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Fig. 1-1. Type 3A3 Dual-Trace Differential amplifier plug-in.
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The Type 3A3 is a Dual-Trace Differential Amplifier plug-
in unit, designed to be used with Tektronix 560-series Oscil-

loscopes except the Type 560. The

pendent high-gain differential amplifier channels. Either or

both channels may be operated to p
both channels are used, a dual disp

alternate channel switching, or by chopping between chan-

nels during the sweep time.

In addition to the above, the Type 3A3 contains a low
impedance Trigger Output circuit that provides trigger sig-
nal from either channel or a composite signal from both

Characteristic

SECTION 1

Type 3A3

CHARACTERISTICS

Change information, if any, affecting this section will be found at the
rear of the manual.

unit contains two inde-

roduce a display. When
lay is produced through

drive a slave o

channels. The selected trigger signal is coupled through the
oscilloscope plug to the companion time-base unit for internal
trigger operation. Jacks may be installed in the oscilloscope
to provide access to this trigger signal, so it may be used to

scilloscope or X-Y plotters.

Characteristics described in this section are valid over

the stated environmental range for instruments calibrated

at an ambient
minute warm-up

DUAL-TRACE AMPLIFIERS

Performance Requirement

‘Deflection Factor
Calibrated Range

s - — e}~

0.1 mV/div to 10 V/div, 16 steps in a 1-2-5
sequence

Accuracy Within 3%

Uncalibrated Cchinuously variable; extends deflection

(Variable) factor to at least 25V/div
GAIN Range R -
Bandwidth Limit Frequency r— o

(—3 dB points)

500 kHz 500 kHz or more

5kHz o |

| Not less than 5kHz or more tHanifSkH}

| sefting

temperature of 4-20°C to +30°C. A 30
is required for certain temperature-depend-

ent characteristics as noted.

Supplemental Information

At least +8% to —8% from calibrated

AC (Capacitive) Cé_uﬁied Input,_-
Lower Bandwidth Frequency

1.6 Hz within 20%

Step Response
Risetime (500 kHz Bandwidth)

§0.7 us

Common-Mode Rejection Ratio
DC (Direct} Coupled
0.1 mV/Div to 10 mV/Div, for
signals within + and — 5V
of ground

20 mV/Div to 0.1 V/Div for
signals within + and — 50V
of ground

>>50,000:1; DC to 100 kHz
| >1,000:1; 100 kHz to 500 kHz

kHz. Equal or adjustable to 1,000:1; 1 kHz
to 100 kHz

0.2 V/Div to 10 V/Div for sig-
nals within + and — 350 V
from ground.

Equal to or adjustable to 500:1; 100 kHz
to 500 kHz.

Equal to or adjustable to 5,000:1; DC to 1 |

AC (Capacitive) Coupled

>500:1 at 15Hz
>2,000:1 at 60Hz

“Input R and C

Resistance

1 MQ within 1%




Characteristics—Type 3A3

DUAL-TRACE AMPLIFIERS (Cont.)

- Ch&ra;ter?ﬁc

_Cépocitonce
Time Constant

Inpurf Gate Current o
Each Input

Uncompensated Input Current

Variable Balance

'STEP ATTEN BALANCE

POSITION Control Range
‘Displayed Noise
(Tangentially measured)

DC drift
Drift with Ambient Temperature
(Line Voltage Constant)

" Interchannel lsolation
Attenuator Isolation
Channel Isolation
Dual Trace lsolation

Maximum Non-Destructive Ihpdtu

Voltage

<15,V at 500 kHz bandwidth with 25 |

Performance Requirement

47 pF within 2 pF

47 ps within 4%. CH 1 + input and CH 1

— input; CH 2 + input and CH 2 — input
matched to within 1.5%

0°C to +435°C

=100 pA or less

+35°C to +50°C
=+500 pA or less

<0.2 div, shift with VARIABLE control
turned from fully CW to CCW position
at 10 mV/div

Adjustable for no position change while
| switching VOLTS/DIV selector

<200 pA at 25°C (OV at wiper arm of
Input Current Zero adjustment for each
channel)
Adjustable to 0 using infernal VAR DC BAL
control

>6cm above and below the graticule
center line

source

<50 v/ °C

[ >10% 1, DC to 500kHz
|>10% 1, DC 10 100kHz
| >100:1, DC to 100 kHz

0.1 mV/Div to 10 mV/Div
20 mV/Div to 10 V/Div

| A figure of noise amplitude that approxim-
mately equals twice the RMS noise value

| and about Y of the apparent trace width

30V, 5C 1o 1Kz
350V, DC to 500 kHz

AC (Capacitive) Coupled Input
DC Rejection

See Fig. 12

47% {Direct) coupled; DC 4 pequiiC.ii
600V max when precharge circuit is used

TRIGGER OUTPUT CIRCUIT

Trig Output (Pins 11 & 12 of P-11)
Amplitude

Single Ended 2.5V/div within 409, B

Push Pull N - - B 5V/div within 40% -
Output Resistance <500 Q
Bandwidth i | >400 kHz when connected to a 2B- or 3B-

series Plug-In Unit.

Chopped Mode
Chopped Repetition Rate

200 kHz within 25%

Chopped Line Segment

2us to 33us

Display Factor

>60%

GENERAL

Characteristic

Performance Requirement

Supplemental Information

“Phase Difference Between Two
Similar Type 3A3's
0.1 mV/Div to 10 mV/Div

<2°, DC to 100 kHz

Adjustable to zero internally
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MECHANICAL CHARACTERISTICS
Characteristic Information
Construction

Chassis Aluminum
Front-panel Aluminum  with  anodized

finish

Circuit Boards

Glass-epoxy laminate

ENVIRONMENTAL CHARACTERISTICS

The following environmental test limits apply when tested
in accordance with the recommended test procedure. This in-
strument will meet the electrical performance requirements
given in this section following environmental test. Complete
details on environmental test procedures, including failure
criteria, etc., may be obtained from Tektronix, Inc. Contact

your local Tektronix Field Office or representative.

Characteristic

Characteristics—Type 3A3

1000 V -

350V

INPUT VOLTAGE RATING
0.1 mV/Div to 10 mV/Div

100 V

20V

10V

Input Voltage

1V 4
0.5V

Non-Destructive Voltage

Common Mode Operation

0.1V

100

1k 10k 17 k 100k 500k 1™

Frequency in Hz

Fig. 1-2. Input Voltage rating of the Type 3A3, 0.1 mV/Div. to

10 mV/Div.

kbperatingiRequirements'

| Supplemental Information

7Témperaturé
Non-operating +4+4°C to +65°C ~
Operating 0°C to +50°C R -
Altitude 7
Non-operating To 50,000 feet B -
Operating To 15,000 feet
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Type 3A3

SECTION 3
CIRCUIT DESCRIPTION

Change information, if any, affecting this section will be found at the

rear of the manual.

Introduction

This section of the manual presents a description of the
Type 3A3 circuitry, keyed to the block diagram and circuit
schematics in Section 9. Detailed circuit analysis include
some simplified drawings of the circuits to enable the read-
er to readily follow signal or current paths as the descrip-
tion is read. Changes or corrections to this section may
be found at the rear of the manual.

General Description and Functional Block
Diagram

A functional block diagram of the Type 3A3 is located
in Section 9 of the manual, and in Fig. 3-1. The unit contains
two independent differential amplifier channels, with each
channel providing either differential or single-ended input
signal application. Either channel may be selected to pro-
duce the display, or the two channels may be electronically
switched to produce a dual trace display.

A trigger output circuit provides three selections of trig-
ger signal (CH 1, CH 2, or the composite of both channels)
to the plug-in connector as an internal trigger source to
the companion Time-Base Plug-in Unit.

Signals applied to any input connector of the Type 3A3
are either AC or DC coupled via the input selector switch
to the input attenuator. A GND position on the input se-
lector grounds the attenuator input and connects the cou-
pling capacitor through a resistor to the BNC input (4 or
—) connector. Therefore, the coupling capacitor is charged
to the DC level of an applied signal. Thus, there is no surge
current from the capacitor charge when the input selector
is switched from the GND position to the AC position, and
only the AC component is coupled to the amplifier input.

Attenuation for both sides of each channel is provided by
RC type attenuators with attenuation steps of 1X, 10X,
100X, and 1000X.

The output of the attenuator connects to the input ampli-
fier, which contains a constant-current supply plus balanced
input and output circuits that provide a high common-mode
rejection ratio (CMRR).

The differential output from the input stage is then DC
coupled to a gain-switching amplifier. This amplifier pro-
vides seven gain selections and when operated in conjunc-
tion with the four input attenuator steps, provides the .1
mV/div to 10 V/div deflection factors in a 1, 2, 5 sequence.
The 500 kHz or 5kHz bandwidth of the unit is also selected
in this stage.

The differential output signal from the gain switching am-
plifier drives the trigger amplifier, plus an emitter-coupled

@

differential amplifier. Vertical POSITION adjustment and a
VARIABLE gain control are provided in this amplifier. A
range of at least 2.5:1 variation in gain by this control pro-
vides continuous adjustment through each step of the VOLTS/
DIV selector and increases the 10 VOLTS/DIV position to
at least 25 V/div uncalibrated.

The output signal from the channel gain balancing am-
plifiers is then DC coupled through a switching circuit to the
output amplifier for both channels. This switching circuit
provides the four modes of operation. When the MODE
selector is switched to either CH 1 or CH 2 position the driv-
er multivibrator is disabled and the switching circuit con-
nects the signal from the selected channel amplifier to the
input of the composite output amplifier. Setting the MODE
switch to the CHOP position causes the driver multivibrator
to free run at an approximate 400 kHz rate. This output
drives the switching circuit so that it chops between Chan-
nels 1 and 2 and the unit presents a display of both chan-
nels. When the MODE switch is in the ALT position, the
driver multivibrator becomes a monostable multivibrator and
requires an input pulse to cycle. This pulse is generated
at the end of each horizontal sweep by the companion time-
base plug-in unit. Therefore, the switching circuit alternates
between channels to display both at a rate determined by
the position of the Time/Div selector.

In the sequence with the drive signals to the mode switch-
ing circuit, the driver multivibrator provides both a chop
blanking pulse to the plug-in oscilloscope CRT circuit, and
a synchronizing pulse to the companion time-base plug-in
unit,

The chop blanking pulses are applied via pin 24 of the
interconnecting plug (J21) to the CRT cathode, when the CRT
Cathode Selector switch on the back panel of the oscillo-
scope is in the Chopped Blanking position. This pulse blanks
the CRT beam during switching time to eliminate the unde-
sirable vertical transit lines between the dual display.

The dual X-Y sync pulse output is applied via pin 4 of
the left hand interconnecting plug, to pin 3 of the right hand
interconnecting plug. This provides dual X-Y display capa-
bility using the Type 3A3 and a companion vertical plug-in.

Differential signal voltages from the selected channel
amplifiers are converted to push-pull signal currents by the
output amplifier. This output drives the high impedance of
the vertical deflection plates for the CRT. A GAIN adjust-
ment in the emitter of the push pull amplifier provides a gain
calibration adjustment for the unit.

The output signal from the amplifier is also connected
through the TRIGGER selector, when it is switched to the
COMP position, to the trigger output amplifier. This pro-
vides a composite trigger signal from either or both chan-
nels to internally trigger the time base unit.

a1
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The trigger output amplifier is a cathode follower ampli-
fier which provides a high current low impedance output
signal with a DC reference adjustable to zero volts. This
provides the trigger to the companion time base unit. It
also provides a low impedance signal source to drive auxil-
iary equipment if provisions such as jacks, are installed in
the oscilloscope main-frame and connected to pins 11 and
12 of the interconnecting plug.

DETAILED CIRCUIT DESCRIPTION

The illustrations in this section are provided as an aid in
understanding the circuit descriptions. For electrical values
and the complete circuit, refer to the schematics in sec-
tion 9.

The input coupling, attenuator and channel amplifier cir-
cuits are identical except for circuit and component num-
bers. Therefore, the circuit description of Channel 1 is ap-
plicable to Channel 2. The -+ side of Channel 1 is described.

Input Coupling
A three-position selector SW101 and associated circuitry

(Fig. 3-2) provide the following functions:

In the DC position, signals applied to the input connector
are directly coupled through the input attenuator to the gate
of the input amplifier transistor Q114.

Circuit Description—Type 3A3

In the GND position, the input to the amplifier is ground-
ed through the attenuator and the switch. Signals applied
to the 4+ input connector charge the coupling capacitor
C101 through R101 to the DC or average level of the ap-
plied signal. By precharging the coupling capacitor C101, no
gate current flows when the Input selector is switched to
the AC position and the trace remains on screen.

In the AC position, frequencies below 1.6 Hz are attenu-
ated.

When the input selector is placed in either the AC or
DC position and the VOLTS/DIV switch is in the 1X (1 mV
to 10 mV} attenuator position, input R and C for CH 1 is
established by R113 (1 MQ) and the stray circuit capacitance
in shunt with C109. Input time constant for the 1X atten-
uator range is normalized at 47 us by adjusting C109. The
variable capacitors C105A, C106A or C107A are adjusted
so all attenuator ranges maintain a standard input time
constant through each position of the YOLTS/DIV selector.

Input Attenuator

An attenuation factor of 1, 10X, 100X or 1000X is
selected simultaneously for both the + and — Inputs with
the VOLTS/DIV selector. These attenuators have the follow-
ing characteristics:

1. The input R and C are normalized for all settings of
the VOLTS/DIV switch for both input connectors. Adjustable
capacitors C109-C209 (1<), C105A-C205A (10X), C106A-

D
Q114
c101 R102 ¢
[T AAA— ATTENUATORS s
\—
R101
J101 AC
GND 1. With AC selected, AC signals are coupled to the atten-
+ 0——_1 o0 vators and €101 blocks DC.
C102 : C}E 2. DC position provides a straight through connection to
| the attenuator.
- | 3. GND position grounds the attenuator without grounding
: the input connector.
| 4. GND position allows C101 to charge through R101 to
| the signal DC level before AC position is selected. This
swiol  |=—-=—| feature protects Q114 from excessive grid current.
| 5. When GND is selected, R101 and C101 present a load
| to the circuit under test that is similar to the load pre-
sented when AC is selected.
|
I o AC 6. C102 provides adequate shunt capacitance to meet
| the 47 us input time-constant requirement.
| GND
—O0———>0—
o DC
CAUTION: When DC levels are to be blocked by AC cou-
—_ pling, SW101 should be set to GND while input connec-
- tions are made or broken.

Fig. 3-2. Partial diagram showing the Input Coupling circuit with SW101 set to GND.



Circuit Description—Type 3A3

~ 58V

1 maA| QRI33-R134
C116 To E, F.

> 0343
/,“r’ +45V
c11s

20V R130

1 mA

STEP ATTEN
BAL

R111

+

D113 1 mA

+ Input Current
Zero
COARSE
STEP ATTEN
BAL

|4 R131
— Input Current

/ Zero

R211

1 mA

20V

50V Q234

445V L To E. F.
T Q443

1 mA R233-R234

=58V

Fig. 3-3. Simplified (partial) diagram of the input amplifier with approximate current and voltage valves. Heavy lines indicate boolstrap
circuit.  Voltage values are with input grounded.
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C206A (100X) and C107A-C207A (1000X) provide this
normalization adjustment.

2. The resistance (DC or low frequency) attenuation ratios
of the attenuator are equalized by adjusting R105F, R106F,
and R107F in each attenuator network for the + input. With
these adjustments accurately set, optimum common mode re-
jection through the attenuators is achieved.

3. The reactance (AC or high frequency) attenuation ratio
of the attenuator is calibrated by adjusting C105C-C205C,
C106C-C206C and C107C-C207C.

4. High frequency compensation for the gain switching
amplifier stage is provided by adjustments C251B, C251D,
C251F, C251H, C251K, C251L, and C251M.

A maximum common mode signal range of ==20 volts (40
volts peak to peak, AC) is provided over the 1X range of
the attenuator (.1 mV to 10mV range of the VOLTS/DIV
switch). This increases to =200 volts (400 volts peak to
peak, AC) for the 10X range (20mV to .1V range of the
VOLTS/DIV switch) and =350 volts {700 volts peak to peak,
AC) for the remaining 100X and 1000 X ranges of the at-
tenuator (2V to 10V range of the VOLTS/DIV switch).
Common mode signal amplitudes up to 320 volts peak to
peak, AC at the gate input will produce essentially no
change in the division of the common source current be-
tween the FET's. Signals in excess of this cause deteriora-
tion of the common-mode rejection ratio.

Input Amplifier

The input amplifier is basically a cascode paraphase or
cascode differential amplifier, depending on the signal ap-
plication, with a constant current source. Circuit differences
between the 4+ and — sides of the amplifier are minimized
by incorporating the following features in the input ampli-
fier circuit:

1. Constant current sources (Q118, Q128) for the ampli-
fier. They establish the amplifier's operating current and
greatly reduce differential signal currents that might other-
wise appear in the amplifier when subjected to common
mode voltage signals.

2. A gn multiplier stage around the FET Q114, to offset
gain variation due to temperature changes (about 0.35%/

°C} and stabilize the forward transconductance (gys) of the
FET.

3. Close tolerance (within 1/,%) load resistors set the drain
current through each section of Q114, such that the current
through each half of the input amplifier is closely balanced.

4. A collector impedance multiplier Q133-Q233, reduces
the common mode error current developed by the h, of
the transistors Q134-Q234.

A simplified diagram of Channel 1 Input amplifier is shown
in Fig. 3-3. A constant source of floating power supply,
consisting of Q118, Q128 and the associated circuitry, pro-
vide a constant current of approximately 2 mA for each half
of the input amplifier. The voltage developed across R124
sets the voltage across each section of the dual FET Q114,
and R119 sets the constant 2 mA current through the input
amplifier. The 4% tolerance of the drain load resistors
R114 and R214 plus the Step Atten Balance potentiometer

©

Circuit Description—Type 3A3

R235, balance the current distribution through each half of
the amplifier. The additional 2 mA is external current which
flows from the external + 125V power supply, through
the cascode amplifier Q113-Q213 and Q134-Q234 to the
floating power supply.

Q114A

R111

Current Limiting

Positive
Limiting
/ R131
Negative D123
Limiting P
+30V
D127
Q128
D129
—30v -

Fig. 3-4. Simplified diagram of input circuit, to illustrate, input sig-
nal limiting.

Changes in common mode signal level at the amplifier
input are reflected through the gate-to-source junction of
Q114 to the common source point of the FET. (The center
point of R131). Since the current is constant through R124
and R119, a unit of voltage at the input is bootstrapped
through the floating power supply to the base-emitter junc-
tions of the transistors (Q133, Q134, Q233, Q234) and
through R239 plus R235, to the drain-source voltage for
Q114. The operating voltages and currents of the tran-
sistors and the FET are therefore held constant and the cir-
cuit remains balanced through variations of common mode
input signal level within the maximum input limits of the
amplifier. An approximate 6 mA source current through
Q128 in the floating power supply is distributed as shown in
Fig. 3-3.

Another determining factor in the CMRR of the input am-
plifier is the collector current stability of Q134-Q234. A
small error current is generated through the collector to
base impedance of Q134-Q234 when the common mode
input signal shifts. This error is returned via Q133-Q233 to
the emitters of Q134-Q234. Therefore, the effective col-
lector to base impedance of Q134-Q234 is multiplied or
increased by the beta of transistor Q133-Q233 to minimize
the error current effect and increase the amplifier CMRR.

Signal current flow and circuit operation for the input
stage is as follows: Signal applied to the + input is am-
plified by Q114A and applied to the base of Q113. This
produces a signal current through the cascode paraphase

3-5



Circuit Description—Type 3A3

VOLTS/DIV 3. Seven selections of emitter impedance are provided.

1. The stage is operated push-pull.

2. Gain of the stage is a function of load impedance to emit-
ter impedance ratio.

4. C251 provides frequency compensation for each impedance

| SW 105 "
selection.
| . Signal Out
: > —9— > to
Q163
|
|
Signal In |
|
|
I R154
I
|
|
| [ sw 261
| |
. |
~ 9 260 == c261
G—OJ
5 kHz
O 500 kHz
R254
Signal In
Signal Out
< —& — to

Q274

Fig. 3-5. Partial diagram of the gain switching stage. Heavy lines indicate path for constant current. (Currents and voltage figures are ap-

proximate with the inputs grounded.)

amplifier that develops an output signal voltage across the
collector load impedance (about 12.9kQ) for Q134 and
Q234. This signal is then applied as a push-pull signal to
the emitter followers Q143 and Q243.

Gain of the input amplifier is a function of the ratio of
the collector load impedance for Q134-Q234 to the total
resistance R116, R216 and R131 or approximately

2 (12.9kQ)
R116 + R216 + R131.

Transistors Q113 and Q213 serve as transconductance
{grs) multipliers for the FET Q114A and QI14B. Q113 sam-

3-6

ples a small portion of Q114A drain current {lg} and ap-
plies approximately beta times this sampled amount back
to the source terminal of Q114A. Therefore, changes in
ly become independent of the dynamic characteristics of the
field effect transistor, and effects of temperature variations
on the FET transconductance are minimized by a factor
that approaches the beta of Q113.

Gate leakage current (g} for the input amplifier is tem-
perature dependent; therefore, a temperature tracking com-
pensation circuit is used to balance and offset the effects
of this leakage current. The series connected thermistors
R137 and R337 are part of a voltage divider circuit from

©



ground through R110-R210, to the —12.2V supply. A volt-
tage is set by the input current zero adjustments R110 and
R120 that is equal but opposite in polarity to the voltage
developed at the amplifier input by the Iy through the in-
put resistors R113 and R213. The voltage at the input to the
amplifier remains at 0V with respect to ground. For ex-
ample: A gate-to-source leakage current of approximately
100 pA will develop about #0.1 mV at the input. Adjust-
ing R110 for —0.1 mV will shift the input or gate of Q114A
to OV with respect to ground and the effect of Iy is
eliminated. The thermistors are mounted on each side of
the input amplifier board. The temperature compensation

Circuit Description—Type 3A3

is therefore an average of the temperature change for each
side of the input amplifier circuit board.

The wire link in series with the gate return to ground
can be removed if desired. This provides a floating input or
a substantially higher input resistance. The signal source
must provide the DC return path for the input leakage cur-
rent and only DC coupled signals within the range of the
1 mV/DIV to 10 mV/DIV deflection factors can be accurately
measured with the floating input.

Circuit protection from input voltages that may exceed
+30V is provided by the following:

From collector Q374
Channe! 2 output

L — 4 —

I POSITION l

e

| Q274

signal in

R281

l \ Diode
Channel 1 output | switching
| network
Q174 e N Q644
signal in R181 \
< \ +63.8V
———e L \ — > ‘
ci8 >
I To Output Amplifier
R275 +300V - Channel selection
R173 /z/( is @ function of g R648
< the MODE switch p
+ 125V setting.
R187 R183
R649
§ R277 R185 ' .—WV—]_
c187 - l —
R283
R175 |
GAIN —
R273 - | R658
< l <

Channel 1 output

Channel 2 output

of Channel 2.

From collector Q474 |

1. Front panel VARIABLE control provides continvously variable attenuation between calibrated deflection factors.

2. Internal GAIN control R175 provides a means of adjusting the gain of Channel 1 to the proper magnitude, and equal to the gain

3. Front panel POSITION control provides CRT display positioning.

|
o\/(\ﬁ network l
|
|
|

/ To Output Amplifier

€281 // I—

/ +63.8V

/ Diode Q654

switching

Fig. 3-6. Partial diagram showing the output of channel 1 selected by the electronic switching circuit. The combined circuit is two convential
cascode amplifiers operated as a conventional emitter coupled push-pull amplifier.

©)

3-7



Circuit Description—Type 3A3

1. Negative signals whose amplitudes are greater than
—30V are limited through D113, the collector-to-base junc-
tion of Q128 and D129 to ground. See Fig. 3-4.

2. Positive signals, above +30V are limited through
the gate-to-source junction of Q114A, R116, R131, D123 and
D127 to ground.

3. The series elements composed of R111-C111 limit the
input current to protect the gate-to-source or diode junctions
when the limiting action is occurring.

C116 and C216 provide a cross neutralization adjustment
to compensate for the capacitance between the input leads
to the amplifier.

C115 provides a differential adjustment to equalize the
collector load time constants of the output transistors, Q134
and Q234. It is adjusted for maximum CMRR at the high
input signal frequency range.

C214 provides a differential equalizing adjustment for the
dynamic output impedance of the FET, Q114.

Gain Switching Stage

Signal outputs at the collectors of Q134-Q234 are DC
coupled through an emitter follower Q143-Q243.

Gain of the stage is determined by the ratio of the total
collector load impedances (essentially R154-R254) to the ef-

fective common emitter impedance (essentially R251). Seven
values of emitter impedances are selected with the VOLTS/
DIV switch, to provide the selectable gain feature. These
impedance components (R251A, R251C, R251E, R251G, R2514,
R251L, and R251M, with their associated capacitors) parallel
the current balancing circuit R157, R159 and R257. Inspec-
tion of the collector load and effective emitter resistance
values show ralios ranging from about 25:1 to 0.25:1 at the
lower sensitivity settings of the VOLTS/DIV switch. (To
check these ratios refer to the Attenuator schematic in sec-
tion 9 for the selectable component values).

The Var DC Bal R159 adjusts the current through R157
and R257 for 0V, between the emitters of Q174 and Q274,
so there will be no current through the VARIABLE control or
Gain adjustments.

The bandwidth of the amplifier is limited to approximate-
ly 500kHz and 5kHz by the bandwidth selector SW261,
which adds or removes an additional capacitor C261 across
the collector load of the gain switching amplifiers Q154-
Q254. The 5kHz position of the BANDWIDTH selector at-
tenuates high frequency noise, so low frequency measure-
ments may be more easily performed.

Gain Balancing and Output Driver Stage

The push-pull signal from the gain switching stage is ap-
plied through emitter followers Q163-Q263 to the gain bal-
ancing stage or driver amplifiers Q174-Q274, plus the trig-

triggers the Driver Multivibrator.

3. When CHOP is selected, the Driver Multi is astable, the Switching Multi is bistable and
the channels are switched at the Driver Multivibrator switching rate.

CHANNEL 1
MODE SWITCH INPUT AMP
CH 1
CHOP
ALT
CH 2
SWITCHING
DIODES
] [e]
|
|
|
I To CRT
} OCH 1 OUTPUT disploy
External DRIVER CHOP SWITCHING 1 >
sync pulse MULTI ! °ALT 2 MULTI Amp
OCH 2
(o]
SWITCHING f
DIODES i
1. The circuit provides four modes of operation.
CHANNEL 2
2. With either CH 1 or CH 2 selected, the Driver Multi is inoperative, the Switching Multi INPUT AMP
biases the Switching Diodes and the selected channel is connected to the Output Amplifier.

4. When ALT is selected, the Driver Multi is monostable, the Switching Multi is bistable
and the channels are switched at a rate determined by the external trigger source that

Fig. 3-7. Block diagram of the Electronic Switching circuit.
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ger amplifiers Q504-Q514. The emitter followers provide
the isolation between the gain switching stage and the var-
iable gain adjusting stage. They also provide the signal
drive to the trigger amplifier stage Q504-Q514.

Q174 and Q274 with associated circuitry provide CRT
display vertical positioning, gain adjustment to calibrate
the VOLTS/DIV selector positions, continuously variable at-
tenuation between calibrated deflection factors and gain
balancing between Channel 1 and Channel 2.

The MODE switch SW602 electronically selects either the
output of this stage or its counterpart from Channel 2, to
current-drive the emitters of Q644 and Q654. With either
channel selected, the combined circuitry is two cascode am-
plifiers connected and operated as conventional emitter cou-
pled push-pull amplifiers (see Fig. 3-6).

The emitters of Q174 and Q274 are returned to +125
volts through R173 and R273 establishing a DC operating
current of about 3 mA for each side. (An emitter voltage
of about +75 volts is set by preceding circuitry.)

The voltage divider network (between Q174-Q274 col-
lectors) provide CRT display positioning. This is accomplished
by diverting current from one side of the circuit to the other
with the front panel POSITION control R185.

Circuit Description—Type 3A3

Since the combined circuit is two cascode amplifiers con-
nected and operated as a conventional push-pull amplifier,
the voltage gain of the circuit can be derived as a func-
tion of the ratio of output impedance to input impedance.
In this circuit, the output impedance is the Q644-Q654 col-
lector impedance, and the input impedance is the Q174-
Q274 emitter impedance. Since VARIABLE control R274
and Int Gain R175 set the effective emitter impedance, they
control the gain of the combined circuit.

VARIABLE control R275 is a front-panel control. It provides
continuously variable attenuation between the calibrated de-
flection factors and extends the attenuation range to at least
25 volts per division.

Int Gain R175 provides a means of balancing the gain of
Channel 1 with the gain of Channel 2 at the proper mag-
nitude.

Electronic Switching Circuit

The electronic switching circuit provides four operating
modes that are selected by the MODE switch SWé20. The
circuit contains a switching multivibrator, a driver multivibra-
tor and switching diodes for each channel. See Fig. 3-7.

+125V

R601

MODE SWITCH

+75V

Q605

ceos D604
Reos S /\
<
Channel 1
Switching
Diodes +75V

by pulses from the Driver Multivibrator.

+125V

CH 1
CHOP

0614

R611

Cé615

>
R615
; C619 Pulses from the

1. When the MODE switch is set to CH 1, Q605 is forward biased and Q615 is reverse biased.
2. When the MODE switch is set to CH 2, Q615 is forward biased and Q605 is reverse biased.

3. When the MODE switch is set to either CHOP or ALT, the circuit is bistable. The conduction state of Q605 and Q615 is switched

JI[ Driver Multivibrator

<

Channel 2
Switching
Diodes

Fig. 3-8. Partial diagram showing the Switching Multivibrator circuit.
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Circuit Description—Type 3A3

When the MODE selector is positioned to either CH 1
or CH 2, the driver multivibrator is inoperative. The switch-
ing multivibrator is held in a state with either of the two
sides turned on. The on side of the switching multivibrator
opens the circuit through the switching diodes and con-
nects the selected CH 1 or, CH 2 amplifier to the output
amplifier through Q644 and Qé654.

When the MODE switch is set to either CHOP or ALT
positions, the driver multivibrator is activated, the switch-
ing multivibrator becomes bistable and electronically turns
the switching diodes on and off. The CH 1 and CH 2 am-
plifiers are thus alternately connected to the output ampli-
fier. This switching between the two channels produces
the dual display.

Q605 and Q615 with their associated circuitry form the
switching multivibrator. The circuit determines which chan-
nel is coupled to the output amplifier by controlling the bias
of the switching diodes.

With the MODE switch set to CH 1, the junction of Ré11
and R613 is returned to 4125 volts (see Fig. 3-8). This ap-
plies sufficient reverse bias to Q615 to hold it in cutoff.
Q605 is forward biased. Its conduction biases the switch-
ing diodes so the signals from the channel 1 amplifier are
coupled to the output amplifier.

With the MODE switch set to CH 2, the junction of Ré01
and R603 is returned to 4125 volts. Q605 is cut off and
Q615 conducts. This biases the switching diodes so the sig-

nals of channel 2 are coupled to the output amplifier and
channel 1 is decoupled or disconnected.

When the MODE switch is set to either CHOP or ALT
positions, the switching multivibrator is a bistable circuit.
The conduction state of Q605 and Q615 are switched by
pulses from the driver multivibrator. The positive portions

of the pulses are steered to the base of the conducting tran-
sistor by diodes D604 and Dé614.

Two sets of silicon diodes form the switching diode cir-
cuits that couple and decouple the input amplifier chan-
nels with the output amplifier. The conduction state of the
switching multivibrator transistors controls the bias of the
switching diodes and determines which channel is coupled
or decoupled to the output amplifier.

When Q605 conducts (see Fig. 3-9}, Dé46 is turned on and
a voltage of about +65.6 volts is established at its anode.
This voltage reverse biases D642, D643, and D645, With
these diodes reverse biased, R642 and Ré43 are decoupled
from the QI174-Q274 collector circuits and Dé41-Dé44
are forward biased. With Dé41 and D644 forward biased,
the collectors of Q174 and Q274 are coupled to the emit-
ters of Q644 and Q654. Signals from channel 1 are now
applied to the output amplifier.

When Q605 is in cutoff (see Fig. 3-10), D645 is forward
biased and a voltage of about +63.2 volts is established
at its cathode. This voltage will forward bias Dé42 and
D643, which connects R642 and Ré43 to the Q174-Q274

+63.8V
Q644

D641

Signals
To Output

Q174
=~ 465V
Constant e
Current
Source

i

Amplifier

. D646, D643 and D645 are reverse biased.

(£ I N XRNY

N o

R648-R649
R642-R643
+75V
D645
Forward
Bias D643 R658-R659
m +65V +638V D644 Signals
Constant e N To Output
Current = 465V Amplifier
Source Q274 Q654
+63.8V

1. Heavy lines indicate current paths, solid diodes indicate forward biased diodes.
. Q605 is forward biased. Its required current is supplied through R605 from D646 and parallel resistors R642 and R643.

. D646 is forward binsed and the voltage at its anode is clamped at about 4 65.6 volts.

The current required by Q174 is supplied through D641, Q644, R648 and R649.
The current required by Q274 is supplied through D644, Q654, R658 and R659.
. With D641 and Dé44 forward biased, the Channel 1 Input Amplifier is coupled to the Output Amplifier.

Fig. 3-9. Partial diagram showing the channel 1 set of Switching Diodes when Q605 is forward biased.
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Circuit Description—Type 3A3

Q174

Constant ~ 4+63.8V
Current a—

+63.8V
(to CH 2)

Q644

Source U

Q605

=~ +63.2V

REVERSE
BIAS

pea6 \/ Ds4s

D643 ?
/\ +65V 4638V

Constant

Current —tm —

. N

R642-R643

Current supply
for Channel 2

Source =~ +63.8V

Q274

2. Q605 is reverse biased.

+ 63.2 volts.

6. Q644 and Q654 supply current to Q374 of Channel 2.

D644 m
D—
Q654

(to CH 2)
+63.8V

1. Heavy lines indicate current path, solid diodes indicate forward bias.

3. Current through D645 and parallel resistors R642 and R643 sets the voltage at the cathodes of D642, D643 and D645 to about

4, With D642 and D643 forward biased, the current required by Q174 and Q274 is supplied by parallel resistors R642 and R643.

5. With D641 and D644 reverse biased, Channel 1 signal currents are decoupled from the Output Amplifier.

Fig. 3-10. Partial diagram showing the Channel 1 set of Switching Diodes when Q605 is reverse biased.

collector circuits. D641, D644 and Dé4é are reverse biased
and disconnect the collector output of Q174-Q274 to the
output amplifier.

The conduction state of Q615 controls the bias of the di-
odes in the channel 2 diode set in the same manner as
Q605 controls their counterparts in the channel 1 set.

R642 and Ré43 provide the collector load and current re-
turn path for Q174 and Q274 when channel 1 is decoupled
from the output amplifier. R652 and R653 provide the same
function for Q374 and Q474 when channel 2 is decoupled.

Since the coupling and decoupling action of the diodes
is dependent on the voltage developed across a conduct-
ing silicon diode, the voltage difference between the volt-
age supplies for this circuit is critical {see Switching and
Output Amplifier schematic). A voltage divider circuit con-
sisting of Q684, Zener diode D687, the two silicon diodes
D688 and D689 and their associated circuitry, insure that
the correct difference voltage is maintained between the
supply voltages.

The driver multivibrator consists of Q625-Q635 and the
associated circuitry (Fig. 3-11). When operating, the cir-
cuit provides three output pulses. A positive pulse to the
switching multivibrator, a positive pulse to synchronize the
companion plug-in unit, and a chop blanking pulse for the
CRT circuit to blank the beam during channel switching

€

time when operating in the CHOP mode. The multivibrator
frequency can be synchronized to an external sync pulse,
from the companion plug-in unit through pin 3 of the inter-
connecting plug P11.

With the Mode switch in CH 1 or CH 2 positions, the base
of Q625 is returned through the switch contacts to the junc-
tion of R635 and the cathode side of diodes D625-Dé35.
This sets the potential on the base of Q625 to approximate-
ly —51 volts, which is sufficient to reverse-bias the base
emitter junction so the multivibrator is inoperative.

When the MODE switch is placed in the CHOP position,
the base of Q625 is connected through the switch to the
junction of R633-C633 which duplicates the voltage to the
base of Q635. The multivibrator is now stable and switches
at about 2 or 3 us intervals.

When the MODE switch is set to ALT, the circuit is a
monostable multivibrator. In the quiescent state, Q625 is
reverse biased and Q635 forward biased. A positive pulse
applied to the base of Q625 will cycle the circuit.

Each time the driver multivibrator cycles, pulses are cou-
pled through T621 to the switching multivibrator. With the
MODE switch in CHOP or ALT, the CRT display alternates
between channel 1 and channel 2 at the driver multivibrator
cycling rate. In CHOP mode, the channel switching rate is
2 to 3ps. In ALT mode, the channel switching rate is
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Circuit Description—Type 3A3

R622

T621 D622

_ R623

To Switching
Multivibrator

R632 1631 D630 Trigger for external

circuitry

>

R633 R631
"

Sync puise in

R63i|_
I €633

CRT blanking pulse

Q625

cathodes. This circuit inoperative.

3. When the MODE switch is set to ALT,

R634 Q635

D635
~=--50V

R635

— 100 volts

1. When the MODE switch is set to either CH 1 or CH 2, the base of Q625 is returned to the junction of R635 and the D625, D635

2. When the MODE switch is set to CHOP, the circuit is astable.

the base of Q625 is returned to the junction of R635 and the D625, D635 cathodes
through R638. The circuit is monostable and positive sync pulses will switch the circuit.

4. T621 couples pulses from the Driver Multivibrator to the Switching Multivibrator.
5. CRT blanking pulses are coupled from the collector of Q635.

6. Trigger pulses for external circuitry are coupled from the junction of R631, L631 and D630.

Fig. 3-11. Partial diagram showing the Driver Multivibrator.

determined by the pulse of the external signal used to cycle
the driver multivibrator,

D625 and D635 provide base-to-emitter reverse-bias break-
down protection.

Output Amplifier

The output amplifier is common to both channel input
amplifiers and is connected to the output of one channel

or the athar by Means of the sw;lch;ng arcutk. The omp“-

3.17

fier provides the gain and power output to drive the CRT
deflection plates with a high impedance push-pull signal.
See Fig. 3-12.

Q644 and Q654 plus their circuitry convert output signal
current, from the channel amplifier output stage, to signal
voltage to drive the output amplifier stage.

The output amplifier contains emitter followers driving
two cascode amplifiers with their input sections sharing a
common emitter circuit. Gain of the stage is set by the
plate-to-emitter load impedance ratio which can be cali-

brated l)r the front Fonel QAIN ﬂqlvi[mﬁm ﬁﬁaﬁ,



Circuit Description—Type 3A3

+300V

R674

COMP TRIG SIG

-«

+63.8V

Signal voltage in Q663

Q673

Y

Signal voltage in

+63.8V <€

V6748

2 Signal voltage out

V674A

R679

+ 300V
1. Q664 and V674A form a cascode amplifier and Q674 and

2. Since Q644 and Q674 share a common emitter impedance
cvitry is operated as a push-pull amplifier.

3. Gain control R665, adjusts the voltage gain of the stage.

V674B form a cascode amplifier.

and push-pull signals are applied to their bases, the combined cir-

—>~ Signal voltage out

COMP TRIG SIG

Fig. 3-12. Parital diagram

Q663 and Q673 stabilize the gain of the amplifier over
a temperature range and increase the apparent input im-
pedance to the cascode amplifier.

A composite trigger signal (output signal) is available
to the trigger amplifier circuit at the plates of V674A and
Vé674B.

Trigger Circuit

The trigger circuit contains a trigger DC level adjustment

circuit for cach selection of the TRIGGER selector, a friggsr
amplifier for ateh channal and twa sutput cathade follow-

@1

showing the Output Amplifier.

ers. The circuit provides three selections of trigger informa-
tion, channel 1 (CH 1), composite (COMP) and channel 2
(CH 2). The DC reference level of the output trigger sig-
nals is adjustable to zero volts. The output of the circuit
is applied through the plug in connector (P11} to provide
a companion time base unit with internal trigger informa-
tion.

When the TRIGGER switch is set to either CH 1 or CH 2
positions, the input to the cathode followers V583A-V583B,

are connected through a coupling circuit to the output of
the selected trigger amplifiers Q504, Q514 or Q534, Q544.

winse Mg mggsr smplfisrs g5 griven by signals from their
respective input amplifiers, the output trigger signal of the
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Circuit Description—Type 3A3

3 To DC level adjustment
circuit

From
Emitter

Q163

Y

+125Vv

Push-pull signal voltages
from Channe! 1

“‘&-—- CH 1 TRIG
DC BAL

From
Emitter >

Q263

>

= To DC level adjustment

circuit
1. Signals from Channel 1 are push-pull.
2. Output signal voltages dre at a DC reference of about 4 50 volts.
Fig. 3-13. Partial diagram showing the Channel 1 Trigger Amplifier.
TRIGGER V583A
|
R504 |
+50 volts —4 volts |
¥ —O-+}-0O -
|
| 0 volts
] ¢
R523 |
I
CH 1 Trig I
DC Level I
R525 |
R527 | V583B
|
—100V i
+ 50 volts \_4 volts
R514
0 volts

c518

1. The DC reference at the collectors of Q504 and Q514 is about + 50 volts,

2. With R525 properly adjusted, the DC reference at the R509, R523 and R519, R527 junctions is about —4 volts,

d. Cathode followore VIASA amd VABIR spastihs wilh oboul 4 vells of blas.

4. With the TRIGGER switch set to CH 1, R525 sets the DC reference of the output trigger signals to zero volts,

Fig. 3-14. Partial diagram showing the Channel 1 Trigger DC Level adjustment circuit.
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common cathode followers originate from the selected chan-
nel. The DC level of each trigger amplifier is balanced by
adjustments R525 and R555.

When the COMP position is selected, the input to the
cathode followers is coupled to the plates of V674 in the
output amplifier. Since the drive to the output amplifier is a
function of the MODE switch setting, the origin of the trigger
signals is the channel that is displayed. The DC level of the
trigger signal to the time base unit is again set by the Comp
Trig DC Level R565.

Q504 and Q514 with their associated circuitry form the
channel 1 trigger amplifier (Fig. 3-13). The circuit is a
conventional emitter coupled amplifier operated push-pull.
The constant DC operating current of the circuit is set and
balanced by returning the emitters to +125 volts through
R502 and CH 1 Trig DC Bal adjustment R511.

Circuit Description—Type 3A3

Push-pull signal voltages from the channel 1 emitter fol-
lowers, Q163 and Q263, are coupled to the bases of Q504
and Q514. The amplifier push-pull signal voltage at the
collectors of Q504 and Q514 is at a DC level of about +50

volts.

A trigger DC Level adjustment circuit for each trigger se-
lection provides a means of setting the DC output reference
voltage at the cathodes of V583 to zero volts. A voltage
divider network to the —100 volt supply that includes the
respective CH or Comp Trig DC Level adjustments R525, R555
or R565, sets the DC level| at the grids of the cathode follower
V583, so the output level at the cathodes is 0V. See Fig.
3-14.

High frequency compensation is provided by adjustments
C508 and C518 for CH 1, C538 and C548 for CH 2, C561
and C569 for the composite signal.

315



CHANNEL 1

£l
(JE_—.

CHANNEL 2

TRIGGER.
AMPLIFIER
Q504 Q5S4

ouTPUT

AMPLUIFIER

TO OSCILLOSCOPE
DEFLECTION PLATES

TRIGGERING
SIGNAL OUT

TRIGGER
_____ SELECTOR
SWS570

AN

——————————— —____': SYNC N

A

DUAL X-Y !

TRIGGER
AMPLIFIER

o=~ === {VOTSIDIV |~ —— —— —— —m
AC_GND DC \ _}
| 1
1 h i
1 i »>
h .
INPUT
INPUT ATTENUATION NPT EMITTER e NG EMITTER
SELECTOR X ALTUEER [—»f ForLower [—w SERSCH FOLLOWER [#— ouTPUT
CIRcuT X100 QN3 qii4a Q43 ais4 | Qe Qi74
X000 Q133 Qi3a TI
i |
]
1
|
; VARIABLE
|
|
1
COMMON COMMON |
CATHODE. EMITTER i SWITCHING
STEP ATTEN _ CONSTANT RESISTANCE] ! DIODES
BALANCE CURRENT ! Do4l D643
Qs CAPACITANCE| ! Do4z Do4s
Qizs NETWORK |
|
|
|
I
1
1
i
|
: I POSITION
1
! INPUT 1
ATTENUATORS )
INPUT X1 AT ER EMITTER AN e | 1] emTTER
SELECTOR —™ %10 STAGE F—® FOLLOWER —®1 FOLLOWER OUTPUT
CIRCUIT X100 Qliag Q213 Q243 Q254 1 Qz74
X1000 Q233 Q234 |
l
1
L -
i ! i
| | :
| ! SWITCHING
[ MULTI
1 QoS5
1 QoIS
'
AC_GND_DC i 4
[
1 1
1 i
L INPUT !
ATTENUATORS INPUT GAIN
INPUT X1 AMPLIFIER EMITTER SELECTING EMITTER ouUTPUT
SELECTOR [~ 1O STAGE | FOLLOWER |— STAGE FOLLOWER 374
CIRCUIT oo 0313 gQ3I4A ey Q363 Q
X000 O33D Q334
VARIABLE
COMMON CoMMON
CATHODE EMITTER SWITCHING [~
STEP ATTEN _ CONSTANT RESISTANCE DIODES
BALANCE CURRENT ¢ DeS) D633
QI8 CAPACITANCE D652 Dess
Q328 NETWORK
,
| N [PosiTion ]
3
|
L INPUT 1
AT TENUATORS -
INPUT X1 AMPURIER EMITTER SELECTING EMITTER ouTeuT
SELECTOR [—™ %10 STAGE F—® FOLLOWER —-1 STAGE. ——» FOLLOWER [# Q474
CIRCUIT X100 Q3148 G4l Qadas G454 Q463 4
X1000 Q43D 0434 .
1 1
l i
' |
| i
i i
L VOLTS/DIV -

TYPE 3A3 PLUG-IN

PLM
268

BLOCK DIAGRAM

(s/Nag90 -up)

- Qo34 Q544

Qe2D QDS , |

SYNC OuT

CHOPPED
BLANKING OUT

| ;
CATHODE
FOLLOWERS
NA=T-%-1

il

24

~

<~%24
DUAL %-Y //‘




~Jz2ol
=]

(nPuT)

128V
(vRC#1) swms@ +
+125Y
(DEc =) LAY [t A VoLTS/PIv
RADE 1 F LR
S T. 4%
‘_3464 eF & R |
. R\4A RASD v :
136 ek ' H
) ey +20 { I
©. 35137 S Bame Q43 [ CH+
z.8 SR 4 H ! QI3 TRIG SIGNAL
= Siz. 4k { ! TO BASE Q504
i it7Ts
T T
154 o rlel b cH1—
@ ) I 100 TRIG SIGNAL
= = 1 | TOo BASE Q514
= = . .
<109 e 174
] ]
2-8 .0 Lciia ' | Q o5 2mA CH 1 S1GNAL
clet 1—"—1 . : ! 5 4 To DG4t
Y\ +300V | ' LiT4 \-
Bk (oec) a Lo
+45 | 1 RIG3S R18Y
{ [ it 2 FERRITE A
RIT Di42 1 BEAD
01‘01 3z2.0% | !
._o‘l = amA ! .
| wita [
o zz.aw I
] | 1
H 1 RiZO ' 1
- — ———a Cld
B swiol P SRUD 1 T v MSA R } }
CURRENT I ™M Qli4A SR11G (ouc*2) 1 I
ERO 226 0!8 Tron [ RI73
™ 1 1e.55K [VARTABLE |
\ 6 - 1 ; VARTABLE] § it ||
2mA 238 1 cisl
,11 RIBT R239 R \ | O
L4144 YooK 24.9K 100 ) | -
200 1 ASraTs +on
i TR
_ @ .
STeP ATTEN | 2mA
BALANCE 1Al !
CoARSE — »ree | i
| Y 'S STEP ATTEN \ BmA vxooy | %82
ez BAL
INPUT ‘ R0 I VAR ) (pec)
CURRENT Do BAL
ZERO P
conRors ~ | .
R4\0 r337 B R4 XS
12 i 4izey
H 2
THERWMISTOR RIBS
R Y RPN +1 25V - R‘z\z‘r =38 I
<187 /
T
-12.2V =
(oec)
2 A PosITioN
bzim rRzZE8D
A
Sf cgeo o AT
by} T
R257 i
A L 100K i S 2mA
h
! /
t o/‘ﬁl?ﬁ +65
i 2.5%
i
! \cH \ | oo
YA i rz7s [ U czsl
+2 —joov i e S o“"“
l
]
1
PART 1AL
INPUT AMP ° ! FERRITE
r2oz meil A 242 | R2&3 BEAD i
czos _ | 24k 35K
2-8 cai2 !
lac ’;a‘“ 0-35-1-31/;' \ .
= L27 4
: jgpat - |
i —o ! = | > cH o slaNaL
1 ™A TO BG4t
o o1 | Q274 S
i |
) ! I (VS
! ! czie ) R2 61
Lo—sw2zoi---d 0. 35157 | _+7s |00 @ cH 1 ATTENUATOR SWITCH
v T vao GCH 2 INPUT AMPLIFIER
s SWITCHING & OUTPUT AMPLAFIER
25| resa R234 Q263 rzoa
. 27.4K Za. 5K 12k @TRIGGER AMPLIFIER.

NOTE:
VOLTAGES AND CURRENTS
ARE APPROXIMATE

TYPE RAD PLUG-IN

+i125Y
(PEC#1)

SEE PARTS LIST FOR
SEMICONDUCTOR TYPES

¥ ROM
L4Gt

$

1

26l
1200 DL RES

PLM
268

CH 1 INPUT AI)\APLIFI\‘-_R@

/N 4990 -UP,



+ INPUT SiG //
FROM R102 /
,
/
/
4

—INPUT SiG [/
FROM R20Z ,
/
’
/7
/

.2 o—9
.S Oo—¢
1 o—t
mvoLTS
2z o—t
B Ot
1o [o SN
20 O
B s0 o0—
. o—

VOLTS

TYPE 3AD PLUG-IN

oO——4¢ ——-O
% oO—4¢ ——O
o—¢ ——O
o—d ——O
° CZ\.?SF o
RZOBC
2c0%
0 S o
czosa
Sa-18
<205
x1o -5 < R2OSF
o—t = czosE ik 0
s
o— 0
rR20GC
990 %
0 O —0
czobA
s5-18 3
%100 czog- R20GF
o— = ceoee| 3'O% /0
ato
£
o o
rR207C
1w
’e) o ’ A o
%1000 R2ZOTF
O——vq = L V% ——O
O —o0

REFEREMNCE DIAGRAM
O en i INPUT AMPLIFIER

N =INPUT SiG
NTO @ilian
\

BWI0S

voLTs/pivl-———

SEE PARTS LIST FOR EARLIER

VALUES AND SERIAL NUMBER
RANGES OF PARTS MARKED

WITH BLUE OUTLINE.

To EMITTER /

Qa4 / SN S

CH 1 ATTENUATOR SWITCH®

(/N 4990 -up)

o— )
C25iF {
S5.5-18
czs\we ~— _R2ZSI1C
304 28K
0
{ sc,zsm
L) 5.5-18
N _R2SIE £
Qﬁil&. 5.09K.
O
(AT A
- N R2HIG
ﬁ"ﬁ C;i\t\ 0. K
+ O
121?“ [} 2Bl
-8
1: czeia N _RZSiJ )
= 22 220K
A o
C2SIM R2ZS)\.
Hzi.é 6% .2 Ko
RZ251 M ©
122 .2 K
O—d r—O
O
O
o0— —O
Ot o
O
o— —0
o— | —o
[o SN ‘t—m o
PLM
568



—O
o]

Loe-swW301---

VOLTS /DY

I
I
|
i
|

4

&R

'

F
1
I
|
'
'
1
1
|
'
i
S

TYPE JIADZ PLUG-IN

L

[

CH L
INPUT
CURRENT
ZER O
CONTR.OLS

\_/—I 1 ’

— INPUT
CURREWNT
ZEERO

NOTE?L
VOLTAGES AND CURRENTS
ARE APPROXIMATE

+12sy
(oec*1)

SRDBD

ZT. 4K
+46

+i2g
(oeC*#

I|,

R

i

VOLTS/DIVf-=—==~===—"1
1

+300V
(pec)

R317
2Z.OK

4wmA

R3S
22 0%

o3/8

esy

a2
o.35-1.37/]

+i
SR.3IG r®»20 (DEC™2)
226 100
D313 VanA
2wmA
H THERMISTOR RADE|
RI37 ioo
s
R4DD
Réé 2aon/ @
STEP ATTEN
+100 BALANCE
i} —< phaies
s RIDS w ImA
RO | COARSE
STEP ATTEN
BAL
o
=210 ’ o
R3B
rd {e]
o []
R4\O Y
200
1 e a— —1z2.2Vv
% (oed)
DalD 2mA
R4l6
RA\D O3 /4R 226
[ I
A
413
can -
O \oov
PARTIAL
R4 |1
INPUT AMP
rO® X BOARD

i
CAle
0.35-1.37

D347

FERRITE
BEAD

eHz +
TRIG SIGNAL

TO BASE QD4

CH 2 -
TRIG SIGNAL

TO BASE Q544

Q374
+6S

©.5K. | [VARIABLE

VAR
DC BAL

— 1 OOV

D44z

Jears [+ae
4.7
I gana
= RA33S Z4. D
274K
2oV
(Dec i SWA 62

BANDWIDTH

.

ARATS
T
SwmA +300V
(o)
R>87
TOK
RATT
[

DA

SkHz '—‘—'I‘z’m

pAL =y BTN
TOLR | eaiN

Q474

B A

CH 2 SIaNAL
TO DoSI

R381
$33K

——
[on-1-1}
QlipF

+65

RZ@®D
a7 K

R385
el S

RABD
AT

R 481
T

——» CH Z SIGNAL
DDA

3mA  TO

REFERENCE DIAGRAMS

<>CHI INPUT AMPLIFIER

@CHE ATTENUATOR SWITCH

& SWITCHING & OUTPUT AMPLIFIER
@ TRIGGER AMPLIFIER

SEE PARTS LIST FOR
SEMICONDVUCLTOR TYPES

PLM
268

cH 2
INPUT AMPLIFIER

(s/N4990-uP)



TYPE 3IAZ PLUG-IN

Kt

X100

Xi000

J
—INPUT SiG,/

FROM R402/
/

—INPUT SIG
\TO QBia®
A

O—9q —O
o——¢ —O
o——e ——O
o—e —0O
o— ——O
o L‘4‘O$F o
R40SC
200K
O ’ —0
(R-1N
5.5-18 1
C405C
2-8 R40SE
o—se = e $—O
o— L—o
R406C
290K
o ' A o
C40bA
5.5-i8 3
1 g0« $R40GE
O—-¢ = CA0GE 100K —O
470
o—‘ —o
Ra4oTC
X%
fo! o AMA o
C40TA
5.5-18 ’
1 egore $raoTE
o— = ca07€] T % 0O
o047 L
O —-o0

REFERENCE DIAGRAM

o
: 1
1
) T 3 FéR
1
1 1
J \
+INPUT SiG [/ Y FINPUT sia
FROM R302 / \To a@maa
\
\
i \
\
-
2 o— —O
k. Ot ——0
] O—o ——0O
mVOoLT S
2 o— ———0
-3 o—t —0
1o o C“?‘OSF o
R3O05C
200w
20 o M o)
czonA
5.5-18 1
L C—:_O;c' RBOBE
50 o— = CHOSE 109% ——O
— 1
R3O0SF
— EYS
1 o— @ = —0
R306C
250K
2 A ~0
(SE-Y-TVN
5.5-18
1 o R30GE
RS oO—1e¢ = c.3oai,:[ >.88K ¢—0O
70
vVOoLTS af
ASRBOGF
_Lsou
| o— @-L 0
RBZOTC
' M
2 o2 VWA O
(XYL IN
5.5-18 ]
1 2oz« R307TE
S o—s = CB0TE] 209 —-—O
0047
R3OTF
200
1o o— @-L Lo

& CH 2 INPUT AMPLIFIER

VOLTS/DIV

v
—_——T__

o~

»

TOo EMITTER /
Qana

N To EMITTER
N D4
\
A
\
N

5-3e
RABIA
cagia %25 | !
o v -0
4B F {
s.s-18 [—n-—]
I—jll—l camic N TITE
304
o v e}
? casin
) s5-18
N R4SIE
Gasie £.09 K -
° e}
Ca4Sik 1
ke __R45iG
IH‘LI ng‘c‘ 10.5k
o v °
1. ¥ casiL
) 2-8
IpF RA4SVJ
; c;zs‘ o 22.1 K l—_ﬂﬁ
o \ ©
CABIM R A4S
02 ). 5.2 K
° l A 1 —0
R4S M
122.2K
O——9q o
° e}
o O
o—f °
° 2e)
° 0
o— —0
o——I ©
o— ©
SEE PARTS LIST FOR EARLIER
VALUES AND SERIAL NUMBER
RANGES OF PARTS MARKED
WITH BLUE OUTLINE. oy
See

CH 2 ATTENUATOR SWITCH®

(/N 4290 -up)



N~ 1 "—'
+125v |+12sy SW620 |
t | ©.3VAC | >
R6OI S +125V ) RG1I | %182 TOVE83,V6 T4 2 |
470K S /  Satok | il I§ ! !
/ -
CH | [ 1 |
| 2v/DIv Rt FROM PIN 3 n
o cHor | T Vse3A g, * > 1
V] v |
ALTER : FROM PIN 8 | |
- 1
cH2 | = I SEC/ON veessg, - > 12
+75v __j +715v L | |
| S RG32 %3 ®
ROOD S RGID | 347K A3 o ’_ﬁ? | ‘
1
Qeos iR g 47 Q&5 : 55 # ! res
| RG33 < D632 2v/ow i T +3>00Ve— ¢ i ‘
K 3 i i R8O
| 100 I 1
+63 \ T +%00V 10
*1 T — 0 -s0v 2mSEC/DIV (oec) Ic(eeo |
ES Co38 ‘
At MULTI TRACE SYNC PULSE IN |
o 3 ‘
2V/DIV [ RGOS : Ré'éf = o . B _I| ‘
N PR 920 5 R638| = l
el : o Re22 ok 58°
2 SEC/DIV EY) = 47K L63) ] [
\| ole 15T
! Te peso DUAL %-¥ SYN uT |
- C O
R&IG TTEZTT penz Re2s cesd a ‘
10K é R&3I | [
+75VS R21 K
N _soV CHOP BLANKING PULSE OUT
+75V K cees 14‘
A1 +125
i 100 = V1DMA |
1omA omA cezy cosl +125V + A =Y ‘
25 22 (pec#1) Leas£ ce8a 1
- R . -
SWITCHING  MULTI anf = ReB21 5% Rees \ 20{
Q625 Q35 e ERY;
ccar T Q684 l
RG24 Ro>4 . |
100 100 WM+ 300V l
(oeC) R68G !
+75V 191K
D&25 0635 ‘ ‘
=50
> st L 22|
T +65v
CH 1 SIG FROM Do4i RO35 R R Rze;zl ‘
COLLECTOR 2.2K 1oV/DIV it [
QT Gy L |
rezev -100v C1 111 | [
De4z | HSEC/DIV >7
+63.8V !
RGA2 «——————————— DRIVER MULT| —————
1.BK be4s, +300V i > 8 |
BmA. COMP TRIG D&
S 12.5mA
' 463.8V pora TO RSGN = l
ax !
RG4S +200 Sla ouT 21 |
25.6K bease
VGT4A \ |
064z
165V |
CH I SIG FROM te2.8v ‘
COLLECTOR sls |
QZ'M@ Doad |
CH2 S1G FROM - 065! ‘
COLLECTOR L
0574© - Qé44 | >|81
+63.8V | ‘
D652
>19
RO52 . l ‘
2K RG4S I
6.04K ‘
' 1 -aAan——e '
S RG58 L695 ' ‘
RG53 D56 3 —12.2V - 0 lo
25.6K eee)  _[ -
ce9s =
DG53 +I\5)~F 9
+e5v = 1
Qe54 = 2699 ¢ |
CH2 SiG FROM 7~ 22K
COLLECTOR - - -s0v | = l
Q474 [ : s
& \ Dos4 :gj‘—_‘
b o6 L Do99 | ‘
%1 MODE SET TO CHOP, s z\wo = 50V ‘
oK -
SEE PARTS LIST FOR %2 CHOPPED WAVEFORM FOR DUAL X-Y +63.8Y toov 25
SEMICONDUCTOR TYPES OPERATION, TWO TYPE A PLUG-INS I
WITH 2ND SET TO ALTER. REFERENCE DIAGRAMS oy ‘PI |
%3 NEGATIVE - GOING GATE PULSE FROM @ CH | INPUT AMPLIFIER rRGT8 ouT l
TYPE 2BG&T. TYPE 3A3 MODE SET ico +200 Sie VT
TO ALTER. & CH 2 INPUT AMPLIFIER I
sEE |IMPORTANT NOTE ON TRIG. AMP. DIAG. @ TRIGGER AMPLIFIER +e3.8v 225

TYPE 3A3 PLUG-IN

A

2. 5wma COMP TRIG SIG
To RS62

+ 300V

SWITCHING & OUTPUT AMP &

(/N ass0o-uv)



& 5

-|oov

ov

LB LS72

== == 2

V5838
% 60U8

+125V

IMPORTANT :
VOLTAGE READINGS ARE MEASURED IN VOLTS
WITH 20KQ/V METER.NO SIGNAL APPLIED.

WAVEFORM & VOLTAGE AMPLITUDES MAY VARY
DUE TO NORMAL COMPONENT TOLERANCES.

ACTUAL PHOTOGRAPHS OF WAVEFORMS ARE SHOWN,

TYPE 3A3 CONTROLS ARE SET AS FOLLOWS
UNLESS OTHERWISE NOTED:

MODE L it CH
TRIGGER ., .. . TH |
AC-GND"BC . .o v h v v e s e GND
VOLTS/DIV ot vv v ine e e e . 1Om VOLTS
VARIABLE &0t envneanneneinnn s CALIB
POSITION . ., i in s e e Trace centered
RANGE L ..., .. Set as described

ATTEN BAL in 1st time operation

55-18
1Vad
Zd — €509
amad R504 \1[ 2z
124K 3t
+20 AAA- -
R509
500
+ CHANNEL | L0 4 ® $rR523
TRIG SIGNAL FROM —r——————eer 0\ > 8BOOK
EMITTER Ql63
+125vV
B CH | TRIG
~_— DC BAL
(\J » " DCLEVEL
ODrrses
100K
~100v {— —————— -T
i
| I
—~CHANNEL +7% == ] |
TRIG SIGNAL FROM It I !
EMITTER Q263 LS4 /5io b3 ggg—z | |
p:
<> 500K | |
o) VWA —
R ' ._”,_< ) : ) Ls
514 / )
2mA
12.4K ;\ _-cs19 RB6! | CH 1 00570
A 22 +COMP TRIG SIG M N
csia FROM PIN 1, V674 VWA Y ] Comip @
REIS 5.5-18 <5> 056: : eHzg
6.19K 2L o |
5.5-18 -
R563 o
385K <
s rrsos
{ 100K
RSGTS COMP TRIG
b:
283k 2 DC LEVEL
- 100V
569
5.5-18
c538 |
5.5-18
W - COMP TRIG SIG e N
| At —cs39 FROM PIN 9, V&74 PHAAS A
SRE34 ~ 86 L
2mA <
12.4K [
+50 A -4
RS39
500K
+ CHAMNEL 2 L9534 Q554 $r552 cs&s -
TRIG SIGNAL FROM —>——7-5—f0’\— $8oox
EMITTER Q363 +
R532
22,1K
VWA +125V
RSS! S RBAIZ, CH2 TRIG
240 2 8K 2> DC LEVEL
Q . cH2 TRIG rel
. ~— DCBAL Q Srrsse
P 100K
22K
=100V
~ CHANNEL 2 =
TRIG SIGNAL FROM —p———+75 A | Q544 S
EMITTER Q463 LS4 4 es45 3 ggg’(
$
& P
¥
+50 h¢ 4
>
SR344 y__)},__‘
2mA 2124 S csas REFERENCE DIAGRAMS
22 SEE PARTS L\ST FOR
Lie ®°H ! INPUT AMPLIFIER SEMICONDUCTOR TYPES
SR545 s.5-18 @ CH 2 INPUT AMPLIFIER
Se.9Kk
TYPE 3A3 PLUG-IN 1 <5>sw1-rcnme & OUTPUT AMPLIFIER

+




