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Fig. 1-1. The Type 3A7 Differential Amplifier.



SECTION I! 

CHARACTERISTICS 

General Information 

The Type 3A7 Differential Comparator plug-in unit is de- 
signed for use with all 560-Series oscilloscopes (except the 
Type 560 itself) and their rackmount equivalents. The unit 

can also be used in conjunction with a Type 129 Plug-In 

Power Supply. 

The primary operating modes for the unit are: (1} con- 

ventional amplifier, (2) differential amplifier, or (3} calibrated 
differentia! comparator. 

As a conventional amplifier, two switches select the cali- 
brated deflection factors from 1mV/div to 50 V/div. The 

MILLIVOLTS/DIV switch changes the amplifier gain in a 1-2- 
5 sequence from 1 mV/div to 50 mV/div. The input attenua- 

tor switch provides decade attenuation from 1X to 1000. 
Bandpass is greater than 10 MHz at a deflection factor of 

50 mV/div; at 1 mV/div bandpass is greater than 4 MHz. 

As a differential amplifier, common-mode rejection ratio 
(CMRR) exceeds 20,000:1 from dc to 20kHz and 500:1 at 

500 kHz. CMRR is defined as the ratio of common-mode 
input voltage to differential output voltage. Differential out- 
put voltage is the indicated voltage on the screen (vertical 
deflection X mV/div setting). A ratio of better than 20,000:1 
at dc and low frequencies allows measurement of signals 
less than 1mV in amplitude on -£11-volt common-mode 

signals. 

As a calibrated differential comparator, the slideback 

technique is used to make precise voltage measurements. 

The internal highly-accurate —11-volt comparison voltage 
(Vc) is applied differentially to the Type 3A7 input stage. 

With a dynamic range of --11 volts and a maximum sen- 
sitivity of 1 mV/div, the effective screen height is 11,000 
div (11 V = IT mV}. Measurement readout resolution is 100 
uV{mm or 0.001% (100 nV + 11 Vi). 

AS A CONVENTIONAL AMPLIFIER 

Deflection Factor 

The MILLIVOLTS/DIV switch has six calibrated positions: 
1, 2, 5, 10, 20 and 50mV/div. A variable (uncalibrated) 
control provides continuously-variable adjustment between 
steps and up to 125mV/div for the last step. A decade 
attenuator extends the calibrated deflection factor range 

to 50 V/div. 

Calibration Accuracy 

An adjustment is provided to set the gain of the amplifier. 
When this adjustment is accurately set with the MILLIVOLTS/ 
DIV switch in the 1 mV/div position, the deflection factor for 

any other position of the switch will be within +.3%. 

Approximate Input Characteristics 

For the 1, 10, 100 and 1000 positions of the INPUT ATTEN 
switch, the input impedance is approximately 1 megohm 

®t 

paralleled by 20 pF (nominal). The 1X input resistance 

matches the 10X input attenuator resistance within +0.1%. 

For the R ~ co position, input resistance is on the order 

of 10,000 to 50,000 megohms paralleled by about 20 pF. 

Bandpass and Risetime 

See Table 1-1 

TABLE 1-1 

Bandpass and Risetime 

(Source impedance: 25 ohms} 

Bandpass in MHz/ 

MILLIVOLTS/DIV Sec! (dc to 30%- 
Switch Position down point) | Risetime” 

- 50 | >10 MHz | <35nsec 
20 | > 10 MHz ~<35nsec 

10 | >10MHz =| <35 nsec | 
5 | > 8MHz | <43.8 nsec” 
2 > 6MHz <58.3 nsec 

1 | > 4MHz | — <87.6 nsec 

‘Bandpass in megahertz for signals that are dc coupled and do 

not overscan the screen. Using ac coupling the low-frequency 

30%-down point is <2Hz; the high-frequency 30%-down point 

is the same as given in the table. 

“Calculated from high-frequency 30% -down point using this formula: 

0.35 _ 

Frequency 
Risetime — 

Input Attenuation Accuracy 

See Table 1-2. 

TABLE 1-2 

INPUT ATTEN 
Switch Position | Attenuation Accuracy 

10 i 0.05% 
100 —+0.15% 

1000 | “3% 

Maximum Allowable Input Voltage Rating 

See Table 1-3. 

TABLE 1-3 

Maximum Input Voltage 

Combined DC 
INPUT ATTEN ; and Peak AC Peak AC 

Switch Position | (DC coupled) | (AC coupled) 

R= o and] - 15V | 15V 
10 +150V 150 

100 and 1000 * +500 V | 500V CO” 
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Characteristics—Type 3A7 

Input Crosstalk 

<5%. Measured when driven grid is de coupled, deflec- 

tion factor is 5mV/div, and 300-mV peak-to-peak 50 kHz 
sine waves are used as the drive signal. Undriven grid is 
switched to DC. DISPLAY switch is set to Ve-B when signal 
is applied to input A. Amplitude of feed-through signal is 
then measured and expressed as a percentage of the ap- 
plied signal. Next, the signal is applied to input B, the DIS- 
PLAY switch is set to A-Ve and the measurement is repeated, 

AS A DIFFERENTIAL AMPLIFIER 

Maximum Common-Mode Signal Amplitude 

Refer to Table 1-3. 

Common-Mode Rejection Ratio 

See Table 1-4. 

TABLE 1-4 

Minimum 

Common-Mode Method of Common-Mode 

___Signal | Coupling —_—|_-Rejection Ratio 
ee 

20 kHz* | DC { 20,000:1 

500 kHz? me | 500:1 

60 Hz" AC ],000:1 

‘DC common-mode rejection ratio (CMRR) is measured with the Type 

3A7 set for 1 mV/div sensitivity. First, both AC-DC-GND switches 

are set to GND, the DISPLAY switch is set to A-B and the trace is 

centered, The comparison voltage is then set to +10V and ap- 
Plied to both inputs. Both AC-DC-GND switches are set to DC. The 
indicated voltage (trace shift times MILLIVOLTS/DIV switch posi- 

tion) is then measured. Rejection ratio is the applied voltage di- 

vided by indicated voltage. The measurement is repeated when 

—10V is applied. 

“Signal amplitude of 30 volts peak to peak is de coupled to both 

inputs. The Type 3A7 sensitivity is set to 1 mV/div and the mode 

is A-B. CMRR is the peak-to-peak input signal amplitude divided 

by the peak-to-peak display amplitude. 

“Signal amplitude of 30 volts peak to peak is ac coupled te both 
inputs. CMRR is then measured the same as described for footnote *. 

AS A CALIBRATED DIFFERENTIAL 
COMPARATOR 

Comparison Voltages 

Two voltage ranges are provided: from zero to +1.1 

volt, and from zero to +11 volts. The Ve RANGE switch 

selects the range, a second switch selects the first digit 

and a precision 10-turn potentiometer selects the remain- 
ing digits. 

Comparison Voltage Accuracy and Drift 

Within +0.15% of indicated voltage plus -£0.05% of 
full Vc range. 

Readout Resolution 

100 pV/mm at maximum sensitivity. 

Maximum Input Grid Current 

2 nanoamperes maximum; typically less than 1 nano- 
ampere. 

Overdrive Recovery 

Application of an input signa! of sufficient amplitude to 
drive the trace off the screen may overdrive the Type 3A7 
amplifier. 

If overdriven by a 10-volt step signal, the amplifier 
will recover within 10mV of the final signal value in 300 

nsec. Certain overdrive signals may cause an additional 

slow (thermal) shift in the reference level of <5mV. 

Input Attenuation Accuracy 

Attenuation accuracy is within the tolerances specified 
in Table 1-2. 

Environment 

Storage: —40°C to +65°C, 50,000 ft. 

Operating Temperature: 0°C to +50°C. 

Operating Altitude: To 15,000 ft. 

OTHER CHARACTERISTICS 

Mechanical Specifications 

Construction: Aluminum-alloy chassis. 

Front Panel: Anodized. 

Accessories Supplied 

Information on accessories for use with this instrument is 

included at the rear of the mechanical parts list.



SECTION 2 

OPERATING INSTRUCTIONS 

Front Panel 

A front-panel view of the Type 3A7 is shown in Fig. 2-1. 
A brief functional description of the front-panel controls, 

connectors, indicator lights and securing latch is included. 

Preliminary Operation 

The Type 3A7 can be used in either the X-axis or Y-axis 
plug-in opening of a Tektronix Type 561, 561A, 564, 565 
or 567 Oscilloscope or their rackmount equivalents. As- 

sume for this manual that the Type 3A7 is inserted in the 
left-hand {Y-axis]) opening to provide vertical deflection 
of the crt beam. 

NOTE 

To provide the best possible turn-on conditions 

for the unit, insert the unit in the oscilloscope 

when the oscilloscope power is off. 

For preliminary operation this procedure is suggested: 

1. After inserting the unit into the oscilloscope plug-in 
compartment, set the oscilloscope Intensity control fully 
counterclockwise and turn on the oscilloscope power. 

2. Set the Type 3A7 front-panel controls as follows: 

Vc RANGE 0 

COMPARISON VOLTAGE 0-0-0 

AC-DC-GND (both inputs} GND 

INPUT ATTEN ] 

DISPLAY A-B 

MILLIVOLTS /DIV 50 

VARIABLE CAL 

POSITION Midrange 

3. Set the oscilloscope Time/Div switch to 0.5 msec, the 
Intensity control to a normal intensity position and the trig- 

gering controls to obtain a free-running sweep. 

4. Wait at least 15 minutes for the oscilloscope and plug- 
in to warm up and stabilize. 

5. Check the DC BAL and AMP BAL adjustments by per- 
forming the procedures which follow. 

Front-Panel Adjustments 

After the Type 3A7 has warmed up and stabilized, check 
its operation to see if one or more of the following adjust- 

ments needs to be made. In the DC Balance and Amplifier 

Balance procedures that follow, the procedures assume the 

Type 3A7 is being used for the first time. Once these ad- 
justments are made, the DC BAL is the only adjustment that 

needs occasional ‘touching up” during normal use of the 

unit. 

1}. DC Balance 

With the AC-DC-GND switches set to GND, any vertical 
shift of the trace as the VARIABLE control is rotated indicates 

need for adjusting the DC BAL control (see Fig. 2-1). To 

make this adjustment, proceed as follows: 

a. First, set the front-panel controls to the same positions 

as listed in the Preliminary Operation procedure given 
earlier. 

b. Adjust the DC BAL control to eliminate any vertical 
shift of the trace as the VARIABLE control is rotated back 

and forth. 

c. Ser the MILLIVOLTS/DIV switch to 5. If the trace moves 

off the crt, adjust the AMP BAL control (see Fig. 2-1} to 

position the trace near the center of the crt. 

d. Repeat step tb. 

e. Set the MILLIVOLTS/DIV switch to 1. If the trace is 
off the crt, adjust the AMP BAL control to position the trace 
near graticule center. 

f. Repeat step 1b. While repeating step 1b, keep the 
trace centered on the crt by adjusting the AMP BAL con- 
trol. 

IMPORTANT 

Once the DC BAL and AMP BAL (next step) con- 

trols are initially adjusted, only the DC BAL con- 

trol need be adjusted occasionally to minimize 

trace shift as either the VARIABLE or MILLIVOLTS/ 
DIV control is rotated. This also applies when the 

Type 3A7 is transferred from one oscilloscope to 

another. 

2. Amplifier Balance 

If the trace shifts as the MILLIVOLTS/DIV switch is moved 

from one position to the next through all its positions, this 
indicates that the AMP BAL adjustment needs to be checked. 
Since this adjustment interacts with the DC BAL control, per- 
form step 1 DC Balance procedure first if you have not al- 
ready done so. Leave the controls as they are upon com- 
pleting step 1 and then proceed as follows: 

a. Set the MILLIVOLTS/DIV switch to 50. Using the POSI- 
TION control, position the trace to graticule center. 

b. Set the MILLIVOLTS/DIV switch to 1 and adjust the 

AMP BAL control so the trace is positioned to graticule 
center. 

c. Repeat step 1b in the Dc Balance procedure and steps 

2a and 2b in this procedure as often as necessary to mini- 
mize trace shift as the VARIABLE and MILLIVOLTS/DIV 

controls are rotated. 

NOTE 

Once the AMP BAL control is adjusted as desired, 
it ordinarily does not require readjustment. Any 

trace shift that results from rotating the VARIABLE 
or MILLIVOLTS/DIV controls during normal use of 

the Type 3A7 can be minimized by adjusting the 

DC BAL control. 

2-1



Type 3A7 
Operating Instructions—Type 3A7 

Up * Indicator Light—Turns on when 
trace lor crt beam) moves above 
center. Arrow indicates direction trace 
moved. 

Down 4 Indicator Light—Turns on 
when trace (or crt beam) moves be- 
low center. Arrow indicates direction 
trace moved, 

AMP BAL—Initial setup adjustment. 
Adjusted to prevent vertical trace 
shift as the MILLIVOLTS/DIV switch is 
moved from one position to another, 

COMPARISON VOLTAGE—Dual con- 
trols select the comparison voltage 
within the range set by the Ve 
RANGE switch, Outer knob selects 
first digit; 10-turn dial selects remain- 
ing digits, For example, this Illustra- 
tion shows a reading of 2-9-85* or 
+2.985 volts. 

Ve RANGE—Selects comparison volt- 
age range and polarity, Can be set 

to O for no Ve output, 

Ve OUT—Comparison voltage (Ve) 
output set by Ve RANGE and COM- 
PARISON VOLTAGE controls, 

AMP CAL—Sets the deflection factor 
of the amplifier to agree with the 

MILLIVOLTS/DIV front-pane!l markings. 
DIFF BAL—Adjusts the amplifier for 
maximum common-mode rejection emis 
ratio, > ys ~~ 

Chassis ground connector, = ge 

0 

ta 

0 
AG ‘ an ved ” 

A Input——Connector for coupling volt- 
ages or signals to the A input, 

AC-DC-GNDO—AC and DC positions 
determine whether input signals are 
ac or de coupled. The GND position A 

Internally disconnects the Input signal 

| mews ATTEN} 10 

MILLIVOLTS/DIV—Selects the  cali- 
brated vertical deflection factors, 
(VARIABLE control must be in the 
CAL position.) 

VARIABLE—Provides continuously vari- 
able deflection factor to at least 
2,5 the setting of the MILLIVOLTS/ 
DIV switch, 

OC BAL—Initially adjusted to mini- 
mize trace shift as the VARIABLE 
contro! is rotated, Once the DC BAL 
and AMP BAL are initially adjusted, 
any trace shift that occurs later on 
when rotating either the VARIABLE 
or MILLIVOLTS/DIV controls during 
normal operation can be minimized 

INPUT ATTEN—Solects high Z (R ac eam ™ 
2) of 1X unattenvated input posi- = ' 
tions, Also selects 10, 100 and 
1000 attenuated input positions. i 

4 by adjusting the DC BAL contro! only. 
B Input—Connector for coupling volt- 

ages or signals to the 8 input. : POSITION—Moves the trace in a 
ren noni we PORTLAWO. ONEGON LEA vertical direction on the ert when unit 

AC-DC-GND—AC and DC positions _ : , is used for Y-Axis deflection. 
determine whether input signals are 
ac or de coupled. The GND position 
internally disconnects the input signal 

and grounds the A input circuit, 

Securing Latch—Holds unit securely in 

and grounds the 8 input circuit, the oscilloscope plug-in compartment. 

DISPLAY——Used in conjunction with Ve 

RANGE and AC-DC-GND switches to 
select operating mode. 

* Method used throughout the manual to describe consecutive reading order of digits. 

RANGE set to +11, a reading of 2-0-0 is +2,00V; a reading of 2-10-0 is 43.00 V. 

When 10-turn dial is turned fully counterclockwise, 
second digit is 0; when dial is turned 10 turns clockwise, second digit reads O but should be interpreted as 10. For example: with Ve 

Fig, 2-1. Function of front-pane! controls, connectors, indicator lights and securing latch. 
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3. Amplifier Gain Calibration 

The AMP CAL adjustment (see Fig. 2-1} should be checked 
periodically to assure correct vertical deflection factors. 
The adjustment can be made using the oscilloscope calibra- 
tor as the signal source. If greater accuracy is desired, a 

signal source with greater amplitude accuracy should be 
used. 

a. Set the front-panel controls as follows: 

AC-DC-GND {A) DC 
AC-DC-GND (8) GND 
INPUT ATTEN 1 
DISPLAY AB 
MILLIVOLTS/DIV 1 
VARIABLE CAL 

b. Apply a 5mV peak-to-peak calibrator signal through 
a coaxial cable to the A input connector. 

c. Using the POSITION control, position the display to 
the center of the ert viewing area. Set the time-base con- 

trols to display several cycles of the waveform. 

d. Adjust the AMP CAL contro! to obtain exactly 5 div 
of vertical deflection (see Fig. 2-2). 

Operating Instructions—Type 3A7 

b. Apply 10 volts of calibrator signal through a coaxial 

cable and a dvyal-input connector (having matched length 
signal paths} to both A and B connectors. 

c. Set the oscilloscope Time/Div switch to display several 
cycles of the waveform. 

d. Ignoring the positive- and negative-going spikes, ad- 
just the DIFF BAL control (see Fig. 2-1) to eliminate any 
square-wave response; that is, to obtain a minimum ampli- 
tude display similar to the waveform shown in Fig. 2-3. 

5 div 

Fig. 2-2. Adjusting the AMP CAL contro! for proper deflection. 

4. Differential Balance 

Differential balance may be quickly checked using the 
following procedure: 

a. Set the front-panel controls as follows: 

AC-DC-GND (A and B} DC 

INPUT ATTEN ] 

DISPLAY A-B 

MILLIVOLTS/DIV ] 

VARIABLE CAL 

POSITION Midrange 

Fig. 2-3. Adjusting the DIFF BAL control to obtain a minimum am- 
plitude display. 

Drift 

At a maximum sensitivity of 1 mV/div, drift with time is 

normally 1 mV or less per hour when averaged over an 8- 
hour period with ambient temperature and line voltage held 
constant. Drift with temperature is less than 1 mV per degree 

Celsius (centigrade). 

The following conditions will minimize drift: 

1. Side and bottom panels are installed on the oscillo- 
scope. 

2. Line voltage variations are small. 

3. Thermal environment is constant. 

4. Sufficient time is allowed for the Type 3A7 and os- 
cilloscope to warm up. 

5. Shock and excessive vibration forces are avoided. 

Block Diagram 

The simplified block diagram shown in Fig. 2-4 is useful 

for studying the electrical location of the AC-DC-GND, IN- 
PUT ATTEN, DISPLAY, COMPARISON VOLTAGE and MILLI- 
VOLTS/DIV controls. Particularly, the diagram shows where 

the INPUT ATTEN switches are located with respect to the 
location of the MILLIVOLTS/DIV switch and the COMPAR- 
ISON VOLTAGE control. 

When applying a signal to the Type 3A7 input connector, 

attenuation of the signal takes place in the INPUT ATTEN 

2-3 



Operating Instructions—Type 3A7 

Selects method of 
coupling the A input 

signal. Also permits DISPLAY Amplifier (nput Rating: 
grounding the A in- Permits attenuating the Switch #15 volts maximum. 
Pti side of the am- A input ‘gnol | 
plifier. —, 

| 

INPUT ave | 
input A (o> Ac-DC-GND ATTEN > 

wife Switch* AB | 
| 

Vc-B ! 
Ve OUT O— O | 

Comparison voltage / 
is never attenuated 

i} tput 
but applied directly | oe pan 
to Ve OUT jack and | AMPLIFIER Deflection 
DISPLAY switch. { Plates 

Comparison Ve I 
Voltage r— RANGE f1llvoor tl.lv 
Supply Switch , 

nt — I 

COMPARISON’ f 0 to EN wal > 
VOLTAGE a or 
Control “ Oto £1IV 

INPUT 
Input B AC-DC-GND ATTEN 

Switch Switch* . MILLIVOLTS /DIV 
Amplifier Input Switch 

Permits at fi Rating: £15 volts 
ermits attenvatin i 

Selects method of coupling the the B input Signal maximum. controls gain 
B input signal. Also permits of amplifier. 
grounding the B input side of 
the amplifier. 

*Input A and B switches are ganged together. 

Fig. 2-4. Simplified block diagram showing DISPLAY switch positions and Ve OUT connection. 

switch before the signal is applied through the DISPLAY 
switch to the amplifier. The INPUT ATTEN switch does not 

attenuate the comparison voltage because the comparison 
voltage is applied directly to the amplifier input via the A- 

Vc or Vc-B position of the DISPLAY switch. 

It is also important to note that there are two ways to 
obtain the same sensitivity when using the INPUT ATTEN 
and MILLIVOLTS/DIV switches. One way gives more band- 
width; the other way gives less bandwidth but greater 
slide-back voltage capabilities. The methods that follow 
show two ways to obtain 10 mV/cm sensitivity, for example. 

Method 1: 

Set the INPUT ATTEN switch to 1 and the MILLIVOLTS/ 
DIV switch to 10. This gives a bandwidth to 10 MHz for sig- 
nals that do not overscan the screen. If the Type 3A7 is 

used as a differential comparator to offset a dc or low-fre- 
quency ac component of a signal, the maximum slide-back 
comparison voltage is 11 volts. For example, if +10 volts is 
applied to the Type 3A7, +10 volts of comparison voltage 
is needed to offset the 10 volts of applied voltage. 

Method 2: 

Set the INPUT ATTEN switch to 10 and the MILLIVOLTS/ 
DIV switch to 1. This gives a bandwidth of only 4 MHz for 

2-4 

signals that do not overscan the screen, and the trace is 

slightly noisier. However, when using differential-comparator 
mode of operation to offset a de or low-frequency compo- 
nent of a signal, the true slide-back voltage is 10 greater 

using this method rather than Method 1. For example, if 

+10 volts is applied to the Type 3A7, the INPUT ATTEN 
switch attenuates the 10 volts to +1 volt using Method 2. A 

comparison voltage of only +1 volt is all that is needed 
to offset the +10 volts of applied voltage. Thus, the 1 
volt of comparison voltage is really equivalent to 10 volts 

since it is capable of offsetting the +10-volt applied volt- 
age. 

Using differential-comparater operation and Method 2 
(for example}, ==110 volts can be applied to the Type 3A7 
because the INPUT ATTEN switch setting of 10 attenuates 

the -+110 volts to 11 volts and this attenuated voltage is 

applied to the amplifier. The 11 volts is well within the 
-£15-volt rating of the amplifier stage and can be offset by 
using the -E1T-volt maximum comparison voltage available 
within the unit. The COMPARISON VOLTAGE control dial 
indication is not affected by the setting of the MILLIVOLTS/ 
DIV switch because the MILLIVOLTS/DIV switch acts as a 

null resolution or null sensitivity control during this mode of 
operation. True comparison voltage using either method can 
be determined using this formula:



Operating Instructions—Type 3A7 
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Fig. 2-5. Typical input resistance (R) and capacitive reactance (X.) 

are used with the Type 3A7. INPUT ATTEN switch set to 1. 

COMPARISON 'NPUT 
ATTEN Probe 

True VOLTAGE . 
. _ Switch Attenua- 

Comparison = Control Posit; . 
Voltage Reading osition: tion 

in Volts 1, 10, 100 Factor 

° or 1000 

Input Signal Connections 

Before connecting signals to the A and/or B connectors 
on the Type 3A7, consider the method that will be used. 
Table 2-1 lists a choice of eight different methods. For each 

method the table lists the advantages, limitations, acces- 

sories required, source loading and precautions to consider. 
Check through the table and select the method which is 
suitable for your particular application. Figs. 2-5 and 2-6 
show input R and Xc vs frequency curves for three different 
probes which were connected to the Type 3A7. The INPUT 
ATTEN switch was set to 1 and a Boonton RX bridge was 
used to obtain the data for the curves. 

Use of Attenuator Probes 

Attenuator probes reduce loading of the signal source. 
However, in addition to providing isolation of the oscillo- 

@ 

vs frequency curves obtained when P6008 and P6023 10 Probes 

scope from the signal source, an attenuator probe also de- 
creases the amplitude of the displayed waveform by the 
attenuation factor of the probe. When making amplitude 

measurements with an attenuator probe, be sure to multiply 
observed amplitude by the attenuation of the probe. 

An adjustable capacitor in the probe compensates the 
probe for variations in input capacitance between one 

plug-in and another. To assure the accuracy of pulse and 
transient measurements, this adjustment should be checked. 

To make this adjustment, proceed as follows: 

1. Set the oscilloscope Amplitude Calibrator for an out- 
put of suitable amplitude. 

2. Place the DISPLAY switch to the A-B position. 

3. Set the AC-DC-GND switch to DC for the input in 
use. Set the unused input AC-DC-GND switch to GND. 

4. Touch the probe tip to the calibrator output connector 

and adjust the oscilloscope controls to display several 
cycles of the waveform. 

5. Adjust the probe compensation for best square-wave 
response. 

2-5



Operating Instructions—Type 3A7 
“WHMS 

NALLY 
IMdNI 

24s 
4° 

sucHsed 
QOOL 

PYP 
OOL 

‘OL 
‘L 

oF 
Seliddy, 

“TID 
ayy 

SD 
SAltISUaS 

sD 

G/L 
St 

puD 
“ZH¥ 

ZL 
inoqn 

jit, 
AdUaNbaly 

MOT] 
:Z-1D 

"ZH 
GZ 

ynoqn 

fit] 
A
n
u
a
n
b
a
i
,
 

M
O
]
 

*[-1D 

“ODIA 

-ap 
f
o
9
u
u
o
0
2
-
y
D
I
N
B
 

YD 
J
O
N
 

447% 
09. 

dN 
“HY 

G 
fnoqo 

Aq 
_ 

pajaljpind 

OVvOO 
OWSESU] 

*2-LD 

‘dag 
of 

dy 
H
G
 

inogn 
Aq 

pelaj|p 
sind 

G 
| 

‘uousasuy 
*[-1D 

(4aUOJsUDAY 
JaUsla 

JO} 
31q 

“D2 
XNO2 

jNUOI}IPpp 
sdoy 

dad) 
‘D4yxe 

Buiyjon 
:Z-1D 

“UO|DUIWa} 
D
N
 

pun 
Jajdppp 

x
n
o
 

*]-[5 

Vu 
AY 

L 
Z
L
 

"WW/AWS 
FLD 

SASLAIISUBS 

‘sduip 
GZ 

'Z-1D 
‘dui 

go 
‘L-15 

‘Bulyos 
juaiind 

swy 

‘yoad 
sdwp 

O0lL 
‘215 

‘yoed 
sduio 

OZ 
FL-LD 

“SHINDIID 
JO YSIS 

-UDJ} 
Ul 

SyUaLIND 
|DUBIS 

94n 

“sDaW 
‘SISSDYD 

HINDIID 
4$94 

of 
4d 

77% 
upys 

ssay 
“yind 

“41D 
4sa} 

fO 
o
d
 

j
u
a
u
n
u
w
J
e
d
 

aq 
UD) 

JaWO}sUuDI 
JUdLIN> 

‘adonso| 

“IPSO/LYE 
edAL 

jo 
yous 

ywpimpung 
“ZvE 

adAL 
$0 

O
O
G
 

ui 
p
a
j
o
u
i
u
a
y
 

“JOWIOJSUDI} 
—«- J

U
B
I
N
D
 

“Q 

“ZHAG 
upuj 

ssay 
Aduanbas} 

aapmM 

-alpnbs 
asp) 

‘
u
o
l
p
s
u
a
d
w
o
s
 

O
W
 

oot 
‘Ad 

Ze 
= 

*G109d 
“X0001 

*$ 109d 
‘A AYISUaS 

100'OX 

O
W
O
L
 

‘447% 
= 

+2009 
“XO0L 

*2009d 
“APALSURS 

1
0
°
 

O
W
S
 

‘AGZL 
= 

*€Z09d 
“OW 

OL 
'49G°Z 

= 
'8009d 

“
X
O
 

puo 

“UIPIM 
“pung 

— 
edorsoj}!298Q/ 

VE 
adky 

|Ny 
‘Buippo) 

aayiond 

“GW 
OOL 

‘XO00L 

‘aqoid 
G
W
O
L
 

‘X<O00L 

‘SIBYIO 
JO 

UWOL 
‘€TO9d 

Aduanbaly 
aqoid 

=294D 
| 
“UWOL 

‘IIL 
= 

+9009d 
| 
EZO9d 

PUD 
8009d 

‘9009d 
“AWAISUBS 

[>< 
| 

“D2 
PUD 

eAlisisal 
parnpey 

| 
10} 

eqod 
GWE’ 

X<OL 
“Z 

*
s
J
O
J
O
N
U
D
L
D
 

(4ndui 

JDIxD0> 
jnoyyM 

Buijdnos 
| sye 

edd, 
iD 

/
P
Z
Z
-
O
N
 

“und 
“juiod 

*sajqo> 
jouBis 

uo 
sic} 

2D 
10 

3qQ 
‘poo, 

jowsOU 
|?) 

DNg} 
‘“waysks 

xDOD 
-ul 

4d 
QZ 

w
o
s
 

s
u
o
p
a
y
e
y
 

| 
doy 

ip 
4d 

QZ 
pun 

G
W
 

| 
| 

-2@UUO> 
D
N
g
 

PUD 
| 

DNg| 
yulod 

doy 
yo 

poo; 
yd 

QZ} 
0} 

OB 
of 

joubis 
syiwsag 

| 
p
a
y
o
u
m
a
y
 

o
j
 

doy 
-9 

“JoyONUay 
“(404 

“Uoly 
-{O 

JO 
Jiwl| 

Jamog 
“julod 

-2D4 
Udlpa]I8q 

Paspald 
“UOIJOUILIE} 

JD 
| 
-DUlWa} 

4D 
JOJNNUDL}O 

|DI 
soy 

uO 
Bulppo] 

20 
pun 

9g 
"AjuO 

°Z 
| 

“sdOyDNUaYO 
jDIXDO? 

DN] 
-Ul) 

Padnpal 
si 

ApAuIsuas 
| 

4d 
QZ 

wos 
UOlDE}Ja1 

ssa] 
| 

-xDOD 
UJIM 

‘p 
SD 

aUDS 
‘CG 

“UOHDUILUIAY 
Of 

(00| 
e
B
o
w
n
p
 

40 
Buippo; 

2p 
‘asuodsed 

W
O
J
I
U
N
 

ULI 
“UODUILUIAY 

4O 

flu] 
Jamog 

“julod 
js, 

uo 

Buippo] 
2D 

pup 
9q 

‘yndui 

jo 
4d 

QZ 
W
o
r
 

s
u
o
i
p
a
j
a
y
 

"suol}a|ja1 
asnp> 

upd 
xpod 

jo 
pua 

/yE 
adA] 

wo 
ydoqz 

snjd 
°7 

“6P00-L10 
‘YO!OUIWA! 

& 
OS 

DNa) 
ydui 

sve 
adAy 

4D 
U
O
l
D
U
I
W
a
}
 

C7 
“(s]HOJQoU 

“
U
9
D
 
D
N
 

Y
I
M
 

9
}
Q
D
>
 

x
p
o
7
)
 

juaasid 
of 

s
0
1
2
0
d
D
>
 

Bul 

-yDojq 
pesu 

A
n
w
 

‘xDo? 
fo 

pus 
jo 

Buippo, 
(B 

OS 
Ajjor21dAy) 

°7 
siuasaug 

ajqn> 
Buoy] 

‘Buippo) 
aatjsis 

“81 
{DI} 

Ajaaupjay 
“YpIM 

“Pung 
— 

adorsoj]i2sQ//VE 
add} 

Joyo] 
“Aplaiisuas 

[jn4 

“yndui 
ZVE 

add] 
4D 

v
O
W
N
U
I
W
a
]
 

‘8[4D2 
XDOD 

pajoulUal 
“fp 

*3|qQb> 
fo 

‘anupyi2ndp> 
a}qn2 

‘{s]ioyoou 
| 

a2uDyiopdy> 
yHiy 

‘asuods 
‘8|qQD> 

‘Bulppo; 
aouny2ndns 

yBiyj 
| 

snd 
ydgz 

pup 
GW 

| 
| 

-UO2 
N
g
 

YIM 
ajgod 

xnoD]} 
-a1 

Aduanbe., 
= paywiy 

"APAHISUaS 
[[N4 

| XDOD 
pajouUUajUr) 

“¢ 

“UIPIM 
‘JOJQBUUOD 

DNg 
Y
M
 

‘31g 
| -punq 

= 
adorsoyjiasa//VE 

‘Bulppoy 
e2uny!9pdp> 

YBipq 
‘4409 

= 
pun 

GWL 
| 

peddinbe 
=X 1 

Ss! 
gBZO9d] 

-P> 
JO 

a2uDY!IIOdDD 
YBIH 

| add] 
JoJo] 

“AjAnisuas 
||NY 

aqoid 
GWL 

KL 
Z 

“JOISISB 
WIYO-/p 

wajdopp 
‘sppa| 

say 
‘dnyaid 

salias 
juasuj; 

“SUOlDYIDsO 
| 

pub 
sppa] 

sa} 
SM|_ 

| 
OMY 

“(QO-EE00-EOI) 
seydopo] 

Ansys 
Oy 

yalqng 
‘esuods 

“sppa| 
snouinds 

pun 
dnyrid 

Ansys 
| 

‘indui 
jo 

yd 
QZ 

puo 
G
W
]
 

yx! 
=Duounpq 

CY 
DNg] 

-21 
AdUanbesy 

= 
paywiy 

Apayjduisg 
| 

sey 
(papjaiysun) 

u
a
d
g
 

*| 

SUOIINDIDIg 
,;Bulppoy 

a
n
o
s
 

pasinbay 
SUOIJOJIWI] 

s
e
B
o
j
u
p
a
p
y
 

jouBbig 
aus 

sallossaz0y 
B
u
l
j
d
n
e
>
 

jo 
p
o
u
s
a
w
 

spoyjow 
Buijdno> 

pubis 

L-@ 
31aV1 

@
 2-6



Operating Instructions—Type 3A7 

1 meg T 
I 

aN 
\ 

R (P6007) 

X- (P6007) 

100 k 

AN 

Ohms 

10k N. 

XX 

N 

1k 

0.1 1 10 100 

Frequency in MHz 

Fig. 2-6. Typical input resistance (R) and capacitive reactance (X.) 
with the Type 3A7. 

NOTE 

If a square-wave source other than the oscillo- 

scope calibrator is used for compensating the 

probe, do not use a repetition rate higher than 5 
kHz. At higher repetition rates, the waveform am- 

plitude appears to change as the probe is com- 

pensated. Thus, proper compensation is difficult 

to attain. If the probe remains improperly com- 

pensated, transient and frequency response of the 

system will be poor and measurements will be in- 
accurate. 

Modes of Operation 

The Type 3A7 is used primarily for three basic modes 

of operation: (1) conventional amplifier, (2) differential am- 
plifier, and (3) calibrated differential comparator. Table 

2-2 shows where to set the front-panel controls for each 

operating mode. 

For conventional-amplifier mode of operation, note that 
Table 2-2 shows two ways to set the controls when using 
either input. Further details about these two ways and the 
different modes of operation are given in the information 
that follows. 

® 

vs frequency curves obtained when a P6007 100% Probe is used 

Conventional Amplifier Operation 

When using the Type 3A7 as a conventional amplifier, 
there are two ways to set up the controls using either input. 
Assume the signal will be applied to input A to obtain 
an upright display {see Fig. 2-7). The two setup methods 

are as follows: 

Method 1: 

a. Set the DISPLAY switch to A-B. 

b. Apply the signal to input A. 

c. Set the input A AC-DC-GND switch to AC or DC, 
depending on the method of signal coupling desired. 

d. Set the input B AC-DC-GND switch to GND. 

Method 2: 

a. Set the DISPLAY switch to A-Vc and Vc RANGE switch 

to 0. 

b. Apply the signal to input A. 

c. Set input A AC-DC-GND switch to AC or DC, de- 
pending on the method of signal coupling desired. The 
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Operating Instructions—Type 3A7 

TABLE 2-2 

Mode of Operation 

Input A Input Bi 

Mode of Connector | AC-DC-GND AC-DC-GND | DISPLAY | Vc RANGE 
Operation | to Use Switch | Switch | Switch | — Switch 

| AC or DC | GND AB Any 

A rr ee 1 | Position 
AC or DC Any A-Vc 0 

Conventional | __ Position! 

Amplifier GND | AC or DC AB | Any 
B ee | | Position 

Any * AC or DC Vc-B 0 
Position? 

Differential AandB | AC or DC | AC or DC A-B Any 
Amplifier | fo ; | Position 

; A ' AC or DC Any A-Ve —1) 1. 
Calibrated Position! ‘ _ 
Differential |- ot le ~ Se 41.1 oF 
Comparator B Any | AC or DC Vc-B +11. See 

Position’ —_| text. 

‘Exception: Set to GND if a large signal is applied to the unused connector; prevents crosstalk. 

+ INPUT 

a 4 } | 

RESULTING DISPLA 

ve 
— INPUT 

Ys JUN 
INPUT SIGNAL 

Fig. 2-7. Waveforms applied to the A input connector produce an 
upright display, while waveforms applied to the B input are inverted. 

B input AC-DC-GND switch can be left in any position. 

Conventional-amplifier mode of operation using input B 
instead of input A is essentially the same except that sig- 

nals applied to input B connector are inverted on the screen. 
Positive voltages produce an upward deflection when ap- 
plied to input A and a downward deflection when applied 
to input B (see Fig. 2-7). 

The amount of vertical deflection produced by a signal 

is determined by the settings of the INPUT ATTEN, MILLI- 
VOLTS/DIV and VARIABLE controls. Calibrated deflection 
factors indicated by the MILLIVOLTS/DIV switch apply 
only when the VARIABLE control is set to the CAL detent 
position. Serious errors in display measurements may re- 
sult if the setting of this control is inadvertently moved 
away from the CAL position. 

Range of the VARIABLE control is about 2.5 to 1 to pro- 
vide continuously variable (uncalibrated) vertical-deflection 
factors between calibrated settings of the MILLIVOLTS/DIV 
switch. Use of this control extends the 50 MILLIVOLT/ 

DIV position to at least 125mV/div. As the control is 
rotated a few degrees counterclockwise from the CAL posi- 
tion, a switch is actuated which increases the gain of the 
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amplifier about 10%. This increased gain assures overlap- 
ping coverage between the calibrated steps. 

Voltage measurements in mV may be made directly from 
the crt by noting the amount of vertical deflection in major 
divisions of the crt. Then, multiply the vertical deflection 
in divisions by the setting of the MILLIVOLTS/DIV switch, 

the setting of the INPUT ATTEN switch and the attenuation 
factor, if any, of the probe. (Be sure the VARIABLE control 

is set to CAL.) The following formula summarizes the meas- 

urement: 

Peak-to-Peak 

Amplitude in = 
Millivolts 

. INPUT 
Vertical Probe 

Deflection MILLIVOLTS/DIV ATTEN x. Attenuation 
: ee Switch Position Switch 
in Divisions ss Factor 

Position 

When using the AC-DC-GND switch for coupling the sig- 
nal from its associated connector to the input circuit of the 

Type 3A7 amplifier, the AC position inserts a dc blocking 

capacitor in series with the input circuit. The input time 

constant for the AC position is about 0.08 second. Low- 

frequency response is 30% down at about 2Hz. Two oc- 

casions when ac coupling is used are: 

1. When it is desired to get a quick look at the ac com- 
ponent of a signal which has a large dc component. 

2. To measure the peak-to-peak voltage of the ac com- 
ponent while blocking the dc component. 

In the DC position of the AC-DC-GND switch, both the 
ac and dc components of an applied signal can be observed. 

This position is useful for measuring de levels of voltages 

or for measuring the instantaneous dc level at a given point 

on a waveform. 

The GND position of the AC-DC-GND switch allows the 
signal to be disconnected from the Type 3A7 amplifier input 

@



without having to physically disconnect the applied signal 

externally. The GND position also grounds the amplifier 
input circuit to provide an easy method for establishing 
or checking the zero dc reference of the trace. However, 
this method does not take into account trace deviation from 
exact zero due to ground-loop and grid currents. If voltages 
due to these currents are significant and utmost measurement 
accuracy is desired, set the AC-DC-GND to DC and touch 
the probe tip to chassis ground on the device under test. 
Then check or position the trace to zero dc reference. 

Differential Amplifier Operation 

The primary purpose of differential-amplifier mode of 
operation is to eliminate common-mode signals. The term 

“common-mode signals’ is defined as two signals applied to 
a differential amplifier that are identical to each other with 

respect to amplitude and tims. This term is also used to 
identify the respective parts of two signals that are identical. 

A differential amplifier, such as the Type 3A7 and oscil- 
loscope used in conjunction with each other, is simply a 
difference amplifier (not a differentiation amplifier). A  dif- 
ference amplifier amplifies and displays the voltage differ- 
ence between two signals as expressed in this formula: 

Signalpis = A-B 

Due to slight dissimilarities between the two sides of a 
differential amplifier, some difference voltage will be dis- 

played even though the input signals are common-mode 
{identical}. The ratio between the amplitude of this differ- 

ence signal and the amplitude of the common-mode input 
voltage is called common-mode rejection ratio (CMRR). 

Major factors affecting the CMRR of a differential am- 
plifier are: dynamic range of the amplifier, method of 
signal coupling {ac or dc], frequency and transient response. 
For the Type 3A7, CMRR is greater than 20,000:1 for de- 
coupled signals below 20 kHz and greater than 500:1 for dc- 

coupled 500-kHz signals. For additional CMRR information 

refer to the Characteristics section of this manual. 

Differential operation between the two inputs of the Type 
3A7 is obtained by setting the DISPLAY switch to A-B and 
the AC-DC-GND switches to AC or DC, depending upon the 
method of coupling desired. For maximum common-mode 
rejection, both AC-DC-GND switches should be set to the 

same position (preferably to DC) and the VARIABLE control 
set to CAL. To obtain high common-mode rejection when 

using attenuator probes, use probes that have variable R and 

C such as the Tektronix P6023 Probe. An adjustment proce- 
dure for the probes follows. 

NOTE 

If the probes are used with a floating input, the 

ground straps of the probes can be connected to- 
gether but not connected to the circuit under 

measurement. This arrangement may aid in re- 

ducing pickup of spurious radiated signals. 

Differential-amplifier mode of operation can be used, 
for example, to observe the signal across one circuit element 

while effectively eliminating the remainder of the circuit 
from the observations. This is accomplished by connecting 

the signal at one end of the element to one input of the 
Type 3A7 and the signal at the other end of the element to 

the other input of the unit. 

® 

Operating Instructions—Type 3A7 

Fig. 2-8 waveforms show pictorially the ability of the 
Type 3A7 to reject common-mode signals so the desired sig- 
nal can be displayed. In this example, the signal applied to 
input A (see Fig. 2-8a) is 10 volts peak to peak of 60-Hz 
hum modulated by a 1-kHz 5-mV square-wave signal. The 
very top portion of the composite signal is shown in Fig. 

2-8b. The waveform is 2,000 divisions high and differential- 
comparator operation is used to position the top of the 
waveform into view. Since the square-wave signal is not 
synchronized with the hum signal, the free-running square- 
wave signal causes the double appearance of the hum wave- 

form. (Stable triggering occurs on the hum signal because 
it is the dominant signal.) 

To display only the square-wave signal for observation 
and measurement, it is necessary to reject the hum portion 

of the input-A composite signal. To do this, an unmodulated 
hum signal (which is identical to the hum portion of the 
signal at input A) is applied to input B as shown in Fig. 
2-8c. Since the hum signals are common-mode, they will be 
rejected by the Type 3A7 at a CMRR of 20,000:1 or better 
using de coupling. Thus, 10 volts of hum divided by 20,000 

or better results in a difference hum voltage of 0.5 mV or 
less in amplitude (see Fig. 2-8d). 

The square-wave signal, which is not common-mode, is 
clearly visible in Fig. 2-8d for easy measurement. To make 

the measurement, use the same formula as that given for 

conventional amplifier operation. 

P6023 Probe Adjustment Procedure 

For this procedure the following equipment is recom- 
mended: 

1—Oscilloscope with time base. Oscilloscope accepts 
Type 3A7 plug-in unit. 

1—Type 3A7 Differential Comparator plug-in unit. 

1—P6023 Probe (two required for differential operation). 

1—BNC dual binding post adapter. Tektronix Part No. 
103-0035-00. 

1—Resistor, fixed, 1.2 megohm, Ys W to YW, 1%. 

1—50-ohm (nominal impedance] coaxial cable, 18 inches 

long, with a BNC connector on each end. 

Procedure: 

a. Insert the Type 3A7 into the oscilloscope (vertical) 
plug-in compartment. Turn on the oscilloscope and allow 
about 15 minutes for warm up. 

NOTE 

Be sure the DIFF BAL and AMP CAL controls are 
properly adjusted before adjusting the probes. 

b. Set the front-panel controls as follows: 

Type 3A7 
Ve RANGE 0 

COMPARISON VOLTAGE 4-9-0! 

AC-DC-GND [A and B} GND 
INPUT ATTEN 10 

DISPLAY A-Vc 

MILLIVOLTS/DIV 50 

VARIABLE CAL 

POSITION Centered 

1 Dial “reading. 
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LIT A 
+ 4 

tf. 
| 

vy? 

(b) Very top portion of waveform (a) photographed 

when using A-Vc differential comparator operation. 

Y Sensitivity: 5 mV/div. Sweep Rate: 0.1 msec/div. 

(a) 10-volt 60-Hz hum modulated by a 5-mV_ 1-kHz 

square-wave is applied to input A. Conventional 

amplifier operation was used to obtain this photo- 
graph. Sensitivity: 2V/div. Sweep rate: 5 msec/div. 

| a
e
 

/ ' a pa 

{c) 10-volt 60-Hz hum only applied to input B. (d) Using A-B differential amplifier operation, hum 

Conventional amplifier operation was used to obtain is differentially suppressed and only the 1-kHz square 
this photograph. The Type 3A7 amplifier inverts the wave is displayed. Sensitivity: 1mV/div. Sweep 

signal resulting in the display as shown, Sensitivity: Rate: 0.5 msec/div. 

2V/div. Sweep Rate: 5 msec/div. 

Fig. 2-8. Common-mode rejection by the Type 3A7. 

Time Base d. Using the Type 3A7 POSITION control, position the 
Position Centered trace so it coincides with graticule center. This is the zero 

. . reference for the trace. 
Time / Div 5 mSec . . 
Variabl Calibrated e. Connect a coaxial cable from the A input connector 
aniaole alibrate to the Cal Out connector. 

Pull 5X Mag In f, Set the +-INPUT switch to DC and the Ve RANGE 
Mode Norm switch to +11. 

Level Auto g. Set the COMPARISON VOLTAGE control so the top of 
Slope + the waveform (about +50 V} is positioned to graticule center 

Coupling AC Slow as shown in Fig. 2-9a. 

Source Line! NOTE 

Set the time-base Time/Div switch and, if neces- 
Other sary, the Variable (Time/Div) control so two cy- 

Calibrator 50 Volts cles are displayed as shown in Fig. 2-9a. 

c. Check that the oscilloscope Intensity control is set for h. Set the Ve RANGE switch to 0 and the A input AC- 
normal brightness. ; DC-GND switch to GND. Readjust the POSITION control 
‘Set to Int if a 1-kHz calibrator signal source is used. - so the trace coincides exactly with graticule center. 
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g 

{ Coincides with 
Tgraticule center \, 

a. Positioning the top of the square waves to grati- 
cule center as described in step g. 

b. Adjusting the A input probe so the display ob- 
tained matches waveform a. 

4 

Trailing portiony 
levels match [-——~J 

Coincides with” 
i graticule center 

+
+
+
 

+
+
+
+
 

c. Adjusting the B input probe for proper square-wave 

response, and so the display coincides with graticule 

center, 

\ 74 | 
T 

Differentiated pulse | —T 
amplitude minimized 

d. Adjusting the B input probe to minimize the dis- 

play differentiated pulse amplitude and to match the 
waveform trailing portion levels. 

Fig. 2-9. Using calibrated differential-comparator operation to adjust the probes for single-ended operation and using differential-amplifier 

operation to match the B input probe to the A input probe. Line-frequency calibrator signal was used to obtain the waveform displays. Sim- 

ilar displays can be obtained using a 1-kHz calibrator signal source. 

i. Set the A input AC-DC-GND switch to DC and the Vc 
RANGE switch to +11. Readjust the COMPARISON VOLT- 
AGE control so the trailing portion of the waveform coin- 
cides exactly with graticule center (same as shown in Fig. 

2-9a). 
IMPORTANT 

Leave the COMPARISON VOLTAGE control at this 
setting for the rest of the procedure. 

j. Remove the coaxial cable. Connect the dual binding 
post adapter to the oscilloscope Cal Out connector. Con- 
nect a 1.2-megohm {1%} resistor between the binding posts 

on the adapter. (The resistor together with the probe input 

resistance simulates the same load for the calibrator as the 
input resistance of the plug-in unit used in performing steps 

e through i.) 

k. Connect the compensator box of a P6023 Probe to the 
A input connector. Connect the probe tip to the red terminal 

(Cal Out) on the adapter. Fig. 2-10 shows the setup. 

|. Set the INPUT ATTEN switch to 1. 

® 

m. Adjust the probe DC Atten Calibration control so the 
trailing portion of the waveform coincides exactly with 
graticule center. Then, adjust the probe AC Coarse Comp 
and AC Comp Fine Adjust controls to duplicate the display 
obtained in step g. Fig. 2-9b shows a typical waveform 

that should be obtained if the probe is properly adjusted. 
The oscilloscope line-frequency calibrator was used as the 
signal source. Similar results are obtained using a 1-kHz 
calibrator as the signal source. 

NOTE 

To double-check that the trailing portion of the 
waveform and zero-trace reference match, set the 
Vc RANGE switch to 0 and the A input switch to 
GND. If necessary, readjust the POSITION control 

to make the trace coincide with graticule center. 
Return the switches to their former position. If 
necessary, repeat step m. The A input probe is 

now adjusted accurately for ac and dc signal 

measurements. 
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Red Terminal 
(From CAL OUT 

canter Conductor) 

Compensator 
Box 

Fig. 2-10, Setup for adjusting the A Input probe. 

n, To adjust a second probe, connect the compensator 
box of the second probe to the B input connector and con- 
nect the probe tip to the red terminal on the adapter at the 
Cal Out connector. 

o. Set the Type 3A7 controls as follows: 

AC-DC-GND {A) GND 

AC-DC-GND (B) DC 

DISPLAY Ve-B 

p. Using step m as a guide, adjust the B input probe com- 
pensation controls. The display will be inverted and should 
appear similar to the waveform shown in Fig. 2-9c. 

NOTE 

To double-check that the waveform and zero ref- 
erence are matched when using step m as a guide, 
set the Vc RANGE switch to 0 and the B input 
switch to GND. After making the check, return 
the switches to their former positions, The B in- 
put probe is now adjusted accurately for perform- 
ing ac and de single-ended measurements. 

q. To match the B input probe to the A input probe for 
performing differential measurements, set the Type 3A7 
controls as follows: 

AC-DC-GND [A) DC 

DISPLAY A-B 

r. Slightly readjust the B input probe compensation con- 
trols to obtain a display having minimum differentiated 
pulse amplitude, and so that the trailing portion levels of 
the waveform are matched; that is, a minimum-amplitude 
display. Fig. 2-9d shows a typical display that should be 
obtained when the B input probe is properly adjusted. 
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Calibrated Differential Comparator Operation 

When the DISPLAY switch is set to A-Vc or Ve-B and the 
Ve RANGE switch is set to one of the + or — voltage 
ranges, the Type 3A7 is operating as a calibrated differ- 
ential comparator or slide-back voltmeter, The calibrated 
comparison voltage, which has a range of 0 to +11 volts, 
can be added differentially (see Fig. 2-4) to either input 
signal to move the signal up or down, For linear operation 
and maximum input voltage ratings, Table 1-3 in the Char- 
acteristics section lists the maximum input signal that can be 
applied to the Type 3A7 input connector. 

NOTE 

For precise measurement accuracy when using a 
probe with the Type 3A7, use a probe that has 
variable R and C such as P6023 Probe. See probe 
adjustment procedure on page 2-9. 

As shown in Fig, 2-4, the calibrated de comparison voltage 
is internally applied to the amplifier, The voltage can be 
used to differentially offset any unwanted portion of the 
applied signal; thereby allowing measurements of rela- 
tively small ac or de signals modulating relatively large ac 
or de signals. 

In the A-Vc position of the DISPLAY switch, the comparison 
voltage is internally applied to the amplifier input where 
the B signal is ordinarily applied during differential-amplifier 
mode of operation. The AC-DC-GND switch in the B side 
is not used (see Fig. 2-4), Thus, signals applied to the B in- 
put connector will not be displayed, 

In the Ve-B position of the DISPLAY switch, the comparison 
voltage is applied to the amplifier input where the A signal 
is normally applied during differential-amplifier mode of 
operation. The AC-DC-GND switch and input connector for 
the A input are not used. 

NOTE 

If a high-amplitude signal is applied to the unused 
connector, the AC-DC-GND switch for that con- 
nector should be set to GND to prevent crosstalk, 

The de comparison voltage is set by two controls: the 
Ve RANGE switch and the COMPARISON VOLTAGE con- 
trol. The Ve RANGE switch has 4 ranges: 0 to —11, 0 to 
—1.1, 0 to +11, and 0 to +11 volts. The COMPARISON 
VOLTAGE control varies the comparison voltage over the 
range set by the Ve RANGE switch and indicates the pre- 
cise comparison voltage at a paricular setting. The outer 
knob on the control is a switch that selects the first digit and 
the dial which is coupled to a 10-turn potentiometer selects 
the remaining digits. The comparison voltage as read from 
the COMPARISON VOLTAGE control is independent of the 
MILLIVOLTS/DIV or VARIABLE control. 

NOTE 

The comparison voltage supply in the Type 3A7 
stays constant and is accurate as long as the oscil- 
loscope regulated power supplies are in regula- 
tion and within their output voltage tolerance rat- 
ings. Be sure the regulated power supplies in the 
oscilloscope are operating properly. 

When using the COMPARISON VOLTAGE control for Vc 
measurements, the MILLIVOLTS/DIV and VARIABLE con-



trols act as null resolution or vertical-display magnifier con- 
trols. If the controls are changed during a readout, possible 

trace shift may occur due to slight dc-level changes in the 
Type 3A7 amplifier, To make sure the readout has not been 
affected, recheck the measurement by checking that the pre- 
established reference and Vc-offset trace positions agree. 
For example, refer to step i in the Measuring Dc Voltages 
procedure. 

Differential comparator mode of operation may be used 
to make the following basic voltage measurements: (1) meas- 
uring dc voltages, (2) measuring small ac or de signals super- 

imposed on dc, (3) measuring small ac signal variations 

on large ac signals, and (4) measuring high-amplitude low- 

frequency ac signals. 

(1) Measuring De Voltages 

To measure dc voltages the following basic procedure, 

using input A as an example, can be used as a guide. 

a. Check that the DC BAL adjustment has been set pro- 
perly. 

b. Place both AC-DC-GND switches to GND, the DIS- 

PLAY switch to A-B and the MILLIVOLTS/DIV switch to 50. 

c. Preset the INPUT ATTEN switch so the expected dc 

voltage to be applied in step f will be less than 11 volts to 

the Type 3A7 amplifier. For example, if the dc voltage at 
the input A connector is expected to be about +30 volts 

when step f is performed, preset the INPUT ATTEN switch 
to 10. 

d. Preset the Vc RANGE switch to a range that is suf- 

ficient to offset the attenuated dc voltage. Use a range 
which has the same polarity as the voltage to be applied 
in step f. (Using the example in step c, the Vc RANGE 
switch would be preset to +11.) 

e. Establish a reference line on the crt. This line will 

usually be the horizontal centerline of the graticule. Use 
the POSITION control to set the trace to the reference line. 

Once the trace is set, do not move the POSITION control 

until the measurement has been completed or a recheck 
is necessary. 

NOTE 

For greatest accuracy in establishing a reference, 

set the input A AC-DC-GND switch to DC and 

touch the probe tip to ground on the device under 
test. Then position the trace to the reference line. 

f. Connect input A probe to the dc voltage to be 
measured. 

g. Set the input A AC-DC-GND switch to DC and the 
DISPLAY switch to A-Ve. 

h. Set the COMPARISON VOLTAGE control to bring the 
trace on the crt. Set the trace exactly on the reference line 
using the COMPARISON VOLTAGE control. 

i. Recheck the reference by setting the input A AC-DC- 

GND switch to GND [or ground the probe tip) and the 
DISPLAY switch to A-B. 
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NOTE 

When making large dc measurements, allow a 

few moments for the trace to return to its original 
position. 

t- Now the voltage can be determined by using the 
following formula: 

COMPARISON 
True INPUT VOLTAGE NPU Probe 
Comparison . ATTEN . 

~- Control x . X_ Attenuation 
Voltage . Switch 
. Reading : Factor 
in Volts . Position 

in Volts 

The applied de voltage is equal to the true comparison 

voltage. For example, supposing a +300-volt power supply 

is being measured and a 10X attenuator probe is used to 
connect to the power supply test point. Finally, assume that 

the INPUT ATTEN switch has been set to 10, the Vc RANGE 

switch to 10 and the COMPARISON VOLTAGE control to 
2-9-85 (+2.985 volts). Substituting these values in the form- 

ula, the result is: 

True Comparison Voltage - (+2.985) (10) (10) 

True Comparison Voltage == +298.5 volts 

Thus, the +300-volt supply ts actually +298.5 volts. 

NOTE 

To increase the resolution when matching the ref- 

erence line and trace as in step h, set the MILLI- 

VOLTS/DIV switch to a higher sensitivity (lower 
deflection factor). Re-establish the reference and 

repeat the measurement as described in steps i 

and j. The formula given in step } applies re- 
gardless of the MILLIVOLTS/DIV switch position. 

(2) Measuring Small Ac or Dc Signals Superimposed 
on De. 

Small ac or de signals superimposed on {or modulating} 

a large dc component can be measured accurately by first 
using the comparison voltage to effectively offset the dc 
component. The general procedure, using input A as the 

example, is as follows: 

a. Set both AC-DC-GND switches to GND, the DISPLAY 

switch to A-B and the POSITION control to midrange. Check 
that the DC BAL control is properly adjusted. 

b. Preset the INPUT ATTEN switch so the expected com- 

posite signal applied to input A in step e will be less than 

11 volts. 

c. Preset the Vc RANGE switch to a range that is suf- 
ficient to offset the expected attenuated signal. Use a 

range which has the same polarity as the large dc-com- 
ponent signal voltage to be offset. 

d. Preset the MILLIVOLTS/DIV switch so the small super- 
imposed ac or dc signal is not expected to overscan the 

screen. 

e. Apply the signal to input A. 

f. Set the input A AC-DC-GND switch to DC and the 
DISPLAY switch to A-Vc. 
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g. Set the COMPARISON VOLTAGE control so the small 

ac or dc signal is positioned on the screen. 

h. Measure the small ac or de signal in the same manner 
as is done in conventional-amplifier mode of operation using 
the usual formula: 

Peak-to- 
Peak _ 

Signal in 
Millivolts 

Vertical MILLIVOLTS/DIV nae Probe 
Deflection X Switch x . x Attenuation 
: . Switch 
in cm Position ws Factor 

Position 

Or, measure the signal by using the COMPARISON VOLT- 
AGE control. First, use the COMPARISON VOLTAGE con- 
trol to measure the difference between the lowest and high- 
est points on the small ac or de signal. Substitute this data 
in the following formula: 

Peak-to-Peak 

Signal in 

Volts 

COMPARISON 

VOLTAGE 

Control 

Difference 

Measurement 

in Volts 

INPUT ATTEN Probe 

X_ Switch > Attenuation 
Position Factor 

(3) Measuring Small AC Signal Variations on Large AC 

The technique for measuring small ac-signal component 
variations on a large ac signal is essentially the same as that 
described for measuring small ac or de signals superimposed 
on dc. The only difference is that the AC-DC-GND switch 
can be set to AC to block any de component, if desired. 
The comparison voltage is then used to position the small 

ac signal component into view so the measurement can be 
made. 

(4) Measuring High-Amplitude Low-Frequency AC 
Signals 

High-Amplitude low-frequency (below 20 kHz) ac signals, 
up to 500 volts peak to peak applied to the Type 3A7 input 
connector, can be measured using the slide-back technique. 
This type of measurement is very similar to de measurements 
except that it is not necessary to establish a zero voltage 

reference line. The procedure is as follows: 

a. Set both AC-DC-GND switches to GND, the DIS- 
PLAY switch to A-B and the MILLIVOLTS/DIV switch to 50. 

b. Preset the INPUT ATTEN switch so the expected ac 
signal to be applied in step d will be less than 11 volts 
peak amplitude to the Type 3A7 amplifier. 

c. Preset the Vc RANGE switch to a range sufficient to 

offset the peak-amplitude attenuated signal. Use either 
polarity for this step. 

d. Apply the signal to the A input connector. 

e. Set the input A AC-DC-GND switch to DC and the 
DISPLAY switch to A-Vc. 
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f. Use the COMPARISON VOLTAGE control to bring 
the desired point on the waveform to graticule center. Note 
the dial reading. 

g-. Set the Ve RANGE switch to a range which is opposite 
in polarity to that used in step c. 

h. Use the COMPARISON VOLTAGE control to bring the 
other desired point on the waveform to graticule center. 
Note the dial reading. 

i. Determine the peak-to-peak voltage by adding the 
absolute values of the two dial readings obtained in steps 
f and h by adding their absolute values. Then substitute 
this information in this formula: 

COMPARISON 

Peak-to- LOLTAGt ey Probe 

Peak Signal = SOniro . x. Attenuation 
in Vol Difference Switch 
in Volts : Factor 

Measurement Position 

in Volts 

Ve OUT Jack 

The Ve OUT tip jack mounted on the front panel of the 
Type 3A7 permits monitoring the internal comparison volt- 

age. The voltage at the jack is the same as that set up by 

the Vc RANGE and COMPARISON VOLTAGE controls, pro- 
viding the monitoring voltmeter loading is no greater than 
one or two microamperes. Any infinite impedance voltmeter 
such as a digital voltmeter or any nulling type meter which 
draws negligible current can be used for monitoring 

purposes. 

If the Vc OUT jack is loaded more than two microamperes 
by an external meter, the comparison voltage available at 

the jack (and applied to the input grid of the Type 3A7 
amplifier) will not be the same as indicated by the COMPAR- 
ISON VOLTAGE control. However, the monitoring volt- 

meter which is connected to the Ve OUT jack will indicate 
the actual slide-back voltage. Therefore, it is possible to 
load the circuit considerably and still use the comparison 
voltage with satisfactory accuracy as long as the COMPAR- 
ISON VOLTAGE dial reading is ignored and the reading of 
the voltmeter is used. 

NOTE 

Accidental grounding of the Vc OUT jack will not 

damage the internal circuitry of the Type 3A7. 

= © Position of the INPUT ATTEN Switch 

When the INPUT ATTEN switch is set to R & 00 position, 
the A and/or B input connectors are connected via the AC- 

DC-GND and DISPLAY switches directly to the grid of the 
first stage. The grid-to-ground circuit, however, is opened. 
For low-frequency measurements the input impedance is very 

high. This permits accurate voltage measurements of a 

standard cell, for example, to be made. Any voltage within 
the +11-volt range of the Type 3A7 can be measured using 
differential-comparator mode of operation. At null, the 

COMPARISON VOLTAGE control reading is equal to the 
voltage applied to the connector.



NOTE 

When using the R = oo position, be sure to set the 

AC-DC-GND switch to DC for the input to be used. 
Dc coupling permits the grid to be returned to 
ground through the device under test. 

If the device under test does not provide a de return path 
for the grid, then an external resistance {adequately 

+50V 

} 
r—+). Coaxial Transmission Line }e— 

DIFFERENTIAL 
AMPLIFIER 

oenene 
1000 

megohm 
COMPARISON 

Ve OUT ov VOLTAGE 

Fig. 2-11. Using the Type 3A7 to measure transmission line leakage. 

shielded) must be connected between the input connector 
and ground. (If the resistance is large, connect the resistor 
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between the input and Vc OUT connectors as described in 
an example that follows.) A practical resistor value to use 
for this purpose is 1000 megohms, If this value of resistance 
is used, the input resistance of the Type 3A7 will be ap- 
proximately 1000 megohms. 

Grid current through a 1000-megohm resistor is typically 
on the order of 100 picoamperes but never exceeds 2 nano- 
amperes. This low current can be easily offset by the com- 
parison voltage. 

For example, if the A input is used, connect the 1000- 

megohm resistor between the A input connector and the Vc 
OUT jack. Set the input A AC-DC-GND switch to DC and 
input B AC-DC-GND switch to GND. Set the DISPLAY 
switch to A-B and the Vc RANGE switch to —1.]. Then, 

set the COMPARISON VOLTAGE control so the trace re- 

turns to a graticule line for use as a reference. 

In the previous example, assume the grid current through 
the 1000-megohm resistor is 100 picoamperes. This is equal 

to a 100-mV drop across the resistor or 20 div of vertical 

deflection on the crt using a deflection factor of 5mV/cm. 
This deflection can be offset by setting the COMPARISON 
VOLTAGE control to —0.1 volt (1-0-0). Once the reference 

is established, the Type 3A7 can be used as a current meter 
for making 5 picoamp/div measurements. 

Using the previous example described, dynamic meas- 
urements of extremely high values of leakage resistance not 
ordinarily possible with the usual 1- or 10-megohm input re- 
sistance can be made. Transmission line leakage resistance 

as shown in Fig. 2-1], for example, can be measured by 
connecting a well-filtered de voltage source between the 
ungrounded shield of the coax and ground. The center 
conductor of the coax is connected to the Type 3A7 input 
connector. For this application, assume +50 volts is ap- 

plied to the shield and the trace moves two divisions from 
the pre-established reference. This is equal to 10 pico- 
amperes of current. Using Ohm's law the leakage re- 
sistance would be 5 X 10’ ohms. 
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SECTION 3 

CIRCUIT DESCRIPTION 

Introduction 

For the block-diagram and detailed-circuit descriptions 
that follow, assume the Type 3A7 is inserted in the left- 
hand or Y-axis opening to provide vertical deflection and 
a time-base plug-in unit is inserted in the right-hand or 
X-axis plug-in opening to provide horizontal deflection. 
Block and schematic diagrams are located in Section 8 
of this manual. 

BLOCK-DIAGRAM DESCRIPTION 

The DISPLAY switch, as shown on the block diagram, con- 
trols the mode of operation for the Type 3A7. For example, 
with the switch set as shown, the unit is set for differential- 
comparator mode of operation. A signal applied to the 
input A connector passes through the input attenuator (IN- 
PUT ATTEN A) and DISPLAY switch to the Input A CF 
{Cathode Follower} stage. 

At the B side with the DISPLAY switch set as shown, a 
s:gnal applied to the input B connector is disconnected from 
the B side of the amplifier by means of the DISPLAY switch. 
instead, the DISPLAY switch connects a comparison voltage 
(Vc) to the B side of the amplifier. The comparison voltage 
is used to differentially offset the signal applied to the A 
side to make high-resolution ac and de voltage measure- 
ments. 

Accurate +:dc comparison voltages are obtained from 
the Vc Supply. The comparison voltage is applied to the 
Vc RANGE switch SW410 which selects the comparison 
voltage range and polarity. From the Ve RANGE switch, 
the comparison voltage is applied to the COMPARISON 
VOLTAGE control which is an 11-position switch SW420 
and a 10-turn potentiometer. The switch selects the first 
digit and the 10-turn potentiometer selects the remaining 
dgits. The adjustable comparison voltage is applied at all 
times to the Ve OUT jack. In addition, it can be applied 
to either side of the amplifier via the DISPLAY switch, or 
not at all. In differential-comparator mode of operation, 
for example, the voltage is applied to one Input CF and 
the signal is applied to the other. 

If the DISPLAY switch is set to A-B, signals which are 
applied to the input A and input B connectors pass through 
the input attenuators and DISPLAY switch to the input 
cathode followers for differential-amplifier operation. If the 
DISPLAY switch is set to Vc-B, the signal at the input B 
connector is applied to the Input B CF for differential- 
comparator operation. 

The low-capacitance, high-impedance input of the In- 
put CF stages isolate the input circuit from the stages that 
follow. The Input CF stages are designed to accept sig- 
nals as great as -+15 volts without being overloaded. 
Within this dynamic range, special bootstrap and constant- 

current circuits prevent the cathode followers from cutting 
off or drawing grid current when low-frequency, high- 
amplitude signals are applied to the Type 3A7. 

The output of the Input CF stages is applied to the Com- 
parator stage that operates as a differential comparator 
or differential amplifier, depending on the mode of opera- 
tion being used. The Comparator stage uses constant- 
current circuits to permit handling large signals without 
distortion. Gain of the stage, and hence the vertical de- 
flection factor, is controlled by the MILLIVOLTS/DIV switch 
SW150. 

In differential-comparator mode of operation the com- 
parison voltage adds differentially to the signal within the 
Comparator stage. In differential-amplifier operation, sig- 
nals which are applied to both input connectors add dif- 
ferentially in this stage. The resultant difference signal is 
applied to the Output Amplifier stage. Here the signal is 
further amplified and applied via pins 17 and 21 of the 
interconnecting plug to the crt vertical deflection plates 
in the oscilloscope. 

In conventional-amplifier mode of operation the overall 
gain of the Type 3A7 is about 23,000. This amount of gain 
produces about 23 volts of signal at the deflection plates 
for each TmV of signal applied to the input connector. 
{Nominal vertical sensitivity of the crt used in the 560- 
Series ocsilloscope is about 23 V/div of deflection.) 

A vertical signal is taken off from the Output Ampli- 

fier stage and applied to the Sig/Trig Takeoff Amplifier. 
In this stage the signal is amplified to a sufficient ampli- 
tude (about 2.5 V/div) for the output to be applied via 

pin 11 of the interconnecting plug to the trigger circuitry 
in the time-base plug-in unit. 

The dc component of the signal, which includes the de- 
positioning voltage, drives the Position Indicators stage. 
Position indicator lights mounted on the Type 3A7 front 
panel indicate whether the trace is above or below the 
crt screen when the trace is driven off the screen, 

Throughout the following discussion refer to both the 
block and circuit diagrams in Section 8. 

DETAILED-CIRCUIT DESCRIPTION 

Comparsion Voltage Supply 

To make the Type 3A7 operate at its specified compari- 
son voltage accuracy, the comparison voltage (Vc) supply 
must maintain a constant voltage independent of environ- 
mental temperature changes and differences in the regulat- 
ed power supply voltages between one oscilloscope and 
another. To obtain this high accuracy the comparison volt- 
age is derived from a precision diode reference element 

D401. This element is a special device which compensates 
itself for temperature. Its output is nominally 11.7 volts 
and the voltage remains constant within 0.001% per de- 
gree Celsius change. 

When the Ve RANGE switch SW410 is set to the +11 

or +1.1 position, D401 cathode connects through R401 
to the +125-volt supply to provide the plus (+) compari- 
son voltage to the Vc output circuitry. D401 anode con- 
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Fig. 3-1. Simplified diagram of the comparison voltage circuit and how it is connected to the amplifier for A-Vc differential-comparator mode 
of operation. 

nects to ground. R401 sets the current through D401 so 
the element can operate in its temperature-stable region. 
The Vc output circuit, composed of the COMPARISON 
VOLTAGE switch SW420 and variable control R425 with 
associated components, make up the normal load for D401. 

When the Vc RANGE switch is set to 0, D401 cathode 
connects to ground and the anode connects through R403 
to the —100-volt supply. The Vc output circuit is discon- 
nected from D401. To take the place of the Vc output cir- 
cuit, R406 is connected across D401 to simulate normal 

loading for the reference element. 

When the Vc RANGE switch is set to —1]1 or —1.1, 

D401 cathode connects to ground and its anode connects 

through R403 to the —100-volt supply. This is the same 
as the 0 position except the simulated load resistor R406 
is now disconnected, and in its place, the normal Vc out; 

put load is connected across D401 to supply the minus (—) 

comparison voltages. 

Comparison Voltage Range 

The comparison voltage range circuitry consists of R408, 
R410, R413 and R415 which are connected to the various 
contacts on the Vc RANGE switch. This portion of the Vc 
RANGE switch selects the range of comparison voltage ap- 
plied to the COMPARISON VOLTAGE control. 

Resistor R408 is selected for value when paired with 
D401. The reference element is a 5% diode and so a value 
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for R408 is chosen that will set the comparison voltage well 
within the adjustment range of the Vc CAL control R410. 

The Ve CAL contro! is small in value to minimize effect 
of the control's temperature coefficient and to provide ade- 
quate resolution for setting the comparison voltage accu- 

rately. The control is adjusted so the comparison voltage 
is exactly +11 volts as measured with a non-loading volt- 
meter connected between the Ve OUT jack and ground. 

As a necessary condition prior to adjusting R410, the 
Ve RANGE switch is set to +11 and the COMPARISON 

VOLTAGE combination control to 11 (10-10-0). This con- 
dition essentially places the Vc OUT jack at the same volt- 
age level as that obtained between the top end of R430 
(TP420 on the Comparison Voltage Generator diagram) and 

ground. 

When the Vc RANGE switch is set to +1.1 or —1.1, 
a precision divider network consisting of R413 and R415 
reduces the comparison voltage to 10:1 so the voltage is 

exactly 1.1 volt as measured between the Vc OUT jack 
and ground with the COMPARISON VOLTAGE control 
set to 10-10-0 which, in this case, is 1.10. 

When the Vc RANGE switch is set to the 0 position, no 
comparison voltage is applied to the 10:1 divider and Vc 
output circuit. 

The use of +11- and -£1.1-volt ranges instead of the 
usual +10- and -1-volt ranges extends the comparison 
voltage ranges by 10%. This permits using the 10% in- 
creased range for overlapping coverages between the 

@



usual ranges and to extend the highest range. For example, 
when using the 1.]-volt range, the COMPARISON VOLT- 

AGE control can be used at the 1-volt level to make meas- 
urements without having to switch to the next higher range. 

Comparison Voltage Output Circuit 

The comparison voltage output circuit (see Fig. 3-1 and 
the Switching Diagram) is composed of the COMPARISON 
VOLTAGE combination control SW420 and R425 with as- 
sociated circuitry. The COMPARISON VOLTAGE control is 
a combination of two controls: (1) Switch SW420 selects 

the first digit within the range set by the Vc RANGE switch, 
and {2} the 10-turn potentiometer R425 selects the remain- 
ing digits. 

A string of twelve resistors, R430 through R441, makes up 

the main divider. This portion of the Vc output circuitry 
could be called a hybrid Kelvin-Varley bridge. The com- 
parison voltage is applied to the top end of the divider 
and the bottom end is grounded. A shunt divider consist- 
ing of R422, R423, and R425 is connected across two of 

the resistors in the main divider by means of SW420. The 
equivalent resistance of the shunted portion of the main 
divider is equal to 1k. 

The TRACKING control R423 provides the means for set- 
ting the shunt resistance accurately. Thus, the main divider 
is actually divided into eleven equal divisions of 1k each. 
If the Ve RANGE switch is set to +11 or —11, for example, 

there will be one-volt drop across each 1-k resistor. 

Switch SW420 has 11 positions to permit switching the 
shunt divider across two resistors at a time along the string 
of resistors in the main divider. Each position corresponds 
to one digit of voltage. Variable control R425 in the shunt 
circuit is the vernier control for dividing the comparison 
voltage further so the smaller divisions of the voltage can 
be resolved. For example, if the Vc RANGE switch is set 
to +11, SW420 is set to 6, and R425 is set to 1-25, the 
comparison voltage reading is +6.125 volts, 

The comparison voltage set by SW420 and R425 is ap- 
plied through the DISPLAY switch SW110 to the Type 3A7 
amplifier. In this mode of operation the amplifier operates 
as a differential comparator. The comparison voltage is 
also applied to the front-panel Ve OUT jack. This jack 
permits connecting a nulling-type meter or infinite-imped- 
ance-type meter to this point so the voltage can be moni- 
tored. The output voltage at the jack is very limited in 
current output; therefore, meters which draw negligible 
current should be used to prevent measurement errors. For 
further information refer to the topic “We OUT Jack" in 
the Operating Instructions section of this manual, 

In the description that follows, assume the signal is ap- 
plied to the input A connector and the AC-DC-GND 
switch on the B side of the amplifier is set to GND for 
conventional-amplifier operation. Since both sides of the 
amplifier are similar, the description attempts to follow the 
signal path through the A side in more detail than the B 
side. 

AC-DC-GND Switch 

With a signal applied to the input A connector, the sig- 
nal must pass through the AC-DC-GND switch SW101, the 
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INPUT ATTEN switch SW105, and the DISPLAY switch SW110 
to get to the grid of V113. 

When the AC-DC-GND switch SWI101 is set to AC, the 
signal is ac-coupled through C101 to the INPUT ATTEN 
switch SW105. When SWI101 is set to DC, input coupling 
capacitor C101 is bypassed with a direct connection. Thus, 
the signal is dc-coupled to SW105. If SWI101 is set to GND, 
the signal is disconnected and the input side of SWI105 is 
grounded to prevent stray signal pickup. In addition, the 
GND position permits operating the Type 3A7 as a conven- 
tional amplifier using input B. With the A input grounded, 
for example, the signal is applied to the input B connector 
and S$W201 is set to AC or DC to couple the signal to the 
amplifier. 

Input Attenuation 

The INPUT ATTEN switches SW105 and SW205 are identi- 
cal five-position switches. They are gear driven so they are 
switched together and are at matched attenuator ranges at 
all times. When SW105 in the A side is set to R = oo, the 
signal is applied straight through the INPUT ATTEN switch to 
the grid of V113 and there is no 1-megohm resistor connected 
from grid to ground. Instead, the resistance path is through 
the external-load resistance to ground. For this to be accom- 
plished, the AC-DC-GND switch SW101 must be set to DC. 

When the INPUT ATTEN switch is set to 1, there is no 

attenuation of the signal. The grid-to-ground resistance is 
R105A and R105B connected in series. Resistor R1O5B is 
adjusted so the ingut resistance matches the 10 input 
resistance. 

For the 10, 100 and 1000 settings of the INPUT ATTEN 
switch, attenuator networks are individually switched into 
the circuit to attenuate the signal before it is applied to 
the Input A CF stage. The attenuator networks are fre- 
quency-compensated RC voltage dividers. At dc and low 
frequencies the dividers are resistive because the impedance 
of the capacitors is high and their effect on the circuit neg- 
ligible. As the frequency of the input signal increases, how- 
ever, the impedance of the capacitors decreases and their 
effect in the circuit becomes more pronounced. 

When the INPUT ATTEN switch is set to 10, for example, 
R106E adjusts the de attenuator ratio so it is exactly 10 to 
1. For higher frequencies, C106C, a coarse adjustment, and 
C106E, a fine adjustment, are used to frequency-compensate 
the divider so the capacitive reactance ratio is equal to 
the resistance ratio. Adjustments in the input B 10 atten- 
uator are adjusted in a similar manner to that described for 
input A. If differential-amplifier operation is used to adjust 
the input B attenuator, then the B attenuator can be made 
to match the A attenuator, and optimum common-mode re- 
jection is achieved. 

Variable capacitor C106B in the 10X attenuator is ad- 
justed so the input RC of the attenuator is 20 pF times 1 
MQ. When making the adjustment, an Input Time-Constant 
Standardizer is used as the reference. Thus, an attenuator 

probe, when connected to the input connector and properly 
adjusted, will work into the same input time constant regard- 
less of the INPUT ATTEN switch position, 

The DISPLAY switch SW110 connects one or the other in- 
put, or both in the A-B position, to the Input CF stages. 
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Circuit Description—Type 3A7 

In the A-Vc position the A input signal is applied to the 
grid of V113 and the comparison voltage is applied to the 
grid of V213. A normal or upright display will be obtained. 
If a + polarity voltage is applied to input A, the trace 
moves upward on the crt. Similarly, a + polarity compar- 
ison voltage applied to the B side adds differentially in 
the Type 3A7 amplifier and drives the trace downward, As 
a result, the trace can be made to return to its original posi- 
tion to obtain a null. When a null is obtained, the equiva- 

lent comparison voltage equals the input A voltage. 

In the Vc-B position, the B input signal is applied to the 
grid of V213 and the comparison voltage is applied to V113 
grid. The display will be inverted; that is, if a + polarity 
voltage is applied to the B input, the trace moves down- 
ward, To obtain a null, a + polarity comparison voltage 
is applied to the A side to move the trace upward to its 
original position. 

In the A-B position, the Type 3A7 operates as a differ- 
ential amplifier. Both inputs are active and difference be- 
tween the A and B signals is displayed. In this mode of 
operation the comparison voltage is not used, but it is 

available at the Vc OUT connector. 

Input Cathode Follower Stages 

The Type 3A7 contains two input cathode followers. For 
the A side it is the Input A CF consisting of V113, V124A, 
V134A and associated circuitry. For the B side it is the 
Input B CF consisting of V213, V224A, V134B and associated 

circuitry. 

The wide dynamic operating range of the Type 3A7 re- 
quires the use of constant-current and bootstrap circuits for 
linear operation and to minimize de shift. The current source 

of longtail for V113 is through V134A and R136 to the 
—100-volt supply. The term longtail applies to a tube 
circuit in which the cathode returns to a voltage that is 
well below the grid-return voltage level. For a longtail 
transistor circuit, the emitter returns to the supply voltage 
through a large resistance. Divider network R129, R130 

and R134 sets the current for V113. The DC BAL contro! R130 
is adjusted so the dc differences between the two cathode 
followers are minimized for proper dc balance. 

The plate of V113 is bootstrapped by V124A. The boot- 
strapping action is through a compensated divider from the 
cathode of V113 to +300 volts. The divider consists of R122 

and R123 compensated by C120 and C122. Bootstrapping 
minimizes V113 changes in characteristics by keeping the 
plate-to-cathode voltage changes as small as possible with 
large signal swings. 

Diode D110 protects V113 against extreme turn-on con- 
ditions such as those encountered when plugging the Type 

3A7 into a turned-on oscilloscope. In such a condition the 
diode conducts and limits the grid-to-cathode positive-bias 
voltage to about 0.6 volt until V113 starts conducting nor- 
mally. Resistor R110, located in V113 grid circuit dampens 
most oscillations that might result from connecting an_ in- 
ductance to the input A connector. 

The DIFF BAL control R216, in conjunction with R114 and 
R214, serves to load the cathodes of V124A and V224A so 
both sides can be balanced. By adjusting R216, the gain of 
V124A for example, can be made to decrease while the gain 
of V224A increases. This will differentially adjust the gain 
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of V124A and V224A to make up for some of the small 
differences in the characteristics of V113 and V213. The 
gains of V113 and V213 must be the same to obtain optimum 
common-mode rejection in the stage that follows. Typical 
voltage gain of the Input CF stage is about 1 for signals 
up to +15 volts in amplitude. 

To take care of any remaining small differences in the 
characteristics of V113 and V213, a CF LOAD BALANCE ad- 
justment R212 is provided. This control differentially adjusts 
the loading on the cathodes. When carefully adjusted at the 
same time as the DIFF BAL control, rejection of common- 
mode signals by the Comparator stage can be further 
optimized. 

Comparator 

A signal at the cathode of V113 is coupled through D124A 
to the base of Q144A in the Comparator stage. This stage 
consists of Q144A and V124B with associated circuitry on 
one side, and Q144B and V224B with associated circuitry 

on the other side. Transistor Q234 is the current source for 
the stage. 

The tube-and-transistor combination forms a hybrid cir- 
cuit which has a very high output impedance. Voltage gain 
of the Comparator stage is about 15 per side at a sensitivity 
of I mV/div for single and differential signals. 

The Comparator stage is able to handle common-mode 
signal up to +15 volts in amplitude. Any current change in 
the circuit resulting from common-mode signals is minimized 
by the high output impedance of the stage. There is vir- 
tually no differential gain for common-mode signals, 

Transistors Q144A and Q144B are the comparators in the 

circuit because they divide up the current passing through 
them. The current through each transistor is dependent on 
the difference voltage between the bases. 

Transistor Q234 is the current source for the comparator 
transistors Q144A and Q144B. In addition, this transistor 
supplies current to diodes D124A and D124B. The diodes 
serve to disconnect the Comparator stage from the Input CF 
if a large signal overdrives the Input CF stage. For example, 
if input B is grounded and a large positive-going signal 
is applied to the input A connector, V113 follows the signal 
in a positive direction and conduction through D124A 

increases. The emitters of Q144A and Q144B follow in a 
positive direction; the base of Q144B and hence the cathode 
of D124B, also rises. 

When D124B cathode rises high enough for the diode to 
be back biased, D124B disconnects the Comparator stage 
from the Input B CF to prevent damaging Q144A and Q144B. 
The result will be the same if a large negative-going signa! 
is applied to input B when input A is grounded. 

Gain of the stage is set by rotating the VARIABLE con- 
trol R245 clockwise to its smallest value of resistance (CAL 

position) and by adjusting the AMP CAL control R244 to get 
the correct display amplitude on the crt. When the VARI- 
ABLE control is turned fully counterclockwise, gain is de- 

creased by a factor of at least 2.5. However, this ratio is 
actually greater than 2.5 to 1 due to SW245, When the con- 
trol is turned a few degrees counterclockwise from the CAL 

position, $W245 closes and shorts out R244. Gain increases 
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somewhat, thus providing overlapping coverage between 
the calibrated MILLIVOLTS/DIV switch positions. 

In the emitter circuit of Q1I44A, network C143 and R143 

improves the transient-response of the stage. Parasttic- 
suppressor resistor R147, connected between the emitter of 
QI144A and the grid of V124B serves to bootstrap the col- 
lector voltage of QI44A. Therefore, the grid-to-cathode bias 
of V124B furnishes the emitter-to-collector bias for Q144A. 
This is a similar circuit to the one used in the Input A CF 
stage. The AMP BAL control R233 balances the currents 
through the two sides of the Comparator stage. To equalize 
the currents, the AMP BAL contro! is adjusted for minimum 

trace shift as the MILLIVOLTS/DIV switch ts rotated from the 

50 position to I. 

When the MILLIVOLTS/DIV switch is set to 1, the load 

resistor for one side is R149 and for the other side it is 

R249. This makes the load equal to 3k differentially. To 
decrease the gain in a 1-2-5 sequence, RI50A through R150E 
are used as shunt resistors. Thus, sensitivity of the Type 
3A7 can be changed from 1 mV/div to 50mV/div. In dif- 
ferential-comparator mode of operation this 50-to-1 gain 
range is useful as a vertical magnifier for the signal. The 
vertical size of the waveform changes but not the compar- 
ison voltage measurement. 

Diodes D148 and D150 improve the overdrive recovery of 
the Type 3A7. A positive-going overdrive signal, for ex- 
ample, causes D150 to conduct. Thus, D150 limits the signal 
swing at the base of Q154 with respect to the base of Q254. 
Limiting the signal in this manner prevents overdriving the 
Output Amplifier. 

Output Amplifier 

The Output Amplifier stage consists of Q1]154 and Q164 as 
a feedback amplifier for one side. The feedback amplifier 
for the other side is Q254 and Q264. In addition to the 
feedback amplifier, there is a hybrid amplifier consisting 
of Q174 and V174 on one side. For the other side the hy- 
brid amplifier is Q274 and V274. 

The first amplifier to be described is Q154 and Q164 
with associated circuitry. These transistors are connected in 

a feedback arrangement to provide an overall voltage gain 
of about 40 per side. Feedback is provided by R155 con- 
nected from the collector of Q164 to the emitter of Q154. 

Capacitors C155 and C255 improve the transient response. 

The DRIVER DC LEVEL control R260 establishes the col- 
lector voltages of Q164 and Q264 through Q154 and Q254. 
To adjust the contro!, the DC BAL R130 and AMP BAL R233 
are first set to midrange and the FIL BAL control R338 is ad- 
justed to center the trace. Then, the DRIVER DC LEVEL con- 

trol is adjusted to obtain a +59-volt reading on the volt- 
meter connected between TP264 and ground. 

Normal vertical positioning of the trace is accomplished 
by rotating the POSITION control R258. The positioning 
range of this control is about +7 crt divisions. As the con- 
trol is rotated in either direction from its midrange position, 
it shunts more current to one transistor or the other. The 
paths for the positioning currents are through R157 and 

R257 to the emitters of Q154 and Q254. 

To give the POSITION control equal range above and be- 
low graticule center, POSITION RANGE control R253 is pro- 
vided. To adjust R253 the POSITION control must first be set 
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to midrange. Then R253 is adjusted so the trace coincides 
with graticule center. Proper adjustment of the control, 
however, depends on correct .adjustment of the DRIVER DC 

LEVEL and other de balance adjustments. 

The second amplifier in the Output Amplifier is Q174 
and V174 with associated circuitry on one side; Q274 and 
V274 with associated circuitry comprises the other side. 
Transistors Q174 and Q274 are emitter-coupled through R279 
and R276. Longtail current is supplied through R277, The 
transistors are biased in the same manner as the Comparator 

transistors QU44A and Q144B; that is, the grid-cathode bias 
of tubes V174 and V274 furnishes the collector bias. Gain 
of the stage is about 40. 

Inductors L169 and L170 provide high-frequency peaking 
in the output circuit. Collector load resistor R170 returns 
through a decoupling network C314 and R314 to the +300- 
volt supply. R314 sets the output dc level applied to the 
plate of V174 and pin 21 of the interconnecting plug. Com- 

ponents C280, C281, L280 and R280 provide emitter peaking 

for the stage. 

Diodes D168 and D278 work in conjunction with R173 and 
R273 respectively to provide fast recovery on overdrive sig- 

nals. Under normal conditions, both diodes are conducting. 
But, for example, if a negative-going overdrive signal is 
applied to the base of Q174, diode D168 back biases. Mean- 
while, D278 remains forward biased because the signal at 
the base of Q274 is positive-going. 

With D168 back biased in the foregoing example, about 
3 mA of longtail current flows through R168, Q174 and R173 
to tie the voltage down at the junction of Q174 collector 
and V174 cathode while the overdrive signal is present. If 

D168 and R173 were not in the circuit, Q174 would be driven 

into cutoff and its collector would float at an arbitrary 
voltage. 

Output signal polarity at pin 21 is the same as the polarity 
of the signal applied to the input A connector. At pin 17 
the signal polarity is opposite to the one at pin 21 and the 

input A connector. 

Sig/Trig Takeoff 

The Sig/Trig Takeoff Amplifier stage is a one-transistor 
Q284 comparator circuit and a feedback operational-type of 
amplifier consisting of Q294 and associated circuitry. 

Comparator transistor Q284 is connected in the emitter 

circuit of Q174 and Q274 where there is low impedance and 
a fairly large voltage swing. The signal at the emitter of 
Q174 is applied through R281 to the emitter of Q284 and 
the signal at the emitter of Q274 is applied through D282 to 
the base of Q284. Any voltage difference between the emit- 
ters of QI74 and Q274 causes a current change through 
Q284. Diode D282 equalizes the base-emitter drop and pro- 
vides temperature compensation for Q284. 

Zener diode D286 and its bypass capacitor C286 establish 

the operating voltage for Q284. In the event Q284 is driven 
into cut off, diode D292 conducts to prevent exceeding the 
collector voltage rating of @Q284. An adjustment, SIG/ 
TRIG DC LEVEL control R288, sets the dc level at pin 11 of 

the interconnecting plug. To adjust the control, set the POSI- 
TION control so the trace is centered on the ert and then 
adjust the SIG/TRIG DC LEVEL control so the voltage is zero 
at TP294 under no-signal conditions. 
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The signal current at the anode of D286 is applied to 
the base of Q294. Resistor R290 provides the feedback so 
Q294 can function as an operational-type amplifier. To in- 
crease the operating range of Q294, the emitter is returned 
to the anode of Zener diode D330. The constant voltage 
at this point, set by the Zener, is nominally 5.6 volts more 
negative than the —12.2-volt supply. A decoupling net- 
work, C292 and R292, in the Q294 emitter circuit prevents 

signal currents from being coupled through the —12.2-volt 
supply into other parts of the instrument. 

The output signal at the collector of Q294 is applied to 
pin 11 of the interconnecting plug and to the base of Q304. 
At pin 1? the amplitude of the signal is about 2.5 volts for 
every division of deflection on the crt. This signal, which 
includes a dc-positioning component, is applied via pin 
11 to the time-base plug-in unit to operate the trigger cir- 
cuitry. Output signal polarity at pin 11 is the same as 
previously described for pin 21. 

Position Indicators 

The signal at the collector of Q294 is applied to the 
Position Indicators stage. In this stage there is one tran- 

sistor, Q304, which operates as a three-position switch for 

the neon position indicators B300 and B302. The three posi- 
tions are: (1} B300 and B302 off; (2) B300 on, B302 off; (3) 
B300 off and B302 on. 

When the trace coincides with graticule center, Q304 is 
at or near the center of its conduction range and the neons 
are extinguished. As the trace is positioned upward, Q304 
goes into saturation and B300 ‘up’ neon turns on through 

R300 to the +125-volt supply. As the trace is positioned 
downward through center screen, Q304 conduction decreases 
to normal and B300 turns off. During all this action B302 is 
off. 

When the trace is positioned downward so it is located 
in the lower half of the screen or below the screen, Q304 

turns off and B302 ‘down’ neon turns on through R304 to 

the +125-volt supply. B300, meanwhile, remains off. 

Capacitor C304, connected between Q284 emitter and 
base, bypasses the ac component so the dc component of 
the signal is the main drive for Q304 and the neon position 
indicators. 
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+24-Volt Power Supply 

The +24-volt {nominal} power is obtained from Zener 

diode D324. This diode is connected through R324 to the 
+125-volt supply. The +24 volts from the Zener is applied 
to the center arm of the DIFF BAL control R216. Elevating 
the control to +24 volts reduces the loading effect on V124A 
and V224A by reducing the standing current. Since the arm 
of R216 usually ends up being near center when properly 
adjusted, current drawn through R114 and R214 is very small. 

Heater Circuit 

Direct current is used to operate the heaters of V113, 
V213, V134, V124 and V224 in the Type 3A7. A —12.2-volt 
dc source {rather than ac) is used for these heaters to avoid 

the possibility of cathode modulation at line frequency, and 
changes in heater voltage due to line-voitage fluctuations. 

Connected between the heaters of V113 and V213 is a 
FIL BAL control R338. This control enables the cathode tem- 

perature of V113 and V213 to be differentially adjusted. As 
a result, tubes that vary considerably in characteristics can 
be made to operate at about the same bias. In addition, 

the control enables the DC BAL control R212 to have suffi- 
cient range. Thus, the FIL BAL control acts as a very coarse 
de balance adjustment and the DC BAL control serves as 
a fine adjustment. 

Resistor R336 in the dc heater circuit provides the proper 
voltage drop to operate V134 heater. 

The heaters of tubes V174 and V274 are connected to 63 
volts ac via pins 1 and 2 of the interconnecting plug. Since 
these tubes operate at much higher signal levels, heater 
voltage fluctuations do not affect the operation of the Type 
3A7. 

Shunt Resistor R342 

Resistor R342, connected between pin 22 and ground, is 
a shunt resistor for the —100-volt supply in the oscilloscope. 
The resistor shunts the series regulator tube so the supply 
regulates properly within the line voltage operating limits.



SECTION 4 

MAINTENANCE 

PREVENTIVE MAINTENANCE 

Cleaning the Front Panel 

Loose dust may be removed with a cloth and a dry paint 
brush. Water and mild detergents such as Kelite or Spray 
White may be used, 

CAUTION 

Avoid the use of chemical cleaning agents which 
might damage the plastics used in this unit. Avoid 

chemicals such as benzene, toluene, xylene, ace- 

tone, or similar solvents. 

Cleaning the Interior 

Cleaning the interior of the unit should precede calibration 
since the cleaning process could alter the setting of certain 
calibration adjustments. 

To clean the interior, use dry low-velocity compressed air 
to blow off the accumulated dust, Very high-velocity air 
stream should be avoided to prevent damage to some of 
the components. Hardened dirt can be removed with a soft, 
dry paint brush, cotton-tipped swab or cloth dampened with 
a water and mild detergent solution. Avoid the use of 
chemical cleaning agents that might damage the plastic 
parts 

Visual Inspection 

The unit should be inspected occasionally for such defects 
as poor connections, broken or damaged ceramic terminal 
strips, improperly seated tubes or transistors, and heat 
damaged parts. The remedy for most visible defects is 
obvious. But, damage from overheating is usually a symptom 
of less obvious trouble; and unless the cause is determined 
before parts are replaced, the damage may be repeated, 

COMPARISON VOLTAGE 10-Turn Dial Check 

If the reference mark located above the 10-turn dial 
knob has moved from its original perpendicular position, it 
can be repositioned as follows: 

1. Using a 0.050-inch hexagonal wrench, remove the 
COMPARISON VOLTAGE 10-turn dial knob [see Fig. 4-1). 

2. Make sure the %/-inch nuts holding the bushing are 
tight. 

3. Use a spanner wrench (Tektronix Part No. 003-0409-00) 
to slightly loosen the mounting nut which holds the 10-turn 
dial assembly. Use the finger tips to realign the assembly 
so the reference mark is perpendicular. Hold the assembly 
to keep it from turning, and tighten the mounting nut. 

4, Re-install the 10-turn dial knob. Be sure the knob reads 
0-0 when the 10-turn potentiometer shaft is turned to its 
fully counterclockwise position. 

Tube and Transistor Checks 

Periodic preventive maintenance checks on the tubes and 
transistors used in the unit are not recommended, The cir- 
cuits within the unit generally provide the most satisfactory 
means of checking tube or transistor usability. Performance 
of the circuits is thoroughly checked during recalibration so 
that substandard tubes and transistors will usually be de- 

tected at that time, More details are provided in the Trouble- 
shooting Information portion of this section. 

COMPARISON 
VOLTAGE 

Reference 10-Tum 
jal Mark Dial Knob 

Mounting Setscrow 
Nut 

Front View Of 0.050" 

COMPARISON VOLTAGE Hexagonal 

Control Wrench 

— 

Spanner 
Wrench 

-- : } | - Ioan ay 

Fig. 4-1, Aligning the COMPARISON VOLTAGE 10-turn dial as- 
sembly so the reference mark is perpendicular. 

Recalibration 

To insure accurate measurements, the Type 3A7 calibration 

should be checked after each 500 hours of operation or 
every six months if used intermittently. Complete calibration 
instructions are contained in Section 5, 

The calibration procedure can be helpful in isolating major 
troubles in the unit. Moreover, minor troubles not apparent 
during regular operation may be revealed and corrected 
during calibration. 
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CORRECTIVE MAINTENANCE 

General Information 

Replacement of some parts in the unit should be done by 
following a definite procedure. Some procedures, such as 
soldering and replacing ceramic strips, are outlined in this 
portion of the manual. 

Many electrical components are mounted in a particular 
way to reduce or control stray capacitance and inductance. 
When selecting replacement parts, it is important to remem- 
ber that the physical size and shape of a component may af- 
fect its performance at high frequencies. When a repair is 
made, recalibration of that portion of the circuit should be 
checked. Refer to the Calibration procedure in Section 5 
and perform the applicable calibration steps. 

Standard Parts 

Many parts in the unit are standard parts available 

locally. However, all parts can be obtained through your 
Tektronix Field Engineer or Field Office. Before purchasing 
or ordering, consult the parts list to determine the value, 
tolerance and rating required. 

Special Parts 

Some parts are manufactured or selected by Tektronix, 
Inc. to satisfy particular requirements, or are manufactured 
for Tektronix, Inc. to our specifications. These parts should 
be ordered through your Tektronix Field Engineer or Field 
Office. See Parts Ordering Information and Special Notes 
and Symbols on the page immediately preceding Section 6. 

Soldering 

Ceramic Terminal Strips. !n the production of Tektronix 
instruments a silver-bearing solder is used to establish a 
bond to the ceramic terminal strips. This bond can be 
broken by repeated use of ordinary tin-lead solder, or by 
excessive heating of the terminal strip with a soldering iron. 
Occasional use of ordinary 60/40 solder will not break 
the bond unless excessive heat is applied. Use a 40- to 
75-watt soldering iron with a Yg-inch wide chisel-shaped tip. 

If you are responsible for the maintenance of Tektronix 
instruments, it is advisable to have a stock of solder con- 

taining about 3% silver. This type of solder is used in 

printed circuitry, and is generally available locally. It may 
also be purchased in one-pound rolls through your Tek- 
tronix Field Office; order by specifying part number 251- 
0514-00. 

The following precautions should be observed when 
removing or replacing components mounted on the ceramic 
strips: 

1, Use a hot iron for a short time. Apply only enough 
heat to make the solder flow freely. 

2. Maintain a clean, properly-tinned tip. 

3. Avoid putting pressure on the ceramic terminal strip. 

4. Do not attempt to fill the terminal strip notch with 
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solder; use only enough solder to cover the wires ade- 
quately. 

Metal Terminals. When soldering to metal terminals 
(e.g., interconnecting plug pins, switch terminals, potentio- 
meters, etc.}, ordinary 60/40 solder can be used. The solder- 

ing iron should have a 60- to 75-watt rating with a Y%-inch 

wide chisel-shiped tip to get into the tight places. 

Observe the following precautions when soldering to metal 
terminals. 

1. Apply only enough heat to make the solder flow freely. 

2. If a wire extends beyond the solder joint, clip the ex- 
cess close to the joint. 

3. Apply only enough solder to form a solid connection. 

Excess solder may impair the function of the part. 

Notch— 

Ceramic Strip 

/ 
Chassis Spacer 

Fig. 4-2. Ceramic terminal strip assembly. 

Replacement of Ceramic Terminal Strips 

Fig. 4-2 shows an assembled ceramic terminal strip. 

Replacement strips with studs attached are supplied under 
a single part number, and spacers under another number. 
The original spacers may be re-used if undamaged. 

Usually a strip can be pried out of the chassis or pulled 
out with a pair of pliers. Or, a hammer and punch may 
be used to drive out the studs from the opposite side of the 
chassis. 

When the damaged strip has been removed, place new 
spacers in the chassis holes. Then, carefully force the studs 
of the new strip info the spacers until they are completely 
seated. If necessary, use a soft-faced mallet, tapping lightly 
directly over the stud area of the strip. 

Removing and Replacing Switches 

lf either of the AC-DC-GND switches is defective, remove 

and replace the switch. Use normal care in disconnecting 
and reconnecting the leads. To remove the nut that mounts 
the switch to the panel, use a 1-inch open end wrench which 
is ground down for clearance. 

Single wafers on the INPUT ATTEN, DISPLAY and MILLI- 

VOLTS/DIV switches are not normally replaced. If any of 
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these switches are defective, the entire switch should be 

replaced. The switches can be ordered through your Tek- 
tronix Field Engineer either unwired or wired, as desired. 
Refer to the Electrical Parts List to find the unwired and 
wired switch part numbers. 

CAUTION 

When disconnecting or connecting leads to a 

wafer-type switch, do not let solder flow around 

and beyond the rivet on the switch terminal. Ex- 
cessive solder can destory the spring tension of 
the contact. When soldering to contacts mounted 
on plastic (delrin}) wafers such as those on the 

INPUT ATTEN and DISPLAY switches, do not use 

too much heat. Otherwise, the plastic wafer will 

soften and loosen the riveted contact. 

TROUBLESHOOTING INFORMATION 

Introduction 

In the event a trouble develops, use the information in 
this portion of the manual to more efficently troubleshoot 
the Type 3A7. The information starts with preliminary checks 

to make, and then advances to detailed circuit trouble- 

shooting. 

Front-Panel Controls 

Before troubleshooting, double-check the front-panel con- 
trols for proper settings. Also, check the front-panel screw- 
driver adjustments to determine whether their settings are 
proper. This is important since symptoms caused by incor- 
rect front-panel control settings are not described in this 
section of the manual. 

If you are in doubt as to the proper settings of the con- 
trols or their function, refer to the Operating Instructions 
section. If the front-panel controls are properly set and 
you find that a trouble definitely exists, first check to de- 

termine whether the trouble is in the oscilloscope or the 
Type 3A7. 

Type 3A7 or Oscilloscope 

When following a troubleshooting procedure, it is assumed 
that the oscilloscope used with the Type 3A7 is operating 
normally. Since this is not always the case, check the op- 
eration of the oscilloscope before attempting to trouble- 
shoot the Type 3A7. 

Troubles occurring in the oscilloscope can usually be 
detected by substituting another plug-in unit for the Type 
3A7. 

NOTE 

Be sure the proper line voltage is applied to the 

oscilloscope used with the Type 3A7. 

If the Type 3A7 is definitely at fault rather than the oscil- 
loscope, make a careful operational check of the Type 3A7. 
Carefully note the effect that each front-panel control has 
on the symptom. By analyzing such effects, you can some- 
times isolate a trouble to either a defective control or cir- 
cuits containing the trouble. The normal or abnormal opera- 
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tion of each control should indicate the checks that need to 
be made. 

The remainder of this section deals with troubleshooting 

aid information, Table 4-2, for example, gives the inter- 
connecting-plug to ground resistances. Table 4-3 is a list 
of symptoms that provide a guide for isolating a trouble to 
a certain stage or circuit. 

A step-by-step method for checking and adjusting the 
Type 3A7 is given in the Calibration section. The calibration 
procedure can be used to check the operational standards 
of the unit. Any deficiency that shows up while performing 
the steps can lead you to the area at fault and the possible 
causes, 

Tube and Transistor Substitution 

Tubes and transistors should not be replaced unless act- 
ually defective. However, temporary substitution is often 
the fastest and best way to detect a defective tube or 
transistor. 

Before substituting a tube or transistor, it is suggested 
that circuit conditions be checked to be certain that an 
exact replacement tube or transistor will not be subject 
to damage. In some cases, these checks will also show 
whether or not the tube or transistor is at fault. Fig. 4-3 
shows the wiring side of the nuvistor and transistor sockets 
as an aid fo circuit tracing. 

NOTE 

Turn off the indicator unit power before replacing 

tubes or transistors. When replacing Q144, be 

sure the metal indexing tab faces to the rear of 
the unit when inserting the transistor in the socket. 
The emitter leads on this transistor are located 
at the opposite end from the tab (see Fig. 4-3). 

Small Lug Large Lug 

12 8 

V113 and V213 Socket Connections 

c Q144A 

c 3 
B Flat Flat Not Used 

Side Side 

: Cu, F 

Q144B 

Socket Connections 
For Dual 

Transistor Q144 

Socket Connections 
For Single 
Transistors 

Fig. 4-3. Bottom (wiring) view of the nuvistor and transistor 
sockets used in the Type 3A7. Index tab Q144 should face flat 

side of socket. 
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When circuit conditions are known to be safe, install 

a tube or transistor of the same type which is known to 
be good and then check the unit for proper operation. If 
the original tube or transistor is thus proved acceptable, 
return it to the socket from which it came to avoid un- 
necessary recalibration. 

Diagrams 

Block and circuit digrams are contained in the pullout 
pages in Section 8. The circuit diagrams contain component 
circuit numbers, voltages and waveforms. Conditions under 

which the voltages and waveforms were taken are also 
indicated on the inside portion of the Differential Ampilifier 
schematic pullout page. 

Coding of Switch Wafers 

Switch wafers shown on the circuit diagrams are coded 
to indicate the physical location of the wafer on the actual 
switches. The number portion of the code refers to the wafer 
number of the switch assembly. Wafers are numbered from 
the first wafer behind the driven end of the shaft to the last 
wafer. 

The letters F and R indicate whether the front or rear of 

the wafer is used to perform the particular switching func- 
tion, For example, 2R of the MILLIVOLTS/DIV switch is the 

second wafer when counting back from the driven end; the 
letter R refers to the rear side of the wafer. 

Cable Color Coding 

All wiring in the Type 3A7 is color coded to facilitate cir- 

cuit tracing. The power-supply wires connected to the Type 
3A7 interconnecting plug and the divider voltages using 
cable wiring are all identified by the color code that fol- 
lows. The widest stripe identifies the first color in the code. 

Supply Voltage Cable Color-Code 

+300 V Orange/green/dark-brown on white 

+125V Dark-brown/red/red on white 

+125 V Dark-brown on white 

{decoupled} 

+81V Purple/green/black on white 

+24V Dark-brown/green/black on white 

—12.2V Dark-brown/red/black on tan 

—100 V Dark-brown/black/dark-brown on tan 

6.3 VAC Blue/orange on white: blue/yellow on 

white 

Resistor Color Coding 

Some stable metal-film resistors are used in this instru- 
ment. These resistors can be identified by their gray body 
color. If a metal-film resistor has a value indicated by three 
significant figures and a multiplier, it will be color coded 
according to the EIA standard. If it has a value indicated 
by four significant figures and a multiplier, the value will 
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be printed on the body of the resistor. For example, a 
333-k resistor will be color coded, but a 333.5-k resistor 

will have its value printed on the resistor body. The color- 
code sequence is shown in Fig. 4-4 and Table 4-1. 

Composition resistors are color coded according to the 
EIA standard resistor color code. 

Ist Sig. Fig. 

2nd Sig. Fig. 

3rd Sig. Fig. 

Multiplier 

Tolerance 

ii pH 

Fig. 4-4, Standard EIA color code for metal-film resistors. 

TABLE 4-1 

Color-Code Sequence 

Ist 2nd | 3rd (+) % 
Sig. | Sig. | Sig. Toler- 

Color Fig. | Fig. | Fig. Multiplier ance 

Black | o | 0 0 |l ‘a 
Brown | 1 | 1 {| 1 Jlo | ; 1 
Red 2 | 2 2 | 100- | Q2 
Orange 3. | 3 3 |1000 | — 
Yellow 4 4 4 | 10,000 - — 
Green 5 | 5 “5 |100,000 °&#&«+| 0.50 
Blue 1 6 | 6 6 |1,000000 | 025 
Violet | 7 | 7 | 7 | 10,000,000 | 0.10 
Gray 8 | 8 } 8 | 100,000,000 | 0.05 
White | 9 9 9 | 1,000,000,000 | — 
Gold { —][—  J— jor | | 5S 
Silver —/— [— joo | — | 
No Color} — |— [|— |— I 10 

Test Equipment 

When preparing to circuit troubleshoot the Type 3A7, you 
may find useful some of the equipment described here. 

1. Transistor Tester 

Description: Tektronix Type 575 Transistor Curve Tracer. 

Purpose: Test transistors and diodes used in the Type 
3A7. 

2. VOM 

Description: 20,000 2/V dc. Equipped with test prods that 
can be used in tight places without causing accidental 

shorts. 

@



Purpose: Precision and general-purpose use. Can also 
be used to check transisors and diodes if used with care. 
When checking semiconductors, use an ohmmeter range 
{usually RX1K} that delivers less than 2mA of current at 

full deflecion. Preferably, use a good transistor and diode 
tester in place of the VOM. 

3. Test Oscilloscope 

Description: Bandwidth, dc to 300kHz or better. 
brated vertical deflection factors down to 5mV/div. 

Cali- 

In- 

put resistance, 1 megohm without a 10 probe; 10 meg- 

ohms with a 10 probe. 

Purpose: For low-frequency signal-tracing the amplifier 
stages. 

4. Flexible Cable Plug-In Extension 

Description: 30 inches long, Tektronix Part No. 012-0066-00. 

Purpose: Permits operating the Type 3A7 out of the os- 
cilloscope plug-in compartment for better accessibility dur- 
ing troubleshooting. 

5. BNC Coaxial Cables (two required) 

Description: 42 inches long, equipped with BNC plug con- 
rectors on each end. Tektronix Part No. 012-0057-00. 

Purpose: Use in low-frequency signal-tracing setup to 
apply the oscilloscope calibrator signal to the Type 3A7 
and to the test oscilloscope (item 3) Ext Trig input connector. 
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6. BNC T Connector 

Description: Fits on BNC jack and two BNC plugs. Tek- 
tronix Part No. 103-0030-00. 

Purpose: Use in the low-frequency signal-tracing setup 
for connecting two BNC coaxial cables [item 5} to the os- 
cilloscope Cal Out connector. 

7. Miscellaneous: 

diodes. 

Replacement tubes, transistors and 

Interconnecting-Plug Resistance Checks 

Table 4-2 lists the approximate resistance measured be- 
tween the interconnecting-plug pins and ground of the 24- 
pin plug located on the rear panel of the Type 3A7. The 
]-to-2. measurement was made between pins 1 and 2 of 

the plug. These measurements were taken with the unit 
disconnected from the oscilloscope and the Vc RANGE 
switch set to 0. 

The measurements are not absolute and may vary con- 
siderably since semiconductors in the circuitry cause differ- 
ent types of ohmmeters to have different readings. Signifi- 
cant differences between ohmmeter types are: (1) the amount 
of internal voltage they use, (2) the currents required to 
obtain full-scale deflection in each range, and (3) the meter 

scale readings. If ohmmeters were identical, the resistance 
measurements given in the table would be typical. 

TABLE 4-2 

Approximate Resistances at Interconnecting Plug’ 

Type of Meter: VOM, Simpson Type of Meter: 

Pin Model 262 Type 3A7 Serial No.: 

No. “Resistance Readings Ohms Range Resistance Readings | Ohms Range 

| +Gnd? _—Gnd* Used | +Gnd" —Gnd' | Used __ 
1 110k 10k RX10K _ ee ee 
2 Ok | 10k | RX10K I ; 

1-to-2! 0.80 080 | RXI | 
6 620 k 640 k RX100K | ee ee 
9 | 0 (Gnd) O(Gnd) | RXI | 

10 620k [| 640k RX100K oo 
U 22 k tk | RXIK | | 
15 47 k 4.8k | RXIK a a 
16 3.2.9 329 [| RXI : : To 
17 620 k 640 k RX 100K a Eo 
20 47k 48k RX1K | - 
21 620 k 640k | RX100K ieee mi Zz 
22 1k _Ik RX 100 fe 

2B | 8k 8.3 k RXIK _ a 
24 0 (Gnd) | 0 (Gnd) RXI 

"Measured between interconnecting-plug pin and ground (chassis) with Vc RANGE switch set to 0. Pins not listed 

have no circuit connection (infinite resistance) . 

“Pius (+) polarity ohmmeter lead connected to chassis. 

"Minus (—) polarity ohmmeter lead connected to chassis. 

‘Measured between pins 1 and 2. 

4-5



Maintenance—Type 3A7 

TABLE 4-3 

Troubleshooting Chart 

Symptoms 
Checks to Make 

Possible Causes Area at Fault 

1. No trace. Check these supply volfages in 
the Type 3A7: +300, +300 
decoupled, +250, +125, +81, 

+24, —12.2 and —100 volts, 

6.3 Vac. If a voltage is incor- 

rect, find trouble. Some possible 
causes are: 

Defective interconnecting 
plug. 

R310, R314, R318, R320 open. 
D324 defective. 
Open filament in a tube. 

If voltages are correct but trou- 
ble not found, go to third col- 

umn. 

Check for de imbalance in Type 3A7 
stages, Refer to topic — Isolating DC |m- 
balance. 

2. Stationary trace; cannot be positioned. Check Output Amplifier Q154-Q254-Q164- 
Q264-Q174-Q274-V174-V274 Stage. 

3. Trace but no signal display when sig- 
nal is applied to input A. 

Defective AC-DC-GND switch 

SW101. 

Open connection at A_ input 
connector or at switch SWI101. 

Check input circuit of V113. Refer to 
Topic — Signal Tracing. 

4. Trace but no signal display when sig- 
nal is applied to input B. 

Defective AC-DC-GND switch 

SW201. 
Open connection at B_ input 

connector or at switch SW201. 

Check V213 input circuit. Refer to Topic 
—~ Signal Tracing. 

5. Low or incorrect gain using either input. Signal trace through the Type 3A7. Re- 
fer to Topic — Signal Tracing. 

6. Loss of or poor internal triggering. 

7. Up and down indicator lights work im- 
properly, 

Q284 defective. 
Q294 defective. 

Q304 defective. 

Troubleshoot Signal Trigger. Q284-Q294 
Takeoff stage. 

Troubleshoot Position Indicators @Q304 

stage. 

8. Comparison voltage incorrect when Vc 
RANGE switch is set to —11, —1.], +1.1 
or +11. 

D301 defective. Check for trouble in these circuits: Vc 

Supply, Vc Range or Vc Output. 

To allow for differences between ohmmeter types, blank 
columns are provided in the table for logging your own 
measurements. Space at the top of the columns is pro- 

vided to record the type of meter used, model number and 
Type 3A7 serial number. 

Troubleshooting Chart 

Table 4-3 is a troubleshooting chart that lists some symp- 
toms with possible causes and probable area at fault. The 
third column has some references to topics that describe 
in more detail how to troubleshoot the Type 3A7 when there 
is a dc-imbalance or improper-gain trouble. 

Isolating DC Imbalance 

To make the trace appear at the center of the crt, the 
dc output voltage at pins 17 and 21 of the interconnecting 
plug must be essentially equal. To make the trace appear 
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within the usable viewing area of the ert, the de voltage 
measured between pins 17 and 21 must be less than +80 
volts (based on a crt vertical deflection factor of 20 volts/ 

div). A voltage difference which exceeds --80 volts be- 
tween these two points may position the trace above or 
below the range of visibility. The up and down position 
indicator lights will show whether the trace is above or 
below the crt viewing area. 

The de voltages at pins 17 and 21 of the interconnecting 
plug depend on the dc balance of each stage. Since all 

the amplifier stages are dc coupled, any excessive im- 
balanced condition existing anywhere between input and 
output of the Type 3A7 can unbalance the output and cause 

the trace to be deflected out of the viewing area. 

A procedure for isolating the cause of dc imbalance 
is as follows: 

1. Set the Type 3A7 front-panel controls to these posi- 
tions: 

@i
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Ve RANGE As is 2. Connect a de voltmeter (starting from the input) be- 

COMPARISON VOLTAGE Re is tween corresponding points in the amplifier as shown in 
Fig. 4-5 to determine the area where the imbalance origi- 

AC-DC-GND {A and B) GND nates. For example, if the voltmeter is connected between 
INPUT ATTEN 10 the cathodes of V113 and V213 and the reading is within 
DISPLAY A-B the range indicated in the illustration, then this stage is 

properly dc balanced. It also means that the DIFF BAL, 
RTLLOESLTE FMA 30 DC BAL and HEATER BAL conirols are properly adjusted. 
VARIABLE CALIB If the voltmeter is connected between the plate of V124B 
POSITION Centered and the plate of V224B and if the reading is greater than 

J 21 

Ql Ze 
Q164 |~ 

4A 

Q154 

@ 

V124B stun 4 

V113 ———] 
_—_- —~ 

en 

= 

Q144A 

INPUT +0.18V * 0.06 V +27V “80V 
| | “) OUTPUT 

144 f ‘ 

al 

_-— oe 
oo Ly 

v213 =o 

V224B = Y 

Q254 

Q264 
Q274 

v274 Y — 

Fig. 4-5. Simplified schematic diagram showing dc balance voltage limits at various points which, if not exceeded, should position the trace on 
the ert. 
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the voltage range given in the illustration, then the de im- 
balance originates in the Comparator stage V124B-V224B- 
Q144A-Q144B-Q234, 

3. To determine the exact cause of dc imbalance in a 
stage, detailed checks must be made such as: check the 
semiconductors in the stage, check voltages and resistances. 
When defective components are found and replaced, check 
the calibration of that portion of the circuitry. 

Signal Tracing 

A method is described here for checking waveform am- 
plitude, polarity and dc level at the points shown on the 
Differential Amplifier diagram. The technique used here is 
limited to the low frequencies because a flexible-cable ex- 
tension is used to operate the Type 3A7 out of the oscillo- 
scope plug-in compartment. The cable extension permits 
access to all sides of the Type 3A7 for detailed signal trac- 
ing and troubleshooting. 

After the troubles in the Type 3A7 are found and cor- 
rected at the low frequencies, then it is easy to go directly 
to the Calibration procedure in Section 5 to check high- 
frequency transient response and other performance re- 
quirements. 

IMPORTANT 

The amplitude and dc level of each waveform 
shown after the input stage on the schematic are 

not absolute, but can be used as a signal-tracing 

guide. Waveforms may vary due to stage gain, 

crt deflection plate sensitivity, normal manufac- 
turing tolerances and characteristics of tubes and 
semiconductors. 

To signal trace the Type 3A7 stages, proceed as follows: 

1. Set the front-panel controls of the Type 3A7 to the 
same positions as listed in the Important note located on 
the inside section of the Differential Amplifier schematic 
fold-out page. 

2. Connect a 30-inch plug-in cable extension between the 
Type 3A7 and the accociated oscilloscope. 

3. Apply a 2-volt peak-to-peak calibrator signal through 
coaxial cables to the Type 3A7 input A connector and to 
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the test oscilloscope (item 3 in Test Equipment list) Ext Trig 
input connector. 

4. Set the test oscilloscope input coupling switch to AC 
and set the triggering controls for +Ext triggering on the 
2-volt calibrator signal. 

5. Touch the test-oscilloscope probe tip to the rear side 
of the Type 3A7 input A AC-DC-GND switch where the 
signal comes in. Set the test oscilloscope front-panel con- 

trols to display one or two cycles of the calibrator wave- 
form. Be sure to set the test oscilloscope triggering con- 

trols so the first Ya-cycle of the waveform is positive going. 
The displayed waveform on the test oscilloscope should 
correspond to the input waveform polarity shown at the 
A input connector on the schematic diagram. Disconnect 
the probe. 

6. Touch the probe tip to the desired test point in the 

Type 3A7 circuitry. Select a test point where a waveform 
is shown on the schematic. Set the test oscilloscope vertical 
deflection factor to correspond to the setting given at the 
left side of the waveform shown on the schematic. 

7. Check polarity and amplitude of the waveform. Then 
disconnect the probe. 

8. To check the instantaneous dc level of the waveform 
at the test point used in steps 6 and 7, set the test oscillo- 
scope input coupling switch to DC, Preset the test oscillo- 
scope vertical deflection factor such that the expected dc 
voltage to be measured in step 9 will keep the display 
within the graticule viewing area. The expected voltage 
is indicated at the right side of the waveform on the sche- 
matic. Ground the probe tip to the Type 3A7 chassis and 
position the trace to establish a zero reference point. 

9. Touch the probe tip to the same test point used in step 
6 of this procedure. Determine the dc level of the wave- 
from by measuring the voltage between the reference point 
established in step 8 and the dc-level point indicated at 
the right side of the waveform shown on the schematic. 
Disconnect the probe. 

10. Continue on to the next test point and repeat steps 
6 through 9 until you reach a test point where an abnormal 
indication is definitely obtained. Then proceed with de- 
tailed troubleshooting checks in that stage to find the cause 
of the trouble. Such checks usually consist of signal-tracing 
between test points to check where the signal stops, semi- 
conductor or tube substitution, voltage and resistance checks.



SECTION 5 

CALIBRATION 

Introduction 

The Type 3A7 should be calibrated every 500 hours or 
every six months if used intermittently. If transistors, tubes 
or other components are replaced, the calibration of the 
repaired circuit should be checked. 

The following procedure is arranged in a sequence which 

will allow the unit to be calibrated with the least inter- 
action of adjustments and reconnection of equipment. If 
desired, the steps may be performed out of sequence or 
a step may be performed individually, providing interaction 
between adjustments is considered. It may be necessary to 
refer to the preceding step{s) and/or Preliminary Procedure 

for additional setup information. When referring to pre- 
ceding stepls), a list of the front-panel control settings is 
provided at major points in the procedure so a start can 

be made at any of those points. 

NOTE 

This procedure contains performance checks of 

the unit along with a complete calibration. Steps 
entitled ‘Check’ are the performance checks. All 

other steps are entitled ‘Adjust’. The symbol @ 

is included in the ‘adjust’ title so these steps can 
be located easily. 

As an additional aid, a calibration record is provided 

at the beginning of this section. It lists all the ‘check’ and 
‘adjust’ steps. Boxes are provided so each step can be 
checked off as it is completed. A brief explanation below 
each step is included so an experienced calibrator can use 
the check-off list as a condensed procedure. 

NOTE 
If desired, make a copy of the Calibration Record 
prior to calibrating the unit. Use the copy during 

the procedure. When completed, it can be used as 
a record of the calibration. 

EQUIPMENT REQUIRED 

The following equipment, or equivalent, is required for 
a complete calibration of the Type 3A7. Exception: Item 
7 dc voltmeter can be deleted if you use item 8 to perform 

steps 2 and 6 in the procedure. Fig. 5-1 shows items | 
through 8; Fig. 5-2 shows items 9 through 23; Fig. 5-3 shows 
the adjustment tools needed. 

(1) Oscilloscope, Tektronix 560-Series which accepts the 

Type 3A7 plug-in. The oscilloscope must operate properly. 

(2) Type 2B67 Time-Base Plug-In Unit, or equivalent. Re- 

quired if item 1 does not have its own internal time base. 

It is recommended that the time base have an external 
horizontal input connector. This connector is used when 
performing steps 18, 21 and 24 in the procedure. The X-Y 
display thus produced makes adjustment easier. 

@1 

Horizontal deflection required is approximately 5 V/div. 
The Type 3B4 Time-Base Plug-In Unit (mot shown in Fig. 5-1) 
is ideally suited for this purpose. Or, a plug-in amplifier can 
be used if the time-base unit does not have the external 
horizontal input facility. 

If a Type 2B67 is used, the external input sensitivity is 
about 1 V/div. To obtain a deflection factor of about 5 

V/div, simply connect a 50,000-ohm potentiometer between 

the Ext Input connector and ground as shown in Fig. 5-1, 

item 2. 

if you prefer not to use an X-Y display to make the ad- 
justments. The required CMRR can be obtained by adjust- 
ing the controls to obtain a minimum amplitude display. 

(3) Standard Amplitude Calibrator (optional). 

Description: Output frequency of about 1 kHz; peak-to- 
peak output amplitudes in 1-2-5 steps required for this pro- 
cedure —5mV to 200 mV; amplitude accuracy of +0.25% 
or better at constant ambient temperature. Tektronix Part 
No. 067-0502-00. 

Purpose: For use in performing steps 13, 14, 15, 32 and 

33 of the calibration procedure, if greater accuracy than 
that provided by the oscilloscope calibrator is needed. 

(4) Square-Wave Generator, Tektronix Type 105. 

Required characteristics: Output frequencies of 1, 10 and 
100 kHz. Output amplitude variable from 10 to 100 volts 
across its internal 600-ohm load. 13-nsec or less risetime 

into a 50-ohm cable terminated at both ends. 

(5) Sine-wave generator. Tektronix Type 190B Constant- 

Amplitude Signal Generator. 

Required characteristics: Output frequencies of 50 kHz 
(reference), 4, 6, 8, and 10MHz; output amplitude must be 

adjustable {manually or automatically) for a constant am- 

plitude at the stated frequencies; output amplitude range 

adjustable from 80 mV to 10 volts peak to peak. 

(6} Sine-wave audio generator. Heathkit Model AG-10 or 

1G-82. 

Required characteristics: Output frequencies of 20, 60 
and 200 Hz; 2, 20 and 500 kHz. Output amplitude 30 volts 

peak to peak (15 volts peak referenced to ground). 

(7} Dc voltmeter (VOM}. Sensitivity of 20,000 9/V at full 

deflection. 

(8) Precision dc voltmeter. Nulling type with infinite im- 
pedance at null. 

Required characteristics: Accuracy of 0.05% or better; 

resolution of 50 pvolts or better. If a John Fluke Differen- 
tial Voltmeter is available, use Model 801B or equivalent. 
If an accuracy of +0.01% is desired use a Model 821A. 

(9) Precision De Divider. 10>” and 100 attenuation; Tek- 

tronix Part No. 067-0503-00. 
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(7) 

Fig. 5-1. Equipment required for a complete calibration of the Type 3A7, 

(10) Type TU-5 Pulser package, Tektronix Part No, 015-0043- 
00, contains the following items’: 

Tektronix 

Qty. Description Part No. 

1 Type TU-5 Pulser (alone) with 015-0038-00 
BNC plug and jack connector 
fittings, 

1 50-ohm 10% attenuator with  011-0059-00 

BNC plug and jack connector 
fittings. 

1 50-chm termination with BNC — 011-0049-00 

plug and jack connector fit- 
tings. 

1 Connector adapter with UHF  103-0015.00 
plug and BNC jack connector 

fittings. 

1 50-ohm (nominal impedance) co- 012-0057-00 

axial cable, 42 inches long, with 

a BNC connector on each end. 

‘If desired, any of the foregoing items can be ordered separately 
through your local Tektronix Field Engineer or Field Office. When 

ordering, give complete description and part number, 
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TU-5 Pulser (015-0038-00) characteristics 

Input Drive Signal — 4-100-volt (from ground) square 
wave capable of supplying 10mA. To use the Type 105 
Square-Wave Generator as the driving source for the TU-5 
Pulser, an adapter {item 11) must be used to convert the 
—100-volt (from ground) square wave from the Type 105 

into a +100-volt signal. Use of the Type 105 provides a 
bright display due to its higher repetition rate capabilities. 

Output Amplitude—At least 200 mV with output termi 
nated into 50 ohms. 

Output Pulse Risetime—tess than or equal to 0.3 nsec into 
50 ohms. 

{11) TU-5/105 Adapter, Tektronix Part No. 013-0075-00. 

Purpose: Adapts the Type 105 for use as the driving 

source for the TU-5 Pulser. 

{12) Input time-constant standardizer. 

Description: RC = 1MQ X 20pF; 2X voltage attenua- 
tion; equipped with one BNC plug and one BNC jack con- 

nector fittings, Tektronix Part No. 011-0066-00.
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Fig. 5-2. Accessories used in calibration of the Type 3A7.
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Fig, 5-3, Adjustment tools, 

(13) Dual-input BNC connector. Provides matched signal 
paths to both Type 3A7 input connectors. Tektronix Part 
No. 067-0525-00. 

(14) BNC T connector, Fits a BNC jack and accepts two 
BNC plugs. Tektronix Part No. 103-0030-00. 

(15) Two connector adapters. Single binding post fitted 
with @ BNC jack connector fitting. Binding post accepts a 
banana plug. Tektronix Part No. 103-0033-00. 

(16) Adapter, clip lead. Equipped with a BNC jack con- 
nector on one end and alligator clips on the leads, Tektronix 
Part No. 013-0076-00. 

(17) 50-chm (nominal impedance} coaxial cable, 42 inches 
long, with a BNC plug connector on each end, Tektronix 
Part No. 012-0057-00. 

(18) 50-ohm [nominal impedance) coaxial cable, 18 inches 
long; equipped with a BNC plug connector on each end. 
Tektronix Part No. 012-0076-00. 

(19) Two patch cords, 18 inches long, with banana plug and 
jack combination connector on each end, Tektronix Part No. 
012-0031 -00, 
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(20) Three patch cords, 6 inches long, with banana plug and 
jack combination connector on each end. Tektronix Part No. 
012-0024-00. 

(21) Jumper lead, 6 inches long, with a tip plug on one end 
and a banana plug and jack combination connector on the 
other end. (Tip plug fits Ve OUT jack on Type 3A7,) 

(22) Jumper lead, 7 inches long, with miniature insulated al- 
ligator clips on each end. 

(23) Resistor, fixed, 1MQ, Yy or Vy W, 1%. Tektronix Part 
No. 323-0481-00 for the \/)-W resistor. Solder a 4-inch lead 
equipped with a banana plug to one lead of the resistor. 

{24) Resistor, fixed, 479, YW, 10%. Tektronix Part No. 
302-0470-00. 

(25) Capacitor, fixed, 0.001 »F, 50V or higher. Tektronix 
Part No. 283-0000-00 for a 500-V discap capacitor. 

(26) Adjustment tools (one each, see Fig. 5-3): 

a. Small screwdriver with a '/,-inch wide tip to fit the 
small screwdriver-adjust potentiometers. 

b. Insulated low-capacitance screwdriver, Jaco No. 125, 
1Y>-inch shank, '-inch wide metal tip. Tektronix Part No. 
003-0000-00, 

@i



Cc. 

d. Hexagonal wrench, 0.050. inch. 

Hexagonal wrench, 0.1 inch double-ended, Walsco No. 
2543. Tektronix Part No. 003-0301-00. 

Fits COMPARISON 
VOLTAGE 10-turn dial setscrew. (Not needed if dial reads 

exactly zero in the fully counterclockwise position.) 

CALIBRATION RECORD 

Tektronix Type 3A7 

C 

C 

1. 

10. 

Serial No. 

Adjust FIL BAL R338. (Page 5-7). 

Trace positioned at or near graticule center (within 
+1 div) at 1 mV/div. 

. Adjust DRIVER DC LEVEL R260. (Page 5-8). 
+59 volts between TP264 and ground. 

. Adjust DC BAL (R130). (Page 5-8). 

Minimum trace shift at 5mV/div when VARIABLE 

control is rotated back and forth. 

. Adjust AMP BAL (R233). (Page 5-9). 
Minimum trace shift as MILLIVOLTS/DIV switch is set 
from 50 to 1. 

. Adjust POSITION RANGE R253. (Page 5-9). 
Trace positioned to graticule center. 

. Adjust SIG/TRIG DC LEVEL R288. (Page 5-9). 
Zero volts between TP294 and ground with trace 
positioned to graticule center. 

. Check Vertical Position Indicator Lights. (Page 5-10). 
Up neon turns on as trace is positioned to top of 

graticule and down neon turns on as trace is posi- 

tioned to bottom of graticule. 

. Check COMPARISON VOLTAGE 10-Turn Dial for 
Mechanical Zero reading. (Page 5-10). 
Fully counterclockwise dial indication should be 0 
volts (0-0). 

_ Adjust Ve CAL R410. (Page 5-11). 
+ 11 volts between Vc OUT jack and ground when 
Vc RANGE switch is set to +1] and COMPARISON 

VOLTAGE control set to 117 v (10-10-0). 

Ad'ust TRACKING R423. (Page 5-11). 

+1 volt between Ve OUT jack and ground when 

COMPARISON VOLTAGE contro! is set to 1.00 (0- 
10-0). 

. Check Ve Divider (COMPARISON VOLTAGE switch). 

(Page 5-11). 

First digit voitages checked for accuracy according 
to Table 5-1 in Calibration Procedure. 

. Check COMPARISON VOLTAGE 10-Turn Potentio- 
meter Linearity. (Page 5-12). 

Check second digit voltages for accuracy according 

to Table 5-2 in Calibration Procedure. 

. Adjust AMP CAL (R244). (Page 5-12}. 
5-div display with 5mV input; deflection factor of 
1 mV /div. 

. Check VARIABLE (MILLIVOLTS/DIV) Control. (Page 
5-13). 
Deflection factor ratio of 2.5:1 or more. 

. Check MILLIVOLTS/DIV Switch. (Page 5-13). 
Vertical deflection factor of -+3% of indicated 

value. 

C16. 

Cy. 

J 18. 

fy 19. 

CT 20. 

CJ 21. 

[J] 22. 

C] 23. 

[] 24. 

[7] 25. 

[1] 26. 

CJ 27. 

1 28. 

CJ 29. 

C] 30. 

[J 31. 

C1 32. 

[) 33. 

C1 34. 

C] 35. 
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Check Input CF Grid Current. (Page 5-14). 

1 nanoampere or less. 

Check for Microphonics. (Page 5-14). 
T mV or less. 

Adjust DIFF BAL R216 and CF LOAD BAL R212. (Page 

5-14). 
Minimum common-mode difference display ampli- 
tude. 

Adjust C120 (Input A Overdrive Fast Recovery). (Page 

5-18). 
Within 10 mV of final signal value in 300 ns. 

Check Input A Overdrive Dc Shift. (Page 5-19). 
SmvV or less after 1s. 

Adjust C113, C213 and C220 (Common-Mode Rejec- 
tion at 20 kHz). (Page 5-20). 

1.5 mV or less display amplitude. 

Check Input B Overdrive Fast Recovery. (Page 5-21). 

Within 10 mV of final signal value in 300 ns. 

Check Input B Overdrive De Shift. (Page 5-22). 

5mV or less after is. 

Check Sine-Wave Common-Mode Rejection Require- 
ments. (Page 5-22). 

Fulfills rejection requirements as listed in Table 5-4 
of the Calibration Procedure. 

Check DC Common-Mode Rejection. (Page 5-23). 

0.5 div or less trace shift from reference. 

Adjust RI06E (Input A 10 Attenuator). (Page 5-24). 

For null indication between the precision 10:1 divider 
and 10 _ attenuator. 

Adjust RI08G (Input A 100% Attenuator). 
5-26}. 
For null indication between the precision 100:1 divider 

and 100 attenuator. 

Adjust RI05B (Input A 1X Attenuator), (Page 5-27}. 
Voltage across 1 1-MQ resistor matches voltage 

across 10 attenuator. 

Adjust R206E (Input B 10 Attenuator). (Page 5-27). 

For null indication between the precision 10:1 divider 
and 10 Attenuator. 

Adjust R208G (Input B 100 Attenuator). (Page 5- 
28). 
For null indication between the precision 100:1 divider 
and 100 attenuator. 

Adjust R205B (Input B 1X Attenuator). (Page 5-28). 
Voltage across 1X 1-MQ resistor matches voltage 
across 10X attenuator. 

Check Input B 1000 Attenuator. (Page 5-28). 

5-div display, +3%, with 5 volts input; deflection 
factor of 1 mV/div. 

Check Input A 1000 Attenuator. (Page 5-29). 

5-div display, +3%, with 5 volts input, deflection 

factor of 1 mV/div. 

Adjust Input Attenuator Compensation. (Page 5-30). 
Optimum square-wave response for both inputs. 

Adjust C255, C281, R280, L170 and L270 (High-Fre- 
quency Transient Response). (Page 5-33). 
Optimum square-wave transient response for both 
inputs. Aberrations no greater than 2.5% of display 
amplitude. 

(Page 

5-5



Calibration—Type 3A7 

[] 36. Check High-Frequency Sine-Wave Response, (Page (3) Connect the power cord from the oscilloscope to the 
5-36), proper operating voltage for which the oscilloscope is wired. 
Upper end 30% down point frequency response 
checked for all MILLIVOLTS/DIV switch settings per 

Table 5-6 in the Calibration Procedure. Both inputs 

(4) Turn on the oscilloscope and allow about 15 minutes 

for warm up and complete stabilization. 

checked. (5) Preset the Type 3A7 front-pane! controls as follows: 

L] 37. Check Input Crosstalk. (Page 5-37). 
Less than 5% feed-through to other input. Both 
inputs checked, 

Calibration Engineer = = 

Date SE 

PRELIMINARY PROCEDURE 

(1) Insert the time base into the oscilloscope compartment 

for horizontal deflection of the beam. 

(2) Remove the oscilloscope panels which allow access 

Ve RANGE 
COMPARISON VOLTAGE 
AC-DC-GND [A and B)} 
INPUT ATTEN 
DISPLAY 
MILLIVOLTS/DIV 
VARIABLE 
POSITION 

0 
0 (0-0-0") 
GND 

Centered 

(6) Set the oscilloscope sweep rate and triggering controls 
to obtain a 0,5 m/div free-running sweep. Fig. 5-4 shows 
the setup up to this point in the procedure. 

‘Method used throughout the manual to describe consecutive reading 
to the Type 3A7 internal adjustments. order of digits, For more information refer to Section 2, Fig. 2-1, 

- 
i] 

| l— - o~ 

| ( TYPE 561A OSCILLOSCOPE 

TYPE 2067 
wesce «=6TIME BASE stoner 

2 Time /bew 

Fig. 5-4. Setup at completion of preliminary procedure. 
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CALIBRATION PROCEDURE = oF BAL AMPGAL aMPcAD ———™ 

© MILLIVOLTS/DIV- 
" or ey 
\AMP BAL 20 
/ (R233) 

1. Adjust FIL BAL R338 0 

a. Preset the front-panel AMP BAL and DC BAL adiust- 
ments (see Fig. 5-5a) to midrange. 

50 
b. Preset the POS RANGE control R253 (see Fig. 5-5b) to 

midrange. DISPLAY 
AVe 

OC BAL c. Slowly adjust the FIL BAL control R338 (see Fig. 5-5b} (R130) 
so the trace coincides with graticule center. A : 

L INPUT ATTEN 10 
fa) 

NOTE 

The FIL BAL adjustment changes the heater voltage 

on the Input CF tubes V113 and V213. There- 

fore, when making the adjustment, allow time for 

the trace to stabilize as the heaters and cathodes 

reach their operating temperature. 

a" cio. 
1 d, Set the MILLIVOLTS/DIV switch to progressively lower 

deflection factors while repeating step Ic. The FIL BAL con- 
trol is properly adjusted if the trace is at or near (within 

t-1 div) graticule center when the MILLIVOLTS/DIV switch 
is set to 1, 

Fig. 5-5. (a) and (b) show location of step 1 adjustments. 

NOTES 
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ia 
SSS 

Fig. 5-6. Setup at completion of step 2a, 

2. Adjust DRIVER DC LEVEL R260 0 

a. Connect a de voltmeter between TP264 and ground 
Fig. 5-6 shows the complete setup and Fig. 5-7 shows the 
test point location. 

b. Adjust the DRIVER DC LEVEL control R260 (see Fig. 
5.7) to obtain a reading of exactly +-59 volts on the volt- 
meter. 

c. Disconnect the voltmeter. 

3. Adjust DC BAL R130 oO 

o. Set the MILLIVOLTS/DIV switch to 5, 

b. Adjust the DC BAL control (see Fig 5-8) so there is 

minimum trace shift as the VARIABLE (MILLIVOLTS/DIV) 

control is rotated back and forth. 

NOTE 

Use the front-panel AMP BAL R233 control as a 

positioning control to keep the trace near grati- 

cule center. 

5-8 

c, Set the MILLIVOLTS/DIV switch to 1 and repeat step 

3b. 

d. Set the VARIABLE control to its CAL position. 

qr 

DRIVER DC LEVEL 

Fig. 5-7. Step 2 test point and adjustment locations.



4. Adjust AMP BAL R233 0 

a, Set the MILLIVOLTS/DIV switch to 50 and note the 

position of the trace. 

b, Set the MILLIVOLTS/DIV switch to 1. 

c. Adjust the AMP BAL control R233 (see Fig. 5-8) so 

the position of the trace matches the position noted in step 
4a, To check on the accuracy of the adjustment, set the 
MILLIVOLTS/DIV switch to its various positions. There should 
be no trace shift. 

d. Due to interaction between the DC BAL and AMP BAL 
controls, repeat steps 3b through 4c to obtain minimum trace 
shift as the VARIABLE and MILLIVOLTS/DIV controls are 
rotated back and forth. 

Calibration—Type 3A7 

POSITION F 
RANGE 
R253 

TYPE 3A7 CuLiinial COMPARISON VOLTAGE (Ve) COMPARATOR 
Ve RANGE 
~i 8 ons 

we our eo. 

wre Awe beg 

> -@ 

AMP BAL 
(R233) 

hl OMSL AY 

Fig. 5-9. Step 5 adjustment location. 

6. Adjust SIG/TRIG DC LEVEL R288 0 

a. Connect a de voltmeter between TP294 (see Fig. 5-10) 

and ground, The setup is similar to that shown in Fig, 5-6. 

b, Adjust the SIG/TRIG DC LEVEL control R288 (see Fig. 
5-10) to obtain a zero reading on the voltmeter, Due to 
slight de drift, exact zero is difficult to obtain. So, allow a 

tolerance of about +0.) volt. Be sure the trace coincides 
with graticule center when adjusting the control, Use the 
POSITION control to keep the trace centered, 

c. Disconnect the voltmeter, 

| rut ATTEN 10 ay 

Fig, 5-8. Steps 3 and 4 adjustment locations. 

NOTE 

From time to time throughout the remaining por- 
tion of the procedure, it may be necessary to re- 

adjust the DC BAL control to obtain minimum trace 
shift as the MILLIVOLTS/DIV or VARIABLE controls 
are rotated, 

5. Adjust POSITION RANGE R253 0 

a. Check that the VARIABLE control is: set to CAL and the 
MILLIVOLTS/DIV switch is set to 1. 

b. Adjust the POSITION RANGE contro! R253 (see Fig. 
5-9] so the trace coincides with graticule center, Fig, 5-10. Step 6 test point and adjustment locations.
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7. Check Vertical Position Indicator Lights 

a, Check that the up f neon turns on as the trace is posi- 
tioned toward the top of the graticule using the Type 3A7 
POSITION control. The down 4 neon should be turned off. 

b, Use the POSITION control to mave the trace down- 

ward. When the trace is at or near center, both neons will 

extinguish. Typically, both neons remain extinguished in a 
narrow positioning range of about ] minor division. As the 

trace is positioned to the bottom of the graticule, the up 
neon should remain extinguished and the down neon 
should be turned on. 

8. Check COMPARISON VOLTAGE 10-Turn Dial 
for Mechanical Zero Reading. 

a. At this point in the procedure, the front-panel controls 

should be at the following positions: 

Type 3A7 

Ve RANGE 0 
COMPARISON VOLTAGE 0 (0-0-0) 
AC-DC-GND [A and 8B} GND 

Setscrew ~ 

10-turn 
Dial Knob 

/ —=Potentiometer 
- Shaft 

Fig, 5-11. Zero volts mechanical calibration, step 8. 

fi 

Non-loading 
Valtmeter 

Fig. 5-12. Setup at completion of step 9c.



INPUT ATTEN 1 

DISPLAY A-B 

MILLIVOLTS/DIV ] 

VARIABLE CAL 

POSITION Set so trace is centered 

Time Base 

Position Set so trace starts at left 
side of graticule 

Time/Div 5 mSec 

Variable Calibrated 

Pull 5X Mag In 

Mode Norm 

Level Free Run 

Slope +. 

Coupling AC Slow 

Source Int 

Calibration—Type 3A7 

b, With the COMPARISON VOLTAGE 10-turn dial set at 
its most counterclockwise position, check that the 10-turn dial 
reads 0-0, If it does not, loosen the setscrew (see Fig. 5-11) 

in the 10-turn dial kneb and set the dial for the proper zero 
reading without turning the potentiometer shaft. 

c. Tighten the setscrew and repeat step 8b to be sure 
the dial is set correctly, 

9, Adjust Ve CAL R410 oO 

a. Set the Ve RANGE switch to +11 and the COMPARI- 

SON VOLTAGE control to 11 V (10-10-0). 

b. Set the non-loading voltmeter {item 8) to +11 volts, 

c. Connect the voltmeter between the Ve OUT jack and 

ground, Fig, 5-12 shows the setup. 

d, Adjust the Ve CAL contro! R410 (see Fig. 5-13) for a 
null reading on the meter. 

e. Disconnect the voltmeter. 

10, Adjust TRACKING R423 0 

a. Set the COMPARISON VOLTAGE control to 1.00 (0- 
10-0). 

b, Set the non-loading voltmeter to +1 volt. 

c. Reconnect the voltmeter between the Ve OUT jack and 
ground. [This setup is similar to the one shown in Fig. 5- 
12.) 

d. Adjust the TRACKING control R423 (see Fig. 5-13) for 
a null reading on the meter. 

@i 

Ve CAL TRACKING 
R410 R423 

: Q,* 

Fig, 5-13, Location of adjustments for steps 9 and 10, 

11. Check Ve Divider (COMPARISON VOLTAGE 
Switch) 

Using the same connections as described in step 10c, use 
the non-loading voltmeter to check the Vc divider voltages, 
For example, set the voltmeter to +2 volts and check for a 
null reading when the COMPARISON VOLTAGE control 
outer knob is set to 1 [1-10-0), Use Table 5-1 as a guide. 

TABLE 5-1 

COMPARISON Maximum 
VOLTAGE’ Outer Voltage Deviation from 

Knob Setting Reading Null? 

| +2 Volts 8.5 mV 
2 +3 Volts 10.0 mV 

3 | 44 Volts 11.5 mV 
4 | +5 Volts | 13.0 mV 
5 +6 Volts 14.5 mV 

6 +7 Volts 16.0 mV 
7 +8 Volts | 17.5 mV 

8 49 Volts | 19.0 mV 
9 +10 Volts | —-20.5mV 

10 | +411 Volts 22.0 mV 

‘COMPARISON VOLTAGE 10-turn dial set to 10-0 and Ve RANGE 
switch set to +11. 

"The tabulated deviations are based on the accuracy specification of 

the comparison voltage: =0.15% of indicated voltage plus = 0.05% 
(5.5 mV) of full Ve range, These deviations apply over the full 
environment range. When checking the unit in a laboratory environ- 

ment, the deviation will be considerably smaller. 

5-11
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12. Check COMPARISON VOLTAGE 10-Turn TABLE 5-2 

Potentiometer Linearity COMPARISON 1 a Pay 

a. Set the COMPARISON VOLTAGE contro! to 0 (0-0-0) VOLTAGE? 10-Turn Voltage Deviation from 
and check that the Vc RANGE switch is set to +11. __ Dial Setting | Reading | NII? 

b. Using the same connections as described in step 10c, Bee Sd +0.1_ Volt — 5.65 mV — 

use the non-loading voltmeter to check the comparison volt- 20 _|_ +0.2 Volt 5.80 mV Z 

age for each major division of the COMPARISON VOLTAGE 3-0 : +0.3 Volt 5.95 mV 

10-turn dial; that is, at 0-1-0, 0-2-0, etc, Use Table 5-2 as a = aD | +04 Volt | 6.10 mV 
guide. 5.0 =F +05 Volt |  — 6.25mV 

c. Disconnect the voltmeter. 6-0 } +0.6 Volt ie 6,40 mV ; 

= 7-0 | +07 Volt | 6.55 mV 

; 8-0 [+08 Volt | | 670mV 
13. Adjust AMP CAL R244 0 9-0. $09 Volt 4.85 mV 

a. Set the Type 3A7 controls as follows: i ——=y +-1,0 Volt At 7.00 mV 

Ve RANGE 0 ‘COMPARISON VOLTAGE outer knob (switch) set to O and the Ve 

AC-DC-GND [{A) DC RANGE switch set to +11, 

DISPLAY A-B ‘Same as Table 5-1 footnote, 

Standard 
Amplitude 
Calibrator 

- a 
"| 

. ‘. 
. tame - ', 
\d renee ¥ ’ : pin ' | - 4 

pt . . he 

‘ tren ee . 
m = 

> & z er lvl pieenaron 

aa ‘ L) « " 

Cable 

Fig, 5-14. Setup at completion of step 13c. 

b. If the previous steps have been performed, the re- MILLIVOLTS/DIV 1 

maining controls should be at the following positions; VARIABLE CAL 

Type 3A7 POSITION Midrange 

COMPARISON VOLTAGE 0-10-0 ‘ 
Time Base 

eee ae One Position Set so trace starts at left 

INPUT ATTEN 1 side of graticule 
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Time/Div 5 mSec 

Variable Calibrated 

Pull 5X Mag In 

Mode Norm 

Level Free Run 

Slope 4 

Coupling AC Slow 

Source Int 

c. Apply a SmV peak-to-peak 1-kHz calibrator signal 
through a coaxial cable to the A input connector, If pos- 
sible, use an accurate calibration signal source. Fig. 5-14 
shows the setup. 

d. Center the display using the Type 3A7 POSITION 
control, 

e. Adjust the front-panel AMP CAL control {see Fig. 
5-15) so the vertical deflection of the display is exactly 5 
div peak to peak (see Fig, 5-16). 

14. Check VARIABLE (MILLIVOLTS/DIV) Control 

a, Turn the VARIABLE control slowly counterclockwise. 
As the control moves out of the CAL position, a switch 

Calibration—Type 3A7 

Vertical Deflection Factor: 1 mV/div 

5 div 

say 

PE SAT CULESEMtIAL COMPARISON VOLTAGE (Ve) 

Ve RANGE 
=) ° o @) 

+n fi 

AMP CAL 
(R244) 

Se ee 
| @) ORC ‘ 

ic 

~~ EA ey 
- ly OE, Bie, 

MILLIVOLTS/DIV 
bP Al se bs), 

0 4 6 
SNO | 20 2 

60 1 

DISPLAY 
a Raw AVe 

Fig, 5-16. Typical crt display showing correct gain adjustment, 

b., When the VARIABLE control is set fully counterclock- 
wise, check the amplitude of the display. It should be 1.6 
div or less (see Fig. 5-17). This indicates a ratio of 2.5 to | 
or higher. For example, the amplitude of the display shown 
in Fig. 5-17 is 1.8div which indicates a ratio of 2.78 to | 
{5 + 1.8 2.78) which is higher than 2,5 to 1, 

c, Set the VARIABLE control to CAL, 

15. Check MILLIVOLTS/DIV Switch 

a. Using the same setup as shown in Fig. 5-14, check 

all the MILLIVOLTS/DIV switch positions for proper cali- 
brated vertical-deflection factors. Use Table 5-3 as a guide. 
For all positions except the 1 mV/div position, the display 
amplitude tolerance should be within 23% plus the toler- 
ance of the amplitude calibrator output. 

Fig, 5-15. Location of step 13e adjustment. 

actuates which increases the display amplitude. Then, as 
the control is rotated further counterclockwise from that 
point on, the amplitude decreases. Check the control for 
smooth electrical and mechanical operation as the control is 
rotated counterclockwise in the amplitude range between 5 
div and 2 div. 

ae 
2 div 
orless 

7 : 

Fig. 5-17. Checking the VARIABLE control 2,5-to-1 uncalibrated 
range. 
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TABLE 5-3 

Amplitude Vertical 
MILLIVOLTS/DIV Calibrator Deflection 
Switch Position Output in Div 

2 10 mV 5 
5 20 mV 4 

10 50 mV 5 

20 0.1V 5 

50 0.2 V 4 

b. Disconnect the calibrator signal. 

16. Check Input CF Grid Current 

a. Set the Type 3A7 controls as follows: 

AC-DC-GND (A) GND 

MILLIVOLTS/DIV 1 

b. Position the trace to graticule center using the Type 
3A7 POSITION control. The remaining controls should be 
at the following positions: 

b. Set the input B AC-DC-GND switch to DC and note the 
amount of trace shift from graticule center. Trace shift 
should be less than 1 division, which is 1 nanoampere or 
less (1 mV divided by 1 MQ input resistance equals 1 nano- 
ampere). 

c. Set the input B AC-DC-GND switch to GND and input 
A AC-DC-GND switch to DC. Note the amount of trace 
shift. It should be less than 1 div. 

17. Check for Microphonics 

a. Set input A AC-DC-GND switch to GND. 

b. Using the finger tips, tap lightly on top of the oscillo- 
scope and check for microphonics. Overall amplitude of 
the microphonics should be less than 1 mV (less than 1 div). 

18. Adjust DIFF BAL R216 and CF LOAD O 
BALANCE R212 

a. Set the Type 3A7 controls as follows: 

AC-DC-GND {A} DC 

INPUT ATTEN 100 

MILLIVOLTS/DIV 50 

b. Set the time-base controls as follows: 

Time/Div 10 mSec 

Triggering Level Auto 

c. Apply a 30-volt (15 volts peak referenced to ground), 
20-Hz sine-wave signal from an audio generator through a 
42-inch coaxial cable, a BNC T connector and a dual-input 
connector (item 13) to the A and B input connectors on the 

Type 3A7. 

d. Connect a coaxial jumper cable and clip-lead adapter 
between the BNC T connector and the time-base Ext Input 
connector. If the time-base unit does not have a control for 
the external input, connect a 50,000-chm potentiometer be- 
tween the Ext Input connector and ground. Connect the 
center conductor clip lead to the potentiometer wiper arm. 
Fig. 5-18 shows the complete setup when a Type 2B67 is 
used as the time-base unit. 

NOTES 

Type 3A7 

Vc RANGE 0 

COMPARISON VOLTAGE 0-10-0 

AC-DC-GND (B) GND 

INPUT ATTEN 1 

DISPLAY A-B 

VARIABLE CAL 

Time Base 

Position Set so trace starts at left 

side of graticule 

Time/Div 5 mSec 

Variable Calibrated 

Pull 5X Mag In 

Mode Norm 

Level Free Run 

Slope + 

Counling AC Slow 

Source Int 
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— 

TYPE S61A CRCRLOOLOFE 

50,000-ohm 
Potentiometer 

(Ext Input 
control) Sine-Wave Audio 

Generator 

Clip-Lead 
Adapter 

Dual-Input 
Connector 

Cable 
Coaxial Jumper 

42-inch Coaxial 
Cable 

Fig, 5-18. Setup at completion of step 18d, 

e. Check that the display is 30 volts in amplitude (6 div; 
see Fig, 5-19). 

f. Set the Type 3A7 controls as follows: 

AC-DC-GND (8) pc 

INPUT ATTEN ] 

MILLIVOLTS/DIV | 

q. Set the time-base Time/Div switch to the Ext Input 

position. Adjust the Ext Input control so the horizontal 
deflection is about édiv. Use the time-base Position con- 
trol to center the display. The display should appear similar 
to the Fig, 5-20a illustration if the DIFF BAL R216 and CF 
LOAD BALANCE R212 controls are properly adjusted. Figs. 

5-20b and 5-20c show two types of distortion obtained when 
these controls are improperly adjusted. 

If the display is not a horizontal closed-loop display as 
shown in Fig. 5-20a, preset the DIFF BAL control R216 (see 
Fig. 5-21b) to midrange and adjust the CF LOAD BALANCE 

control R212 (see Fig. 5-21a) so the closed loop lies in a hori- 

zontal plane. At this point, it is necessary to adjust these 
controls in small increments in a direction that will minimize 

the curvature of the display, as shown in Fig. 5-20a. 

Alternative Method—When the time-base unit has no ex- 
ternal input connector, proceed as follows: 

Perform steps 18a, b, ¢, e and f except that the BNC T 
connector, coaxial jumper cable and clip-lead adapter are 
not needed. 

ee ’ 

Vertical Deflection Factor: 5 V/div 

ce = = — 

[ 

jai | 

Sweep Rate: 10 msec/div 

Fig. 5-19. Typical display obtained when audio generator is set 
for proper output, step 180. 
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T T T T 

Vertical Deflection Factor: 

T 

1 mV/div 

1 
Horizontal Deflection Factor: 5 V/div 

m 1 

{a) Correct. 

T T T T T T 
Vertical Deflection Factor: 1 mV/div 

NS 

t 
Horizontal Deflection Factor: 5 V/div 

LL. ni 1 i a 

(b) Incorrect. 

T T T T T T 
Vertical Deflection Factor: 1 mV/div 

Sweep Rate: 5 sec/div 

{d) Correct (using alternative method) . 

T T T T T T 

Vertical Deflection Factor: 1 mV/div 

V4 > Y NN 

Horizontal Deflection Factor: 5 V/div 
n it 1 1 l 1 

{c) Incorrect. 

T T T T T T 

Vertical Deflection Factor: 1 mV/div 

| Sweep Rate: 20 msec/div 
1 i i a 

(e) Correct (using alternative method) . 

Fig. 5-20. Adjusting the DIFF BAL and CF LOAD BALANCE for optimum common-mode signal rejection at 20 Hz (de coupled). 

Set the time-base Time/Div and Variable controls for the 

slowest sweep. 

Preset the DIFF BAL R216 to midrange and adjust the CF 
LOAD BALANCE control R212 until the amplitude of the slow 
moving beam is as small as possible: typically about 1.5 

5-16 

minor div (see Fig. 5-20d). Fig. 5-20e shows the appearance 

of the display at a sweep rate of 20 msec/div. 

h. Disconnect the audio generator connections from the 
Type 3A7 and time-base front panels. (Leave the 50,000-ohm 
potentiometer connected to the Type 2Bé67,) 

@!
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TYPE 3A7 birseRENTIAL COMPARISON, VOLTAGE (Ve COMPARATOR 

Vc RANGE 
-11 9 4141 @: 

+ -11 

Ve our 

oO” oS DIFF HAL «AMP BAL AMPCAL > 

‘t _ a ‘gig 
Fig, 5-21, Location of step 18 adjustments. 

MILLIVOLTS/DIV 
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» > 

NOTES 
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50-ohm 
Termination 

50-ohm 
Coaxial Cable 

Patchcord 

Type 105 Square-Wave _ 
Generator ‘ 

Fig. 5-22, Setup at completion of step 19%c, 

19. Adjust C120 (Input A Overdrive Fast © 
Recovery) 

. Set the Type 3A7 controls as follows: 

AC-DC-GND [B} GND 

INPUT ATTEN 100 

MILLIVOLTS/DIV 20 

b. Set the time-base Time/Div switch to 50 usec ond the 
Triggering Source switch to Ext. At this point in the pro- 

cedure, the remaining controls should be at the following 
positions: 

Type 3A7 

Ve RANGE 0 

COMPARISON VOLTAGE 0-10-0 

AC-DC-GND [A} DC 

DISPLAY A-B 

VARIABLE CAL 

POSITION Midrange 

Time Base 

Position Midrange 

Variable Calibrated 

Pull 5X Mag In 

Mode Norm 

Level Auto 

5-18 

Slope - 

Coupling AC Slow 

c. Apply a 10-kHz signal from the Type 105 Square-Wave 
Generator, or equivalent, through a 50-chm coaxial cable 

and a 50-ohm termination to the Type 3A7 input A con- 
nector. Connect an 18-inch patch cord between the Type 105 
Syne Output connector and the time-base Ext Trig con- 
nector. Fig. 5-22 shows the complete setup. 

d. Adjust the square-wave generator Output Amplitude 
control so the display is Sdiv (10 volts peak to peak) in 
amplitude. Use the positioning controls to position the dis- 
play (see Fig. 5-23a) for best viewing. 

e. Set the Type 3A7 controls as follows: 

INPUT ATTEN 1 

MILLIVOLTS/DIV 50 

f, Set the time-base Time/Div switch to 20 Sec. Set the 
Triggering Level control so the upper front corner on the 
first cycle is displayed like the corner of the second cycle 
(see Fig. 5-23b). 

g. Set the MILLIVOLTS/DIV switch to 10 and set the time- 
base Time/Div switch to 10 uSec. 

h. Position the first cycle so the trailing portion of the 
waveform coincides with graticule center (see Fig. 5-23c}. 

Leave the Type 3A7 POSITION control at this setting until 
you have checked overdrive fast recovery described in the 
first paragraph of step 19). 

&)
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Vertical Deflection Factor: 2 V/div 

Sweep Rate: 50 usec/div 
1 i. 1 1 

(a) Displaying 10-volt 10-kHz square waves. 

Vertical Deflection Factor: 10 mV/div 

10 mV 

or less 

T T T T T T 

Vertical Deflection Factor: 50 mV/div 

Upper front Corner of 
corner of second 

first cycle cycle 

[ Sweep Rate: 20 usec/div 
1 1 i J. 

(b) Adjusting the Triggering Level to display the 

front corner on the first cycle. 

Vertical Deflection Factor: 10 mV/div 

{ 
Trailing portion 

K. coincides with 

graticule center 

+ Sweep Rate: 10 usec/div 

(c) First cycle positioned as directed in step 19h. 

} 

[ Sweep Rate: 1 ysec/div 

div ~ ,0.3 psec 

(d) Waveform, as shown, has recovered within 10 mV 
of graticule center in 0.3 usec. 

Fig. 5-23. Typical displays obtained when performing steps 19d through j. 

i. Set the time-base Time/Div switch to 5 uSec and set 
the Pull 5X Mag switch to its outward position for 5X 
magnification. Using the time-base Position control, posi- 
tion the waveform to start two div from the left edge of 
the graticule (see Fig. 5-23d}. 

j. Check overdrive fast recovery by observing that the 
waveform returns to within 10mV of graticule center in a 
time duration of 0.3 us. Fig. 5-23d is a typical display that 
has recovered within the 10-mV requirement. 

NOTE 

If the time base you are using will display the 

waveform when using faster sweep rates up to 

0.1 us/div, use a faster sweep rate to check 

overdrive fast recovery. 

If overdrive recovery is within the 10-mV requirement, 
go to the next step. If overdrive recovery is greater than 
10 mV, set the MILLIVOLTS/DIV switch to 5. Then set the 

time-base Time/Div switch to 20 uSec and push the Pull 5X 
Mag switch to its inward position. Position the display for 

best viewing. Adjust C120 (see Fig. 5-24) so the peak and 
the dip that follows the peak are equal in amplitude with 
respect to the waveform reference level at the point shown 
in Fig. 5-25a. One waveform showing the result obtained 
when C120 is incorrectly adjusted is shown in Fig. 5-25b. 
Repeat steps 19g through | to recheck the input A over- 
drive fast recovery. 

20. Check Input A Overdrive Dc Shift 

a. Set the input A AC-DC-GND switch to GND. 

b. Set the time-base Time/Div switch to 50 nSec and the 
Triggering Level to Auto. 
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Mig % oe Ag 
x Ss E . 
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Fig. 5-24, Step 191 adjustment location. 

c. Using the Type 3A7 POSITION control, position the 
trace to graticule center, 

d, Set the input A AC-DC-GND switch to DC. Check the 
position of the display. The trailing portion of each cycle 
should be within 5mV (1 div) or less with respect to grati- 
cule center one second after the switch was set to DC (see 

Fig. 5-26). 

e. Set the square-wave generator DC switch to Off and 
disconnect the generator connections at the Type 3A7 and 
time-base front panels, (This generator setup will be used 
again to perform steps 22 and 23.) 

21. Adjust C113, C213 and C220 (Com- O 
mon-Mode Rejection at 20 kHz) 

a, Set the Type 3A7 controls as follows: 

INPUT ATTEN 100 

MILLIVOLTS/DIV 50 

b, Set the time-base Triggering Source switch to Int. 

c. Apply a 30-volt (15 volts peak referenced to ground), 
20-kHz sine-wave signal from the audio generator through a 
42-inch coaxial cable, BNC T connector and dual-input con- 

nector to the A and B input connectors on the Type 3A7. 

d. Connect a coaxial jumper cable and clip-lead adapter 
between the BNC T connector and the time-base Ext Input 
connector. This is the same setup as shown in Fig. 5-18. (lf 
a Type 2B47 is used, connect the clip-lead adapter to the 
50,000-ohm potentiometer as shown in the illustration.) 

e. Check that the amplitude of the display is 30 volts 
(6div; see Fig. 5-27a). 

f. Set the Type 3A7 controls as follows: 

5-20 

AC-DC-GND [B) DC 

INPUT ATTEN 1 

MILLIVOLTS/DIV 1 

g. Set the time-base Time/Div switch to the Ext Input 
position and set the horizontal deflection so it is about 6 
div. 

h. Check for a closed-loop horizontal display as shown 
in Fig. 5-27b. If the display is obtained, go to step 22. 
If the proper display is not obtained (see Fig. 5-27c), ad- 
just C220 (Fig. 5-28) so the loop is horizontal and adjust C113 
and C213 (Fig. 5-28) to close the loop, These adjustments 
interact so they must be adjusted a small amount at a time 
until the loop is closed and is horizontal. Check that the ad- 
justments are set correctly when the left side panel is in- 
stalled temporarily. If necessary, readjust C113, C213 and 
C220 to compensate for the change. 

Alternative Method—If the time-base has no external in- 
put provision, proceed as follows: 

Perform steps 21a through f except that the BNC T connec- 
tor, jumper cable and clip-lead adapter are not used. Care- 

Vertical Deflection Factor; 5 mV/div 

ppt SS Fs 

Sweep Rate: 20 jisec/div 

(a) Correct. 

Vertical Deflection Factor: 5 mV/div 

a
 

P 

| Sweep Rate: 20 psec/div 

(b) Incorrect. 

Fig. 5-25. (a) Correct display obtained when C120 is properly 

adjusted, and |b) shows one example of incorrect adjustment.



fully adjust C113, C213 and C220 to obtain a minimum amp- 
litude display. Fig. 5-27d shows a typical display that can be 
used as a guide. Install side panel temporarily. Check that 
the adjustments are set correctly; readjust if necessary. 

i. Set the Time/Div switch to 50 »Sec (continued from 

step 21h, first paragraph) and check the display ampli- 

tude (see Fig. 5-27d). It should be 1.5 mV or less peak to 
peak. This fulfills the 20,000:1 common-mode rejection ratio 
(CMRR} requirement {30 volts divided by 1.5mV_ equals 
20,000). 

|. Disconnect the audio generator connections from the 

Type 3A7 and time-base front panels. (This generator setup 
will be used again to perform step 24.) 

22. Check Input B Overdrive Fast Recovery 

a. Set the Type 3A7 controls as follows: 

AC-DC-GND [{A) GND 

MILLIVOLTS/DIV 50 

Calibration—Type 3A7 

Vertical Deflection Factor: 5 mV/div 

Wait one second, then check posi- 
[tion of trailing portion with re- 

{ spect to graticule center 

5 nm ttt ppt 

orless_ ben Dee Le 
¥ 

I fT 

[ Sweep Rate: 50 psec/div 

Fig. 5-26. Checking input A overdrive dc shift. 

Vertical Deflection Factor: 5 V/div 
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| Sweep Rate: 50 usec/div 

(a) Displaying 20-kHz 30-volt sine waves. 

Vertical Deflection Factor: 1 mV/div 

TSA 

Horizontal Deflection Factor: 5 V/div 

(c) Open-loop display when C220 and C113 are 

improperly adjusted. 

Vertical Deflection Factor: 1 mV/div 

fo Horizontal Deflection Factor: 5 V/div 

(b) Typical flat closed-loop display obtained when 

€220 and C113 are properly adjusted. 

Vertical Deflection Factor: 1 mV/div 

Sweep Rate: 50 usec/div 

(d) C220 and C113 properly adjusted 
alternative method. 

using the 

Fig. 5-27. Typical displays obtained when performing step 21. 
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Fig, 5-28, Step 21h adjustment locations. 

b, Apply the 10-kHz signal from the square-wave gen- 
erator through the coaxial cable and termination to the 
Type 3A7 input B connector. Connect the generator sync 
output patch cord to the time-base Ext Trig connector, Set 
the generator DC switch to On. (This is the same setup as 
shown in Fig. 5-22, except, the 10-kHz 10-volt signal is ap- 
plied to input B.) 

c. Set the time-base controls as follows: 

Time/Div 20 Sec 

Triggering Source Ext 

d. Set the time-base Triggering Level controls so the 
front corner on the first cycle of the waveform can be seen 
clearly, This display is similar to Fig, 5-23b, but inverted. 

e. Set the MILLIVOLTS/DIV switch to 10 and the time- 

base Time/Div switch to 10 pSec. 

f. Position the first cycle so the trailing portion of the 
waveform coincides with graticule center (see Fig. 5-29a), 
Leave the Type 3A7 POSITION control at this setting until 
the overdrive recovery check described in step 22h has been 
made. 

g. Set the time-base Time/Div switch to 5 uSec and set 
the Pull 5 Mag switch to its outward position, Position the 
waveform to start two div from the left edge of the graticule 
[see Fig. 5-29b), This waveform is similar to Fig. 5-24d, but 
inverted. 

h. Check overdrive fast recovery by observing that the 
waveform returns to within 10 mV of graticule center in a 
time duration of 0.3 us. Fig. 5-29b shows how to determine 
whether this requirement is met. 

NOTE 

If the time base you are using will display the 
waveform when using faster sweep rates up to 0.1 
us/div, then use a faster sweep rate to check 
overdrive fast recovery. 
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23. Check Input B Overdrive Dc Shift 

a. Set input B AC-DC-GND switch to GND and set the 
MILLIVOLTS/DIV switch to 5, 

b, Set the time-base Time/Div switch to 50 pSec, push 
the Pull 5% Mag switch to its inward position and set the 
Triggering Level control to AUTO. 

c. Position the trace to graticule center. 

d. Set the input B AC-DC-GND switch to DC. Wait one 
second and check the position of the display. The trailing 
portion of each cycle should be within 5mV (1 div} or less 
from graticule center (see Fig, 5-30). 

e. Disconnect the square-wave generator, 

24. Check Sine-Wave Common-Mode Rejec- 
tion Requirements 

a, Set the Type 3A7 controls as follows: 

INPUT ATTEN 100 
MILLIVOLTS/DIV 50 

b. Set the time-base controls as follows: 

Time/Div 5 mSec 
Triggering Level Auto 
Triggering Source Int 

At this point in the procedure, the remaining controls 
should be at the following positions: 

Type 3A7 

Ve RANGE 0 

COMPARISON VOLTAGE 0-10-0 

AC-DC-GND (A) GND 

AC-DC-GND (8) DC 

DISPLAY AB 

VARIABLE CAL 

POSITION Midrange 

Time Base 

Position Midrange 

Variable Calibrated 

Pull 5X Mag In 

Mode Norm 

Slope + 

Coupling AC Slow 

c. Apply a 30-volt (15 volts peak reference to ground), 
60-Hz sine-wave signal from the audio generator through the 
coaxial cable, BNC T connector and dual-input connector to 
the A and B input connectors on the Type 3A7. 

d. Connect a coaxial jumper cable and clip-lead adapter 
from the BNC T connector to the time-base Ext Input con- 
nector. This is the same setup as shown in Fig. 5-18. (lf 
the Type 2Bé67 is used, connect the clip-lead adapter to the 
§0,000-chm potentiometer as shown in the illustration.) 

e. Check that the amplitude of the display is 30 volts. 
(Same amplitude as shown in Fig. 5-19.) 
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LTrailing portion 

coincides with 
A graticule center 

+
+
+
 

Vertical Deflection Factor: 10 mV/div 

Sweep Rate: 10 usec/div | | 

(a) First cycle positioned to graticule center as the 

reference. 

i 
10 mV 

or less 
7 tH 

Vertical Deflection Factor: 10 mV/div 
Sweep Rate: 1 ysec/div 

(b) Checking input B overdrive fast recovery. 

Fig. 5-29. Displays obtained when performing step 22. 

f. Set the Type 3A7 controls as follows: 

AC-DC-GND (A) AC 
AC-DC-GND (B) AC 
INPUT ATTEN ] 
MILLIVOLTS/DIV 10 

g. Set the time-base Time/Div switch to the Ext Input 

position. Instali the left side panel on the oscilloscope. 

h. Check the display amplitude. It should be 30 mV or 
less (see Fig. 5-31) to obtain a CMRR requirement of 1000:1 
for ac-coupled 60-Hz sine waves. 

i. Using this procedure as a pattern for setting up the 
common-mode signal amplitude applied to the connectors 

and using the information given in Table 5-4, check the 
CMRR for sine waves that are de coupled. (To de couple the 

common-mode signal when checking CMRR, set both AC- 
DC-GND switches to DC.} 

TABLE 5-4 

SINE-WAVE COMMON-MODE REJECTION 
(Dc-coupled) 

Common- Input | Common- | 
Mode P-P Voltage {Mode Rejec- , Maximum 

Input Sine-Wave | tion Ratio Display t 

Noltage _ | Frequency | Requirement _ Amplitude [ Sweep Rate: 50 usec/div 

~30V | 200Hz =| 20,0001 =| 1.5 mV" 
30 V 2QkHz | Zonet “15 mVi 

~— 30V.—C«L S00kHz =| —Ssi500:1 S| 60 mV? 

j. Disconnect the audio generator including all acces- 
sories. Remove the left side panel from the oscilloscope. 

25. Check DC Common-Mode Rejection 

a. Set the time-base Time/Div switch to .5 mSec. 

b. Set the COMPARISON VOLTAGE switch to 10.00 (9- 
10-0). 

Vertical Deflection Factor: 5 mV/div 

aJ_- | pat 
5 mv 

or less , I , Wait one second, then check posi- |_| | 
tion of trailing portion with respect 

to graticule center. 

‘Set MILLIVOLTS/CM switch to 1. 

*Set MILLIVOLTS/CM switch to 20. 

® 

Fig. 5-30. Checking input B overdrive dc shift. 
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Vertical Deflection Factor: 10 mV/ div 

re 
30 mV 

—— 
or loss 

“1 

Horizontal Deflection Factor: 5 V/div 

Fig. 5-31, Checking ode rejection by applying 60-Hz sine 
waves ac coupled to the Type 3A7 and measuring the X-Y display 
vertical amplitude, 

c, Check that these controls are set as follows: 

Ve RANGE 0 

AC-DC-GND {A and B) DBC 

INPUT ATTEN ] 

DISPLAY A-B 

MILLIVOLTS/DIV ] 

Tyre ala Qecncoscore 

te 

Dua! Input 
Connector 

Fig. 5-32. Setup at completion of step 25d. 
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d. Connect the Vc OUT jack through a 47-ohm resistor 
to both A and B input connectors. To make the connections, 

use the dual input BNC connector, a connector adapter and 

a 6-inch jumper lead with a tip plug. The 47-ohm resistor 
prevents oscillations from occurring. Fig. 5-32 shows the 
setup. 

e. Position the trace to coincide with graticule center 
to establish a reference. 

f. Set the Ve RANGE switch to +11 and note the posi- 

tion of the trace. The difference between the trace positions 
in step e and this step should not be any greater than 0.5 
div to obtain a de common-mode rejection ratio of 20,000:1. 

NOTE 

To double-check the trace positions, set the Ve 
RANGE switch to 0 and then back to +11, Note 
the amount of trace shift. 

g. Set the Ve RANGE switch to 0 and check that the 
trace coincides with graticule center, 

h. Set the Vc RANGE switch to —11. The difference be- 
tween the position of the trace when the Ve RANGE switch 
is set to 0 and when it is set to —11 should not be greater 
than 0.5 div, 

i, Set the Ve RANGE switch to 0. 

j. Disconnect the dual input connector, 47-ohm resistor, 
connector adapter and jumper lead, 

26. Adjust R106E (input A 10X Attenuator) O 

a, Set the Type 3A7 controls as follows: 

COMPARISON VOLTAGE Fully clockwise 
(10-10-past 0) 

AC-DC-GND ([B) GND 

INPUT ATTEN 10 

DISPLAY A-Ve 

At this point in the procedure, the remaining controls 
should be at the following positions: 

Type 3A7 

Ve RANGE 0 

AC-DC-GND {A) bc 

MILLIVOLTS/DIV ] 

VARIABLE CAL 

POSITION Midrange 

Time Base 

Position Set so trace starts at left 
side of graticule 

Time/Div 5 mSec 

Variable Calibrated 

Pull 5X Mag In 

Mode Norm 

Level Auto 

Slope fe 

Coupling AC Slow 

Source Int



b. Connect a connector adapter to the A input connector. 
Connect a 0.001 »F capacitor between the A input con- 
nector adapter and ground to reduce noise pickup. 

c. Connect a short jumper lead from the A input con- 
nector adapter to TP420 (see Fig. 5-33). 

d. Connect a short patch cord from the A input connector 
adapter to the Precision Dc Divider (item 9) Voltage Input 
connector, 

e. Connect a short patch cord from the Precision Dc 

Divider Gnd connector to the Type 3A7 ground binding 
post. 

f. Connect a 1-M@ (1%) resistor from the Precision Dc 
Divider Voltage Output connector to the Gnd connector. 

g. Connect a short patch cord (equipped with a tip plug) 
from the Precision De Divider Voltage Output connector to 
the Ve OUT jack, 

h. Set the Precision De Divider 10:1-100:1 switch to 10:1. 
Fig, 5-34 shows a close-up view of the setup. 

i. Using the POSITION control, position the trace to 

coincide with graticule center, 

j. Set the COMPARISON VOLTAGE control outer knob 
(switch] to a position between the 10 and 9 detent positions. 

(The switch internally disconnects the comparison voltage 
from the Ve OUT jack and amplifier. However, externally 
the divider voltage will be applied via the jumper lead 
to the Ve OUT jack, This voltage will then be applied in- 

Calibration—Type 3A7 

2) = 
. 

oe 

piose Clore 1 

Or. 

Fig. 5-33. Location of step 26 test point and adjustment. 

ternally from the Vo OUT jack through the DISPLAY switch 
to the B input grid side of the Type 3A7 amplifier.) 

k, Set the Ve RANGE switch to +11, 

|. Adjust RIO6E (see Fig. 5-33) so the trace is returned 
to graticule center, 

Capacitor 

‘Voltage 
Input 

1 Megohm 
Resistor 

Precision De 
Divider 

Fig. 5-34, Setup at completion of step 26h. 
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Fig, 5-35. Location of step 27 adjustment. 

27. Adjust R108G (Input A 100X Attenuator) O 
a. Set the Type 3A7 controls as follows: 

Ve RANGE 0 

COMPARISON VOLTAGE 10 
(Outer knob) 

INPUT ATTEN 100 

b. Set the Precision De Divider 10:1-100:1 switch to 

100:1. 

c. Check that the trace is centered. 

NOTE 

When using a deflection factor of 1 mV/div and 

the trace drifts slightly from graticule center, use 

the DC BAL control as a positioning control, if de- 

sired, for steps requiring the trace to remain cen- 

tered, 

d, Set the COMPARISON VOLTAGE control outer knob 
between the 10 and 9 detent positions; set the Ve RANGE 
switch to +11, 

e. Adjust RIOBG (see Fig. 5-35) so the trace coincides 

with graticule center. 

f, Set the Ve RANGE switch to 0 and the COMPARI- 
SON VOLTAGE control outer knob to 5. 

g. Leave the jumper connected that connects from TP420 
to the A input connector, Leave the 0.001 uF capacitor con- 
nected as is. Disconnect all other patch cords at the ends 
that connect to the Type 3A7, but leave the other ends 

of the cords connected to the Precision De Divider as they 
are because the setup will be used again later. 

NOTES 
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Tye sper . 

Rosistor 

ie WAGE © 

Non-Loading 
Voltmeter 

Fig, 5-36. Setup at completion of step 28e, 

28. Adjust R105B (Input A 1X Attenuator) O 

a, Insert the 1-MQ (1%) resistor between the jumper and 
the A input connector adapter. 

b. Set the Type 3A7 controls as follows: 

INPUT ATTEN 10 
Ve RANGE 1.1 

c. Rotate the COMPARISON VOLTAGE control to posi- 
tion the trace to graticule center. The contro! setting will 
be near +0.55V (5-5-0). Leave the contro! at this setting 
until step 28g is completed. 

d. Connect a non-loading voltmeter between input A 
connector adapter and ground 

e, Set the non-loading voltmeter to obtain a null read- 
ing (at about 5.5 volts). Fig, 5-36 shows the setup. 

f. Set the INPUT ATTEN switch to 1 and the Ve RANGE 
switch to 4-11, 

g. Adjust R105B {see Fig. 5-37) to obtain a null reading 
on the non-loading voltmeter. 

h. Disconnect the voltmeter. 

29. Adjust R206E (Input B 10X Attenuator) O 
a. Set the Type 3A7 controls as follows: 

Vo RANGE 0 

(>
) 

COMPARISON VOLTAGE Fully clockwise 

(10-10-past 0) 

AC-DC-GND (A) GND 

AC-DC-GND (B) DC 

INPUT ATTEN 10 

DISPLAY Vc-B 

b. Remove the 1-MQ resistor and 0.001 nF capacitor 
Connect the jumper lead and connector adapter to the B 
input connector, Reconnect the 0.00] .F capacitor between 
the B input connector adapter and ground. (With resistor 
removed, the jumper lead is now connected between TP420 
and the B input connector, The 0,001 pF capacitor is used to 
reduce noise pick-up at the B input connector.) 

¢. Connect a short patch cord from the B input con 
nector adapter to the Precision De Divider Voltage Input 
connector. 

d. Connect a short patch cord from the Precision De 
Divider Gnd connector to the Type 3A7 ground binding 
post. 

e. Connect the 1-MQ resistor from the Precision DC Divid- 
er Voltage Output connector to the Gnd connector. 

f. Connect a short patch cord (equipped with a tip plug} 
from the Precision De Divider Voltage Output connector to 
the Ve OUT jack. 
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weet 

Fig, 5-37, Location of stop 289 adjustment. 

g. Set the Precision De Divider 10;1-100;1 switch to 10:1. 
(This is the same setup as shown in Fig, 5-34 except the 
B input connector is used.) 

h. Check that the trace is centered. 

i. Set the COMPARISON VOLTAGE control outer knob 
to a position between the 10 and 9 detent positions and set 
the Ve RANGE switch to +11. 

j. Adjust R206E (see Fig. 5-38) so the trace is returned 
to graticule center. 

30. Adjust R208G (Input B 100X Attenuator) O 

a. Set the Type 3A7 controls as follows: 

Ve RANGE 0 
COMPARISON VOLTAGE 10 

{Outer knob) 
INPUT ATTEN 100 

b. Set the Precision De Divider 10:1-100:1 switch to 100:1. 

c. Check that the trace is centered. 

d. Set the COMPARISON VOLTAGE control outer knob 

between the 10 and 9 detent positions; set the Ve RANGE 

switch to +11. 

e, Adjust R208G (see Fig. 5-38) to center the trace. 

f. Set the Ve RANGE switch to 0 and the COMPARISON 

VOLTAGE outer knob to 5. 

g. Leave the jumper connected that connects from TP420 

to the B input connector. Leave the 0.001 F capacitor con- 
nected as is. Disconnect al! other patch cords from the 
Type 3A7 to disconnect the Precision De Divider. 
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Fig, 5-38, Steps 29] and 30e adjustment locations, 

31. Adjust R205B (Input B 1X Attenuator) O 

a. Insert the 1-MQ resistor between the jumper and the 
B input connector adapter. 

b. Set the Type 3A7 controls as follows: 

INPUT ATTEN 10 
Vo RANGE +1.1 

c, Rotate the COMPARISON VOLTAGE control to posi- 

tion the trace to graticule center. The control setting will 

be near +0.55V [5-5-0). Leave the control at this setting 

until step 31g is completed. 

d. Connect a non-loading voltmeter between input B 
connector and ground. 

e. Set the non-loading voltmeter to obtain a null read- 

ing (about 5.5 volts}. This is the same setup as Fig. 5-36 

except the connections are made to input B. 

f. Set the INPUT ATTEN switch to 1 and the Ve RANGE 

switch to --11. 

g. Adjust R205B [see Fig. 5-39) to obtain a null reading 

on the non-loading voltmeter. 

h. Set the Ve RANGE switch to 0. 

i. Disconnect the voltmeter, resistor, capacitor, jumper 

lead and connector adapter. 

32. Check Input B 1000X Attenuator 

a. Set the Type 3A7 controls as follows: 

INPUT ATTEN 1000 

DISPLAY A-B 

®
&



Up to this point in the procedure, the remaining controls 
should be at the following positions: 

Type 3A7 

Ve RANGE 0 

COMPARISON VOLTAGE As is 

AC-DC-GND [{A) GND 

AC-DC-GND {B) DC 

MILLIVOLTS/DIV | 

VARIABLE CAL 

POSITION Trace positioned to gra- 
ticule center 

Time Base 

Time/Div 5 mSec 

Variable Calibrated 

Pull 5X Mag In 

Mode Norm 

Level Auto 

Slope of. 

Coupling AC Slow 

Source Int 

b. Apply a 5-volt 1-kHz peak-to-peak calibrator signal 
through a coaxial cable to the B input connector. If pos- 
sible, use an accurate calibration signal source, This setup 
is similar to the one shown in Fig. 5-14, 

c. Check for a display amplitude of 5 div peak to peak. 
Amplitude accuracy, excluding the source accuracy, is 
3% or 0.15 div, 

33. Check Input A 1000X Attenuator 

a, Disconnect the 5-volt signal from the B input and 
apply it to the A input connector. 

Calibration—Type 3A7 

Fig. 5-39, Location of step 31g adjustment. 

b, Set the Type 3A7 controls as follows: 

AC-DC-GND {A) DC 

AC-DC-GND (B) GND 

c, Check that the display amplitude is 5 div peak to 
peak, Amplitude accuracy, excluding the source accuracy, 
is +3% or 0.15 div. 

d. Disconnect the calibrator signal. 

NOTES 
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ie 

Input Time Constant~ 
Stondardizer 

rc 1Ma * 20 pF 

50-ohm 
Termination 

TYPE BHA OSCHLOSOOMS = 

? - je 

Type 105 

10x 
Attenuator 

Fig. 5-40. Setup at completion of step 34b. 

34. Adjust Input Attenuator Compensation O 

a. Set the Type 3A7 controls as follows: 

INPUT ATTEN 1 

MILLIVOLTS/DIV 50 

Up to this point in the procedure, the remaining controls 

should be at the following positions: 

Type 3A7 

Ve RANGE 0 

COMPARISON VOLTAGE As is 

AC-DC-GND {A) DC 

AC-DC-GND [B} GND 

DISPLAY A-B 

VARIABLE CAL 

POSITION Trace positioned to gra- 
ticule center 

Time Base 

Position Set so trace starts at left 
side of graticule 

Time/Div 5 mSec 

5-30 

Variable Calibrated 

Pull 5X Mag In 

Mode Norm 

Level Auto 

Slope f 

Coupling AC Slow 

Source Int 

b. Apply a 1-kHz signal from the Type 105 Square-Wave 
Generator, or equivalent, through a 10 attenuator, a coax- 
ial cable, a 50-ohm termination and a 1-MQ X& 20 pF input 
time constant standardizer {in that order) to the A input con- 

nector. Fig, 5-40 shows the setup required to preform this 

step. 

c. Set the square-wave generator output amplitude so 

the display is about 5 div in amplitude. 

NOTE 

In this step and the remaining steps in the calibra- 

tion procedure, use the Type 3A7 and time-base 

positioning controls whenever it is necessary to 

position the display for best viewing. 

d. Using Table 5-5 as a guide, start with adjustment 
C110 (see Fig. 5-41). Fig. 5-42a shows the correct display
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that should be obtained. Figs. 5-42b and 5-42c show ef- 
fects obtained when C110 is improperly adjusted. 

(| ogee ‘ 
wel fig | i When performing the adjustments for input B, be sure = 

> cio6c + cl10ac to apply the signal to input B connector, set the B input 
= AC-DC-GND switch to DC and the A input AC-DC-GND 

switch to GND to display the waveform. 

When proceeding with the 10, 100 and 1000 

input attenuator adjustments, remove the 10 attenuator to 
obtain more signal drive. Use the Type 105 Output Ampli- 
tude control to maintain a 5-div amplitude display. Fig. 
5-42d, for example, shows a typical display obtained when 
C206E and C206B in the 10 attenuator are properly ad- Y C2088 Ie Adjustments 
justed, Figs, 5-42e and 5-42f show two types of distortion 
obtained when these adjustments are improperly adjusted, 

C2066 Mi C208C MM C206C 
(X10) «X100) (X10) 

e, Set the Type 105 DC switch to Off. Disconnect the 
> cable, termination and standardizer. Fig, 5-41. Location of step 34 adjustments, 

TABLE 5-5 

Compensating the Input Attenuators 

Zz INPUT ATTEN MILLIVOLTS/DIV | Adjust for Optimum! 
Input | Switch Setting Switch Setting Square Corner Flat Top 

ne A | 1 50 _ No adjustment C110 

B } 50 No adjustment C210 
8° 10 50 Adjust C206C first, then C206E" C2068 
A 10 50 Adjust C106C first, then C1O6E* C1068 
A 100 10 C108¢ C1088 
8 100 10 | C208C C2088 
B 1000 | 1 | €209C C2098 
A 1000 1 Cl09c C1098 

‘For input A, adjust waveform for best upper front corner and flat top. For input B, the waveform is inverted so adjust for best lower front 
corner and flat bottom. See Fig. 5-41 for adjustment locations and Fig. 5-42 for typical waveforms, 

*Remove the 10X attenuator to obtain more signal drive. 

“If C206E or CIO6E do not have enough adjustment range, set the adjustment to midrange first and then repeat the procedure given in 
the table, 

NOTES 
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T T T T T 
Correct (optimum flat top) q 

y~N r 
N ogee 

KN. y, 

5 div He HHH HH EH Ht 5 div awe 0oowe Soeee Soe Sees ee eee ERE + 

Correct (square corner and fiat | 

yqem" 

‘a + 

V Jl. Yo t 
A 

(d) Typical display obtained when B input shunt and 

series compensation adjustments are properly 

adjusted. 

(a) Typical display obtained when C110 is properly 

adjusted. 

mle eel oe 

L 
(Jeee seers cere ceewe eee eee one eee were 

Pee [eH Pe ee, 

(e) Incorrect (lower corner not square, bottom not {b) Incorrect (top not flat). 
flat). 

TIT fer ier 

(f) Incorrect (lower corner not square, bottom not 

flat). 
(c) Incorrect (top not flat). 

Fig. 5-42. Typical waveforms obtained when comp ting the attenuators. 
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Type 105 TU-5/105 
Adapter 

¢ 
, 

50-ohm 
Termination 

TU-5 
_— Pulser 

50-ohm 
Cable 

Fig, 5-43, Setup at completion of step 35Sc. 

35. Adjust C255, C281, R280, L170 and © Pull Sx Mag In 
L270 (High-Frequency Transient Response) Mode Norm 

Set the Type 3A7 controls as foll mitts ayy a, Set the Type controls as follows: Coupling AC Slow 

INPUT ATTEN 1 Source Int 

MILUIVOLTS/DIV sad c. Starting at the Type 105 Output connector, connect 
b. Set the time-base controls as follows: the following items in this order: TU-5/105 Adapter, 50- 

= ohm coaxial cable, TU-5 Pulser and 50-ohm termination to 

Time/Div 2 Sec the Type 3A7 input A connector. Fig. 5-43 shows the set- 
Slope — up for this step. 

= Up to this point in the procedure, the remaining controls 

should be at the following positions: 

Type 3A7 

Ve RANGE 0 

COMPARISON VOLTAGE As is 

AC-DC-GND [A} DC 

AC-DC-GND (B} GND 

DISPLAY A-B 

VARIABLE CAL 

POSITION Near midrange 

Time Base 

Position Set so trace starts near 
left side of graticule 

Variable Calibrated 

(>
) 

i=
 

d, Set the Type 105 DC switch to On. Set the Type 105 
for 100-kHz signal output and set the Output Amplitude 
control for 100-volts peak-to-peak output into the TU-5/105 
adapter. 

e. Turn the TU-5 Pulser knob fully counterclockwise. Next, 

rotate the knob slowly clockwise until the tunnel diode in 
the pulser triggers; that is, the vertical deflection of the 
waveform jumps from about 0.5 div to more than 4 div 

(Fig. 5-44a). 

NOTE 

The TU-5 Pulser knob should be set only a few 
degrees clockwise from the triggering point to ob- 

tain an optimum square wave from the pulser. 

If the knob is advanced too far, the leading upper 

corner on the square-wave display will roll off 
excessively, resulting in an undesirable waveform. 
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|_—Leading upper corner Vertical Deflection Factor: 50 mV/div 

[ \ [ 

More 
than Hee eee f 4 beet hee pete tis a 

4 div Fast-rise Optimum square’ corner within 
amplitude 

2.5% peak to peak 

/ 

} f i LY ao oe i oh om on ow bow om [ 

Vertical Deflection Factor: 50 mV/div a [ ; 
Sweep Rate: 2 usec/div | | | Sweep Rate: 0.2 usec/div 

(a} Typical waveform obtained when TU-5 Pulser (b) Typical display showing optimum transient re- 

triggers properly. sponse. 

Vertical Deflection Factor: 50 mV/div Vertical Deflection Factor: 50 mV/div 

Excessive aberration rExcessive aberration 
Seana DRAB ed Lina EEE EEE HEHE aad BARA 01 Ge BERRA RARE SREnn Nees DEDEA DAs DORE 

[ 

_J 
_ s 

[| Sweep Rate: 0.2 usec/div _ tT Sweep Rate: 0.2 usec/div 

(c} Waveform showing excessive aberration, {d) Waveform showing excessive aberration. 

~“ 

| Typical corner 

(within 2.5% 

| YY peak to peak) 
oore roe 

Vertical Deflection Factor: 50 mV/div 

Sweep Rate: 0.2 usec/div | | 

(e) Checking input B transient response. 

Fig. 5-44. Displays obtained when performing step 35. 
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f. Set the time-base Time/Div switch to 1 Sec and set 
the Pull 5 Mag switch to its outward position, 

g. Examine the leading upper corner of the waveform. 
Aberrations should not exceed 2.5% peak to peak of the 
fast-rise amplitude of the waveform. Fig. 5-44b is a typical 
display that can be used as a guide. If the proper dis- 
play is obtained, proceed to step 35h. If the display has 
excessive aberrations such as the examples shown in Figs. 
5-44c and 5-44d, adjust C255, C281, R280, L170 and L270 to 
obtain a display having a fast rise and optimum leading 
upper square corner. Fig, 5-45 shows the location of the 
adjustments. Table 5-6 lists the relative time-constant effect 
that each adjustment has. 

TABLE 5-6 

Transient Response Adjustments 

Relative area on upper front corner 
Adjustment affected by the adjustment 

C281 and “T Long time constant; from corner to 0.5 
Damping R280 | div or about 100 ns, 

C255 Short time constant; from corner to 0.1 
div or about 20 ns. 

L170 and L270' Medium time constant; from corner to 
0,3 div or about 60 ns. 

‘Adjusted so relative positions of the slugs in the coils are similar, 
but not necessarily identical, 

h, Apply the signal to input B, 

i. Set the Type 3A7 controls as follows; 

AC-DC-GND {A) GND 

AC-DC-GND ([B) bc 

j. Set the time-base Triggering Slope switch to +. 

k, Check the negative-going square-wave display for a 
square lower corner, Fig. 5-44de shows a typical display as 
a guide. If the transient response of the waveform needs to 
be improved, slightly readjust any of the high-frequency 
adjustments, as necessary, for best lower corner on the dis- 
play. 
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Fig, 5-45, Location of step 35 adjustments. 

|, Set the Type 3A7 controls as follows: 

AC-DC-GND (A) DC 

AC-DC-GND (B) GND 

m. Set the time-base Triggering Slope switch to —. 

n. Apply the signal to input A, 

0. Repeat steps 35g through k, Recheck the A and B dis: 
plays, Front-corner aberrations should not exceed 2.5% 
of the fast-rise amplitude of the waveform. 

p. Disconnect the signal from the Type 3A7 and turn 
off the square-wave generator, 

NOTES 
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50-ohm 
Termination 

10x 
Attenuator 

Type 1908 
Attenuator Head 

~ i, 
Re 

TYPE SAA OSC). LOSCOFPS 
= — 

PPE TROR CONSTANT AMPLITUON SABA! GENERATOR 

, 

. 

x 

Type 1908 
Constant-Amplitude 
Signal Generator 

Fig, 5-46. Setup at completion of step Jéc, 

36. Check High-Frequency Sine-Wave Response 

a. Set the time-base controls as follows: 

Time/Div 5 mSec 

Pull 5 Mag In 

b, Set the Type 3A7 controls as follows: 

AC-DC-GND [A) DC 

AC-DC-GND (B) GND 

Up to this point in the procedure, the controls should 
be at the following positions: 

Type 3A7 

Ve RANGE 0 

COMPARISON VOLTAGE As is 

DISPLAY A-B 

INPUT ATTEN 1 

MILLIVOLTS/DIV 50 

VARIABLE CAL 

POSITION Near midrange 

Time Base 

Position Set so trace starts near 

5-36 

left side of graticule 

Variable Calibrated 

Mode Norm 

Level Auto 

Slope + 

Coupling AC Slow 

Source Int 

c. Apply a 50-kHz 300-mV peak-to-peak sine-wave ref- 
erence signal from the Type 190B to the B input connector. 
Use a 10% attenuator and 50-ohm termination, connected 
in series, to reduce and terminate the signal output from 

Type 190B attenuator head. Set the Type 190B attenuator. 
head switch and front-panel Output Amplitude control so 
the vertical deflection of the display is exactly 6 div (300 
mY). Fig. 5-46 shows the setup. Fig. 5-47a shows the dis- 

play that should be obtained. 

d. Without changing the output amplitude, set the Type 

190B for 10-MHz sine-wave output. 

e. Check the amplitude of the display. It should be 4.2 
div or more in amplitude, which corresponds to the 30% 
{or less) down requirement (see Fig. 5-47b). 

In a similar manner, check the frequency response of 
the amplifier using the B input. Continue with the checks 
until all MILLIVOLTS/DIV switch positions are checked. 

Table 5-7, which includes the A input check made at 50 

®
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Vertical Deflection Factor: 50 mV/div Vertical Deflection Factor: 50 mV/div 

4 

| | 
Sweep Rate: 0.5 msec/div 

4 4 

Sweep Rate: 0.5 msec/div 

(a) 50 kHz reference waveform, (b) Display showing frequency response is 30% down 

ot 10 MHz, This is the minimum requirement. 

Fig. 5-47, Checking the frequency response of the system, 

mV/div, is provided as a guide for checking amplifier 

frequency response at all the MILLIVOLTS/DIV switch set- = ee a 
tings. As described earlier, when applying the signal to Vertical Deflection Factor; 5 mV/div 
one connector and then the other alternately, set the AC- 
DC-GND switches to their appropriate positions. 

TABLE 5-7 } 

Checking High-Frequency Sine-Wave Response 3 div WAVAWAN 
or fess 

MILLI- oy Sie Mar a iw a Shas - 
' VOLTS/DIV Frequency Response 

dit Switch (Upper end 30%-down point) 
| Setting 

an neers ll 
B 50 

— Sweep Rate: 20 pusec/div 

= = > 10MHz —— 
A a 1) =< 

A 10 

B 10 
ss B 5 Fig. 5-48. Checking input crosstalk to B side of amplifier when sig- 

oe al > 8 MHz nal is applied to input A. 
A 0 = 

A es 
a > > 6MHz 

ae L c. Set the Type 190B for 300-mV 50-kHz sine-wave out- 
Ste ] > 4MHz put. The display should be the same amplitude as that 

Ata 1 = shown in Fig. 5-47a. 

d. Set the Type 3A7 controls as follows: 

37. Check Input Crosstalk AC-DC-GND (B] DC 

a. Set the MILLIVOLTS/DIV switch to 50. DISPLAY Vc-B 

b. Set the time-base Time/Div switch to 20 uSec. MILLIVOLTS/DIV 5 
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h. Apply the signal to B input connector. e. Check that the amplitude of the display is 3 div or 
less (see Fig. 5-48]. This corresponds to the <5% input 

i. Check the amplitude of the display. It should be 3 crosstalk requirement. 

f. Disconnect the signal from the A input connector. div or less. 

g. Set the DISPLAY switch to A-Vc. j. Disconnect the signal. 

NOTES 
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PARTS LIST ABBREVIATIONS 

binding head brass 

binding head steel 

capacitor 

ceramic 

composition 

connector 

cathode-ray tube 

countersunk 

double end 

diameter 

division 

electrolytic 

electrolytic, metal cased 

electrolytic, metal tubular 

external 

focus and intensity 

flat head brass 

flat head steel 

fillister head brass 

fillister head stee! 

height or high 

hexagonal 

hex head brass 

hex head steel 

hex socket brass 

hex socket steel 

inside diameter 

incandescent 

int internal 

Ig length or long 

met. metal 

mtg hdw mounting hardware 

OD outside diameter 

OHB oval head brass 
OHS oval head steel 

PHB pan head brass 

PHS pan head steel 

piste plastic 

PMC paper, metal cased 

poly polystyrene 

prec precision 

PT paper, tubular 

PTM paper or plastic, tubular, molded 

RHB round head brass 
RHS round head steel 

SE single end 

SN or S/N serial number 

SW switch 

TC temperature compensated 

THB truss head brass 

thk thick 

THS truss head steel 

tub, tubular 

var variable 

w wide or width 

WW wire-wound



PARTS ORDERING INFORMATION 

Replacement parts are available from or through your local Tektronix, Inc, Field 

Office or representative. 

Changes to Tektronix instruments are sometimes made to accommodate improved 

components as they become available, and to give you the benefit of the latest circuit 
improvements developed in our engineering department. It is therefore important, when 

ordering parts, to include the following information in your order: Part number, instrument 
type or number, serial or model number, and modification number if applicable. 

If a part you have ordered has been replaced with a new or improved part, your 
local Tektronix, Inc. Field Office or representative will contact you concerning any change 
in part number. 

000 

00x 

*000-0000-00 

Use 000-0000-00 

SPECIAL NOTES AND SYMBOLS 

Part first added at this serial number 

Part removed after this serial number 

Asterisk preceding Tektronix Part Number indicates manufactured by 
or for Tektronix, Inc., or reworked or checked components. ‘ 

Part number indicated is direct replacement. 

Screwdriver adjustment. 

oh Control, adjustment or connector.



SECTION 6 
ELECTRICAL PARTS 

Values are fixed unless marked Variable. 

Ckt. No. 

B300 
B300 
B302 
B302 

Tektronix 

Part No. 

*050-0283-00 
150-0030-00 

*050-0283-00 
150-0030-00 

Replacement Kit 
Neon NE-2V 
Replacement Kit 
Neon NE-2V 

Tolerance +20% unless otherwise indicated. 

Cl0it 
C103 
C1068 
C106C 
C106D 

C106E 
C106F 
C1088 
C108C 
C108E 

C1098 
C109C 
C109D 
€110 
C113 
C120 

C122 
C143 
CI50A 
C150B 
C150C 
C155 
C155 

C156 
C158 
C162 
C166 
C172 
C2014 

C206B 
C206C 
C206D 
C206E 
C206F 
C208B 

C208C 
C208E 
C209B 
C209C 
C€209D 

tC101 and C201 matched within 1% of each other, furnished as a unit. 

®1 

Use 

*295-0094-00 
283-0059-00 
281 -0102-00 
281-0102-00 
283-0109-00 

281-0098-00 
281-0613-00 
281 -0103-00 
281-0098-00 
283-0108-00 

281-0102-00 
281 -0098-00 
283-0607-00 
281 -0099-00 
281 -0077-00 
281-0010-00 

281 -0519-00 
281 -0625-00 
281 -0534-00 
281-0544-00 
281 -0503-00 
281-0526-00 
281 -0547-00 

281 -0613-00 
283-0103-00 
283-0002-00 
283-0002-00 
283-0000-00 

*295-0094-00 

281 -0102-00 
281-0102-00 
283-0109-00 
281 -0098-00 
281-0613-00 
281 -0103-00 

281 -0098-00 
283-0108-00 
281 -0103-00 
281 -0098-00 
283-0607-00 

0.1 pF 
1 pF 
1.7-11 pF 
1.7-11 pF 
27 pF 

1.2-3.5 pF 
10 pF 
1.8-13 pF 
1.2-3.5 pF 
220 pF 

1.7-11 pF 
1.2-3.5 pF 
2000 pF 
1.3-5.4 pF 
1.3-5.4 pF 
4.5-25 pF 

47 pF 
35 pF 
3.3 pF 
5.6 pF 
8 pF 
1.5 pF 

2.7 pF 

10 pF 
180 pF 
0.01 uF 
0.01 uF 
0.001 uF 
0.1 wF 

1.7-11 pF 
1.7-11 pF 
27 pF 

1.2-3.5 pF 
10 pF 
1.8-13 pF 

1.2-3.5-pF 
220 pF 

1.8-13 pF 
1.2-3.5 pF 
2000 pF 

Description 

Bulbs 

Capacitors 

PTM 
Cer 

Air 

Air 

Cer 

Air 
Cer 

Air 

Air 

Cer 

Air 

Air 

Mica 

Air 

Air 

Cer 

Cer 

Cer 

Cer 

Cer 

Cer 
Cer 

Cer 

Cer 

Cer 

Cer 

Cer 

Cer 

PTM 

Air 

Air 

Cer 

Air 

Cer 

Air 

Air 

Cer 
Air 

Air 

Mica 

Var 

Var 

Var 

Var 
Var 

Var 

Var 

Var 

Var 

Var 

Var 

Var 

Var 

Var 

Var 

Var 

Var 

LIST 

600 V 
25V 

1000 V 

200 V 

200 V 

500 V 

500 V 

Type 3A7 

S/N Range 

100-199 
200-up 
100-199 
200-up 

+5% —15% 
+80% —20% 

3% 

10% 

10% 

10% 

10% 

5% 
£0.25 pF 
10% 
+0.5 pF 
+0.5 pF 100-509 
10% 510-up 

10% 
5% X460-up 

X510-up 

+5% —15% 

3% 

10% 

10% 

10% 
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Ckt. No. 

C210 
C213 
C220 
C222 
C243 

C255 
C256 
C272 
C280 
C28) 
C281 

C286 
C292 
C304 
C310 
C314 

C318 
C322 
C330 
C332 

D110 
D124A,B 
D148 
D150 
D152 
D168 
D210 

D252 
D260 
D261 
D262 
D263 
D278 

D282 
D286 
D286 
D292 
D324 
D324 
D330 
D401 

L101 
LR106B 
LR106G 
LR108B 
LR108D 

L169 
L170 
1201 
LR206B 
LR206G 
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Tektronix 

Part No. 

281-0099-00 
281-0077-00 
281-0070-00 
281 -0519-00 
281 -0625-00 

281 -0005-00 
281 -0613-00 
283-0000-00 
281 -0504-00 
28) -0075-00 
281 -0022-00 

283-0002-00 
290-01 36-00 
283-0001 -00 
283-0002-00 
283-0002-00 

290-0164-00 
283-0001 -00 
283-0026-00 
283-0002-00 

*152-0165-00 
*]152-0178-00 
*152-0153-00 
*152-0153-00 
152-0149-00 

*152-0185-00 
*152-0165-00 

152-01 49-00 
152-0195-00 

*152-0185-00 
152-0195-00 

*152-0185-00 
*152-0185-00 

*152-0185-00 
152-0176-00 
152-0285-00 
152-0008-00 
152-0172-00 
152-0265-00 
152-01 66-00 

*152-0171-00 

276-0507-00 
*108-0332-00 
*108-0270-00 
*108-0298-00 
*108-0271-00 

*108-0148-00 
*114-0190-00 
276-0507-00 

*108-0332-00 
*108-0270-00 

1.3-5.4 pF 
1.3-5.4 pF 
4,5-25 pF 
47 pF 
35 pF 

1.5-7 pF 
10 pF 
0.001 uF 
10 pF 
5-25 pF 
8-50 pF 

0.01 pF 
2.2 uF 

0.005 #F 

0.01 uF 
0.01 wF 

1 pF 
0.005 #F 
0.2 pF 
0.01 uF 

Silicon 

Silicon 
Silicon 

Silicon 
Zener 

Silicon 

Silicon 

Zener 

Zener 
Silicon 

Zener 

Silicon 
Silicon 

Silicon 

Zener 
Zener 

Germanium 

Zener 

Zener 

Zener 

Zener 

Capacitors (Cont'd) 

Description 

Air Var 
Air Var 
Cer Var 
Cer 500 V 
Cer 500 V 

Cer Var 
Cer 200 V 
Cer 500 V 

Cer Selected 500 V 
Cer Var 
Cer Var 

Cer 500 V 

EMT 20V 
Cer 500 V 

Cer 500 V 

Cer 500 V 

EMT 150 V 
Cer 500 V 

Cer 25V 
Cer 500 V 

Diodes 

Selected from 1N3579 

Tek Spec 
Replaceable by 1N4244 
Replaceable by 1N4244 
1N961B 0.4W, 10V, 5% 
Replaceable by 1N4152 
Selected from 1N3579 

1N961B 0.4W, 10V, 5% 
IN751A 0.4.W, 5.1 V, 5% 
Replaceable by 1N4152 
IN751A 0.4W, 5.1V, 5% 
Replaceable by 1N4152 
Replaceable by 1N4152 

Replaceable by 1N4152 
TN980A 0.4W, 62V, 10% 
TN980B 0.4W, 62V, 5% 

IN970A 0.4W, 24V, 10% 
1N970B 0.4W, 24V, 5% 
1N753A 0.4W, 6.2V, 5% 
Selected 1N944 11.7 V, 5% 

Inductors 

Core, Ferramic Suppressor 
0.75 nH 
0.25 wH 

0.25 #H 

0.25 #H 

2.5 nH 
50-75 nH 

(wound on a 1300 resistor} 
(wound on a 620 resistor) 
(wound on a 362 resistor 

(wound on a 51 resistor} 

Core 276-0511-00 Var 
Core, Ferramic Suppressor 
0.75 wH 
0.25 #H 

(wound on a 1300 resistor} 

(wound on a 620 resistor} 

10% 
5% 

10% 

10% 

S/N Range 

100-569 
570-up 

X460-up 

X460-up 
X460-up 
X460-up 
X460-up 
X460-up 

100-889 
890-up 

100-889 
890-up



Ckt. No. 

LR208B 
LR208D 
L269 
L270 
L280 

Pll 

Q144 
Q154 
Qi64 
QI74 
Q234 

Q254 
Q264 
Q274 
Q284 
Q294 
Q304 

Tektronix 

Part No. 

*108-0298-00 
*108-0271-00 
*108-0148-00 
*114-0190-00 
*108-0057-00 

131-0149-00 

*151-0139-00 
*151-0133-00 
*151-0108-00 
*151-0103-00 
*151-0103-00 

*151-0133-00 
*151-0108-00 
*151-0103-00 
*151-0133-00 
*151-0136-00 
*151-0096-00 

Resistors are fixed, composition, 

R103 
RI05A 
R105B 
RIO6AT 
R1IO6CtT 

R1IO6E 
R106F 
R108A 
R108F 
R108G 

RIO9A 
R109B 
RI09D 
R1IO9F 
R110 

Furnished as a unit with R206A (matched pair). 

ttFurnished as a unit with R206C (matched pair). 

@i 

316-0470-00 
323-0680-00 
311-0487-00 
325-0004-00 
325-0003-00 

311-0486-00 
316-0101 -00 
323-0681 -00 
321 -0637-00 
311-0485-00 

323-0623-00 
316-0101-00 
316-0470-00 
321-0193-00 
315-0271 -00 

Chassis mounted, 24 contact male 

Inductors (Cont'd) 

Description 

Connector 

Transistors 

Selected 2N918's (dual) 
Selected from 2N3251 
Replaceable by 2N2501 
Replaceable by 2N2219 
Replaceable by 2N2219 

Selected from 2N325] 
Replaceable by 2N2501 
Replaceable by 2N2219 
Selected from 2N325] 
Replaceable by 2N3053 
Selected from 2N1893 

10% unless otherwise indicated. 

479 
988 k 
30k 
900 k 
99.8 k 

500 2 
100 0 
990 k 

Resistors 

h, W 
*»W 

Core 276-0511-00 

Var 

Var 

Var 

Electrical Parts List—Type 3A7 

{wound on a 360 resistor) 
(wound on a 512 resistor) 

Prec 

Prec 
Prec 

Prec 
Prec 

Prec 

Prec 

V% 

0.1% 
0.1% 

Ya 
Ya % 

1% 

1% 
5% 

S/N Range 
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Electrical Parts List—Type 3A7 

Resistors (Cont'd) 
Tektronix 

Ckt. No. Part No. Description S/N Range 

R11] 323-0373-00 75k VY, W Prec 1% 
R114 323-0281-00 8.25 k Vo W Prec 1% 
R120 316-0101-00 1009 YW 
R122 323-0481 -00 1 meg YW Prec 1% 
R123 323-0373-00 75k Yy W Prec 1%, 

R126 316-0101-00 J00 0 VW 

R128 323-0327-00  24.9k Yo W Prec 1% 
R129 321-0215-00 1.69 k Va W Prec 1% 

R130 311-0566-00 5k Var 
R132 321-0215-00 1.69 k VaW Prec 1% 

R134 323-0289-00 10k Vo W Prec 1% 
R136 323-0277-00 75k Vo W Prec 1% 
R138 321-0389-00 110k Va W Prec 1% 

R140 323-0293-00 lik Vo W Prec 1% 

R142 321-0077-00 61.99 Ve W Prec 1% 

R143 316-0562-00 56k WW 

R147 316-0101-00 100 2 Uy W 
R149 323-0210-00 15k Vy W Prec 1% 

R150A 323-0239-00 3.01 k Vo W Prec 1% 

R150B 323-0181-00 7500 Vy W Prec 1% 

R150C 323-01 47-00 3322 Vo W Prec 1% 
R150D 323-0116-00 1582 Vy W Prec 1% 

R150E 323-0647-00 61.49 Vo W Prec 1% 

R152 308-0301-00 10k 3W Ww 1% 
R155 323-0203-00 1.27 k Vy W Prec 1% 

R157 323-0227-00 2.26 k Vo W Prec 1% 
R158 315-0471-00 47092 uw 5% X460-up 
R162 308-0383-00 12k 5W WW 5% 
R166 316-0470-00 47Q VW 

R168 323-0291 -00 10.5k VY, W Prec 1% 
R170 *310-0626-00 2k 11W WW 1% 

R172 302-0104-00 100 k Vy W 

R173 323-0303-00 14k Va W Prec 1% 
R174 316-0470-00 472 VW 

R205A 323-0680-00 988 k Vy W Prec 1% 

R205B 311-0487-00 30 k Var 

R206AT 325-0004-00 900 k YW Prec 0.1% 

R206CtT 325-0003-00 99 Bk Va W Prec 0.1% 

R206E 311-0486-00 500 2 Var 
R206F 316-0101-00 1002 Uw 

R208A 323-0681 -00 990 k Vo W Prec Vo % 

R208F 321-0637-00 99k Ve W Prec Va% 
R208G 311-0485-00 2500 Var 

R209A 323-0623-00 999 k Vo W Prec 1% 

R209B 316-0101-00 1009 VW 

R209D 316-0470-00 479 VW 

tFurnished as a unit with RI06A (matched pair). 

tfFurnished as a unit with R106C (matched pair). 
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Ckt. No. 

R209F 
R210 
R21] 
R212 
R214 

R216 
R220 
R222 
R223 
R226 

R230 
R232 
R233 
R236 
R238 

R240 
R242 
R243 
R244 
R245t 

R247 
R249 
R252 
R253 
R255 

R257 
R258 
R260 
R262 
R264 

R266 
R270 
R272 
R273 
R274 

R276 
R277 
R278 
R279 
R280 

R28] 
R282 
R284 
R288 
R289 

tFurnished as a unit with SW245. 

@i 

Tektronix 

Part No. 

321-0193-00 
315-0271-00 
323-0373-00 
311-0497-00 
323-0281-00 

311-0329-00 
316-0101-00 
323-0481-00 
323-0373-00 
316-0101-00 

316-0470-00 
323-0242-00 
311-0443-00 
323-0277-00 
321-0389-00 

323-0293-00 
32] -0077-00 
316-0562-00 
311-0482-00 
311-0568-00 

316-0101-00 
323-021 0-00 
308-0301 -00 
311-0475-00 
323-0203-00 

323-0227-00 
311-0091 -00 
311-0474-00 
32] -0076-00 
308-0334-00 

316-0470-00 
*310-0626-00 
302-0104-00 
323-0303-00 
316-0470-00 

321-0061-00 
308-0107-00 
323-0291 -00 
321-0061 -00 
311-0496-00 

323-0244-00 
301 -0563-00 
323-0320-00 
311-0074-00 
323-0315-00 

Resistors (Cont'd) 

Description 

Var 

Var 

Var 

Var 

Var 

Var 

Var 

Var 

Var 

Var 

Electrical Parts List—Type 3A7 

Prec 

Prec 

Prec 

Prec 

Prec 

Prec 

Prec 

Prec 

Prec 

Prec 

Prec 

Prec 

WW 

Prec 

Prec 

Prec 

Prec 

Prec 

1% 
9% 
1% 

1% 

1% 
1% 

1% 

1% 
1% 

1% 
1% 

S/N Range 
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Electrical Parts List—Type 3A7 

Ckt. No. 

R290 
R292 
R294 
R300 
R300 
R302 

R302 
R304 
R306 
R310 
R314 
R318 

R320 
R322 
R324 
R330 
R332 

R336 
R338 
R342 
R346 
R401 

R403 
R406 
R408 
R410 
R413 

R415 
R422 
R423 
R425 
R427 

R430) 
R431 
R432 
R433 
R434 
R435 
R436 
R437 
R438 
R439 
R440 
R441 J 
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Tektronix 

Part No. 

323-0306-00 
316-0101-00 
303-0333-00 
302-0563-00 
302-0823-00 
302-0223-00 

302-0273-00 
302-0563-00 
316-0153-00 
316-0223-00 
308-0271-00 
316-0271-00 

308-0319-00 
323-0347-00 
303-0223-00 
303-0123-00 
316-0220-00 

303-0680-00 
311-0001 -00 
304-0102-00 
302-0104-00 
308-0360-00 

308-0359-00 
301-0113-00 

Selected 

311-0484-00 
308-0326-00 

308-0324-00 
308-0316-00 
311-0484-00 
311-0360-00 
302-0102-00 

308-0323-00 Tk 

Resistors (Cont'd) 

Description 

uw 

Prec 1% 

5% 

WW 5% 

WW 1% 
Prec 1% 

5% 
5% 

5% 
Var WW 

WW 1% 

WW 1% 

5% 

Var 
WW 0.01% 

WW 0.01% 
WW 1% 

Var 
Var 

Matched set of 12 to 0.02% grouping. 

S/N Range 

100-199 
200-up 
100-199 

200-up



Ckt. No. 

SWI01 
SW105t 
SW205 

SW110ft 
SW150 
SW150 
$W201 
SW245ttt 
sw410 
SW420 

TP264 
TP294 
TP420 

VII3THT 
v124 
V134 
V174 
V213tttT 
V224 
V274 

Tektronix 

Part No. 

Unwired Wired 

260-0603-00 

260-0634-00 *262-0680-01 

260-0635-00 *262-0679-00 
260-0713-00 *262-0734-00 
260-0713-00 *262-0734-01 
260-0603-00 
311-0568-00 
260-0633-00 *262-0733-00 
260-0712-00 *262-0732-00 

344-0105-00 = Clip, test point 
344-0105-00 Clip, test point 
129-0006-00 Post, connecting 

*157-0099-00 8056, checked 
154-0187-00 6DJ8 
154-0187-00  6DJ8 
154-0491-00 8608 

*157-0099-00 8056, checked 
154-0187-00 6DJ8 
154-0491-00 8608 

TSWI105 and SW205 furnished as a unit. 

t4SW110 concentric with SW105 and SW205, 

THTSW245 furnished as a unit with R245. 

THTV113 and V213 furnished as a pair. 

Switches 

Description 

Rotary 

Rotary 

Rotary 
Rotary 
Rotary 
Rotary 

Rotary 
Rotary 

Test Points 

Electron Tubes 

Electrical Parts List—Type 3A7 

AC-DC-GND A 

INPUT ATTEN 

DISPLAY 
MILLIVOLTS/DIV 
MILLIVOLTS/DIV 
AC-DC-GND B 

Vc RANGE 
COMPARISON VOLTAGE {Vc} 

S/N Range 

100-509 

510-up 
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SECTION 7 

MECHANICAL PARTS LIST 

A list of abbreviations and symbols used 
in this section will be found immediately 
preceding Section 6. Parts ordering in- 
formation is also located immediately pre- 
ceding Section 6.



Mechanical Parts List—Type 3A7 
FRONT & SWITCHES 
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Mechanical Parts List—Type 3A7 

FRONT & SWITCHES 

REF. SERIAL/ MODEL NO. Q 
NO. PART NO. EFF. DIS. y. DESCRIPTION 

1 | 366-0173-00 1 | KNOB, charcoal—Vce RANGE 
ee eee - knob includes: 
213-0004-00 ] SCREW, set, 6-32 x 3/4 inch, HSS 

2 | 262-0733-00 1} SWITCH, wired—Vc RANGE 
switch includes: 

260-0633-00 1 SWITCH, unwired—Vc RANGE 
3]/------ 2 POT 

-- ee ee - mounting hardware for each: (not included w/pot) 
211-0034-00 | 100 349 2 SCREW, 2-56 x % inch, RHS 
211-0089-00 | 350 2 SCREW, 2-56 x 3/g inch, RHS 
210-0001 -00 2 LOCKWASHER, internal #2 
210-0405-00 2 NUT, hex., 2-56 x 9/15 inch 

ee ee ee -| mounting hardware: (not included w/switch) 

210-001 2-00 LOCKWASHER, internal, 3/g x Y2 inch ] 

210-0840-00 1 | WASHER, .390 ID x 7/4 inch OD 
210-0413-00 1] NUT, hex., 3/s-32 x Y inch 

4 | 260-0603-00 2| SWITCH, unwired—AC-DC-GND 

- ee eee - each switch includes: 

210-0951-00 ] WASHER, locating 
214-0240-00 ] SPRING, compression (not shown) 
21 4-0274-00 ] BALL, 1%, inch diameter 
354-0179-00 1 RING, retaining 
366-0274-00 1 KNOB, charcoal—AC-DC-GND 

§5|------ -| mounting hardware for each: (not included w/switch} 

210-0047-00 1] LOCKWASHER, internal, 1.110 OD x .880 inch ID 
210-0568-00 1] NUT, mounting, 7-32 x 1% inches 

6 | 366-0225-00 1] KNOB, charcoal—POS!ITION 
- ete ee - knob includes: 

213-0020-00 1 SCREW, set, 6-32 x Vg inch, HSS 
7}. ----- 1 | POT 

-- eee -| mounting hardware: (not included w/pot) 
210-0940-00 1} WASHER, % ID x 3/4 inch OD 
210-0583-00 1] NUT, hex., 4-32 x 5/4 inch 

8 | 366-0189-00 1] KNOB, red—VARIABLE CAL 
-- ee ee - knob includes: 

213-0020-00 1 SCREW, set, 6-32 x 4, inch, HSS 
9 | 366-0175-00 11 KNOB, charcoal—MILLIVOLTS/DIV 

- ee eee - knob includes: 

213-0004-00 1 SCREW, set, 6-32 x3/,¢ inch, HSS 
10 | 262-0734-00 | 100 509 ] SWITCH, wired—MILLIVOLTS/DIV 

262-0734-01 510 ] SWITCH, wired—MILLIVOLTS/DIV 

---- ee - switch includes 
260-071 3-00 ] SWITCH, unwired—MILLIVOLTS/DIV 

Wj------ ] POT 
- ee eee - mounting hardware: (not included w/pot) 

210-001 2-00 ] LOCKWASHER, internal, 3/g x / inch 

210-0413-00 2 NUT, hex., 9/g-32 x Yy inch 
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Mechanical Parts List—Type 3A7 

FRONT & SWITCHES (Cont'd) 

SERIAL/MODEL NO. 
No. PART NO. EFF. DISC. 1 DESCRIPTION 

12 | 376-0014-00 1] COUPLING, wire 
13 | 384-0365-00 1 SHAFT, inter switch, 1% diameter x 8.282 inches long 
14 | 407-0164-00 ] BRACKET, pot 
15|------ ] POT 

wee eee - mounting hardware: (not included w/pot alone} 

210-0940-00 j WASHER, flat, 4 ID x 3/ inch OD 
210-0583-00 ] NUT, hex., 14-32 x 5/16 inch 

l6];------ -| mounting hardware: (not included w/switch] 

210-0413-00 1] NUT, hex., 3/6-32 x ¥ inch 
210-0012-00 1 | LOCKWASHER, internal, 3/g x 1/2 inch 

211-0008-00 2| SCREW, 4-40 x 4 inch, PHS 
358-0216-00 1 | BUSHING, front panel 

17 | 366-0031 -00 1 | KNOB, red—DISPLAY 
- ee eee - knob includes: 
213-0004-00 1 SCREW, set, 6-32 x 3/6 inch, HSS 

18 | 262-0679-00 1} SWITCH, wired—DISPLAY 
wee eee - switch includes: 
260-0635-00 ] SWITCH, unwired—DISPLAY 

ee eee - mounting hardware: (not included w/switch alone} 
210-001 2-00 ] LOCKWASHER, internal, 3/g x 2 inch 
210-041 3-00 1 NUT, hex., 9/g-32 x Y) inch 

19] ------ 2 CAPACITOR 
wee eee - mounting hardware for each: (not included w/capacitor alone 

214-0456-00 ] FASTENER, delrin 

20 | 337-0670-00 ] SHIELD, switch mounting 
- ee eee -| mounting hardware: (not included w/switch) 

21 | 211-0007-00 21 SCREW, 4-40 x 9/4 inch, PHS 

22 | 366-0142-00 1} > KNOB, charcoal—INPUT ATTEN 
wee eee - knob includes: 
213-0004-00 ] SCREW, set, 6-32 x 3/4 inch, HSS 

644-0009-01 1} ASSEMBLY, attenuator (see ref #36) 
- eee - attenuator assembly includes: 
610-0130-00 ] ASSEMBLY, attenuator chassis 

- eee - assembly includes: 
23 | 441-0586-00 ] CHASSIS, attenuator 

- ee eee - mounting hardware: (not included w/chassis alone} 

211-0007-00 2 SCREW, 4-40 x 9/,6 inch, PHS 

24) ------ 14 CAPACITOR 
wee ee - mounting hardware for each: (not included w/capacitor 

alone} 

214-0456-00 ] FASTENER, delrin 

25 | 358-0136-00 10 BUSHING, teflon 
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Mechanical Parts List—Type 

FRONT & SWITCHES (Cont'd) 

3A7 

ae. PART NO. =eimore — T DESCRIPTION 

26}------ 6 POT 
- eee - mounting hardware for each: (not included w/pot alone] 
210-0046-00 ] LOCKWASHER, internal, .400 OD x .261 inch ID 
210-0940-00 ] WASHER, 1% ID x 3% inch OD 
210-0583-00 1 NUT, hex., 4-32 x 5/14 inch 

262-0680-01 ] SWITCH, wired—INPUT ATTEN 
- eee ee - switch includes: 

27 | 260-0634-00 2 SWITCH, unwired—INPUT ATTEN 
- ee eee - mounting hardware for each: (not included w/switch alone} 
210-0413-00 1 NUT, hex., 4-32 x Y inch 

28 | 337-0671-00 ] SHIELD, switch mounting 
29 | 214-0461-00 3 ASSEMBLY, Gear 

- eee - each assembly includes: 
213-0020-00 1 SCREW, set, 6-32 x Yg inch, HSS 

30 | 210-0913-00 2 WASHER, phenolic, 14, ID x 5% inch OD 
31 | 387-0985-00 ] PLATE, switch, front 

-- ee ee - mounting hardware: {not included w/plate alone} 
32 | 211-0019-00 2 SCREW, 4-40x1 inch, RHS 
33 | 166-0106-00 2 TUBE, spacing 
34 | 210-0586-00 2 NUT, keps, 4-40x % inch 

35 | 384-0325-00 ] ROD, shaft, drive gear 
ee eee - rod includes: 
354-021 9-00 ] RING, retaining 

36]}------ - | mounting hardware: (not included w/attenuator assembly} 
210-0840-00 1 | WASHER, .390 ID x 4 inch OD 
210-0413-00 1} NUT, hex., ¥%-32 x Y inch 

37 | 366-0341-00 1} KNOB, charcoal—DC BAL 

- ee eee - knob includes: 
213-0076-00 ] SCREW, set, 2-56 x % inch, HSS 

38|------ 1 | POT 
- eee ee - | mounting hardware: (not included w/pot) 
210-0583-00 1 | NUT, hex., %4-32x 346 inch 

39 | 407-0163-00 1 | BRACKET, pot 
- ee eee - | mounting hardware: (not included w/bracket} 
210-0586-00 ] NUT, keps, 4-40 x 4 inch 

40 | 331-0152-00 1] DIAL, w/o brake 
- ee eee - dial includes: 
213-0022-00 1 SCREW, set, 4-40 x 34, inch, HSS 

41 | 384-0362-00 1 | SHAFT, dial index 
- 2 eee - | mounting hardware: (not included w/shaft) 

42 | 210-0465-00 2} NUT, hex., 4-32 x 3 inch 
210-0046-00 1 | LOCKWASHER, internal, .400 OD x .261 inch !D 
354-0184-00 1} RING, retaining 
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Mechanical Parts List—Type 3A7 

FRONT & SWITCHES (Cont'd) 

nae PART NO. en —— 7 DESCRIPTION 

43 | 366-0324-00 1] KNOB, charcoal—COMPARISON VOLTAGE (Vc] 

eee eee - knob includes: 

213-0022-00 ] SCREW, set, 4-40 x 9/16 inch, HSS 

44 | 262-0732-00 1] SWITCH, wired —COMPARISON VOLTAGE (Vc] 

ee te ee - switch includes: 

260-0712-00 ] SWITCH, unwired 

45|------ 1 POT 

-- sees - mounting hardware: (not included) 

210-0012-00 ] LOCKWASHER, internal, 3/g x 2 inch 

210-0413-00 | 100 789 2 NUT, hex., 3/6-32 x 2 inch 

210-0004-00 | 790 2 LOCKWASHER, internal, #4 (not shown) 

210-0586-00 | 790 2 NUT, keps, 4-40 x 4 inch (not shown) 

211-0097-00 4 790 2 SCREW, 4-40 x 5/4 inch 

426-0289-00 | 790 ] MOUNT, plastic 

46 | 213-0075-00 2 SCREW, set, 4-40 x 9/32 inch 

47 | 337-0761-00 | 100 789 ] SHIELD, switch mounting 

337-0761-01 | 790 ] SHIELD, switch mounting 

- eee ee - shield includes: 

211-0094-00 ] SCREW, 4-40 x 1 inch, socket, THS 

-- ee ee - mounting hardware: (not included w/shield alone} 

210-0017-00 2 LOCKWASHER, #5 

210-0449-00 2 NUT, hex., brass, 5-40 x %4 inch 

48)------ -]| mounting hardware: (not included w/switch) 

210-0049-00 1] LOCKWASHER, internal, 5/s inch ID 

210-0579-00 1 NUT, hex., 5/g-24 x 34 inch 

49 | 384-0364-00 1| SHAFT, dial index 

50 | 366-0109-00 1] KNOB, aluminum, plug-in securing 

~- eee - knob includes: 

213-0005-00 ] SCREW, set, 8-32 x Ye inch, HSS 

51 | 214-0052-00 J FASTENER, pawl right 

- ee eee -| mounting hardware: (not included w/fastener) 

210-0004-00 2| LOCKWASHER, internal #4 

210-0406-00 2) NUT, hex., 4-40 x 3/6 inch 

52 | 200-0588-00 1] COVER, attenuator 

- ee eee - | mounting hardware: (not included w/cover) 

211-0007-00 3| SCREW, 4-40 x 3/5 inch, PHS 

210-0801 -00 3| WASHER, 58x %/6 inch 

53 | 200-0593-00 ] COVER, attenuator 

- ete ee -| mounting hardware: {not included w/cover) 

211-0008-00 4] SCREW, 4-40 x % inch, PHS 

210-0801 -00 3] WASHER, 5S x %16 inch 

210-0202-00 | X200 1 LUG, solder, SE #6 

54 | 200-0589-00 1} COVER, attenuator 

- ee eee -| mounting hardware: (not included w/ cover) 

211-0008-00 4] SCREW, 4-40x 1% inch, PHS 

210-0801 -00 4| WASHER, 5S x 7/;g inch 

55 | 384-0361-00 1| ROD, pot, Ye diameter x 7.250 inches long 
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Mechanical Parts List—Type 3A7 

FRONT & SWITCHES (Cont'd) 

Q 

56 | 376-0029-00 | 100 689 ] COUPLING, shaft 

- ee eee - coupling includes: 
213-0075-00 | 100 689 1 SCREW, set, 4-40 x 9/32 inch 
376-0051-00 | 670 1] COUPLING, flexible 
- 2 ee - coupling includes: 
213-0048-00 | 670 4 SCREW, set, 4-40 x 9/4, inch, HSS 
354-0251-00 | 670 2 RING, coupling 
376-0048-00 | 670 ] COUPLING, plastic 

57 | 358-0054-00 1 BUSHING, banana jack 

wet - | mounting hardware: (not included w/bushing) 
58 | 210-0046-00 1 LOCKWASHER, internal, .400 OD x .261 inch ID 

210-0465-00 ] NUT, hex., %4-32 x 3% inch 

348-0031 -00 1 | GROMMET, polypropylene, snap-in, Y, inch diameter 

59 | 136-0163-00 | 100 569 1 | SOCKET, tip jack, charcoal 
136-0098-00 | 570 1 | SOCKET, tip jack, black 
- oes ee - | mounting hardware: (not included w/socket} 

210-0046-00 ] LOCKWASHER, internal, .400 OD x .261 inch ID 

60 | 129-0053-00 ] ASSEMBLY, binding post 

- see ee - assembly includes: 
200-0103-00 1 CAP 
355-0507-00 ] STEM, adapter 
------ - | mounting hardware: (not included w/assembly} 
210-0046-00 ] LOCKWASHER, internal, .400 OD x .261 inch ID 

210-0455-00 1] NUT, hex., 14-28 x 3, inch 

él] ------ 1] POT 
-- ee ee - | mounting hardware: (not included w/pot} 

220-0441-00 1] NUT, hex., %4-32 x 339 inch 
210-0046-00 ] LOCKWASHER, internal, .400 OD x .261 inch ID 

358-0054-00 ] BUSHING, banana jack 

62 | 333-0910-00 1 PANEL, front 

63 | 352-0084-00 2 | HOLDER, neon 
64 | 378-0541-00 ] FILTER, lens 

65 | 386-0215-00 1 | PLATE, sub-panel, front 
66|------ ] POT 

we ee ee - | mounting hardware: (not included w/pot} 

220-0440-00 ] NUT, hex., 4-32 x 21/39 inch 
210-0046-00 ] LOCKWASHER, internal, .400 OD x .261 inch ID 

358-0054-00 ] BUSHING, banana jack 

67 |} 200-0643-00 2| CAP, lamp holder, neon 
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Mechanical Parts List—Type 3A7 

CHASSIS & FRAME 

REF. SERIAL/ MODEL NO. Q 
No.| PART NO. HE SSS T DESCRIPTION 

1 | 441-0634-00 1 | CHASSIS 
- ee eee - | mounting hardware: {not included w/chassis) 
211-0504-00 6 | SCREW, 6-32 x Y, inch, PHS 
210-0202-00 1 | LUG, solder, SE #6 w/2 wire holes 

2}------ 2 | COIL 
wee eee - | mounting hardware for each: (not included w/coil] 
354-0234-00 ] RING, locking, transistor socket 

3 | 214-0276-00 2 | SPRING, ground 
7 - ee ee - | mounting hardware for each: (not included w/spring) 
129-0006-00 1 POST, connecting, insulated 
210-0457-00 1 | NUT, keps, 6-32 x 5/44 inch 

4 | 131-0149-00 ] CONNECTOR, chassis mounted, 24 contact, male 
-- eee - | mounting hardware: (not included w/connector) 
211-0008-00 2 | SCREW, 4-40 x % inch, PHS 
210-0586-00 2 | NUT, keps, 4-40 x % inch 

5 | 136-0014-00 2 | SOCKET, STM9 
- ee eee - | mounting hardware for each: (not included w/socket) 
213-0044-00 2 | SCREW, thread cutting, 5-32 x 3/44 inch, PHS 

6 | 136-0022-00 T | SOCKET, STM9S 
--- eee - | mounting hardware: (not included w/socket) 
213-0044-00 2 | SCREW, thread cutting, 5-32 x 3/1, inch, PHS 

7 | 136-0078-00 1 | SOCKET, 8 pin miniature 
eee eee - | mounting hardware: (not included w/socket} 
213-0055-00 2 | SCREW, thread cutting, 2-56 x 3/44 inch, RHS 

8 | 136-0174-00 2 | SOCKET, 9 pin 
- eee ee - | mounting hardware for each: {not included w/socket) 

9 | 213-0044-00 2 | SCREW, thread cutting, 5-32 x 3/4 inch, PHS 

10 | 136-0T81-00 9 | SOCKET, 3 pin transistor 
wee eee - | mounting hardware for each: (not included w/socket) 
354-0234-00 1 | RING, locking, transistor socket 

214-0948-00 | X570 2 | HEAT SINK (not shown} 
11 | 136-0188-00 2 | SOCKET, 5 pin 
24}------ 1) POT 

-- eee - | mounting hardware: (not included w/pot} 
214-0321 -00 FASTENER, mounting, pot 
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Mechanical Parts List—Type 3A7 

CHASSIS & FRAME (Cont'd) 

ee PART NO. einen a T DESCRIPTION 

13 | 337-0759-00 1] SHIELD 
- see eee -| | mounting hardware: (not included w/shield} 

129-0006-00 1} POST, connecting, insulated 
211-0504-00 1] SCREW, 6-32 x Y% inch, PHS 
210-0457-00 1} NUT, keps, 6-32 x 34, inch 

14] 348-0031-00 6| GROMMET, polypropylene, snap-in, 4 inch diameter 
15 | 348-0086-00 1] MOUNT, resilient 

- eee -| mounting hardware: (not included w/mount) 

213-0044-00 SCREW, thread cutting, 5-32 x 3/4 inch, PHS, phillips 

16 | 348-0056-00 3} GROMMET, delrin 
17 | 351-0037-00 1} GUIDE, plug-in, delrin 

- ee tee -| mounting hardware: (not included w/guide) 
211-0013-00 1{ SCREW, 4-40 x 3/, inch, RHS 
210-0586-00 1} NUT, keps, 4-40 x 1% inch 

1] ----- T{ POT 
cee eee -]| mounting hardware: (not included w/pot) 
210-0429-00 ] NUT, hex., bushing, 3/s-32 x Yo x 146 inches 

210-0013-00 1} LOCKWASHER, internal, %x!'¥6 inch 
358-0010-00 1 | BUSHING, 34-32 x %6 inch 

Wl------ 1| POT 
ee ee ee -]| mounting hardware: (not included w/pot) 
210-0840-00 1} WASHER, .390 ID x %/14 inch OD 
210-0413-00 1] NUT, hex., 344-32x 1% inch 

20 | 129-0006-00 ] POST, connecting, insulated 

cee eee -| mounting hardware: (not included w/post} 

210-0457-00 ] NUT, keps, 6-32 x 5/6 inch 

21 | 358-0215-00 1] BUSHING, plastic, black 
22 | 386-0214-00 1 PLATE, rear 

23 | 386-0216-00 1] PLATE, bulkhead 
- ee eee - includes: 
211-0094-00 4 SCREW, 4-40 x V2 inch, socket, THS, phillips 

24 | 337-0788-00 ] SHIELD, chassis mount 

-- oe ee - | mounting hardware: (not included w/shield) 

210-0586-00 3| NUT, keps, 4-40 x % inch 

25 | 337-0008-00 1 | SHIELD, tube, w/spring, 115/14 inches high 

26 | 343-0089-00 1 | CLAMP, cable size (D} 
27 | 210-0204-00 1] LUG, solder, DE #6 

- ee eee - | mounting hardware: (not included w/lug} 
211-0504-00 1] SCREW, 6-32 x 1% inch, PHS, phillips 
210-0407-00 1] NUT, hex., 6-32 x Y% inch 
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Mechanical Parts List—Type 3A7 

CHASSIS & FRAME (Cont'd) 

REF. SERIAL/ MODEL NO. Q 
No.| PART NO. 7 DISS. v DESCRIPTION 

28 | 384-0615-00 4| ROD, spacer, plug-in 
see eee -| mounting hardware for each: (not included w/rod} 
212-0044-00 1] SCREW, 8-32 x > inch, RHS, phillips 

29|------ 2] RESISTOR 
- eee -| mounting hardware for each: (not included w/resistor] 
211-0544-00 1] SCREW, 6-32 x 34 inch, THS, phillips 
210-0478-00 ] NUT, hex., resistor mounting 
211-0507-00 1] SCREW, 6-32x 5/46 inch, PHS 

30]}------ T| POT 
- elle -| mounting hardware: (not included w/pot) 
210-0207-00 1} LUG, solder, pot, plain, 3 inch 
210-0012-00 1 | LOCKWASHER, internal, x ¥Y. inch 
210-0840-00 1 | WASHER, .390 ID x %/,6 inch OD 
210-0413-00 1] NUT, hex., 34-32 x 1% inch 

31 | 210-0204-00 1] LUG, solder, DE #6 
- oe eee -| mounting hardware: (not included w/lug} 
213-0044-00 1} SCREW, thread cutting, 5-32 x 4/4 inch, PHS, phillips 

32 | 200-0554-00 1} COVER, heat stabilizer 

cee eee - | mounting hardware: (not included w/cover} 
210-0870-00 1] WASHER, °4 ID x 5/44 inch OD 
211-0516-00 1] SCREW, 6-32 x 7% inch, PHS, phillips 

33 | 377-0103-00 2} INSERT, heat stabilizer 

34 | 210-0202-00 ] LUG, solder, SE #6 w/2 wire holes 
- ee eee - | mounting hardware: (not included w/lug) 
211-0504-00 1] SCREW, 6-32 14 inch, PHS 
210-0407-00 1) NUT, hex., 6-32 x % inch 

35 | 200-0642-00 2} CAP, plate, tube 
36 | 131-0374-00 12 | CONNECTOR, male, contact 
37 | 210-0201-00 6| LUG, solder, SE #4 

eee eee -| mounting hardware for each: (not included w/lug) 
213-0044-00 1 SCREW, thread cutting, 5-32 x 34, inch, PHS, phillips 

38j------ 1{ RESISTOR 
-- ee ee - | mounting hardware: (not included w/resistor} 

211-0544-00 1] SCREW, 6-32 x 34 inch, THS, phillips 
210-0478-00 1 NUT, hex., resistor mounting 

210-0202-00 1] LUG, solder, SE #6 
211-0507-00 1 | SCREW, 6-32 x 5A. inch, PHS 

ACCESSORIES 

070-0477-00 2 | MANUAL, instruction (not shown) 
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Mechanical Parts List—Type 3A7 

CABLE HARNESS & CERAMIC STRIPS 

NO. PART NO. nn an ne 1 DESCRIPTION 

1 | 124-0145-00 5 | STRIP, ceramic, 20 notches, 7/;4x3 inches long 
- ete - each strip includes: 
355-0046-00 2 STUD, nylon 
- eo eee - | mounting hardware for each: (not included w/strip} 
361-0009-00 2 | SPACER, nylon 

2 | 124-0148-00 4 | STRIP, ceramic, 9 notches, 7/16 17/15 inch 
wee eee - each strip includes: 
355-0046-00 2 STUD, nylon 
- ee eee - | mounting hardware for each: (not included w/strip) 
361-0009-00 2 | SPACER, nylon 

3 | 124-0087-00 2 | STRIP, ceramic, 3 notches x 34 inch 

we eee - each strip includes: 
355-0046-00 1 STUD, nylon 
-- se ee - | mounting hardware for each: (not included w/strip) 
361-0009-00 1 | SPACER, nylon 

4] 124-0147-00 2 | STRIP, ceramic, 13 notches, 7/;4 x2 inches 

- ete ee - each strip includes: 
355-0046-00 2 STUD, nylon 
- ee eee - | mounting hardware for each: (not included w/strip) 
361-0009-00 2 | SPACER, nylon 

5 | 179-1000-00 1 | CABLE HARNESS 
- es eee - cable harness includes: 
131-0374-00 3 CONNECTOR, male, contact 
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IMPORTANT: 

Circuit voltages were obtained with a 20,000 Q/Volt dc VOM. All 
readings are in volts. 

Voltage, waveform-amplitude and dc-level measurements are not ab- 
solute and may vary from unit to unit. To obtain these measurements, 
a 30-inch flexible-cable extension (012-0066-00) was used to operate 
the Type 3A7 out of the oscilloscope plug-in compartment. 

Actual waveform photographs are shown on the schematic diagram. 
To show the waveforms in a time-related sequence, the test oscilloscope 
used for signal tracing was set for +Ext triggering on the 2-volt ref- 
erence signal applied to Input A of the Type 3A7. Refer to the Main- 
tenance section for full details about signal tracing. 
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MANUAL CHANGE INFORMATION 

At Tektronix, we continually strive to keep up with latest 
electronic developments by adding circuit and component 
improvements fo our instruments as soon as they are devel- 
oped and tested. 

Sometimes, due to printing and shipping requirements, we 
can't get these changes immediately into printed manuals. 
Hence, your manual may contain new change information on 
following pages. 

A single change may affect several sections. Sections of 
the manual are often printed at different times, so some of 
the information on the change pages may already be in 
your manual. Since the change information sheets are carried 
in the manual until ALL changes are permanently entered, 
some duplication may occur. If no such change pages appear 
in this section, your manual is correct as printed. 


