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1-1. INTRODUCTION

The DC Voltage Calibrator is a portable, low-
impedance source of highly accurate and stable

dc voltage. The instrument supplies voltages
from 0.00000 to +1111.110 volts, which are se-
lected by a range multiplier dial and six decade
dials. The range dial has nominal full-scale
10-, 100-, and 1000-volt ranges, and indicates the
decimal-point placement, in the readout of the
decade dials, according to the range selected.
The range dial also has a zero-volt-output posi-
tion. The decade dials control detented, bi-
directional, make-before-break, rotary switches.
Output voltages higher than 1000 volts are ob-
tained by the use of the overrange positions
marked X (marked 10 on the extreme left-hand
dial) on the decade dials.

The output current capability of the instrument
is 25 milliamperes nominal at all output voltage
settings. The instrument 1s protected by an over-
current circuit which reduces the output voltage
to zero and flashes the front panel indicator if
the output current exceeds the nominal 25 milli-
amperes. The protective circuit cycles on and off
so long as the overcurrent condition exists and
then resets automatically when the condition 1s

removed.

The output of the instrument is isolated from the
ac-power line and the outer case so that the out-
put can be applied to isolated or grounded loads.
The metal terminal on the front panel may be
used to ground either side of the output.

1-2. PHYSICAL DETAILS

The instrument is contained in a cabinet, or 1n an
enclosure that can be mounted in a standard,
19-inch rack or cabinet. All operating controls,
indicators, and binding posts are mounted on the
front panel. The primary-power fuse and entry
are located at the rear. Ventilation is provided
by a fan that 1s located in the rear of the 1nstru-

ment.

1-3. COMPONENTS

The instrument includes electron-tube and solid-
state circuits. the majority of which are provided

9-26-66
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by two open, etched-circuit boards. Most of the
components are mounted on the main board, which
is secured in a horizontal position to the bottom
of the chassis by screws. Other components are
on a vertically-mounted board which plugs into
the main board. The remaining components are
mounted immediately behind the front panel.

1-4. CONSTRUCTION

Details of the materials used in the construction
of the instrument are as follows:

Etched-circuit boards — epoxy glass
Chassis — aluminum

Front panel — aluminum

Rear panel — CRS (cold rolled steel)
Cabinet model enclosure — aluminum

Rackmount model enclosure — CRS

1-5. FINISH

The structural parts of the instrument are finished
as follows:

Chassis — clear alodine

Front panel — clear alodine, front and sides
painted semi-gloss light gray enamel COHU No.
3310042-218 (color No. 26492 per FED-STD-
595), silk screened 1n black

Rear panel — cadmium plated

Cabinet model enclosure — yellow alodine,
outside painted medium gray medium wrinkle

enamel COHU No. 3310042-418 (color No.
26251 per FED-STD-595)

Rackmount model enclosure — cadmium plated,

blank front panel painted semi-gloss light gray
enamel COHU No. 3310042-218 (color No. 26492

per FED-STD-595)
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GENERAL DESCRIPTION

1-6. DIMENSIONS AND WEIGHT

The dimensions and weight of the instrument are
as follows:

Cabinet model
Net weight — 20 pounds

Shipping weight — 30 pounds

Dimensions — See Figure 1-1

Rackmount model
Net weight — 27 pounds
Shipping weight — 40 pounds

Dimensions — See Figure 1-2
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Figure 1-1. Cabinet Model Dimensions and Outline
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Figure 1-2. Rackmount Model Dimensions and Outline
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Table 1-1. Electrical Specifications

OUTPUT VOLTAGE:

OUTPUT CURRENT:

ACCURACY:
(Refer to para. 1-8)

STABILITY:
(Refer to para. 1-9)

NOISE AN HUM:

SOURCE RESISTANCE:

> LOAD REGULATION:

LINE VOLTAGE REGULATION:

TEMPERATURE COEFFICIENT:
POWER REQUIREMENTS:
STORAGE TEMPERATURE:

OPERATING TEMPERATURE:

0.00000 to £1000.000 volts 1in 3 decade ranges
(£1111.110 volts at maximum overrange)

0 to 25 milliamperes nominal at any voltage setting

10-V range, 0.01% of setting plus 50 uV
100-V range, 0.01% of setting plus 100 pV
1000-V range, 0.01% of setting plus 250 pV

24 hours. within 30 ppm of mean value plus 25 uV
30 days, within 50 ppm of mean value plus 50 pV

<100 1V rms above 0.1 Hz

<0.001 ohm plus 0.0002 ohm/volt at dc

<(0.0005% of setting plus 25 1V no load to full load

<0.0007% of setting plus 20 4V for 10% change from
nominal ac-line voltage

<(20 ppm plus 2 V)/°C from +20°C to +40°C
105-125 or 210-250 volts, 50-60 Hz, 120 watts maximum
-15°C to +85°C with relative humidity to 100%

+920°C to +40°C with relative humidity less than 90%

COHU reserves the right to change specifications without notice.

1-7. ELECTRICAL SPECIFICATIONS

The electrical specifications of the mstrument
are listed 1in Table 1-1.

1-8. ACCURACY

For a period of 30 days after calibration the
output voltage, referred to the volt maintained
by the National Bureau of Standards. i1s equal to
the set value within the tolerances specified
(refer to Table 1-1) 99.7 percent of the time for
any combination of the following conditions: line
voltage. +10 volts rms from nominal: line ftre-
quency. =1 Hz from nominal; ambient temperature,
+1°C from nominal: external load. 0 to 25 miih-
amperes: relative humidity. 80 percent maximunm.
The accuracy specification includes the effects
of the stability specification and all the specifi-
cations within the ranges of the variables wm the
list of specifications in Table 1-1.

11-14-66

1-9.  STABILITY

The stability specification apphes for a constant
external load and the following standard reference
conditions: ambient temperature, 23 £19C; rela-
tive humidityv. =59 percent: atmospheric pressure,
375 to RB00 millimeters of mercury: line voltage,
nomina! +£1 volt rms; and line frequency, nominal
+0.5 Hz. For any 24-hour period, the output
voltage is within 30 ppm of its mean value plus
25 microvolts 99.7 percent of the time. For any
30-dav period. the output voltage 1s within 50 ppm
of its mean value plus 50 microvolts 99.7 percent
of the time.

1-10.  ACCURACY AND STABILITY
MEASUREMENTS

The accuracy and stability measurements are
made using a low-pass filter or measuring system
having a cut-off frequency of 0.1 Hz or less and a
slope of 20 dB per decade or more to over 60 dB
down.

1-3
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OPERATION

2—-1. INITIAL CHECK

The performance of the 1nstrument should be
checked upon receipt to detect possible con-
cealed damage caused during shipment (refer to

form P-293-5-62-0M enclosed with 1nstrument).

Check the instrument 1n accordance with the
information and instructions in this section. A
procedure for functionally checking the instrument
18 given 1n paragraph 2-9.

2—-2. INSTALLATION

The instrument may be used as a bench unit or 1t
may be mounted in a standard, 1

19-1nch rack or
cabinet, dependent on whether the instrument has
a bench-type or rackmount enclosure. Ior proper
ventilation, the vent at the rear of the instrument
should not be obstructed.

2—3. PRIMARY-POWER CONNECTION

Connect the 1nstrument to a three-contact outlet
so that the enclosure 1s grounded through the
cround lead of the ac-power cable. If the nstru-
ment is to be operated from a two-contact outlet,
use a three-contact adapter with a pigtail and
connect the pigtail to ground. The instrument 1s
connected for 115-volt operation unless 230-volt
operation 18 specified on order (see the schematic
diagram, Figure 4-4 or 4-5,for the alternative connec-

tions).
2—4.  OUTPUT CONNECTIONS

The instrument has three front panel terminals
which accept spade lugs and banana plugs. Two
of the terminals, one red and one black, furnish
an isolated output, and the other i1s a metal ter-
minal for grounding. If a grounded output 18
required, positive or negative voltage is obtained

by grounding the appropriate output terminal.
Positive voltage 1is provided when the black

terminal is grounded, and negative voltage 1s
provided when the red terminal 1s grounded.

2—-5. OPERATION

The 1nstrument’s operating controls and their
functions, the uses of the overrange positions,

9-26-66

and a recommended operating procedure are given
in the following paragraphs.

2—0. OPERATING CONTROLS
Toggle Switch

The ac power energizes the instrument when
this switch 1s positioned to AC ON. Approxi-
mately 15 seconds after the toggle switch is
positioned to AC ON, the voltage indicated by
the decade and range dials 1s available at the
output terminals.

DC Indicator

After the toggle switch 1s positioned to AC ON,
the DC indicator lights for approximately 5
seconds, extinguishes for approximately 10

seconds. and then relights and remains steady.

If an overcurrent condition occurs, because of
an external overload or fault within the instru-
ment, the DC indicator flashes off and on while
the condition persists.

VOLTAGE RANGE Dial

This dial i1s used for selecting nominal full-
scale 10-volt. 100-volt, and 1000-volt ranges.
and zero-volt output. Also, the dial indicates
the decimal-point placement in the readout of
the decade dials.

When the di1al 18 settothe ZERO position i1t over-
rides anyv voltage 1ndicated by the decade
dials, reducing the output voltage to zero.
The ZERO position may be used as a safety
precaution when connecting or disconnecting a
load or when the 1nstrument 1s on standby.

Decade Dials

These six dials are used in conjunction with
the VOLTAGE RANGE dial to set the level of
output voltage.

2—7.  OVERRANGE DIALING

FEach of the decade dials has eleven positions.
The dial at the extreme left has positions 0

2-1



OPERATION 15X-61
Table 2-1. Examples of Dial Settings Using Overrange Positions

FEATURE DIAL SETTING OUTPUT VOLTAGE

Convenient to use the 199.900 199.9
X position to change

output voltage 199.X00 200
Linearity self-check 49.999X 3,
(100-volt range)
49.99X0 310,
49.9X00 50
49.X000 ' 50 |
H().0000 H0)
Necessary use of the
X positions (only one 10XX . XXX 1111.110 |
setting possible) _J

v A

through 9, and an overrange position marked 10.
The other dials each have positions 0 through 9.
and an overrange position marked X. The X posi-
tion of a dial indicates a voltage ten times greater
than that of position 1 of the same dial, and
equal to the voltage indicated by position 1 of
the next higher-decade dial (the dial to the left).
By using the overrange positions, the same output
voltage can be obtained with several different
decade dial settings on each range; this permits
the output voltage to be compared (using external
indicating equipment) and provides a means for
‘“self-checking’’ the linearity of the decade resis-
tors. Also, it 1s sometimes more convenlent to
use the overrange positions to change the level
of output voltage. Use of the overrange positions
is mandatory to obtain the maximum output voltage
on each range. To illustrate these features of the
instrument some examples are given in Table 2-1.

2-8. OPERATING PROCEDURE
a. Set the VOLTAGE RANGE dial to ZERO.
b. Set each decade dial to O.

c. Position the toggle switch to AC ON and
allow approximatelv 15 minutes for the
instrument to stabilize.

d. Connect the output terminals to the load.

2-2

e. Set the VOLTAGE RANGE dial to the ap-
propriate range.

f. Set the decade dials for the required output
voltage.

Do not connect or disconnect the load

unless the VOLTAGE RANGE dial 1s set
to ZERO; the output voltage may be set

at a high level.

2-3, FUNCTIONAL CHECK

A functional check of the instrument may be made
using a multimeter and a 100-ohm resistor. The
procedure 1s as follows:

a. Before energizing the instrument, check for
shorts between the output terminals and
between each output terminal and the ground
terminal.

b. Set the VOLTAGE RANGE dial to ZERO
and set each decade dial to 0.

c. Position the toggle switch to AC ON. 'The
DC indicator should light for approximately
5 seconds, extinguish for approximately

0-26-06
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10 seconds, and then light and remain
steady. The fan should operate.

Connect the multimeter to the output ter-
minals.

. Set the VOLTAGE RANGE dial to 10.

Turn the dial at the extreme left through 1ts
eleven positions (1-volt steps) and compare
each setting with the voltage indicated by
the meter. Return the dial to O.

Set the VOLTAGE RANGE dial to 100 and

repeat the instructions in step f using the
second dial from the left.

Set the VOLTAGE RANGE dial to 1000 and
repeat the instructions in step f using the
third dial from the left.

With the VOLTAGE RANGE dial still set at
1000, repeat step f using the fourth dial
from the left (0.1-volt steps), then the fifth
dial (10-millivolt steps), and finally the dial
at the extreme right (1-millivolt steps).

9-26-66
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]. Set the VOLTAGE RANGE dial to ZERO.

k. Replace the multimeter with the 100-ohm
resistor.

. Set the decade dials to 2.7 volts on the
10-volt range.

m. Set the VOLTAGE RANGE dial to 10. The
DC indicator should flash off and on con-

tinuously.

n. Setthedecadedialsto2.5volts.The DC indi-

cator should stop flashing and remain steady.
o. Set the VOLTAGE RANGE dial to ZERO.

n. Repeat steps | through o using the 100-volt
range and then the 1000-volt range.

q. Disconnect the resistor from the output
terminals.

If the proper results are not obtained when per-
forming steps | through p the protective circuit
may require adjustment, in which case, refer to
paragraph 4-18.

[IC.}
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CIRCUIT DESCRIPTION

3-1., GENERAL CIRCUIT DESCRIPTION vided by a circuit that has a temperature-compen-
sated, constant-current preregulator, which pro-
A simplified block diagram indicating the func- vides constant current for the range and feedback-
tional sections of the instrument is shown 1n decade networks. The feedback-decade network
Figure 3-1. The major functional section 1s the has six decades of precision resistors; the re-
amplifier system. The amplifier system consists sistors are selected and connected 1n series
of a 60-Hz, suppressed carrier modulator, a car- when the decade switches are set for the desired
rier amplifier demodulator, an ac-coupled wide- output voltage. The range switch selects one of
band amplifier, and a direct-coupled amplifier. three precision resistors, the selected resistor
The carrier amplifier is paralleled by the wide- determining the current in the feedback-decade
band amplifier. the combined outputs of which are network. The voltage developed across the
applied to the dc amplifier. The dc amplifier feedback-decade network equals the output volt-
drives the output tube, which controls the output age of the instrument.
voltage. Interstage coupling networks and internal
feedback shape the responsecharacteristicsof the The instrument is basically a low drift, wideband,
amplifier system to provide stability. high gain. negative feedback amplifier system.

The feedback control is based on the network
theorem that the algebraic sum of the currents at

The amplifier characteristics are such that the a junction equals zero. In this case. at the
accuracy of the output voltage is almost indepen- summing junction. In Figure 3-2. ki 1s the
—_ dent of all influences except the reference voltage reference voltage, R1 1s the selected range resis-
and the ratio of the range resistors to the feedback- tor. R2 represents the selected feedback-decade
decade resistors. The reference voltage 1s pro- resistors, A 1s the loop gain of the amplifier

FEEDBACK-DECADE
RESISTORS SWITCHING

\ OUTPUT

— HIGH
SUMMING AMPLIFIER _
‘ "O ! ] + 3 —— q-——-‘-
JUNCTION +SYSTEN\) PR P (OLIAGL O
" SUPPLY
. e _1,‘ i L d
[ . /
VOLTAGE
RANGE |
RESISTORS ﬁ
\/ - T
CWITCHING OVERCURRENT OUTPUT
_ PROTECTIVE TERMINALS
_ ] CIRCUIT
+ - - —
REFERENCE
VOLTAGE
t - |

[Figure 3-1. Simmplified Block Diagram
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CIRCUIT DESCRIPTION

system, and Egyt is the output voltage of the
instrument. If the input current of the amplifier
is negligible, all the current 1n R1 must flow
through R2. The equation for the output voltage

1S.

A R1
o _ R2 | __Rl + RZ
out = "R R1 Ein
1+A RT + R2

R1
If A m >> 1 the term in the bracket is almost

unity. Assuming that A is sufficiently large, the
R2

output voltage becomes simply E, . =

The amplifier system has the required gain and the
input characteristics necessary to make the as-
sumptions involved in the approximate equation
valid for output voltage from 0 to -1111.110 volts.
The output is isolated from the outer case and the
ac-power lines so that output terminal inversion 1s
possible to obtain output voltage from 0 to
+1111.110 volts.

3-2. DETAILED CIRCUIT DESCRIPTION

The circuit of the instrument is discussed 1n
more detail in the following paragraphs of this

section. The discussion is supported by com-
plete and simplified circuit diagrams.

cr()

a7
CR1 “‘
B
C.T,

T901

(SEC. 1) Q]

SEC. 1
SHIELD

. 4 ® . 4

B R1 n.

Q2
Q4
~ds
CR?Z C2 —-r-
|
R4

15X-61
R1
@ @
Ein Eout
@ @

Figure 3-2. Feedback Amplifier

3—3. POWER SUPPLY

Power is supplied via a transformer which has
two primary and five secondary windings. (See
the schematic diagram, Figure 4-4 or 4-5.) The
primary windings are connected for nominal 115-
volt or 230-volt operation. The secondary wind-
ings drive circuits that provide the following
power supply outputs (all voltages are referenced
to circuit common except the +1400-volt supply):

+1400 volts for the plate of the output tube.
V4.

+350 volts for the carrier amplifier, the direct-
coupled amplifier, and the protective circuit.

-300 volts (dropped to -39 volts, bias voltage)
for the control grid of the output tube.

ACCURACY
ADJUSTMENT
R7 RS RANGE
. (+)—e SWITCH
1
REFERENCE )
cms VOLTAGE
(6 VOLTS)
CIRCUIT
T (O Common

Q3

B—

Figure 3-3. Reference Voltage Circuit
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+250 volts for the carrier and the wideband
amplifiers.

+210 volts for the screen grid of the output
tube, and the protective circuit.

+12.5 volts for the filaments of V1 and V2
(6.25 volts each), and the protective circuit.

-10 volts for the protective circuit and the
grid-bias voltage-supply circuit.

+0-volt reference voltage.

6.3 volts ac for the filaments of V3 and V4,
and for driving the chopper, G1.

3—4. REFERENCE VOLTAGE

The reference-voltage circuit, Figure 3-3, 1s
energized from a full-wave rectifier driven by a
59-volt center-tapped winding on the power trans-
former, T901. The reference voltage is 6 volts
and is applied to the voltage range switch, S1.

R3 600K

R2 60K

RT 6K

S1-F

CIRCUIT DESCRIPTION

The reference-voltage circuit includes a tempera-
ture-compensated, constant-current preregulator
and a constant-current source. A first stage of
regulation 1s provided by Zener diode CR17 and
R2. Constant current 1s provided by Q1 for the
reference amplifier Q2, which 1s a temperature-
compensating device. The Q2 circuit has a tem-
perature coefficient of less than 0.005 percent per
degree C, operates over the temperature range of
0 to +70 degrees C, and applies an output of ap-

proximately 7 volts to the constant-current source
03/04. Feedback, which compensates for changes

in current in Q4, is applied by R6 to the base of
Q2. Constant current through Zener diode CRI1S8
is supplied by Q3 and Q4. The output voltage of
the reference-voltage circuit 1s adjustable by vary-

Ing RS.
3—-5. VOLTAGE RANGE SWITCHING

The voltage range switching circuit 1s such that,
regardless of the setting of the VOLTAGE RANGE
switch, S1, the load on the reference-voltage cir-
cuit 18 constant. This is 1llustrated in Figure 34,

ZERO 1000

VOLTAGE RANGE
SWITCH

FEEDBACK-DECADE
RESISTORS

— 0

P UMMING
| JUNCTION

OUTPUT

'P?—— & AMPLIFIER SYSTEM TERMINALS

CIRCUIT COMMON O

REFERENCE '___ l
*  VOLTAGE

Figure 3-4. Voltage Range Switching Circuit

9-26-606

3-3



CIRCUIT DESCRIPTION

which shows that in the ZERO position, the range
resistors, R1, R2. and R3, are connected in paral-
lel across the reference-voltage circuit, the nega-
tive side of which 1s connected to circuit common.
In the other positions, two of the resistors are
connected across the reference-voltage circuit, and
one resistor 1s connected between the positive
side of the reference-voltage circuit and the sum-
ming junction, which is a virtual ground. The load
on the reference-voltage circuit 1s a constant
1.11 milliamperes.

3—6. FEEDBACK-DECADE NETWORK

The feedback-decade network 1s shown in the
main schematic diagram, 1“1gure 4-4 or 4-5. The net-

work, which has six decades of resistance, pro-
vided by R4 through R27, and six decade switches,

S2 through S7, i1s the dc feedback circuit for the
amplifier system. One of three currents, as deter-
mined by the voltage range switching circuit.
flows in the resistors selected bv setting the
decade switches. The current in the selected
resistors is as follows: 10-volt range, 0.01 milli-
ampere; 100-volt range, 0.1 milliampere, 1000-
volt range, 1 milliampere.

15X-61

-10V

%R]B
-6, 4V
®
R15 %R‘? WIDEBAND

) AMPLIFIER (R5)
R3 ; _
@c 1.5V LV D
CARRIER
AMPLIFIER (R4)
R 16 R10
CIRCUIT
‘ COMMON
CARRIER
AMPLIFIER
(R12)

Figure 3-5. Control Grid Bias Supply Circuit
for V1 and V2A

The product of the resistance and the current in
the selected resistors equals the voltage 1ndi-
cated by the range and decade dials. With the
output voltage (within the specified accuracy) as
indicated by the settings of the dials, the summing

junction 1s virtually at zero potential with respect
to circuit common (positive output terminal). Any

difference between the voltage developed across
the selected resistors and the output voltage ap-

DEMODULATED
CARR]ER~
OUTPUT (SEE
+350V \ WIDEBAND
AMPLIFIER
CIRCUIT)
R20
SUMMING
JUNCTION R?T
R17
+250V R27 R 28|
C8
T R22
WIDEBAND R7
AMPLIFIER VA
C|5 R12 :::_H ._.I
.__ - o e
*cm C3 ‘
—I} cee VIB
R29
TCZ Cé...p CI10 C18
/
L @ & $ l ¢ & -
CIRCUIT COMMON
FROM FROM
GRID-BIAS GRID-BIAS
SUPPLY SUPPLY

Figure 3-6. Carrier Amplifier Circuit
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pears as an error voltage at the summing junction.
The error voltage, which is applied to the carrier
and wideband amplifiers, 1s rapidly reduced to
negligible proportions by the large loop gain of
the amplifier system, and the output voltage 1s
driven to the prescribed level.

3—7. V1, V2A CONTROL-GRID BIAS

The bias voltage for the control grids of V1A,
V1B, and V2A is provided by the circuit shown 1n
Figure 3-5. The -10-volt output of the power sup-
ply is applied to a divider network, which supplies
bias voltage of -1.5 volts. The bias voltage 1s
applied to R12 and R4 for the control grids of
V2A and V1B respectively in the carrier amplifier,

and to R5 for the control grid of V1A in the wide-
band amplifier. Zener diode CR3 regulates the
bias voltage.

3—8. CARRIER AMPLIFIER

The carrier amplifier circuit, Figure 3-6, consists
of a chopper (contact modulator), Gl, and two
stages of amplification, V1B and V2ZA/VZB. The
chopper is activated by 6.3 volts ac supplied by
the power transformer. Chopper contacts 6 and 7
modulate the de and the lower frequency component
of the error voltage at the summing junction. The

CIRCUIT DESCRIPTION

modulated signal, which has a rectangular wave-
form of the same frequency as the ac voltage
activating the chopper (50 to 60 Hz), is amplified
by V1B and V2A/V2B. The output stage, VZA/
V2B. is a bootstrap circuit, and provides an out-
put of high gain which is in phase with the input
of VIB. The output of V2 is demodulated by
chopper contacts 1 and 7. The input of the direct-
coupled amplifier from the carrier amplifier is via
a frequency response shaping network, which is
shown 1n Figure 3-7.

3—-9. WIDEBAND AMPLIFIER AND
MISCELLANEOQOUS CIRCUITS

The circuit of the wideband amplifier is shown 1n
Figure 3-7, which also includes miscellaneous
circuits not covered by other diagrams in this
section. The wideband amplifier consists of a
single stage, V1A, which amplifies the higher
frequency component of the error voltage at the
summing junction. The output of the wideband
amplifier is combined with the demodulated output
of the carrier amplifier and applied to the control
orid of V3A in the direct-coupled amplifier.

A negative feedback path from the plate of V3A to

the wideband amplifier output is provided by C12
and R30. The network consisting of R24, RZ25,

NEGATIVE
FEEDBACK V3A PLATE
+250V v V V )I “*(bC AMPLIFIER)
R19
R8 223 O\éELF;LA%D OUTPUT
«— [UBE
CATHODE (V4)
CR8
< V3A GR
1D
SUMMING o
—“l(' (DC AMPLIFIER)
JUNCTION C1 R VIA
VIA R1 (SEE . oy
CARRIER ¥CR9
AMPLIFIER
DIAGRAM) R5
R
R25 R3] C13
FROM
GRID-BIAS CRA
SUPPLY R 26 .
DS
CARRIER > | , i C14
AMPLIFIER T
- ——CIRCUIT COMMON
Figure 3-7. Wideband Amplifier and Miscellaneous Circuits
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R26. R31. C13. and C14 controls the high frequency
response of the carrier amplifier and the low fre-
quency response of the wideband amplifier

When the protective circuit opens the main regu-
lating loop the output tube cathode voltage over-
comes the back bias on CR8, which conducts
causing V3A in the dc amplifier to saturate. When
V3A saturates., the dc amplifier drives the output
tube to cutoff. When the main regulating loop 1s
opened a large error signal develops atthe summing
junction. The error signal causes the normally
zero-volt output of the carrier amplifier to go to a
negative level, which is limited by the neon lamp,
DS1. conducting. When the loop is closed C14
quickly discharges through CR9. therehy providing
fast recovery from overload.

3—-10. DIRECT-COUPLED AMPLIFIER

The circuit of the direct-coupled amplifier, Figure
3-8. consists of a pentode amplifier stage. V3A.
and a cathode follower output stage. V3B. The
combined outputs of the carrier amplifier and the

15X-61

wideband amplifier are applied to the control grid
of the pentode. The cathode follower drives the
control grid of the output tube. The bias voltage
for the control grid of the output tube is provided
by the -300-volt supply via R40.

A very small amount of positive feedback 18 pro-
vided by V3B via R39 to the cathode of V3A. The
positive feedback increases the dc and the low
frequency gain of V3A.

Potentiometer R36 adjusts the voltage at the
screen grid of V3A to obtain dc balance, that is,

zero volts at the control grid of V3A. Obtaining a
de balance also sets the instrument at zero volts

for a zero-volt output.
3—11. OUTPUT TUBE

The output tube circuit is shown in Figure 3-9.
The output tube, V4, is controlled by the direct-
coupled amplifier.

Connected in series with the output tube are the
1400-volt dc plate supply, the output current

+350V -300V
R37 R33 R38 R40
NEGATIVE
cEf g EEDBACK 17

WIDEBAND i‘ )

AND MIST. V3A AND \/38 041 OUTPUT
CIRCUITS ZERO-VOLT TUBE
DIAGRAM \_"" OUTPUT CONTROL

ADJUSTMENT GRID
R3
b4 ° R39 ¥ CR7
_‘-C]S [—6——‘
-
o DS901 |
DC
R37 e
INDICATOR § CT6 o,
CR6
D U C— C—
CIRCUIT COMMON
POSITIVE FEEDBACK ) -
Figure 3-8. Direct-Coupled Amplifier Circuit
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sensing resistor for the protective circuit, and
the load on the instrument which is the plate load
resistor of the output tube. The plate supply and
the load are transposed so that the output tube
functions as an amplifier rather than as a cathode
follower. The 1400-volt supply is not referenced
to  circuit common, thus permitting the positive
output terminal of the instrument to be common to
the amplifier system and the cathode circuit of
the output tube. This circult arrangement reduces
the voltage swing required of the dc amplifier to
iess than 50 volts rather than over 1000 volts.

Resistors R43. R44. and R45 permit a bleed cur-
rent. from the -+350-volt supply. to pass through
the output tube to prevent it from being com-
pletely cut off when the instrument s set for

zero-volts output.

When the protective circuit opens the V4 cathode
circuit the cathode voltage rises to approximately
+90 volts. Under this condition the cathode volt-
age is high enough to cause CR8 to conduct (refer

to the last subparagraph in paragraph 3-9).

3—12. PROTECTIVE CIRCUI'T

Whenever the output current of the mstrument ex-
ceeds a nominal 25 milliamperes. the protective

CIRCUIT DESCRIPTION

circuit cyeles. thereby reducing the current through
the output tube, V4. The cycling maintains an
average current, dependent on the external load,
low enough to prevent damage to the mstrument.
The protective circuit is shown in Figure 3-8 and
pertinent waveforms and voltages are shown on the
schematic diagrams, [Figures 4-4 and 4-5.

The protective circuitry includes a Schmitt trigger
circuit, 05/06, and two switch circuits, QY and
Q7. The hysteresis of the Schmitt trigger circuit
is controlled by feedback capacitor C12. Normally,
05 and Q7 are conducting and Q6 and QY are non-
conducting. If an overcurrent condition occurs, the
increased current in the cathode circuit of V4
causes the voltage developed across 1136 torise to a
level that cuts off ©5. When Q5 cuts off 1t causes L6 to
switch on. which switches on QY:; this 1n turn
switches off Q7. With Q7 switched off, the cath-
ode circuit of V4 is open circult, and the current
through V4 iIs reduced to practically zero.

With no significant V4 cathode current. the voltage
across R36 falls to a level (almost zero) that
permits Q5 to return to the normal state; this, in
turn. causes Q6. Q9. and Q7 to also return to the
normal states.  With Q7 again conducting. 1f the
overcurrent  condition still exists. the increased

O-26-66

-10V 350V OUTPUT
R43 R 44 R45  TERMINAL
R25 |
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Figure 3-9. Protective and Output Tube Circuits
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CIRCUIT DESCRIPTION

cathode current causes Q5, Q6, Q9, and Q7 to
change states as previously described. This
cycle of operations will continue so long as the
overcurrent condition exists. When the overcurrent
condition 1s removed the protective circuit stops
cycling and returns to the normal state.

The output current level which starts protective
circuit cycling is set by the potentiometer, RZ26.
The range of adjustment of R26 is approximately
from 21 to 29 milliamperes.

The protective circuit also includes a network
that protects the instrument and the load from
overcurrent when the instrument is first turned on
or particularly when it is turned off and then 1m-
mediately turned on again. When the instrument 1s
turned on, the output voltage is zero because the
cathode circuit of the output tube, V4, 1s open
circuit at the silicon controlled switch, Q8. After
the instrument is turned on, Cl4 slowly charges
through R39 until the voltage across the capacitor
is sufficient to fire the neon lamp, DS1. When D51
conducts, Q8 switches on closing the cathode cir-
cuit of V4, and the output voltage of the instrument
rises to the set level. When the instrument 1s
turned off, C14 rapidly discharges through CR23 so
that if the instrument is immediately turned on
again the V4 cathode circuit 1s open at @8; this

15X-61

prevents uncontrolled current flow through the
output tube circuit and the load until the amplifier
warms up and starts to control the output tube.

After the iInstrument is first turned on, the DC
indicator, DS901 (see Figure 3-8), lights for ap-
proximately 5 seconds, which 1s the warm-up time
of V3A in the dc amplifier. As V3A warms up it 1s
driven into saturation and its screen grid voltage
falls to a level (approximately +50 volts) that
causes DS901 to extinguish. The tube saturates

because the V4 cathode circuit i1s open at Q8 and
the cathode voltage causes CRS8 to conduct (refer
to the last subparagraph in paragraph 3-9). With
V3A saturated, V4 is driven to cutoff. The output

tube, V4, remains cut off until Cl14 has charged
sufficiently (approximately 15 seconds) to fire
DS1, which then causes Q8 to close the V4 cathode
circuit. With the cathode circuit completed, the
cathode voltage falls to a level (dependent on the
output current) which stops CR8 from conducting.
When CR8 stops conducting, V3A conducts nor-
mally and its screen-grid voltage rises to a level
(approximately +75 volts) which permits the DC
indicator to light. With V3A conducting normally,
V4 is no longer cut off and conducts as required
according to the output voltage and the load on
the Instrument
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Section IV
MAINTENANCE

4—-1. INTRODUCTION

This section contains information and instructions
for disassembly, parts location, preventive and

corrective maintenance, troubleshooting, internal
adjustments, and calibration. Maintenance support

data includes the circuit descriptions and diagrams
in Section llI, a main schematic diagram marked
with normal-operation waveforms and voltages, and

a list of replacement parts.

4-2. DISASSEMBLY

WARNING

Do not attempt disassembly when the instrument
is energized. If the case is removed shock
hazard may exist unless certain precautions
are taken (refer to paragraph 4-13).

Access to the circuits is obtained simply by re-
moving the case from the instrument. The case is
secured by four screws at the rear and two at the

bottom near the front edge of the instrument. To
facilitate access to the components mounted on or
immediately behind the front panel, the front sec-
tion of the chassis can be tilted down after re-
moving two screws, one on each side of the chas-
sis. The plug-in amplifier board can be removed
by sliding it upward in its guide rails after remov-
ing a screw near the center of the upper edge of
the board.

4-3. PARTS LOCATION

The locations of the subassemblies and some of

the components are indicated in Figures 4-1 and
4-2. The printed circuit boards are marked with

the circuit reference designations of the compo-
nents mounted thereon.

4—-4. PREVENTIVE MAINTENANCE

The instrument requires little routine maintenance

other than cleaning and inspection. Inspect the
interior periodically for cleanliness. After clean-
ing the instrument it is advisable to make a visual
inspection for signs of deterioration.

9-26-606

4-5. GENERAL CLEANING

Clean the interior of the instrument at intervals
determined by experience to minimize the ac-
cumulation of dust. If available, compressed air
1s suitable for cleaning, otherwise use a soft-hair
brush and a bench vacuum cleaner. However, 1f
the former is used, take care not to cause damage
by the use of excessive pressure. Cleaning of the
front panel terminals should not be overlooked.

4-6. FAN MOTOR

The fan motor should be lubricated at frequent
intervals, particularly when used in ambient tem-
peratures above 100 degrees Fahrenheit, with a
premium grade of detergent or non-detergent SAE
20 or SAE 30 oil. It is better to lubricate the
motor too frequently rather than not frequently
enough. The motor has no brushes or commutator
and therefore no harm is likely to result from over-
lubrication.

4-7. SWITCHES

Under normal operating conditions the switches
require 1o maintenance other than lubrication.
Most maintenance methods are actually harmful

and will shorten the life of a switch. Therefore,
leave the switches alone unless maintenance due
to adverse ambient conditions is absolutely neces-
sary. In an excessively dusty or contaminated
atmosphere occasional cleaning may be beneficial.
The contacts should be cleaned with a good de-
creasing solution such as carbon tetrachloride,
allowed to drv, and then lightly lubricated with
Oak No. 2008 grease or equivalent. It 1s recom-
mended that the index assembly be lubricated
after approximately every 1000 hours of operation.

4-8. CHOPPER

In addition to the fan motor the only other continu-
ously moving part in the instrument 1s the chopper.
Output noise and stability characteristics may be
seriously degraded by a malfunctioning chopper.
The most valid test of the chopper’s performance
is to replace it with one known to be good. How-
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C901 €302
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*THIS DIODE IS LOCATED AS INDICATED IN UNITS 1-0001 THROUGH 1-0U85,
N UNITS 1-0086 AND HIGHER CR901 IS REPLACED BY CR24 AND CR25 ON THE POWER SUPPLY BUARD.

Figure 4-2. Subassembly and Component lL.ocations, Bottom View
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ever, more information on the nature and function
of choppers 1s presented in COHU Service Notes,
Code No. 13-57A, “‘Chopper Checkout Procedures
for COHU Equipment.’’

4-9. PERFORMANCE CHECK

The instrument may be checked using the pro-
cedure in paragraph 2-9. The procedure function-

ally checks the instrument using output voltages
up to 10 volts. In addition, the instrument may be

checked at higher output voltages using appropri-
ate test equipment. The accuracy of the output

voltage may be checked by performing the calibra-
tion procedure.

4-10. CALIBRATION

Two adjustments are made to calibrate the instru-
ment. Kirst the dc balance adjustment 1s made to
obtain zero-volt output and then the output voltage
1s adjusted for accuracy. To make the accuracy
adjustment, a stable dc source with an output
voltage accuracy better than that of the instrument
being calibrated is required. A saturated standard

cell is suitable for this purpose.

4-11. CALIBRATION EQUIPMENT

The following equipment 1s required for calibrating
the instrument:

a. A stable and accurate source of dc voltage

such as a certified standard cell, a COHU
300 series dc voltage standard, or other

instrument of comparable stability and ac-

curacy.

b. A galvanometer or a center-zero voltmeter,

such as a COHU Model 203A, 203AR, 204A,
204AR. or 208R. or other instrument of com-
parable sensitivity.
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c. A small, insulated screwdriver, or other
tool suitable for adjusting trimming resistors.

4-12. CALIBRATION PROCEDURE

Perform the calibration procedure in the following
order:

a. Preliminary Procedure

1. Slide the instrument out of its case suf-
ficiently to permit access to the internal
adjustment points.

2. Set each decade dial to 0.

3. Set the VOLTAGE RANGE dial to ZERO.

4. Turn on the instrument and the test equip-
ment.

5. Allow at least 30 minutes for warm-up.
bh. DC Balance Adjustment
1. Connect the null indicator, properly

zeroed on 1ts 100-uV end scale range, to
the output terminals.

2. Set the VOLTAGE RANGE dial to 10.

3. Adjust R36 (on amplifier board) for 0

+25 microvolts.

c. Accuracy Adjustment

1. Connect the instrument to the test equip-
ment as shown 1in Figure 4-3.

2. Set the decade dials to indicate the value
of the standard voltage, with the VOLT-

AGE RANGE dial set to the lowest ap-

propriate range. Properly zero the null
indicator on the appropriate range.

NULL STANDARD
INDICATOR DC VOLTAGE
@ @

LO al

Figure 4-3. Calibration Setup
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3. Adjust R8 (on power supply board) to
obtain a null i1ndication within 20 parts
per million.

4-13. TROUBLESHOOTING

To minimize shock hazard when troubleshooting
with the instrument energized, connect the posi-
tive terminal to the metal terminal (ground).
This provides a negative output and ensures
that the output voltage 1s not present between
the chassis and the front panel.

Familiarity with the theory of operation and the
circuits of the instrument 1s advisable before
troubleshooting i1s attempted. Knowing how the
instrument functions, the general area within which
a fault exists sometimes can be determined simply
by operating the controls and noting the results.
Try this as a first step and attempt to locate the
fault by checking for overheated components,
discolored resistors, broken wires, cold electron
tubes, ete. If this method fails to give some indi-
cation of the cause of the trouble a systematic
check of the circuits may be necessary.

4—14. LOCALIZING TROUBLE

Before making a systematic check of the circuits
1t would be advisable to first check the protective
circuit.  The protective circuit could cycle be-
cause of an 1internal overload or 1t could mal-
function because of a fault within the protective
circuit itself. It the immstrument 1s not externally
overloaded and the DC indicator 1s flashing on and
off. the protective circuit 1s functioning properly
and 1s cyeling because of an internal overload.
[f the DC indicator 1s extmguished, and 1t 18 not
due to the ndicator being open circuit, the pro-
tective circuit could be faulty causing a loss of
output. An open circuit DC indicator, a defective
output tube, loss of voltage at the output tube,
loss of reference voltage, or an open range resistor
could also cause an absence of output.

Troubleshooting should be done with the aid of
the schematic diagram, Figure 4-4 or 4-5, and the
circuit descriptions and the diagrams in dection
[II. Systematically check the circuits and all sup-
ply voltages, and trace signals to localize the
trouble to a particular area. To aid troubleshooting,
the schematic diagrams in Figures 4-4 and 4-5 are
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marked with normal-operation waveforms and
voltages.

4—-15. LOCATING FAULTS

When the trouble has been localized to a particular
area, such as the power supply, protective circuit,
or one of the amplifiers, locate the fault by employ-
ing the usual troubleshooting methods of tracing
signals, checking waveforms, measuring voltages,
and testing components; no special techniques
are required.

4-16. INTERNAL ADJUSTMENTS

Adjustments can be made to the dc balance and
the protective circuit. The dc balance adjustment,
R36, sets the voltage for the screen grid of V3A
in the dc¢ amplifier; this obtains a dc balance,
0 volts, at the control grid of V3A. The protective
circult adjustment, R26, sets the level of bias
voltage for the base of Q5, which is part of the
Schmitt trigger circuit, and determines the tripping
level of the protective circuit.

4—17. DC BALANCE ADJUSTMENT

The dc balance should be adjusted if tube V3 1s
replaced. This adjustment i1s made by connecting
a galvanometer or a center-zerc voltmeter to the
output terminals and adjusting R36 to obtain 0 £25
microvolts. (Refer to paragraph 4-12, procedures

a and b.)

4-18. PROTECTIVE CIRCUIT ADJUSTMENT

This adjustment should be made after repair to the
protective circuit or if the tripping level of the
protective circuit is too high or too low. The pro-
cedure, which requires the use of an external
load, such as a 100-ohm, D percent resistor, 1s as
follows:

NOTE

The protective circuit can be adjusted to trip
within the range of approximately 21 to 29 milli-
amperes. The following procedure adjusts the
protective circult to trip when the mstrument 1s
overloaded bv at least 1 milliampere. To adjust
the circult to trip at a different level, set the
decade dials to the appropriate voltages 1n
steps d, h. 1, and j.
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. If the ac-line voltage 1s particularly high or

low use a Variac set for the appropriate line
voltage.

Set the VOLTAGE RANGE dial to ZERO.

Turn on the instrument and let it warm up.

Connect a 100-ohm resistor across the out-
put terminals and set the decade dials to
2.60000. (This represents a load of 26

milliamperes; 1 milliampere overload.)

Turn R26 fully counterclockwise.

Set the VOLTAGE RANGE dial to 10.

. Slowly turn R26 clockwise until the DC

indicator starts to flash on and off. (Do not
turn R26 beyond this point.)

Set the decade dials for 2.5 volts (this fully
loads the instrument at the nominal 25 milli-

amperes). The DC indicator should stop
flashing.

Set the decade dials for 2.6 volts and the
DC 1ndicator should flash.

Check the operation of the protective circuit
on the 100-volt and the 1000-volt ranges.

4-19. CORRECTIVE MAINTENANCE

When

troubleshooting or performing corrective

maintenance the following points should be borne
In mind:

4-6
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a. The chopper is of the plug-in type and easily
replaceable. The most valid performance
test of a chopper i1s to replace 1t with one
known to be good. Do not replace the chop-
per when the instrument i1s energized.

b. If troubleshooting indicates that the ampli-
fler board 1s faulty, and a tube 1s not the
cause, replacing the board with a spare will
usually be the quickest way to restore the
instrument to service.

c. Observe the usual precautions when han-
dling or soldering the etched-circuit boards.

d. If tube V3 is replaced R36 may require re-
adjustment (refer to paragraph 4-17).

e. After repair of the protective circuit R26 may
require readjustment (refer to paragraph

4-18).

4-20. REPLACEMENT PARTS

A list of replacement parts, arranged alphanumeri-
cally according to circuit reference designations,
1s contained in Table 4-1.

NOTE

If the type, value, etc., of a component to be
replaced is different from that given in Table
4-1, make the replacement using the component
listed in the table.
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15X-61 MAINTENANCE

__ Table 4-1 ._ _Rglcement _
_ CIRCUIT | COHU
~ REF. DESCRIPTION PART NO.

*UNITS 1-0001 THRU 1-0010 ONLY ~*UNITS i-

9-26-66

“Al ASSEMBLY, POWER SUPPLY BUARD 7819022-001
** Al ASSEMBLY, POWER SUPPLY QOARD 78119025-001
Al ASSEMBLY, PCWER SUPPLY BCARD 7813028-C01
AlC1 CAPACITOR,y ELECTRULYTIC,y 200QUF,y 50V 0510124-038
Al1C2Z CAPACITCR, CERAMIC DISC, .O0Q2UF, 500V 04C1048
A1C3 CAPACITOR, ELECTRULYTIC, 2X1O0UOQUF, 15V 0510007
AlC4 CAPACITCR, ELECTROLYTIC, B0O/40G/2C UFD,y, 450V 0510022
A1CS CAPACITOR, ELECTRULYTIC, 40QUF, 500V 0510061-007
AlC6 CAPACITOR, ELECTRCLYTIC, 40UF, 500GV 051C061-CQ7
A1C7 CAPACITCR, ELECTRCLYTIC, 20UF, 450V 0510122-002
AlCS8 CAPACITOR, ELECTROLYTIC, 20UF, 450V 0510122-002
Al1CS9 CAPACITOR, ELECTRULYTIC, 20UF, 450V 0510122-002
A1C10 CAPACITOR, ELECTRCLYTICy 20UF,y 450V 051C122-002
AlC11 CAPACITOR, ELECTRCULYTIC, 20UF, 450V 0510122-002
Al1C12 CAPACITCR, ELECTRCLYTIC, 1UFD, 50V C910150-CC1
AlCl4 CAPACITOR, MYLAR, .68UF, 100V 061C109-118
Al1C15 CAPACITCR, CERAMIC, .1 UF, 50V 041C009-104
A1CR1 DICUE, RECTIFIER, TYPE ST-18 351C068-C04
A1CR2 DICDE, RECTIFIER, TYPE ST-18 351C068=-004
A1CR3 DIUDE, RECTIFIER, TYPE ST-18 3510068-004
Al1CR4 DICDE, RECTIFIER, TYPE ST-168 351C068-C04
A1CR5 DICDE, RECTIFIER, TYPE ST-18 3510068=-C04
A1CR6 DICDE, RECTIFIER, TYPr ST-18 351C068-CC04
AI1CR7 DIODE, RECTIFIER, TYPE ST-18 351C068-004
A1CRS8 DIODE, RECTIFIER, TYPE ST-18 251C068-C04
A1CRS DIODE, RECTIFIER, TYPEt ST-18 351C068-C04
AL1CR10 DIGDE, RECTIFIER, TYPE ST-18 351CC68-0C4
A1CR11 DIUDE, RECTIFIER, TYPE ST-18 351C06E=-004
A1CR12 DIOCLE, RECTIFIER, TYPC ST-18 351CC68=-C04
A1CR13 DICDE, RECTIFIER, TYPE ST-18 351C065=CC4
A1CR14 DICDE, RECTIFItR, TYPt ST-18 351C068-CC4
AI1CR15 DIGCE, RECTIFIER, TYPE ST-18 3,10068=-004
AICR16 DIOCDE, RECTIFIER, TYPt ST-18 3,1C065=CCh
AI1CR17 DICDE, ZENER, TYPE RS-6 3510L022-C04
A1CR18 DIODE, ZENER, TYPL IN825 35100U60-CC1
tA1CR19 DICGDE, ZENER, TYPt INTL4 351u04e2-C12
A1CR19 DIUUE, ZENER, TYPr VRZZ2 | 351C0463-Cle
A1ICRZ20 DIUDE, SILICUN, TYPE 74 AnloeLbs0-001
A1CRZ21 DIGUE, GERMANIUM, TYPC IN27C i1 CUs2-023
ALCR23 DICDE, RECTIFIER, TYPr ST-18 3, 10C0Ex~004
ttA1CR24 DIODE, RECTIFIER, TYPt ST-14 151 0065%=004
tTALCR25 DIUDE, RECTIFIER, TYPE ST-1¢ 3,10067=-004
A1DS1 LAMP, NECN, TYPE NE-2t 1 704151-CC1
AlQl TRANSISTOR, TYPE 2143634 7210069-001
AlQ2 TRANSISTCR, TYPE RALA 721C0067-001
AlQ3 TRANSISTOR, TYPE TI-41/ 72100646-00/7
AlQ4 TRANSISTOR, TYPE TI1-41/ 7.10064-0C2
Al1Q5 TRANSISTOR, TYPE 2713635 7210CL9=-00C1
AlQ6 TRANSISTOR, TYPE 2N3E 38 121.069-0C

0011 THRU 1-0085 ONLY tTUNITS 1-0001 THRU 1-0085 ONLY TTUNITS 1-0086 AND ON
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MAINTENANCE 1HhX-61

Table 4-1. Replacement Parts (Contd)

CIRCUIT COHU
REF. DESCRIPTION PART NO. )
ALGT TRANSISTCR, TYPE 2ZN35063 121C069-0Q0C3
AlQ8 TRANSISTOR, TYPE 3NB84 721C066-C01L
AlQQS TRANSISTOR, TYPE TI-41/ 7210064-00/7
AlR1 RESISTOR, 1/2 WATT, 5%, 560 UHM 031C030-5¢61
ALRZ RESISTCR, 1/2 WATT, 5%y 47 KILUHNM 031C030-477
AlR 3 RESISTOR, 1/2 wWATT, 5%, 10 KILOHM 031C030~-1C3
AlR4 RESISTGOR, PRECISIUNy 14y 770 UHM 5210080-048
AlRE ReSISTOR, 1/2 WATT,, %, 1 KILUHM 031C030-10/7
ALRT RESTISTOR, WIREWOUNC, NI, == OHM 521 COBQ —#w
AlRBS ReSISTOR, VARIABLE, & CHM ' 501C075-C0/2
AlIR1O RESISTOR, 1 WATT, 5%, 470G UHM U310031-471
AlR11 RESISTCR, 1 wWATT, 5%, 390 UHM 031C031-391
AlR1Z ReSISTGR, 1/2 WATT, 5%, 150 KILOHWM | 0C310030-154
AlR 14 RESISTOGR, 1 WATT, 5%, 390 (KM ' 031C031-391
ALR15 RESISTCR, 1 WATT, 5%, 120 KILLHM 0310031-124
ALR16 RESISTCR, 1 wWATT, 5%, 56 KILURM 031C031-563
AlR17 RESISTCR,y, WIREWOUNDYy 20wy 10 KILOGHWV 510100
AlR18 RESISTUOR, 1 wWATT, 5%, 270 KILULHM | 031CC31-2174
AlR1G ReSISTORy 1 WATT, 5%, 270 KILLHNM GALCO3L~-2 174
AlRZ2O RESISTCR,y 1 wATT, 5%, 270 KILLHWM C31C031-274
AlRZ1 ReSISTCR,y, 1 wATT, 5%, 270 KILCHM ' 031CQ031-274
TALIRZ3 RESISTCR, 1/2 WATT, 5%, 33 KILOHWM ' C31C030-333
AlRZ73 RESISTUOR, 1/72 WATT, 544 68 KILOHM 0310030-683
AlRZ24% RESISTCR, 172 wATT, %4, 150 KILUHWV 031C030-154
TALIRZ24 RESISTCR, 1/2 wATT, 5%, BZ2 KILLHM 031C030-8Z23 -
TALRZ5 RESTISTCR, 1/72 WATT, 5%, 1.8 KILUHM 031C03C-18/
AlRZ5 RESISTOR, 1/¢ WATTy 5%y 3.3 KILCHNM 0310030-39¢
AlRZ26 RCSISTCR, VARIABLEy leZ5wy 5 KILUEV =01C209-CG 3
tAlRZT RESISTCR,y 1/2 wATT, 5%y 10 KILUHM 031CC30~-1C3
AIRZ2T RESISTOR, 172 wWATT, 5%y 6.8 KILCHV 03100G30-6872
AlRZ28 RESISTOR, 1/2 WATT,y 5%y 120 0OHM LCA3L0030u-121
TALRZ2Y RESISTOR, 1/2 WATT, 5%, Zeo2 KILUHN C31C030-22/¢
AlRZ2G RESISTCR,y, 1/2 WATT, 5%y 4.7 KILCHWM _ 031C030-417/7
+tA1R30 RESISTOR, 1/2 WATT, 5%, 12 KILUHNM 031C030-123
A1R30 RESISTOR, 1/2 WATT, 5%, £Z KILOHM U310030U—-223
tAlR31] RESISTOR, /2 WATT, 5%, O KILUHM C31C030~-1C3
AlR31 RESISTCR,y, 1/2 wATT, 52, 18 KILCUHNM (31C0O30-183
t+AlR 32 RESISTOR, 1/2 wATT, 5%, 18 KILUHM ' C31C030~183
AlR3/Z RESISTOR,y 1/2 WATTs 4, 47 KILOHM C310030-473
AlR33 ReSISTOR, 1 WATT, 9%, 270 KILUHWM "310031-274
AlR 34 | RESISTCR, 1/2 WATT,y 5%y 680 KILCHNM C31CC30-€84
AlR35 RESISTGR, 17272 WATT, 5%, 10 KI1LUOHNM G31C030-103
Al1R3E ReESISTOR, 1/2 WATT, 5%y 10 CHM | GA10U30-121
AlR 37 RESISTCR, 1/2 WATTy S%y < KILCHY O031C030-223
A1R 38 RESISTOR, 1/¢ wWATT, 54, 22 KILUHM G310030~-223
AlR39 RESISTOR,y 172 wWAT Ty Say 22 MEGOHRWM 031C03C=-226
AlR41] RESISTUR, 1/2 wATT, 5%, 150 KILURW _ 031C03C-184
AlR4/Z | ReESISTCR, 1/72 wATT,, 9%y 120 KILURH | 031C030-124
AlR43 RESISTCUR, 2 WATT, 9%y 15O KILLUHM | C31C032-184
+UNITS 1-0001 THRU 1-0085 ONLY ks AL UE DETERMINED IN TEST

4-12 N-26-66




15X-61 MAINTENANCE

Table 4-1. Replacement Parts (Contd)

CIRCUIT | '
- REF. DESCRIPTION

COHU
PART NO.

AlR44 RESISTOR, 2 WATT, 5%, 180 KILCLHM J31C032-184%
AlR45 RESISTCR, 2 wATT, 5%, 180 KILCHM 031C032-184
AlR&46 ReSISTOR, 2 wWATT, 5%, 10 CHM 031C032-1C0
AlLRG4 T RESISTOR, 2 WATT, 5%,y 10 CHM 031C032-100
AlR48 RESISTGR, 172 WATT,y 5%, 1 MEGUHWM 0310030-105
A2 ASSeMBLY,y, AMPLIFIER BCARD (81903C-0C1L
*AZ ASSEMBLY, AMPLIFIER BLARD 18130C32-001
AZ ASSEMBLY, AMPLIFIER BOARD 71819037-001
AZC1 CAPACITCR,y MYLAR, .10UF, 4C0V 0610018-027
A2( 72 CAPACITCR, CERAMIC DISCy 0PF, 1KYV C401016
AZ2C3 CAPACITUGR, MYLAR, .ClUF, 400V 06106018-015
A2C5S CAPACITORy MYLAR, .0OlUF,y 4Q0V 0610018-015
AZ2C6 CAPACITCR,y MYLAR, -ClUF, 400V C610018-C15
AZ2C8 CAPACITCR,y MYLAR, O1UF, 20QV 061C017-015
A209 CAPACITOR, MYLAR, .0Q047UF, 40UV 061C018-C11
AZ2C10 CAPACITORy MYLARy <4 7UFy 200V 0610017-035
AZ2C11 CAPACITOR, MYLAR, .033UF, 400V C61C018-021
A2C1/2 CAPACITCR,s CERAMIC DISC,y 50PF, 1KYV 04C1C16
AZ2C173 CAPACITCR, CERAMIC DISC,y OlUF, 500V 0401056
A2C 14 CAPACITOR, MYLAR, 33UFr,y 200V 0610133-025
A2C15 CAPACITOR, MYLAR, .0OlUF, 400V C61C0018-015
A2C1l6 CAPACITCRy MYLAR, 10U+, 400V C61C018-027
AZ2C17 CAPACITOR, CERAMIC DISC,y JClUF, 500V 0401056
. A2C18 CAPACITCR, CERAMIL DISC,y JOlUF, H5COV 0401056
AZCR1] DIGCDE, SILICUNy TYPE HCT1 351C053-005
TAZ2CR3 DI0ODEy ZENERy TYPE RS=6 351C022-C04
AZ2CR3 D100E, ZENER, TYPE VRO 3510049~-017
A2CR4 DICDEy SILICUN,y TYPE 74 3510050-001
AZCR6 CIOUE, RECTIFIER, TYPE ST-18 351006858-004
A2CRT7 DICDE,y RECTIFIER,y TYPE ST-18 3510068-004
AZ2LR8S8 OCI1UDE, SILICUN, TYPE 1INOG628 3510004
AZ2CRY DICULUE, SILICON,y TYPE INGZSE 3510004
AZ2DS1 LAMP, NECN, TYPE iNE—-Z2C 1704151-001
A2G1 CHOPPERy SPLCTy 643V, 20-60HZ 6310020-C01
AZR ] ReSISTOR, 1 WATT, 5%, 10 KILORM 0310031-1013
AZRZ ReESISTOR, 1/2 WATT, 5%, 560 KILCHM C310030-564
AZR3 RESISTCR, 1/2 wWATT, 5%, 1 KILCHM 031003C-10/2
AZR 4 RESISTCR,y, 1/7¢ WATT,y 5%y 3.3 MutGUHM C31C030-335
AZR5 RESISTUR, 1/2 WATT, %, 10 MEOGUHM 0310C30C-106
AZRE RESISTOR, 1/2 WATT,y 5%, 10 KILOHM 0310030-103
AZR T RESISTOR, 1/2 WATT, 5%, 220 KILOCHNM 031C030-224
AZR S RESISTCR, 1/2 WATTy 5%, 220 KILOGHM 0310030-224
TAZKRS R:-SISTOR, 172 WATT, %y 3.3 KILURWV 0310030-33/
AZRY ReESISTOR, 172 WATT, 54y 6.8 KILCHNM 031u030-682
TAZR 10 RESISTOR, 1/2 wATT, 5%, 1 KILUHM 0310030-10¢
AZR 10 RESISTGR, 172 WATTy 5%y 242 KILCHM 031C030-222
AZR11 RESISTCGR, 1/2 WATT, 5%,y 3.3 M:zLGORM 031C0030-335
AZ2R1/Z RESISTCRy 1/72 WATTy 5%y Zef MecGUHM 0310C030-2175
tAZR 1S5 RESISTUR, /2 WATT, %, 3.3 KILUHWM 031C030-33/

*UNITS 1-0001 THRU 1-0010 ONLY **UNITS 1-0011 THRU 1-0085 ONLY TUNITS 1-0001 THRU 1-0085 ONLY
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MAINTENANCE 15X_61
Table 4-1. Replacement Parts (Contd)

CIRCUIT o COHU
REF. DESCRIPTION PART NO.

AZR15 RESISTCR, 1/Z WATT, 5%y 6.8 KILUHNM 031CC30-68/
TAZR16 RESISTCR,y 1/2 WATT, 5%y 1 KILUHM 0310030-10/2
AZR16 RESISTOK, 1/72 WATT, 9%y, 2. KILCHV 531C030-22/7
AZR1 T ReSISTCR, 1/72 wWATT,y 5%y 1 MeGLHM 031CC3C-105
AZR18 Re:SISTGR, 172 wATT, 57y le2 KILUHV UG31303C-127¢
T AZR18 RESISTOR,y 172 WATT, 52, 390 UHM (G31C030-391
AZR19G RESISTOR, 1/2 wATTy 5%y 100 KILCHWM C31CC30C~-1C4
A2RZ20 ReSISTCR, 172 WATT,y 5%y 470 KILOHNM C3100U30U~-474
AZRZ21 RESISTURy 1772 WATT, 5%, 680 UHM G31003C~-681
AZRZ2Z ReSISTOR, 1/2 WATT, 5%, 27 KILUOHNM 0310030-2273
AZ2RZ3 RESISTOR, 1/72 WATT, 5%y, €8 KILOKWM 031C030-€68&73
AZRZ24 RcSISTORy 1/2 WATT, 29 4o MpGLHM C31003C—-47H
AZRZ25 RESISTUR, 1/2 WATT,y 5%y 3.3 MEGURM 031CC30-335
AZ2RZ26 ReSISTOR, 1/2 WATT, 54, 18 MELUHM 0310030-186
AZRZ2T RESISTOR, 1/2 WATT, 54, 220 KILOHM 031C0030-224
AZ2RZ28 ReSISTCR, 172 WATTy 542y 100 KILCHWM 03106030-104
AZRZS RESISTUR, 172 WATT, 5%y 68 KILGHW 03100C30-6873
AZ2R30 ReESISTCR, 172 WATT, 5%y 35 KILOHM J3100C30-393
AZR31 RESISTCR, 1/2 WATT, 5%y 40 KILUKEM C31C030-4174%
AZR3/? RESISTCR, 2 WATT, 5%, 180 KILCHM U31C03/-184
AZR33 R:ESISTOR, 2 WATT, 5%, 330 KILOHM 0310032-334
AZR34 ReSISTOR, 172 WATT,y 5%y 390 UHM UV31CU30-391
AZR36 RESISTCR, VARIABLE, PCy £Z3 KILCOHM 501CC8B6-CC6
AZR3T RESISTCR, 1 wWATT, 5%, 120 KILUHM 0310031-124
AZR38 ReSISTUGR, 2 WATT,, 5%, 33 KILUMM 0310032-333
AZR3G ReSISTOR, 1 WATT, 5%y 47 KILUHEM 031C031-473
AZR4GQ RESISTOR, 172 wWATT, 5S4y 6.8 MGUOHY C31C030-685
AZ2R4 ] RESISTUR, 1/2 wATT, 5%y 27 MEGLHM C310030-2175
AZV1 ELECTRCON, TUBE, TYPE 6EUT 7C01C0C58~-C01
A2V /Z ELECTROCN TUBE,y TYPL CAWBA _ 10074193
AZV3 ELECTRON TUBE, TYPEt 6AWBA 1C07410
A2V & ELECTRCON TuBkt,y TYPE 8068 71010045-0C1
TA3 ASSEMBLY, DECALCE AND RANGE RESISTLRS 7819035-001
A3 ASSEMBLY, COECADE AND RANGE RESISTURS 71819036-001
A3R 1 | RESISTUR, WIREWOUNDy NIy 600 KILOKM, (0.005% 521C111-016G
A3R/Z RESISTOR, WIREWOUNC, NIy 6C KILCHM, C.00b% 5210111-020
A3R3 RESISTUOR, WIREWUUND,y NI &6 KILUHM, 0.005% 521C0111-021
A3R4 RESISTOR, WIREWOUNDy N1y 200 KILOHM, 0.005% 5210111-00/2
A3R5 RESISTOR, WIREWOUND, NI, 1CO KILGCKHM, C.C05% 521C111-001
A3R6 RESISTUR, WIREWCUND, NIy 20 KILCHN, 0.01% 521C111-C0b5
A3R Y RESISTOR, wWwIREWQUND,y NI, 10 KILCHNM, 0.01% 5210111-C04
A3R S RESISTOR, wWIREWOUNLCy NIy 2 KILCHM, Q0.UL% 5210111-C0C8
A3RY RESISTCR, WIREWOUND,y NIy 1 KILCHM, 04017 521C111-007
A3R10 RESISTCOR, WIREWOUND, NIy 20C CHM, C.015% “21C111-011
A3R11 RESISTUR,y WIREWOUNLy NIy 100 uHM, C.Cl5% 221C111-010
A3R 12 RESISTCR,y, WIREWCUND, NI, 20 CHM, (C.5% 5/1C111-Cl4
A3R13 RESISTOR,y wWIREWOUNLEy NIy 10 OHM,y U.5% 5210111-0C13
A3R 14 RESISTCR,y WIREWCUND, NIy ¢ OHM, 1% 521C111-017
A3R15 RESISTGR, WIREWCUNDy NIy 1 CUHM, 1% 721Cl111-Clé6

+UNITS 1-0001 THRU 1-0085 ONLY
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15X-61 MAINTENANCE
Table 4-1. Replacement Parts (Contd)

CIRCUIT COHU
REF. DESCRIPTION PART NO.

A3R16 RESISTUR, WIREWOUND, NI, 400 KILOHM, 0.005% 521C111-003
A3R17 RESISTOR, WIREWOUND, NI, 400 KILOHM, 0.005% 5210111-003
A3R18 RESISTORy WIREWOUND, NIy 40 KILOHM, 0.01% 521C111-C06
A3R1G RESISTCRy WIREWOUND, NI, 40 KILOHM, Q0.01l% 521C111-006
A3RZ20 RESISTOR, WIREWOUND,y, NI, 4 KILUHM, 0.01l% 5210111-009
A3RZ21 RESISTOR, WIREWQUND, NIy 4 KILOHM, 0.01% 5210111-009
A3RZZ RESISTORy WIREWOUND, NI, 400 OHM, 0.015% 521C111-012
A3RZ23 RESISTCRy WIREWOUND, NIy 400 CHM, 0.01l5% 521C111-012
A3RZ24 RESISTURy WIREWOUND, NIy 40 OHM, 0.5% 5210111-015
A3RZ25 RESISTOR, WIREWOUND, NIy 40 OHM, C.5% 5210111-015
A3R26 RESISTOR,y WIREWOUND, NI, 4 OHM, 1% 521C111-018
A3R27 RESISTCR, WIREWOUND, NI, 4 OHM, 1% 521C111-018
A3S51 SWITCH, ROTARY, 4P4T, NON-SHORTING 6210145-C01
A352 SWITCH, ROTARY 4-4-2-1 BCCy SHORTING 6290136-002
A353 SWITCH, RQTARY 4-4-2-1 B8CU, SHORTING 629C136-002
A3S54 SWITCHy, ROTARY 4-4-2-1 BCLC, SHORTING 6£29C136-00/2
A355 SwITCH, ROTARY 4-4-2-1 BCD, SHORTING 629C136-002
A3356 SWITCH, ROTARY 4-4-2-1 BCD,y, SHORTING 6290136-002
A3S7 SWITCHy ROTARY 4-4-2-1 B8CDy SHORTING £23C136-00/2
901 MCTOR, FAN, DYAB 569-116 31C3838
tCRS301 DIUDE, SILICUN, TYPE IN3563/1In3752/5C10A 3510053-006
L9301 CAPACITOR, POLYSTYRENE, .1 UF, 1500 V 0610108-00/2
L3902 CAPACITCR, POLYSTYRENE,y .1 UF, 1500 V 061C108-C0Z
- DSG01 LAMP ASSEMBLY, NECON, TYPE AlB 171Cl52-005
FGO01 . FLSE, CARTRIDGE, FO2 SLO-8LG, 1.50 AMP 1710040-122
5901 SwITCH, TOGGLE, SPOST 6103563
1901 TRANSFGRMER, POWER,y 115/230Vy 50/60 HZ 7819020-001

+ UNITS 1-0001 THRU 1-0085 ONLY (REPLACED BY A1CR24 AND A1CR25 IN UNITS 1-0086 AND ON)
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15X~-61

Recommended Spare Parts for COHU Model 324 DC Voltage Calibrator

0510122-002
0610018-015
0610018-027
0610108-002
1704151-001

1710040-122

1710152-0009
3510022-004
3510049-016

3510068-004

6290136-002 |

6310020-001 |

7007419

7010045-001
7010058-001
7210069-001

7819020-001

7819028-001
7819037-001

6-15-67

Capacitor, Electrolytic, 20 u¥, 450V
Capacitor, Mylar, .01 uF, 400V
Capacitor, Mylar, .10 uIF, 400V
Capacitor, Polystyrene, .1 ukF, 1500V
Lamp, Neon, Type NE-2E

Fuse, Cartridge, F02 Slo-Blo,
1. 50 Amp

Lamp Assembly, Neon, Type AlbB
Diode, Zener, Type RS-0

Diode, Zener, Type VR22

Diode, Rectifier, Type 5T-18

Switch, Rotary 4-4-2-1 BCD, Shorting
Chopper, SPDT, 6.3V, 50-60 Hz
Electron Tube, Type 6AWSA

Tlectron Tube, Type 80683

Electron, Tube, Type 6 LLU7
Transistor, Type 2N3633

Transformer, Power, 115-230V,
50-60 Hz

Assembly, Power Supply Board

Assembly, Amplifier Board

KIT NUMBER

[

| 78191 78191
| PKOC PKOC
STOCK LEVEL

COHU | '
PART NO. DESCRIPTION

- 1
1
1
1
1
1
1
0
1
5
5
1
2
0
1
1
0
0
§

10
12

3

78191
PK (2

20

20

12
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