
shown in Figure 2.

Amplifier A1 is a low frequency, high gain
stage providing high accuracy at low fre-
quencies with excellent D.C, input charactet-
istics while A2 is a high frequency, relatively
low gain stage that dominates and controls the
overall amplifier response at high frequencies.
The overall input bias current is the sum of
the bias currents of hoth amplifiers but A2's
MOSFET input stage adds little to the overall
current. The high offset voltage of the
MOSFET is of no significant consequence,
since this offset is divided by the high open

Figure 2

ioop gain of A1. Therefore, the effective D.C.
input characteristics of the camposite ampli-
fier are that of At alone.

The overall amplifier gain is given by the alge-
braic sum of the amplifier transfer functions.
That is, referring to Figure 2, the open loop
equation can be written as:

o= [{e1 -ejlA1 -2l A2 Equastion (1)
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OPEN-LOQP RESPONSE vs,
COMPENSATION CAPACITANCE
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For the inverting configuration eq = 0 and the
total*amplifier gain is:

AT =-{A1A2 + A2) Equation (21
__Gi

Where A1(S)= T+ 1798 Equation (3)
G2

A2(8) = T+T55 Equation (4]

Salving for the overall transfer function results
in the following expression:

61G2[1+ 1/G1 + (T1/G 1S} Equation )
(1+ TSH1 + T28)

ATI(S) =

Since the D.C. voltage gain {G1) of amplifier
Aq is typically 20,000 V/V then 1/G1 << 1
resulting in:

T

G1G2 6 +—S)
A - G 1 Equation (&)
TI8)
{1+ T18}{1+T28)

The composite transfer function reveals a
D.C. gain equal to the product of the D.C.
gains of each amplifier {G1G2), a pole at the
break frequency of each ampiifier and a zero
at the unity gain frequency of amplifier Ay,
The amplifier was designed using the follow-
ng;

G1=22K  Poles: fp1=48Hz
G2 =940 fp2 = 100kHz
f21 = 1MHz

A comparison of the calculated open-ioop
respornse with the actua) under no load and
no compensation conditions 1s shown in Fig-
ure 3. The two curves compare very closely
up to approximately 6MHz where Hhigher
order effects dominate, causing the response
1o deviate from the predicted. The effect of
adding compensation capacitance is to lower
the pole frequency of A2 while adding a high
frequency zero. Several response curves for
different compensation capacitors are shown
in Figure 4.

CURVE FITTING THE HA-2530
OPEN LODP RESPONSE

(g8}

Gpen Lonp Voltage Gain

in many instances a closed-form equation de-
fining completely the characteristics of the
HA-2530 beyond it's predictable bandwidth
given by Equation 6 would be desirable.
This would allow modeling the device on a
computer or calcufator resulting in the pre-
diction of system performance for various
closed-loop configurations. Using a trial and
error graphical progedure, a close-fit beyond
BMHz was obtained using several poles and
a simple zero as shown below.

1+TgS
Agi{S) =
A ERPSIERES
Eguation (7)
Poles: fp3 = 6MHz Zero: fzg = TMHz
fp4 = 30MHz
fps = 150MHz

A comparison of the actual uncompensated
(Ce = 0} response with that given by Equation
7 above is shown in Figure 5. Combining Equa-
tion 6 and 7, the calculated open-loop transfer
function from D.C, to 50MHz is obtained.

APPROXIMATION OF HIGH FREQUENCY
CHARACTERISTIC USING EQUATION {7}

60 IIRLRRELEAL
= s ACTUAL B
— APPAQXIMATION
40
P
-
20 Rl
od
0 = i
b
30°
5®
a6
1207
HL"‘ 507
1
P
180°
MKz 10MHz 100MHz2
Frequancy
Figure &

oy ssey 4 dooy vadg

7-47



7-48

616 2{1+T1/G (SH1+T5S)
{HT8H 14T 28HT+T38H 14 TaSH1+ TS}

AT'(5)=Ag(8)-ATiS)=

Equation (8]

This equation represents 2 working transfer
function for the typical HA-2530/2635 and
may be useful in many synthesis applications.

THE INVERTING AMPLIFIER

GENERAL REPRESENTATION

Consider the general inverting configuration
below:

The control system representation of the
circuit is:

Equation (8]

The transfer functions G’ and H ¢an be soived
very simply by assuming the ideal operational
amplifier and using the principle of superposi-
tion. First, G’ is calculated by disconnecting
the amplifier summing point from the rest of
the circuit and calculating the voltage &j with
ideal voltage source Ej impressed as shown
below.

{For ZguTt = 0)

e _ ZeZy
Ei 21Zg+ 4145+ 225

G =

Eqquation {10

The feedback transfer function is calculated
simifarly by calculating eqg with Eg impressed.

o] on
nn

Eg

€n Zcz 1

- E_O = ZfZ‘] " Zfzc n ZcZ‘l Equation {11}
Writing G* in terms of H we have:
G’ = {Z§/Z1}{H} Equation (12

Finally, the closed-loop transfer function is
obtained below by combining Equation 9 and
Eguation 12.

Eo _-Zf [ GH
Ei 21 |1+GH

As will be seen later, the closed-loop equation
i in a very convenient form for the graphical
evaluation of closed-loop response.

Enuation {13)

PHASE MARGIN DETERMINATION

Phase margin for the unity gain inverting amp-
lifier is not evatuated at the OdB crossing of
the open loop gain response as might be
expected. By definition phase margin is
evaluated when the magnitude of the loop
gain|GH| is 1. For the non-inverting amplifier
the feedback factar (H) is unity (full feedback)
and phase margin is evaluated at|Gl= 1 or 0dB.
However, for the unity gain inverting amplifier
H is 1/2 {equal voltage division caused by
input and feedback resistors) so that phase
margin is evaluated at|G|= 2 or 6dB.



In general, for the inverting amplifier, the
phase margin would be determined at:

_Rt1+Rf
R1

Equation {14}

Gl

EFFECTS OF INPUT CAPACITANCE
ON HIGH FREQUENCY STABILITY

The effects of input capacitance {Cj} can
probably best be ilusirated by evaluating
phase margin under this condition. Calcu-
lating the feedback factor, H, from the circuit
below:

Ry
M
Ry
E.
AL —O Ey

We obtain from Equation 11:
_Ri/iRe+Rq)
T+ 8(R1£Cj)

where R1f= R1 || Rt Equation {15)

Therefore, the input capacitance creates a
pole at wp = 1/R1#Cj producing additional
phase shift about this frequency. This will
reduce the phase margin resulting in possible
oscillation, For example, if R1 = R¢ = 2K and
Cij = 10pF, the pole frequency is found to be
fp = 16MHz. The loop gain plot {GH); in
Figure & reveals a perfect oscillatory con-
dition at 18MHz; i.e.IGHI = 0dB and Pj (phase
margin} = 0. If input capacitance were
neglected, our prediction would have erron-
eously resulted in a phase margin {$o) of 380,

The effects of input capacitance can be can-
celled by adding a feedback capacitor (C¢)

across resistor Rf. Recalculating H from the
feedback network below:

Ri

£0 O—e— AN &

Ry G;

o

——

We have:

_ [Ry/tR1 + R (1 + SR¢Cq)
1+ SR1f(ICi+ C)

Equation {16}

From this equation we see that adding Cf
creates a zero that can be adjusted to cancel
the dencminator pole, resulting in a pure
resistive feedback factor.

The condition for this cancellation is:

RfCf = R1f{Cj+Cy)

Equation |17}
or
Cr= (R1/Rf}Gj

Equation {18}

For unity gain, the feedback capacitance
should equal the input capacitance. Adding
C¢ for gains greater than 10 becomes aca-
demic, since Cf calculates to be less than
1pF. Although adding Cj alleviates phase
shift caused by Cj, it should be noted that it
also creates a closed-loop pole at 1/R¢Cs that
could limit the attainable bandwidth. For ex-
ample, if the 6dB open-vop bandwidth is
30MHz, C; = Cf = 10pF, and R1 = Rf = 2K,
the closed-loop pole otcurs at BMHz causing
the frequency response to roll-off prematurely
at this frequency. Decreasing the resistor
values by a factor of 4 would increase the pole
frequency to 32MHz and the attainable band-
width would only be limited by the open-loop
bandwidth and not the external circuit com-
ponents. However, care must be taken not to
make input and feedback resistors too small,
since loading problems may result. That is,
the input resistor, R{, represents a load to the

7-49
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input driving source, since Rq is connected to
the amplifier summing point which is at
“yirtual” ground. Furthermore, the feedback
resistor, Rf, ioads the amplifier output for the
saIme reason.

EFFECTS OF INPUT CAPACITANCE
ON PHASE MARGIN

T
50
-
. [T
=
"N-‘.‘__
0 l"-‘"‘lh
*; 10EAL KGH|
0 b
fcul_/'ﬂ'\ [
L
=t ipEns o L 10 2
[ u ] g
e u L. £
GH ; 3 o8
. - 3g0 T B0 7
I l #:0 *loll ]
+ -t
hiwHz IMH: L TH THMH:
Franuency
Figura &

In summary, the effects of input capacitance
can be negated by providing a feedback ca-
pacitor according to Equation 18. For closed-
loop gains greater than 10, no feedback ca-
pacitor is required. Finally, trade-offs be-
tween maximum bandwidth, circuit compao-
nent values and stability will have to be made
in most cases.

PREDICTION OF CLOSED-LOOP RESPONSE
USING A GRAPHICAL PROCEDURE

7-50

The closed-loop response of any amplifier can
be graphically determined from its open-loop
response curve, The generalized closed-loop
transfer function is restated and given below:

GH
1+ GH

The graphical procedure using the WNichols
chart {Figure 7) conveniently determines the
above function in brackets from the amplifier
loop gain {GH) plot. Using the following cir-
cuit, let's graphically obtian its closed loop
response and compare it with actual experi-
mental results,

Equation (19}
Ei  Zy

Cg = WpF
It
[ Y
R¢ = 500

Ry=500% #—aAAN—9@

iO—AAWVNV—
Ei i —0 Ep
Cj=10pF 2=
= = HA-2530

*Note: Ry=R¢=500%
Chaosen to obtain maximum bandwidth,

The complete procedure is:

{1} Plot both gain and phase of the GH
function on semi-log paper {see ideal GH
curve Figure 6). The following points
were tabulated:

£ (MHz) 1 H 4 [ 10 15
IGH] {dB}| 33 26 21 17 12 i
LGH | -132°|-1200 | -1149| -114% | -1207 | 1280

f {MHz) 17 20 25 3 38 42

IGHItaBY | & 3 a -2 5 | -7

LGH | -132%[-1379 | -1420| -148% | -155% | -160°

{2) Transfer gain/phase points obtained above
at selected frequencies to create a smooth
curve on the Nichols chart using the
rectangular coordinates.

{3) Obtain directly from the chart gain/
phase of the function { —2L_) at the

1+ GH
selected data points. The following
was tabulated:

f (MBzi 1 2 4 6 10| 18

1 GH
—— [ {dB}| 0.%4]| 0.22 | 0.3 | Q.45 0.7 2
|3+GH|{ }

i_ﬁ'_'L. 1ol oga| gol _go| 150 ] .ag0
TT G 1 2.5 5 g 15 30
f{MHz) 17 20 bl 30 38 42

GH
- ([dB}| 23| 32| 4. 3.9 0 |-25
£ GHI (4B) 0

GH
1+GH

-359| -450 | -700| 750 -1300]-1450
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{4} Transfer these points to semi-log paper at all. However, we can avoid these short-

and add the pole given by w = n:cf {or comings if a few simple rules are followed:

fp = 32MHz for this case) to obtain the
calculated closed-loop response, {gn‘?‘.-c ALC
shown in Figure 8. '

{1} Decouple as close to the amplifier pins as
{5} Obtain Bandwidth, Peaking and closed- possible. (n fact, decoupling the HA-2530
loop phase margin from the closed-loop as shown below will give best results,
response given in Figure 8.

p— TO SIGNAL

Comparing the actual closed-loop response
® 9 ¢ y COMMON

with that of our prediction, we see that favor-
able results were cbtained. The performance
specifications are:

FREDI\CT'ON OF CLOSED LOOP RESPONSE
USING NICHOLS CHART

-
3
L
[
x
1
I

Clased Loop Gain {dB)
I

= -
1
1
Ty
A\
2

fw )
AR 1 N o LU {2) Know your decoupling caps: At RF
1 /&Acmm' N A on ¥ § frequencies decoupling capacitors may
' a0t o look like an inductor and/or resistor.
1 \‘ 120°§ Select a good H.F. ceramic.
) =] h D g
/—Erimc 1500 =

180°

{3) Orient components to minimize stray

H L 10MH2 100MHz capacitance.
Frequency
Figure 8
ACTUAL PREDICTED
Bandwidth{0dB)  29MHz 31MHz {4) Keep leads short to minimize inductance
Closed Loop and prevent ground loop problems.
Phase Margin 390 420
Mp {peaking) 2.3dB 2dB

SPECIAL CONSIDERATIONS FOR
OPTIMUM PERFORMANCE

{b] Keep input and feedback resistor values
as small as practical; they react with
INTRODUCTION stray and input capacitance.

Obtaining the best performance from high fre-
quency amplifiers is not always easy. External
components, deoupling, stray wiring capaci-

tance and Yong lead lengths are a few of the {6} Minimize loading capacitance; it affects
culprits that can take a 30MHz amplifier and settling time and stability {see how in
convert it to a 3MHz amplifier with no effort next section).
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CIRCUIT FOR OPTIMUM SETTLING TIME

Before we investigate settling time, let’s take
a look at phase margin with a capacitive load
of CL_=50pF. The effects of load capacitance
can be seen by referring to the uncompensated
phase response shown in Figure 9. Note the
phase margin reduction from approximately
38% {Figure 3} to only 49; a marginally stable
condition with a long settling time. The load
capacitance effectively causes a high frequency
pole whose break frequency is 2 7ROUT CL,

where RQUT is the approximate output resis-

tance of the amplifier, The additional phase
shift that CL_ adds will give us some hint as to
the pole location. That is, at 26MHz, about
349 is added to the unloaded response result-
ing in a pole frequency of about 40MHz.
Using this break frequency, RQuUT calculates
to be about 80 ohms. This bit of information
may prove useful in evaluating closed-loop re-
sponse. against various capacitive loads. At this
paint, let's see how we can improve phase
margin to improve settling time. Consider the
circuit below consisting of the pole-zero com-
pensating network {Rq - C1).

Cf

~—

R
— T NA—e

R

AR

OPER LOOP RESPONSE USING POLE-ZERD
COMPENSATION AND G| = 60pf

‘o T
& 1 COMPENSATED | o
H " FHASE WAR GIN = 49
§ IS st AT
H h s Wy ncoMrinsarsn,aé‘::cg“;i';“l‘:‘-"p
2 13 Tl L1 3 150

N AT TR
comeensaTeD | [ ] -
Todkiz e 100MHz
Frequancy

ouT
€1 l
CL = 50pF

CIRCUIT FOR OPTIMUM SETTLING TIME
{continued)

The Rt — C1 network witl increase phase mar-
gin by sacrificing a small amount of bandwidth
at no expense to slew rate. Slew rate is not
affected as long as the voltage divider made up
of the input resistor (R) and R1 || R provides
an instantaneous voltage at the summing point
that wil! be sufficient to slew the amplifier.
Assuming a single pole response and a band-
width of 26MHz, this voltage to a first approx-
imation should be greater than 1.8 volts.

The network forces an increase in phase
margin by rolling-off the amplifier gain re-
sponse without affecting phase response at
the bandwidth frequency. The pole-zero
locations are chosen at frequencies where the
loop gain is large enough to buffer the error
effects caused by the additional phase shift
of the network in this region. Component
values are chosen to satisfy the slew condition
and neutralize high freguency phase shift
caused by the input capacitance according 1o
the relationship.

{R1fl RICj = RCs Equation {20}

The following values were determined experi-
mentally for optimum settling time and satisfy
the conditions mentioned previously.

R=2K&
R1=6200

C1 = 2b0pF
Cf = 3pF

Ci= 10pF

The pole-zero locations are approximately:

1

fol = ——— = 400kH
Pl = SRz + RICs z

Pole:

Zero: fz1= = 1MHz

1
2mR1Cq

The compensated open-loop response curve
shown in Figure 9 shows the effects of the
pole-zero additions. Note how its phase re-
sponse deviates from the uncompensated at
frequencies fess than 10MHz but coincides




above this frequency allowing a phase margin
of 48% to be achieved. From experimental
data using a 10V pulse, a typical settling time
te 0.1% of 550ns was achieved. Settling times
to 0.1% for various compensation capacitors
without the pole-zero network are shown in
the table below,

Ce OpF 3pF | 10pF| 200F| 30pF
Co=0pF [Tginsl| 500 { 540 | 620 760| 880
Cy = 50p¥F | Tgins} | Unstable | 650 [ 740 | B40| 940

Looking at the table, we see that the best
settling time without the pole-zero compen-
sating network is 650ns with Cp = 3pF. This
will suffice for most pulse applications but
optimum settfing is still obtained with the
pole-zero network.

APPLICATIONS

INTRODUCTION

In all the applications to be discussed the
HA-2530 is used as an inverting amplifier.
Usage as a non-inverting amplifier can be used
but the common mode range is limited to
about 0.5V because the inverting input is
diode-clamped to signal ground. Usable band-
width in this mode is only about 100kHz.

APPLICATION 1
FAST SETTLING COAXIAL DRIVER

The circuit below is intended for use in line
driving systems requiring good settling at high
output current levels; such as radar pulse
drivers, video sync driver, PAM line driver, etc.

Vg =3V PEAK

Tz = f0ns

S04

30pF COAXIAL
LINE

o+ 2Y 1K
q-) O_NWIQ 1008 LINE
-2

Iy = 60mA PEAK
OVERSHCOT = 17%

o
—l— -3

The input voltage source supplies only 3mA
at 3 volts into the driver circuit which de-
velops an output current drive of 60mA into
a b0 ohm load. At these low voltage levels,
the HA-2530 relies chiefly upon its excellent
gain bandwidth product resulting in a 5%
settling time of 60ns. .

Although the HA-2530 is capabie of pro-
viding high output current, special attention
should he given to the input duty cycle so
that the maximum power dissipation of the
device is not exceeded; especially if operating
at high ambient temperatures {consult data
sheet for details).

APPLICATION 2
10MHz COAXIAL LINE DRIVER

The circuit shown below will find excellent
usage in high frequency line driving systems
that require wide-power bandwidths at high
output current levels.

4pF

It BW = 10MHz
Ih Vg = a2V
g = 140mA
AA—

3K
COAXIAL

15pF

The bandwidth of the circuit is limited only
by the single pole response of the feedback
components; namely f3qgg = %2TRfC+. As such,
the response is flat with no peaking and vyields
minimum distortion.

APPLICATION 3
WIDE RANGE 3IGNAL SEPARATOR

The high open-loop gain of the HA-2530
along with its high slew rate will allow a
wide variation of input voltages and a wide
frequency response as well.  The circuit
separates the input voltage into its positive
and negative components. The dicdes steer
the positive and negative components tc the

$08
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respective outputs. When placed in the feed-
back loop they virtually act as ideal diodes
since the output errar voltage is only the
forward voltage drop divided by the loop gain
of the amplifier. The two outputs can be
driven into a differential amplifier to produce
an absolute value circuit useful in many mukti-
plier and averaging circuits.

Dynamic ranges between 80dB and 80dB can
be obtained depending upon the maximum
operating frequency. For example, in the
circuit above & dynamic range from 5mV to
10 volts peak was easily obtained for a band-
width of 100kHz without offset voltage ad-
justment. For a bandwidth of 1MHz, the
range was 100mV to 10 volts peak. Dynamic
ranges approaching 60dB at 1MHz can be
obtained with proper offset voltage adjust-
ment.

APPLICATION 4

HIGH FREQUENCY TRIANGULAR
WAVE GENERATOR

Frequency generation well into the megahertz
region can be realized with the HA-2530,
Assuming circuit operation is not limited by
the comparator’s speed, operating frequencies
between 1MHz and 5MHz can be achieved
with the circuit below.

Rj

HIGH SPEED
COMPARATOR HA-2530

OPTICAL

11

IS0LATOR s
AAA

VY

The integration time constant and circuit gain
is set according to:

{a} f= 1 E.Z.
4R1C1 \ Rz

Eqn R3
b —— = ——
(b} E; Ro

For accurate integration, the time constant,
:—3(R1C1), shouid be large compared to the
2

unity gain frequency time constant and the
comparator rise time. Also, the integrating
capacitor, €1, should be large in relation 10
the input capacitance of the amplifier while
the resistors should be small to avoid reacting
with stray and input capacitances. For larger
output swings, another HA-2530 could be
cascaded for amplification.

APPLICATION 5
CURRENT-TO-VOLTAGE CONVERTER

FET amplifiers used as current amplifiers
offer the greatest resolution of current input
because they have very low input bias cur-
rents. However, their input offset voltage and
drift characteristics are very poor, sometimes
adding to gross inaccuracies over temperature.
The HA-2530 offers excellent offset voltage
and drift characteristics (0.8mV, 5uv/°C)
with low bias currents {17nA). The circuit
below depicts the HA-2630 used to enhance
the speed of an optical isolator interface.
Operating the photo-transistor as a diode will
increase speed at the expense of decreased
current owtput.  In this configuration the
maximum current output may vary from
100U A to 400uA depending upon the LED
pulse duration. At these current levels the
errors of the HA-2530 are negligible and
speed is limited only by the gain-bandwidth
of the amplifier with attainable rise times of
20ns.

+Vey +Verz

VouT

—O
Vo =-15hy
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APPLICATIONS OF A
MONOLITHIC
SAMPLE-AND-HOLD/GATED

SEVMIICONDUCTOR

A DIVISION OF HARRRS CORPORAT I

OPERATIONAL AMPLIFIER

APPLICATION NOTE
517

BY DON JONES

INTRODUCTION
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The sample-and-hold or track-and-hold func-
tion is very widely used in linear systems. Un-
til recently, this function was available only
in modular or hybrid circuits; or perhaps most
frequently the circuit was constructed by the
user from an analog switch, a capacitor, and
a very low biag current operational amplifier.

A high quality sample-and-hold circuit must
meet certain requirements:

{1) The holding capacitor must charge up
and settle to its final value as quickly as pos-
sible.

{2) When holding, the leakage current at
the capacitor must be as near zero as possible
to minimize voltage drift with time,

{3) Other sources of error must be mini-
mized.

Design of a sample-and-hold, particularly the
user built variety, involves a number of com-
promises in the above requirements. The am-
plitier or other device feeding the analog
switch must have high current capability and
he able to drive capacitive loads with stability.
The analog switch must have both low ON
resistance and extremely low OFF leakage cur-
rents. But, leakage currents of most analog
switches {except the dielectrically isolated
types) run to several hundred nancamgperes
at elevated temperatures, The analog switch
must have very low coupling between the dig-
ital input and analog output, because any
spikes generated at the instant of turn-off will
change the charge on the capacitor. The out-
put amplifier must have extremely low bias
current over the temperature range, and also

must have low offset drift and sufficient slew
rate; a combination satisfied by only a few
available arnplifiers.

THE HA-2420/242%

The HA-2420/2425 is the first complete mono-
lithic sample-and-hold integrated circuit. A
functional diagram is shown in Figure 1,

IN - E . :l $/H CONTROL
LR [] crouno
OFFSET ADJ. E ] suaro ey
OFFSET ADJ. E g Jj HOLDING CAP,
S
V- E :| GUARD [N.C.}
Ne [ — v+
ot ] ] w~e

Figure 1 — HA-2420/2426 Functional Diagram

The input amplifier stage is a high performance
operational amplifier with excellent slew rate,
and the ability to drive high capacitance loads
without instabifity. The switching element is
a highly efficient bipolar transistor stage with
extremely low leakage in the OFF condition.
The output amplifier is a MOSFET input uni-
ty gain follower to achieve extremely low
bias current.

MOSFET inputs are generally not used for
D.C. amplifiers because their offset voltage



drift is difficult to control. In this configura-
tion, however, negative feedback is generally
applied between the output and inputs of the
entire device, and the effect of this offset
drift at the inputs is divided by the open loop

The schematic of the HA-2420 is in Figure 2.
During sampling (S8/H control LOW) the signal
path through the input amplifier stage starts
at 031-34, through Q45 and Q46, and then
to the holding capacitor terminal through

051-584. The output follower amplifier has
its input at MOSFET Q60.

gain of the input amplifier stage.

HA-2420/2425
Sample-and-Hold

OFFSET ADJ.
T
L. L L. 200) |200 J 64 e
a17 az3
(]
054 p = R j“
1LEK
EL 10K
05 T15 T35 58
4 Q66
[FE: el Je2
ar Qs 207 s A7z
RF![T sz
Qa7 tagl o5 on i
ag 0K 10K -
o H
1 Q:‘}CMB 050|053 =
54 i
013 o3cH T {EI -
o 10K
3 a a3% Qs g out
o 037 0383 T a0
-] : o G54 1fgs0
a76
GND by - Q88
o1z GB a¥
né7 [ ose
ars
104 05T}
g3a  Aodn Moy Joe2| Y70 oo
o4z {<*F) an_pdese | o4
LK‘ma ’j 7 am-w-l .
1M+
IN-o

NOTE: 1. Unless otherwise specified resistance values are in OHMS, capacitance values are in picofarads.

[ Figure 2

Yt - — — In the “*hotd’’ mode, the S/H control is HIGH,
so (021 conducts, turning on Q27 which di-
D T verts the signal away from (45 and Q46, and
i = —arrrrrrs HOLD AT +2500; ——F— .~ [rasses the Sigl"lal toV - through Qb67. 057 also
v St i P B e i— forces 051-54 to ride up and down with the
N . wTy nmu?HASEMAﬁmN,__.—.?LM—_. output signal, so there is virtually zero poten-
N T vl / tia! between these transistor bases and the volt-
%Pﬁzﬁ-ﬁs——"—: age on Cy; completely eliminating leakage

SN - frem Cp back into the input amplifier.

ol AN
S S e e e SAMPLE-AND-HOLD APPLICATIONS
\ \\\

- IR RATE! A number of basic applications are shown on
| = R AT = == il the following pages. The device is exceptional-
[  MicRosEconss NS ly versatile, since it can be wired into any of

N N the hundreds of feedback configurations pos-

(LN T—— - e sible with any operational amplifier. In many

[ SAMPLETOHOLD DRFSET ERAOR. =  —— applications the device will reptace both an
S operational amplifier and a sample-and-hold

. S module.

1pF 1lpF 1,000pF LA 1.1pF LOF

The larger the value of the timing capacitor,
the longer time it will hold the signal without
excessive drift; however, it will also reduce the
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Figure 3 — Holding Capacitor, Cpy

TYPICAL SAMPLE-AND-HOLD PERFORMAMNCE
AS A FUNCTION OF HOLDING CAPACITANCE



charging rate/slew rate and the amplifier band-
width during sampling. So the capacitance
value must be optimized for each particular
application. The graph in Figure 3 shows these
tradeoffs. Drift during holding tends to dou-
ble for every 10°C rise in ambient temperature.
The holding capacitor should have extremely
high insulation resistance and low diefectric
absorption-polystyrene {below +85°C), Tef-
lon, or mica types are recommended,

Guard Ring Layout
{Battom View)

CONTROL
e P il
IR e
HALDING
CAPACITOR\N‘ Gm
|
Figure 4

For least drift during holding, leakage paths
on the P.C. board and on the device package
surface must be minimized. Since the output
voltage is nearly equal to the voltage on Cp,
the output line may be used as a guard line
surrounding the line to CH. Then, since the
potentials are nearly equal, very low leakage
currents will flow. The two package pins sur-
rounding the Cy pin are not internally con-
nected, and may be used as guard pins to re-
duce leakage on the package surface. A sug-
gested P.C. guard ring layout is shown in
Figure 4.

With the switch closed, the circuit behaves as
a conventional op amp with excellent band-
width, slew rate, high output current capa-
bility, and is able to drive capacitive loads
with good stability. With the switch open, the
output node is an almost perfect open cir-
cuit.

The output buffer amplifier has extremely
high input impedance and exceptionally low
bias current, but is not particularly well suited
for D.C. applications outside an overall feed-
back loop, since its offset voltage may be
qguite high.

A number of possibie gated amplifier appli-
cations are suggested in the following section.

APPLICATION NO. 1

CONTROL |—‘
I

GATED QPERATIONAL
AMPLIFIER APPLICATIONS

7-58

An operational amplifier with a highly efficient
anatog switch in series with its output is a
very usefu! building block for tinear systems.
The amplifier can be connected in any of the
conventional op amp feedback configurations.

Feedback is the same as a conventional op
amp volhtage follower which vields a unity
gain, non-inverting output. This hookup also
has a very high input impedance.

The only difference between a track-and-hoid
and a sample-and-hold is the time period dur-
ing which the switch is closed. In track-and-
hold operation, the switch is closed for a
relatively long period during which the output
stgnal may change appreciably; and the output
wil hold the level present at the instant the
switch is opened. In sample-and-hold opera-

Basic Track-and-Hold/Sample-and-Hold

CH

) [ >—&T 1>

HA-2420 4

ij.lL_lI_l V_L.ILJ .

i

CONTROL 1[_ +v
—ov

ouT



tion, the switch is closed only for the period
of time necessary to fully charge the holding
capacitor.

APPLICATION NO, 2

Sample-and-Hold With Gain

ChH

a0 M -
o Y

This is the standard non-inverting amplifier
feedback circuit.

It illustrates one of the many ways in which
the HA-2420 may be used to perform hoth
op amp and sampling functions, eliminating
the need for a separate scaling amplifier and
sample-and-hold module.

In general, it is usually best design practice
to scale the gain such that the largest expected
signal will give an output close to + or — 10
volts, Drift current is essentially independent
of output level, and less percentage drift will
occur in a given time for a targer output sig-
nal.

Vin Ro
Ry+R2+Rp

Inverting Sample-and-Hold

CH

CONTROL i“! v+
AL L i

) >R >
R Ha-2420 3
| | | Ll LH
N R Az o
O—Wv-Jr
L v- aut
e aaA—
Rz
G.n'fllhl"2
Ry
Ry A2
MAKE ng=ml—Rz

APPLICATION NO. 4

APPLICATION NO. 3

This illustrates another application in which
the hookup versatility of the HA-2400 often
eliminates the need for a separate operational
amplifier and sample-and-hold module. This
hookup will have somewhat higher input to
output feedthrough during “hold,” than the
non-inverting connection, since output impe-
dance is the open-loop vatue during “hold,”
and feedthrough will be:

It is often required that a signal be fiitered
prior to sampling. This can be accomplished
with only one device. Any of the inverting
and non-inverting filters which can be built
with op amps can be implemented. However,
it i5 necessary that the sampling switch be
closed for sufficient time for the filter to set-
tle when active filter types are connected a-
round the device.

Filtered Sample-and-Hold

<
out
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APPLICATION NO. &

APPLICATION NO. 7

Cascaded Sample-and-Hold

CONTROL 1
U

L

CONTROL 2

Short sample times require a low value hold-
ing capacitor; while long, accurate hold times
require a high value holding capacitor. So,
achieving a very long hold with a short sample
appears to be contradictory. However, it can
be accornplished by cascading two S/H cir-
cuits, the first with a low value capacitor, the
second with a high value. Then the second
S/H can sample for as long a time as the first
circuit can accurately hold the signal.

APPLICATION NO. 6

Two or more S§/H circuits may share a com-
mon holding capacitor and output as shown.
The only limit to the number of devices to be

Maultiplexed Sample-and-Hold

A/D Converter

'"/\/ ‘fEF

swos T
ouy | Hi-1080
A
e L[ ;
’ [ 3
PARALLEL
* our
COMPARATOR
HA-2111
HA-2920 HI-0180 SERIAL
N S ENCODER Ut
_L TOONTROL J
=+ STROBE . &

Certain analog to digital converters such as the
successive approximation type require that the
input signal be a steady D.C. level during the
conversion cycle. The HA-2420 is ideal for
holding the signal steady during conversion;
and also functions as a buffer amplifier for
the input signal, adding gain, inversion, etc.,
it required.

The system illustrated is a complete 8 bit suc-
cessive approximation converter requiring only
four |.C. packages and capable of up to 40,000
conversions per second. |nterconnection de-
tails are shown on the HI-0180 data sheet.

APPLICATIGN NOD. 8

De-Glitcher
o |
w1 Ve
nn E‘Lﬂ |
| — 1 cH
ODNIROL 2
” ” oA Fem==mfpe~——n
CON— N 1 t
con;nm T?O‘- =M -
T contRoc o ) —Q ouT
F IJ.‘ 1 ]
l ha-zaz0 !
out LEVEL 2 A0 'i‘ CONTROL | b Lo e | e e o o
LOGIC =
LEVEL 1 Cp...r—l_l—]_f_L._
D/A
: 1 Ocp QuT
O
N2 ouT
multiplexed is that the leakage currents of all S,HA]_—r_r
devices add together, which increases drift .oout

during holding.
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The word “glitch”™ has been a universal slang
expression among electronics people for an
unwanted transient condition, In D to A con-
verters, the word has achieved semi-official
status Tor an output transient which momen-
tarily goes in the wrong direction when the
digital input address is changed.

In the illustration, the HA-2420 does double
duty, serving as a buffer amplifier as well as
a glitch remover, delaying the output by %
clock cycle,

The HA-242(0 may be used to remove many
other types of “glitches” in a system. If a de-
layed sample pulse is required, this can be
generated using a dual monostable multivi-
brator 1.C.

APPLICATION NG. 10

"ZERO"

APPLICATION NG. 8

This circuit reconstructs and separates analog
signals which have been time division multi-
plexed.

The conventional method, shown on the left,
has several restrictions, particularly when a
short dwell time and a long, accurate hold
time is required. The capacitors must charge
from a tow impedance source through the re-
sistance and current Hmiting characteristics of
the multiplexer., When holding, the high im-
pedance lines are relatively long and subject

De-Multiplexer

AnaLOG M
MULTIPLEXER |

CONTROL
CONTROL

QLD WaY HEW WAY

to noise pickup and leakage. When FET input
buffer amplifiers are used for low leakage, se-
vere temperature offset errors are often intro-
duced.

Use of the HA-2420 greatly diminishes atl of
these problems.

Automatic Offset Zeroing

i 8
K3

L

b

"

Sl

This basic circuit has widespread applications
in instrumentation, A/D conversion, DVM’s

1l
|||-—|

. and DPM's to eliminate offset drift errors by

periodically rezeroing the system. Basicdlly,
the input is periodically grounded, the output
offset is then sampled and fed back to cancel
the error.

The system illustrated automatically zeros a
high gain amplifier. Care in the actual design
is necessary to assure that the zeroing lpop is
dynamically stable. A second sarnple-and-hold
could be added in series with the output to re-
move the output discontinuity.

Many variations of this scheme are possible to
suit the individual system.

ouT

APPLICATION NO.11

(Vi = V=) |
\

integrate-Hoid-Reset

ouTt

HNITIAL
CONDITION
LEVEL

and holds the answer for further processing.
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Resetting circuits for integrators have always
been a practical design problem. The reset
circuit must produce an extremely low leakage
current across the integrating capacitor, and
must produce a very low offset voltage when
turned on. The circuit illustrated has excellent
results since the leakage at the switch node is
exceptionally low. R, and C. prevent oscilla-
tions during reset and their product should be
at least 0.02 times R| X C|.

For the simpler integrate and reset function
without a hold, substitute an ordinary opera-
tional amplifier for the upper device.

The reset function, which is difficult to
achieve in other peak detector circuits, forces
a new sample at the instantaneous input level,

APPLICATION NO. 13

APPLICATION NO. 12

7-62

This accurate, low drift peak detector circuit
combines the basic sample-and-hold connec-
tion with a comparator, and will detect 20V
p-p signals up to 5QkHz.

When the input signal level exceeds the volt-
age being stored in the S/H, the comparator
trips, and a new sample of the input is
taken. The S/H offset pot should be adjusted
for a slight positive offset, so that the com-
parator witl trip back when the new peak is
acquired; otherwise the comparator would
remain “‘on’’ and the S/H would follow the
peak back down,

To make a negative peak cdetector, reverse the
comparator inputs, and adjust the S/H for a
negative offset.

HA-2420

|1

J
© Lrl/wox v-

O QUT

W+

ADJUST FOR
Vog> +EmV

0 +5Y
EE 2K

COMPARATOR

RESET
M.  OPEN COLLECTOR
TTL GATE

Plot High Speed Waveforms
With Sampling Techniques

+BY
~ Lo} monosrasie
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N t
CONTROL COMPARATOR
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SiH
TEST /:» HA-2420
< - -
v’ | r = N
FS. o 0-+5V F 5,
T ¥IN 110V F§. T
= *-¥ PLOTTER

This useful application illustrates how fast re-
petitive waveforms can be slowed down using
sampling techniques. The input signal is much
too fast to be tracked directly by the X-Y re-
corder; but sampling allows the recorder to be
driven as slow as necessary.

To operate, the waveform is first synched in
on the scope. Then the potentiometer con-
nected to the recorder X input is slowly ad-
vanced, and the waveform will be reproduced.
The HA-2420 samples for a very short inter-
val once each horizontal sweep of the scope.
The sampling instant is determined by the po-
tentiometer at the instant when the horizontal
sweep waveform corresponds to the X position
of the recorder.

This principle can be applied to many systems
for waveform analysis, ete.
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The following are a few of the many applica-
tions where an operational amplifier followed
by a highly efficient analog switch couid be
used:

Analog Multiplexer Element

Gated Oscillator

Precision Timing Circuit

Chopper Type Modulator/Demodulator
Crosspoint Switch Element

Reset or Initial Conditions Switch
Gated Comparator

Automatic Calibration Switch

Gated Voftage Regulator
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INTRODUCTION

An operational amplifier should ideally be se-
lected so that, in a given application, perfor-
mance to the required accuracy is determined
only by the external networks. The amplifier
should act like a pure, nearly infinite gain
block; and not intrude its own personality on
the overall circuit performance within the de-
sired accuracy level.

Monolithic integrated circuit operational am-
plifiers have been quite successful in apptica-
tions where total input inaccuracies of a few
millivolts are acceptable. A new monolithic
op amp, the HA-2900, is now available which
allows about 100 times impraovernent in total
accuracy.

For about thirty years, the chopper stabilized
amplifier has been used when an op amp with
the ultimate in DC performance was required.
First it was constructed with vacuum tubes
and mechanical relay choppers. More recently,
it was made with discrete soiid state devices
in a module or hybrid package. It would be
very desirable to achieve the same performance
in a monolithic ampdifier, with its compact-
ness, higher reliability, and lower cost.

THE HA-2300
MONOLITHIC CHOPPER
STABILIZED AMPLIFIER

BY DON JONES and ROBERT W. WEBB

volts) can gensrally be adjusted to a very low
value using an externa! potentiometer or selec-
ted fixed resistors. The problem is that this ad-
fustrnent is good only for the ambient temper-
ature (and instant of time) at which it was
made. With a few degrees of change in tern-
perature or after a few months passage of
time; the offset voltage may again become
significant.

OFFSET CURRENT DRIFT

OFFSET VOLTAGE DRIFT

ln many precision op amp specifications, there
appears to be a tradeoff between offset volt-
age drift and offset current drift, each ampli-
fier type being quite good in one category but
only average in the other. For precision apphi-
cations, both drift parameters should be low.
For example, a FET input op amp with a
quite respectable offset current drift of
10pA/C, with balanced source resistances of
100K ohms, would have an additional offset
voltage drift of 1.0uV/°C created by the off-
set current drift.

To maintain precision, the maximum practical
source resistance will be determined by the off-
set voltage drift divided by the offset current
drift. In the HA-2900, this computes to 130K
ohms.
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The one parameter which is probably the most
troublesome to the monolithic operational
amplifier design is offset voltage drift. This is
also the most basic parameter for a DC ampli-
fier — with zero volts differential input, the
amptlifier ought to have zero volits output. in-
put offset voltage (the small voltage which
would be required between the input termi-
nals to make the output actually go to zero

CHOPPER STABILIZATION

Stabilization of offset voltage in an amplifier
can be accomplished by adding an auxiliary
DC amplifier which may have very limited
frequency response but which has very low
offset voltage drift. In Figure 1, At is the
main amplifier, and A2 the auxiliary. I¥ the
gain of AZ is large, the effective input offset



voltage of the entire circuit will be nearly that
of A2 alone. This is because the input offset
voltage of A1 is effectively divided by the gain
of A2 in determining its contribution to the
offset of the entire circuit. The open loop
DC gain of the entire circuit is the product of
the gains of A1 and A2,

Figure 1

Figure 2 shows a classical chopper amplifier
which is often used as an auxiliary DC ampli-
fier. Chopper switch 51 functions as a modu-
lator which changes the incoming DC level to
an AC waveform with a proportional ampli-
tude, and phase angle of either 0° or 180° de-
pending on input polarity. The chopped signal
is then amplified by an AC coupled amplifier.
Ground level of the amplified signal is restored
by a second chopper switch, $2, which may
be regarded as & synchronous demodulator.
Filtering then recreates an amplified replica
of the incoming DC or low frequency signal.
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- H*r% -

CHOPPER
DAIVE

Figure 2

This circuit, properly constructed, will have
extremely low offset voltage drift. The ampli-
fier, being AC coupled, does not contribute to
the DC offset. The maost critical element is
81, since any coupling, DC or AC, of the drive
signal to the contacts may introduce an off-
set error,

A different chopper amplifier concept is illus-
trated in Figure 3. This is a DC coupled ampli-
fier scheme in which the amplifier periodically
disconnects itself from the input signal and
adjusts its offset voltage to zero. With S1 and
83 up, the circuit functions as a DC amplifier.
When $1, §2, and 53 go down, the amplifier
input is grounded and A2 forces the output of

A1 to ground. 52, and C1 form a sample-and-
hold, so that the correction signal to zero the
offset of Al is stored on C1 after S2 opens.
83, C2, and A3 form a second sample-and-
hold, whose function is to store the previous
output of A1, while self-zeroing is taking
place, thereby removing most of the signal
discontinuity.
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CHOPPER
DRIVE

Figure 3

THE HA-2300

In choosing & candidate for monclithic inte-
gration, the second scheme (Figure 3} is more
attractive, although the block diagram seems
more complex. This scheme does not require
large value resistors. It requires fewer external
capacitors, and these have one end grounded,
which allows use of a standard 8 pin can.

There are also performance advantages. The
absence of coupling capacitors provides much
faster recovery from overdriven conditions —
a notorious problem with traditional chopper
stabilized amplifiers. The response of the sam-
ple-and-hold filter is flat to one half the chop-
per frequency which greatly reduces settling
times. Also, this scheme may be readily modi-
fied to provide a stabilized amplifier with full
differential inputs; a highly desirable feature.

A diagram of the HA-2900 is shown in Figure
4. A1 is the main amplifier, and A2 is the aux-
iliary stabilizing amplifier. A3 is the sample-
and-hold ampiifier in the self-zeroing loop of
A2, and A4 is the sample-and-hold amplifier
which holds the previous signal during the
zeroing interval,

One obvious difference between this diagram
and those previously discussed is that the in-
put circuitry is completely symmetrical with
respect to the two input lines. This produces
a true differential input, in contrast to most
stabilized amplifiers which are designed either
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as inverting-only or as non-inverting amplifiers.

During the pericd in which A2 is stabilizing
Al, 81 and S4 are closed while 52 and §3 are
open. The DC and iow frequency components
of the input are amplified by A2 and applied
as a correction signal to A1. The effective in-
put offset voltage is nearly that of A2 alone.

To keep the oifset voltage of A2 extremely
low, it is periodically zerced. 51 opens and
S2 closes, disconnecting A2 from the input
terminals and shorting the inputs of A2 to-
gether — not at ground level — but to a tevel
equal to the input common maode voltage.
This resutts in an extremely high common
mode rejection ratio.

Like rmost other monolithic op amps, this de-
vice does not have 2 ground terminal; so when
53 closes, the output of A2 is forced to equal
an internally generated reference voltage, rath-
er than to ground. Since A4 is referenced to
the same voltage, the result is the same, C2
charges to a level which will maintain the
offset valtage of A2 at zero. In the meantime,
54 has opened, so that C1 maintains its prev-
ious level. The offset of A2 has now been
zeroed and A2 then returns to its task of
stabilizing A1,

Note that the opening and ciosing times of
S$1 through 54 are interleaved. This allows
the transient spikes generated when a switch
is opened or closed to settle out before other
signal paths, which could be affected by these

1IN+ -

transients, are actuated. The timing multivi-
brator generates a triangular waveform (Figure
5). Different levels of this triangle are detected
by four comparator circuits referenced to dif-
ferent points on a voltage divider to produce
the four desired switch driving signals.

Ve —

Vi—

===
(13
Eat
&
n
E3d

<
AAN
i r

Figure 5

Switches 51 and §2 are each composed of two
N-Channel MOSFET's which make excellent
no-offset choppers for the low levets and low
currents involved, §3 and S4 are complemen-
tary bipolar current switches, since appreciable
current drive is required and offset voltage is
not critical at these points (Figure 6).

FROM A1

8) SAMPLE-AND-HOLD AMP AND
SWITCH (53 OR 54}

A) 51 AND 52

Figure B

A1 and A2 are each N-Channel MOSFET in-
put amplifiers, which produce the extremely
low input currents (Figure 7). Normally,
MOSFET s would not be suitable as DC ampli-
fier input stages because of their high offset
voltage drift; but chopper stabilization effec-
tively removes that drift; while retaining their
high input impedance advantage.

COMPARATORS



W

jl“o SMH

SWITCH

Figure 7

Single ended MOSFET irput stages are used
in the two sample-and-hold circuits as buffers
to sense capacitor voltages. The correction sig-
nal from each sample-and-hold circuit alters a
current generator which feeds one of the
MOSFET sources in the inputs of A1 and A2,

The output stage of AT is a conventional com-
plementary bipotar follower with short circuit
protection.

Al of this complex circuitry boils down to
the simple functional op amp block shown in
Figure B, packaged with the standard op amp
pin-out in the standard TO-92 can. Three ex-
ternal capacitors are required for operation;
one for muttivibrator timing and two for the
sample-and-holds,

Figure 8

FABRICATION

The HA-2900 is an LS| linear device, contain-
ing 262 active elements on a chip measuring
063 X 123 inches.

The chip was designed using the dielectric iso-
fation process, rather than the more conven-
tional junction isolation process, for several
reasons. A linear chip can usually be made
smaller in dielectric isolation, both because
of better packing density and because the
high guality active elements can simplify the
design — requiring fewer high value resistors
and capacitors, The savings in chip area and
the consequent higher vields mean that di-
electric isolation can be used at little or no
cost premium.

The factor which really makes a monolithic
chopper stabilized ampiifier practical is the
high quality NPN, PNP, and FET elements
which can be readily fabricated using dielec-
tric isolation. The circuit designer has more
freedom in the choice of transistors with de-
sirable parameters, such as high frequency,
high gain, vertical PNP transistors;, and MOS-
FET's optimized for chopper service. The
superior isolation between elements greatly
reduce parasitic capacitance and prevents
interaction or latchup due to unwanted four-
layer devices. This also atlows accurate circuit
modeling — essential in a circuit of this com-
plexity.

PERFORMANCE

Significant performance parameters of the
HA-2900 are listed in Table 1. In addition
to the superior DC parameters, bandwidth
and stew rate are also quite respectable. The
amplifier is stable, even as a unity gain fol-
lower, and exhibits a smooth, fast settling
slewing waveform {Figure 9).

OFFSET VOLTAGE DRIFT: 'I].Z,uW“C
QFFSET CURRENY DRIFT: IpASC
OPEN LOOP GAIR: 5 X 108
BANDWIDTH: 3MHz
SLEW RATE: 2.5V/i8

TRUE DYFFERENTIAL INPUTS

Table |
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RANDOM NQISE CONSIDERATION
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One of the more noticeable characteristics of
the HA-2900, particularly when used in high
gain circuits, is that the random noise level is
5 to 10 times higher than that seen with con-
ventional bipolar input amplifiers. This is a
result of a deliberate design tradeoff — offset
current errors vs. noise.

Super gain bipolar input devices or JFET in-
puts would have lower noise, but have offset
cusrent drifts of about 10pA/C, while the
HA-2900 offset current drift is about 1pA/°C.
The HA-2900, therefore, may be used with
ten times higher input resistors than the other
type amplifiers with the same drift errors due

to offset current drift. The important applica-
tions fact in making this tradeoff is that noise
can easily be averaged, allowing recovery of
low level D.C. signals at the expense of re-
sponse time; however, errors due to offset
current drift in moderate to high impedance
circuits cannot be recovered.

A curve of total equivalent input noise vs,
bandwidth for the HA-2900 is shown in
Figure 10. As an example of the use of this
curve, suppose that we wished to resolve D.C.
changes of 10 microvolts with the amplifier
illustrated in Figure 11. From the curve, a
maximum bandwidth of 0.6 Hz would be re-
quired, which could be achieved with C=
D027uF. Response time {10% to 80%) would
be about 0.35 = B.W., or about 0.6 seconds.

But suppose we need both fast response and
low noise. This can be accomplished by utiliz-
ing the best characteristics of two operational
amplifiers as illustrated in the applications sec-
tion.

Synchronous noise generated by the choppers
is primarily a common mode current noise,
which can be minimized by matching the im-
pedances at the two input terminals. With
matched impedances up to 100 K ohms, the
synchronous noise seen at the output is well
below the random noise level; and the effect
of random current noise is not discernable at
this impedance level.

HA-2900 EQUIVALENT INPUT NOISE {peak-to-peak] AS A FUNCTION OF CLOSED LOOP BANDWIDTH

1 2 34 567491 2 34 567891 2 3 4 557891 2 324 567851 2 2
160 E T
5 o -
4 // »
a 1 e
L
Q‘ b
2
kS ,/
2T L]
10 1 A
E 5
— ¢
g pr—p
4
3 ]
Nolse 2
uv 4/
11
11
2 =8
g L
4
3
2
[V Y
0% 01 1 10 100 1K

FREQUENCY -Hz

Figure 10



WHO NEEDS IT?

APPLICATIONS

There are many applications, such as in precise
analog computation and in precision DC in-
strumentation where the low drift of a chop-
per stabilized amplifier is obviously required.

There are many other applications where the
need for this amplifier vs. the more conven-
tional op amps is fess obvious. The designer
should ask himself these gquestions:

1. Are there assemblies which require a
techinician to adjust a pot or select resistors
to zero an amplifier? What are the cost and
reliability advantages in using an amplifier
which requires no circuit adjustments? Trim-
mer pots are many times less reliable than a
manalithic 1.C.

2. Does the systern require occastonal recal-
ibration because of amplifier drift with time?
The chopper stabilized amplifier is actually a
ciosed loop system — offset voltage is con-
tinuously monitored and adjusted to near
2ero.

3. Do assemblies ever have to be reworked
because of excessive ampiifier drift with tem-
perature? In many amplifiers the drift specifi-
cation may no longer be valid after zeroing.
In many low drift amplifiers, the guaranteed
drift specifications are not 100% measured by
the manufacturer, so the burden of proof is
left to the user.

4. Is the total system performance marginal
because of the accumulation of errors? Would
the error budget situation improve with the
substitution of much more accurate op amps?

B, Is a complex analog-digital system under
consideration, simply because of accuracy and
drift problems associated with a simpler all
analog system?

The decision on whether or not to use a chop-
per stabilized amplifier in these cases will de-
pend on the analysis of the cost and perfor-
mance tradeoffs in the individual situation. In
any case, the knowledge that a solution is now
available, should any of these problems arise,
will remove some of the greatest worries of
the linear systems designer.

The HA-2900 may be used in virtually any of
the hundreds of published operational ampli-
fier applications.

Some care isrequired in the physical layout of
the system to realize the full accuracy poten-
tial of an ultra-low drift amplifier. When
mounted in a typical breadboard or P.C.
card adequate for an ordinary cp amp appli-
cation, drifts on the order of 1uV/°C may be
expected. If this is good enough, the designer
need go no further, But to reach the ultimate
device performance, the designer must take
into account external effects. These include
thermocaouple and electrochemical EMF's gen-
erated at junctions of dissimilar metats {solder
joints, connectors, internal junctions in re-
sistors and capacitors), leakage across insula-
ting materials, static charges created by mov-
ing air, and improper grounding and shielding
practices. The main layout procedure is to in-
sure that the networks geing to the two ampli-
fier inputs are identical and are at the same
temperature,

Figure 11 shows a typical high gain amplifier
application. Gain is 1,000; bandwidth is about
2 KHZ. Either input terminal may be ground-
ed for inverting or non-inverting operation or
the inputs may be driven differentially. The
symmetrical networks at the device inputs are
recommended for any of the three operating
modes to eliminate chopper noise and yield
the best drift characteristics. Total input noise,
with C=0, is about 30 4V RMS. This noise can
be reduced, at the expense of bandwidth by
adding capacitors as shown.

OFFSET
ADMIST
LOPTIaNALI

Figure 11
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A high impedance differential instrumentation
amplifier is shown in Figure 12. This well
known configuration has excellent common
mode rejection of 10 volts common mode
input signals. Protection diodes are included
to prevent the device input terminals from
exceeding either power supply.
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Integrators have been around as long as op
amps, and are used in analog computation,
active filters, timers, waveform generators,
control systems, and A/D converters. An op
amp for a precision integrator should have
high gain, low offset voltage, low bias cur-
rent, and wide bandwidth. So it is evident
that the HA-2900 should make the best pos-
sible integrator (Figure 13}, The gain of the
HA-2900 allows accurate integration over
eight decades of frequency. Dual stope A/D
converters can now easily be made with six
digit resolution.
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Figure 13
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The composite amplifier combines the best
performance of two different amplifier types.
The exceptionally low drift characteristics of
the HA-2800 may be added to another ampli-
fier with wide bandwidth and high slew rate
or low noise,

Figure 14 illustrates an excellent combination
of characteristics for use wherever inverting
amplifier applications are required. Features
of the composite amplifier include: slew rate:
300V/us, gain bandwidth product: 10-500
MHz, D.C. gain: 1013, offset voltage drift:

0.3uV/C, bias current drift: 50pA/~C, input
noise {0-1 KHz): BuV peak to peak.

by OUT

Figure 14

In most composite amplifiers, to avoid exces-
sively long settling times or instabitities, it is
preferable to match the O db response of the
integrator to the open loop low frequency
pole of the main amplifier. However, if the
main amplifier has all of the characteristics,
except for offset voltage drift, necessary to
resolve the lowest required input change; it
will be possible to operate the integrator at
a much lower bandwidth, greatly reducing its
noise contribution. The main amplifier must
have very high gain, low bias current, low
noise, and very small changes in offset volt-
age with output voltage changes. Then the
integrator needs to remove only the essentially
D.C. offset voltage of the main amplifier.

Figure 15 illustrates a hookup for non-invert-
ing amplifier applications, which is useful from
gains of unity up to several thousand. Gain —
bandwidth product is 100 MHz. If the com-
posite amplifier closed loop bandwidth ex-
ceeds the unity gain bandwidth of the HA-
2900 (2.5MHz}, then R and C should be
added to suppress response peaks and pulse
overshoot. Low frequency flicker noise is
about 10uV peak to peak, caused chiefly by
the HA-2620.



Figure 15

The circuit shown in Figure 16 where the in-
tegrator drives one of the offset adjust termi-
nals of the main amplifier may be adapted to
many amplifier types. This hookup has the
advantages that the composite amplifier re-
tains differential inputs, and may be used in
any normal operational amplifier feedback
configuration.

ol :_E T_T

Figure 16
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SEMICONDUCTOR

A BPASION OF HARFIS COMFORATION

APPLICATION NOTE
519

INTRODUCTION

When working with op amp circuits an en—
gineer is frequently reguired to predict the
total RMS output notse in a given bandwidth
for a certain feedback configuration. While
op amp noise can be expressed in a number of
ways, “spot noise’” {RMS input voltage noise
or current ncise which would pass throuwgh
1Hz wide bandpass filters centered at various
discrete frequencies), affords a universal
method of predicting output noise in any op
amp configuration.

THE NOISE MODEL

7-72

Figure 1 is a typical noise model depicting
the noise voltage and noise current sources
that are added together in the form of root
mean square to give the total equivalent
input voltage noise (RMS), therefore:

Enl = eni2 + Ini2R92 + 4KTRg Where:

Enij is the total equivatent input voltage noise
of the circuit.

eni s the equivalent input voltage naise of the
amplifier.

Ini2H92 is the voltage noise generated by the
current noise.

4KTRg expresses the thermal noise generated
by the external resistors in the circuit where
K = 1.23 x 10-23 joules/°K; T = 300°K

(270C) and Rg =(.ﬁ.':.1*..1+ﬁ%3.)+ R2

OPERATIONAL
AMPLIFIER
NOISE PREDICTION

BY RICHARD WHITEHEAD

Figure 1

The total RMS output noise (Eng! of an amp-
lifier stage with gain = G in the bandwidth
between 1 and 7 is:

Eno = G ( ¢i/'2 Eni201%)

Note that in the amplifier stage shown, G
R2 )

is the non-inverting gamn (G =1+ ﬁT

regardless of which input is normally driven,

PROCEDURE FOR COMPUTING

1. Refer to the voltage noise curves for the
amplifier to be used. f the Rgvalue in
the application is close to the Ry value
in ong of the curves, skip directly to step
8, using that curve for values of Epi2. If
not, go to step 2.

2. Enter values of enj2 in fine (a) of the table
below from the curve labeled” Bg= 080"

3. From the current noise curves for the



amplifier, obtain the values of ini2 for
each of the frequencies in the table,
and multiply each by Rgz. entering the
products in line {b) of the table.

4. Obtain the velue of 4KTRg from Figure
14, and enter it on kine (c) of the table.
This is constant for all frequencies. The
4KTRg value must be adjusted for temp-
eratures other than normal room temper-
ature.

5. Total each column in the table on line
{d). This totat is Enj2.

106z 100Hz2 1KHE 1QKHr T00KHT

18] #aid

T 122

e} AKTRy

Figurse 2
Tha HA-2600 tn a Typical G = 1000 Circuijt

Values are selected from Figures 5, ba and 14
to fill in the tdble as shown below. An Rg
of 30KE2 was selected.

1at €2

10Hz 103Hz 1KHz 10K H2 100K H2

6. On linear scale graph paper enter each of
the values for Epj2 vs. frequency. In
most cases, sufficient accuracy can be
obtained simply by joining the points
on the graph with straight line segments.

7. For the bandwidth of interest, calcuiate
the area under the curve by adding the
areas of trapezoidal segments. This
procedure assumes a perfectly square
handpass condition; to allow for the
more normat -6db/octave bandpass skirts,
multiply the upper {-3db} frequency by
1.67 tc obtain the effective bandwidth
of the circuit, before computing the area.
The total area obtained is equivalent to
the square of the,total input noise over
the given bandwidth.

8. Take the square root of the area found
above and multiply by the gain (G} of
the circuit to find the total Output RMS
noise.

A TYPICAL EXAMPLE

It is necessary to find the output noise of
the circuit shown below between 1KHz and
24KHz.

tah e 361015 (1956w 10-15 | 784 0 10F76 | 7280 10716 | 7280 10016

I 1n?Ag? | 5A% 10-16 | 189 = 10218 | aana 1017 | 2200018 | 52 1018

fel aKTRg | 2.96€ x 10-18 | 4098 5 10-16 | 4.968 x 10-16] 4,968 x 10-16 | 4.868 x 1018

it Enid .08 1016 | 1a6x 1015 | L3 k-5 | 12351015 | 123210716

The totals of the selected values for each
frequency is in the form of Epj2. This
should be plotted on linear graph paper as
shown below:

155 1t
b
faingh

(LA b

Euf. {valsdit

05 S

*® L1 i an K Ll
Fraguamy, Wz}

HA-2600 Total Equivalent Input Moise Squared

Since a noise figure is needed for the fre-
quency of TKHz to 24KHz, it is necessary to
caiculate the effective bandwidth of the cir-
cuit. With AV = 60db the upper 3db point
is approximately 24KHz. The product of
1.567 {24KHz) is 37.7KHz and is the effective
bandwidth of the circuit.
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The shaded area under the curve is approxi-
mately 45 x 10-12 Volts?; the total equiva-
lent input noise is / Enj2 or 6.7 microvolts,
and the total output noise for the selected
bandwidth s .z‘E.—.;2 x {closed loop gain) or
6.7 miilivolts RMS.

used in the measuring system to reveal the
effects of Rg on each type of Harris’ op amps
and to obtain proper voltage noise values
essential for current noise calculations.

A DISCUSSION ON “"POPCORN NOISE

ACTUAL MEASUREMENTS FOR
COMPARISON

The cirguit shown below was used to actually
measure the broadband noise of the HA-
2600 for the selected bandwidth:

True
ARS
Maisr

Figure 3
A Typical Test Circuit for Broadband
Noise Measuraments

The frequencies below the T point of the
bandwidth selected are filtered out by the RC
network on the output of HA-26800. The
measurement of the broadband noise is ob-
served on the true RMS voltmeter. The mea-
sured output noise of the circuit is 4.7
millivolts RMS as compared to the calculated
value of 6.7 microvolts RMS.

ACQUIRING THE DATA FOR
CALCULATIONS

7-74

Spot noise values must be generated in order
to make the output noise prediction. The
effects of "Popcorn” noise have heen ex-
cluded due to the type of measurement
system,

The Quan-Tech Control Unit, model no.
2283 and Filter Unit, model no, 2181 were
used to acguire spot noise voltage values
expressed in {V,/ Hz). The test system per-
forms measurements from 10Hz by orders
of magnitude to 100KHz with an effective
bandwidth of 1Hz at each tested frequency.

Several source resistance [Rg] values were

“Popcorn’® noise was first discovered in
early 709 type op amps. Essentially it is an
abrupt step-like shift in offset voltage {or
current} lasting for several milliseconds and
having amplitude from less than one micro-
volt to several hundred microvolts. Occur-
ance of the "pops’” is quite random — an
amplifier may exhibit several “pops” per
second during one observation period and
then remain “popless’” for several minutes.
Worst case conditions are usually at low
temperatures with high values of Rg. Some
amplifier designs and some manufacturer’s
products are notoriously bad in this respect.
Although theories of the popcorn mechanism
differ, it is known that devices with surface
contamination of the semiconductor chip
will be particularly bad “poppers’”. Adver—
tising claims notwithstanding, the authors
have never seen any manufacturer’'s op amp
that was completely free of “popcorn’.
Some peak detector circuits have been
developed to screen devices for low amplitude
“"pops”, but 100% assurance is impaossible
because an infinite test time would be re-
quired. Some studies have shown that spot
noise measurements at T0Hz and 100Hz,
discarding units that are much higher than
typical, is an effective screen for potentially
high “popcorn’ units.

The vast majority of Harris op amps will
exhibit less than 3 pV peak-to-peak “pop-
corn'’, Screening can be performed, but it
should be noted that the confidence level
of the screen could be as fow as 60%.
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TYPICAL SPOT NOISE CURVES Vse 16V Tae +250C
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TYPICAL SPOT NOISE CURVES (continued)
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Figure 4
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TYPICAL SPOT NOISE CURVES {continued)
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Figure 7
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TYPICAL SPOT NOISE CURVES (continved)
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TYPICAL SPOT NQISE CURVES (continued)

Figure 13
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TYPICAL SPOQT NQISE CURVES (continued)
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INTRODUCTION

CMOS ANALOG
MULTIPLEXERS AND
SWITCHES;
APPLICATIONS

CONSIDERATIONS

BY DON JONES

the signal lines. Signal lines can be accident-

This paper is a mixed collection of answers to ques-
tions most frequently asked about CMOS analog
multiplexers and switches. It covers selection criteria,
parameter definitions, handling and design pre-
vautions, typical applications, and special topics
such as transient considerations and R.F. switching.
Some other devices which perform analog switching
functions in particular applications are alse discussed.

As a complement to this paper, the article, "Getting
the Most Qut of CMOS Devices for Analog Switching
Jobs” by Ernie Thibodeaux, Electronics, December
25, 1975 is recommended reading for any analog
CMOS user {reprinted in Application Note 521).
This discusses the different CMOS processes used
by various manufacturers, showing the performance
trade-offs and particularly the different failure
modas which may be encountered.

ally shorted to other voltage sources,

Harris protected type muitiplexers will withstand a
continuous voltage on any ane input of 20 Volts
greater than either supply (this {imitation is due only
to temperature rise considerations at maximum
ambient) and have withstood simulated static dis-
charge conditions of greater than 1000 Volts.

It should be emphasized that only the HI-B06A
through 509A (and exact equivalents from author-
ized atternate suppliers) will have this kind of pro-
tection necessary for inputs from the outside world.
Certain  CMOS process improvements, such as
"floating body™ and “buried layer” do helip minimize
one failure made {latchup) but will still fail under
excess voltage or current conditions prevalent in this
type application.

Conventional CMOS multin'exers can be protected
against overvoltage destruction by external resistor-

CHOOSING THE RIGHT DEVICE

diode networks to limit input current to a safe level,
but it is difficult to prevent another phenomenon

A MULTIPLEXERS: PROTECTED OR UNPRO-
TECTED?

Harris overvoltage protected multiplexers, HI-506A/7
507A/508A/509A are designed for failure-proof
operation in a common class of applications: any
system in which the analog input signal lines orig-
inate external to the equipment. This ineludes mast
data acquisition, telemetry, and process control
systems. Overvoltage protection Is necessary because
the signal lines are commonly subject to 8 number
of potentiaily destructive situations.
1. Analog signals may be present while the MUX
power supplies are off.
2, The signal lines may receive induced voltage
spikes from nearby sources.
3. Static electricity may be introduced on the
signal fines by personnel or equipment.
4. Grounding problems are frequent; A.C. power
line voltages at high impedance can appear cn

with overvoltage; normally-off switching elements
will tend to switch on, due to parasitic bipolar tran-
sistors in the CMOS structure, so the overvoltage
spike will appear at the moultiplexer output. The
Harris internal protection circuits eliminate the
problem by automatically shutting off the parasitic
transistor during overvoltage conditions.

A simplified equivalent circuit of the Harris internal
pratection netwark is shown in Figure 1.

W

ANALOG
I ANALOBG
ouT

-

Figura 1
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This will help answer the question of what happens
when the supplies are turned off, but input signals
are present. [f the supplies are shorted to ground,
then the inputs will have about 1KS} impedance to
ground. If the supplies are open circuit, then the
most positive and most negative inputs will act as
supplies ta the multiplexer,

In normal aperating parameters, internaity protected
multiplaxars have one difference from the unpro-
tected wersions—ON resistance is necessarily higher
because of the added series current limiting resistor.
However, io achieve the same degree of protection
with conventional devices, the same resistance must
be added externally, plus external diodes which
would add to the effective legkage currents.

Carwventional unprotected multiplexers are suitable
for systems where the MUX inputs come from
sources within the equipment, such as frem op amps
powered by the same £15 Volt supplies. The H1-506/
507/1818A/182BA are intended for this type system.
They are entirely free of any latch-up tendency,
which have plagued some other types, even in these
more benign applications. They are also free of the
performance compromises which have accompanied
some attempts to cure the latch-up problem.

8. WHICH SWITCH TO SWITCH TO?

Harris furnishes a complete fine of CMOS analog
switches, including replacements for most of the
available CMOS and JFET switches. All types fea-
ture rugged no-lstch-up constructian, uniform
characteristics over the anslog signal range, and
excellent high frequency characteristics,

The HI-200 and HI-201 replace the popular, low cost
DG200 and DG201 types dual and quad switches.

The H!-1800A is a low leakage dual DPST switch
with a versatile addressing scheme, allowing use of
a single type for many different switching functions.

The HI-5040 through HI-5051 are low resistance
types, offering one to four switches in wvirtually
all combinations. These replace the 1H-5040 series
with significantly better performance, and with bath
75 ohm and 30 ohm switches available in all config-
urations, These are also plug-in replacements for
many of the DGI1B0 and DG190 series of FET
tiybrid switches, offering the advantage of mono-
lithic construction, but with slightly longer switching
tirmes.

The analog switches do not contain overvoltage
protection on the analog inputs, although they will
withstand inputs 2 or 4 Valts greater than the sup-
plies. External current limiting should be provided
if higher overvoltages are anticipated, such as a resis-
tor in series with the analog input of value: Rlohms}
S (VIN -VsuppLY) x 50 where Vg is the maxi-
murm expected input voltage. All digital inputs do
have overvoltage/static charge protection.

DATA SHEET DEFINITIONS

A, ABSCLUTE MAXIMUM RATENGS

As with all semiconductors, these are maximum con-
ditions which may be applied to a device {one at a
time] without resulting in permanent damage. The
device may, or may not, operate satisfactority under
these conditions—conditions listed under "Electrical
Characteristics” are the only ones guaranieed for
satisfactory operation.

B. Vg, ANALOG SIGNAL RANGE

The input anzlog signal range over which reasonably
accurate switching will take place, For supply velt-
ages lower than nominal, Vg wiil be equal to the
voltage span between the supplies. MNote that other
parameters such as Rgp and leakage currents are
guaranteed over a smaller input range, and would
tend to degrade towards the Vg limits. Adl Harris
devices can withstand +Vg applied at 2n input while
-Vg is applied to the output for vice-versa) with-
out switch breakdown—this is not true for some other
manufacturers’ devices.

C. RN, ON RESISTANCE

The effective series on-switch resistance measured
from input to output under specified conditions.
Nete that RQn changes with temperature {highest
at high temp.) and to a lesser degree with signal
voltage and current,

D. I{OFF), IQ{OFF), IDION): LEAKAGE
CURRENTS

Currents measured under conditions illustrated on
data sheet, Harris prefers to guarantee only worst-
case high temperature leakages, because room temp-
grature picoampere levels are virtually impossible
to measure repeatably on available automated test
equipment. Even under laboratory conditions,
fixture and test equipment stray leakages may freq-
uently exceed the device leakage. Leakages tend to
double every 100C temperature rise, so it is reason-
able to assume that the +250C figure is about .DO1
times the +1250C measurementi; however, in some
cases there may be ohmic leakages, such as on the
package surface, which would make the +2500
reading higher than calculated,

Each of these leakage figures is the slgebraic sum of
all currents at the point being measured: to each
power supply, to ground, and through the switches;
so the current direction cannot be predicted. In
making an error analysis it shouid be assumed that
all leakages are in the worst-case direction.

In most systems, Ip{ON) has the most effect, crea-
ting a voliage offset across the closed switch equal
to 1p{ON} x RoN.

E. VAL. VAH: INPUT THRESHOLDS



The lower and upper limits for the digital address
input voltage at which the switching action takes
place. All other parameters will be valid if al! "0
address inputs are less than VA and all 1" inputs
are greater than VAH. Logic compatibility wil! be
discussed in detail later in this paper.

F. la, INPUT LEAKAGE CURRENT

Current at a digital input, which may be in either
direction. Digital inputs on Harris devices are similar
to CMOS lagic inputs; connection to MOS gates
through resistor-diode protection networks. Unlike
same gther devices, there is no DC negative resis-
tance region which could create an oscillating cond-
ition.

G. Ta. Ton. TOFF; ACCESS TIME

The logic dalay time plus output rise time to the
90% point of a full scale analog output swing, After
this time the output will continue to rise, approach-
ing the 100% point on an exponential curve deter-
mined by Ron x Cpl(OFF).

H. TopEN. BREAK-BEFORE-MAKE DELAY

The time delsy between one switch tuming OFF
and another switch tuming ON; both switches
being commanded simultanecusly.  This prevents
a momentary condition of both switches being
ON, generally @ very minor problem.

I. CglOFF), Cp{OFF, Cp{ON] INPUT/OUTPUT
CAPACITANCE

Capacitance with respect to ground measured at the
analog inputfoutput terminals. Cp{ON) is generally
the sum of Cg{OFF} and Cp{OFF). Cpl{OFF)
is usually the most important term as rise time/
settling characteristics are determined by RoOpN X
Cp(OFF), as well as the high frequency transmis-
sion characteristics.

J. Cpg{QFF], DRAIN TO SOURCE CAPACITANCE
The equivalent capacitance shunting an open switch.

K. OFF ISOLATION

The proportion of 2 high frequency signal appiied to
an open switch input appearing at the output: off
isotation = 2@ log VN, This feedthrough is trans-
vouT

mitted through CpS(OFF) to a load composed of
CD{OFF) in paraliel with the external load, The
isolation generally decreases by 6dB/octave with
ingreasing frequency.

L. Ca, DIGITAL INPUT CAPACITANCE
Capacitance to ground measured at digital input.

This chiefly affects propagation delays when driven
by CMOS logic.

#. Pp, POWER DISSIPATION: |+, |-

Quigscent power dissipation, Pp = {V+ x [+) +
{¥- x I-}. This may be specified both operating
and standby (“Enable” pin ON/OFF}. Note that,
as with atl CMOS devices, dissipation increases with
switching frequency; but that Harris devices exhibit
ruch less of this effect.

CARE AND FEEDING OF
MULTIPLEXERS AND SWITCHES

Dielectrically isolated CMOS 1.C.'s require no more
care in handling and use than any other sericonduc -
tor=bipolar or otherwise. Howaver, they are not
indestructible, and reasonable common sense care
shouid be taken,

In a labaratory breadboard, power should be shut off
before inserting or removing any 1.C.. It is espec-
ially impertant that supply lines have decoupling
capacitors to ground permanently installed at the
1.C. socket pins, as intermittent supply connecticns
can create high voltage spikes through the indue-
tance of & few feet of wire.

Because ¢ach of the major manufacturers of CMOS
multiplexers and switches uses a radically different
process, it s urged that units from all prospective
suppliers be equally tested in breadboards and proto-
types. It will be interesting to note which types
survive best the hazards of a few weeks of bread-
board testing.

Particufar care of semiconductors during incoming
inspection and installation is quite important, because
the cost of reworking finished assemblies with even
a small percentage of preventable failures can serious-
ty erode profits. All equipment should be periodic-
aliy inspected for proper grounding. With these
devices, it is not usually necessary to shackle person-
nel to the nearest water pipe, if reasonzhle attention
is paid to clothing and floor coverings; but be alert
for periods of unusually high static electricity. |If
special lines are already set up for handiing MOS
devices, it wouldn’t hurt to use them.

Thare are a few goad rules for P.C, card layout:

1. Each cerd or removable subassembly should
contsin decoupling capacitors for gach supply
line to ground, This not anly helps keep
noise away from the analog lines, but gives
good protection from static electricity damage
whan loose cards are handled.

2. When digital inputs come through a card
connector, the pull-up resistor should be at
the CMOS input. This forces current through
the connector and prevents passible dry circuit
conditions {see following discussion on digital
interface}.

3. All unused digital inputs must be tied to logic
"B {ground] or logic 3" ({logic supply or




device + supply) depending on truth table and
action desired. Open inputs tend to oscillate
between “0'" and “1”. It would also be best
to ground any unused analog inputs{outputs
and any uncomritted device pins,

DIGITAL INTERFACE
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A. REFERENCE CONNECTION

HI-6040 through HI-B051 and HI-1800A/1818A/
182BA require a connection to the digital logic
supply (+5V to +15V).

The HI-200/201/506A/507A have VREF pins which
are normally left open when driving from +5 Vot
logic (DTL or TTL}, but may be connected to higher
logic supplies (to +18V) to raise the thrashold levels
when driving from CMOS or HNIL. The HI-200/201
will have significantly lower power dissipation when
VREF is connected to a high level supply,

The HI-508/607/508A/509A do not have VREF
terminals, but will operate reliably with any iogic
supplied from +5 to +15 Volts.

B, DTL/TTL INTERFACE

One major difference found in comparisons of
similar devices from different manufacturers is the
worst-case digital input high threshold {VaH or
VIH). These range anywhere from +2V to 15V;
and anything greater than +2.4V is obviously not
compatible with worst-case TTL output levels.
The fact is that no CMOS input is truly TTL com-
patible _unless an_external puli-up resistor is added,
TTL output stages were not designed with CMOS
leads in mind.

The experienced designer will always add a pull-up
resistor from the CMOS input to the +5 Volt supply
when driving from TTL/DTL:

1. Interchangeability: allows subsititution of sim-
ilar devices from several manufacturers.

2, Neise immunity: a TTL cutput in the "high”
condition can be quite high impedance. Even
when voitage noise immuonity seems satisfact-
ory, the line is quite susceptibie to induced
noise.  The pull-up resistor will reduce the
impedance while increasing wvoltage noise
immunity.

3. Compatibility: one manufacturer does guar-
antee +2.0 Volt minimum VaH. However,
this is accomplished with circuitry that is any-
thing but TTL compatible:-input current vs,
voltage shows an abrupt positive then nega-
tive resistance region which is not the kind
of load recommended for an emitter follower
stage, A pull-up resistor will swamp out the
negative resistance. Other CMOS inputs capac-
itively couple internal switching spikes to the
input  which could cause double-triggering
without the pull-up resistor.

4. Reliability: it shouldn’t happen with care-
fully processed 1.C.'s; but any possible long
term  degradation of CMOS devices usually
involves threshold voltage shifts. The pull-
up resistor will help maintain operation if
input threshoids drift out of spec. On units
without adequate input protection, the resistor
will also help protect the device when a loose
£.C. card is handled. Where the interface goes
through a P.C. connector, the resistor will
force current through the connector to break
down any insulating film which otherwise
might build up and cause erratic dry circuit
operaticn.

A 2K ohm resistor connected from the CMOS
input to the +6 Volt supply is adequate for any
TTL type output. If power consumption is
critical, open collector TTL/OTL should be
used, allowing a higher value resistor—the
voltage drop across the resistor is computed
from the sum of specified 1" level leakage
currents at the TTL output and CMOS input.

C. CMOS INTERFACE

The digital input circuitry on all Harris devices is
identical to series 4000 and 54C/74C logic inputs,
and is compatible with CMOS logic with supplies
between +5Y and +15V without external pull-up
resistors.

D. ELECTROMECHANICAL INTERFACE

When driving inputs from mechanical switches or
relays, either a pull-up or pull-down resistor must
be connected at the CMOS input to clear the dry
circuit and damp out any spikes, as illustrated in
Figure 2, (b} and {c},
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Figura 2

A PRACTICAL MULTIPLEXER
APPLICATION

Figure 3 illustrates a practical data acquisition system
hookup using an anaiog multiplexer, a monolithic
sample-and-hold and an A/D converter, The HA-
2420/2425 sample~and-hold is a particularly good
choice for this type application because it eliminates
the need for a separate high impedance, high slew
rate buffer amplifier. 115 acguisition time is consis-
tent with CMOS multiplexer settiing times and maost
available A/D conversion times. Errors, after initial



adjustment, are consistent with up to 12 bit absoiute
accuracy over s wide temperature range.

A. ACCURACY

D.C. error sources include:

1. Multiplexer:
a. input offset = R source x {g{OFF)
b. output offset = R{ON} x {IDION} + 1 bias

{S/H}

2. Sample-and-hold
a. input offset voltage
b. charge injection; sampie-to-hold offset
¢. gain errar during “hold™”
d, drift during hold

3. A/D converter:
a, linearity
b. gain drift
c. offset drift

lten 1(a)} and (b), and 2{d) become significant only
at very high temperatures. 2{a) and {b} are initially
adjusted out with the affset adjustrnent pot on the
S/H. 2{c) is usually adjusted out by A/D gain adjust-
ment, but could also be removed by a voltage divider
feadback on the S/H to give a slightly greater than
unity gain during “sampie’’. After initial adjust-
ments, typical S/H errors are less than 0.5mY over
00 to +759C, Note that after adjustment, there may
be an appreciable offset at the S/H output when
switching from sample to hold, This is not a prob-
lem, since accuracy is required only during “hold”,
and the system is adjusted for this.

The largest system errors are usually 3{b) and fe),
drifts with temperature and time. [f two multi-
plexer chatnels can be dedicated for stable (+) and
{-} reference voltage inputs, then the data processor
can continuously cslibrate the system, effectively
removing all errors, except 1(a) and 3{aj which are
usualty negligible.
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B. TIMING

The timing diagram in Figure 3 indicates the neces~

sary system delays far each multiplexer address:

T1 is the combined acquisition ‘timte for the
muitiplexer and S/H.

Tz is the short interval required for the sample-
to-hold transient to settle.
T3 is the A/D conversion time.
The following tabie indicates minimum recommended
timing for £ 10 Vet input range for acquisition/
settiing times to % L.5.8. accuracy:

n I
10 bit: Bus 18
12 bit: 128 2uS
The multiplexer, by itself, requires about 2 s and
9 s settling to 10 bit and 12 bit accuracy, respect-
ively: but fortunately this can be concurrent with
S/H acquisition time. This is longer than would be
predicted by the RgN Cp time constant; probably
because of internal distributed capacitance, a rather
long period is required to traverse the last few milli-
volts towards the final value.

It should be noted that impedance conditions ar the
multiplexer inputs can affect the necessary acquisi-
tion time. At the instant the muttiplexer switches
from one channel to a new one, thers is appreci-
able current pulled through the new channel input
in order to charge Cp from its old level to Its new
level, This can cause ringing on signal lines, or
glitches at signal conditioning amplifier outputs
which require longer periods to settle. It is best
for signal conditioning amplifiers 1o be wide band
types, such as HA-2600, so that their high frequency
output impedance is fow and recovery from load
transients is fast; even though the signal to be meas-
ured is very low bandwidth,

The T1 and T2 times could be efiminated by alter-
nating two S/H clrcuits, acquiring a new signal on
the second while AJ/D conversion is taking place.
The twoe 5/M circuits would have inputs connected
together, and outputs alternately connected to the
A/D by an analog switch. Total time, then, would
be T3 plus the analog switch settling time.

If the MUX input channels are sequentially switched,
each channel will be sampled at a rate of

I S, R
Fg = NFT+ T2+ T3) saymples per second, where N is

the number of channels. The frequency spectra of
the input signals must then be no higher than Fs.
2
In many systems, howaver, each channel carries a
different maximum frequency of interest, and it may
be desirable to depart from simple sequential scan-
ning. Quickly vatying signals, for example, couid
be addressed saveral times during a scarning period.

C. ADDING CHANNELS

For more than sixteen channels, several multiplexers
may be tied together at the outputs, and addressed in

parallel, but with oniy one “enabled” at a time. The’

MUX output offsst will be increased, since ip (OFF
or ONJ is additive. Also, output capacitance, Cp, is
additive, creating increased access times.

These arrors can be minimized in large systems by
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having several tiered levels of multiplexing; where the
outputs of a number of MUX's are individually con-
nected to the inputs of another MUX.

D. DIFFERENTIAL MULTIPLEXING

When low level analog signals must be conducted
over a distance, it is generally better, from a noise
pickup standpoint, to use a balanced transmission
line carrying signals which are differential with re-
spect to ground.

A dual multiplexer is used for this purpose, as shown
in Figure 4, Two sample-and-hold circuits plus
an op amp form a high impedance differential
sample-and-hoid with gain. At gains greater than 4,
the minimum sampling time {T1 in previcus example)
must be increased propertionately to gain to allow
for overdamped settting characteristics.

When handling low level, or high impedance signals,
consideration should be given to adding signal condit-
ianing amplifiers at the signal sources, since this can
often produce less troublesome, more accurate,
lower 0Ost systems.
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E. DEMULTIPLEXING

Since the switches in a CMOS MUX conduct aqually
well in either ‘direction, it is perfectly feasible to usa
it as a single input-selected multiple output switch.
Figure B illustrates its use as a demultiplexer, with
capaciters to hold the output signal between samples.
When the address lines are synchronous with the
address of the original multiplexer, the outpat
lines will recreate the original inputs, except level
changes will be in steps.

Overvoltage protection is not effective with signals
injected at the normal MUX output, so an external
network should be added, if necessary.

A more accurate demultiplexer could be constructed
using the HA-2420/2425 sample-and-hotd for each
channel, connecting inputs together and sampling
each channel sequantijally,
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ANALDG SWITCH APPLICATIONS

A. HIGH CURRENT SWITCHING

Analog switches are sometimes required to conduct
appreciable amounts of current, either continuous,
or instantaneous—such as charging or discharging
a capacitor. For best reliability, it is recommended

.that instantaneous current be limited to less than

80mA peak and that average power over any 100
millisecond period be limited to 12Rgn  {absoluts
max. derated power—quiescent power). Note that
RN increases at high current levels, which is charac-
teristic of any FET switch. Switching elemegnis may
he connected in parallel to reduce RQN.

B. OPF AMP SWITCHING APPLICATIONS

When analog switches are vsed either to select an
op amp input, or to change op amp gain, minor
circuit  rearrangements can  frequantly enhance
accuracy. In Figure 6 {a), RO of the input selector
switch adds to R1, reducing gain and allowing gain
to change with temperature, By switching into a
nen-inverting amptifier (b}, gain change becomes
negligible.  Similarly, in a gain switching circuit,
RON is part of the gain determining network in
{c), but has negligible effect in {d}.
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C. SWITCHING SPIKES AND CHARGE
INJECTION

Transient effects when turning a switch off or on are
of concern in certain applications. Short duration
spikes are generated (Figure 7 (a)} as a result of
capacitive coupling between digital signals and the
analog output. These have the effect of creating an
acquisition time interval during which the cutput
level is invalid even when little or no steady state
level change is involved. The total net energy {charge
injection} coupled to the analog circuit is of concern
when switching the veltage on a capacitor, since the
injected charge will change the capacitor voltage at
the instant the switch is opened (Figure 7 (b}).
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Figura 7

Charge injection is measured in pico Coulombs;
the voltage transferred to the capacitor computed by
V= Charge {pC)

Capacitance (pF}

Both of these effects are, in general, considerably
less for CMQS switches than for eguivalent resistance
JFET or PMOS devices, since the gate drive signals
for the two switching transistors are of opposite
polarity.  However, complete cancellation is not
possible, since the N and P channel switches do
not receive gate signals quite simultaneously, and
their geometrics are ngcessarily different to achieve
the desired D.C. resistance match.

In applications where transients create a problem;
it is frequently possible to minimize the effect
by canceflation in a differential circuit, similar to
Figure 8.

QIFFERENTIAL
AMPLIFIER

SIGNAL

Figure B

Among the Harris anlog switches, the HI-201 is the
best from the transient standpoint, having turn-on
spikes of about 100mY peak, 50ns width at the 50%
point, and charge injection at turn-off of about
20 pico Coulombs. Transients of the HI-5040
series are several times higher.

D. HIGH FREQUENCY SWITCHING

When considering a switching element for R.F. or
video type information, two factors must be
watched: attenuation vs. frequency characteristics
of an ON switch, and feedthrough vs. frequency
characteristics of the OFF switch. Optimizing
the first characteristic requires a jow RQN x Cp
product, and the second a low value of Cpg (OFF).

The 30 obm switch types of the HI-5040 series
appear to best meet these requirements, and tesi-
ing at high freqguencies has verified this.

Figure 9 illustrates these circuit configurations;
{a} is a simple series switch, (b) is 8 series-shunt
configuration te reduce feedthrough, and {c| is a
SPDT selector configuration with series-shunt ele-
ments. A 1K chm foad is illustrated, which might
be the input impedance of a buffer amplifier stage;
a lower load resistance would improve the response
characteristics, but would create greater losses in the
switch and would tend to distort high level signals.
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Figure 10 shows ON and OFF frequency response
for each of the above configurations, Arbitrarily,
we will define useful frequency response as the
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region where ON lesses are less than ~3dB and OFF
isalation is greater than -40d#,

The simple configuration la} has excellent ON res-
ponse, but OFF isolation limits the useful range to
about TMHz {(the data sheet indicates -B0dB isola-
tion at 100kHz, but this is measured with 100 ohms
load, which accounts for the 20dB- difference}.

The circuit in {b) shows a good improvement in
isolation produced by the iow impedance of the
shunt switch, The useful range is about 10MHz;
which could also be achieved in a simple SPDT
2-switch selector if source impedances are very low.

The selector switch in {¢) has excellent character-
istics, both ON and OFF curves indicating 40MHz
usetul response.  Additional switches connected
to the same point would reduce the ON response
because of added shunt capacitance; but this could
be eliminated by feeding separate summing amp-
lifier inputs.

Careful layout is, of course, important for high
frequency switching applications to avoid feed-
through paths or excessive load capacitance,
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ALTERNATIVES TG CMOS SWITCHES
AND MULTIPLEXERS

7-88

CMOS devices are excellent in many apptications.
However, there are some other devices which merit
consideration in certain anafog switching circuits
where they may improve performance, reduce parts
count, or be more econamical.

A. THE PRAM, PROGRAMMABLE AMPLIiFIER

The HA-2400/240% is a unigue monolithic bipolar

circuit which combines analog switching with high
performance operational amplifiers. It basically
consists of four op amp type input stages, any one
of which is connected to a single output by bipotar
switches controlled through a TTL compatible
address decoder, in a single package, it contains the
equivalent of 5 op amps pius a 4 channel mulitplexer,
It has Iiteraliy hundreds of applications in signat
selection and programmable signal conditioning.

Figure 11 illustrates a four channel multiplexer.
Connections from the output 10 each input stage
are always the same as a comparable ap amp cireuit;
the +1 gain connection is illustrated.
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Advantages over a comparable CMOS multiplexer
circuit are as follows: o
1. High input impedance {1072 ghms), low output
impedance { < 0.1 ochm} means that ON resis-
tance and leakage currents are no longer of
concern. There is negligible transient loading
of input lines.
2, Gain filtering, etc. can easily be added with
feedback networks.
3. Fast acquisition {1.5u5]).



4. Wide bandwidth (B MHz).
5, Superior feedthrough characteristics{-110dB at
10kHz, -60dB at IMHz),

Disadvantages include:

1, Less accuracy for low level D.C, signals; the
offset voltages of each input stage do not
necessarily match or track each other.

2. Cannot be used in reversa as a demuitiplexer,

3. Disabling the device {enable pin low} does not
open the output line, or drive the output to
zero. Adding channels may be accomplished
by tieing compensation pins together.

Figure 12 illustrates the PRAM used as a program-
mable gain amplifier. Any connection possible with
op amps can be wired 4 ways to make orogrammable
active fiiters, oscillators, ete,, ete. Harris Application
Note 514 shows many possibilities,
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B. SAMPLE-AND-HOLD

The sample-and-hold function has often been
accomplished with separate analog switches and op
amps, These designs always invelve performance
tradeotfs between acquisition time, charge injection,
and droop rate.

The HA-2420/2425 monclithic sample-and-hold,
illustrated previously in Figure 3 has many times
better tradeotds, usually at a lower total cost than
the other approaches, The switching element is a
cormplernentary bipolar eireuit with feedback which
atlows high charging currents (30mA}, low charge
injection {10pC), and ulira low OFF leakage current
(BpA); a combination not approached in any other
electronic switch. These factors make it also superior
as an integrator reset switch, or as a precision peak
detector as shown in Figure 13. Harris Application
Mote 517 illustrates many other applications,

Vg > 5 MV

y 4BV
X
COMPARATOR
RESET
OPEN COLLECTOR
e TTL GATE
Figure 12

C. PROGRAMMABLE SUPPLY CURRENT
OP AMPS

The HA-2720/2725 and HA-2730/2735 (dual amp)
are op amps with an extra terminal which is used
to cantrol guiescent supply current, These are most
generslly used in low power systems to optimize
the power dissipation vs. bandwidth and slew rate
tradeoffs. They can also be vsed with variable set
currents to make linearly variable oscitlators, filters,
etc.  Another application is a switchable op amp as
shown in Figure 14,

N
9FF

Figure 14

The iflustrated transistor could be the output of high
voltage open collector gate. The set resistor R is
chosen so that the set current is the desired value
when the transistor is ON, considering that the
voltage at ISET terminal when ON is about 2 forward
junction drops {~ 1.5V] below V+, When the tran-
sistor is turned OFF, amplifier input, output, and
supply terminals become very: high impedance, so
that two or more amplifier outputs could alternately
be switched to the same point.

Off isolaticn with a 2,600 ohm load is about -80dB
at 10kHz.

D. CHOPPER STABILIZED AMPLIFIER

Analog switches are sometimes used as choppers for
amplifying low level D.C. signals with low offset
errors. The HA-2900/2905 is a manolithic chopper
stabitized amplifier in a TO-99 can. Typical offset
drifts are 0.2 pV/oC and TpA/eC with 5 x 108
open loop gain, Harris Application Note 518 des-
cribes this device,
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Although most designers appreciate the benefits of
the complementary-MOS process for digita! design,
few realize how effective the technology can be for
analop switching. C-MOS analog switches, which
consume lgss power than bipolar devices, exhibit no
dc offset voitage and can handle signals up to the
supply rails. The C-MOS bilateral property furnishes
input 2nd output functions, making multiplexing and
demultiplexing possible. In addition, the on-resis-
tance of an MOS switch is as low as 30 ohms--a third
as much as a bipolar device.

Unfortunately, C-MOS analog switches, which until
recently were built with junction isolation, have been
difficult to design into analog multiplexers and
switches. The devices latched up easily, their C-MOS
inputs were destroyed by electrostatic charges, and
they literally went up in smoke when confronted
with input overvoltage spikes and power-supply
transients. To prevent destruction, costly external
pratective circuits were needed, and, even then, the
devices latched up unless the power was turned on
and off in a set sequence.

Because latch-up problems limited the use of analog
switchas so severely, device designers focused a great
deal of attention on eliminating the condition.
Recently, the success has been noteworthy, Indeed,
three new technologies now offer latch-free analog
switch operation: latch-proaf junction isclation {J1),
floating-body junction isolation, and diglectric
isolation {DI].

Both JI technigues are conventional processes that
have been slightly modified to alleviate the old
problem of latch-up, However, both of these JI
technologies still require costly external protection
circuits to guard against burn-out in such applications
as analog-signal multiplexing that interface them with
the outside world. That is why J| devices are best
suited for internal-switching applications where the
electrical anvironment can be controlled. In contrast,
the improved DI technology, by virtus of its con~
struction, offers anzlog-switching devices suitable for

GETTING THE MOST
OUT OF C-MOS DEVICES
FOR ANALOG

SWITCHING JOBS

BY ERNIE THIBODEAUX

many inside applications, as well as providing in-
board analog protection for devices that interface
with the other circuits. Happily, the smaller substrate
area of the DI device delivers a betier speed-power
product than the JI technology,

THE BASIC C-MOS SWITCH

The basic C-MOS transistor (Fig. 1) has parasitic
junctions that are reverse-biased during normat
operation. However, certain overvoliage conditions
can forward-bias these junctions to cause high cur-
rents that could possibly destroy the devices.
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Figure 1, Bad
In the baslc C-MOS analog switch, the parasitic junctiona
ara revarsad-blased durlng normasl aperation.  Large cuver-
voltages, hoawaver, make them forward-bissed end drew
large currants,

The parasitic junctions are actually npn and pnp
transistors that are normally reverse-biased by the
applied body pctentials. However, because many
analog switches, and especiatly multiplexers, are con-
nected to their analog sources through long lines,
they are highly susceptible to externally induced
voltage spikes. For example, these spikes, which
can often exceed the p—channel body potential, V+,
can inadvertently turn on a normally off switch

Reprinted fram Elactronics, Decermbear 25, 1876, Copyright 1975 by McGraw-Hiil inc. 1221 Avenue of tha Amaricas, Naw York, N.Y. 10020



through the parasitic pnp transistor (Fig. 1}.

The n-channel device is similasiy affected when the
parasitic npn transistor is turned on by a negative
overvoltage.  This action, commonly known as
channgl Iinteraction, causes momentary channel-to-
channel shorting, which introduces significant errors
in the system. This intermittent condition, which
is seldom destructive, is rarely isolated because it
oceurs oply randemfy.

One of the adverse effects of channel interaction is
illustrated in Fig. 2. Channe! 1 of an analog multi-
plexer is selected when all other channels are off.
Channel 16 receives an input-noise spike that mo-
mentarily exceeds the positive supply. The sequence
causes channel 1 read-out to be +16V because of
interaction with channel 16 just before initiating the
held command to the sample-and-hold device. To
prevent this annoyance requires additional protective
circuits that ciamp each channel input to a voltage
beiow the threshold of the parasitics to ensure that
the channels remain inactive upder any conditions.
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Figure 2. Worss
With CMOS devices, nolse splkes can causa channe| fnterac—
tion, in this multiplexar, althaugh channal * s only one
selected, nolte spikes couce cross talk in channel 16, which
attacts reading,

A more serious condition exists when the substrates
{p- or n-} lose their respective potentials to ground
{Fig. 3] -a condition that occurs when power to the
device is turned off while the analog signals are still
present, In this situation, the anzlog switch, which
at that point represents a diode cannected through
the low impedance of the supply, draws high current
from the analog source.

This current turns on the switch through its parasitics
and shorts all channels to the gutput. These shorts
can easily be catastrophic in multiplexer systems that
have different power supplies for the analog source

Reaprinted from Eleetronics, December 25, 1576,

and the multiplexer switch, An error during trouble-
shooting or an inadvertent supply glitch can trigger
this fauit mode and destroy the whale system.
Therefare, there is obvicusly much more to system
reliability than having latch-proof C-MOS devices,

ISHORT

N

Ny >——9 IFAULT

Ny >——9 IFaULY E
MUX OUT

ISHORT

ISHORT
———
1

N >————— IFALT E

Figura 3. Still Worsa
Mast serieus in CMOS switches is losing substrate potentlal to
ground. This condition, which heppens when power i3 lost
and tha analoy signal is present, cousas very high currents.

CONSIDERING IATCH-PROOF JI
TECHNOLOGY

The standard J| process has been modified by what is
claimed to be latch-proof construction through
control of the effective betas of the parasitic transis—
tors. A crass section in Fig. 4{al shows the C-MQS
structure slong with its parasitic transistors and the
equivalent circuit in Fig, 4{b} that gives rise 1o the
silicon-controlled-rectifier latch~up problem,

Under any of the fault conditions previousiy men-
tioned, the npn and/or png can trigger this quasi-
duai-gate SCR into a state of high conduction. If
the transistor ﬁ product is 1 or greatar, this config-
uration is sustained until either the device burns up
or all sources of power are removed. By using a
buried-iayer configuration, as shown in the cross
section, the ﬁ product is reduced to less than 1,
eliminating the latch-up conditions.,

Again, especially in multiplexer applications, the
latch-free devices do not guaranteg against destrue-
tion, and the JI multiplexer still requires costhy
discrete circuits around the device, as shown in Fig 5.
If an overvoltage exists, the resistor/dicde circuit
at each analog input limits the input voltage to the
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pargsitlc transistor under unity.
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Junction-iscleted davices sre now mada Jateh-proof with 8 burfed-leyer configuretion {g), which kesps beta of
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supply-voltage range 1o prevent the parasitic transis-
tor action.

The resistors limit the overvoltage currents through
the diodes. The diodes must have a low threshold
voltage—much fower than the 0.8V silicon-junction
threshold of the internal parasitic diodes—to ensure
that the parasitics do not turn on.

A germanium diode offers a low threshold voltage,
but its high leakage current makes it impractical,
especially in 0.1% systems. Therefore, in most
applications, more expensive Jow-leakage diodes
are used.

Far exampte, Schottky diodes meet the requirements,
Lut they cost about 50 cents each in volume, and the
total cost per multiplexer, including parts and laber,

Reprinted from Elsetronics, Decembsr 25, 1975,

for the discrete protection circuit may well be double
the initial purchase price of the device, Even then,
its reliability will never approach that of an IC that
has this protection already built in,

THE FLOATING-BODY J! TECHNOLOGY

Standard JI technology allows another approach io
Iastch-proof device construction: a portion of the
SCR continuity is broken by floating the "body” or
substrate of the n-channel switching device. A cross
section of this pracess is similar to that in Fig. 4{a),
exciuding the buried layer and the negative supply
connection to the p- substrate, so that the dual-gate
3CR is changed to a single -gate device that can only
be triggered by the pnp parasitic. This, of course,
reduces the latch—up probahility by 50%.



To completely eliminate latch-up, as before, the ﬁ
product of the transistors is reduced to less than 1.
This accomplishment, certainly a significant im-
provement over the conventional process, offers
greater reliability, but certain trade-offs- must be
made when the body of a MOSFET is floated.

Nominal source-to-drain breakdown voltages are
reduced which limit the peak-to-peak signal range.
Qver-all breakdown is limited ‘by the collector-
emitter breakdown voltage, BVCEQ, of the npn
parasitic  transistor of the floating n-channel
MOSFET. The breakdown voltage increases with the
degree of reverse-bias potential applied to the
substrate, With a floating body, BVcEQ is minimum,
so particular care is necessary when using these
devices in configurations such as single-pole single-
throw, single-pole double-throw, dpst, and dpdt,
where each side of the switch connecis 1o oppasite
polarities. The peak-to-peak handling capability is
specified at a minimum of 22V therefare, 30V pk-pk
cannot be switched with £ 15V supplies, as it can
with other C-MQS devices.

What's mare, the leakage currents of floating-body
JI devices are higher than other types, simply he-
cause the loEQ of the floating base for the npn is
much greater thap the ICgQ of other devices having
fixed reversed-biased body potentials. The increased
leakage currents in spst switches may net bk too
significant.

However, in mulitiplexers that have the outputs of as
many g5 16 switches tied together in one 1C, the total
summation of currents can significantly affect system
accuracy. For example, the specification for a warst—
case 16—channel floating-body multiplexer is 10
microamperes, and the channel on resistance is 550
ohms . The de-offset error would be 5.5 millivolts,
representing an accuracy to 0.056%.

Other 16-channel types specify worst-case para-
meters of 500 nanpamperes and channet resistance
between 550 ohms and 2 kilohms. Their dc-offset
error is between 0.28 mV and 1 mV, respectivaly,
allowing accuracy to 0.07% or better.

Finally, the effective off impedance of the floating-
pody switch is degraded by the floating-body tech-
nique. Off-isolation characteristics of a MOSFET are
primarily determined by its source-to-drain capaci-
tance. But with the base floating, the effective capa-
citance fram emitter to collector is increased by the
series combination of emitter-base and base-collec-
tor-junction capacitances (Fig. 6a). This increase
degrades the over-all off-isolation characteristics.
For axample, the off isclation for a typical floating-
body channel at i megahertz that has RL = 100 ohms
is specified to be -54 decibels, which compares
favorable with other types. However, at lower
frequencies such as 1 kHz, the isolation is only
-62dB, compared to mare than ~110dB for improved
devices. Capacitances C1 and C2 for them are shunt-
ed by the low ac impedance of the supply voltage
(Fig. 6b},
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Figure 6. Floating Bodies
Floating-body switches hava degreded "“off" [mpedance
because total capacitance {a) combings two junction capa-
citances. In D{ circuit {b), capacitances are shunted cut,

THE LINEAR DIELECTRIC-ISOLATION
TECHNOLOGY

The linear dielectric-isolation process requires no
modifications to guard against latch-up. Its basic
construction ensures that the SCR configuration
that causes latch—up can not exist. The functional
cross section in Fig. 7 reveals the silicon-dioxide
isolation  barrier fabricated between all parasitic
transistors. This isolation allows each active element
to be self-contained and independent with no inter-
face junctions. At mast, only three-layer structures
are permitted for sach tub, so that four-laver struc-
ures, or SCHs, are impossible.  Also, since the DI
technology requires no guard bands, junction capa-
citances, leakage currents, and size are minimized.
The resulting increase in packing density per wafer,
together with increased yields, enables these devices
to be cost~competitive with other types.

GATE {SQLATION GATE
SOURCE

Figure 7, How DI Does It
Diajectrle isclation aliminates latch-up by a sllicon-—dlaxide
Jlation barrier L 1 devices. This separates all active
elements, aflminating interface junctions that cause para—
sitle SCA's,

in working with DI devices, the 1C designer is not
burdened with the fixed substrate potentials found in
J devices, He may let the substrate float, fix it to
some potential, or even modulate it, Fig. 8 depicts
a typical Cl analog switch circuit that minimizes the
variation of on resistance with the analog signal.
Ordinarily, in conventional circuits, the body or
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substrate potentials of the n and p-channel devices
are fixed and the source-to-body bias potentials
vary with the analag input voltage. This change in
body bizs causes a wide variation of on resistance
within the analog signal range. However, in the DI
circuit, the bodies of P1 and N1 are connected to-
gether through N3 during the on state. This allows
the body to foliow the input voltage providing a
constant source-body bias and therefore a constant
on resistance. During the off state, the bodies of
N1 and P1 are at their respective supply potentials
through P2 and N2, thergby preserving high off
isolation and low leakage currents.

F R DECODE

N1

oH i ol

3

LLJ

la]

T

FROM DECODE

Figurs 8. DI Doas {t
In dislectrically Tsolated switches, on rasistance modulatlon
by the anslog input 15 minlmized by connecting Ny and Py
bodies toegethar through N,

DESIGNING A FOOLPROOF C-MOS
ANALOG MULTIPLEXER
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In dietectrically isolated multiplexer circuits, protec—
tion can be provided on the chip primarily 1o elim-
inate channel interaction. This protection prevents
narmally off channels from being turned on by
parasitics from other channels., And because this
interaction is prevented, even worst-case power-
supply faufs cannot destroy the device. Moreover,
since DI structures have no SCR effect, protection
against latch-up and power-sequencing are not
necessary, In short, DI multiplexers with built-in
protection can withstand virtually any conceivable
fault from the ocutside world.

The typical protected D1 multiplexer {Fig. 9) benefits
from & combined bipolar/C-MOS technology, The
illustrated bipolar section is used to sense an analog
overvoltage condition and steer current away from
the parasitic MOSFET junctions. Each of the switch-
ing devices, N1 and P4, has its own protection ¢ir-
cuits. Devices P3, Dg, D7 and Qg protect P while
Nz, D4, Dg, and Qg protect N1. When the switch is
off, the substrate of the.p-channel FET, Py, is

Raprinted frorm Electronics, Decembaer 25, 1975,

connected 1o V+ through P3 and diode D7 for
maximum isolation and low leakage currents in the
off state. If the input voltage suddemty exceeds
i+, the source-body junction, which would normally
conduct, is instead clamped by transistar Qg.

. FROM DECODE
OVERVOLTAGE | PROTECTION _L
T
'3l
P3 ag
Dg D7 Lal_

" FROM DECUDE

Figura 8, Winning Combination

Combining blpolar and MOS tachnolopies In the tame multl-
plexer gives built-in protection, This clrcult Is typical for
gach channel in multlplexers HI-506A, HI-5074, HI-S0BA,
and Hi-509A.

The base-emitter junction conducts to hold the
source-body diode off with a saturation voltage
VeE(SAT) of about 0.2V, Thus clamped, the switch
iz protected from the effects of overvoltage,

Clamp Qg always surns on before the forward-
voltage drop of the source-body diede is exceeded
because diode Dg requires an additional forward-
voltage drop for conduction through the parasitic
junction. Moreover, resistor Rq Yimits the current
flawing through Qg when high overvoltages exist.
Although R1 adds to the tatal on-resistance of the
channel, its associated error is insignificant, since
most systems provide high-impedance buffering
anyway, For negative overvoltages, N1 is similarly
protected, What's more, the protection circuit,
rated at a nominat overvoltage of 33V, reveals
a cross-talk current of only about Bna {Fig. 10}.

When the switch is normally turned on, the sub-
strates of Nq and Pq are connected together through
N2, which, as deseribed before, results in a constant
on resistance.

This condition represents an absobute error from
channel interaction of only 6 microvolts {RpN x
Bpya)—certainly negligible in most systems. In
contrast, floating—hody types have guarantees only
that they won't be burned up by £26V overvoltage.
Their manufacturers do not make any claim against
channel interaction. iIn fact, channel interaction
occurs readily in these devices when the n~ and
p-channel thresholds are excesded by an overvoit-



age. For example, the n-channel device, although
floating, would be inadvertently turned on if the
analog input exceeded the negative supply by its
gate-to-source threshold, which is typically 1.5V.

2

18 -8

ANALOG INPUT
CURRENT {IiN) ™,

12 =4

C

QUTPUT OFF LEAKAGE
GURRENT tp (OFF}

(i} ANALOG INPUT CURRENT {mA}
GUTPUT OFF LEAKAGE CURRENT {nAl

1 ] 1 1 1 [ |
$15 *w@  t21 +t24 227 $30 133 $36
VIN — ANALOG INPUT OVERVOLTAGE {VOLTS)

Figure 10. Blocking Craom Talk
Ol switches have minimal cross-talk problems, An over—
dltage of 23V prod a crossi-telk current of only SnA—
an sbsolute arror from chennel Interaction of only 64V,

ADDING BENEFITS

RESULTS OF DIGITAL-INPUT PROTECTION TESTS
{20 DIELECTRICALLY ISOLATED UNITS}

STRESS STEP/VOLTS FAILURES

500
1,000
1,600
2,000
2,500
3,000
3,500
4,000

W o WS =000

Additional DI benefits are passed on to the user in
the design of the digital input-protection circuit
shown in Fig. 11. The fabrication of all components
as isolated sificon islands eliminates any possibility
of latch~up. The dipdes switch fast and quickly
discharge any static charge that may appear at the
digital MOS input gates. The table gives the results
of & step-stress analysis performed on 20 units. A
total of 80% survived the 3.5 kilovolt level, and
only one failed below 2kV,

The DI technology enables a wide variety of active
elernents to be integrated on the same chip to provide
maximum versatility. For example, in the transistor-
transistor-logic/C-MOS referance circuit shown in

Aeprinted fram Electronics, Dacamber 25, 1975,

Lid

DHEITAL IN

LILLE L

Figure 11, Digital Prataction
DI devices slso protact digimt Inputs. For example, the
diodas [n this clreuit guickly discharge any statle charga
that may appear an an MOS Input gate.
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Figura 12, Packing It In

01 technology Increases chip densfty of anslog switch,
sllowing mare clreuit capability per package. For xample,
O designs make possible this internal logle reference clreuft
in HI-200 and HI-201 switches,

Fig. 12, the bipolar technolagy enables realization of
a simple zener reference circuit, consisting of resistor
R2 and transistors (i, Q2, and Q3.
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The circuit develops a stable 5V reference for inter-
facing with TTL and eliminates the nged for an add-
iticnal 5V logic supply. Current for the zener (Q3) is
supplied through the normally on MOSFET, Pq,
which can be easily turned off if not needed to
minimize power consumption when interfacing
with C-MOS-logic circuits. P1 turns off when V+
or supply voltage Vpp is applied to the reference
terminal VREF to convert the 1C’s power-consurmp-
tion from bipolar to C-MOS level. If power is not
critical, VREF can be left open to speed switching.

In high-speed dats-acquisition systems, the designer
is concerned with both quiescent power and dynamic
power consumption. If JI devices are used, the
capacitance or leakage currents are so high they con-
tribute a major partion of total power consumption.
That situation is caused by the large-geometry
parasitic junctions formed by the n- junction.

In contrast, the smaller substrate area of the DI
device provides much less power drain. Dynamic-
power consumption as a function of frequency for
several 16-channel analog multiplexers with 15V
supplies is shown in Fig. 13. The D! device consumes
only 100mW at 1 MHz to vield the best speed-power
product.

w0l
z
= 370
=
e
=
g 0
>
W
=
8 160 o
o I
§ i
— J1
S w0 /
0 : 4 f
" 10K 100k L]

TOGGLE FREQUENCY {IN Hz} [80% DUTY]

Figure 13. DI Performs
Di devices not only perform well, but do Bt with lass power,
Dynamic-power—consumption date tor commercial multi-
plexers shows Ol device consuming only 100mW ar 1MHz.
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INTRODUCTION

INTRODUCTION TO THE
PHASE LOCKED LOOP

BY DON JONES

WHAT IS A LaOP?

In aelectronics, we are all concerned with the
manipulation of information which is ex-
pressed as electrical guantities. This informa-
tion can be expressed many ways - as a voltage,
a current, a tirme period between two events,
or as modulation information on an AC.
carrier - amplitude, frequency, or phase angle.

Of these, the time related expressions - time,
frequency, and phase angle have several advan-
tages. Information can be transferred between
remote points with less loss of accuracy due
to noise. Extremely accurate standards are
available - crystal oscillators and atomic clocks.

One reason that frequency or phase modula-
tion has not been used more universally as an
information medium, is that hardware to
manipulate these signals has been more com-
plex than that for voltage and current signals.
For voltage and current signals, inexpensive
building blocks such as operational amplifiers
and digital circuits have greatly simplified
design of complex systems. Now, there is a
versatile building block for signals in the fre-
guency domain - the monolithic phase locked
loop.

You've probably heard the term. “phase
locked loop”, a number of times since first
starting in electronics; but unless you have
already had the oppertunity to work with
one, the concept may not be clear. The gen-
eral operation of this circuit is really not
difficult to understand. You will find the
phase locked loop to be a very useful tool
wherever A.C. signals are encountered - from
subaudio to microwave frequencies.

First, let’s review what is meant by "loop’;
then later we can show where "phase logk’'
comes in,

MIXER AMPLIF{ER
INFUT EAROR QUTPUT
{INPUT-FEEQBAL K}
FEEDBACK

Figure 1

Figure 1 is a general diagram which fits many
control systems - electronic, mechanical, or
even the human hody. The input signal is a
function of the desired output. If the output
is not presently at the desired point, an error
signal is generated by the mixer- which is

amplified and drives the output in a direction
$0 as to minimize the error signal. In a8 mo-
ment, we will see how this negative feedback
loop systermn applies to the phase locked lcep.

PHASE ERROR auTPUT
DETECTOR LOW PaSS SIGNAL YOLTAGE FREQUENLY
e | conTROLLED 0O
INPUT QSCILLATQR
FEEGBACK
Figure 2

A simple diagram for a phase locked loop is
shown in Figure 2. If we consider the phase
detector and low pass filter to be a mixer, and
the voitage controlled oscillator to be a type
of amplifier, the diagram is identical to the
negative feedback loop in Figure 1.
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In many feedback control systems, the input
and cutput information signals are expressed
as voltages. In the phase locked loop, how-
ever, the input and output information signals
are expressed as A.C. frequencies.

As in the general loop, the output is driven in
the direction which will tend to minimize the
error signal. In this case, the error signal is a
frequency - so the loop tends to drive the error
frequency towards zero frequency. To accom-
plish this, the feedback frequency must be
made equal to the input frequency. Once the
two frequencies are made equal, the error
signal is 3 function of phase difference be-
tween the two signals, so that the phase
difference is also controlled.

Before showing what we can do with the
phase locked loop, let’s examine its parts.

PHASE DETECTOR AND FILTER
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INPUT 1y

M O
CHOPPER LW PASS
FILTER
ERROR
) I SIGHAL
T |
g‘:’ {11 FEEDBACKf,

Figure 3

For simplicity, an electromechanical phase
detector is illustrated in Figure 3. Of course,
most systems use a solid state switching
element, rather than a mechanical chopper.

As the chopper armature is moved from one
contact to the other, the input signal appears
at the armature alternately at 09 or 18(0°
phase. 1f the input and feedback frequencies,
ty and f5 are not equal, the circuit acts as a
balanced modulator with sum and difference
frequencies, (f1 + f3) and (fq - f9) appearing
at the chopper armature. The low pass filter
will pass mainly the difference frequency with
increasing amplitude as the two frequencies
approach one another,

If the input and feedback freguencies are
exactly equal, a D.C. component will appear
at the filter output, with amplitude dependent

AMPLITUDE

on the phase difference between the two
signals.  This is illustrated in Figure 4,

a) f1 & fp In Phass:
TN

Chopper Armature:
Filter output is positive D.C.

b} f1 & fo 907 Qut of Phase

AYAVANAYAY
(URVIRVIRTAR\

Chopper Armature:
Fitler output is OVDC.

¢} f1 & fy 180° Out of Phase:
NANANL

Chopper Armature:
Filter cutput is negative D.C.

Figure 4

Figure & shows filter output D.C. voltage as a
function of phase difference between fq and

fa.

9 900 1809

Figur &

In this example, we can see that the output
level is proportional te the input amplitude,
as well as phase angle, and that zero output
occurs at 909 phase angle. This is also true of
most solid state phase detectors, which actu-
ally multyply the two A.C. input signals
together,

VOLTAGE CONTROLLED OSCILIATOR

The voltage controlied oscillator (V.C.Q.) is
usually nothing more than a free running
multivibrator with a D.C. input which can
vary the frequency owver a certain range.

PHASE DIFFERENCE
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iy
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FREBUENCY L-V

Figure §

Figure 6 shows a simple V.C.O. |f the controt
input were tied to +V, this would be a con-
ventional fixed frequency multivibrator. As
the controt input D.C. voltage becomes more
positive, the timing capacitors charge more
rapidly, and the output frequency increases.
Conversely, as the contral input becomes less
positive, the timing capacitors will charge
more slowly and the output frequency will
decrease.  This relationship is shown in
Figure 7.

ouTPUT
FREQUENCY

- 0 +

Figure 7

L
—{) QUTFUT

PHASE LOCKED LOOP OPERATION

SIGNAL LOW PASS

A
PHASE

UETECTOR

GENERATOR FILTER — v.Co. Qs

Figure 8

Suppose we connect a signal generator to the
PL.L. as shown above, and watch what
happens as we vary the input frequency.
First, we have chosen the timing components
in the V.C.0. to produce the characteristic
shown in Figure 9.

The V.C.0. can be constrained to run between
900 and 1,100 Hz by limiting the voltage
swing at point A. Since the detector output
characteristic (Figure 5] is bounded at both

ends, the oscitlator can only function between
the limits determined by its input character-
istic {Figure 7) and the detector output
characteristic.

1.1 f2

fa
veo, WO --- - ,
FREQUENCY ]
{KHz} pg 1
|
1
-5V, av. 5V,
Figure 9

If the signal gemerator is disconnected, the
V.C.0. will run at f,, 1000 Hz, since the filter
output is zero voits. |f we then connect the
signal generator with its frequency set to
700 Hz, the V.C.O. will still run at fg, since
the difference frequency is high ard very
little signal gets through the low pass filter.

MNow, as we slowly increase the generator
frequency, we will observe more and more
“itter” on the ¥Y.C.0, output, as the differ-
ence frequency becomes lower, and appears
larger at the filter output, frequency modulat-
ing the V.C.0. about fg.

Suddenly, say when the generator reaches
about 920 Hz - the V.C.0. frequency abruptly
jumps and holds steady exactly at the genera-
tor frequency. We find that the V.C.Q, fre-
quency {s “locked” to the generator frequen-
cy as jong as the generator remains between
900 and 1,100 Hz, If the generator frequen-
cy goes outside these limits, the V.C.0, wilt
snap back to fy. As the generator approaches
fp, from either direction, we find that we have
to go slightly closer to f, ta initially achieve
“lock” than the 900 to 1,100 Hz limits re-
quired to hold the signal in “lock™. These
two sets of limits are known as Capture Range
and lLock Range respectively, and can be in-
dependently adjusted by changing circuit con-
stants in the PLL.

HOW DOES IT WORK?

Prior to lock, as the generator frequency ap-
proached f, from either direction, the differ-
ence frequency from the phase detector be-
comes smaller and its amplitude passed
though the filter becomes larger. This signal
modulates the V.C.O. fregquency about fg
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untit the V.C.0. frequency sweeps past the
input frequency - then “lock’ takes place.

But why do the two signals “lock”? We can
examine the stability of any closed loop sys-
tem, by imagining what happens if the output
takes a smali random drift in either direction,
Let’s assume for the moment that the genera-
to and V.C.0. frequencies are identical, The
low pass filter output will be the D.C. level re-
quired to maintain the V.C.0. at that frequen-
cy in accordance with Figure 8. The phase
difference hetween the V.C.0. and the genera-
tor will not necessarily be 909 - it wili be
whatever phase angle is necessary 1o produce
the proper V.C.O. D.C. input through the
phase detector and filter to hold the oscillator
frequancy identical with the input frequency.
Now suppose that the V.C.0. frequency drifts
upward from the generator frequency by a
fraction of a cycle. The first indication of
this is that the phase difference between the
two signals will change - the V.C.0Q. phase will
become more leading. If the phase detector is
connected such that a leading V.C.0. phase
will make its output less positive, then the
filter output will tend to pull the V.C.0. back
to its original frequency. Conversely, a
tendency for the V.C.O. 1o drift downward
will also be corrected. For the same reasons,
any change in the generator frequency will be
tracked by the V.C.O. frequency. Since the
phase detector output level as a function of
phase angle is a cosine curve (Figure 6 ), there
will be two points in 360° where the detector
output is at the proper level to drive the oscil-
lator to the input frequency - but only one of
these points has positive stability, so the loop
will automatically settle on the stable side of
the curve.

APPLICATIONS

There are several properties of the phase
locked loop which make it quite useful in pro-
cessing signals in the frequency domain,

First we will find that the PLL is able to
lock on to low level C.W. signals, even in the
presence of random noise of greater ampli-
tude than the signal.

1. The PLL can perform as an amplifier
and noise filter.

Also, we know that the PLL will respond only
to frequencies in the range of the V.C.0. and
phase detector, so:

2. The PLL functions as a band-pass filter,

Referring back to Figure 8, suppose we rock
the signal generator frequency back and forth
between 900 and 1,100 Hz while observing
the filter output at point A with a D.C. volt-
meter. We will find that as the generator {and
V.C.0.) frequency increases, the valtage will
increase by a proportional amount in accord-
ance with Figure 9: since the V.C.0. input
voltage must change to track a change in gen-
erator frequency. If the generator is frequen-
¢y modulated by a low frequency sine wave,
that sine wave will be reproduced at point A.
We can conclude:

3. The PLL will domodulate F.M, signals.

Some of the areas where the PLL may be
applied include:

1. F. M. Receivers
A PLL connected to a receiver |.F, signal
with its center frequency at the |.F. fre-
quency will replace one or more |.F, stages
and the discriminator stage, eliminating the
cost, bulk, and lower reliability of |.F. and
discriminator transformers. In broadcast
receivers, PLL’'s can also be used to detect
the stereo pilot signal and to demodulate
SCA broadcasts. In T.V, receivers, PLL's
can be used in the {.F., sound discriminator,
synch separator, and color discriminator
sections; in each case replacing L-C tuned
circuits, With medifications, the PLL can
also be used in A.M. or phase modulation
discriminators.

2. Data Modems
In transmitting digital data over telephone
lines, the gnes and zeros are often encoded
as two different sudio tone frequencies.
This is know as frequency shift keying, or
FSK.

The PLL may be used to decode these
tones, since its filter output level will be
proportional to the input frequency. Other
modem systems utilize phase modulation
of a single audio frequency, which can also
be detected by a PLL in terms of spikes at
the filter output.

3. Data Synchronizers
In exchanging data between different sys-
tems, it is often necessary that the different
system clocks be synchronized together.
The V.C.O. of a PLL connected ta an



incoming data stream will recreate the clock
signal of the sending system. This elimin-
ates the need for a separate data channel to
send the clock signai,

4. Motor Speed Control
Many electromechanical systems, such as
magnetic tape drives, require precise speed
control, particularly during start and stop
operations. Figure 10 shows the incorpora-
tion of a motor control within a phase

locked loop.
()
j

PUASE BETECTOR CONTROLLER

TONTRQL
SICH &

{iren. prapomenal

16 it i}

LOWFASE
FILTER

Figure 10

5. Frequency Synthesizers

A frequency synthesizer is a programmable
frequency source with high stability, used
in test equipment and in transmitters. It is
often desirable to derive any of the pro-
grammed frequencies from a single stable
reference frequency, as illustrated in Figure
1.

Therefore, by programming M and N, we
can produce any of a large number of fre-
quencies, each with the stability of the
single reference frequency.

HA-28280 PLi

PROGAAM DIVIDE
BY M

!

cAvsTaL g T
CONTROLLED f—pp] cOUNTER
OSCILLATOR

PROGRAM LHYIDE BY N

Figure 11

The counters shown may be standard digital
integrated circuits which perform a pro-
grammed frequency division. The reference
frequency, F R, is first divided by an integer,
M, and applied to the PLL input. [norder
for the loop to be locked, the identical
frequency must be present at the other
phase detector input. Since another counter
{divide by N) is in series with the V.C.O.
feedback line, the V.C.0. must be running
at N times the PLL input frequency to
satisfy conditions for lock. Therefore, the
V.C.0. frequency is FR times the ratio, “ﬁ"‘

COUNTER fg—8—» E;'TXPF”; X

DEMODULATED
DUTPUT

r-9k-4 ey

= LOWPASS
FILTER
_t - 4 A A
= ' §
~ - s L
-
O — curpent [T
IHPUT CONTROLLED —aal
Cpr = OSCILLATOR
PHASE &
o DETECTOR
1 n
Lo - — e
Figure 12

Harris Sermiconductor has developed a mono-
lithic PLL integrated circuit with a number of
improvements over similar circuits,. The
HA-2820 is designed for frequencies from
0.01Hz to 3MH=.

Functions are shown in Figure 12. Significant
features include:

1. No Internal Connections Between Detector
and Oscillator

This greatty enhances the device versatility.
The low pass filter can be z critical element
in some applications. With the loop broken
at this point, complex passive or active
filters may be inserted, several fifters of
different characteristics may he switched
into the loep to aid in signal acquisition
and tracking, or sweep circuits may be
switched into the oscillator to scan a fre-
guency band and acquire a signal.

Also, with the loop broken, ampiifiers may
be inserted in the loop to control lcop gain.
This technique will be discussed in a later
section,

2. Two Isolated Phase Detector Qutputs

For F.M. demodulation, the demedulated
output is generally the fiitered error signal
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from the phase detector. However, a sepa-
rate output from the phase detector has
severat advantages. The demodulated out-
put gain can then be adjusted independent
of the loop gain, and different filter char-
acteristics may be chosen for the loop
filter and the demodulated output fitter.
Separate filters are necessary to demodu-
late phase moduiated signals - a low fre-
quency cutoff filter in the loop so that the
oscillator phase is constant and is deter-
mined by the average input phase; and a
higher cutoff filter at the demodulated out-
put te distinguish phase shifts between the
input signal and oscilator.

3. Current Controlled Oscillator

Operation of these devices is identical with
those described previously containing &
voitage controifed oscillator, except that
error signal from the phase detector is a
current, rather than a voltage. The phase
detector outputs are high impedance cur-
rent sources, so that the demodulated out-
put voltage swing may be adjusted by selec-
tion of a load resistor. The oscillator input
is a low impedance current sink with a
fixed negative input voltage level, The im-
pedance levels allow construction of accu-
rate, temperature stable filters, since filter
characteristics will be relatively indepen-
dent of the device internal impedance char-
acteristics.

LOOP GAIN ADJUSTMENT

In certain applications it may be desirable to
increase foop gain by the addition of an
amplifier in the error signal path. This has

the effect of:

1. Increasing tracking range. The tracking
range will then be limited only by the
oscillator input range, rather than by the
detector output range. Tracking ranges of
greater than 3:1 are practical.

- 2. Tighter characteristics for small input fre-
quency ranges. With an amplified error
signal, the phase relationship between the
input signa! and oscillator output will stay
closer to 909 over a given frequency range.
The demodulated output swing will be
smaHler, but mare linear.

A simple connection for insertion of an oper-
ational amplifier is shown in Figure 13,
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The current gain of the circuit is:
R1
"R2

The inversion of the error signal does not
affect loop stability, since the phase detector
characteristic is symmetrica! about 0% and
lock will occur at -90° rather than +90°,
The low pass filter is formed by R1 and C1.
The connection of the amptifier (+) input to
the C.C.0. input sets the amplifier output
voltage swing about the C.C.0O. input voltage -
very little signal feedback to the {+} input
occurs because of the low impedance of the
C.C.0. input.

TRACKING RANGE LIMITER

This circuit may be added externally to the
HA-2820/

Tracking range in a PLL is normally limited
by the output signal range of the phase de-
tector. In some applications, such as where
response to a limited frequency band is
desired, tighter controi of the tracking range
is necessary. This can be accomplished by
limiting the excursions of the error signal.

The circuit in Figure 14 shows one method of
limiting tracking range. The operational am-
plifier simply produces an isoiated output
voltage equal to the oscillator input voltage.



1 G.C.O.

|_—.q

Figure 14

The ‘voltage swing at the amplifier output is
limited to approximately £0.7 volts about the
C.C.0. input voltage by the forward diode
characteristics. Therefore, the oscillator input
current is limited to approximately j:%};, and

the tracking range may be calculated from the
published oscillator conversion gain. The am-
plifier and diodes are built in to the HA-2800/
2805.

GLOSSARY OF PLL TERMS

Acquisition Range(Capture Range): The range
of input frequency about fg under which a
PLL, which is initially unlocked, will becomae
locked. This range is narrower than the
nermal tracking range, and is a function of
the loop filter characteristics and the input
amplitude.

Convarsion Gain: The ratio of output change
tc input change in a portion of the loop.
in the phase detector, this is the ratic of out-
put signal change, to a change in phase angle
between the two inputs (volts/radian or 4 A/
radian}., Since the phase detector character-
istic is generally a cosing curve, the gain is
measyred for small excursions about the 90°
point. In the oscillator this is the ratio of out-
put frequency change to an input change
{% Af/volt or % Af/uA).

Current Controlled Oscillator {C.C.0.}: A cir-
cuit which creates an A.C..output signal
whose frequency is a function of the D.C.
input current,

fo: The free running frequency of the oscil-
lator under a zero input signal condition,

Loop Gain: The product of the conversign
gains of the loop elements (% A f/radian),
which is the ratio of change in input (and
oscillator) freguency to the change in phase
shift between input and oscillator. Therefore,
loops with higher gains will hold the phase
relationship closer to 90° for a given input
frequency change, and conversely will have a
broader tracking range.

Phase Detector {Phase Comparator): A circuit
which creates an output level which is a func-
tion of the phase angle between two A.C.
input signals, Most phase detectors are also
amplitude sensitive.

Tracking Range (Lock-In Range}: The range
of input frequency about fp under which a
PLL, once locked, will remain locked. This is
a function of leop gain, since the phase de-
tector output is bounded and can drive the
oscillater only over a certain frequency range.
The tracking range may be controlled, if de-
sired, by limiting the input signal to the
oscillator.

Voltage Controlled Oscillator {V.C.0.}: A cir-
cuit which creates an A.C. output signal
whose frequency is a function of the D.C.
input voliage.
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INTRGDULCTION

The concept of phase locked loops {PLL)
was first proposed over forty years ago by
de Bellescize in 1932 De BeBescize investi-
gated the subject of synchronous reception of
radio signals where a receiver consisting of
only a local oscillator, a mixer, and an audio
amplifier was employed. The oscillator was
adjusted to exactly the same frequency as the
carrier frequency. With no frequency modula-
tion of the carrier, an intermediate frequency
of zero hertz was created. However, when the
carrier was frequency modulated, the output
from the mixer represented the desired de-
modulated information carried by the signal.

The principal shortcoming of the receiver sys-
tem as proposed by de Bellescize was the
practical limitation of achieving perfect syn-
chronization between the carrier frequency
and the frequency of the local oscillator.
Any frequency mismatch hopelessly garbled
the information. To achieve the desired
operation, the loca! oscillator and transmitted
signal had to be frequency and phase locked
together with a degree of synchronization
which was impractica! at that time. Thus, the
more complicated but more practical tech-
nigue of the superhetrodyne receiver became
the accepted approach for demodulation.

Subsequent to these early investigation by
de Bellescize, numerous systems employing
phase locked loops have been designed which
overcame the practical constraints that plagued
previous attempts. A few examples where

A GENERAL ANALYSIS
OF THE
PHASE LOCKED LOOP

BY J.A.CONNELLY

suceessfut phase locked loop operation has
been achieved include the synchronization of
horizontal and vertical scanning signals in
television receivers, removal of the Doppler
frequency shift in satellite tracking, stabili-
zation of the frequency of kilystron oscilla-
tors, and noise filtering in many communica-
tion systems, Virtually all of these applica-
tions of PLLs emptoy a variety of sophisti-
cated circuit techniques utilizing complex,
inductively tuned filters to achieve the re-
quired frequency stability, Other potential
application areas of PLLs exist where the
employment of this technique using discrete
components remained either too complex or
too expensive to be justifiable until the advent
of the integrated circuit PLL,

The recent development of the integrated
circuit phase locked loop {PLL) has enabled
many of the practical limitations tc be over-
come which prevented utilization of most of
the simpler and more direct instrumentation
technigues.

Synchronous detection without tuned circuits
is now feasible and economically advanta-
geous. Also, PLLs can now be employed
economically in a variety of related applica-
tions such as frequency multiplication and
division, frequency synthesizers, tracking fil-
ters, motor speed monitoring and controls,
modems, tone decoders, and FSK receivers.
The purpose of this application note is to
present the fundamental concepts involved
with phase locked loops and to describe the
operation of a typical PLL system.




PRINCIPLES OF PHASE LOCKED LOOPS

The function of a phase locked loop system
is to detect and track small differences in
phase and frequency existing between an
incoming signal and a secondary reference
signal.  As shown in Figure 1, the PLL is
hasically an electronic servo loop consisting of
a phase detector (PD}, a low pass filter (LPF],
and a controlled oscillator whose frequency
is a linear function of either a dc voltage or
current. In the following discussion, current
centrol will be assumed to produce a current
controlled oscillator (CCOY.

Vi PHASE i (0 LOWPASS )
ot 01— —w pETECTOR [—2———8] FILTER O suTPuT
1 PO} (PRI
Vot | ey
CURRENT
CONTROLLED

QOSCILLATOR
[CCo)

Figure 1

As the loop tracks the input signal, the PD
compares the frequency of the input signal
with the output from the CCO. A change in
the phase of the input signal indicates that
the incoming frequency is beginning ta change.
This change is detected by the PD, which pro-
duces and output directly proporticnal 1o the
sum and difference in frequency and/or phase
between the input signal and the signal from
the CCQ. The high frequency {sum} compon-
ent of the phase detector’s output is removed
by the low pass filter, leaving a low frequency
current signal. The output current from the
LPF is an error signal whose magnitude is
directiy proportiona! to the phase difference
between the two signals applied to the phase
detecter. This error signal is then used to
adjust the frequency, and, consequently, the
phase of the current controlied oscillator in
such a direction as to establish phase syn-
chronization between the twc signals applied
to the phase detector.

The closure of the ioop and the establishment
of phase leck between the PD inputs produces
a configuration with negative feedback typical
of those encountered in classical contro! sys-
tems, As such, many of the analytical tech-
niques developed for determination of system
stability, frequency response, tracking, and
systern optimization are directty applicable
to phase lecked loops. Since it is beyond the

scope of the treatment intended here, the
more interested reader is referred to several
sources where developments of these tech-
nigues may be found?* It is hoped that the
discussion which follows covering the opera-
tion of the phase detector, low pass filter, and
current controlied oscillater will provide the
necessary background for applying the control
systermn techniques in the design of a particular
phase locked system.

A LINEAR MODEL FOR A PLL SYSTEM

Whenever a phase lock is established between
v; {t} and vg {t), the linear mode! of Figure 2
can be used to predict the performance of the
PLL system. ¢j and dg represent the phase
angles associated with the input and CCO
respectively, F (s} represents a generalized
current transfer function of the low pass filter
in the frequency domain. K4 and Kg are the
conversion gains of the phase detector and
current controlled oscillator, each having units
as shown.

dilals lois) |

Igi}

dle “'.uA

$gts)

Ky, P
T

Figure 2

The representation of the phase detector asa
summing network for combining ¢ {s) and
%o (s} can be explained as follows. The phase
detector is an anzlog multiplier which forms
the product of an RF input signat Uj (t} and
the output signal, vg (t}, from the current
controlled oscillator. Assume that these two
sighals can be described by:

Ui (t} = Vi sin wit and

Vo {t} = Vo sin {Wot + ¢] whare

wj, wo, and  are the frequency and phase
characteristics of interest. The product of
these two signals is an output current signal
given by:

ie [t} = K1 VjVo{sinwit) [sin {wot +¢)]

where K9 is an appropriate dimensional con-
stant. Note that the amplitude of ig {t) is
directly proportional to the amplitude of the
input signal V.
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The two cases of wi # wg and wj = wg are of
interest and will now be considered separately.

Case |: wij+# wg

When the two nput frequencies to the phase
detector are not synchronized, the foop is not
iocked. Furthermoreg, the phase angle ¢ is
meaningless for this case since it can be
eliminated by appropriately choosing the time
origin. The phase detecter’s output current
signal is given by:

ViVaKq

iglt} = —5 [cos {wj - wglt - cos(wi + wolt]

When ig (t} is passed through the low pass
filter, F(s}, the summed frequencies are atten-
uated, leaving:

id {t) = ViVpoK cos {wj-wglt  where

K is a constant. This eguation represents the
signal current which is supplied to the CCO 1o
control its output frequency. The equation
shows that this signal sets up a beat frequency
between wj and wg, causing the CCO's fre-
quency to deviate by + Aw from wg in pro-
portion to the signal amplitude (ViVoK}
passing through the filter. 1f the amplitude
of Vi is sufficiently large, and signal limiting
or saturation dees not occur, the CCO's out-
put frequency will be shifted from the free
running frequency, wg, by some Aw until
lock is established where wj = wg = wg + Aw,
If lock cannot be established, then either
{1} the input signal amplitude is too small to
drive the CCO to produce the necessary + Aw
deviation, or {2) wj is beyond the dynamic
range of the CCO, ie. wi § wd £ Aw.
Obvicus remedies for these ''no lock condi-
tions” are:

1. Increase the input signal’s amplitude. This
can be done either internally or externatiy
to the loop by employing additional ampli-
fication.

2. Increase the internal loop gain by adjusting
upward {larger - 3dB frequency} the re-
sponse of the low pass filter,

3. Shift the free rumning frequency, wg, of
the CCO closer to the expected wj fre-
quency. Establishing frequency lock for
the loop leads to the second case, namely
phase tock where wj = wy.

Case Il: wj = wg

When wij and wq are frequency synchronized,
the output signal from the phase detector for
wi = wg = w and phase shift ¢is:

ie {1} = K1ViVg {sin wt) (sip wt +¢)

_ 'iﬂiz!l’i [cos ¢ - cos (2wt +¢}]

The low pass filter removes the high-fre-
quency, ac part of ie(t) while leaving the dc
component as a current signal for the CCO,
Thus:

- K2Vive
Z

ig (t} =14g cos ¢

where Ko is a dimensional constant.

Suppose wi and wg are perfectly synchronized
to the free-running frequency wg. For this
case |g will be zero indicating that the ¢ must
be 909. Thus the error signal, lg, is propor-
tional to a phase difference between wj and
wy centered about a reference phase angle of
90°. If wi now changes from wg, Id will
adjust and settle out to some non-zero value
in order 10 correct wg so that frequency lock
is maintained with wj = wg. ¢ will be shifted
by some amount, A ¢, from the reference
phase angie of 90°. This concept can be
simplified by redefining ¢ as:

b=¢ox A D where

¢ is the inherent 809 phase shift and 4¢ rep-
resents departures from this reference value,
Now tite Ig becomes:

Ig = ViVoK?2 Coslgg £ A ) =1ViVoKo sind¢

Since the sine function is odd, a momentary
change inA¢ contains information as to which
way to adjust the CCO frequency to correct
and maintain the locked condition. The maxi-
mum range over which 4 changes can be
tracked is from -90°9 to +90°. This corre-
sponds to a ¢ range from 0 to 1809,



In addition to being an error signal, 14 repre-
sents the demodulated output of an FM input
applied aspj (1) assuming a linear CCO charac-
teristic.  Thus, FM demodulation can be
accomplished with the PLL without the
inductively tuned circuits employed using con-
ventional detectors,

The useful frequency range over which the
PLL can track an input signal is called the
Lock Range or alternatively, the Tracking
Range. The lock range is determined primari-
ly by the maximum frequency swing possible
in the CCO and the maximum output current
from the phase detector for the input signal
level,

When the frequency of the input signal
deviates from the reference frequency wp,
of the CCO by more than the tracking range,
the loop becomes unlocked and the linear
model of Figure 2 no longer describes the
systern. When this happens, the CCOQ runs at
wp and the output current, 14 becomes zero.

Phase lock is reestablished when the input
frequency approaches wg. The frequency
range over which the PLL can acquire an input
signal is denoted as the Capture Range which
is set by the low pass filter's characteristics.
The capture range is limited to 2 value iess
than the lock range.

For normal, phase lock operstion, the fre-
quency of the reference signal input, wg, is
first set under zero input signal conditions to
establish the free-running frequency of the
loop. A particular wg is normally positioned
in the center of the frequency band of interest
so that both positive and negative deviations
of the input signal frequency about wg can
be detected by the PLL. Next, the particular
LPF configuration necessary from design con-
siderations is determined for the system.
The factors to be considered are the necessary
capture range for the + Aw modulations ex-
pected, high attenuation of the 2 wj com-
ponent -from the phase detector, and the

desired loop response to rapid changes in
input frequency.

STABILITY CONSIDERATIONS OF PLL

Unexpected oscillations are always a possibili-
ty whenever feedback is employed to close a
Icop containing active elements. The stability,
as well as the operation of the PLL of Figure 2,
principally depends upon the characteristics
of the low pass.filter. A stability analysis
using root locus techniques is given for several
typical low pass filters, The purpose of the
tow pass filter is to surpress the summed fre-
quencies (wj + wg = 2w} from the muitiplier
while preserving the dc signal represented by
id. The selectivity, i.e. tracking and capture
ranges, as well as the time response to changes
in input frequency or phase angle, depend
upon the frequency characteristics of this low
pass filter. Any linear low pass filter will have
the generalized response given by:

ajsi
Fls) = —2—

bjs
u]

wherem £ n

Qe F1RiwE

In typical filter applications, one particular
pole will dominate in the F{s} expression,
i.e. the lowest of the high frequency poies.
As the location of this pole is moved closer
to the zero frequency origin, the frequency
selectivity of the PLL to the wj - wg differ-
ence increases. This increase in frequency
selectivity naturally reduces both the tracking
and capture ranges.

When the PLL is tracking an input signal, the
foop gain of Figure 2 is given by:

F
Gsl His) = KafoF
The simplest low pass fitter is the RC network
shown in Figure 3 which has a current transfer
function given by:

Ip(s} 1

Fis} = N 1778

wher.c.".-"f = RC
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wf Logw
{b} Fraquency Characteristics
Figure 3
With this filter, the loop gain is:
KgK K
Gls} H{s) =—90_ = where

s (1 #Tfs}_sﬂ-ﬂ;s}

K = KgKo

The root logus for the PLL with the simple
RC filter is shown in Figure 4. This locus
shows the behavior of the PLL. when the loop
is closed for all positive values of gain K.
The logus begins on the poles, corresponding
to0 K = 0 and preceeds along the real axis
until the critical value of gain is reached.
For K = Kerit, the closed loop response has
the form:
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This equation shows that the system is criti-
cally clamped for this gain. When K > Kerit.
the system will exhibit a damped sinusoidal
respense 1o an input phase angle step func-
tion. Since the root locus always lies in the
feft-half of the complex plane, the system is
unconditionally stable for all K values.

In most phase lock loop systems, the conver-
sion gains Ko and Kqg are functions of param-
eters internal to the integrated circuit, and
therefore not easily adjustable to achieve the
desired system response. To overcome this
shortcoming, ar amplifier whose gain, A, is
easily adjusted, can be inserted in the loop.
When a typical amplifier with a single high
frequency pole is employed, the loop gain
becomes:

KoKdA K1
s(1+ s‘rf}ﬂ +5Ta) s{1 +s1'f:-[1 +5Ta)

Gis)Hisl=

where A and T35 represent the amplifier's
characteristics. The root locus describing this
loop gain is shown in Figure b. In construct-
ing this plot, the pole due to the amplifier was
arbitrarily made larger than the filter's pole.
However, the general shape of the root locus
is independent of the relative positions of
these two poles, This locus illusirates that
the system will become unstable for all values
of gain K1 greater than Kgrit. However, stable
operation can be achieved by limiting the
maximum gain of the ampiifier {as well as
KoKdl to a value less than that which pro-
duces Kerit-

IV K1 >Kerit
W1 = Kerig

K1 < Keri
Ky=0 K1=0 K1=G
‘ .’I My :- x
_Aa .1
Ta Tt

Stablegy— . \_., Unstable

Figure 5



Stable PLL operation with adjustable gain
can be achieved by utilizing a filter having
both a pole and a zero such as that shown in
Figure 6. When this filter and the previous
amplifier are employed, the loop gain be-
comes:

KoKdA {1+ STz:‘
s{1+sTHH1 + 5T}

GisiH(s) =

1
1is) b2105) g 51 AyCest

Fiz)=
G
f2 1447,

Rq -1+,1-°

= -

12} Circuit Configuration

|F tw)] &

1 -
OdB 1 'rp T,

wp Wy Log w
{b) Frequency Rasponss

Figure 6

A number of different root loci are possible
for this loop gain expression depending upon
the relative locations of T3, Ty, and T3
Figure 7 illustrates all possibilities and shows
the loop is now stable for afl values of gain.
Introduction of the zero has the effect of
pulling the root locus to the left away from
the right-half plane where instability would
resuit. The case shown in part {¢) of Figure 7
is of particular interest, since it shows pole-
zero cancellation between the amplifier and
the low pass filter, resulting in the same root
tocus as previously given in Figure 3.

~ O ‘
1 1 1
Ta T 'rp
BT <

{al Zero located betwean pales

by{s) (Ry+RA2ICe+1

jw

Ol

1 1 1
T T T

!
T

T, < Ta<Tp
(b} Zero to the laft of both poles with
Ty <T, jw

| T
= {Dtlf— as p-
1 K- l
Tz g Ta
Ty < ‘rp < Ta
{c} Zaro to the left of both poles with
T, T :
p<a iw
z T
0% > .
1 1 1
= —and —
T, TD T, l
T Ty =T,
{d] Equal poles
jw
—3¢ * T & Ll
1.1 L g
7 Ta Tp l /‘
Tz=Ta<Tp

{e) Polas - Zaro cancelation
Figura 7

Many other filter configurations for PLL
operation could be examined if space per-
mitted. However, the utilization of active
filters with PLL presents many especially
interesting possibilities, one example of which
follows, Figure 8 shows a typical, generalized
circuit configuration far an active filter, which
has the voltage and current transfer responses
indicated. These transfer responses were
obtained assuming an ideal operational ampli-
fier (Av—i o JEin—e I ,20ut — D@2},
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The current transfer function is particularky
significant since it indicates that the output
current is not a function of the load imped-
ance Z+1. Thus, in addition to being an active
filter, this network can be made to supply a
constant current 1o a varying load impedance.

As a special example of the active filter of
Figure 8, assume that irnpedances are chosen
according as:

Z1=0 2Z22=Rpz+

sCp
21 =Ry

23

___.D___.

Z3=R3

Z1

O—E 23 st

T - OF AME

Vii1) thA

l 2 Vvt
Valst 2 22
e ———t . F W Functs
Vil B T-7 5 ‘wrward Voltage Transier Function
I (s} Z
LI Forveard Currant Teansfer Function
[FRED] I3

Figure 8

Chosen thusly, the response of the active
filter is given by:

_edsb 1 r1+s11] 1+sTy
F = m— - =
s I{s) R3Co2 L s Kf[ s

where Tz = RoC2. For very small T2, the low
pass filter is essentially an integrator. When
this filter is employed in the PLL, the logp
gain becomes:

KoKgKtA(1+sTy) _Ka(l+s1y)

G{s}H{s) = 2 (1 +STa} 2 (14_5,’;’

Three root loci are possible depending upon
the relative locations of 77 to T, as shown in
Figure 9. As-can be seen, stability is only
guaranteed for part (b} where the zero of the
filter lies between the poles, Part {c} where
the Jocus coincides with the imaginary axis is
considered “marginally stable”. However, it
is not useful practically.

2
-0 > i
o
[ .
Tz Ta

{a} Zero to the left of amplifier’s pale
§iw

b Pola to the left of active filter zaro

iw

—
-
Gy

&) Pole-zero cancellation

Figura 9

STEADY-STATE RESPONSE OF PLL

The steady-state response of a phase locked
loop system to stimulation afforded by various
types of input signals is of equat importance
to the system’s stability. Frequently, while
the employment of a certain low pass filter
may guarantee stability, it may produce a
system with unsatisfactory steady-state char-
acteristics for the types of input signals
expected, The development which follows
will be useful for determining the particular
type of low pass filter needed to enable the
system to respond to step function, ramp and
acceleration inputs.

With reference. again to the linear model of
the PLL systern shown in Figure 2, the current
signal lgls} represents the phase error that
exists between the incoming reference signal
$ils) and the feedback signal $ol(s}. The final
value theorem associated with Laplace trans-
formations, namely:

lim{lg {t)} = lim [s lg {s}]

t — w s— 0



will be used to find the steady state error
without transforming back to the time do-
main. The phase error signal is given by:

Kds

la(s) = ————v— $ils
ofs) = KdKoFis) i)
For unit step function input,
1
$i{s) = -
For a unit ramp input,
s) = L
®; {s) v
Far a unit acceleration input.
. _ 1
i () = =

The steady state responses of the error signal
for these three inputs are:

STEP: lim lim

t— [lg(t)] =5— 0 Kgs

5+ KdKoF({s)
RAMP: Eclnl w[!e{t” = L:nlo Kd
s+ KgKgF(s)

ACCELERATION:
lim _ lim
o o [lelt)] ‘-sqol Kd l
s{s+ KdKoFis)]
As long as the filter is truly fow pass, namely

having a general response given by:

. ajsi
F(S} = _I...___,_o.__,_

ngi

the following simplifications are possible:

where m < n

"~ s "MB

i

STEP: im lielt} =0 forany Fis)
RAMP:  fim 4 dlim
(mw Dot (g Hg
ACCELERATION: 1
lim _ 1 lim
ts oo Uelt)] "Kg $—0 sFls)

Thus the PLL will track a step input with
zero steady state error regardless of the low
pass filter. In order to achieve zero steady
state error for an acceleration input, the low
pass filter must have at least two poles

positioned at the origin (type 2 filter}, Table |
shows the expected steady state error Tor the
different inputs when type 1, type 2, and
type 3 low pass filters are employed.

INPUT TYPEO TYPE TYPE2
STEP ZERD ZERO ZERO
RAMP CONSTANT ZEROD ZERO
. ACCELERATION | CONTINUALLY | CONSTANT | ZERQ
INCREASING
TABLE 1

STEADY-STATE ERRORS OF VARIOUS FILTER TYPES
FOR THREE DIFFEAENT INPUTS

CONCLUSIONS

This application note describes the basic
theory of Phase Locked Loop operation and
develops a linear model for predicting the
performance of a typical system. The effects
of several typical low pass filters upon system
stability and response are described using root
locus and steady state error analysis tech-
neques.
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HARRIS THE HA-2820/2825
SEMICONDUCTOR LOW FREQUENCY

A OHVESHON OF HARAIS CORPORATION

PHASE LOCKED LOOP

APPLICATION NOTE
605

BY J. A, CONNELLY

INTRODUCTION

(PLL). In this application note, we will first

describe the circuit operation of the HA-2820/
2825 and then discuss several points to keep
in mind when making external cannections to
the device.

.The HA-2B20/2825 are monolithic integrated
circuits designed to serve a wide variety of
phase locked loop applications in the broad
frequency range between 0.1Hz and 3MH:z,
The circuit containg a phase detector, a cur-
rent controlled oscillator, a level shifter, and
an associated bias network., A block diagram
of the HA-2820/2825 is shown in Figure 1

CIRCUIT OPERATION

The schematic diagram for the HA-2820/2825
is shown in Figure 2. The dashed lines parti-
tion the various functional blocks for ease of
identification. We will now briefly analyze

PHASE DEMOD- . . . .
OETECTDR ULATED mpUTs.G,m the operation of the circuitry contained
+¥ INPUT QUTPUT +¥

within these blocks.

A. PHASE DETECTOR
The heart of the phase detector is the four-
quadrant muitiplier consisting of three differ-
entiai pairs, i.e, 06-09, Q11-Q13,and Q7-012,
Transistors Q1, Q5, Q8, Q10, and Q14 provide
a constant curvent bias for these differential

LB

R

I FHASE DETECTOR

pairs. Before considering the operation of the
entire multiplier, let's examine. a single stage
I CURRENT W'"““'-'-‘"'Jsc I as shown in Figure 3. Since the two
| I + transist_ors operate ir{ their lingar regions, “{e
- " . can write the following expressions for their
WIl LI_I—"_5_| LﬂAJJJ cotlector gurrents;
ceo TIMING TIMING PHASE 1l = lseyVBEz
INFUT CAPACITOR RESISTOR DETECTOR

ouTRUT
@17 = Ige 7V¥VBE2}

Figure 1
Black Diagram of the HA-2820/2825 PLL

_q
where Y = T and

illustrating the active PLL functions together
with the pin-out locations. As this figure
shows, all connections between the detector
and oscillator are made externally which
allows for maximum design fiexibility in the
selection of the low-pass filter, counters, etc.
typically included within a phase locked loop

Ig is the reverse saturation current, lLet's now
assume equal collector and emitter currents
and recognize that;

tmlg=11+12
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After some algebraic manipulation, we can
write:

to
= —— =|gF2(V
2=y ~leF2v)
v
__loe -
and (5 ‘1—m ‘-|0F1 {V}

Figure 3
A Single Stage Differential Pair

Now we'll apply these basic equations to the
complete multiplier shown in Figure 4 which
has two separate voltages applied, namely Va
and Vg. By direct comparison of the currents
in the two figures, we can write the following
set of equations:

|mx eyVB

|1A=|+e—?VB = Imx F1(VB)

6}

Imx
M= ————=1| Fo (Vv
1B Tro7VE  mx 2 (VB)

I3a =114 F2{(Va)

I3g = l1g F2 (V)

I2a=114 F1 (VaA)

l2g =118 F1 (Va)

144 =Imx [F1{VBIF 1 (Va)+ F2(VBIF 2{Va)]

tap=13a+I12B=11AF2(Val+ 11g F1(Va)
=Ilmx [F1(VBIF2{VaA) + F2(VR} F1{Va)]

14a=12A +13B = 1A F1{VA}+{1B F2(V A}

Va-
|
1A
Vg+ a7 l
M8
i

Figure 4
Tha Feur-Quadrant Multiplier

Now by subtracting Equation 10 from 9, we
have:
s

laa - 148 = Tmx [F1{VBIF1{VA) + F2{VR)
FaiVal -F1(VBIF2({Va) - F3{VRIF1(Va}]

|4 2 - ,-EYVB e?V;\ +1.\eyVB_eyVA
and A X VRl [T+ TV A)

[eyvgfz_ e—?vgrz} ‘:eyvAfz_e-yvAfz]

T Imx| VR o VR | PV AT L e PV ATZ

}’VA}
2

= lyny tanh (y—;—e} tanh {

MNow recall that the series expansion for tanh x
is:

3 5
X 2%

= e aman
tanh x = x 5 7

For smatl VA and VR, we will retain only the
first term of the expansion which allows
Equation 11 to be approximated as:

p2
12144 - 148 = Imx 5~ VA VB

Thus, the difference between these two 14
currents is directly proportional to the pro-
duct of the voltages V a and Vg, Transistors
Q17 through Q26 convert the |4 difference
current inte an outpui current given by

3lg = KVa Vg



where K is a dimensional constant.

Two separate cutput currents are available
from the phase detector at Pins 4 and 14.
These currents are of equal magnitude and
phase. Since they are buffered by Q24, two
different filters may be connected at these
pins with negligible interactions. In a typical
application, a low-pass filter is employed in-
side the loop between Pin 14 and the CCQO in-
put while asecond filter, externa} to the loop,
is utilized at the demodulated output (Pin 4],
Later in this paper we will discuss the filter
connection to these high impedance, current-
sOUrce OUtpuUts.

B. CURRENT CONTROLLED OSCILLATOR
The current controlled oscillator portion of
the HA-2820/2825 is identified on the sche-
matic diagram of Figure 2. The circuit is
hasically an emitter-coupled astable multi-
vibrator with an external input provided at
Pin @ where a DC current can be applied to
change the frequency of oscillation. A detailed
explanation of astable operation may be
found in Millman and Taub. Therefore, only
a brief description of the timing and current-
control modifications added to the basic
circuit witl be presented here.

The free-running or center frequency of
oscillation, fg, of the CCO is set by the com-
bination of an external capacitor, CT, con-
nected between Pins 10 and 11 and by an
externat resistor, RT, connected between Ping
12 and 13. A signal current is then appiied at
Pin 9 to modulate the CCO frequency arcund
fa-

In beginning our analysis of the CCO circuit
operation, let's assume that an RT resistor is
in position and that no current signal is
applied at Pin 9. The RT resistor in the bias
network establishes equal quiescent currents
in the following transistor pairs: Q33 and
Q41; Q34 and Q40; and Q30 and Q38.
These quiescent currents vary inversely with
the value of RT. Without a timing capacitor,
CT. in the circuit, no feedback is provided
around the amplifier made up of Q29, O30,
Q37, and Q38, and the multivibrator will not
oscillate. The string of transistors on the left
and right sides of an imaginary center line
through the CCO will draw equal stand-by
currents,

Connection of CT completes the CCO feed-
back loop and initiates multivibrator oscilla-
tions since the amplifier gain exceeds unity,

Current is switched alternatively between
Q30 and Q38 through CT. When Q30 con-
ducts heavily, its collector voltage is lower
than that of Q38. Q30 then carries the entire
current for the pair. The additional current
required by the constant current source, Q42,
is supplied by removing charge from CT.
This action causes the ernitter voltage of Q3B
to fall until Q38 conducts heavily, The col-
fector voltage of Q38 falls, turning off O30,
The collector voltage of Q30 rises turning on
Q38 even more heavily. This process is re-
peated during the next half-cycle with the
rotes of Q30 and Q38 reversed, Figure 5
shows typical emitter "and collector wave-
shapes.

&

COLLECTOR
VOLTAGE

1 1 |
| 1 I
1 1 |
T T ' i | TiME
[ o - e I I
F | 2 ) I | \
) ] 1 ! 1
F 3 1 1 1 1 |
I 1 ] I |
EMITTER ] | |
VOLTAGE I
i i |
—
TIME

Figura &
Typical Multivibrator Waveshapes

During the rapid transition periocds at the
beginning of each half-cycle, the timing ca-
pacitor appears as an AC short circuit. The ca-
pacitor discharges at a constant rate directly
proportional to the current set by RT during
the ramp portion of each cycle, The timing
capacitor, CT, controls the slope of the ramp
discharge. Thus, the free-running frequency
of the CCO can be expressed by:

Kilo _ K2
¢t RTCT

18§, =

where K1 and K2 are dimensional constants
and lg is the discharge controlled by RT.

Now, let's consider circuit operation when
an external current signal is applied at the
CCO input {Pin 9). An external current
modulates |lg, thereby causing the CCO out-
put frequency to deviate by +Af about fg,
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The extent of the deviation is lingarily pro-
portional to the applied external current.
Thus, we can describe the output frequency
by:

18 fcco = fo + Ko Imad
where Kg is the conversion gain of the CCO.

C. BUFFER AND LEVEL SHIFTER

The ditferential signals from the CCQ (emitters
of @31 and Q39) drive the Darlington input
differential amplifier composed of transistors
Q44, 051, 055, and Q%6, The single-ended,
current-signal output at the collector of Q55
is level shifted by Q54. The diode network
of D48, D49, and D50 limits the voltage
excursions at the collector of Qb4 to the
range of from —7V to +1.4V. The emitter
follower, Q60, provides a low impedance
output from the CCO (Pin 7) with a typical
voliage swing of +2.1V above ground. {An ex-
ternal pull-up resistor is normally connected
to Pin 7 and +V supply. The resistance value
should be chosen for a typical current of
approximately 1mA through Q6Q). These
levels of O and 2.1V make the CCO out-
put directly compatible with TTL gates and
counters.

D. BIAS NETWORK

The bias network establishes the appropriate
quiescent voltages and currents for the other
functional circuits on the monotithic chip.
The network has been carefully designed so
that a remarkable temperature stability of
100ppm is typical. Power supply rejection
typically is an outstanding 0.1% / V.

As we saw previously in Equation 14, the
external RT resistor in the bias network
controls the discharge current, lg, in the CCO.
The K1 factor in this equation contains a
1erm which varies Inversely with temperature.
To compensate the CCO frequency against
temperature variations, the bias network pur-
posely introduces a linear variation if (o with
temperature, Since the CCO freguency is a
function of the product of K1 and g, these
effects compensate and the CCQ frequency
is highly stable in the presence of tempera-
ture changes.

is typical of many applications such as FN
demodulation, modems, SCA receivers, track-
ing filters, etc.

The circuit configuration shown is recom-
mended for AC coupling a differential input
signat into the HA-2820/2825. The Rg re-
sistors are chosen to match the signal line's
characteristic impedance. The Cg coupling
capacitors must be large enough to pass the
lowest input frequency of interest. As Figure
6 shows, the input signal may be direct
coupled into Pins 1 and 2 with a OV reference
level. (A DC path to ground must be provided
for the base bias currents to the input transis-
tors). If DC coupling is used, the magnitude
of the input signal must be limited to not
more than 0.5 VRMS to prevent nonlinear
multiplier operation. Also, if direct coupling
is employed, any DC drift present in the signaj
source will cause the CCO frequency to drift
also, This occurs because the drift passes
through the phase detector and low-pass filter
and appears as a modulating signal to the
CCO. Operation with a single-ended input
to the phase detector is also possible by
simply removing cne of the Cg coupling
capacitors and applying a signal to the other
input, either directly or through the other
coupling capacitor,

DEMOD. SIGNAL IN
p——,

ouT W+

[ PHASE DETECTOR

CUARENT CONTROLLED 05C. |

CONNECTION TO THE HA-2820/2825

Having examined the internal circuitry of the
IC, we are better- equipped to discuss the
external connections to the HA-2820/2825,
Let's consider the connections to the PLL
shown in Figure B, This is a test circuit which
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The secend input ta the phase detector is the
feedback signal applied to Pin 6. This signal
is available directly at the CCO output {Pin 7}



and is externally connected as shown in
Figure & for many demoduiator applications.
The phase detector input at Pin 6 and the
CCO output at Pin 7 are TTL compatible,
Therefore, a frequency counter can easily be
inserted at this point within the loop for
frequency synthesis applications.

The phase detector has two identical outputs,
available at Pins 4 and 14. A passive, low-
pass current filter (Rq-Cq) is connected as
shown in Figure & 1o obtain a demodulated
output. Since this is a high impedance out-
put, the amplitude of the demodulated voit-
age is controllable with Rq adjustment as
as shown in Figure 7.

[
1 /
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Z 2

= vy

= fq - TEE

£

=4 -

] .

& - 7

E /

=

= 7
-6

-0 -80 -60 -40 - D 2D a0 B0 20 100

Input Frequency Deviation from 4 (% of fo)

Figura 7
Demodulated Output Swing
Versus Input Frequency Deviation

The second output from the phase detector
is externally connected to the CCQ input
through a second, low-pass filter. A single-
pole, passive filter {R2-C2} is shown in
Figure 6. Because the fiiter is completely
externzal to the PLL, the designer has the
flexibility to use more complicated, multi-
pole active and passive filters here. Such
filters can be used to set the capture and
tracking ranges as is explained in Applica-
tion Note 606.

Capacitor CT and resistor RT set the free-
running frequency, fy, of the CCO. Figure 8
displays the ¥y variations for six decade range
of Ct1 wvalues and a decade range of &T.
In many typical applications, CT is used for
making a coarse setting of fo. RT is made
a potentiometer and varied for fine control
of 5. RT and CT must be highly temperature
stable to minimize fg drift. Figure 9 shows
the typical and guaranteed frequency drift for
fo versus temperature for the HA-2820/2825.

As this figure illustrates, the temperature
coefficient for the PLL is & remarkable
100ppm/OC over the appropriate temperature

range.
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Figura 8
Setting the Center Frequency f,

External modulation of the CCO frequency
around fg is accomplished by applying a signal
current to Pin 9. 1t should be remembered
that the signal current is returned to an input,
open-circuit voltage at Pin 9 which is about
2.5V more positive than the negative supply.
The CCO input impedance here is typicatly
50052 and it may be necessary to consider
this value when designing the appropriate low-
pass filter, Figure 10 shows the fy variation
versus input signal current. The conversion
gain, Ko of the CCO is obtained by multi-
plying the slope of this curve by fg,
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Oscillator Frequency Varsus Input Current

Figure 11 shows the loop gain characteristic
{frequency deviation versus phase angle} for
the HA-2820/2825. The conversion gain of
the phase detector, Ky is determined as the
quotient of the slope of the loop gain charac-
teristic divided by the slope of the CCO curve
of Figure 10. As Figure 17 shows, the loop
gain. characteristic depends upon the input
signal amplitude, Since the dependence is
approximately linear, the slope of the loop
gain characteristic can be scaled to correspond
1o the expected signal amplitude, Applica-
tion Note 603 provides a further insight into
parameter determination of PLL"s from data
available on the specification sheet.

A pull-up resistor, R3, is typically employed
at the CCO output (Pin 7) as shown in
Figure 8. The resistor value is critical only

to the extent that it must limit the maximum
current through the output transistor to less
than BmA. For applications involving fre-
quencies above approximately 1MHz, de-
creasing Ra (while still keeping the current
less than BmA) will improve the transient
performance of the CCO output.
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Figure 11
Loop Gain Characteristic

CONCLUSION

This application note explains the circuitry
of the HA-2820/2825 Low Frequency Phase
Locked Loop in order to provide a better
understanding of the performance character-
istics of the device. Methods are discussed
for obtaining useful parameters of a linear
PLL model from the device's performance
curves. Considerations involved in making
external connections to the device are pre-
sented and illustrated with a typical FM
demodulator circuit.



Chip Information ,'I ,'I ’I

Ordering Information
Mechanical information
Product Code Exarmnple
Chip Geomatries

GENERAL INFORMATION

Most of the Harris Analog standard products are
available in chip form to the hybrid micro circuit
designer. The standard chips are DC electrically
tested at +250C to the data sheet limits for the
commercial device and are 100% visually inspected
to MIL-STD-883, Method 2010, Condition B
criteria. Packaging for shipment consists of waffle
pack carriers plus an anti-static cushioning strip for
extra protection.

The hybrid industry has rapidly become more
diversified and stringent in its requirements for
integrated circuits, To meet these demands Harris
has several options additional to standard chip
processing available upon request at extra cost.
These options include; gold-backing, guaranteed
DC specifications over the military temperature
range, For maore information consult the nearest
Harris Sales Office or Representative.
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CHIP ORDERING INFORMATION MECHANICAL INFORMATION

Standard and special chip sales are direct factory Dimensions:  All chip dimensions nominal with
order only. The minimum order on all sales is a tolerance of $.003".

$260.00 per line item. Contact the local Harris Maximum chip thickness is .12,
Sales Office or Representative for pricing and Bonding Pads: Minimum bonding pad size is .004"
delivery on special chip requirements. x 004" unless otherwise specified.

PRODUCT CODE EXAMPLE

H A - 2605 - 6

PREHX:—I

H{Harris} MODEL NUMBER
FAMILY: TEMPERATURE:
A = Amplitier 6= 256C Prabe *

C = Communications
D+ | = Interface

0 = Chip Form

*Contact Harris for
availability of -2
{-550C to +1260C)
dice.
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1.
2

Chip Geometries

All dimensions in inches, millimeters are shown in parentheses,

Unless otherwise specified, minimum bonding pad size for all devices
is .004"" x .004" {.10mm x .10mm).

OPERATIONAL AMPLIFIERS & COMPARATORS
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DASH 8 Program

MIL-STD-883
OFF-THE-SHELF DELIVERY

MIL-STD-883/MIL-M-38510 MIL-Q-9858A

INTRODUCTION

STATEMENT OF SCOPE

This section establishes the detail requirements for Harris’ Circuits sereened and tested
under the Product Assurance Program.

The Harris DASH 8 Devices pass the screening requirements of the latest issue of MIL-
STD-883, Method 5004, Class B, and the requirements as specified in this document.
Included in this Section are the guality standards and screening methods for commercial
parts which must perform reliably in the field.

APPLICABLE DQCUMENTS

The foltowing Military documents form a part of this section to the extent referenced
herein and provide the foundation for Harris Products Assurance Program.

MiL-M-38510 "General Specification of Microcircuits”
MIL-Q-9858A "“Quality Program Requirements”
MIL-STD-883 "Test Methods and Procedures for

Microelectronics’
NASA Publication 200-3 “Inspection System Provisions”

Harris maintains a Product Assurance Program (PAP) using MIL-M-38510 as a guide.
Harris Product Assurance Program assures compliance with the requirements and quality
standards of control drawings and the requirernents of this specification,

The DASH 8 Program will also be found useful by those Harris customers who must
generate their own procurement specifications. Use of the enclosed Harris Standard
Test Tables, Test Parameters, and Burn-In Circuits will aid in reducing specification
negotiation time.

PRODUCT ASSURANCE AT HARRIS

Our Product Assurance Department strives to assure that the quality and reliability of
products shipped to customers is of a high quality level and consistent with customer
requirements. During product processing, there are several independent visual and elect-
rical checks performed by Quality Assurance personnel, E

Prior to shipment, a final inspection is performed at Quality Assurance Plant Clearance
1o insure that all requirements of the purchase order and customer specifications are met.
The system and procedures used and implemented are in accordance with MIL-M-38510,
MIL-Q-9868A, MIL-STD-883A, MIL-C-45662 and MIL-1-45208.

The Harris Semiconductor Reliability and Quality Manual which is available upon request,
describes the total function and policies of the organization to assure product reliability
and quality.
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HARRIS SEMICONDUCTOR DASH 8 PRODUCT FLOW
MIL-M-38510/MIL-STD-883, METHCD 5004 CLASS B

100% SCREENING PROCEDURE

SCREEN MIL-STD~883 METHOD/COND.
(1) | intemal Visual 2010 Cond. B.
(2) | Stabitization Bake 1080 Cond. € (24 hrs. minimum)
o Temperature Cycling 1001 Cond. C
o Constant Acceleration 2001 Cond. E; Y1 plane
(5) Seal: () Fine 1014 Cond. A or B
Gross 1014 Cond. C2, no vacuum pre-cond,
Step 2.
o initial Electrical Harris Specifications
(7) | Burn-n Test 1015, 160 hrs. @ 1250C {or equiv-
alent} {Burn-In circuits enclosed}
o Final Electrical Subgroups A1, A2, A3, A7,
100% go-no-go Functional tests per Table |
o External Visual 2009 Sample Inspection
(10) Lot Acceptance Table 1, Group A Elect, Tests
Note:
Traceability: All devices are assigned date code identification that provides traceability
back to the inspection lot.
Branding: All devices are branded with the HX-XXXX-8 and EIA date code.

Aged Products: Product that has been held for more than 24 months will be reinspected
prior to shipment to group A inspection requirements.

Additional . . .
Requirements: Attributes data will be supplied on Group A Lot Acceptance upon request.
Generic data from Harris' Reliability Add-On Program is available upon request. The objective
of Harris Reliability Add-On Program is to provide a continuous life and environmental
monitor for all products families in manufacturing. This program pravides life test perfor-
mance results to fullfill reliability data requirements and to verify package integrity. The
Reliability Add-On Program is supplemental to customer funded Lot Qualification.

For customers desiring Lot Qualification, Harris Semiconductor will perform Group A, B, C
and D inspections to MIL-5TD-883, Method 5005 as defined herein for an additional charge.



Standard Products Screening and

Inspection Procedure

PRODUCT CATEGORIES
MIL COMM EPOXY
OPER. SEQ. OPER. DESCRIPTION (M} ic) (€}
Incoming Material
Silicon and Chemical Procurement. - X X X
Q.C. Incoming Inspection. Materials
are Inspected for Conformance to X X X
Specified Raquirements.
M
c Manufacturing Wafer Fabrication X X X
E
QC  » DIH20 & Gas Menitor
* SEM Process Control X X X
* Wafer Process Control
M Manufacturing, Wafer Electrical
g Probe (100%) X X X
|
M Manutacturing, Wafer Scribe,
g Break {100%) X X X
I
M
C Manufacturing Dice Screen {1005} X x X
E
QA Dice Inspection Contral X X X
Preform Procurement X X N/A
Package Procurement X X N/A
Leadframe Procurement X
Epoxy Compound Procurement X
Q.C. Preform Inspection X X N/A
Q.C. Package Inspection X X N/A
Q.C. Leadfrarme Inspection x
M .
C Manufacturing Package Clean X X N/A
M
c Manufacturing Die Mounting X X X
E
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QA Die Mount Control
[continuous sampling}
» Visual Die Inspaction

Bond Wire Procurement

Q.C. Wire Inspection (receiving)
Manufacturing Wire Bonding
QA Bond Comtrol (continuous
sampling)

* Visual Die & Bond Inspaction
» Wire and Pull Test

Manufacturing Pre-Seal Screen
{100%)

QA Pre-Seal Inspection
Lot Acceptance

Preseal Bake Par M5-883,
Method 1008, Cond. C

Package Lid Procurement
Package Lid Inspection
Package Lid Clean

Package Seal/Encapsulation

QA Package Sea!/Encapsulated
Control {continuous sampling)

Al

MS8a3
Method
2010
Cond.
AorB

MS883
Method
2010
Cond.
AorB

8hr.

Au

4 hr.

N/A

N/A

N/A




| mo =

=

=2

O

[e X0

mo

mo =

Imo =

Stabilization Bake
MS5-883, Method 1008, Cond. C.

Temperature Cycle, MS-883,
Method 1010, Cond. C,

Centrifuge, MS-B83, Method 1010,
{¥1) Plane 30 KG' min.

Fine Leak, MS-BB3, Method 1014

Gross Leak, M5-883, Method 1014

Omit Step 1, Na Vacumm Pre-Cond.

Step 3

Frame Removal & Loading Units
In Carriers/Sticks

Final QA Lot inspection, MS-8383
Method 1014

* Fine & Gross Leak

* Visual/Mechanical Inspection

Group A Initial Tests
Table |

Brand Device Type/Date Code
Serialize, If Applicable

Burn-In {100%), MS-883,
Method 1015

Group A Firal Test (100%]

QA Acceptance Elec. Testing
+ Visual/Mechanical Method
20049 Lot Sampling

Brand Devices Type/Date Code

Controlled Inventory

24 hr.

100%

100%

100%

Classes
AfB
Products

N/A

8 hr.

NFA

N/A

Sample

Sample

N/A

N/A

N/A

Bhr.

N/A

N/A

N/A

N/A

N/A

N/A

N/A
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Packaga for Shipment X X X

mo =

Quality Conformance Inspection
Group B/C/D Testing, MS-B83, X X X
Method 5005, Pericdically or by
Customer P.0O. Request

QA Plant Clearance
* Final Visual of Marking and

Physical Quantity, Conformation X X X
of Product by Inspection or
Sample Test
M
c Ship to Customer X X X
E

Harris Commercial Grade Products

This product is processed on the same wafer fabrication lines, to the same thorough
specification and rigid controls as HI-Ret parts. At wafer electrical probe the product may
be categorized for electrical performance, such as temperature range of operation or max-
imum output (see specific product data sheet for grading details] by utilizing multiple
colored inks. Defective die are inked with red ink, but, for example, die meeting the
commercial temperature range electrical specifications may be inked with green ink.

The die are then visually inspected and sorted after die separation to a modified Class B
visual criteria. They are then assembled in packages on a controlied assembly line. The ink
used to categorize product performance, such as the green ink, might not be removed from
the commercial grade die. This ink has been chemically characterized as inert and reli-
ability verification confirms there is no effect on performance or operating life of the
parts.

Harris invites any interested customer to review our assembly flow and facilities for infor-
mation, quality survey, or certification.




Table | - Group A Electrical Tests "

DASHEB & 2
LTPD* LTPD*
SUBGROUP Z- MIL-PRODUCT COMM. PRODUCT

Subgroup 1

Static Test ar 250C 5 7
Subgroup 2

Static Test at Maximum Rated 7 N/A

Operating Temperature
Subgroup 3

Static Tests at Minimum Rated 7 N/A

Operating Temperature
Subgroup 4

Dynamic Tests at 2690 5 7
Subgroup 5

Functional Tests at 250C 5 7
Subgroup 6§

Functional Tests at Maximum and

Minimum Rated Operating 10 15

Temperatures
Subgraup 7

Switching Tests at 250C 7 10

1. The specific paramaters to be included for tests in sach subgroup shall ba as secified in the applicahle
procurement document or specification sheat. Where no parameters have been identified in a perticular
subgroup or test within a subgroup, no Group A tetting is required for that subgroup or test ta satisfy
Group A requirgmants,

2. A single sample may be uted far all subgroup tasting. Where tha required size exceads the Jot size, 100%
inspection shall be allowed.

* Groups A, B, C and D sampling plans are based on standard LTPD tables of MIL-M-38518. Typically,
the sample size chosen is based an 1 reject allowed. If necessary, the sample size will ba increased once to

the qu ity nat g an number of 2.
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Tabie Il - Group B Tests (Lot Related)

MIL-STD-883
TEST METHOD CONDITION LTPP*
Subgroup 1
Physical Dimensions 2018 2 De!:rices
{No Failures}
Subgroup 2
3. Resistance to Solvents 2015 3 De\fices
{No Failures)
b. Internal Visual and Failure Criteria from Design and 1 Device
Mechanical 2014 Construction Reguirements of Applicable (Ne Failures)

Pracurement Document.

¢. Bond Strength 2.

{1} Thermocompression 2011 (1) Test Condition Cor D
{2) Ultrasonic or Wedge (2] Test Condition Cor D 15
{3) Bearn Lead {3) Test Condition H
Subgroup 3
Solderability 3. 2003 Soldering Temperature of 260 £100C 15
HOTES:

1. Elecirical reject devices fram the same inspection lot may ba used for all subgroups when and peint mea-
surements are Hot reguired,

2. Test samples for bond strength may, at the manufacturer’s option unlass otherwise specifisd be randomly
sedected immadiately following internal visual (precap) ingection specified in method 5004, prior to sealing,

3. Al devices submitted for solderability test must have been through the temperature/time exposure specified
for burn-in, The LTPD for soldarabitity test applias 1o the number of igads inspected excent in no case shatl
less than 3 devicas be used to provids tha number of leads required.

4. Generic data from Harris Aelisbhility Add-0On Program in the form of Reliability Bulleting ara available upon
request.

* Aeferance Note — Table 1*
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Table Ill - Group C {Die-Related Tests)

Visual Examination

End Point Electrical
Parameters

Table | — Subgroup 1

MIL-STD-883
TEST METHOD CONDITION LTPD*

Subgroup 1

Operating Life Test 1005 Test Condition to be specified (1000 Hrs} 5

End Point Electrical TFable | — Subgroup 1

Parameters
Subgroup 2

Temperature Cycling 1010 Test Condition C 18

Constant Acceleration 2001 Test Condition E

Y1 Axis

Seal 1014 As Applicable

{a) Fine

{b) Gross 2-

NOTES:

1. Visual examinaticn shall be in accordance with method 1010,

2. When fluarocarbon gross leak testing is utilized, test condition C7 shall apply as minimum.

A, Generic data from Harris Raliahility Add-Cn Program in the Form of Ralisbility Bulleting are available

upon ranuest,

* Agfergnce Note - Toble 1 *



|
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Table IV - Group D (Package Related Tests)

upan requast,

# Referance Note - Table 1 *

MIL-STD-883
FEST METHOD CONDITION LTPD*
Subgroup 1
Physical Dimensions 2016 15
Subgroup 2 4,
Lead Integrity 2004 Test Condition B2 {Lead Fatigue) 15
Seal 1014 A5 Applicable
{a} Fine
{b] Gross 6.
Subgroup 31-
Thermal Shock 101 Test Condition B as a Minimum, 15
15 Cycles Minimum.
Temperature Cycting 1010 Test Condition C, 10 Cycles Minimum
Moisture Resistance 1004 Omit Initial/Conditioning and Vibration
Seal 1014 As Applicable
{a) Fine
{b} Gross &
Visual Examination 2,
End Point Electrical Table | — Subgroup 1
Paramaters
Subgroup 4 1.
Mechanical Shock 2002 Test Condition B 15
Vibration Variable Freguency 2007 Test Condition A
Constant Acceleration 2001 Test Condition E {See 3)
Seat 104 As Applicable
{a) Fine
{b} Gross6.
Visual Examination a
End Paint Electrical Tahte | — Subgroup 1
Parameters
Subgroup 5%
Salt Atmosphere 1009 Test Condition A 15
Visual Examination .
NOTES:
1. Devices used in subgroup 3, “Thermal and Moisture Resistance” may ba used in subgroup 4, *'Mechanical™.
2. Visual axamination shall be in | with hod 1810 ar Y311 at a magnification of 5X to 10X,
3. Visual examination shall ba performad in d with method 2007 for avid of def ar d o]
10 cage, leads, or seats resulting from testing {not fixturing). Such demages shall constitute a failure.
4, Etactricsl reject devices from that same inspection lot may be used for samples,
5,  Visusl examination shal? be in accordance with paragraph 3.3.1 for mathod 1009.
6. Whan fluarocarbon gross ieak testing it utilized, test conoition C3 ghall apply as minimum.
7.  Genaric dats from Harris Ratisbility Add-On Program in the form of Reliability Bulletins are available




HA-90%
HA-2050
HA-2050A
HA-2060
HA-2060A
HA-2400
HA-2420
HA-2500
HA-2602
HA-2510
HA-2812
HA-2520
HA-2522
HA-2530
HA-2600
HA-2802
HA-2620
HA-2622
HA-2630
HA-2640
HA-2650
HA-2700
HA-2720
HA-2730
HA-2820
HA-2300
HA-4802
HA-4741
HA-4800
HC-55518/32
HD-245
HD-246
HI1-200
HE-201%

Burn-In Circuit Index

Low Noise, Operationa! Amplifier

High Slew Rate F.E.T. Input Operational Amplifier
High Slew Rate F.E.T. lnput Operational Amplifier
Wide Band F.E.T. Input Dperational Amptifier
Wide Band F.E.T. Input Operational Amplifier
PRAM Four Channel Qperational Amplifiers
Sample and Hold, Gated Operational Amplifiers
High Slew Rate Operational Amplifier

High Slew Rate Operational Amplifier

High Slew Rate Operational Amplifier

High Slew Rate Operational Amplifier

High Slew Rate Operational Amplifier

High Slew Rate Qperaticnal Ampilifier

Wide Band High Slew Inverting Amplifier

High Impedznce Operational Amplifiers

High Impedance Operational Amplifiers

Wide Band, High Impedance Qperational Amplifiers
Wide Band, High Impedance Operational Amplifiers
High Performance Current Booster

High Voltage Operational Amplifiers

Dual High Performance Operational Amplifiers
Low Power, High Performance Operational Amplifier

Low Power, Current Programmable Operational Amplifiers
Low Power, Dual, Current Programmable Operational Amplifiers

Phase Locked Loap

Chopper Stabilized Operational Amplifiers
High Performance Quad Op Amp

Quad Op Amp

Quad Voltage Comparator

Cvsb

Triple-Line Transmitter

Triple-Line Receiver

Dual SPST Analog Switch

Quad 5PST Analog Switch

DRAWING NO.

-
I\)ML(AJI\JMMM"\’

L
L

2,5
2.5

2.7
2,7
7.8
7.8

13
10, 11
12
13
14
15
16
16
17
18

20
21,22
23
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HI-606
HI-B06A
HI-507
HI-5074
HI-5084
HI-609A
HI1-562
HE-1080
HI-1800A
HI-1818A
HI-1828A
Hi-1840

HI-5040
thru 5051

CMOS 16 Channel Analeg Multiptexer

CMOS 16 Channel Analog Multiplexer

Dual-8 Channel Multiplexer

Dual-8 Channel Multiptexer

8 Channel Analog Multiplexer

Dual-4 Channel Analog Muitiplexer

Precision 12-Bit DA Converter

8-Bit D/A Converter

DPDT-Low Leakage 4 Channel Analog Switch
8 Channel Multiplexer

Dual-4 Channel Analog Muttiplexer

CMOS 16 Channel High Impedance Analog Multiplexer
CMOS Anafog Switches

24
24
24
24
25
26
27
28
29
30
3t
24
32



Burn-in Circuits

TO-86 FLAT PACK _ HA-808, HA-2500, HA-2502, HA-2510, HA-2512,

HA-2520, HA-2522, HA-2600, HA-2602, HA-2620,
HA-2622, HA-2050, HA-2060A, HA-2060,
HA-2060A , HA-2640%

TQ-99

) NOTES:
Ta = +125°C
NOTES:
Ta = +125%C A4 = IMagehm
A4 = 1Megohm £q =007 UF, 100V

Cy »0.01 4F, 100V *\VouppLy = T40V

16 LEAD CERDIP n HA-2420 14 LEAD CERDIP
1

NOTES: NOTE:
Ta = +125%C Ty = +1259C
R4 = 100K{2

Cy = 910pF, BOV
Dy ,2 = IN4OO2

FREQ.: Q3 = 100KHz; O3 = 50KHz; Q3 = 26KHz

E HA-2510, HA-2512, HA-2520, HA-2522

TO-86

= 0t
-15¢

NOTES: NOTE: Ta=+125°9C
Ta = +1259C

R4y = TMagohm

€y =001 UUF, 50V
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HA-2600, HA-2602, HA-2620, HA-2622 HA-2620/2822

TO-91

NOTES: NOTES:

Ta = +125°C Ta = +1280C

Ay = TMagohm Ry =1 Megohm

Cy = 0.01 UF, 100V Cq =001 UF, 100V

n HA-2700

NOTE: NOTES:
Tp = +1269C TA = +1250C
Rt =1 Megohm

HA-2700 TO-116 D.L.P, HA-2720

NOTES: NOTES:

Ta = +1250¢ Ty =+128° fig = 10K}

A1 =1 Megahm ty¢2 = 0.01 10 0.1 UF R4 = K12
Ay =100

Az = 2M{2
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TA = +126°C

NOTES:
Ta = +125°C
Ry = 10K
Ry =4.7K§)
Ry = 56050
Gy =01 UF

n HA-4602/4741 14 LEAD CERDIP

+

%]

i)
NOTES: L -

T4 =+125°C
Dy = Dy = IN4OO2

NOTES:

Ta™+12500
Ct=Ca=Ca=01MF

Dy = O = By = IN4QO2

DRIVE SIGNAL FREQ. ’:_ZDOOHZ
DRIVE SIGNAL AMP. = 2 §40OLTS

16 PIN CERDIP

+15%
D
c%% '

m HC-55516/32 14 LEAD DIP/FLAT PACK

Vooo——l—

NOTES:
Ta = +1259C
Vpp = +7.0VOLTS

1o = 16KHZ



14 PiN DIF/FLAT PACK 14 PIN DIF/FLAT PACK

Voo - 50w

all R =15}

14 LEAD DIP
TO-116

b,
INPUT
HIVER

] W11 1
|¥rer[Dr |81 MC.
N.C.

[ o

NOTES: ] NOTES:
Ta = +125°9%C Ta ™ +125°C

Ry = 10K§2 SUPPLIES: M pvDC
DyDoD3 = IN4DD2 o

D4 = Op = INAOO2
FREQ,. = tD0KHz FREQ. = 50KHz

Avisy

16 LEAD CERDIP HI-506/507/506A/507A 28 LEAD CERDIP

50 o HI-1840

Ty = +12B9C Ag = 100K Hz
Dy Dp = IN4002 Aq = SOKHZ
FREQ.: = 100KHz Az = 25KHz

Ag = 12.EKHz

* Pin 18 grounded for HI-1840
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16 LEAD CERDIP

MNOTES:

Ag = 100KHz2

Ay = BOKHz

Ag = 26KHz

TEMP: +31Z269¢C
PACKAGE: 16 PIN DIP

HI-B09A

16 LEAD CERDIP

-1EvDC

+IBVDE

# 7] 5] 6| 2] 3

J

REYICETe

T
O 8, 5, 5,50,

BEy A

j‘b‘ 14 12
KT RT

o]
LR

NOTES:

Ag = 100K Hz
Aq = S0KHZ
TEMP: +12B69¢

PACKAGE: 16 PIN DIF

24 PIN DIP

|

R R

=
-

H
FEEEER R R EEE 1

NOTES:
Tp = +1250¢C

04,015,053 = 1NAOO2
€y,C32,C3 = 0.0104F

B o

24 LEAD CERDIP

&
a
L]
%

E"PFP?P%ﬁ

n oo

g

Ta = +125°C

16 LEAD CERDIP

Tp = +1269C
Aq = 100K Hz
An = BOKHZ
Anq = 26KH2
EN = 12E5KHz

HI-1818A

NOTES:

Ta = +1269C
Ag = 100KHZ
Aq = EQKH2Z
Ag = 2BKHZ
EN = 12.5KHz

16 LEAD CERDIP
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HI-5040 thru HI-5051 16 LEAD CERDIP

16 LEAD CERDIP

i
L

NOTES:

Ta = +1260C
g = 100KHz INPUT SHINAL
Ay = S0KHz NOTES:

EN = 25K Hz T, - +1259C F=100KHz
D7.Dg,Dg = IN4D04
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Harris Package Selection Guide

PACKAGE CODE [Saa Note)

PART NUMBER CAN FLATPACK D.I.P.
HA-908/911 2A av
HA-2050/2055/2060A/2056A 2A
HA-2060/2065/2060A /20654 2A
HA-2400/2404/2405 48
HA-2420/2425 4y
HA-2500/2502/2505 2A
HA-2510/2512/2515 2A av*

HA-2520/2522/2525 2A ayve
HA-2530/2535 2A
HA-2600/2602/2605 2A ow*
HA-2620/2622/2625 2A 4U
HA-2630/2635 26
HA-2640/2645 248
HA-2660/2655 28 4U
HA-2700/2704/2705 2A 40
HA-2720/2725 24
HA-2730/2735 44
HA-2820/2825 44
HA-2800/2204/2905 2E
HA-4602/4605 4U
HA-4741 40, 381
HA-49D0/4905 4B
HC-55516/55532 9R a0
HB-0165 4K
HD-245/545 v 15
HD-246/546/249/549 oV 15
HD-248/548 oy 15
HI-200 sl
HI-201 4B
HI-506/507/508A/507 A ™
HI-S08A /5094 4B
HI-562 TH
HI-1080/1085 4k
HI-1800A 4B
HI-1818A/1828A 4B
HI-1840 ™
HI-5040 thru HI1-5051 4B
NOTE: "Package Code” references dr on tha foil pagas. Mot that thase da not cor-

respond with the general package designatians to be used in constructing the part number,
which is explained in Ordering Information at the front of this book.

* Fiatpack not available for cormmerclal temperature range.

t 3B (Plastic D.1.P.} nat available for mititary temparature range.




Package Dimensions

1. All dimensions in inches; millimeters are shown in parentheses.
2. All dimensions £.010 (£0.25mm} unless otherwise shown.

3. Package codes are shown in black squares.
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Harris Sales Locations ’I ’I ’I

OEM Sales Offices

EASTERN REGION

535 Broadhollow Road
Melville, LI, N.Y. 11746
(516} 243-4500

Suite 301

177 Warchester Street
Wellesley Hills, Mass, 02181
{617) 237-5430

Suite 325

650 E. Swedeford Road
Wayne, Pann, 19087
{215) 687-6680

Suite 115

2020 West McNab Road
Ft. Lauderdale, ¥1. 33309
{305) 971-3200

CENTRAL REGION

Suite 100

4972 Northcutt Place
Dayton, Ohic 45414
{513} 226-0636

Suite 100

15 Spinning Wheel Road
Hinsdale, I!l. 60521
(312) 326-4242

Suite 132

7710 Computer Avenue
Minneapelis, Minn. 55435
(612) 835-2505

Suite 7G

777 5. Centrat Expressway
Richardson, Texas 75080
(214} 231-8031

International Sales Offices

Europe

OEM SALES

HARRIS SYSTEMS LTD.
Harris Semiconductor Div.
P.0. Box 27, 145 Farnham fRd.
Slough SL1 4XD, England

Tel: (Slough} 34666

TWX 848174 Harris G

HARRIS SEMICONDUCTOR, INC,
53 Bd. de Waterloo Bte 5

B-1000 Brussels, Belguim

Tel: 51108 24

TX 26382

Narth Evrope

DENMARK

DITZ SCHWEITZER A.S.
Vallenshaekvej 41

DK-2600 Glestrup, Denmark
Tel: {02} 453044

TX 33267

FINLAND

FINN METRIC QY
Ahertajantie 60

SF-02101 Tapiola P! 6, Finland
Tel: 460844

TX 122018

NETHERLANDS

TECHMATION ELECTRONICS N.V.
Gebouw 106, Schipho!-Cost
1117-AA8 Amsterdam, Netherlands
Tel: (20) 456955

TX 13427

NORWAY

EGA A/S

Hjalarmar Brantingsvei 6
N-Oslo 5, Norway

Tel: (02} 221900

TX 1126BAEGAN

SWEDEN

A BELECTROFLEX

Box 7068

5-17207 Sundbyberg, Sweden
Tel: {08} 289290

TX 17644

UNITED KINGDOM & IRELAND

CRELLON ELECTRONICS LTD.
380 Bath Road,

Siough, Bucks SLI1 3UZ

England

Tel: Burnharn (082B6) 4434

TX 847571

WESTERN REGION

Suite 103

4014 Long Beach 8ivd,
Long Beach, Calif, 90807
(213) 426-7687

Suite 230

1032 Elwell Court
Palo Alto, Calif. 94303
{415) 964-6443

HOME OFFICE

P.0. Box 8B3
Meibourne, F1. 32901
{305} 724-7000
TWX-510-959-6259

MEMEC LTD

The Firs, Whitchurch
Nr. Aylesbury, Bucks,
Engtand

Tel: (029664} 366
TX 837508

AFEX COMPONENTS LTD.
396 Bath Road

Slough, Berks., Engiand
Tel: {06286) 63741

TX B48519

Contral Europe

AUSTRIA

KONTRON GMBH
Ameisgasse 49

A~1140 Vienna, Austria
Tel: 945648

TX 11699

BELGIUM
BETEA S.A.

15 Av, Gao Bernier
B-1050 Brussels, Belgium

Tel: (02) 6499000

TX 23188
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Central Europe (continved;

GERAMANY

KONTARON ELEKTRONIK GMBH
Cskar Von Milter Str. 1

0-8057 Eching Bei Munchen,
Germany

Tel: {08185) 771

TX 0526512

SWITZERLAND

STOLZ AG.

Bellikonerstr. 218

CH-8968 Mutchellen, Switzerland
Tel: {067) 54685

TX 54070

South Europs

FRANCE

ALMEX {DISTRB.}
48, Rue de L'Aubepine
F-92160 Antony
Erance

Tel: 666-21-12

TX 250067

SPETELEC
Tour Eurgpa
Belle Epine
Cidex A111
F-84532 Rungis
Tel: 686 5665
TX 25801

IRAN

BERKEH COMPANY, LTD.
20 Salm Road

Roosevelt Avenue

Tehran, Iran

Tal: 8282094

TX 212056

ITALY

ERIE ELETTRONICA SPA
Via Melchiorre Gioia 66
1-20125 Milano, Italy

Tel: (2)6884833/4/5

TX 36385

SPAIN & PORTUGAL

INSTRUMENTOS ELECTRONICOS
DE PRECISION

Alcalde Sainz de Baranda 33

Madrid 9, Spain

Tel: 27491007

TX 22961

Far East

OEM SALES

HARRIS SEMICONDUCTOR, INC.
2-3-6 Oternachi

Chiyodaku, Tokye, Japan

Tel: {03} 279-1691

TX ) 26625

AUSTRALIA

CEMA. (DISTRB.)PTY.LTD.
21 Chandos Street

Crows Nest, N.5.W. 2065
Australia

Tel: 439-4655

TX A22846

JAPAN

HAKUTO COMPANY, LTD.
Foreign Division

C.P.O. Box 25

Tokyo, 100-91, Japan

Tei: {D3) BO3-3711

TX J 22912

KANEMATSU/HAMILTON GROUP
Kanematsu Gosho Lid.

Electronics Dept. 2

2-5, Takara-Cho2

Chuo-Ku, Tokyo 104, Japan

TX 22333

MITSUBISHI CORPORATION
6-3, Marunouchi 2-Chome
Chiyoda-Ku

Tokyo, 100-91, Japan

Tel: {03) 210-3023

TX J 22222



HARRIS

SEMICONDUCTOR
PRODUCTS DIVISION




