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WARRANTY

Limitation of Liability

Teledyne Philbrick Nexus warrants each of its products

to be free from defects of material or workmanship and to
conform to the applicable published ratings and characteris-
tics in effect at the time of shipment. Our liability under
such awarranty is limited to replacement or service, at our
option, of any product or part thereof which is found to be
defective within one (1) year from the date of shipment.

In all instances defective items shall be returned to us,
transportation prepaid. In no event shall we be liable for
collateral or consequential damages and under no circum-
stances shall our obligation exceed the original purchase
price. This warranty shall not apply to any product that
has been subjected to misuse, improper operation, repair,
alteration, neglect, accident, inundation, fire or operation
outside of its published maximum ratings. We reserve the
right of final determination as to the cause and the
existence of any defect under this warranty.

Teledyne Philbrick Nexus representatives should be
consulted for assistance and shipping instructions.
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Figure 1-1. Model 5102 Operational Amplifier Tester

Table 1-1. Specifications

0to +30mA, +3%,
30mA full-scale

0 to +1000nA, +3%,
10, 30, 100, 300,
I000ONnA full-scale

0 to +1000nA, +3%,
10, 30, 100, 300,
I000NnA full-scale

0 to +1000mV, +3%,
10, 30, 100, 300,
I000mV full-scale

Detects oscillations
of IOmV peak from
100Hz to 10MHz

60 to 120 dB
60 to 115 dB, *ldB

60 to 120 dB

60to 80 dB, xldB
80to 90dB, +2dB
90 to 110 dB, +3dB

0 to £30V, +3%,
30V full-scale

Common Mode Voltage
(iEcm)

Power Supply Rejection
Ratio (zPSRR)

Output Load

Power Supply

Power Required

Power Consumption
Dimensions

Weight

Model 5102

0to +30V, 3%,
30V full-scale

60 to 120 dB
60 to 110 dB, *ldB

Internal: 8 values
330 Q to 20kf}

to 20kE2

Each supply intern-
ally programmable
from 4 to 24Vdc,
short circuit pro-
tected, +*100mA at
+15Vdc

115 or 230Vac
(specify), 50 to 60
Hz

External:

Approx. 10 watts
12|"L x 15"W x 11"H

Approx. 11 lbs
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SECTION 1

GENERAL INFORMATION

1-1. DESCRIPTION

The Teledyne Philbriek Nexus Model 5102 Operational
Amplifier Tester, shown in Figure 1-1, is a semi-
automatic,precision instrument designed to test most
allintegrated circuit, hybrid, ordiscrete operational
amplifiers currently available. Housed in a sloping-
front cabinet, this instrument provides the capabilities
to perform both Static (DC) and Dynamic (AC) testing
of most devices. Specifications for these tests are
outlined in Table 1-1. Asinglefrontpanelmeterpro-
vides measurement indications, expressed in engin-
eering units, without any unnecessary sensitivity ad-
justments. Human engineering concepts have been
fully utilized throughout the development of this unit
to assure fast, efficient test sequencing with a min-
imum of operator training required® Color-coded
controls simplify the operation and permit rapid train-
ing of unskilled personnel.

1-2. APPLICATIONS

The Model 5102 Operational Amplifier Tester is des-
igned for use in quality control measurements, pro-
duction line testing, engineering evaluations, and all
other applications that require speed, accuracy, and
operating convenience. The unit serves as a valuable
tool to quality control engineers in obtaining a cross-
sectional sampling of data on incoming stock. Inpro-
duction, devices can easily be sorted and matched
thereby eliminating those trouble some parameter res-
trictions pertaining to critical state-of-the-art circuit

design. The development engineer can make use of
this instrument to reveal the desired characteristics
of any operational amplifier he might choose to use.
Isolation of defects in substandard devices can readily
be determined through the extensive test capabilities
of this unit.

Teledyne Philbriek Nexus maintains an applications
department to further serve your individual needs.
Contactus through our local representative or directly
at our facility in Dedham, Massachusetts.

1-3. ACCESSORIES

Full flexibility is designed into the Model 5102 Oper-
ational Amplifier Tester in that a complete selection
ofplug-in test sockets and program cards is available
to permittesting of mostall integrated circuit, hybrid,
or discrete operational amplifiers. Each test socket
comes complete with the manufacturers recommended
damping networks supplied as a permanent part ofthe
assembly. Twoplug-intestsockets, Model's 6005

and 6008, are supplied as standard equipment with

eachinstrument. These test sockets are for use with
the 709 integrated circuit and 7-pin discrete types
of operational amplifiers, respectively. The layout
and circuit configuration of each is shownin Figure 1-2.
Program cards, necessary toestablish the test con-
ditions particularto agivenoperational amplifier, are
also available. Enclosed withinthe instrument, these
assemblies program the positive and negative power
supply limits, the output swing of the amplifier under

Figure 1-2. Plug-in Test Sockets

1-1
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test, andthe levelof common mode voltage for CMRR
testing. A Model 6007 program card is supplied with
each instrument. Refer to Figure 6-4 in Section6 of
this manual for the schematic diagram and parts loc-
ation for each program card available.

A list of the program cards designed for this instru-
ment is shown in Table 1-2, Table 1-3 lists the test
sockets presently available., A blank program card
and test socket are included to provide expansion cap-
abilities for accommodating future developed devices.

Table 1-2, Program Cards

Swing for CMRR
Model #Vce -Vecce GAIN Test  Test Level
6007*  +15Vde -15Vde +10V +5V
6016 + 6Vde - 6Vde + 4V 3V
6017 +12Vde -12Vde + 8V +b5V
6018 +18Vde  -18Vdec +14V +6V
6019 +12Vde - 6Vde + BV +0,5V
6020 +24Vde  -24Vde +20V +6V
6021 - BLANK PROGRAM CARD--————~
6022  + 9Vde - 9Vde £ 6V +4V

*Supplied with the instrument

1-2

Model

6005%
6008*
6009
6010
6011
6012
6013
6014
6015
6026

6027
6028
6030
603 1%*

6032
6033
6034

Moadel 5102

Table 1-3. Test Sockets

Socket Description

709 Family - TO-99

Philbrick Nexus 7-pin Q
Philbrick Nexus S-52 - DIP
MC1533G - TO-99

Amelco 809C - TO-99
LM101/yA741 Family - TO-99
Philbrick Nexus T-52 - TO-99
--~~-BLANK TEST SOCKET---~
Philbrick Nexus 8-pin L
Philbrick Nexus 7-pin Q

thigh frequency i.e. 1011)
Philbrick Nexus P type
MC1439G - TO-99

MC1437P (Dual 709) - DIP
Philbrick Nexus 7-pin @

(low current)

MC1433P - TO-116

Philbrick Nexus 9-pin Q

709 Family - DIP

*  Supplied with the instrument
** Extends the range of the instrument to the pico-amp
measurement region for testing FET-input devices
(full scale is +10pA at reduced accuracy )
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SECTION 2

Section 2

THEORY OF OPERATION

2-1. INTRODUCTION

This section of the manual contains detailed information

regarding the test configurations and restraints placed
upon the amplifier to be tested. The individual tests
performed in the Static (DC) and Dynamic (AC) mode
of operation are separately discussed.

2-2, STATIC (DC) TESTING

The Model 5102 Operational Amplifier Tester provides
the capabilities to perform four (4) basic static meas-
urements and a stability test on a particular device.
They are Quiescent Current (+lcc), Input Offset Cur-
rent (Ios), Input Bias Current (+Ibias), Input Offset Volt-
age (Eos), and Oscillation Detection (OSC DET). In the
Static mode of operation a simple straightforward
approach wag taken in that the appropriate source
and feedback elements are connected to the amplifier
under test and the result of the measurement is dis-
played on the front panel meter. To activate a Static
test, the TEST SELECT switch (S1) must he positioned
to DC TEST. The DC TEST selector (S2) in turn
is used to set up the desired input, output, and feed-
bhack constraints on the amplifier under test. Note
the leader which runs from the DC TEST position of
the TEST SELECT switch to the DC TEST selector.
This along with other similar features is all part of
the humanengineering that went into the development
of this instrument. These input, output, andfeedback
components are found, for the most part, on the Switch
Components Assembly (A5). Withthe DC TEST selector
placed into the Ios, +Ibias, and Eos positions, the MET~
ER SENSITIVITY switch (S4) is then activated. Note that
these positions are grouped together by a leader which
runs to the METER SENSITIVITY switch. Also, when-
ever a positive or negative measurementis to be made,
the ''+" designation has beenscreened in yellow which
corresponds to the color of the screening used on the

'INPUT/ POLARITY SELECTOR (S3). The addition

of these simple but useful features was found to be
quite helpful in training test personnel.

2-2.1 QUIESCENT CURRENT (Icc) MEASUREMENT

Quiescent Current - maximum current drawn by the

- amplifier under test from either the positive or neg-

ative power supply under a no load condition,

The system used to measure the quiescent current
delivered from the positive or negative power supply
is shown in Figure 2-1,

In this configuration the amplifier under test is con-
nected as a unity gain follower. Normal operating

power supply voltages are applied through 2 3.3Q, 1%
resistance which is placed in series with each supply
line. The meter indicator, witha fixed full-scale sen-
sitivity of +30mA, is awitched across either ofthe res-
istances by the INPUT/ POLARITY SELECTOR. The

| A
| | 4y
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I O — V<
3 F o aut S5 ¥ee
" o, 6h Lt [ ams _r_c
- 38D 2 om +2 (0]
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_______ P
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|
INPUT/POLARITY

SELECTOR(S®

Figure 2-1. Quiescent Current (lcc) Measurement
System )

voltage dropped across the resistance is proportional
to the current flowing in the circuit. Diodes CR1 and
CR2 are comected across the input terminals of the
device to prevent 'latch-up' witha common mode vol-
tage. This mayhappenwith some operational amplifiers
if one supply is turned on before the other.

2-2,2 INPUT OFFSET CURRENT (Ios)
MEASURE MENT

Input Offset Current - the difference between the input
bias currents flowing into the plus and minus inputs of
a device under a no signal condition.

The system used to measure the input offset current
of the amplifier under test is shown in Figure 2-2,

In this configuration, the amplifier under test is con-
nected ag a unity gain inverter with active feedback
and source networks. Forthe most part, the compon-
ents that make up this test circuit are found on the Relay
‘& Amplifier Assembly (A3). Amplifiers Al, A2, and
A3 are used as current-to-voltage converters andare
initially adjusted for a zero offset voltage by the pot-
entiometers R14, R21, and R25, respectively. The
QFT-2 amplifiers (Al and A3) were chosen for their
FET inputs so that the bias currents, which are in the
picoampere range, will have no significant effect on
circuit operation or accuracy. In this configuration
the amplifier under test servoes itself to zero volts,
plus or minus its offset voltage, through the active feed-
back network of A1, Amplifier A3 presents an active
ground to the non-inverting input terminal of the device.

2-1
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Under these conditions the voltage appearing at the out-
put of Al and A3 is as follows:

(1 Eo (Al) = -Ibias - R15 4Eos

(2) Eo (A3) = +Ibias - R26

As can be seen from the first equation the offsetvol-
tage (Eos) of the device enters into the solution. This
error term is removed by a subtracter circuit (A2).
The output equation of this sfage is:

(3) Eo (A2) = -Thias - R15

A differential measurement is then taken hetween the
output of A3 and A2. This current is representative
of the input offset current present in the amplifier un-
der test, The METER SENSITIVITY switch provides
arefinement adjustment of the meter indication. Input
offset currents in the order of 0 to 1000nA canbe meas-
ured using this system. The final output ecquation is:

(4) Ios =

+ibias E -

~-Ihias l

The potentiometer R27 serves to calibrate the meter
movement while diodes CR3 and CR4 protect it from
overload.

A3CE

A3RIS
1}+Eo0s
—lems = Lo.%g_E_
ARG |~ / 1p3
f -[ Ec@AD 7
Soy
Eo(Al
AR A3R22 ~Tnas=EQRD
METER
SENSITIVITY
()
ouT) '9

Eola !
g
30
R2
A3R27

R3

R4

A3(R4 R +

AR ML

Figure 2-2. Input Offset Current (Ios) Measurement
System

2-2.3 INPUT BIAS CURRENT (+lhiag)
MEASUREMENT .

Input Bias Current - the current flowing into the plus
or minus inputs of the device under ano signal condition,

The system used to measure the input bias currents
of the amplifier under test is shown in Figure 2-3.

2-2
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Figure 2-3. InputBias Current (+Ibias) Measurement
System

The test configuration used to measure these para-
meters is similar to that used to make the input off-
set current measurement, Refer to Paragraph 2-2,2.
Through the use of the INPUT/ POLARITY SELECTOR
the current flowing at the output of A2 and A3 can indi-
vidually be displayed on the front panel meter. The
METER SENSITIVITY switch allows for refined input
hias current measurements to be made in the order
of 0 to 1000nA. The final output equations are:

. _Eo (A3)
(1) +Ibias = R%6

Eo (A2)

(2) -Ibias ==
Again the combination of the potentiometer R27 and
diodes CR3 and CR4 have heen used to calibrate and
protact the meter movement.

2-2.4INPUT OFFSET VOLTAGE (Eosg) MEASURE MENT

Input Offset Voltage ~ the internally generated error
voltage which causes a non-zerooutput. Thisis referred
to the input of the amplifier.

The system used to measure the input offset voltage
of the amplifier under test is shown in Figure 2-4.

Ih this configuration, the amplifier under test is con-
nected as an inverter with a noise voltage gain of ten
and an equivalent source impedance of 900 ohms.

The gain error is less than 1% for operational amp-
lifiers having gains greater than 60dB. Withthe MET-
ER SENSITIVITY switch set to the most sensitive range

k
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(10mV), one microampere of input offset current will
contribute approximately a 10% full-scale error. This
circuit does, however, require that the amplifier un-
der test have an output voltage swing of at least ten
times the offset voltage to be measured. The final
output equation is:

:Eo +losRs _ Eo +900Ios
10 10

(1) Eos

Again, the potentiometer R27 and the diodes CR3 and
CR4 have been used to provide adjustment and overload
protection for the meter movement.

ASRY

Eos = E0£O00Ncs
10
METER
SENSITIVITY
[0
e, | A3R27
Eo
R 30
R2 +
103 AXR3 ABCRq
L 2 3

Ml

v

Figure 2-4. Input Offset Voltage (Eos) Measurement
System

2-2.5 OSCILLATION DETECTION (OSC DET)
MEASUREMENT

The systemusedtodetect an oscillation present in the
amplifier under test is shown in Figure 2-5.

OSCILLATION
DETECTION Ds|
CIKCUIT

(SEE FamaGuarr 4-3)

+ 24vDC

Figure 2-5. Oscillation Detection (OSC DET)
Measurement System

In this configuvation, the amplifier under tesi is con-
nected as a unity gain follower., The oscillation det-

ection circuit monitors the output of the device. See-

Paragraph 4-3, for the discussion of this circuit.
Should an oscillation in the frequency range of 100Hz
to 10MHz and in excess of 10mV peak be evident, the
OSC DET indicator (DS1) will illuninate. Again,
diodes CRI and CRZ are used to prevent ”1atch-hp".

Section 2

2-3., DYNAMIC (AC) TESTING

The Model 5102 Operational Amplifier Tester provides
the capabilities to perform five (5) dynamic measure-
ments onaparticular device. Theyare Gain, Common

Mode Rejection Ratio (CMRR),Output Voltage Swing

(¥Eout), Common Mode Voltage (+Ecm), and Power
Supply Rejection Ratio (+tPSRR), Measuring the dyn-
amic characteristics of a device presents a more com-
plex problem than did the measurement of the static
characteristics. Tomaintainoperating simplicity and
the direct readout capability a synchronous demodulation
system was developed, See Paragraph 2-3.1 for a
discussion on the operation of this system. Through
the use of the synchronous demodulator, dynamic meas-
urements are reduced to a simple, straightforward
routine, paralleling that used for Static testing. Input,
output, and feedback elements are connected to the amp-
lifier under test.and the result of the measurement is
displayed on the front panel meter. Again the input,
output, and feedback components are found, for the
most part, on the Switch Components Assembly (A5).
Toactivate a Dynamic test, the TEST SELECT switch
is gsimply positioned to the desired test. This sets up
the proper constraints about the amplifier under test.
During Gain and Output Voltage Swing measurements,
the LOAD §) selector (S5) is automatically connected
to the output of the device through the energized relay
A5KS6. It should be noted here that the resistance values
shown in conjunction with theLOAD Q)selector, include
the parallel,internal effective load of 20,000 ochms.
Also, as in Static testing, whenever a positive or neg-
ative measurement is to be made, the "' +"' designation
has been screened in yellow to correspond with the
screening of the INPUT/ POLARITY SE LECTOR.

2-3.1 SYNCHRONOUS DEMODULATION

The heart of the dynamic measurement system used
inthe Model 5102 Operational Amplifier Tester is the
synchronous demodulator. Todevelop a better under-
standing of this circuit, let us first examine the oper-
ation of a basic synchronous detection system, like
the one shown in Figure 2-6 inwhich the gain parameter
is measured. Here a signal source is generated to
drive the modulator switch S1 in synchronism with the
demodulator switch S$2. The modulator produces a
square-wave signal by switching betweentwo stable de
reference voltages. The magnitude of these voltages
should be at least as great as the largest voltage en-
countered when testing a device over its full dynamic
range. Theoretically, the output of the device is:

(1) eop-p = %211 . 2IVref'

Inthis case, the signal is coupled to the amplifier un-
der test, which is running in a cloged-loop configuration

2-3
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with a gain-error signal (eX) appearing between the
negative terminal and common. The resultant gain-
error is:

) er = - 20

....where Ag is the open-loop gain of the amplifier
under test.

The errof signalis then ac coupled and amplified with
aprecise gain to an appropriate level before being de-
modulated. Itisband-limited to reject de drift, very
low frequency noise (flicker),and any high frequency
noise. The amplified signal is demodulated or con-
verted back to a dc signal using a peak-to-peak det-
ector switching in synchronism with the input signal
source. Capacitor C1charges to the level of the Vref
output in a negative direction with respect to ground
on the first half cycle while on the next half cycle C2

charges in a positive direction. After a few cycles,

the dc signal that appears across C2 is equal to the
peak-to-peak value of the gain-error signal multiplied
by the gain of the ac amplifier. The dc signal is:

(3) Vdc =ey -+ Al

....where Al is the gain of the ac amplifier.

The resuitant gain equation is:

@ A, -ap- B2 2lveel

R1 Vde
t Vrer e
S
MODULATING
SIGNAL KC Ry
- —_ ; _
s T 5
€ | A eo
+
Vagr l

1o

SIGNAL
SOURCE

Cl l g T O DISPLAY
AC FOLLOWER CIRCUITS
AMPLIFIER ’— N
2| [ord v;t

PT

DEMODULATL
SIGNAL N

Figure 2-6. Synchronous Demodulation System
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Since synchronous demodulators inherently provide
improved signal-to-noise ratios, low-level signals in
the order of microvolts can easily be detected. Cer-
tain basic precautions must be considered, though.
First, the switching signal must be low enough in freq-
uency so that the transient spikes on the detected
signalintroduce aminimalerror, Themaximum rep-
itition rate will be determined by the low frequency
open-loop characteristics of the device. Some form
of protection must be provided for the input of the
amplifier under test. The ac amplifier must be able
to pass the low frequency square-wave input signal and
its output impedance must be relatively low to allow
the capacitors C1 and C2 to charge quickly. Finally,
the dc follower musthave a very high input impedance
so as not to discharge the capacitor C2 on alfernate
half cycles.

With these considerations in mind, the actual circuit
used inthis instrument was developed. A block stage
representation. of thig system is shown in Figure 2-7.
It is animproved version, modified to overcome some

of the aforementioned problems.

A clock, operating at a frequency of 10Hz, is used to.
control the modulator and demodulator switching net-
works. Ttsoutput is fed to the frequency divider and
monostable multivibrator circuits. The frequency
divider, designed to trigger on the negative slope of
the clock pulse, produces a signal at one half the fre-
quency of the clock (5Hz). Its outputs are gated by an
electronic phase reversing switch and are used to drive
the Vrefcircuit. This electronic switching determines
the phase of the modulating signal with respect to the
clock., The Vref circuitis usedto provide a modulating
signal sufficient to drive the amplifier under test
through an equivalent source impedance (Req). This
impedance corresponds to the resistance of A2R50 on
a positive half cycle or to that of A2R51 on a negative
half cycle. The output of the individual test circuits
is coupled to the ac amplifier A3A1 where it is amp-
lified, band-limited, and then fed to the input of the
peak-to-peak demodulator circuit. A monostable
multivibrator and FET switch form adc restorer cir-
‘cuit to discharge the test circuit coupling capacitors
whereused. The demodulator circuit consists of two
junction field-effect transistors operating in a shunt-
geries chopper configuration. Triggering on the pos-
itive slope of the clock pulse, the monostable mul-
tivibrator, in conjunction with the #A and §B- out-
puts of the frecquency divider, causes gatesl and 2

to function only on the later, positive going half of each
clock switching period, by which time nearly all trans-
ients on the error signalhave been dampedout. When
gate 1is turned on, capacitor A3C3 is grounded through
the "shunt" FET A2Q18, At the same instant, gate 2 is
off, opening the "series" FET A2Q19. This creates

.
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a synchronous sample-and-hold, peak-to-peak det-

ector, where the sampling period is set by the timing
cycle of the monostable multivibrator. By shorting
out capacitor A3C3 and direct coupling the ac amp-
lifier, a synchronous peak reader is formed. Chang-
ing the phase of the modulating signal with the electronic
switchallows signals of either polarity from the amp-
lifier under test to be measured under dynamic con-
ditions. This feature allows the measurement of max-
imum output under load as well as the common mode
range tobe performed. The gate signal for the ""shunt!'
FETis referenced to ground, while the gate signal for
the "series" FET is referencedtothe de follower out-
put. This ensures that the FET's are referenced pro-
perly. A good FET input operational amplifier is used ag
the de follower A3A3 sothat signals in the order of a few
millivolts to ten volts are accurately demodulated,

The only significant error introduced by this circuit
is that produced by the dc follower's offset and drift.
This circuit has a wide dynamic range that is used to
advantage to drive the logarithmic amplifier and dis-

play. During+E out and +E cm measurements the output
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to the log amplifier A3AZ2. Here the absolute value
circuit  A2A2 establishes a positive current to the log
element A3A4 which is placed in the feedback loop of
the log amplifier. The logarithmic resultant is then
displayed on the meter movement, which is scaled in
dB.

2-3,2 GAIN MEASUREME NT

Gain - the ratio of the change in output voltage with a
specifiedload to the change in the input voltage exist-
ing between the inverting and non-inverting terminals
of the device. '

The system used to meaure the gain of the amplifier
under test is shown in Figure 2-8.

In this configuration the amplifier under test is con-
nected as an inverter. Theoretically, the output of
. the device is:

of the dec follower is directly displayed on the meter (1) eo = - ASR16 1 o | Vref
indicator. When a Gain, CMRR or +PSRR measure- A4R1+Req 1
ment is performed, the output of the de follower is fed Aog
AUT TEST CIRCUIT
NGEEE 5% ®
| I -
AMPLIFIER
I I A3AL
L _ | Y Y—
— FREQUENCY
i
[ Prace ]
(® da REVERSE
I FREGUENCY Q’ﬂ'm‘ Veer oC ] [
ovioeR o SWITCH RESTORER PHasE B ®
O
"'@ ‘“3&,”5’5 L06 - —
areur 1 MERES [ , EE— [
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Figure 2-7, Synchronous Demodulation System used in the Model 5102 Operational Amplifier Tester
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....where Ao is the open-loop gain of the amplifier
under test and Reqis the source impedance of the Vref
generator and

1
2) g=
@ 8 1+A5R15 1+ AB5R16 ABR16 )
( A5R14) ( ABR16 +A4R1 ABR15+A5R14

: 1
By a careful choice of values, the term Aof is made
verysmall, less than 0. 01, therefore resulting in less
than a 1% error in the following equation:

A5R16
A4R1 + Req

(3) €op-p =2 |Vref

With thig in mind, the output level of the amplifier
under test can be easily programmed with a single,
precisely calibrated resistor, A4R1. This resistor
ig located on the Program Card Assembly (A4)., It
allows the same basic circuit to be used to measure
the gain of different devices having different swing
capabilities.

A5C2
€

i
A4R3
ASC3
N

€ MR A5RIS

T0
AC AMPLIFIER

- (440

Reo ASRIS

L(')ADn(SS)

EXT JB
"l >0 — 1

+H5Y 1
S
-5V ASRIi4

. Figure 2-8. Gain Measurement System

The LOAD Q2switch is used to select the proper loading
for the device, It should be noted that the resistance-
shown is the parallel combination of the selected value
and the internal feedback resistance of A5R16. An
error signal, eT, is generatedat the input of the dev-
ice and is increased by the divider network, A5R14 and

A5R15, thus eliminating the need for further ac gain.
This error signal is then coupled to the synchronous
demodulator by the capacitor A5C2 where it is amp-
lified, demodulated, and displayed logarithmically on

Model 5102

the front panel meter. The final gain equation is:

€op-p ABR15

- esp-p ( 441“&55}3 14 )

(4) Ao

A4R3 is usedto scale this error signal, eg, before it
is amplified by the ac amplifier stage of A3AL. A
device having a higher output level would require a
decrease in the resistance of A4R1 together with an
increase inthe resistance of A4R3. The formulas for
calculating these values are found in Section 4-5. of
this manual. -

2-3,3 COMMON MODE REJECTION RATIC (CMRR)
MEASUREMENT

Common Mode Rejection Ratio - the ratio of the change
in input common mode voltage to the change in input
offset voltage.

The system used to measure the common mode rej-
ection ratio of the amplifier under testis shown in Fig-
ure. 2-9.

ASR22
A5C4

T0
AC
o AMPUFIER
AdR4
oM

Figure 2-9, Common Mode Rejection Ratio (CMRR)
Measurement System

In this configuration the amplifier under test is con-
nected as a perfect subtracter with a balanced bridge
in its input circuit. For the purpose of discussion we
will neglect the resistor A5SR20 for the moment. The

" common mode rejection is then:

e; A5R21

1 = Com
(h CMER eo ABR22

Aeos

....where e is the actual commonmode voltage and
ei is the driving function.

This equation holds true when the following condition

is satisfied:

@) A5R18 _ A5R21
ABR19 ABR22

&

; ‘! i
: &
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For imbalances in the resistor ratio, the actual ex-
pression for e, vs. e; becomes:

1+A5R22 ABR22 ABR19

eq _ A5R21 ASR21 | 1 A5R21 ~ A5R18
() ey AB5R22 +A5R19 CMRR +A5R19
ABR18 A5R18

From this equation one can see how closely the res-
istor ratios must be matched for the first equation to
be valid with any given CMRR, allowable tolerance
errors,or environmental changes.

The potentiometer A5R23 is used to balance the input /

tothe bridge circuit to better than 0.5 parts per million
while the series combination of A4R7 and the equivalent
source impedance of the Vref generator, Req, estab-
lishes the level of common mode voltage appearing at
both inputs of the device. The noise gain of the test
circuit is then increased for better stability hy adding
the resistor A5R20. The equivalent noise gain is

: , . _ . ABR21 2 - A5R21 _

(4) noise gain = 1+ ABR2D + ABR20 50
A4R4 is used to scale the level of the error signal
being fed to the input of the synchronous demodulator

through the capacitor, A5C4,

The resultant common mode rejection equation is:

(5) CMRR = %%n < noige gain

2-3.4 OUTPUT VOLTAGE SWING (+Eout)
MEASUREME NT

Output Voltage Swing - the maximum positive andneg-
~ative output voltage, without clipping, developed under
a specified load in reference to ground.

The system used to measure the output voltage swing
of the amplifier under test is shown in Figure 2-10,

In this configuration the amplifier under test is con-
nected as an inverter. The output voltage swing is:

ABRS

() 0 7 A4R2 + Req

. Vref!

The device is driven into saturation in either a pos-
itive or negative direction and the resultant peak level
is detected by the synchronous demodulator operating
asapeakdetector. To accomplish this, the capacitor
A3C3 is shorted out in the FET demodulator circuit.
The LOAD () switchis again used to select the proper
loading for the device. Again,the resistance shown
is the selected resistance in parallel with the series
combination of A5R10 and A5R11, all in parallel with
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the feedback resistarice, A5R8. Diodes CR7 and CRS

are used to protect the input of the amplifier under
test from being driven heyond a 0.6 volt limit. The
resistor A4R2 is used to program the output of the
device. This outputis thendivided down by the network

of A5R10 and A5R11 to a suitable level to drive the in-
put of the amplifier, A3A1. This signal is amplified,

peak detected, and the results displayed directly on

the front panel meter.

A5R8

LOAD 1V (S5}

20K EXT R
° J

ASRIO 10K RS

Figure 2-10. OutputVoltage Swing (+Eout)
Measurement System

2-3.5 COMMON MODE VOLTAGE (Ecm)
ME ASUREME NT

Common Mode Voltage - the maximum voltage that may
be applied to either input with respect to ground and
still permit the amplifier to function in the active region.

The system used to measure the common mode voltage
of the amplifier under test is shown in Figure 2-11.

A5R9

£eu MCDULATOR [ eo

CIRCWIT

ASRI0
SEEPARAGRAPH 42,

Tc
AC
AMPLIFIER
ASRI

THE l

V

Figure 2~11. Common Mode Voltage (+Ecm)
Measurement System
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In this configuration the amplifier under test is con-
nected as a follower. The non-inverting terminal of
the device is driven, through a large source impedance
A1R22, by the Ecm modulator circuit. This circuit
receives its input from the Vref generator.

Diodes CR5 and CR6 alongwith the resistor ASR9 serve

to protect the device from "latch-up" with common
mode voltage. Under this operationthe amplifier under
testis driven into saturation as the common mode volt-
age limit is approached. The output no longer follows
the input resulting in a saturated signal appearing at
the output. For this reason, it is important to rem-~
ember thatthe output voltage swing of the device must
be equal to or greater than the level of its common
mode voltage range. The signal is then divided by the

network of A5R10and A5R11 to asuitable level to drive -

the input of the amplifier A3A1l. It is amplified, peak
detected, and the results displayed directly on the front
panel meter, as in the case of the output voltage swing
measurement.

2-3.6 POWER SUPPLY REJECTION RATIO (+PSRR)
MEASURE MENT

Power Supply Rejection Ratio - the ratio of the change
ininput offset voltage resulting from a change in either
power supply voltage.

The system used to measure the power supply rejec-
tion ratio of the amplifier under test is shown in Fig-
ure 2-12,

In this configuration the amplifier under test is con-
nected as an inverter, with a noise gain of 25 and an
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equivalent source impedance of 50§2. The noise gain
is:
i i o< éé.Bi —
(1) noise gain = 1 4 AAL 25

Here the output of the Vref generator is used to drive
the PSRR modulator circuit which introduces a +0.5
volt fluctuation upon either the positive or negative
power supply line. The resulting noise-gained offset
voltage is then coupled to the synchronous demodulator
by the capacitor ASC1lwhere itis ac amplified, demod-
ulated, anddisplayed logarithmically onthe front panel
mefer. The resultant equation for power supply rej-
ection is:

(2) PSRR = AVece = AVcee s ABR4 + ABRbH
€os €o A5R5
AsRa
r’ ______ -1 PSRR;%E:%B&_I
|
. - | AsCH o
IJ ! +AUT j:'(:: €o : I"T:'ﬁ‘t?nm
e | Seisycon
i ASR Lo

INPUT/POLARITY
SELECTOR(S3) FSRR
[

HMODULATOR
CIRCUtT

SEE PARAGRAPH 4.2

Figure 2-12, Power Supply Rejection Ratio (+PSRR)
Measurement System
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SECTION 3

OPERATION

3-1. INTRODUCTION

This section of the manual contains information reg-
arding inspection, installation, controls, connectors,
indicators, and a step-by-step operational procedure.

3-2. INSPECTION

The Model 5102 Operational Amplifier Tester was thor-
oughlyinspected for electrical and mechanical perfec-
tion prior to shipment. It is recommended that the
unit be carefully removed from its packaging and in-
spected for physical damage that may have resulted
during transit. Completeness of your order should
be verified at this time to ensure that all purchased
accessories have been received. Refer tothe warranty
in the front of this manual for our Limit of Liability

should damage or deficiency be evident. Original, pack-
aging should be retained to facilitate a return shipment.

3-3. INSTALLATION

This instrument is designed to operate from a 115Vac,
50to 60 Hzline source. Should the need arise to oper-
ate the unit from a 230Vac, 50 to 60 Hz source, it is
recommended thata step-down transformer be used or
the instrument be modified as outlined inParagraph 4-2.
A three-conductor power cable is provided for the pro-
tection of operatingpersonnel. If a two-contact outlet
is all thatis available, insure thata two-prong adapter
is used and ascertain that the green grounding pigtail
is attached to a suitable ground, such as a eoldwater
pipe. A 3/4-ampere fuse (FI) is incorporated to pro-
vide short circuit protection for the instrument. It is
advisable to operate the unit under normal ambient
conditions (+25°C).

3-4. CONTROLS, CONNECTORS, AND INDICATORS

The function ofeach front and rear panel control, con-
nector, and indicator is fully described in the following
paragraphs. Refer to Figure 3-1 for the location of
each item.

(1j MeterIndicator - meter movement (MI) used
to display all Static and Dynamic operating para-
meters ofthe device under test. Ranges include:

LOG .o 103 - 196

AB o 60-120

MV e +10 - 1000

NA +10 - 1000

V s +30 (full-scale)
MA e +30 (full-scale)

(2) INPUT/POLARITY SELECTOR - rotary
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switch (S3) used to selecteithe r the inverting or
non-inverting input of the device or the positive
or negative power supply line.

(*3J LOAD Q - rotary switch (S5) used to select
me load resistance applied to the output of the
device being tested.

(J) OSC DET - lamp (DS2) used to indicate det-
ected oscillations in the device under test.

IC PWR - pushbutton switch (S8) used to apply
ac power to the device to be tested. The push-
button indicator lamp (DS2) will illuminate when
power is applied.

® Test Socket - plug-in test socket. There is
a type available for most integrated circuit, hy-
brid, or discrete operational amplifiers to be
tested. See Paragraph 1-3 for a list of these
accessories.

(T) POWER - pushbutton switch (S6) used to
energize the Model 5102 Operational Amplifier
Tester through the application of primarypower.
The pushbutton indicator lamps (DS3 and DS4) will
illuminate when power is applied.

(8) METER SENSITIVITY - rotary switch ($4)

used to select the full scale operating range of
the meter indicator during the los, zlbias, and
Eos tests. The incorporated sensitivity selection
extends the range from 10 to I00OOmMV or nAdep-
ending upon the test to be performed.

A9~ DC TEST - rotary switch (S2) used in the
selection of all Static tests to be performed by
this instrument.

(10) TEST SELECT - rotary switch (SI) used to
selectallDynamic tests as well as the Static test
mode (DC TEST position).

© Meter Zero Adjustment - setscrew adjust-
mentused to mechanically zero the meter indic-
atorwhile the instrument is in an off state of op-
eration.

02~ AMP OUT - BNC connector (J7) usedto pro-
vice asampling access to the outputof the device
under test.

(13J Fuseholder and Fuse - fuseholder (XF1) and

3/4-ampere fuse (FI) used to protect the instru-
ment from an overload.

3-1
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Power Cable - three-conductor power cable
used to connect primary power to the Model 5102
Operational Amplifier Tester.

EXT R, - banana jacks (J8 and J9) usedior
connecting an externalload resistance to the out-
put of the device under test.

NOTE

In the EXT Ry, position, any ex-
ternal load resistance willbe in

parallelwith an internal effective
load of 20,000 ohms.

Connector (J1) ~ 22~pinedge connector used
tomate interface circuitry with the Power Supply
Assembly (A1).

Connector (J3) - 15-pinedge connector used
tomate interface circuitry with the Relay & Amp-
lifier Assembly (A3). '

Comnnector (J2) - 15-pinedge connector used
tomate interface circuitry with the Logic Assem-
bly (A2).

@ Connector (J4) - 22-pinedge connector used
tomate interface circuitry with the Relay & Amp-
lifier Assembly (A3).

€1) Calibration Switch - 3PDT slide switch (S7)
usedtoplace the instrument into the calibration
mode (CMRR test only).

Connector (J5) - 22-pinedge connector used
to mate interface circuitry with the Program
Card Assembly (A4).

Connector (J6) - 15~pinedge connector used
tomate stimuli and response signal lines to the
plug-in test socket.

3-5. OPERATIONAL PROCEDURE

The Model 5102 Operational Amplifier Tester is des-
igned to test most integrated circuit, hybrid, or dis-
crete operational amplifiers currently available. A
variety of test sockets provide the complete flexibility

‘required to test available devices and those that be-

come available in the future. To aid in the evaluation
of these devices, a comprehensive,step-by-step pro-
cedure has been prepared in such a manner that any

_one or all of the Static or Dynamic tests may be per-

formed after the completion of an initial set up.
3-5.1 STATIC TESTS

In the Static test mode of operation, alldcoperating

parameters of the device (Ice, Ios, #Ibias, Eos,and

3-2
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any oscillations detected over a specified bandwidth)
are evaluated. The step-by-step procedure for Static
evaluation of any operational amplifier is performed
as follows: ‘

1. Verify that the correct Program Card As-
sembly (A4) is inserted into connector J5. See
the list of program cards, Table 1-2, for the
proper selection.

2. Plugthe power cable into a suitable source
of 115Vac, 50 to 60 Hz line voltage.

3. Depress to illuminate the POWER push-
button. A 30-minute warmup period is recom-
mended to allow the circuits of the instrument
to stabilize.

NOTE
Depress to extinguish the IC PWR

pushbutton if illuminated.

4, Select an appropriate plug-in test socket
for the particular device to be tested and insert
into connector J6.. Seethe list of test sockets
Table 1-3, for the proper selection.

5. Set the following controls as indicated:

ME TER SENSITIVITY . . . .1000
TEST SELECT. ... ... .DCTEST
INPUT/ POLARITY
SELECTOR . « v v v s ¢ o« o+
TOAD®. . . ... ..... .Notappli-
cable for

Static testing

6. Carefully insert the device to be tested in-
‘to the test socket.

7. Depress to illuminate the IC PWR push-
button,

8. Perform the tquiescent current (flcc) tests
ag follows:

a., Set the DC TEST selector to the "+Icc"
position.

b. Measure the positive power supply qui-
escent current (+Ice) present at the device
being tested, This is displayed on the red
current scale (30mA, full-scale).

c. Set the INPUT/ POLARITY SELECTOR
to the ' - "' position.

d. Measure the negative power supply qui-
escent current(-Icc) present at the device
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9.

being tested. This is displayed on the red
current scale (+30mA, full-scale).

e. Return the INPUT/ POLARITY SELEC-
TOR to the " + " position.

Perform the input offset current (los) test

as follows:

a, Set the DC TEST selector to the '"los"
position,

b. Adjust the METER SENSITIVITY switch
for a suitable meter indication (maximum
full-scale).

¢. Measure the input offset current (los)
displayed in nA on the respective red cur-
rent scale,

d. Return the METER SENSITIVITY switch
to 1000,

10. Perform the :xinput bias current, (Ibiag)
tests as follows:

11,

a, Setthe DC TEST selector to the '"+Ibias"
position.

b. Adjust the METER SENSITIVITY switch
for a suitable meter indication (maximum
full-scale).

¢. Measure the input bias current (+Ibias)
present at the non-inverting terminal of the
device. Thisigdisplayed in nA on the res-
pective red current scale.

d. Set the INPUT/ POLARITY SELECTOR
to the " - " position.

e. Measure the input bias current (-Ibias)
present at the inverting terminal of the dev-
ice, This isdisplayedin nA on the respec-
tive red current scale,

f. Return the INPUT/ POLARITY SELEC-
TOR to the " +'" position and the METER
SENSITIVITY switch to 1000,

Perform the input offset voltage (Eos) test

as follows:

a; Set the DC TEST selector to the "Eos"
position.

b. Adjust the METER SENSITIVITY switch
for a suitable meter indication (maximum
full-gcale).
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c. Measure the input offset voltage (Eos)
displayed in mV onthe respective red volt-
age scale, o

d. Return the METER SENSITIVITY switch
to 1000.

12, Perform the Oscillation Detection (OSC
DET) test as follows:

a. Set the DC TEST selector to the "'"OSC
DET" position,
NOTE

If oscillations are detected
in the device, the OSC DET
indicator will illuminate,

otherwise the indicator will
remain extinguished.

13, If Dynamic testing is to be performed, de-
press to extinguish the IC PWR pushbutton. If
no further testing is required, depress boththe
IC PWR and POWER pushbuttons,

3-5.2 DYNAMIC TESTS

In the i)ynamic test mode of operation, the device is
evaluated under actual operating conditions. Included
inthe tests tobe performed are Gain, CMRR, +Eout,

#Fcm, and +PSRR measurements. The step-by-step

procedure for Dynamic evaluation of any operational
amplifier is performed as follows:

1.

2.

NOTE

If Dynamic testing is a fol-
low-on to Static testing,
omit Steps 1 and 3 of this
paragraph, otherwise pro-
ceed with the following:

Repeat Steps 1 through 4 in Paragraph 3-5. 1.

Set the following controls as indicated:

METER SENSITIVITY . . . Not applicable
for Dynamic
testing

DCTEST. . « » + « « . » Not applicable
for Dynamic
testing

TEST SELECT . . . . . . GAIN

INPUT/ POLARITY

SELECTOR . . .. . . . *

IOADD. . . ... . ., . Toacorres-

ponding output
load impedance
specified on the
data sheet sup-
plied with the

device to be
‘tested.
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3. Carefully insert the device to be tested in-
to the test socket.

4, Depress to illuminate the IC PWR push-
button.

5. Measure the gain of the device under test.

NOTE

The black logarithmic
scale on the meter in-
dicates the ratio out-
put to input while the
black decibel scale is
read directly in dB.

6. Set the TEST SELECT switch to the "CMRR"
position.

7. Measure the common mode rejection ratio
(CMRR) displayed on either the logarithmic or
decibel scale.

8. Setthe TESTSELECT switch to the "+Eout"
position.

9. Measure the maximun positive output voltage
swing (+Eout) displayed onthe red voltage scale
(#30V, full-scale).

10, Set the INPUT/ POLARITY SELECTOR to
the " -~ ' position.

11, Measure the maximum negative output volt—
age swing (-Eout) displayed on the red voltage
scale (+30V, full-scale).

Model 5102

12, Setthe TEST SELECT switch to the "+Ecm"
position,

13. Measgure the maximum usable negative com-
mon mode voltage limit (-Ecm) displayed on the
red voltage scale (¥30V, full-scale).

14, Set the INPUT/ POLARITY SELECTOR to
the " + ' position.

15. Measure the maximumusable positive com-
mon mode voltage limit (+E cm) displayed on the
red voltage scale (¥30V, full-gcale).

16. Set the TESTSELECT switch to the "+PSRR"
position.

17. Meagure the rejection ratio of the positive
power supply (+PSRR) on either the logarithmic
or decibel scale.

18, Set the INPUT/ POLARITY SELECTOR to
the " - "' position.

19. Measure the rejection ratio of the negative
power supply (-PSRR) on either the logarithmic
or decibel scale.

20. Return the INPUT/ POLARITY SELECTOR
to the ' + ' position,

21. Depress to extinguish both the IC PWR and
POWER pushbuttons upon the completion of all
tests,
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Section 4

PRINCIPLES OF OPERATION

4-1, INTRODUCTION

This section of the manual contains information reg-
arding the circuit operation of the individual assemblies
that gointo the Model 5102 Operational Amplifier Tes-
ter. Theyare the Power Supply Assembly (A1), Log-
ic Assembly (A2), Relay & Amplifier Agsembly (A3),
Program Card Assembly (A4), and the Switch Com-~
ponents Assembly (A5). Eachis separatelydiscussed
inthe following paragraphs. The interconnection dia-
gram Figure 6-6., shows how each agsembly relates
to another and to the intricate switching networks of
the instrument.

4-2. POWER SUPPLY ASSEMBLY (Al)

Incorporated into the design of the Power Supply Assem-
(A1) is a programmable plus and minus supply, 2 reg-
ulated +15 volt supply, a relay.and lamp supply, a
modulator circuit for PSRR testing, and a square-wave
signal source-for Ecm testing. Refer to Figure 6-1.
for the schematic diagram of these circuits.

The function of this assembly is straightforward. Jpon
depressing the POWER pushbutton, lamps DS2 and DS4
will illuminate indicating that line voltage has been
applied to the primary winding of the transformer (T1).
The primary winding may bhe wired for both a 115Vac
or 230Vac, 50 to 60 Hz line source. To operate the
instrument from a 115Vac, 50 to 60 Hz source, ter-
minals T1(2) and T1(4) must be shorted together and
comnected tothe high (white) side of the line while ter-
minals T1(1) and T1(3) are shorted and connected to the
low (black) side. For 230Vac, 50 to 60 Hz operation
short terminals T1(2) to T1(3) and connect T1(4) to the
high (white) side of the line and T1(1) to the low (black)
side. The secondary winding then couples voltage to
a4 bridge rectifier comprised of A1CR1 thru A1CR4.
The rectified resultant is then filtered by capacitors
A1C3 and A1C4 and fed to regulators A1VR1 and AIVR2.
Voltage regulator A1VR2 is programmed to supply
both a positive and negative voltage from 4 to 24 volts.
This voltage level is dependent upon the value of the
program resistors A4R5 and A4R6. These resistors
are found on the Program Card Assembly (A4). The
formulas used to calculate these values are found in
Paragraph 4-5. To establish these programmable
levels, potentiometers A1R8 and A1R10 are adjusted
for the positive supply while AIR7 and A1R12 set the
negative supply. A1R10and A1R12 areused to set the
gain of the positive and negative supplies, respectively
such that a programmable level of 1 volt/ k) is es-
tablished. AIR8 and A1R17 adjust out any offset volt-
age pregent in the regulator. Once these adjustments
have beenmade, a 4-volt reference levelwill have been

set up. Itisthena matter of determining the desired
output voltage, subtracting 4 (rveference level) and
multiplying the results by one thousand ohms to find
the correct value of the program resistors.

Example:

Desgired Output Voltage = 15
less Reference Level = -4

Result =11
Selected Program Resistor = 11 . 10000 =11, 0000

These programmed levels are used to power the amp-
lifier under test. The positive supply voltage is ap-
plied through the parallel combinationof A1R13, A1R14,
and A1R15 to the positive terminal of the device while
the negative supply is fed through the parallel com-
bination of A1R16, A1R17, and A1R18 to the negative
terminal. A voltage measurement taken across these
parallel resistance combinations indicates the quiescent
current being drawn from each supply. The output of
voltage regulator A1VR1 igfed directly to the printed
circuit connector for distribution to the circuits of the
instrument,

Diodes A1CR5 and A1CR6 rectify the voltage from the
other secondarywinding of the transformer. Capacitor
A1C5 filters this rectified voltage while the zener diode
AI1CR7 and transistor A1Q7 serve toform a zener reg-
ulated referenced emitter follower. The regulated out-
put is thentransferredto the various relay control and
lamp indicator circuits.

" A modulator circuit is designed to inject a known fluc-

tuation upon the positive and negative supply lines
during the power supply rejection ratio tests. When
a positive power supply rejection ratio test is selected,
a- +15 volt square-wave is applied, from the Vref cir-

cuit, to a voltage divider A1R1and AIR3. A 0.5 volt’

fluctuation is impressed upon the base of the comple-
mentary emitter followers, A1Ql and AlQ2, and the
resultig a +0.5 volt change in the positive supply line.
Operation during the negative power supply rejection
ratiotestis identical to that just described except that
the Vref output is applied to a voltage divider,A1R2
and A1R4. The +0,5 volt divided output is fed to the
other pair of emitter followers,A1Q3 and A1Q4,resulting
in a 0.5 volt fluctuation of the negative power supply
line.

'When a common mode voltage (+Ecm) test is selected

the +15 volt square-wave signal, from the Vref cir-
cuit, is used to drive transistor A1Q6 between cutoff
and saturation. This in turn drives transistor A1Q5
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which switches the raw rectified transformer output
to produce a square-wave signal of greater than 30 volts
peak-peak. This signal is then impressed upon the
non-inverting input of the amplifier under test via the
high impedance input resistor A1R22, thus driving it
into saturation as the common mode limit is approached.

4-3. LOGIC ASSEMBLY (A2)

The circuits of the Logic Assembly (A2) constitute-
the major portion of the synchronous demodulation sys-
tem. They are the clock, frequency divider, electronic
phase reverse switch, Vref switch, monostable multi-
vibrator, gates 1and 2, series-shunt FET demodulator
switch, and an absolute value circuit. Also included
is abroadband, peak-to-peak oscillation detection cir-
cuit. Refertothe Logic Assembly (A2) Block Diagram,

Figure 4-1. and the schematic diagram, Figure 6-2,

for additional information regarding these circuits.

The timing signal used throughout the synchronous
demodulation system is generated by the astable multi-
vibrator clock, consisting of A2Q4 and A2Q5. The
clock operates at a frequency of 10 Hz and can he mon-
itored at TP4. It is fed to the input of the frequency
divider and monostable multivibrator circuits. The

Model 5102

frequency divider A2Q86 and A2Q7 divides the clock
frequency to 5Hz. The divided output is then phased
by the phase reverse switch, This electronic switch~
ing, whichissetup by A2Q10 and A2Q11, changes the
phase of the signal appearing at the output of the Vref
circuit [P1(4)] with respect to the clock., When the
FET A2Q10 is energized the § B output of the fre-
quency divider is fed through the voltage divider A2R44,
A2R45, and A2R42 to the input of the Vref circuit.
When A2Q11 is turned on the gA output is coupled to.
the Vref circuit through a similar voltage divider con-
sisting of A2R40, A2R42, and A2R45. The Vref cir-
cuit is driven to generate a low frequency, square-
wave with an amplitude of +15 volts and a source

impedance of 4.99k . This signal is generated by
switching between two stable de reference voltages

and is then applied to the input of the amplifier

under test. As can be seen from the schematic

diagram, PFigure 6-2., when a positive going sig-

nal is applied to the input of the Vvef circuit, A2Q12
is turned on and A2Q13 is biased off. This places
A2R47 at ground potential causing A2Q14 to conduct
resulting in a positive output at P1(4). With a neg-
ative going signal applied to the circuit A2Q13 is turned
on and A2Q12 is biased off placing A2R48 at ground
potential causing A2Q15 to conduct resulting in a neg-

ative output at P1(4). When A2QI14 is conducting a
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Figure 4-1, Logic Assembly (A2) Block Diagram
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_positive outputis fed through A2R50 while the negative
output passes through A2R51 during the conduction of
A2Q15.

The output of the clock also drives the monostable
multivibrator, A2Q8 and A2Q9, whichinturn generates

positive pulses in synchronism with the clock. When
the output of the monostable multivibrator is coin-
cident with the positive #B output, gate 1isturned
on. Gate 2 is turned on by a similar coincidence
withthe positive #A output. A2CR7 and A2CRS form
gate 1which is interfaced by A2Q16 and A2Q17 to drive
the "shunt'" FET A2Q18. Similarly, A2CR9 and A2CR10
form gate 2 and is interfaced by A2Q20, -A2Q21 and
A2Q22 todrive the '"series" FET A2Q19. The FET's
A2Q18 and A2Q19, in conjunction with the capacitors
A2C24 and A3C3 bn the Relay & Amplifier Assembly
(A3)] functionas a demodulatorworking in synchronism
with clock output.

The absolute value circuit A2A2 is used to supply a

. positive current to the inverting input of the log mod-

ule A3A4 regardless of the signal being detected.

Transistors A2Q1 and A2Q2 function as a broadband,
ac amplifier with the output fed to a peak-to-peak det-
ector A2CR1, A2CR2, A2C7and A2C11, Thedetected
output is used todrive a comparator circuit A2A1, The
threshold of this circuit is set by potentiometer A2R11.
The output of the comparator is then used to drive the
lamp driver A2Q3. During an oscillation detection

testthe output of the amplifier under test is fed to the
input of the detection circuit where it is amplified,

detected, and compared to a preset reference level,
Should an oscillationexceeding 10mV be detected, the
lamp driver A2Q3 will be biased on which places one
side of lamp DS1 at ground potential. This causes the

lampto illuminate indicating the presence of an oscil-
lation.

4-4. RELAY & AMPLIFIER ASSE MBLY (A3)

Relays and amplifiers constitute the major portion of
the circuitry used in the Relay & Amplifier Assembly
(A3). Alsoincorporatedisa monostable multivibrator
and FET switch, which is used as a dec restorer, and
the meter calibration and protection circuits. When
the IC power relay A3K4 is energized, the IC PWR
lamp DS2 illuminates to indicate that supply voltages
have been applied to the amplifier under test. The
three remaining relays A3K1, ASK2, and A3K3 serve
to commect the amplifiers A3A1, A3A2, and A3AS,
respectively into either aStatic (DC) or Dynamic (AC)
mode of operation, During Ios or #Ihias testing these
relays are energized and the amplifiers function as

current-to-voltage converters. Any initial offset volt-
age is zeroed by the potentiometers A3R14, A3R21,

and A3R25. The proper input, output, and feedback
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constraints are placed about the amplifiers and the
converted result is switched to the monitoring circuit.

InaDynamic (AC) mode of testing (relays de-energized),
amplifier A3SA1 functions to amplify the output of the

individual test circuits coupled by the capacitors A5C1,

Ab5C2, or A5C4 during +PSRR, Gain, or CMRR meas-
urements, respectively, When performing the +Eout
or #Ecm test the amplifier A3A1 is direct coupled to
the individual test circuit. The amplified result of
eitherthe +PSRR, Gain, or CMRR testis demodulated
and thenfedto the de follower A3A3 andthen on to the
log amplifier A3A2. The log module A3A4 is placed
into the feedback network of the log amplifier. During
the +Eout or *Ecm test the amplified result is direct
coupled to the de follower A3A3 and displayed directly
on the meter movement. The calibration potentio-

meters A3R17 and A3R19 are used to set the offset
and slope of the log amplifier circuit. The meter

movement is protected from overload by diodes A3CR3
and A3CR4 while the potentiometer A3R27 sets the full-
scale spread.

Transistors, A3Q1land A3Q2, function as a monostable

multivibrator to provide timing pulses necessary to
gate the FET switch A3Q3 ononce for every frequency
divider cycle (5Hz). With the FET switch energized
the ac coupling capacitor, A5C1, A5C2, or A5C4,de~
pending upon the test to be performed,is placed at
ground potential through the coupling resistor A3R11,
thus restoring the charge to a de level.

4-5., PROGRAM CARD ASSEMBLY (A4)

Program Card assemblies are used to establish the
desired operating conditiong for a particular device
to be tested. A variety of assemblies are available
to suit the individual need, see the list of program cards,
Table 1-2, for the proper selection. Alsorefer to the
variation table and schematic diagram, Figure 6-4.
for information regarding this assembly. Seven (T)
precision program resistors are used to establish the
parameter restrictions.

Resistors A4R1and A4R3 are used to program the out-
put swing and scale factor during gain measurements,
The output swing may be setbetween 1volt and 20 volts
peak, symmetrically aboutzero., The maximum rec-
ommended value is limited by the saturated output of
the amplifier under test and by its offset voltage, as
shown:

Peak Output Swing = Eo = Eout(sat) -21.6 Eos

The values of A4R1 and A4R3 may be calculated as
follows:

200 Fo

. 1K0
1000-Eo

- 1k A4R3 =

A4R1:300—05Eo

4-3
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...where Eo is the desired peak output swing, and
A4R1 and A4R3 are inkilo ohm (1k{)).

Note: A4R1and A4R3 shouldbe 0.1%, 1/ 8 watt resistors.

The maximum output of the device is programmed by
A4R2. A 10k ohm resistor provides a swing from
*+1 volt to £24 volts.

The positive and negative power supply limits are set
by A4R6 and A4R5 respectively, and may be program-
med for any value between 4 and 24 volts. The
voltage limits on these supplies need not be equal. The
appropriate values may be selected by using the follow -
ing formulas: .

A4R6 = Desired Positive Power Supply Voltage -4 . 1kQ
A4RS5 = Desired Negative Power Supply Voltage-4 - 1k

Note: A4R5and A4R6shouldbe 1%, 1/ 8watt resistors.

The common mode rejection ratio scale factor and test
signal level is programmed by A4R4 and A4R7 res-
pectively,for a limit of 0.5 volts to 6 volts, To cal-
culate the correct value of resistance, use the following
formulas:

_200Ecm _150-25 Eem
AdR4 = T ¢ 1K AGRT o 1k
4-4
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....where Ecm is the desired test signal, and A4R4
and A4R7 are in kilo ohms (1k2).

Note: A4R4 shouldbea0.1%, 1/ 8watt resistor, while
A4R7 shouldbea 1%, 1/8 watt resistor.

4-6, SWITCH COMPONENTS ASSEMBLY (A5)

The input, output, and feedback constraint components
used in the various test circuits are found on the Switch
Components Assembly (A5). These components in con-
junction with the TEST SELECT switch (S1) and DC
TEST selector (S2) establish the operating conditions
for the amplifier under test. Referring to the individ-
ual test circuits in Section 2 along with the schematic
diagram, Figure 6-5. will reveal which components
are used for which test. Relay A5K6 is used to con-
nectthe LOAD Q switch (S5) tothe output of the device
tobe tested. A close ingpection of the interconnection
diagram, Figure 6-6. shows that the LOAD ) switch
is used only during the Eout and Gain tests. Relay
ABK5H is used toprovide either a meter indication with
respect to ground or a differential reading depending
upon the test to be performed.

Calibration potentiometer A5R23 is used to balance
out the CMRR hridge.

[
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Section 5

CALIBRATION AND MAINTENANCE

5-1, INTRODUCTION

This section of the manual contains a list of required
test equipment, a recommended step-by-step cali-
bration procedure and informationnecessary to main-
tain this instrument.

Voltmeter, Fluke Model 881 or equivalent
Test Oscillator, Hewlett Packard Model 651A
or edquivalent
Oscilloscope, Tektronix Model 561A or
equivalent
2,000 ohm, 1% resistor
11,000 ohm, 1% resistor
249,000 ohm, 1% resistor
47,500 ohm, 1% resistor (2 redquired)
2,38 ohm, 1% resistor

Table 5-1, List of Required Test Equipment
5-2, CALIBRATION

The Model 5102 Operational Amplifier Tester is
designed for ease of calibration within its own en-
closure using a minimum of peripheral test equip-
ment. Refer to Table 5-1. for the recommended
List of Required Test Equipment. A step-by-step
calibration procedure, necessary to verify the oper-
ating specifications of the instrument, is performed
as follows:

1. Remove the back cover from the unit by
loosening the six (6) twist lock screws,

2. Ensgure that the Program Card Assembly
(A4) is removed from connector J5.

3. Loosen the four (4) retaining screws that
hold the Relay & Amplifier Assembly (A3) into
place and carefully orient it to provide an access
to the Logic Assembly (A2) adjustments.

4. Provide a ground return for the Relay &
Amplifier Assembly (A3) by clipping a lead from
the outer ground strip to an unpainted surface
on the case.

5. Set the following controls as indicated:

METER SENSITIVITY. . . . . 1000
DCTEST . ... .. ... . Hce
TEST SELECT. . . . . . . . DC TEST
INPUT/ POLARITY

SELECTOR , . . . « « « . . *+
ICADO....... ... .EXT

- Figure

6. Plug the power cable into a 115Vac, 50 to
60 Hz line source.

7. Depress to illuminate the POWER pushbutton
and allow a 30-minute warmup period for the
circuits of the instrument to stabilize.

NOTE
Depress to extinguish
the IC PWR pushbutton
if illuminated.

8. Perform the pousitive power supply calibra-
tion adjustments as follows:

a. Connect a suitable cable from the volt-
meter to ping 1 and 2 on connector J6.

b. Connecta 2,000 ohm, 1% resistor het-
ween pins 13 and 16 on connector J5,

c. Depress to illuminate the IC PWR push-
button.

d. Adjust potentiometer R8 for a voltmeter

indication of +6V *100mV. See Figure 5-1.
for the location of this adjustment.
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5-1, Power Supply Assembly (A1) Adjustments

e. Depress to extinguish the IC PWR push-
button.

f. Replace the 2,000 ohm resistor with an
11, 000 ohm, 1% resistor between pins 13 and
16 on connector J5.

g. Depress to illuminate the IC PWR push-
button. .

h. Adjust potentiometer R10 for a voltmeter
indication of +15V +100mV. See Figure 5-1.
for the location of this adjustment.
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i. Alternately repeat Steps 8b. thru 8h.
until hoth specifications are achieved.

j. Depress to extinguish the IC PWR push-~
button.

9. Perform the negative power supply calibra-
tion adjustments as follows:

a. Connect a suitable cable from the volt-
meter to pins 10 and 2 on connector J6.

b. Comneect a 2,000 ochm, 1% resistor bet-
ween pins 12 and 15 on connector J5.

¢. Depress to illuminate the IC PWR push-
button.

d. Adjustpotentiometer R7 for a voltmeter
indication of -6V £100mV. See Figure 5-1.
for the location of this adjustment.

e. Depress to extinguish the IC PWR push-
button.

f. Replace the 2,000 ohm resistor with
an 11,000 ohm, 1% resistor between pins
12 and 15 on connector J5.

g. Depress to illuminate the IC PWR push-
button.

h. Adjust potentiometer R12 for a volt-
meter indication of -15V #100mV. See Fig-
ure 5-1., for the location of this adjust-
ment.

i. Alternately repeat Steps 9b. thru 9h.
until both specifications are achieved.

j. Depress to extinguish the IC PWR push~
button.

10. Remove the resistor from connector J5and
replace the Program Card Assembly (A4).

11. Depress to illuminate the IC PWR push-
button.

12, Verify the programmed operation of the
positive and negative power supplies as follows:

a. Monitor pins 1 and 2 on comnector J6
and verify that the voltmeter indication

meets the positive quiescent voltage speci-
fication (+Vce) for the particular Program
Card Assembly (A4) being used. Refer to
Table 5-2. for the associated Program Card
Assembly (A4) specifications.

Model

6007
6016
6017
6018
6019
6020
6022

Model 5102

Voo -Vee
+15V +£100mV -15V £100mV
+ 6V +£100mV - 6V +£100mV
+12V £100mV -12V +£100mV
+18V +£100mV -18V £100mV
+12V +100mV - 6V £100mV
+24V £100mV -24V £100mV
+ 9V £100mV - 9V #100mV

Table 5-2. Program Card Assembly (A4) Specifications

13.

b. Monitor pins 10 and 2 on comnector J6
and verify that the voltmeter indication meets
the negative dquiescent voltage specification
(-Vec) for the particular Program Card As-
sembly (A4) being used. Refer to Table 5-2.
for the associated Program Card Assembly
(A4) specifications.

Perform the clock frequency calibration ad-

justment as follows:

a. Set the TEST SELECT switch to the
"Eout" position.

b. Connect a suitable cable from the verti-
cal input of the oscilloscope to the AMP OUT
connector (J7), located at the rear of the
instrument.

¢, Monitor the square-wave presentation
and adjust potentiometer R18 for a 200 +20
millisecond period. See Figure 5-2. for the
location of this adjustment.
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Figure 5-2. Logic Assembly (A2) Adjustments

14.

d. Remove the cable from the AMP OUT
comnector.

Perform the absolute-value circuit calibra-

tion adjustment as follows:

a., Set the TEST SELECT switch to the
"+PSRR" position.
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b. Short together pins 5 and 2 on con-
nector J6.

NOTE
The meter may indicate full-
gcale since there is nosignal
present at the input of the de-
modulator circuit,

c. Connect a suitable cable from the
voltmeter to the junction of A2R70 and

A2RT1, located onthe Logic Assembly (A2).

d. Adjust potentiometer R72 for a volt-
meter indication of 0V =300V, See Fig-
ure 5-2, for the location of this adjustment.

e. Remove the short from pins 5 and 2
on connector J6.

18, Perform the osgcillation detection circiit
calibration adjustment as follows:

a. Set the TEST SELECT switch to the
"DC TEST' positionand the DC TEST sel-
ector to the "OSC DET" position.

b. Connect a suitable cable from the
output of the signal generator to the AMP
OUT connector,

c. Adjust the signal generator to pro-
vide a 20mV peak-peak sinewave, centered
about zero, at a frequency of 10kHz.

d. Adjust potentiometer R11 until the
OSC DET lamp (DS1) isextinguished, See
Figure 5-2. for the location of this adjust-
ment,

e. Readjustpotentiometer R11 until the
OSC DET lamp just illuminates.

f. Remove the cable from the AMP OQUT
connector.

16. Depress to extinguishboth the IC PWR and
POWER pushbuttons.

17. Remove the power cable from the 115Vac
line source.

18. TFasten the Relay & Amplifier Assembly
(A3) into place ensuring that the four (4) retaining
screws are tightened securely.

NOTE
The ground return cliplead
may be removed at this time.
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19. Plug the power cable into the 115Vac line
source,

20, Depress toilluminate boththe POWER and
IC PWR pushbuttons.

21, Performthe input offset current and input
bias current circuit calibration adjustments asg
follows:

a. With the TEST SELECT switch set
to "DC TEST", set the DC TEST selector
to the "+Ibias" position,

b. Short together pins 5 and 2 on con-
nector J6.

C. Connect a suitable cable from the
voltmeter topins 12 and 2 on connector J6.

d. Adjust potentiometer R14 for a volt-
meter indication of OV +300,V. See Fig—
ure 5-3. for the location of this adjustment.
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Figure 5-3. Relay & Amplifier Assembly
(A3) Adjustments

€. Connect a suitable cable from the
voltmeter topins 11and 2 on connector J6.

f. Adjustpotentiometer R25 for a volt-
meter indication of 0V #300,V. See Fig-
ure 5-3. for the location of this adjustment.

g. Connect a suitable cable from the
voltmeter to A3TP2, located on the Relay
& Amplifier Assembly (A3), and J6 pin 2.

h. Adjust potentiometer R21 for a volt-
meter indication of 0V +300,V. See Fig-
ure 5-3. for the location of this adjustment.

i, Remove the short from pins 5 and 2
on connector J6.

5-3
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5-4

22.

23.

Perform the meter movement calibration
adjustment as follows:

a. Setthefollowing controls as indicated:

TEST SELECT. . .. . .DC TEST
DC TEST. ... ... . .Eos
METER SENSITIVITY . .10 (mV)

b. Connecta 249, 000 ohm, 1% resistor
between pins 1 and 5 on connector J6.

c, Connect a suitable cable from the
voltmeter to pins 5and 2 on connector J6.

d. Adjust potentiometer R27 fora volt-
meter indication of 100mV £1lmV. See Fig-

ure 5-3. for the location of this adjustment.

e. Remove the 249,000 ohm resistor
from pins 1 and 5 on connector J6.

Perform the log circuit calibration adjust-

ment as follows:

24.

a. Set the TEST SELECT switch to the
"+PSRR' position.

b. Connect one47, 500 ohm, 1% resistor
between pins 1 and 5 on connector J6 and
another between pins 10 and 5.

c. Adjust potentiometer R17 for a front
panel meter indication of 60dB +0.5dB.
See Figure 5-3. for the location of this
adjustment.

d. With the resistors of Step 23b. still
in place, connect a 2.38 ohm, 1% resistor
between pins 5 and 2 on connector J6.

e. Adjust potentiometer R19 for a front
panel meter indication of 114dB +0.5dB.
Allow sufficient time for the meter indic-
ationtosettle. See Figure 5-3. for the loc-
ation of this adjustment.

f. Alternately repeat Steps 23b. thru
23e, untilboth specifications are achieved.

g. Remove all resistors from connector
J6.

Perform the commonmode rejection ratio

bridge calibration adjustment as follows:

Model 5102

NOTE
The voltmeter must have
a true differential input;
therefore, both input ter-
minals must be ahove
ground reference,

a. Setthe Calibration Switch (S7), loc-
ated inside the instrument, to ""CAL".

b. Set the TEST SELECT switch to the
"CMRR' position.

c. Connect a suitable cable from the
voltmeter topins 11 and 12 on connector J6.

d. Adjustpotentiometer R23 for a volt~
meter indication of 0V +10;,V. See Figure
5-4. for the location of this adjustment.
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Figure 5-4, Switch Components Assembly (A5)
Adjustments

e. Return the Calibration Switch to the
"NORMAL" position,

5-3. MAINTENANCE

This section of the manual contains information nec~
egsary to isolate and maintain the assemblies of this
instrument. Before proceeding with this section be
certain that the instrument is truly in need of main-
tenance and not just out of calibration. Verify cal-
ibration as outlined in Section 5-2. If it is determined
that a malfunction does exist proceed with a logical
troubleshooting analysis of the problem before attempt-
ing the actual repair. The following table has been
preparedto aidinisolating a particular problem to an
individual assembly and then to a stage or component
on that assembly. Review this table carefully, as 2
thorough knowledge of its contents could save many
valuable hours of troubleshooting time., Once a pro-
blem area is revealed the defective component can
easily be located and a suitable replacement part in-
stalled. A List of Replaceable Parts is found in Sec-
tion 7 of this manual.
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5-3. Troubleshooting Chart

Trouble Possible Cause

POWER pushbutton does not illuminate when
depressed.

Open fuse F1 (3/4 A).
Open lamps DS3 and DS4.

Fuse blows when POWER pushbutton is depressed,

Defective regulators AIVR1 or AIVR2.
2, Shorted filter capacitors A1C3,A1C4 or A1C5.
Shorted transformer windings.

No programmable plus or minus supply output Short at J1 (5) or J1 (12).

at J1 (5) or J1 (12), respectively. 2, Check for +20 to +40 Vdc at +IN terminal of
: A1VR2,
3. Check for -20 to -40 Vdc at -IN terminal of

Al1VR2,

No plus or minus voltage present at +IN or -IN
terminals of AIVR2.

Shorted diodes A1CR1 thru A1CR4.

Shorted filter capacitors A1C3 or A1C4.

Defective regulators ALVRI1 or AIVR2.

. Check for 80V peak-peak between J1 (10) and
J1 (1),

5. Check for 80V peak-peak between J1 (11) and

J1 (1).

> W N

5, No peak-peak voltage at J1 (10) and J1 (1) or 1. Open transformer winding.
J1 (11) and J1 (1).

6. Unable to program plus or minus supply 1. Open program resistor A4R6 in plus supplv.

2, Open program resistor A4R5 in minus supply.

3. Defective potentiometers A1R8 or AIR10 for |
plus supply.

4, Defective potentiometers A1R7 or A1R12 for

minus supply.

Defective regulator AIVR2.

No plus or minus 15 volt output at J1 (21) or

Defective regulator A1IVRI1.

J1 (22), respectively. 2. Check for +20 to +40 Vdc at +IN terminal of
A1VR1.
3. Check for —20 to -40 Vde at -IN terminal of

A1VRI1.

No plus or minus voltage present at +IN or -IN
terminals of A1VR1,

1 Shorted diodes A1CR1 thru A1CR4,

2, Shorted filter capacitors A1C3 or A1C4,

3. Defective regulators AIVR1 or A1IVR2.

4, Check for 80V peak-peak between J1 (10)
and J1 (1).

5, Check for 80V peak-peak between J1 (11)

and J1 (1).

_No peak-peak voltage at J1 (10) and J1 (1) or
J1 (11) and J1 (1).

Open transformer winding.

No relay or lamp driver voltage present at
Ji (18).

Open diodes A1CR5 or AICR6.
Shorted filter capacitor A1C5.
Shorted zener diode ALCR7.
Open transistor A1QT.

Check for 80V peak-peak between J1 (19) and

[ S




Section 5

Table 5-3. Troubleshooting Chart continued

Possible Cause |

No peak-peak voltage at J1 (19) and J1 (1) or
J1 (20) and J1 (1).

No dc voltage at the collector of A1QT7.

No %0.5 volt fluctuation upon the plus supply
voltage at J1 (5) with the TEST SELECT switch
get to "+PSRR' and the INPUT/ POLARITY
SELECTOR set to "+,

No +10 volt square-wave present at J1 (8).

No #0.5 volt fluctuation upon the minus supply
voltage at J1 (12) with the TEST SELECT switch
set to "+PSRR" and the INPUT/ POLARITY
SELECTOR set to "'-",

No +10 volt square~wave present at J1 (7).

No 35 volt peak-peak square-wave present at
the collector of A1Q5 with the TEST SELECT
set to '""+Ecm" and the INPUT/ POLARITY
SELECTOR set to "+"',

No #15 volt square-wave present at J1 (16).
No 10Hz clock pulse at A2TP4,

No 5Hz, BA or # B outputs from frequency
divider,

No § A or § B, 5Hz pulse at the cathode of
A2CRT or A2CR10, respectively.

No A, Vref drive pulse at the bases of A2Q12
and A2Q13 with the TEST SELECT switch set

to "sEout" and the INPUT/ POLARITY SELECTOR
set to "'+,

No # B, Vref drive pulse at the bases of A2Q12
and A2Q13 with the TEST SELECT switch set

to "+Eout¥ and the INPUT/ POLARITY SELECTOR
set to "'~ :

No positive Vref output pulse at J2 (4).

Model 5102

Check for 80V peak-peak between J1 (20) and
J1 (1),
Check for 35Vdc at the collector of A1QY.

Open transformer winding.

Open diodes A1CR5 or A1CRS. |
Shorted filter capacitor A1CS5.
Shorted zener diode A1CRT.
Open transistor A1QY,

Defective transistors A1Q1l or AlQ2.
Check for £10 volt square-wave at J1 (8).

Defective Vref circuit.

Defective transistors A1Q3 or A1Q4.
Check for #10 volt square-wave at J1 (7).

Defective Vref circuit.

Defective transistors A1Q5 or A1QS6.
Check for +15 volt square-wave at J1 (16).

Defective Vref circuit.

Defective transistors A2Q4 or A2Q5.
Defective transistors A2Q6 and A2QT7.
Check for a g A, 5Hz pulse at the cathode of
A2CRTY.

Check for a § B, 5Hz pulse at the cathode of
A2CR10.

Defective transistors A2Q6 and A2QT7.

Defective FET A2Q11.

Defective FET A2Q10.

Defective transistors A2Q12 or A2Q14,

:

[
L

|

|

.
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Table 5-3. Troubleshooting Chart continued

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Trouble

No input pulse at bases of A2Q12 and A2Q13.

No negative Vref output pulse at J2 (4) S

No input pulse at bases of A2Q12 and A2Q13.

No monostable multivibrator output pulse at
A2TP5."mm  eeee:<eem B! WM N I |

No 10Hz clock pulse at A2TP4. . n ]

Gate 1 malfunction.

No o A, 5Hz pulse at A2CR7 cathode.; 0

No monostable multivibrator pulse at A2CR8 L
cathode. , - R

Gate 1 buffer stages inopei’ative. "

No positive pulse at A2Q17 collector.’

No negative pulse at A2CR13 anode.

"Shunt"” FET malfunction.

J2 (6) does not switch to ground potential when
the collector of A2Q17 goes positive.

Gate 2 malfunction.

No j)e. 511z pulse at A2CR10 cathode.

No monostable multivibrator pulse at A2CR9.
cathode.

Gate 2 buffer stages inoperative.

12-

1
12

. L

>1.
i2-

111.
$
11.

2.

3.

S

N

1.

Section 5

(ii. (> i'lilu"d P> |y
Possible Causp,, o

Check input pulse, at bases of'A”QIl,2Jand, A2Q13.
Defective clock or frequency divider circuits,

Defective.transistors;A2,Q13:or- A2Q15..
Check input pulse at bases of A2Q12 and A2Q13.
o j-*1 i 1e > . oateq mvea', el
Defective clock or frequency divider circuits.
ittt om0 1
Defective transistors A2Q8 or A2Q9-
Cheok, for a LOHz. clock, pulse ,at A2TP4;.; .«

Detective transistors A2Q4 or A2Q5. mo ..im

j'~ coo dis 1 .L?b“lMAH:‘) (13 i1
Defective diodes A2CR7,0r A?CJ*8.» . m, ..
Check for fi A, 5Hz pulse at the cathode of.
A2CR7.

Check for a monostable multivibrator pulse at ..

the cathode of A2CRS.

Defective frequency divider stage.

Defective monostable multivibrator stage.
Defective transistors A2Q16 or A2Q17.
Check for a positive pulse at the collector of

A2Q17. G W ", o

Defective transistor A2Q17.
Check for anegative pulse at the anode of A2CR13.

Defective transistor A2Q16.
Defective FET A2Q18.

With an oscilloscope, chebk to see that J2 (6)
switches to ground potential during the period

Of time that the collector of A2Q17 goes positive.

Defective FET A2Q18.

Defective diodes A2CR9 or A2CR10.

Check for a «o. 5Hz pulse at the cathode of
A2CR10.

Check for a monostable multivibrator pulse of
the cathode of A2CR9.

Defective frequency divider stage.
Defective monostable multivibrator stage,

Defective transistors A2Q20, A2Q21, orA2Q22.
Check for a positive pulse at the collector of
A2Q22.

5-7
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42.

43.

44,

45.

4f>,

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

5-8

Troubleshooting Chart continued

Trouble

No positive pulse at A2Q22 collector.

Negative pulse present at A2Q20 Collector.
No negative pulse present at A2Q20 collector.
"Series'l FET malfunction.

Oscillation Detection circuit inoperative with
the TEST SELECT switch set to "DC TEST",
the DC TEST selector sot to "OSC DET", and
a 20mV peak-peak sine wave, centered about
zero, at a frequency of 10kHz applied to the

AMP OUT connector (J7).

No peak-peak sine wave at A2Q2 collector.

No negative dc level at A2CR1 anode.

No positive dc level at A2A1 OI'T.

J2 (10) does not switch to ground potential with
the base of A2Q3 positive.

Absolute value circuit inoperative with the TEST
SELECT switch set to "+PSRR"™ and the AMP
OUT connector shorted.

IC PWR pushbutton does not illuminate when
depressed.

No monostable multivibrator pulse at the
collector of A3Q1.

No +10 volt square-wave present at J3 (6).

FET switch malfunction.

los or *lbias circuit inoperative with the TEST

a b W N e

Model 3102

Possible Cause

Defective transistor A2Q22.
Check for a negative pulse at the collector of
A2Q20.

Defective transistor A2Q21.

Defective transistor A2Q20.

Defective FET A2Q19.

Defective broadband amplifier, peak-to-peak
detector, comparator, or lamp driver stages.
Check for a 4 to 7 volt peak-peak sine wave at
the collector of A2Q2.

o< le r ni.. >

Defective broadband amplifier stage transistors
A2Q1 or A2Q2.

Check for a negative dc level at the anode of
A2CR1.

Defective peak-peak detector stage components
A2C7, A2C11, A2CR1 or A2CR2.

Check for a positive dc level at the OUT ter-
minal of A2A1.

Defective comparator stage amplifier A2A1.
Open potentiometer A2R1.

Open input resistor A2R12.

Open trim resistor A2R14.

Check that J2 (10) switches to ground potential
with a positive voltage present atthe base of A2Q3

Defective lamp driver transistor A2Q3.
Check OSC DET lamp DS1.

Defective absolute value circuit amplifier A2A2.

Defective lamp DS2.
Defective relay A3K4.
Defective relay or lamp driver circuit.

Defective transistors A2Q1 or A2Q2.
Check for +10 volt square-wave at J3 (6).

Defective Vrcf circuit.

Defective FET A3Q3.

Check that the potential on the drain of A3Q3
is at ground reference when the collector of

A3Q1 goes positive.

Defective relays, or amplifiers.
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Model 5102

5-3. Troubleshooting Chart continued

Trouble

SELECT switch set to "DC TEST", the
DC TEST selector set to "+Ibias' and the AMP
OUT connector shorted.

Relays do not activate.

No voltage at J4 (8).

Amplifiers’ offset voltage not adjustable.

Meter movement inoperative.

No voltage at J6 (5).

Meter movement indicates full-scale with less
than 100mV at J6 (5).

Logarithmic readout malfunction.

Programmable parameter restrictions not
functioning.

LOAD £ switch malfunction on Gain or +Eout
tests.

No voltage at ASE20.

Meter movement inoperative during all Dynamic
tests as well ag the Eos and zlIbias tests.

Possible Cause

Check that the reys ativate when an Ios or
+Ibias test is selected.

Shorted diode A3CR2.
Defective relay A3K1, A3K2, or A3K3,
Check for 24 Vdc at J4 (8).

Defective relay or lamp driver circuit.

Shorted diode A3CR2.

Check the -IN terminal of A3A1, A3A2, or A2A3
for 0V #300yV adjustable by ASR14, A3R21, or |
A3R25, respectively. ‘

Defective amplifier A3A1, A3A2, or ASA3.

Defective meter movement.

Open potentiometer A3R27,

Shorted diodes ASCR3 or A3CR4.

With the TEST SELECT switch set to "DC
TEST", the DC TEST selector set to '""Eos", the
METER SENSITIVITY switch set to 10 (mV).
and a 249k ohm resistor connected between

Jd6 (1) and J6 (5), measure 100mV at J6 (5).
Note: 6007 program card must be used.

Defective positive programmmable power supply,
Shorted diodes A3CR3 or A3CR4. ‘

Defective potentiometer ASR27.

Defective log element A3A4.
Defective log amplifier A3A2,
Absolute value circuit inoperative.

Output swing (Gain) A4R1 defective.
Scale factor (Gain) A4R3 defective.
Maximum output A4R2 defective.
Positive power supply A4R6 defective.
Negative power supply A4RE5 defective.
Scale factor (CMRR) A4R4 defective,
Test level (CMRR) A4R7T defective.

Defective relay A5KG,
Check for 24 Vdc at ASE20 with a Gain or
#Fout test selected.

Defective relay or lamp driver circuit.
Shorted diodes ASCR2 or A5CR1 and A5CRS.

Defective relay or lamp driver circuit.
Shorted diodes A5CR1, AS5CR2 or ASCR1,
Defective relay A5KS5.

5-9
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5-3. Troubleshooting Chart continued

Trouble

| 63.  No voltage at ASE20 or ASE22.

69. CMRR bridge malfunction,

70. ABE30 is not at ground potential.

71. No voltage at ASE28,

Model 5102

Possgible Cause

Check for 24 Vdc at ASE20 with a Gain or

+Fout test selected.

Check for 24 Vdc at ASE22 with a Gain,
CMRR, #Eout, tEcm, +PSRR, Eog,or
+Ibias test selected.

Defective relay or lamp driver circuit.
Shorted diodes ASCR1, A5CR2 or ASCRS.

Open potentiometer A5R23.

Defective Calibration Switch (S7).

Check that ASE30 is at ground potential with

the Calibration Switch set to "CAL",

Check for 24 Vdc at A5E28 with the

Calibration Switch set to "CAL",

Note: IC PWR lamp will extinguish when
Calibration Switch is set to '"'CAL'".

Defective Calibration Switch,

Defective relay or lamp driver circuit.
Defective Calibration Switch.
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Model 5102

Section 7

SE CTION 7

REPLACEABLE PARTS

7-1. INTRODUCTION

This section of the manual contains an alphanumeric
listing of the replaceable component parts available for
the Model 5102 Operational Amplifier Tester. Given
ig the reference designation, Teledyne Philbrick Nexus
part number, part description, total quantity, andthe

guggested manufacturer and his part number of each

item used in the manufacture of the unit., Itemssuch

. ag machine parts, hardware, etc., are not included

although they maybe ordereddirectly through usupon
special request. A listing of manufacturers and their
addresses, arranged in numeric order by the Federal
Supply Code, is provided in Table 7-1.

7-2. ORDERING REPLACEABLE PARTS

Replacement parts for the Model 5102 Operational Amp-
lifier Tester may be ordered through your local Tel-
edyne Philbrick Nexus representative, or directly from:

Teledyne Philbrick Nexus
Allied Drive at Route 128
Dedham, Magsachusetts 02026

When placing your order, give our representative com-
plete information regardingthe part required including
the Teledyne Philbrick Nexus part number, part des-
cription, and total quantity desired. We will endeavor
to provide youwith the latest and most improved com-
ponents as they become available.

TABLE 7-1. LIST OF MANUFACTURERS

Code No. *

Manufacturer

01121 Allen & Bradley Co.
01295 Texas Instrument, Inc.
01686 RCL Electronics, Inc.
02660 Amphenol Corp.

02735 Radio Corp. of America

Address

Milwaukee, Wisconsin
Dallas, Texas

Manchester, New Hampshire
Broadview, Illinois
Somerville, New Jersey

03877
03888
04713
06751
07263
14433
14655
14674
17856
23020
24455
29604
29832
44655
56289
71400
71590
71785
74970
75915
83332
84411
91929

Transitron Electronic Corp.

Pyrofilm Resgistor Co., Inc,

Motorola Semiconductor Products, Inc.
Components, Inc,

Fairchild Camera and Instrument Corp.
ITT Semiconductor, Inc.

Cornell & Dubilier Electric Corp.
Corning Glass Works

Siliconix, Inc. ’

General Reed Company

General Electric Co., Lamp Division
Stackpole Components Co.

Teledyne Philbrick Nexus

Ohmite Mfg. Co.

Sprague Electric Co.

Bussman Mfg. Co.

Centralab Div. of Globe Union, Inc.
Cinch Mfg, Co.

E. F. Johnson Co.

Littelfuse, Inc.

TECH Laboratories

TRW Capacitor Division

Honeywell, Inc., Micro Switch Division

Wakefield, Massachusetts
Cedar Knolls, New Jersey
Phoenix, Arizona
Phoenix, Arizona
Mountain View, California
West Palm Beach, Florida
Newark, New Jersey
Corning, New York
Sunnyvale, California
Clark, New Jersey
Cleveland, Ohio

Raleigh, North Carolina
Dedham, Massachusetts
Skokie, Illinois -

North Adams, Massachusetts
St. Louis, Missouri
Milwaukee, Wisconsin
Chicago, Illinois

S. W, Waseca, Minnesota
Des Plains, Illinois
Palisades Park, New Jersey
Ogallala, Nebraska
Freeport, Illinois

* Federal Supply Code for Manufacturers Cataloging Handbook H4-1 (Name {o Code)
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Section 7 Model 5102

7-3. REPLACEABLE PARTS LISTING

Reference | P/N Total Mfgr.
Designation] Part No. Description Quantity Part No.

End Item 99005102 Operational Amplifier Tester,
Model 5102, Figure 1-1.

98000106 Power Supply Assembly,
Figure 6-1.

98000107 Logic Assembly, Figure 6-2.
98000108 Relay & Amplifier Asgsembly,
Figure 6-3.

99006007 Program Card Assembly,

' Figure 6-4.

98000110 Switch Components Assembly,
Figure 6-5.

99006005 709 Plug-In Test Socket,
Figure 1-2.

99006008 7-Pin Q Plug-In Test Socket,
Figure 1-2,

10191253 Diode, 1N457
12090327 Lamp, Switch, Midget 28V

11891301 ¥useholder 342014

11890750 Fuse, AGC 3/4 amp AGC 3/4

12591704 Connector, 22-pin edge 250-22-30-170
12591695 Connector, 15-pin edge 250-15-36-170
12591704 Connector, 22-pin edge 250-22-30-170
12591695 Connector, 15-pin edge 250-15-36-170
12591831 Connector, BNC UG1094/U

14591404 Jack, Banana, Blue 108-910
14591417 Jack, Banana, Black ' 108-903

51630002 Meter

02134021 " | Res., 4,02k 1/8W 1% T-1 MF PME ~55
02141402 Res., 14.0kQ 1/8W 1% T-1 MF PME -55
02144022 Res., 40,2kQ 1/8W 1% T-1 MF PME -55
02151403 Res,, 140 kQ 1/8W 1% T-1 MF PME -55
00326215 Res., 620 . 1/4W 5% comp CB6215

00341335 Res., 13 k) 1/4W 5% comp CB1335
00332425 Res., 2.4k 1/ 4W 5% comp CB2425
00331825 Res., 1.8k 1/4W 5% comp CB1825
00331125 Res., 1.1k€21/4W 5% comp CB1125
00525615 Res., 560 Q.1/2W 5% comp EBbH615

7-2




Model 5102

7-3. REPLACEABLE PARTS LISTING

Reference § P/N
Designation] Part No.

00521815
00923315
03430857
11590116
11590075
11592019
11592001
11592001
11690005
11690004
11690003
11491346
11690005
11690004
11690003
52910002

98000106

06040949

07081038
10191245

10591240

08293859
09191858

08293859
09094889

55510002
08091860

02141002
02125190

00351045

17231611

Description

Cal el

Res., 180 1/2W 5% comp
Res., 330 §§ 2W 5% comp
Res., 1.5k 5-1/4W 5%

Switch, Rotary, 11 pole-6 pos
Switch, Rotary, 7 pole-5 pos
Switch, Rotary, 6 pole-2 pos
Switch, Rotary, 1 pole-5 pos
Switch, Rotary, 1 pole-9 pos

Switch, Pushbutton, SPDT
Operator Indicator, 2 Lamp
Barrier, Switch Mounting
Switch, Slide, 3PDT

Switch, Pushbutton, SPDT
Operator Indicator, 2 Lamp
Barrier, Switch Mounting
Transformer

Power Supply Assembly,
Figure 6-1.

Cap., 0.01yF 100V 20% disc

Cap., 500 yF 50V electrolytic

Diode, 1N4002

Diode, 1N4749 24V Zener

Transistor, 2N3859A NPN Si
Transistor, 2N4249 PNP Si

Transistor, 2N3859A NPN Si
Transistor, 2N4889 PNP Si

Transistor, 2N3860 NPN Si
Transistor, 2N2270 NPN Si

Res., 10k  1/8W 1% T-1 MF
Res., 5108 1/8W 1% T-1 MF

Res., 100k§21/4W 5% comp

., 2.5k§Y

Total

Quantity

Section 7

EB1815

HB3315

2898

3A-2N6-6
3A-2N5-4
PA-2019 Sil Con
PA-2001 8il Con
PA-2001 S8il Con
2D118

2C201

2B3

S5-34

2D118

2C201
2B3

C023B101F103M

TVA-1315

1N4002

1N4749

2N3859A
2N4249

2N3859A
2N4889

2N3860
2N2270

PME -55

PME-55

CB1045

FR252M



| G

Section 7

7-3. REPLACEABLE PARTS LISTING

Reference
Designation

AlR9
Al1R10
AliR11

Al1R12
AIR13

thru
A1R18
A1R19

A1R20
AlR21
A1R22
A1R23
A1R26

AIVR1
A1VR2

A2

A2A1
A2A2

A2C1
A202
A2C3
A2C4
A2C5

A2C6
A2C7
A2C8
A2C9
A2C10

A2C11
thru
A2C13
A2C14,
A2C15

A2C186
A2C17,
A2C18
A2C19
A2C20

A2C21
A2C22
A20C23
A2C24

A2CR1,
A2CR2

7-4

P/ N
Part No.

00332025
17231611
00332025

17231611
02110100

00331025

00343635
00352745
00362255
00348235
00331825

2101
2102

98000107

0581
0305

07161026
06050963
07171071
06030939
06050963

07171037
07161026
06020906
06050963
07171037

07171026

06010992

07161026
06020906

06040949
06030945

06741053
06030939
06040949
06754710

10091278

Description

Res., 2k O 1/W 5 cop »

Pot., 2.5k
Res., 2k
Pot., 2.5k O
Res.,

Res.,

Res. ,

§ 1/4W 5% comp

10 O 1/8W 1% T-1 MF

1k © 1/4W 5% comp

36k O 1/4W 5% comp

Res., 270k O 1/4W 5% comp
Res., 2.2MD 1/4W 5% comp
Res., 82k ) 1/4W 5% comp
Res., 1.8k  1/4W 5% comp

Voltage Regulator
Voltage Regulator

Logic Assembly, Figure 6-2.

Amplifier, Model 8Q-5
Amplifier, Model SQ-10A

Cap., 1pF 25V
Cap., .1uF 50V
Cap., 104F 35V
Cap., .00IpF 600V
Cap., JApF B0V
Cap., 47uF OV
Cap., 14F 28V
Cap., 470pF 1kV
Cap., .1uF 50V
Cap., 47uF 50V
Cap., 1yF 25V
Cap., 82pF 1kV
Cap. , IUF 25V
Cap., 470pF 1kV

Cap.,

Cap., .33KF 100V
Cap., .001LF 600V
Cap.. .OLuT 100V
Cap., .47LF 100V

Diode. 1N277

LOLF 100V
Cap.. .0054F 100V

tantalum
20% disc
tantalum
20% disc
20% disc

tantalum
tantalum
10% disc
20% disc

tantalum
e

tantalum

20% disc

tantalum
10% disc

20% disc
20% disc

109 mylar
20% disc
209 disc
10% mylar

Total
Quantity

2

= [ SO

[y

==

DD OO

Mfgr.

01121
01121
01121

01121
03888

01121

01121
01121
01121
01121
01121

290832
29832

29832

29832
29832

06751
56289
56289
71590
56289

14433
06751
71590
56289
14433

06751

71590

06751
71590

56289
56289

84411
71590
56289
84411

14433

Model 51¢

Mfgr.
Part No.
CB2025

FR252M
CB2025

FR252M
PME -55

CB1025

CB3635
CB2745
CB2255
CB8235
CB1825

CT-105

33C41A3
150D106X9035R2
L.G102M
33C41A3

CL64BJ470UP3
CT-105

DD-471
33C41A3
CL64BJ470UP3

CT-105

DD-820

CT-105
DD-471

CO23B101F¥103M
40C172

X663FR

LG102M
CO23B101F103M
X663FR

IN277



Model 5102 ‘Section 7

7-3. REPLACEABLE PARTS LISTING

Reference | P/N Total
Ml?esig}nation Part No. Description ' Quantity

Y

A2CR3 10191253 Diode, 1N457
thru- ‘
A2CR21

A2Q1, 08193005 Transistor, SE 3005 NPN Si SE3005
A2Q2
A2Q3 55510002 - Transistor, 2N3860 NPN Si 2N3860
thru ) .

A2Q9

A2Q10, 08491875 Transistor, E101 E101
A2Q11
A2Q12 55510002 Transistor, 2N3860 2N3860
A2Q13, 09393906 Transistor, 2N3906 4 2N3906
A2Q14

A2Q15 55510002 Transistor, 2N3860 NPN Si 2N3860
A2Q16 08193005 Transistor, SE3005 NPN Si SE3005
A2Q17 093939086 Transistor, 2N3906 PNP Si 2N3906
A2Q18, 08491875 Transistor, E101 FET Si E101

A2Q19

A2Q20 08193005 Transistor, SE3005 NPN Si SE3005
A2Q21 09393906 Trangistor, 2N3906 PNP Si 2N3906
A2Q22 55510002 Transistor, 2N3860 NPN Si 2N3860

A2R1 00347535 Res., 175k 1/4W 5% comp CB7535
A2R2 00342735 Res., 27k&} 1/4W 5% comp CB2735
A2R3 00332725 Res., 2.7k§) 1/4W 5% comp CB2725
A2R4 00321015 Res., 100k§ 1/4W 5% comp CB1015
A2R5 00331825 Res., 1.8k 1/4W 5% comp CB1825

A2R6 00347535 Res., 175k} 1/4W 5% comp CB7535
A2R7 00342735 Res., 27k{) 1/4W 5% comp - CB2735
A2R8 00332725 Res., 2.7k 1/4W 5% comp 1 CB2725
A2R9 00321015 Res., 100k& 1/4W 5% comp CB1015
A2R10 00331825 Res., 1.8k 1/4W 5% comp CB1825

A2R11 17251580 Pot., 100k R FR104M
A2R12 00345135 Res., 51k 1/4W 5% comp . CB5135
A2R13 00353345 Res., 330k 1/4W 5% comp ‘ CB3345
A2R14 00342435 Res., 24kQ 1/4W 5% comp ' CB2435
A2R15 00337525 . Res., 7.5k 1/4W 5% comp . CB7525

A2R16 00341035 Res., 10k 1/4W 5% comp , CB1035
A2R17 00344735 Res., 47k 1/4W 5% comp ‘ CB4735
A2R18 17251580 Pot., 100k$ FR104M
A2R19 00351045 Res., 100k 1/4W 5% comp CB1045
A2R20 00349135 ' Res., 91k 1/4W 5% comp CB9135

A2R21 00844735 Res., 47k 1/4W 5% comp CB4735
A2R22 00351045 Res., 100kQ 1/4W 5% comp CB1045
A2R23 00341035 Res., 10k 1/4W 5% comp 1 CB1035

7-5



Section 7

| Reference |
Designation|

AZR24
A2R25

A2R26,
A2R27
A2R28
A2Z2R29
A2R30

A2R31
A2R32
A2R33
A2R34
A2R35

A2R36,
A2R37
A2R38
A2R39
A2R40

A2R41
A2R42
A2R43
A2R44
A2R45

A2R46
A2R47,
A2R48
A2R49
A2R50,
A2R51

A2R52
A2R53
A2Rb54
A2R55
A2R56

P/N
Part No.

{003351%5

00351145

00345135

00341035
00335125
00351145

00345135
00331025
00345135
00343335
00342035

00341035

00353045
00332025
00352045

00361055
00345135
00361055
00352045
00345135

00331025
00341235

00331025
02134991

00341035
00341535
00341835
00335125
00341535

Description

" Res.

7-3. REPLACEABLE PARTS LISTING

1

Res.,

Res.

Res.

)

3

Res.,
Res.,

Res.
Res.
Res.
Res.
Res.

Res.
Res.

Res.
Res.

Res.

Res.
Res.
Res.
Res.

Res
Res.

Res.
Res

Res.
Res.
Res.
Res.
Res.

’

)

3

’

3

’

3

>

’

’

*

3

’

‘s

3

b

’

H

4,99k 1/ 8W 1%

1k$) 1/4W 5% comp
110k§) 1/ 4W 5% comp

51k} 1/ 4W 5% comp

10k 1/4W 5% comp
5.1k} 1/ 4W 5% comp
110k§) 1/ 4W 5% comp

51k§) 1/ 4W 5% comp

1k 1/4W 5% comp
51k 1/ 4W 5% comp
33k 1/ 4W 5% comp
20k 1/ 4W 5% comp

10k 1/ 4W 5% comp

300k 1/4W 5% comp
2k 1/ 4W 5% comp
200k 1/ 4W 5% comp

1M 1/ 4W 5% comp
51k 1/4W 5% comp
1MQ) 1/ 4W 5% comp
200k$) 1/ 4W 5% comp
51k§) 1/ 4W 5% comp

1k§ 1/ 4W 5% comp
12k 1/ 4W 5% comp

1k§2 1/ 4W 5% comp

10k 1/ 4W 5% comp
15k$) 1/ 4W 5% comp
18k$) 1/4W 5% comp
5.1k 1/4W 5% comp
15k 1/ 4W 5% comp

A2R57
A2R58,
A2R59
A2R60
A2R61

A2R62
A2RG63
A2R64
AZR65
A2R66

00361055

00341035

00341535
00341835

00335125
00334725
00342235
00342735
00342235

Res.
Res.

Res.
Res.

Res.
Res.
Res.
Res.
Res.

)

’

]

’

»

’

’

1M 1/ 4W 5% comp
10k 1/4W 5% comp

15k€2 1/ 4W 5% comp
18k 1/4W 5% comp

5.1k 1/4W 5% comp
4,7k 1/ 4W 5% comp
22k 1/ 4W 5% comp
27k 1/ 4W 5% comp
22k 1/ 4W 5% comp

A2R67
A2R68

7-6

00332225

04641002

Res.

>

2.2k§y 1/ 4W 59 comp

T-1 MF

10k 1/8W 0,1% T-1 MF

Total
Quantity

—

w

[UV R

2

2

Migr.

01121
01121

01121

01121
01121
01121

01121
01121
01121
01121
01121

01121

01121
01121
01121

01121
01121
01121
01121
01121

01121
01121

01121
03888

01121
01121
01121
01121
01121

01121
01121

01121
01121

01121
01121
01121
01121
01121

01121

Model 5102

Part No.

CB1145

CB5135

CB1035
CB5125
CB1145

CB5135
CB1025
CB5135
CB3335
CB2035

CB1035

CB3045
CB2025
CB2045

CB1055
CB5135
CB1055
CB2045
CB5135

CB1025
CB1235

CB1025
PME -55

CB1035
CB1535
CB1835
CB5125
CB1535

CB1055

CB1035

CB1535
CB1835

CB5125
CB4725
CB2235
CB2735
CB2235

CB2225

Migr. '




Model 5102

7-3. REPLACEABLE PARTS LISTING

A2RG69
AZR70
A2RT1
A2R72

A3

A3A1
A3A2
A3A3
A3A4

A3C1
A3C2
A3C3
A3C4
A3Ch

¢ A3C6
~ A3C7,
A3C8

A3CR1,
A3CR2
A3CRS,
A3CR4
A3CR5

A3CRS6
thru
A3CRY

A3K1
thru
A3K3
A3K4

A3Q1,
A3Q2
A3Q3

A3R1
A3R2
A3R3
A3R4
A3Rb

A3RG
A3R7,
A3R8
A3R9
A3R10

Reference |
Designation|

P/N
Part No,

02134991

04641002
04634991
17241589

98000108
0555

0581

0555

0362

06030945
06040959
06754710
06050963
06040898
06010931
06020922
10191253
10091274
10191253

10091274

16790203

16790240

09393906

08491875

00341035
00355145
00341035
00343335
00342035

00332025
00342035

00341035
04652003

Description

Res., 4.99kq 1/8W 1% T-1 MT
Res., 10k 1/8W 0.1% T-1 MF
Res., 4.99kQ 1/8W 0,1% T-1 MF
Pot., 50kQ

Relay & Amplifier Assembly
Figure 6-3.

Amplifier, QFT-2

Amplifier, QFT-5

Amplifier, QFT-2
Logarithmic Module, LGP-4
Cap., .0054F 100V 20% disc
Cap., .05uF 50V 20% disc
Cap., .474F 100V 10% mylar
Cap., .1uF 50V 20% disc
Cap., .02yF 50V 20% disc

Cap., 22pTF 1kV 20% disc
Cap., 100pF 1kV 10% disc
Diode, 1N457
Diode, 1N914
Diode, 1N457

Diode, 1N914

Relay, 3PDT 28V reed

Relay, 4PST 28V reed
Transistor, 2N3906 PNP Si
Transistor, E101 FET Si

Res., 10k{) 1/4W 5% comp
Res., 510k 1/4W 5% comp
Res., 10k 1/4W 5% comp
Res., 33k 1/4W 5% comp
Res., 20k§2 1/4W 5% comp

Res. , 2k§) 1/4W 5% comp
Res., 20k 1/4W 5% comp

Res. 10k§) 1/4W 5% comp
Res. 200k} 1/8W 0.1% T-1 MF

Total
Quantity

Section 7

PME ~55

PME -55
PME -55
FR503M

40C172
55C23A1
X663FR
33C41A3
TG-820

CO48B102E220M [
DD-101

240-28

2N3906

E101

CB1035
CB5145
CB1035
CB3335
CB2035

CB2025
CB2035

CB1035
PME -55



Section 7

Reference

Designation

ASR11
A3R12
A3R13
A3R14
A3R15

A3R16
A3R17
A3R18
A3R19
A3R20

A3R21
A3R22
thru

A3R24
A3R25

A3R26
A3R27

A4

7-8

7-3. REPLACEABLE PARTS LISTING

P/ N

Part No.
00341035
00871065
02141002

17231611

01471005

04641002
17241599
00332425
17231611
00341235

17231611
02141002

17231611

01471005

17231611

99006007

02142502
100341035
04630350
- 04641052
02141102

02134991

98000110

07161058

106010931
07161058

10191253

16790201
16790210

02130757
00329115
02139091
02430122
02110474

00341635

Description

‘Res., 10k§ 1/4W 5% comp
Res., 10M§ 1/4W 5% comp
Res., 10k 1/8W 1% T-1 MF
Pot., 2.5k

Res., 10M{ 1/2W 1% T-1 MF

Res., 10k 1/8W 0.1% T-1 MF
Pot. , 10k

Res., 2.4kQ 1/4W 5% comp
Pot., 2.5k

Res., 12k 1/4W 5% comp

Pot.,, 2.5k
Res., 10k 1/8W 1% T-1 MF

Pot., 2.5k§}

Res., 10MQ 1/2W 1% T-1 MF
Pot., 2.5k

. Program Card Assembly,
Figure 6-4.

Res., 25k 1/ 8W 1% T-1 MF
Res.,, 10k§ 1/4W 5% comp
Res., 2k 1/8W 0.1% T-1 MF
Res., 10.5k 1/ 8W 0,1% T-1 MF
Res., 11kp 1/8W 1% T-1 MF

Res., 4.99kQ 1/8W 1% T-1 MF

Switch Components Assembly,
Figure 6-5.

Cap., 14 F 8V NP tantalum

Cap., 22pF 1kV 20% disc
Cap., 1y F 8V NP tantalum

Diode, 1N457

Relay, SPDT 28V reed
Relay, SPST 28V reed

Res., 1k 1/ 8W 1%

Res., 910  1/4W 5% comp
Res., 9.09k) 1/8W 1% T-1 MF
Res., 1.2k0O 1/4W 2%

Res., 51,10 1/8W 1% T-1 MF

Total
Quantity

Model 5102

Migr.
Part No.

CB1035
CB1065
PME -55
FR252M
PME - 65

PME -55
FR103M
CB2425
FR252M
CB1235

FR252M
PME -55
FR252M

PME -65
FR252M

PME -55
CB1035
PME -55

PME-55
. PME-55

NF105A

C0O481B102E220M
NF105A |

1N457

201-28
210-28

RNb55D
CB9115
PME -55
C4




Model 5102

7-3. REPLACEABLE PARTS LISTING

Reference

Designation

P/N
Part No.
02110474
02142502

00344735
04650751

04620250
04630350
04620501
02130753
02138001
02142002
02151483
03340743
02128200
03340743
17221630

99006005

06040949

06030945 -

06020898

00331525

99006008

17241560

Description

Res.,
Res.,
Res.,
Res.,

Res.,
Res.,
Res.,
Res.,
Res.,

Res.,
Res.,
Res.,
Res.,

Res.,

Pot. ,

51,10 1/8W 1% T-1 MF
25kO 1/ 8W 1% T-1 MF
47k 1/ 4W 5% comp

100k 1/8W 0.1% T-1 MF

2500 1/8W 0.1% T-1 MF
2k 1/ 8W 0.1% T~1 MF

5000 1/8W 0.1% T-1 MF
2k 1/ 8W 1% T-1 MF
8k 1/ 8W 1% T-1 MF

20k} 1/ 8W 1% T-1 MF
148k 1/8W 1% T-1 MF

. 20k 1/3W 0.01%

8200 1/8W 1% T-1 MF
20k 1/ 3W 0. 01%

1000

709 Plug-In Test Socket,
Figure 1-2,

Cap’ B

01y F 100V 20% disc

Cap., .0054F 100V 20% disc

Cap‘ H

Res.,

220pF 1kV 10% disc

1.5k 1/4W 5% comp

7-pin Q Plug-In Test Socket
Figure 1-2,

Pot, ,

50k$2

Total

Quantity

Mifgr.
Part No.

PME-55
PME -55
CB4735
PME-55

PME ~55
PME-55
PME -55
PME -55
PME -55

PME -55
PME-55
T017HS
PME-55
7017HS

RP101M

Section 7

CO23B101F103M ||

40C172
DD-221

CB1525

FR503M
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Appendix A

APPENDIX A

OPERATIONS MANUAL UPDATE INFORMATION

At Teledyne Philbrick Nexus we endeavor to provide
you with the latest most up to date improvements and
information as it becomes available. Due to printing
angd shipping requirements it is not always possible to
incorporate these developments as they occur. They
will, however, be forwarded to you as they become
available. We strongly recommend that you make the
necessary changes in your manual ag they are received

so that it will be current with the latest developments.
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Figure 1-3. Calibration Fixture

SECTION 1-3. ACCESSORIES

A plug-in Calibration Fixture, the Model 6046, is sup-
plied to provide the capability with which to verify and

calibrate the Model 5102 Operational Amplifier Tester.
With this unit, both verification of specifications and
calibration of the instrumentwill be reduced to a simple
routine. The A/ OFF/ B toggle switch (S2) is used in
calibrating the programmable plus and minus supplies
while the ten position rotary SELECTOR (S1) selects
the proper calibration configurations. The MONITOR
jack (J1) provides access to the various test points
within the instrument. The followingis a list of SEL~
ECTOR positions and corresponding calibration modes.

SELECTOR
position Calibration Modes

1 Programmable plus supply
2 Programmable minus supply
3 Absolute Value Circuit (A2A2)
4 -Ibias Circuit (A3A1)

5 +lbias Circuit (A3A3)

6 -Ibias Circuit (A3A2)

7 Meter Movement

8 Log Scale (low end)

9 Log Scale (high end)

10 CMRR bridge

The layout and circuit configuration is shown in Fig-
ure 1-3. Refer toSection5-2 for the operation of this
unit.

SECTION 5-2,

Paragraph 5-2. as presently written is to be used in
calibrating instrumentswith serial numbers of 110 or
less. Instruments with a serial number greater than
110 are adapted for use with the Calibration Fixture,
Model 6046. When one of these is used substitute the
following:

5-2. CALIBRATION

The Model 5102 Operational Amplifier Tester is des-
igned for ease of calibration within its own enclosure
using aminimum of peripheral test equipment. Refer
to Table 5-1 for the Recommended List of Required

TestE quipment. A step-by-step calibration procedure,

necessary to verify the operating specifications of the
instrument, is performed as follows:

1. Remove the back cover from the unit by
loosening the six (6) twist lock screws.

2. Ensure that the Program Card Assembly
(A4) is removed from connector J5.

3. Loosen the four (4) retaining screws that
hold the Relay & Amplifier Assembly (A3) into
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place and carefully orient it to provide an access
to the Logic Assembly (A2) adjustments.

4. Provide a ground return for the Relay &
Amplifier Assembly (A3) by clippinga lead from
the outer ground strip to an unpainted surface on
the case.

5, Insert the Calibration Fixture plug-in
Model 6046, into the front panel connector (J6).

6. Set the following controls as indicated:
METER SENSITIVITY . . . . . 1000
DCTEST. . « v v v v o o v o« teo
TEST SELECT. . . . . . . . . DC TEST
, INPUT/ POLARITY
SELECTOR. . . . . .. o v o oo
LOAD © v« ¢ v ¢ o o o o 4 o s EXT

7. Plug the power cable into a 1156Vac, 50 to
60 Hz line source.

8. Depress to illuminate the POWER push-
button and allow a 30-minute warmup period for
the circuits of the instrument to stabilize.

NOTE
Depress to extinguish
the IC PWR pushbutton,
if illuminated.

9. Connect a suitable cable from the voltmeter
to the MONITOR jack (J1).

10. Depress to illuminate the IC PWR push-
button.

11. Perform the positive power supply calibra-
tion adjustments as follows:

a. Set the SELECTOR (81) to position
11" and the A/ OFF/ B switch (S2) to the
"A' position.

b. Adjust potentiometer R8 for a volt-
meter indication of +6V =100mV. See Fig-
ure 5-1, for the location of this adjustment.

c. Set the A/ OFF/ B switch to the '"B"
position.

d. Adjust potentiometer R10for a volt-
meter indication of +15V +100mV. See Fig-
ure 5-1. for the location of this adjust-
ment.

€. Alternately repeat Step 11b. with the
A/ OFF/ B switch in the "A" position and
Step 11d. withthe A/ OFF/ R switch in the
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"B posiﬁon until both specifications are
achieved.
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Figure 5-1. Power Supply Assembly (A1) Adjustments

12. Perform the negative power supply calibra-
tion adjustments as follows:

a, Set the SELECTOR to position '2"
and the A/ OFF/ B switch to the ""A" pos-
ition,

b. Adjust potentiometer R7 for a volt-
meter indication of -6V £100mV. See Fig-
ure 5-1. for the location of this adjustment.

c. Set the A/ OFF/ B switch to the '"B"
position.

d. Adjust potentiometer R12 for a volt-
meter indication of -15V £100mV. See Fig-
ure 5-1. for the location of this adjustment.

e, Alternately repeat Step 12b. with the
A/ OFF/ B switch in the "A" position and
Step 12d. with the A/ OFF/ B switch in the
"B" position until both specifications are
achieved.

13. Depress to extinguish the IC PWR push-
button.

14, Verify the programmed operation of the
positive and negative power supplies as follows:

a. Setthe A/ OFF/ Bswitchtothe "OFTF"
position.

NOTE
The A/ OFF/B switch must
always be in the "OFF" pos-
ition whenever a Program
Card Assembly (A4) is used
in the operation of this in-
strument.
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b. Insert the Program Card Assembly
(A4) into connector J5.

c. Depress to illuminate the IC PWR
pushbutton.

d. Set the SELECTOR to position ""1",

e. Verify that the voltmeter indication
meets the positive quiescent voltage spec-
ification (+Vec) for the particular Program
Card Assembly (A4) being used. Referto
Table 5-2. for the associated Program
Card Assembly (A4) specifications.

1. Set the SELECTOR to position "2",

g. Verify that the voltmeter indication
meets the negative quiescent voliage spec-
ification (-Vce) for the particular Program
Card Assembly (A4) being used. Refer to
Table 5-2. for the associated Program

Card Assembly (A4) specifications.

Model +Vce ~Vce

6007 +15V +£100mV -15V £100mV
6016 + 6V £100mV - 6V £100mV
6017 +12V £100mV -12V £100mV
6018 +18V +£100mV -18V £100mV
6019 +12V £100mvV - 6V £100mV
6020 +24V £100mV -24V £100mV
6022 + 9V £100mV - 9V £100mV

Table 5-2. Program Card Assembly (A4) Specifications

15. Perform the clock frequency calibration
adjustment as follows:

a, Set the TEST SELECT switch to the
"#Eout'" position.

b. Connect a guitable cable from the
vertical input of the oscilloscope to the AMP
OUT comnector (J7), located at the rear of
the instrument,

c. Monitor the square-wave presentation
and adjust potentiometer R18 for a 200
+20 millisecond period. See Figure 5-2.
for the location of this adjustment.

16. Remove the cable from the AMP OUT con-
nector.

17. Perform the absolute-value circuit cal-
ibration adjustment as follows:
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a. Set the TEST SELECT switch to the
"+PSRR" position and the SELECTOR to
position ''3",

NOTE
The meter may indicate
full-scale since there is
no signal present at the
input of the demodulator
circuit.

b. Adjust potentiometer R72 for a volt-
meter indication of 0V #300,V. See Fig-
ure 5-2. for the location of this adjust-
ment.
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Figure 5-2. Logic Assembly (A2) Adjustments

18.

Perform the oscillation detection circuit

calibration adjustment as follows:

19,

a. Set the TEST SELECT switch to the
"DC TEST" position, the DC TEST selector
to the "OSC DET" position and the SELEC-
TOR to position "2",

b. Connect a suitable cable from the
output of the signal generator to the AMP
OUT connector.

c. Adjust the signal generator to pro-
vide a 20mV peak-peak sinewave, centered
about zero, at a frequency of 10kHz.

d. Adjust potentiometer R11 until the
OSC DET lampis extinguished. See Fig-
ure 5~2. for the location of this adjust-
ment,

e. Readjust potentiometer R11 until the
OSC DET lamp just illuminates.

Remove the cable from the AMP OUT con-~

nector.

(]
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20. Depress toextinguishboth the IC PWR and
POWER pushbuttons.

21. Remove the power cable from the 115Vac
line source.

22, Fasten the Relay & Amplifier Assembly
(A3) into place ensuring that the four (4) retaining
screws are tightened securely.

NOTE
The ground return clip-
lead may be removedat
this time.

23, Plug the power cable into the 115Vac line
source.

24. Depress to illuminate both the POWER and
IC PWR pushbuttons.

25, Perform the input offset current and input
bias current circuit calibration adjustments as

follows:

a. With the TEST SELECT switch set
to''DC TEST" ,set the DC TEST selector
to the "+Ibias' position and the SELECTOR
to position "4".

b. Adjust potentiometer R14 for a volt-
meter indication of 0V +300,V. See Fig-
ure 5-3. for the location of this adjustment.
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Figure 5-3. Relay & Amplifier Assembly (A3)

Adjustments.

c, Set the SELECTOR to position ''5',
d. Adjust potentiometer R25 for a volt~
meter indication of 0V +300yV. See Fig-

ure 5-3. forthe location of this adjustment,

e. Set the SELECTOR to position "6,
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f. Adjust potentiometer R21 for a volt-
meter indication of 0V +£300yV. See Fig-
ure 5-3. for the location of this adjustment.

26, Perform the meter movement calibration
adjustment as follows:

NOTE

6007 program card must
be used.

a. Setthe following controls as indicated:
TEST SELECT. . . . . . DC TEST
DC TEST. ... ... .. Eos
METER SENSITIVITY. . 10 (mV)
SELECTOR, . . ... .. 1T

b. Adjust potentiometer R27 for a volt--
meter indication of 100mV £1mV, See Fig-
ure 5-3. for the location of this adjustment.

27. Perform the log circuit calibration adjust-
ments as follows:

a. Set the TEST SELECT switch to the
"+PSRR' position and the SELECTOR to
position "8",

b. Adjust potentiometer R17 for a front
panel meter indication of 60dB +0.5dB.
See Figure 5-3. for the location of this
adjustment.

c. Set the SELECTOR to position "9".

d. Adjustpotentiometer R19 for a front
panel meter indication of 114dB +0.5dB.

Allow sufficient time for the meter indic-
ationto settle. See Figure 5-3. for the loc-
ation of this adjustment.

e. Alternately repeatStep 27b. with the
SELECTOR in position ''8" and Step 27d.
with the SELECTOR in position "'9'"" until
both specifications are achieved.

28. Perform the commonmode rejection ratio
bridge calibration adjustment as follows:

NOTE
- The voltmeter must have
a true differential input;
therefore, bhothinput ter-
minals must be above
ground reference,

a. Set the TEST SELECT switch to the
”CMRR“ position, the Calibration Switch
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(ST), located inside the instrument, to
"CAL"and the SELECTOR toposition''10".

NOTE
IC PWR lamp will extinguish
when Calibration Switch is
set to "CAL",

b. Adjust potentiometer R23 for a volt-
meter indication of 0V £10u4V. See Figure
5-4. for the location of this adjustment.

s28(8)

——— 51
ERES z:;ﬁ)),nu

(et e
£30 b—’—vs:s(s)
g [|Ogm—m
OO
I g‘;ﬁ:ti.‘%
D
o—td——s16)
e ss(e)
@I g

EZD se{e)

E6 E'l €3 QEIl QEI3
4T£E EBTE Eli EM4 EIS EI‘IIEIQ

[ 111

€7 ] S —s

- N FITTETT T L L,
’ : S2AE) 5202 SEQ) sl S S k) i) sa(2) sb) e

Tigure 5-4. Switch Components Assembly (AS5)
Adjustment

29. Returnthe CalibrationSwitchto the "NOR-
MAL" position.

FIGURE 6-2. LOGIC ASSEMBLY (A2)

Schematic Diagram
1. Delete J2(7) and J2(8) reference from con-
hector J2(8) and J2(7), respectively.

2, Change DS1(B) reference to read DS1(AZ2),

3. Change A2Q17 from an NPN to PNP config-
uration,

4, Add a lead from the junction of A2CR21,
__A2R70, and A2R71 to P1(13).

5, Add J6(14) reference to connector J2(13).

. ASsemblx Diagram
1. Delete J2(7) and J2(8) reference from con-

nector P1(8) and P1(7), respectively.
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FIGURE 6-3. RELAY & AMPLIFIER ASSEMBLY (A3)

Schematic Diagram
1. Add a lead from A3TP2 to P2(19).

2. Add J6(15) reference to connector J4(19).

Assembly Diagram
1. Add J6(15) reference to connector J4(19)
in place of N.C.

2. Change NOTE 5 to read "All relays are
shown de-energized (Dynamic mode of operation) '

FIGURE 6-4, PROGRAM CARD ASSEMBLY (A4)

Schematic Diagram

1.  AddJ6(8), J6(3), J6(9), and J6(4) references
to connector J5(12), J5(13), J5(15) and J5(16),
respectively.

Assembly Diagram

1. Add J6(8), J6(3), J6(9), and J6(4), refer-
ences to connector J5(12), J5(13), J5(15), and
J5 (16), respectively,

FIGURE 6-5. SWITCH COMPONENTS ASSE MBLY (A5)

Schematic Diagram
1. Change relay A5K6 from normally closed
to normally open.

2. Interchange CR1and CR2 reference design-
ations.

Assembly Diagram
1. Interchange CR1and CR2 reference design-

ations.
FIGURE 6-6. MODEL 5102 OPERATIONAL AMPLIF-
IFER TESTER INTERCONNECTION
DIAGRAM

1. Reverse the polarity of the signs on the IN-
PUT/ POLARITY SELECTOR from (+) to (-) and
from (-) to ().

2. Add leads from J5(12) to J6(8), J5(13) to
J6(3), J5(15) to J6(9), J5(16) to J6(4), J2(13) to
J6(14), and J4(19) to J6(15).
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SECTION 7-3. REPLACEABLE PARTS LISTING

Reference - Total
Designation Designation Quantity

95006046 Calibration Fixture, Figure 1-3,
12591831 Connector, BNC UG-1094/TU

02152494 Res., 249k 1/8W 1% PME -55
02244752 Res., 47.5k0O 1/8W 1% PME-55

03800238 Res., 2.38 O 1/2W 1% EL1/2
02130753 Res., 2k 1/8W 1% PME -55
' 02141102 Res., 11k 1/8W 1% PME -55
02130753 Res.,  2k§ 1/8W 1% - PME -55
02141102 Res., 11k 1/8W 1% PME-55

11599437 Switch, Rotary 3 pole-10 pos. PS-107
11391342 Switch, Toggle DPDT MST-205P




