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Model 4192A

Section 1
Paragraphs 1-1 to 1-3

SECTION |
GENERAL INFORMATION

1-1.  INTRODUCTION

1-2,  This operating manual contains the information
required to install, operate, and test the Hewlett-Packard
Model 4192A LF Impedance Analyzer. Figure 1-1 shows
the instrument and supplied accessories. This section
covers specifications, instrument identification, descrip-
tion, options, accessories, and other basic information.

1-3.  Listed on the title page of this manual is a micro-
fiche part number. This number can be used to order
4 X 6 inch microfilm transparencies of the manual. Each
micofiche contains up to 60 photo-duplicates of the
manual pages. The microfiche package also includes the
latest manual changes supplement as well as all pertinent
service notes. To order an additional manual, use the part
number listed on the title page of this manual.

1-4. DESCRIPTION

1-5. The HP Model 4192A LF Impedance Analyzer is
a fully automatic, high performance test instrument
designed to measure a wide range of impedance para-
meters as well as gain, phase, and group delay. The
4192A improves efficiency and quality in the develop-
ment and production of many types of complex compo-

nents, semiconductors, and materials. Complete network

analysis of devices such as filters, crystals and audio/video
equipment, plus evaluation of the impedance character-
istics of their circuit components, can be performed.
These tests can be performed using test signals equivalent
to those found under actual operating conditions. The
two measurement display sections, DISPLAY A and
DISPLAY B, provide direct readout of the selected meas-
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Figure 1-1.

Model 4192A and Accessories
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Section |
Paragraphs 1-6 to 1-9

urement parameters with 4% digit resolution along with
the appropriate units. In NORMAL mode operation, the
4192A performs approximately five measurements per
second. The 4192A also provides an AVERAGE meas-
urement mode (approximately one measurement per
second) to obtain measurement data of higher resolution
and repeatabily than is possible in NORMAL measure-
ment mode, and a HIGH SPEED measurement mode to
perform approximately ten measurements per second.

1-6. "The 4192A can provide measuring frequency,
0OSC level, and dc bias voltage (impedance measurements
only) equivalent to actual operating conditions. The
sweep capability of the built-in frequency synthesizer and
dc bias source permits quick and accurate measurements.
The built-in frequency synthesizer can be set to meas-
uring frequency within the range from 5.000Hz to
13.00000MHz with 1mHz maximum resolution. OSC
level is variable from SmV to 1.1 Vrms with 1 mV resolu-
tion (5mV for levels higher than 100mV). The internal
dc bias voltage s ‘urce (impedance measurements only)
provides #35V in 10mV increments. Measuring fre-
quency or dc bias voltage can be automatically or manu-
ally swept in either direction. OSC level can be manually
swept in either direction in 1mV increments (5mV for
levels above 100mV). Actual test voltage across- or test
signal current through the device under test is also
measured. Thus the 4192A can evaluate components and
circuits under a wide variety of measurement conditions.
For example, video frequency characteristics of a VTR
head, dc bias voltage characteristics of a semiconductor
or ceramic device, at circuit level as well as component
level, can be accurately evaluated. For measurements on
high Q (=~ 10°%) devices or for impedance measurements
that require a test signal that is more stable than that
provided by the 4192A, an external frequency synthesizer
can be connected to the 4192A EXT VCO input con-
nector. Using this technique, a frequency resolution of
1mHz over the full frequency range, from 5SHz to 13MHz,
can be obtained. In addition, a high stability reference
(1MHz or 10MHz) can be connected to the 4192A so
that even more-stable test signals are obtained.

1-7.  In amplitude/phase measurements, the 4192A can
measure four transmission parameters — gain/loss (B—A),
level (A, B), phase (8), and group delay. Measurement
range of B—A is -100dB to +100dB with 0.001dB
maximum resolution and 0.02dB to 0.09dB basic ac-
curacy, measurement range of A/B is +0.8dBV to
~100dBV, +13.8dBm to -87dBm with 0.001dB maxi-
mum resolution and 0.4dB basic accuracy; measurement
range of @ is -180° ~ +180° with 0.01° resolution and
0.1° to 0.2° basic accuracy; measurement range of group

1-2

delay is 0.1ns to 19.999s with a resolution of 4% digits.
These features make accurate measurement of fransmis-
sion characteristics easier than ever before. For example,
0.001dB changes in insertion loss and ripple in the pass
band of a BPF (Band Pass Filter), caused by temperature
changes, can be resolved. Moreover, the ability of the
4192A to measure group delay helps in the design and
construction of filters that must accurately transmit
phase information.

1-8. In impedance measurements, the 4192A can
measure eleven impedance parameters — absoliite xalue of
impedance (|Z|), absolute value of admittance (|Y]),
phase angle (8), resistance (R), reactance (X), con-
ductance (G), susceptance (B), inductance (L), capaci-
tance (C), dissipation factor (D) and quality factor (Q).
Measurement range of |Z| /R/X is 0.1mQ to 1.2999M¢Q.
|Y|/G/B is 1 ns to 12.999s; 6 is —180.00° to +180.00°;
L is 0.0lmH to 1.000kH; C is 0.1pF to 100.0mF; D is
0.0001 to 19.999; Q is 0.1 to 1999.9. All have a basic
accuracy of 0.1% and a resolution of 4% digits (number
of display digits depends on measuring frequency and
0OSC level setting). Moreover, the unique circuitry of
the 4192A provides direct and accurate impedance
measurements of both grounded and floated devices.

1-9. The 4192A employs certain functions which
make the best use of the intelligence capability of its
microprocessor. This microprocessor-based design of the
hardware makes operation of the 4192A simple, yet
improves performance to realize the accurate measuring
capabilities. Desired test parameters are fully program-
mable through the front-panel control keys or via HP-IB
control, a standard capability of the 4192A. The devia-
tion measurement function eliminates the need for
tedious deviation calculations. Deviation measurement
can be performed on all measuring parameters and is
displayed as either the deviation (A) from a stored refer-
ence value or percent deviation (A%). This feature is
useful for environmental tests such as temperature
characteristics measurement of filter loss, and gain vs.
frequency for amplifiers. The self test function augments
the high reliability design of the 4192A. Convenient
introspective testing is possible by pressing the SELF
TEST key and confirms the functional operation of the
instrument. The zero offset adjustment function meas-
ures the residual impedance and stray admittance in-
herent to the test fixture used, and offsets the effects of
these parasitic parameters to zero with respect to the
measured values. The save/recall function can store
(SAVE key) five completely different front-panel settings,
including both parameter selection and sweep controls,
and recall them at any time (RECALL key). This feature
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improves efficiency in production applications where
répetitive measurements are made. This feature can also
be used to measure the same parameter on one com-
ponent under (five) different sets of test conditions. The
standard memory of the 4192A preserves stored data
even when the instrument is off.

1-10. The 4192A provides HP-IB interface capability
for complete remote control of all front-panel control
key settings and test parameter settings. This feature
makes it possible to integrate the 4192A into a measure-
ment system which reduces cost by improving DUT
throughout, improving circuit design efficiency, and
shortening the component development period. The
4192A is also equipped with X-Y recorder outputs and
pen lift control. Clear and accurate copies of character-
istics curves resulting from swept measurements can be
obtained easily with this capability, without an external
HP-IB controller.

1-11. The versatility and operability of the 4192A are
maximized by the availability of versatile test fixtures.
Because components and networks are not of uniform
shape and size, the 4192A has several test fixtures that

can be used to best meet different measurement require-
ments.

1-12. SPECIFICATIONS

1-13.  Compiete specifications of the Model 4192A LF
Impedance Analyzer are given in Table 1-1. These specifi-
cations are the performance standards or limits against
which the instrument is tested. The test procedures for
the specifications are covered in Section IV, Performance
Tests. Table 1-2 lists supplemental performance charac-
teristics. Supplemental performance characteristics are
not specifications but are typical characteristics included
as additional information for the operator. When the
4192A LF Impedance Analyzer is shipped from the
factory, it meets the specifications listed in Table 1-1.

1-14. SAFETY CONSIDERATIONS

1-15. The Model 4192A LF Impedance Analyzer has
been designed to conform to the safety requirements of
an [EC (International Electromechanical Committee)
Safety Class I instrument and is shipped from the factory
in a safe condition.

1-16. This operating and service manual contains in-
formation, cautions, and warnings which must be followed
by the user to ensure safe operation and to maintain the
instrument in a safe condition.

Section [
Paragraphs 1-10 to 1-21

1-17. INSTRUMENTS COVERED BY MANUAL

1-18. Hewlett-Packard uses a two-section nine character
serial number which is stamped on the serial number
plate (Figure 1-2) attached to the instrument’s rear-panel.
The first four digits and the letter are the serial prefix and
the last five digits are the suffix. The letter placed be-
tween the two sections identifies the country where the
instrument was manufactured. The prefix is the same for
all identical instruments; it changes only when a change is
made to the instrument. The suffix, however, is assigned
sequentially and is different for each instrument. The
contents of this manual apply to instruments with the
serial number prefix(es) listed under SERJIAL NUMBERS
on the title page.

1-19. An instrument manufactured after the printing of
this manual may have a serial number prefix that is not
listed on the title page. This unlisted serial number pre-
fix indicates the instrument is different from those
described in this manual. The manual for this new instru-
ment may be accompanied by a yellow Manual Changes
supplement or have a different manual part number. This
supplement contains “change information” that explains
how to adapt the manual to the newer instrument.

1-20. In addition to change information, the supplement
may contain information for correcting errors (called
Errata) in the manual. To keep this manual as current
and accurate as possible, Hewlett-Packard recommends
that you periodically request the latest Manual Changes
supplement. The supplement for this manual is id :ntified
with this manual’s print date and part number, both of
which appear on the manual’s title page. Complimentary
copies of the supplement are available from Hewlett-
Packard. If the serial prefix or number of an instrument
is lower than that on the title page of this manual, see
Section VII, Manual Changes.

1-21. For information concerning a serial number pre-
fix that is not listed on the title page or in the Manual
Change supplement, contact the nearest Hewlett-Packard
office.

SERIAL MO .
@ (®)
YOKORAWA NEWLETY PACKARD
TOKYO JAMR

Figure 1-2. Serial Number Plate

1-3



Section I Model 4192A
Table 1-1

Table 1-1.  Specifications (Sheet 1 of 12)

COMMON SPECIFICATIONS

(Amplitude-Phase and impedance Measurements)

INTERNAL SYNTHESIZER : Output from OSC OUTPUT (Heyr ) terminal

Frequency Range : 5.000Hz to 13.000000MHz

Frequency Resolution : 1mHz (5Hz to 10kHz), 10mHz (10kHz to 100kHz), 100mHz (100kHz to
1MHz), 1Hz (1MHz to 13MHz)

Frequency Accuracy : + 50 ppm (23°C £5°C)

OSC Level Range : Variable from 5mVrms to 1.1 Vrms (when terminated by 508 in amplitude-
phase measurements or UNKNOWN terminals are open in impedance measure-
ments).

OSC Level Resolution : ImV (5mV to 100mV), 5SmV (100mV to 1.1V)

OSC Level Accuracy :

M inq Freque OSC Level
ea requ
suring Frequency <100mV >100mV
5Hz ~ 1 MHz (5 +10/f) % + 2mV (5+10/)% + 10mV
I1MHz ~ 13MHz 4+1.5F)%+2mV 4+ 1.5F)%+ 10mV
f : measuring frequency (Hz), F : measuring frequency (MHz).

Qutput Resistance : 50 (amplitude/phase measurements),100£2 (impedance measurements, > 38kHz7)
10082 to 10k (impedance measurements, << 38kHz, depends on measuring
range), de coupling.

Level Monitor (impedance measurement) : Measures and displays the voltage across- or current through the

device under test.

Frequency and Level Control : Set via the front-panel numeric keys or HP-IB; auto sweep (except for level) or
manual sweep.

EXTERNAL SYNTHESIZER : Connected to the VCO INPUT connector on the rear-panel (HP3325A Syn-
thesizer or equivalent is recommended).

Frequency Range : 40.000005MHz to 53MHz (measuring frequency is equal to the frequency of
the external synthesizer minus 40MHz [5Hz to 13MHz]).

Required Signal Level : 0dBm to 3dBm

Note: Frequency of the 4192A internal synthesizer should be set to the frequency of the external synthesizer
minus 40MHz, and the internal and external synthesizers should be phase-locked.




Model 4192A Section |
Table 1-1

Table 1-1.  Specifications (Sheet 2 of 12)

EXT REFERENCE INPUT CONNECTOR : Can be connected to a 1MHz/10MHz high stability reference signal
(- 1dBm to +5dBm) to improve the stability of the internal synthesizer.

Input Resistance : Approximately 5082
MEASURING MODE :

Spot Measurement : At specific frequency (or dc bias*)

Swept Measurement : Between START and STOP frequencies (or dc bias*). Sweep can be automatic
or manual.

Sweep Mode : Linear sweep mode (sweeps at specified step) and logarithmic sweep mode (20

measurement points per frequency decade).

X10 STEP : Multiplies the specified frequency/dc bias* step by 10 in linear manual sweeps.
PAUSE Key : Temporarily stops swept measurements.
SWEEP ABORT Key : Makes sweep cancellation.

* 1 DC bias sweeps can be made for impedance measurements only.

RECORDER OUTPUT : DC outputs proportional to measured values of DISPLAY A, DISPLAY B, and
measuring frequency or dc¢ bias. PEN LIFT output and X-Y recorder scaling
outputs are provided.

Maximum Output : 1V

Output Voltage Accuracy : = (0.5% of output voltage + 20mV).

FIVE NONVOLATILE STORAGE REGISTERS : Memorize five complete instrument measurement configurations.
Measurement configurations can be set from the front-panel, from the HP-1B,

or both.
HP-IB INTERFACE : Data output and remote control via the HP-IB (based on IEEE-Std-488 and
ANSI-MC1-1.
Interface Capability : SHI1, AHI, TS5, L4, SR1, RLI1, DCI1, DTI.
Remote Control Function :  All front-panel functions except LINE ON/OFF switch and X10 STEP key.
Data Output : Measured values of DISPLAY A, DISPLAY B, and measuring frequency or dc
bias.

SELF TEST : Performs the 4192A basic operation checks and displays the test results when
power is turned on or when the SELF TEST mode is set by the SELF TEST key
or via HP-IB.

TRIGGER : Internal, External, Hold/Manual, or HP-IB remote control.

1-5




Section I Model 4192A
Table 1-1

Table 1-1.  Specifications (Sheet 3 of 12)

AMPLITUDE/PHASE MEASUREMENTS

PARAMETERS MEASURED : Measures DISPLAY A parameters and DISPLAY B parameters simultaneously in
the parameter combination listed below. Deviation measurement (A) and
percent deviation measurement (A%) can be performed for all measurement
parameters.

DISPLAY A Function DISPLAY B Function

Group delay (s)

B - A (dB) : Amplitude ratio
0 (deg/rad) : Phase Difference

A (dBm/dBV) : Absolute amplitude of Reference Input

B (dBm/dBV) : Absolute amplitude of Test Input

REFERENCE AMPLITUDE : 0dBv=1Vrms, 0dBm =1mV (into 5082)

0OSC OUTPUT CONNECTOR OUTPUT IMPEDANCE : 508 + 5% - 8% (at 50Hz to SMHz), 50€ + 10% (at 5Hz to
13MHz).

CHANNEL A AND B :
Input Impedance : IMS2 * 2%, shunt capacitance 25pF + 5pF
Maximum Input Voltage : 2Vrms/£35V DC Max.

DISPLAY RANGE AND RESOLUTION : In NORMAL or AVERAGE measurement mode (Measuring resolution de-
creases one digit in HIGH SPEED measurement mode.

B-A: 0 to + 100dB, 0.001dB (0 ~ 20dB), 0.01dB (20 ~100dB) resolution
6 : 0 to £180° (0 to * 7 radian), 0.01° resolution
Group Delay (7;) : 0.1ns to 19.999s, 0.1ns maximum resolution

A B: +0.8dBV to ~-100dBV, +13.8dBm to -87dBm, 0.001dB (> -20dB), 0.01dB (£-20dB)

resolution

1-6
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Table 1-1.

Specifications (Sheet 4 of 12)

Section 1
Table 1-1

MEASURING ACCURACY :
(1) Warmup Time :
{(2) Ambient Temperature :

(3) Measuring Speed :

Note:

cations given here.

> 30 minutes

NORMAL or AVERAGE mode.

Specified at measuring terminals when the following conditions are satisfied:

23°C + 5°C (error limits double for 0°C to 55°C temperature range).

Additional errors due to the power splitter, feedthrough termination, etc., are to be added to specifi-

The measurement accuracy of each parameter is given below. The accuracy depends on input absolute level of

each channel and the measuring frequency.

B—A and 6 Measurements Accuracies :

Accuracies are the sum of each channel accuracy given in the table

below. For example, when the frequency is 1kHz, A channelis-15dBV and B

channel is -25dBV; the uncertainty contributed by each channel to the B—A
error is 0.01dB/0.05° and 0.05dB/0.15°, respectively. Therefore, the final ac-
curacy of 0.06dB/0.2° is given by the accuracy of both channels.

Group Delay Measurements Accuracy : Accuracy is derived from the following equation (phase accuracy Ad

and Afy are read from the table below):

ABy + Afy

group delay accuracy =_72mT3_ (s)
where, Al Channel A phase accuracy (degree)

Abg Channel B phase accuracy (degree)
AF Step Frequency (Hz)

. 0.8

>

2 _10 ] (0.008+0.2/f)dB | 0.01dB | 0.045dB | (0.025+0.02F)dB

et (0.04+1/fF)° 0.05° 0.08° 0.08F°

E

= (0.047+0.2/F)dB 0.05dB 0.08dB {0.04+0.04F)dB

&) -30 (0.13+2/f)° 0.15° 0.25° (0.05+0.2F)°

§ (0.05+1/f)dB 0.06dB 0.12dB {0.06+0.06F)dB

E ~40 (0.14+p/f)° 0.2° 0.3° (0.05+0.25F)°

o (0.05+3/f)dB 0.08dB | 0.14dB (0.07+0.07F)dB

T>) -50 (0.15+15/F)° 0.3° 0.6° (0.3+0.3F)°

3 (0.1+10/f)dB 0.2d8 (0.1+0.1F)dB

2 e (1+50/f)° 1.5° (1+0.5F)°

3 (0.45+25/F)dB 0.7dB (0.4+0.3F)dB

2 70 (4+100/f)° 5° (4+F)°

< (1.5+50/F)dB 2dB (1+F)dB

= o 0 [+]

% -80 (12+300/f) 15 (13+2F)

-90 A Unspecified
-100 T v
5 100 10k

Measuring Frequency (Hz)

13M

f : measuring frequency (Hz)
F : measuring frequency (MHz)

Equations in table represent:

A, B accuracy

f accuracy

Note

When calculating aecuracy
for points along a horizontal
or vertical line, or at the

intersection of two lines, use

the narrowest
equation.

aceuracy

1-7




Section 1
Table 1-1

Table 1-1.  Specifications (Sheet 5 of 12)

Model 4192A

Input Absolute Level of Each Channel (dBV)

Absolute Amplitude (A, B) Accuracy :

Accuracy is given in the table below.

+0.8
-10 -
-20 4

(0.4+1/f)dB 0.4dB (0.4+0.08F)dB
-30 A
-40 J
-50

(0.5+11/f)dB 0.6d8 (0.5+0.18F)dB
-60

{0.85+26/f)dB 1.1dB (0.8+0.38F)dB
-70

(1.9+51/F)dB 2.4dB (1.4+1.08F)dB
-80

5< <100 100<
-90 4 Unspecified
-100 — Y
5 100 ™

Measuring Frequency (Hz)

13M

f : measuring frequency (Hz)

F : measuring frequency (MHz)

Note

When calculating accuracy
for points along a horizontal
or vertical line, or at the
intersection of two lines, use
the narrowest accuracy
equation.

1-8



Model 4192A Section [

Table 1-1
Table 1-1. Specifications (Sheet 6 of 12)
IMPEDANCE MEASUREMENTS
PARAMETERS MEASURED : Measures DISPLAY A parameters and DISPLAY B parameters simultaneously in

the parameter combinations listed below. Deviation measurement (A) and
percent deviation measurement (A%) can be performed for all measurement

parameters.

DISPLAY A Function DISPLAY B Function

|Z1 : Absolute Value of Impedance
¢ (deg/rad) : Phase Angle

[Y! : Absolute Value of Admittance

R : Resistance X : Reactance
G : Conductance B : Susceptance
Q : Quality Factor
L : Inductance
D : Dissipation Factor
C : Capacitance
R : Resistance
G : Conductance

EQUIVALENT CIRCUIT MODE :  Auto, = (Series), and offF}e (Parallel). |ZI, R, and X are measured in
o3 mode; and (Y1, G, and B in o[£} mode.

Maximum 4-1/2 digits in NORMAL or AVERAGE measurement mode,

DISPLAY - maximum 3-1/2 digits in HIGH SPEED measurement mode; 19999
full-scale display for L and C measurement, 12999 for other parameters.
Number of display digits depends on OSC level, measurement range, and
test frequeney, (Refer to Para. 3-17)

RANGING : AUTO or MANUAL for impedance ( |Z1)/admittance { Y |) measured value.

MEASUREMENT TERMINAL : 4-terminal pair configuration

AUTOMATIC ZERO ADJUSTMENT : Residual impedance (R +jX) and stray admittance (G + jB) of the test fixture
are measured at a frequency selected by the operator. These values are then
stored and used as offset data for subsequent measurements. The stored offset
values are converted and applied to other measurement frequencies (refer to

paragraph 3-79).




Section [ Model 4192A
Table 1-1

Table 1-1.  Specifications (Sheet 7 of 12)

MEASURING RANGE AND RESOLUTION : Accuracy is specified at UNKNOWN terminals under the following
conditions:

(1) Warmup Time : > 30 minutes

(2) In Floating Measurements : (see Table 1-2 for specifics on low-grounded measurements)

(3) Measuring Frequency : At the frequency of the zero offset adjustment

(4) Ambient Temperature : 23°C * 5°C (error limits double for temperature range of 0°C to 55°C)
(5) CABLE LENGTH : At 0 position

{6) Measuring Speed : NORMAL or AVERAGE mode

(7) In the tables, area : Reference data (accuracy is not guaranteed.)

7} area : Measurement can not mode but aceuracy is not specified.
0.0001 to 1.2999MQ 100Qu -180.00° to + 180.00°

B=1+ g% use the left graph (below)

C= . use the right graph (below)

1
Y
where v : OSC LEVEL (V)

f : Measuring frequency (Hz)
F : Measuring frequency (MHz)

200
5
1001
4t
3 o
[sa]
10t
2 -
'I -
O 1 1 N ] " i i e
5m 10m 100m 1.1 5m 10m 100m 1.1
0SC LEVEL(V) 0SC LEVEL(V)
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Section 1
Table 1-1
Table 1-1. Specifications (Sheet 8 of 12)
|Z]—6 and R—X Measurements :
Measuring Range :
Parameter Measuring Range Maximum Resolution
VAR 0.0001%2 to 1.2999M£2 100u 82
] -180.00° to +180.00° 0.01°

Measurement Accuracy :

[Z| Range (£2)

Refer to the table below (specified by ZY RANGE). However, R and X ac-

curacy depends on the value of D as follows:

D <1 1<D<<10 10D
Accuracy of R is equal to the accuracy of ; . ; Table
. Y d Y Two times % error given in the table below.
R X, in number of counts, as calculated from below
the table below.
Accuracy of X is equal to the accuracy of R, in
X Table below. number of counts, as calculated from the table be-
low.
" {(0.2 + A)B + %(1 + 2AACH ) % 41 (0.2 + A)B% + 1 4 (0.2F + A)B: + 1
{(0.1 + 0.5A)B + % (1 + 2.8A-C)}° (0.1 + 0.5A)B° (0.12F + 0.5A)8°
Joor | L(0-1 + 0-2MB ¥ ?{] +0.03 (1~ 108)CH]2 (0.2F + 0.2A)BY + 1
[(0.05 + 0.1A)B + —{1 +0.03 (1 + 10A)C}]® (0.12F + 0.1A)B°
Jox | [0 #0208 ¢ 2{1+0.02 (1 +108)C} T4+ (0.1 + 0.2A)8% + 1 (0.15F + 0.2808% + 1
[(0.05 + 0.1A)B + A{w +0.02 (1 +10A)C} J° (0.05 + 0.14)8° (0.09F + 0.1A)8°
" [{0.1+0.28)8 + % 2 {1 £0.08 (1+68)C}H]s 1 (0.1 + 0.2A + 0.02F + 0.024F7)B% + 1
[(0.05 + 0.1A)B + _{1 +0.04 (1 +6ACET {0.05 + 0.14 + 0.01F + 0.014F*}B°
[0.18 + ¥ {1 +0.04 (1 +—c}]~ +3 0.18% + 3 (0.1 + 0.02F + 0.024F%)B% + 3
100 0.01,5e -
[(0.05 + u) 30 v 0.0 (0 %8c} g0 {0.05 + L5008 (0.05 + &0+ 0.01F + 0.014F%)p
[0.28 + ? {1+0.08 (14 —)c} 14+ 5 0.28% + 5 (0.2 + 0.03F + 0.032F)B% + 5
1 02,00 Tige
O o + 002 { 1+ 0.04 (14 —)c} I 0.1+ 58 (0.1 + 202 4 per + 008872} (0.2+ %58
; 0.68% + 5 /
1 0.1
(0.3 + L1)B° /%
A /4 J

(1) A=

400
Measuring Frequency (Hz)

Displayed |ZI, R or X (£2)

(2)

|Z| Range full scale (£2)

Equations in table represent :

in the table.

@ accuracy

|Z1, R, X accuracy [+ (% of reading + number of counts)]
[ = (absolute value)]
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Table 1-1

Table 1-1.  Specifications (Sheet 9 of 12)

Y| — 6 and G—B Measurements :

Measuring Range :

Parameter Measuring Range Maximum Resolution
lYl, G, B 0.001uS ~ 12.999S8 InS
0 ~180.00° ~ +180.00° 0.01°
Measurement Accuracy : Refer to the table below (specified by ZY RANGE). However, G and B accuracy

depends on the value of D as follows:

D £ 01 01 <D LK1 1<D

Accuracy of G is equal to the accuracy of B, in

G | number of counts, as calculated from the table Table below

below.
Two times % error given in Accuracy of B is equal to the accuracy of G, in
(4
B Table below the table below number of counts, as calculated from the table
) below.
fozs+ 30+ L2}y v 3 0.28% + 3 ’ 0.2F-BL + 3
" (0.1 + 5%y + 2 (1 4 LHE} - (0.1 + 0380 (0.12F + 255
100, (018 + 2{1+0.03 (0 + pc}ls+3 0.2F-B1 + 3
0.01, 50
C0.05 + %05+ 3 (14003 1+ pete (0.12F + 81y
(018 + 2{1+0.02 1+ pc}Iu+3 0.18% + 3 0.15F.8% + 3
1
| ftoos + 50+ 20+ 02 1+ e} .05+ 200 .05+ 00
o [018+7{1 +0.04 (1 +9—6) }]7’+3 (0.1 + 0.02F + 0.024F%)B% + 3
- . [(0.05 + L:00)p 3{1 +0.04 (1 + 2 £yc} 3 (0.05 + % + 0.01F + 0.014F%)8°
o0
§ [(O]+02A)B+7{1+004(1+2A)C}]/*’1 (0.1 + 0.2A)B% + 1} (0.1 + 0.2A + 0.02F + 0.024F2)B% + 1
= b [(0.05 + 0.1)B + 3 {1+ 0.04 (1 + 28)C}1° (0.05 + 0.1A)B° (0.05 + 0.1A + 0.01F + 0.014F2)B°
>
- ) [(oz+05A)B+—{1+oo4(1+20Ac}]7+1 (0.2 + 0.5A)8% + 1
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T
0 //////////////// (0.5 + 28)B% #.1 /
(0.3 + A)BE. /
£ /f J

400 16k M 2M 13M

Measuring Frequency (Hz)

Displayed Y1, G or B (S)

in the table.
['Y | Range full scale (S) n the table

1 A=

(2) Equations in table represent :

1Y, G, B accuracy:[ + (% of reading + number of counts)}
6 accuracy:[ * (absolute value)]
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Table 1-1.

Specifications (Sheet 10 of 12)

Section I
Table 1-1

L—Q, D, R, G Measurements :

Measuring Range :

Refer to R/X or G/B measurements for R and G accuracy.

Parameter Measuring Range Maximum Resolution
L* 0.01nH ~ 1.0000kH 10pH
D 0.0001 ~ 19.999 0.0001
Q 0.1 ~ 1999.9 0.1
* . Depends on ZY RANGE and measuring frequency (refer to paragraph 3-71).

Measuring Accuracy :

Refer to the table below (specified by ZY RANGE).
To determine which |Z | range is selected for L. measurements,

change the DISPLAY A funetionto{Z|/[Y

(D

(5) a=

Measuring Frequency (Hz)

27 X Measuring frequency (Hz) X Displayed L (H)

. L
L |feams 2+ 2an0b (1 + 200
0.05
(0.01 + 0.0D2A)B + (1 + 2.48-C) (0.01 + 0.6
f i A
[(0.2+0.38)8 +2 {1 +0.03 (1 +108)C}%+1 {0.3F + 0.3A)BY + 1
100k f
(0.002 + 0.003A)8 + 0%05 £1 40,03 (1 + 108)¢ } (0.003F + 0.003A)B
Lo |L0-2 + 03008 + % {1 +0.002 (1 +108)C} 32 + 1 (0.2 + 0.3A)B5 + 1 | (0.2F + 0.38)B% + 1
(0.002 + 0.003A)8 + L2 {1+ 0.03 (1 + T0A)C} {0.002 « 0.003A)B | (0.002F + 0.003A)B
—_
E » [(0.2 + 0.30)B + %{l +0.04 (1 +6A)CTTE + (0.2 + 0.3A + 0.03F + 0.032F%)8% + 1
o (0.002 + .0.003A)B + g {1+ 0.02 (1 +108)c) (0.002 + 0.003A + 0.0003F + 0.0004F%)B
=
5 0.8 +2 {1+ 008 1+ %5143 2 :
~ : [ : A ® 0.28: + 3 (0.2 + 0.03F + 0.032F7)BY + 3
— 100 0.0003 :
~ (0.002 + 000035 4 0.05 4 L g g4 (7 + OT.\Z)C} (0.002 +O:?%’§)B (0.002 + 822 4 9.0003F + 0.00047% )8
= : ) i :
0,38 + 3 {1+0.08 (10 Behhnz e s 0.38% + 5 (0.3 + 0.04F + 0.048F7)B% + &
10 0.0004 ,
0.0004 . 0.0004 :
(0.003 + Q»‘%)B + %ﬁ {1+ 0.0 0+ B (0.003 + 2:030%)p [ (0003 + 5=+ 0.0004F + 0.0006F% )8
[0.78 ¢ 2 { 140.00 01 = 20 0.78% + 5 /
! o . 0.002
BB024: (0.007 + 5508 /
18 §oRae .
1w 207 0 , A / -,
5 400 16k ™ 2M 134

A =

in the table.

|Z | Range full scale (§2)

(2) Equations in table represent (at D < 0.1) :

L accuracy:[ * (% of reading + number of counts)]
D accuracy:{ * (absolute value)]

>
2rf x 10

Where 8 : number of digits displayed when the DISPLAY A funection is

B(H] in the table.

changedto Z /Y.

(3) If0.1 <D <1, double the % error for all values of L.
(4) If D> 0.1, multiply error of D by (1 + D)2.
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Section I

Model 4192A
Table 1-1
Table 1-1.  Specifications (Sheet 11 of 12)
C-Q, D, R, G Measurments : Refer to R/X or G/B measurements for R and G accuracy.
Measuring Range :
Parameter Measurement Range Maximum Resolution
C* 0.0001pF ~ 100.00mF 0.1¢F
D 0.0001 ~ 19.999 0.0001
Q 0.1 ~ 1999.9 0.1
* . Depends’on ZY RANGE and measuring frequency (refer to paragraph 3-71).
Measurement Accuracy : Refer to the table below (specified by ZY RANGE).
To determine which | Z | range is selected for L measurements,
change the DISPLAY A funetionto |Z|/1Y].
RN
{0 ZB+§ 1+ & )} 0.2B% + 3 4 0.2F-B% + 3
100 0.001 0.001
(0.002 + & Rm) . 0. (f)s 0+ 9.5\47) (0.002 + =B (0.002F + =528
018 + 3 3{1 +0.03 \+Kc}] +3 0.2F-8% + 3
o (0.0009 + 2005 + &1 + 0.03 (1 + ic} (0.002F + 2788
N [01B+_{]+002 (],,L) }]“3 0.18% + 3 0.15F-B% + 3
2 " 00009 + 0 0.0002)5 , 005 {4 .04 (1 + 0.6)c} (0.0009 + 1:0002)p (0.0016F + 2:900)p
(5]
%" o | 0E 2 S{1+0.08 (14 %) cla+s (0.1 + 0.02F + 0.024F2)B% + 3
Re " | (0.0000 + © 0002y 4 005 £1 4 0.04 (1 + 28)c} (0.0009 + 20902 4 4 002F + 0.0003F7)8
= o | 100 £ 0.20)8 + {1 4 0.04 (1 +28)C} )z +1 (0.1 + 0.2A)8% + 1 | (0.1 + 0.2A + 0.02F + 0.024F%)B% + 1
10
§ (0.0009 + 000025, 095 (1 4 g.04 (1 + 28)c} (0.0009 + 2-29%)g 1 (0.0009 + ©-8092 4 o pooz + 0.0003F
. [(0.2 + 0.5A)B + % {1+0.08 (0 +208)C} %+ (0.2 + 0.5A)8% + 1 /
(0.002 + 0.004)8 + % {1+ 0.04 (1 + 208)C} (0.002 + 0.004A)B
- (0.5 + 2A¥8% #1
(0.005 + G628 /
L A -

400 16k ™ M 13M

Measuring Frequency (Hz)

(1) A = 27 X Measuring frequency (Hz) X Displayed C (F)
Y] Range full scale

(2) Equations in table represent (at D < 0.1) :

C accuracy:[ + (% of reading + number of counts)]
D accuracy:[ * (absolute value)]

(3) If 0.1 <D < 1, double the % error for all values of C.
(4) If D> 0.1, multiply error of D by (1 + D)2.

(5) OL:wa—f(W(F) in the table.

Where 5 : number of digits displayed when the DISPLAY A function is
changedto |Z|/1Y].
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Section I
Table 1-1

Table 1-1. Specifications (Sheet 12 of 12)

DC BIAS :
Voltage Range :

Output Resistance :

Control :

OPERATING TEMPERATURE :

RELATIVE HUMIDITY :

POWER :

DIMENSIONS :

WEIGHT :

OPTION 907 :

OPTION 908 :

OPTION 909 :

OPTION 910 :

Valid for impedance measurements only.
-35V to +35V, 10mV steps

Setting Accuracy (at 23°C £5°C) : £ (0.5% of setting +5mV)
Maximum Output Current :  Varies with measuring frequency and range.

Floating measurements
Low-grounded measurements — 5mA max.

FURNISHED ACCESSORIES AND PARTS : 16047A Test Fixture, 11048C 502 Feedthrough Termination (2 ea.),

11082 to 11k&2 + 10% (depends on measuring range)

— 20mA max.

Front-panel numeric keys or HP-IB remote control

GENERAL

0°C to 55°C

< 95% at 40°C

100, 120, 220V + 10%, 240V + 5% -~ 10%, 48 Hz to 66 Hz, power consumption
150VA maximum.

425.5mm (W) X 235mm (H) X 615mm (D)

Approximately 19kg

Splitter (HP Part No.: 04192-61001, Nominal 508), Power Cord (HP Part No.:
8120-1378).

OPTIONS

Front Handle Kit (HP Part No.: 5061-0091)

Rack Flange Kit (HP Part No.: 5061-0079)

Rack and Handle Kit (HP Part No.: 5061-0085)

Extra Manual
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Table 1-2

Table 1-2.

Model 4192A

General Information (Sheet 1 of 2)

GENERAL INFORMATION

{The following information is reference data and not guaranteed specifications.)

TYPICAL MEASUREMENT ACCURACY :

Impedance Measurement (Floating) :
Accuracy when CABLE LENGTH is 1 m :

2.5 times percent error for frequencies above 1 MHz.

L - C accuracy for D> 1 : (1 + D?) times accuracy specifications

Low Grounded Impedance Measurement Accuracy :

{Z1/1Y | Additional Error (% of reading)
or 8 Additional Error (Degree)

Measuring Frequency (Hz)

Measurement Times (s)

To obtain low grounded measurement accuracy, add the accuracy for floating
impedance measurements, given in the proceding tables, to the additional error
given in the figure below. Compensation for residual impedance (< 9pF at
< 600kHz or approximately 20k at = 600kHz) must also be made using
the 4192A’s zero offset adjustment function.

10
1 — ey S
-‘ — e - e o —-— -
] 0sc L~
LEVEL ZY'Ranqe
J TO0kST, TH 05C
>70mV 190,,5.10uS LEvEL | £Y Range
. 270mV 10k, 1mS ~70mY | 10ka, 1mS
TRTR
p 0| 4 omsn105
.0 ot
1 L‘/
. /1 o —— ]
— / P
0sC
4 // // /J EVEL 7Y Range
] p TR TR
y yid >0 | 1 omsnios
1 7/ v/ vl
/
/ //
/ _ ]
0.1 ‘L_(; L yd P
5 10K 100K ™ 10OM

MEASURING SPEED :

Measuring Frequency (Hz)
Refer to the figure below (at fixed measuring frequency, measurement range and
OSC level for impedance measurement). Specific information is provided in
paragraph 3-55 for amplitude/phase measurements and in paragraph 3-89 for im-
pedance measurements. Speed in AVERAGE mode is approximately 7 times
that for NORMAL mode.

3.0
1.0
] Normal Speed
] litude/Phase Measurement
30 Oml High Speed
1 Normal Speed
100m 4 High Speed
j Impedance Measurement
30m 1
5 10 100 1K 100K ™ 13M

Measuring Frequency (Hz)
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Table 1-2

Table 1-2. General Information (Sheet 2 of 2)

FREQUENCY SWITCHING TIME : Approximately 50ms to 65ms

ZY RANGE SWITCHING TIME : Approximately 35ms to 50ms per range (at > 400Hz)

OSC LEVEL SWITCHING TIME : Approximately 65ms

DC BIAS VOLTAGE SETTLING TIME : Approximately (0.4 X AV + 10) ms where AV is the voltage change (V).

LEVEL MONITOR RANGE AND ACCURACY : At 23°C+#5°C

Range Accuracy (% of reading + count)

< 100Hz: 4+10/)% + 1
100Hz to IMHz : 4% + 1
>1MHz: (4+0.8F)%+1

Voltage SmV ~ 1.1V
Current luA ~ 11mA

where f : measuring frequency (Hz), F : measuring frequency (MHz).

TIME REQUIRED FOR LEVEL MONITOR : Approximately 120ms

1MHz REFERENCE OUTPUT : Square wave, > 1.6 Vp-p

Output Resistance : Approximately 508

1-17



Section I
Paragraphs 1-22 to 1-29

1-22. OPTIONS

1-23.  Options are modifications to the standard instru-
ment that implement the user’s special requirements for
minor functional changes. The 4192A has four options
as listed in Table 1-3.

Table 1-3. Available Options

|\c|) uF::l::r Description
907 Front Handle K_‘it.
908 Rack Flange Kit.
909 Rack Flange and Front Handle Kit.
910 Extra Manual

1-24. The following options provide the mechanical
parts necessary for rack mounting and hand carrying:

Option 907: Front Handle Kit. Furnishes carrying
handles for both ends of front-panel.

Option 908: Rack Flange Kit. Furnishes flanges for rack
mounting for both ends of front-panel.

Option 909: Rack Flange and Front Handle Kit. Fur-

nishes both front handles and rack flanges
for instrument.

Installation procedures for these options are detailed in
Section II.

1-18
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1-25. Option 910 adds an extra copy of the Operation
and Service Manual.

1-26. ACCESSORIES SUPPLIED

1-27. The HP Model 4192A LF Impedance Analyzer,
along with its furnished accessories, is shown in Figure
1-1. The furnished accessories are also listed below.

16047A  Test Fixture

11048C 508 Feedthrough (2 ea.)

Power Splitter (HP Part No.: 04192-61001)
BNC Adapter (HP Part No.: 1250-0216)
11170A  BNC Cable (2 ea.)

Power Cable (HP Part No.: 8120-1378)

Additional Fuses for AlF1 (2ea. PN: 2110-0650)

1-28. ACCESSORIES AVAILABLE

1-29. For certain measurements and for convenience in
connecting samples, ten types of accessories are available.
Each accessory is designed to meet the various measure-
ment requirements and types of DUT. All accessories
were developed with careful consideration to accuracy,
reliability, and ease of measurement. A brief description
and photo of each available accessory is given in Table
1-4.
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Section 1
Table 1-4

Table 1-4. Accessories Available (Sheet 3 of 4)

Model

Description

HP 16095A

HP 16095A Probe Fixture:

For probe impedance measurements on board-mounted
components or entire circuits. Low lead can be floated or
grounded. OSC OQUTPUT connector is provided for am-
plitude-phase measurements. Following data is specified
when BNC adapter is used:

Stray capacitance < 15pF
Residual inductance : < 40nH
Residual resistance : < 100m£2

Following parts are furnished.

Part HP Part No.
Center pins for probe (10 ea.) 16095-60012
Alligator clip for ground 16095-61611
BNC (male) adapter 16095-60011
Alligator clip adapter 16095-61612
Ground pins (5 ea., HP Part No. 16095-65001) are also
available (not furnished).’

16097A

16097A Accessory Kit (with carrying case):
Contains the following accessories for circuit measurements:

11094B 758 Feedthrough (2 ea.)
11095A 60082 Feedthrough (2 ea.)
11070B  60cm BNC cable (2 ea.)
11170C  120cm BNC cable (2 ea.)
10013A 10 :1 Scope probe (2 ea.)
10007B 1:1 Scope probe (2 ea.)
16047C  Test Fixture

16048C  Test Leads

16095A-  Probe Fixture

1-21
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Table 1-4

Table 1-4. Accessories Available (Sheet 4 of 4)

Model Description

16096A 16096A Test Fixture:

To alternately make amplitude/phase measurements and
input impedance measurements on two-port devices. Fol-
lowing data is specified at BNC connectors:

Residual Impedances (after zero offset adjustment):
Stray capacitance : < 0.01pF
Residual Inductance: < (100 4+ 0.5F?)nH
Residual resistance : < (50 +5F?)m$

Error in amplitude/phase measurements (after cable com-
pensation):

B—-Aerror : *0.1dB
Phase error : +0.1°
A,Berror : +(0.1 +0.06F%)dB

Input impedance of CHANNEL A/B : 1M shunted by
less than 15pF.

Following parts are furnished:

Part HP Part No.

Textool® Grid zip test socket kit 16096-65001

) 16096-61614
BNC (male) to dual alligator clip cable (4 ea.)

16096-61611
BNC (male) to SMC cable (4 ea.)

Banana plug to alligator clip cable 16096-61613

BNC (male) — BNC (male) cable
(90cm)

BNC T adapter 1250-0781

16096-61615

1-22
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Table 1-4
Table 1-4. Accessories Available (Sheet 1 of 4)
Model Description
HP 16047A 16047A Direct Coupled Test Fixture (furnished):

Test Fixture (direct attachment type) for general measure-
ment of both axial and radial lead components. Three
kinds of contact inserts are furnished:

(1 For axial lead components,
(HP P/N 16061-70022).

(@) For general radial lead components,
(HP P/N 16061-70021).

(@ For radial short lead components,
(HP P/N 16047-65001).

DC bias up to £35V can be applied.

HP 16047B

16047B Test Fixture with Safe Guard:

Test Fixture (cable connection type) for general measure-
ment of both axial and radial lead components at fre-
quencies below 2MHz. Three kinds of contact inserts are
furnished (same as those for the 16047A Test Fixture).

DC bias up to +35V can be applied with using the 4192A
(a protective cover provides for operator safety).

Cable length: approximately 40cm

HP 16047C

16047C High Frequency Test Fixture:

Test Fixture (direct attachment type) especially appro-
priate for high frequency measurements requiring high
accuracy. Two screw knobs facilitate and ensure optimum
contact of electrodes and sample leads. Maximum applied
dc bias voltage is £35V.
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Table 1-4. Accessories Available (Sheet 2 of 4)

Model Description

HP 16048A 16048A Test Leads with BNC Connector:
Test Leads (four terminal pair) with BNC connectors for
connecting user-fabricated test fixtures.

Maximum applied dc bias voltage is +200V (refer to
Figure 3-34).
Cable length: 1m

16048B Test Leads with RF Miniature Connectors:

Test Lead (four terminal pair) with miniature RF con-
nectors suitable for connecting user-fabricated test fixtures
in systems applications.

HP 16043B

Maximum applied dc bias voltage is *200V (refer to
Figure 3-34).
Cable length: 1m

HP 16048C 16048C Test Leads with Alljgator Clips:

Test Leads with dual alligator clips for testing components
of various shapes and sizes at frequencies below 100kHz.
Applicable measurement ranges:

Capacitance > 1000pF
Inductance > 100uH

Maximum applied dc bias voltage is £35V.
Cable length: 1m

HP 16034B 16034B Test Fixture for Chip Components:

Test Fixture (tweezer type) for measurement of miniature,
leadless components such as chip capacitors. Employs a
three terminal configuration tweezer probe suitable for
high impedance component measurements (above 5082).

Maximum applied dc bias voltage is £35V.
Cable length: Im

1-20
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Section II
Paragraphs 2-1 to 2-9

SECTION 11
INSTALLATION

2-1.  INTRODUCTION

2-2.  This section provides installation instructions for
the Model 4192A Impedance Analyzer. The section also
includes information on initial inspection and damage
claims, preparation for using the 4192A, packaging,
storage, and shipment.

2-3. INITIAL INSPECTION

2-4.  The 4192A Impedance Analyzer, as shipped from
the factory, meets all the specifications listed in Table
1-1. Upon receipt, inspect the shipping container for
damage. If the shipping container or cushioning material
is damaged, it should be kept until the contents of the
shipment have been checked for completeness and the in-
strument has been checked mechanically and electrically.
The contents of the shipment should be as shown in
Figure 1-1. The procedures for checking electrical per-
formance are given in Section III, paragraph 3-7, Self Test
and in Section IV, Performance Tests. If the shipment is
incomplete, if the instrument is damaged in any way, or
if the instrument does not pass the Performance Tests,
notify the nearest Hewlett-Packard office. If the shipping
container is damaged, notify the carrier as well as Hewlett-
Packard. Keep the shipping materials for the carrier’s
inspection. The HP office will arrange for repair or re-
placement without waiting for claim settlement.

2-5. PREPARATION FOR USE
2-6. Power Requirements

2-7.  The 4192A requires a power source of 100, 120,
220 Volts ac £10%, or 240 Volts ac +5% -10%, 48 to
66Hz single phase; power consumption is 150 VA maxi-
mum.

WARNING

THIS IS A SAFETY CLASS I PRODUCT (PRO-
VIDED WITH A PROTECTIVE EARTH TERMI-
NAL). AN UNINTERRUPTIBLE SAFETY EARTH
GROUND MUST BE PROVIDED FROM THE MAIN
POWER SOURCE TO THE INSTRUMENT’S IN-
PUT WIRING TERMINALS, POWER CORD, OR
SUPPLIED POWER CORD SET. WHENEVER THE
SAFETY EARTH GROUND HAS BEEN IM-
PAIRED, THE INSTRUMENT MUST BE MADE
INOPERATIVE AND BE SECURED AGAINST
ANY UNINTENDED OPERATION. IF THIS IN-
STRUMENT IS TO BE ENERGIZED VIA AN
AUTOTRANSFORMER FOR VOLTAGE REDUC-
TION, MAKE SURE THAT THE COMMON TER-
MINAL IS CONNECTED TO THE EARTH POLE
OF THE POWER SOURCE.

2-8. Line Voltage and Fuse Selection

CAUTION

BEFORE CONNECTING THE INSTRUMENT TO THE
POWER SOURCE, make sure that the correct fuse has
been installed and that the line voltage selection switch
is set to the correct voltage.

2-9.  Figure 2-1 provides instructions for line voltage
and fuse selection. The line voltage selection switch and
the proper fuse are factory installed for 100 or 120 volts
ac operation. Current ratings for the fuse are printed
under the fuseholder on the instrument’s rear-panel and
are listed, with HP part numbers, in Figure 2-1.

CAUTION

Use the proper fuse for the line voltage selected. Make
sure that only fuses for the required rated current and of
the specified type are used for replacement. The use of
mended fuses or short-circuited fuse-holders must be
avoided.
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Paragraphs 2-10 to 2-15

Model 4192A

———— ~LINE ————

VOLTAGE FUSE
SELECTOR

Line Voltage Selection

Use a screwdriver to set the Line Voltage Selector
switch to the appropriate voltage.

Fuse Removal

~100V~ 14—
:125205\;\1 Using a screwdriver, turn the fuse holder CCW45° or
until it pops-out of the fuse socket.
X = 120V~
= 220V ~ - Line Voltage Fuse Rating HP Part No.
|
600mAT 1.25AT, 250V
250V ~ 100V/120V . ’ 2110 — 0305
L pa0v ~ 1 Slow Blow
220V/240V 0.6AT, 250V, 2110 — 0016
Slow Blow
Figure 2-1. Line Voltage and Fuse Selection.

2-10. POWER CABLE

2-11. To protect operating personnel, the National
Electrical Manufacturer’s Association (NEMA) recom-
mends that the instrument panel and cabinet be grounded.
The Model 4192A is equipped with a three-conductor
power cable which, when plugged into an appropriate ac
power receptacle, grounds the instrument. The offset pin
on the power cable is the ground wire.

2-12. To preserve the protection feature when operat-
ing the instrument from a two contact outlet, use a three
prong to two prong adapter (HP Part No. 1251-8196)
and connect the green pigtail on the adapter to power
line ground.

CAUTION

The mains plug must only be inserted in a socket outlet
provided with a protective earth contact. The protective
action must not be negated by the use of an extension
cord (POWER CABLE) without protective conductor
(GROUNDING).

2-13. Figure 2-2 shows the available power cords which
may be used in various countries. Also shown is the
standard power cord furnished with the instrument. HP
Part numbers, applicable standards for power plug, power
cord color, electrical characteristics and countries using
each power cord are listed in the figure. If assistance is

2-2

needed for selecting the correct power cable, contact the
nearest Hewlett-Packard office.

2-14. Interconnections

2-15. To interconnect the 4192A to an external con-
troller or peripheral device using the HP-IB interface
capability (IEEE Std. 488/ANSI-MCI.1), connect the HP-
IB interface cable between the HP-IB connector on the
rear panel of the 4192A and the HP-IB connector on the
peripheral device. Refer to paragraph 3-109 for details
on the HP-IB.

When an external frequency synthesizer is used, remove
the cable connected between the VCO OUTPUT and
EXT VCO connectors (located on the 4192A’s rear
panel), connect the OUTPUT of the external frequency
synthesizer to the EXT VCO connector, and connect the
IMHz or 10MHz REFERENCE OUTPUT of the external
frequency synthesizer to the 4192A’s EXT REFERENCE
connector. Refer to paragraph 3-131 for details on using
an external frequency synthesizer.

When an X-Y recorder is used, connect the RECORDER
OUTPUTS connectors (located on the 4192A’s rear
panel) to the X and Y axes connectors of the X-Y re-
corder. If the X-Y recorder is equipped with remote TTL
pen lift control, connect the 4192A’s PEN LIFT con-
nector to the X-Y recorder’s pen lift terminal. Refer to
paragraph 3-137 for details on using an X-Y recorder.
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OPTION 900 United Kingdom

Earth

«fg—— Neutral

Plug : BS 13634, 250V
Cable : HP 8120-1351

Section I1
Figure 2-2
OPTION 901 Australia/New Zealand
/ Earth
.~ — Neutral
Line

Plug : NZSS 198/AS C112, 250V
Cable : HP 8120-1369

OPTION 902 European Continent OPTION 903 U.8./Canada
Earth
/ Earth
wtp————— Line
Earth \ Neutral / \ Line
Neutral
Plug : CEE-VII, 250V Plug : NEMA 5-15P, 125V, 15A
Cable : HP 8120-1689 Cable : HP 8120-1378
OPTION 905** Any country OPTION 906 Switzerland
Line /Neutral
&S
\ S Earth

Neutral Earth

Plug: CEE 22-V], 250V
Cable: HP 8120-1396

Line

Plug: SEV 1011.1959-24507 Type 12, 250V
Cable : HP 8120-2104

OPTION 912 Denmark

Neutral

Plug: DHCR 107, 220V
Cable: HP 8120-2956

NOTE : Each option number includes a ' family '
of cords and connectors of various materials and

plug body configurations (straight, 90 © ete.).

** Plug option 905 is frequently used for
interconnecting system components and
peripherals.

Figure 2-2. Power Cables Supplied.
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2-16. Operating Environment

2-17. Temperature. The instrument may be operated in
environments with ambient temperatures from 0°C to
+55°C.

2-18. Humidity. The instrument may be operated in
environments with relative humidities to 95% at 40°C.
However, the instrument should be protected from
temperature extremes which cause condensation within
the instrument.

Model 4192A

2-20. The 4192A can be operated on a bench or can be
rack-mounted. The 4192A is ready for bench operation
as shipped from the factory. For bench operation, the
instrument is equipped with two retractable legs that are
located on the bottom cover. They are extended by
pulling them away from the bottom cover.

2-21. Installation of Options 907, 908 and 909

2-22. The 4192A can be rack-mounted and operated as
part of a measurement system. Rack mounting informa-
tion for the 4192A is given in Figure 2-3.

2-19. INSTALLATION INSTRUCTIONS
. Kit )
Option Part Number Parts Included Part Number Q’ty Remarks
907 Handle Kit Front Handle (3) 5060-9901 2
5061-0091 Trim Strip (4) 5060-8898 2
#8-32 x 3/8 Screw 2510-0195 6 9.525 mm
I 1
908 Rack Flange Kit Rack Mount Flange @ 5020-8864 2
5061-0079 #8-32 x 3/8 Screw 2510-0193 6 9.525 mm
| E—
909 Rack Flange & Front Handle @ 5060-9901 2
Handle Kit Rack Mount Flange (5) 5020-8876 2
5061-0085 #8-32 x 5/8 Screw 2510-0194 6 15.875 mm

1. Remove the adhesive-backed trim strip @
from both sides of the front-panel frame.

2. HANDLE INSTALLATION: Attach the
handles @ to both sides of the front-panel
frame with the screws provided, and attach
trim@

3. RACK MOUNTING: Attach rack mount

flange @ to both sides of the front-panel
frame with the screws provided.

4. HANDLE AND RACK MOUNTING: Attach
front handle@ and rack mount flange @to
both sides of the front-panel frame with
screws provided.

5.  When rack mounting (3 and 4 above), remove
the four instrument feet (lift tab, and slide
the foot in the direction of the tab).

Figure 2-3. Rack Mount Kits.
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2-23. STORAGE AND SHIPMENT

2-24. Environment
2-25. The instrument should be stored in a clean, dry
environment, The following environmental limitations

apply to both storage and shipment:

Temperature .............. -55°C to +75°C
Humidity ........... . to 95% (at 40°C)

The instrument should be protected from temperature
extremes which cause condensation inside the instrument.

2-26. Packaging

2-27. Original Packaging. Containers and materials
identical to those used in factory packaging are available
through Hewlett-Packard offices. If the instrument is
being returned to Hewlett-Packard for servicing, attach a
tag indicating the type of service required, return address,
model number, and full serial number. Also mark the
container FRAGILE to assure careful handling. In any
correspondence, refer to the instrument by model number
and full serial number.

Section II
Paragraphs 2-23 to 2-28

2-28. Other Packaging. The following general instruc-
tions should be used for repackaging with commercially
available materials:

a. Wrap instrument in heavy paper or plastic. If shipping
to Hewlett-Packard office or service center, attach tag
indicating type of service required, return address,
model number, and full serial number.

b. Use strong shipping container. A double-walled
carton made of 350 pound test material is adequate.

c. Use enough shock absorbing material (3 to 4 inch
layer) around all sides of the instrument to provide
a firm cushion and prevent movement inside con-
tainer. Protect front-panel with cardboard.

d. Seal shipping container securely.

e. Mark shipping container FRAGILE to ensure care-
ful handling.

f. In any correspondence, refer to instrument by model
number and full serial number.

2-5
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Section III
Paragraphs 3-1 and 3-2

SECTION Il
OPERATION

3-1. INTRODUCTION

3-2. This section provides all the information neces-
sary to operate the Model 4192A LF Impedance
Analyzer. Included are descriptions of the front- and
rear-panel controls, displays, lamps, and connectors;
discussions on operating procedures and measuring
techniques for various applications; and instructions on
the instrument’s SELF TEST function. A break-down
of the contents of this section is given in Figure 3-1.
Warnings, Cautions, and Notes are given throughtout;
they should be carefully observed to secure the safety
of the operator and the serviceability of the instrument.

WARNING
BEFORE THE INSTRUMENT IS SWITCHED ON,

ALL PROTECTIVE EARTH TERMINALS, EX-
TENSION CORDS, AUTO-TRANSFORMERS AND
DEVICES CONNECTED TO IT SHOULD BE
CONNECTED TO A PROTECTIVE EARTH
GROUNDED SOCKET. ANY INTERRUPTION OF
THE PROTECTIVE EARTH GROUNDING WILL
CAUSE A POTENTIAL SHOCK HAZARD THAT
COULD RESULT IN PERSONAL INJURY.

ONLY FUSES WITH THE REQUIRED RATED
CURRENT AND OF THE SPECIFIED TYPE
SHOULD BE USED. DO NOT USE REPAIRED
FUSES OR SHORT CIRCUITED FUSEHOLDERS.
TO DO SO COULD CAUSE A SHOCK OR FIRE
HAZARD.

Caution: Before the instrument is switched on, it must
be set to the voltage of the power source, or
damage to the instrument may result.

Operating Instructions
(paragraphs 3-3 thru 3-33)

Amplitude Phase Measurement

Impedance Measurement

(paragraphs 3-34 thru 3-66)

[— - E)-(tgld—ed_éa;atﬁities

(paragraphs 3-67 thru 3-108)

HP-IB Interface
(paragraphs 3-109 thru 3-130)

Recorder Outputs
(paragraphs 3-131 thru 3-136)

External Synthesizer

Internal Control Switch
(paragraphs 3-139 and 3-140)

I

|

|

|
|
I
1

1
T
1

|

!

I

i {paragraphs 3-137 and 3-138)
|

|

|

|
i
I
|
I

————t e e e e ———

Figure 3-1.

Contents of Section Il
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Paragraphs 3-3 to 3-6

33

3-4.

OPERATING INSTRUCTIONS

Operating instructions for the instrument’s basic

capabilities are given in paragraphs 3-5 through 3-33.
Operating instructions for extended capabilities (remote
operation via the HP-IB, X-Y Recorder Outputs, External
Synthesizer, and Internal Control Switches) are covered
in paragraphs 3-109 through 3-140.

3-5.

3-6.

Model 4192A

Panel Features

Front- and rear-panel features are described in

Figures 3-2 and 3-3, respectively. More detailed informa-
tion on the panel displays and controls is given starting in
paragraph 3-7.
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LINE OFF/ON

Applies ac line power to the instrument when set
to the ON position. Removes ac line power when
set to the OFF position.

Trigger Lamp:

Comes on each time the instrument is internally,
externally, or manually triggered. Trigger mode is
set by the TRIGGER keys .

DISPLAY A:

Displays the measured value of the parameter set
by the DISPLAY A Function Select Keys (is) .
Also displays error codes and messages, SELF
TEST @ results, ZERO offset information,
and the HP-IB address (@ in Figure 3-3). Maxi-
mum 4% digits; maximum display is 19999 for L
and C measurements, 12999 for other parameter

0

measurements. Number of display digits depends
on OSC LEVEL @ and the measuring range.
Display annunciators light to indicate the units of
the displayed value.

DISPLAY.B:

Displays the measured value of the parameter set
by the DISPLAY B Function Select Keys (). If
the measurement cannot be made, OF2 or — — —
is displayed. When DISPLAY A Function (i5) is
set to A (dBm/dBV) or B (dBm/dBV), this dis-
play is blank. Maximum 4% digits; maximum dis-
play is 18000 for phase (6) measurements, 12999 -
for other parameter measurements. Number of
display digits depends on OSC LEVEL @ and
the measuring range. Display annunciators light
to indicate the units of the displayed value.

Figure 3-2. Front Panel Features (Sheet 1 of 10)
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Section III
Figure 3-2

®

Test Parameter Data Display (DISPLAY C):
Displays test parameter values (FREQ. BIAS, and
OSC LEVEL). Test parameters are set by the test
PARAMETER Select keys (7). Maximum 7%
digits for frequency; 4% digits for OSC LEVEL
and DC BIAS. Annunciator lamps, located to the
right of the display, light to indicate the units of
the displayed value. Also displays error codes,
overflow annunciation, and information related
to the SAVE function.

BIAS ON Indicator:
Comes on when dc bias is applied to the DUT;
goes off when the BIAS OFF key is pressed.

A/A% Keys and Indicators:
These keys — one for DISPLAY A and one for
DISPLAY B — are used for deviation (A) or per-
cent deviation (A%) measurement. For percent
deviation (A%), the key (37) must be pressed
before the A/A% key.
A (Delta): The difference between the measured
value of the DUT and a previously
stored reference value is displayed by
pressing this key. The formula used to
calculate the deviation is
A-B

where A is the measured value of the
DUT and B is the stored reference
value
The difference between the measured
value of the DUT and a previously
stored reference value is displayed as a
percentage of the reference value.
The formula used to calculate the per-
cent deviation is

A-—B

B

where A is the measured value of the
DUT and B is the stored reference
value.

A%:

X 100 (%)

CHANNEL B (TEST INPUT) Connector:

Used in conjunction with CHANNEL A (9) and
OSC OUTPUT (11) in transmission characteristics
measurements, i.e., gain/loss (B—A), level (A or
B), phase, group delay. Output port of the net-
work under test is connected to this connector.
Input impedance is 1 M + 2%, shunted by 25 pF
+ 5 pF. Maximum input voltage is AC 2 Vrms
and DC £ 35V,

®

CHANNEL A (REFERENCE INPUT) Connector:
Used in conjunction with CHANNEL B and
OSC OUTPUT @ in transmission characteristics
measurements, i.e., gain/loss (B—A), level (A or
B), phase, group delay. The 5 Hz — 13 MHz signal
from OSC QUTPUT @ is simultaneously applied
to the input port of the network under test and
this connector. Input impedance, shunt capa-
citance, and maximum input voltage of CHAN-
NEL A are the same as those of CHANNEL B(®).

CABLE LENGTH Switch:

This switch has meaning in impedance measure-
ments only. It facilitates balancing of the measur-
ing bridge circuit and minimizes measurement
errors when the standard 1 meter test leads are
used.

Im: Set the switch to this position when using
the standard 1 meter test leads. Appropriate
compensation is made for propagation delay
and phase error caused by the test leads in
high frequency measurements.

0: Set the switch to this position when using a
direct attachment type test fixture (connects
to the UNKNOWN terminals (12)).

OSC OUTPUT Connector:

Used in conjunction with CHANNEL A @ and
CHANNEL B in transmission characteristics
measurements, ie., gainfloss (B—A), level (A or B),
phase, group delay. Provides a SHz to 13 MHz
stimulus signal for the network under test (output
of network is connected to CHANNEL B(g)) and
the reference signal for CHANNEL A@. Output
impedance is approximately 5082,

UNKNOWN Terminals:

Used for impedance/phase measurements — | Z |,
IYl, R, G, L, C, X, B, phase — these four BNC
connectors provide the means to connect DUT’s
— components or networks —in a four terminal
pair configuration: High current terminal (Hcyr ),
High potential terminal (Hpot), Low current
terminal (Lcyr), and Low potential terminal
(Lpot). Four terminal pair test fixture attaches
directly to these terminals.

GROUND Terminal:

This terminal is tied to the instrument’s chassis
ground and can be used in measurements that
require guarding.

Figure 3-2. Front Panel Features {Sheet 2 of 10)
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HP-IB Status Indicators and LOCAL key: MODE (27) is set to «{{ghe , the inst-
These four LED lamps — SRQ, LISTEN, TALK, rument measures |'Y | (absolute value
and REMOTE — indicate the status of the 4192A of the DUT’s admittance) and 6 (phase
when it is interfaced with a controller via the angle) in degrees or radians; the re-
HP-IB. sults are displayed on DISPLAY A
The LOCAL key, when pressed, releases the in- (1Y) and DISPLAY B (8) to provide
strument from REMOTE (HP-IB) control and a polar representation (1Y £8) of the
enables front-panel control. The LOCAL key DUT’s admittance.
ti hen the i i t
does not function when the instrument is set to R/G : When CIRCUIT MODE @ s set to
local lockout by the controller. .
LT Hwo . the instrument measures R
DISPLAY A Function Select Keys and Indicators: (resistance of the DUT) and X (react-
These keys — (5] and @ — are used in con- ance of the DUT); the results are dis-
junction with the CIRCUIT MODE keys (27) to played on DISPLAY A (R) and DIS-
select the primary measurement parameter for PLAY B (X) to provide a rectangular
display on DISPLAY A. The selectable parameters (Cartesian) representation (RjX) of
are 1Z1/1Y], R/G, L, C, B-A (dB), A (dBm/dBV), the DUT’s impedance.
or B (dBm/dBV). The selected parameter is in- When CIRCUIT MODE (2) is set to
dicated by the corresponding LED lamp. Pressing off£he, the instrument measures G
either of these keys shifts the selected parameter (conductance) and B (susceptance);
in the indicated direction( (] , (&) )- the results are displayed on DISPLAY
1ZI/1Y]: When CIRCUIT MODE (3) is set to A (G) and DISPLAY B (B) to provide
AUTO or the instrument a rectangular (Cartesian) representa-
measures |Z| (absolute value of the tion (G +]B) of the DUT’s admittance.
DUT’s impedance) and 8 (phase angle) L: Measures inductance and — depending

in degrees or radians (depends on DIS-
PLAY A Function setting); the
results are displayed on DISPLAY A
(1Z1) and DISPLAY B (6) to provide
a polar representation (1Z|£8) of the
DUT’s impedance. When CIRCUIT

on the setting of DISPLAY B Func-
tion — Q (quality factor), D (dis-
sipation factor), or R/G (equivalent
series resistance or equivalent parallel
conductance [to measure G, CIRCUIT

MODE (27) must be set to o),

3-4
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the results are displayed on DISPLAY
A and DISPLAY B, respectively.

C: Measures capacitance and — depending
on the setting of DISPLAY B Func-
tion — Q (quality factor), D (dis-
sipation factor, or R/G (equivalent
series resistance or equivalent parallel
conductance [to measure G, CIRCUIT
MODE (27) must be set to o{fHe 1);
the results are displayed on DISPLAY

. A(3)and DISPLAY B (@), respectively.
B-A (dB) : Measures the relative amplitude of the

reference input (CHANNEL A(9)) and
the test input (CHANNEL B(g)). The
result is displayed on DISPLAY A(3).
Also measures group delay or phase in
degrees or radians (selected by DIS-
PLAY B Function ).
The value displayed on DISPLAY A
(3) is the gain or loss of the network
under test. Group delay or phase is
displayed on DISPLAY B(%).

A (dBm/dBV) :
Measures the absolute amplitude of
the reference input (CHANNEL A
@) in dBm or dBV (selected by GAIN
MODE Select key ). Amplitude
is displayed on DISPLAY A(3).
When this parameter is selected, DIS-
PLAY B Function has no select-
able parameters and DISPLAY B(3) is
blank.

B (dBm/dBV) :
Measures the absolute amplitude of
the test input (CHANNEL B );
identical to A (dBm/dBV) in all other
respects.

DISPLAY B Function Select Key and Indicators:
This key, @ , is used in conjunction with the
CIRCUIT MODE keys (27) to select the secondary
measurement parameter for display on DISPLAY
B (a) Selectable parameters are € (phase), Q
(quality factor), D (dissipation factor), R/G (equi-
valent series resistance or equivalent parallel con-
ductance), and GROUP DELAY. Phase (8) can
only be selected when DISPLAY A Function @
is set to 1ZI/IY| or B-A (dB); Q, D, and R/G,
only when DISPLAY A Function is set to L or C;
GROUP DELAY, only when DISPLAY A Func-
tion is set to B-A (dB).

-the indicated direction ( [3) ).

The selected parameter is indicated by the corres-
ponding LED lamp.
Pressing this key shifts the selected parameter in

@ (deg) : Measures, in degrees, the phase angle
of |Z!| (absolute impedance of the
DUT) or Y| (absolute admittance of
the DUT).

6 (rad) : Measures, in radians, the phase angle
of | Z |(absolute impedance of the
DUT) or Y| (absolute admittance of
the DUT).

X/B : These parameters are automatically
selected when DISPLAY A Function
@ is set to R/G. X is the reactance
of DUT’s impedance; B is the sus-
ceptance of the DUT’s admittance.

Q: Measures the quality factor of the
DUT. DISPLAY A Function (i5) must
be set to L (inductance) or C (capac-
itance).

D: Measures the dissipation factor of the
DUT. DISPLAY A Function (i5) must
be set to L (inductance) or C (capac-
tance).

R/G : Measures the resistance or conductance
of the DUT. DISPLAY A Function
@ must be set to L (inductance) or C
(capacitance). CIRCUIT MODE keys

determine which of the two para-

meters (R or G) is selected.

GROUP DELAY:
Measures the group delay between the
reference input (CHANNEL A (o))
and test input (CHANNEL B). Can
only be selected when DISPLAY A
Function (i) is set to B-A (dB).

0 (deg) : Measures, in degrees, the phase differ-
ence between the reference input
(CHANNEL A @) and test input
(CHANNEL B ). Can only be
selected when DISPLAY A Function
@ is set to B-A (dB).

# (rad) : Measures, in radians, the phase differ-
ence between the reference input
(CHANNEL A (9)) and test input
(CHANNEL B ). Can only be
selected when DISPLAY A Function
@ is set to B-A (dB).

Figure 3.2, Front Panel Features (Sheet 4 of 10)
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Test PARAMETER Select Keys and Indicators:
These keys are used in conjunction with the
DATA input keys , ENTER keys , and the
BLUE key @ to assign values to the various test
parameters; to monitor the test parameters; to
save and recall front-panel control settings; and to
input reference data for deviation and percent
deviation (A/A% @) measurements. Pressing a
test parameter key will cause the value of the
selected test parameter to be displayed on the
Test Parameter Data Display @ Lighted indi-
cator lamp (center of each key) indicates selected
test parameter. Only one test parameter can be
selected. Test parameters labelled in blue are
accessible by first pressing the BLUE key @

SPOT FREQ/BIAS:
For single point measurements. Sets
the spot frequency and spot bias.
When spot bias is set, BIAS ON In-
dicator@ lights.

STEP FREQ/BIAS:
For swept measurements. Sets the
step (increment) frequency and step
(increment) bias.

START FREQ/BIAS :
For swept measurements. Sets the
start frequency and start bias.

STOP FREQ/BIAS :
For swept measurements. Sets the
stop frequency and stop bias.

OSC LEVEL :
Sets the voltage (rms) of the internal
frequency synthesizer.

REF A: For deviation and percent deviation
(A A% @) measurements. Sets the
reference value for DISPLAY A.

REF B : For deviation and percent deviation
(A 8% @) measurements. Sets the
reference value for DISPLAY B.

Figure 3-2. Front Panel Features (Sheet 5 of 10}
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TEST LEVEL MONITOR Key and Indicator:
Pressing this key displays the level of the test
signal applied to the DUT or, if the BLUE key
@ is first pressed, the current through the DUT
on the Test Parameter Data Display@ The ap-
propriate annunciator lamp will light.

DATA Input Keys:

These keys (0 thru 9, decimal point, and minus
sign) are used to input test parameter values,
register numbers for SAVE @ and RCL @
functions, .and reference data for DISPLAY A
(REF A) and DISPLAY B (REF B) deviation
measurements (A/A% @). Data is displayed on
the Test Parameter Data Display@as it is input.
Each key has a control function — labelled in blue
above the key — which is accessible via the BLUE
key @ These control functions are explained

individually in thru .

ENTER Keys:
These keys instruct the instrument to read the
test parameter data and reference data set by the
PARAMETER Select keys @ and DATA Input
keys . Data are not input until one of these
keys is pressed.

MHz,V : Enters the value input from the
DATA Input keys in MHz for
frequency parameters or V for bias
parameters.

kHz, mV : Enters the value input from the
DATA Input keys in kHz for
frequency parameters or mV for bias
parameters.

Hz, REF DATA:
Enters the value input from the
DATA Input key (19) in Hz for fre-
quency parameters or as reference
data for deviation measurements.

RCL (Recall) Key:

This key is used to return the instrument to the
front-panel control settings, test parameter values,
calibration data (ZERO OPEN/SHORT @), and
reference data saved by the SAVE key @
DATA Input keys 0 thru 4 are used to select
the desired register. For example, to return the
instrument to the control settings stored in
register 0, press E&LE{B]EF and (0] .

SAVE Key:

This key is used to save (store) front-panel con-
trol settings, test parameter values, calibration
data (ZERO OPEN/SHORT (29)), and reference
data. There are five registers (O thru 4), so five
sets of control settings can be saved. And because
the registers are nonvolatile, saved control settings
can be recalled (RCL key @) even if the instru-
ment has been tum%gvs(get;f. To store existing con-
trol settings, press | and enter the register

number from the DATA Input keys .

Figure 3-2. Front Panel Features (Sheet 6 of 10)
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SWEEP Control Keys and Indicator:

These keys control the instrument’s sweep func-
tion. Frequency, bias voltage, and oscillator level
can be swept. (Oscillator level can be swept in

MAN. mode only.) BIAS ON Indicator

must

be on for bias. voltage sweep; off for frequency
sweep. The MAN AUTO key controls the sweep
mode. Indicator comes on in AUTO mode. The
functions of the other keys are described below

for each mode.

For log sweep, press the LOG

SWEEP key @.

AUTO

START UP :

PAUSE :

Starts the frequency or bias voltage
sweep from the value set by the
START FREQ./BIAS test parameter
key @ Sweeps up at the increment
(step) set by the STEP FREQ./BIAS
test parameter key

Also restarts the sweep after aPAUSE.

Temporarily stops the sweep to allow

START DOWN :

STEP UP :

the sweep step or sweep direction to
be changed. Sweep is restarted by
pressing the START UP or START
DOWN key.

Starts the frequency or bias voltage
sweep from the value set by the STOP
FREQ./BIAS test parameter key @
Sweeps down at the increment (step)
set by the STEP FREQ./BIAS test
parameter key @ Also restarts the
sweep after a PAUSE.

MAN.

Each time this key is pressed, the fre-
quency or bias voltage is incremented
by the value set by the STEP FREQ./
BIAS test parameter key @ If the
OSC LEVEL or TEST LEVEL MON-
ITOR key is pressed, oscillator level
will be incremented by ImV (when
level is less than 100mV) or 5mV

3-8
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(when level is greater than 100mV)
each time this key is pressed. Sweep
becomes continucus when this key is
pressed and held.

X10 STEP :
This key is used with the STEP UP
() or STEP DOWN (&] key. Holding
this key down while pressing STEP UP
or STEP DOWN increases the sweep
step value by a factor of ten.

STEP DOWN :

Each time this key is pressed, the fre-
quency or bias voltage is decremented
by the value set by the STEP FREQ./
BIAS test parameter key @ If the
OSC LEVEL key or TEST LEVEL
MONITOR key is pressed, oscillator
level will be decremented by 1mV
(when level is less than 100mV) or
5mV (when level is greater than
100mV) each time this key is pressed.
Sweep becomes continuous when this
key is pressed and held.

TRIGGER:

These keys select the trigger mode for triggering
measurement (Internal, External or Hold/Manual):

INT : Internal trigger signal enables instru-
ment to make repeated automatic
measurements. Measurement speed
varies depending on the type of meas-
urement, oscillator frequency, and
whether normal, average, or high
speed is selected.

EXT : Measurement is triggered by external
trigger signal through rear panel EXT
TRIGGER input connector (@in
Figure 3-3).

HOLD/MANUAL :

Measurement is triggered each time
this key is pushed. Measurement data
is held until the next time the key is
pressed.

ZY RANGE Select Keys and Indicator:

In impedance measurements, these keys select the
measurement range and ranging method of the
absolute value of impedance (IZ|: 1§ ~ 1M§)
or admittance (1Y1: 10uS ~ 10uS).

AUTO (when indicator is lit) :
Optimum range for the sample value is
automatically selected.

MANUAL (when indicator is not lit) :
Measurement range is fixed (even
when the sample is changed). Manual
ranging is done by pressing adjacent

DOWN ( [©] ) or UP ( [&#] ) key.

Note: Pressing DOWN ( (3] ) or UP ( [©0) ) key
sels the ranging mode to Manual even if
the ranging mode was set to AUTO.

GAIN MODE Selector Key:

In amplitude/phase measurements, these keys
select the appropriate unit for A (absolute ampli-
tude of reference input) and B (absolute amplitude
of test input).

dBm : Displays absolute amplitude in dBm
(=20 1logyp V + 13.01).
dBV : Displays absolute amplitude in dBV

(=20 log,, V¥
CIRCUIT MODE Selector Key:

These keys select desired measurement circuit
mode to be used for R/G, C, or L measurement.

AUTO : Automatically selects appropriate par-
allel or series equivalent circuit for
the sample value. When ZY RANGE
@ up-ranges from the 1k& (10 ms)
range to 10k& (1ms) range, circuit
mode changes from o—l:l-mto»[ﬁzj-o.
When ZY RANGE down-ranges
from the 1008 (100ms) range to
1082 (1s) range, circuit mode changes

from ol e tooIwhe.

o wo: Selects equivalent series circuit.
oo Selects equivalent parallel circuit.

Note: In |Z1]IY] measurements, ranging does
not affect the measurement circuit mode.
CIRCUIT MODE keys are used to select
(Z| or IY|. When the circuit mode is set
to AUTO or 3w, |Z| is selected,
when the circuit mode is set too{LHe
IY | is selected.

Figure 3-2. Front Panel Features (Sheet 8 of 10}
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BIAS OFF Key:

This key disables internal dc bias operation.
When this key is pressed, no dc bias is applied to
the DUT and BIAS ON indicator(s) goes off.

ZERO Offset Keys and Indicators:

These keys perform compensation for the residuals
present in the test fixture, test leads, and meas-
urement circuit. ZERO offset can be performed
for one spot frequency only. If the spot frequen-
¢y in changed, ZERO offset must be performed
again.
OPEN : If this key is pressed when the test
fixture or test leads are terminated
OPEN and the indicator is off, meas-
ured value at this time is stored as
residual admittance (G + jB) data and
the indicator comes on. While the
indicator is on, compensation for the
residuals is made.

l
@

thru of the DATA Input keysare accessible by first pressing the BLUE

SHORT :

AVERAGE Key and Indicator:

This key sets the 4192A to the average measure-
ment mode. In the average measurement mode
(when the indicator is lit), measurement data has
a higher resolution and repeatability than meas-
urement data in the normal or high speed meas-
urement mode.
repressing the key after pressing the Blue key @
or by setting the 4192A to the high speed meas-
urement mode @

If this key is pressed when the test
fixture or test leads are SHORTed and
the indicator is off, measured value at
this time is stored as residual imped-
ance (R +jX) data and the indicator
comes on. While the indicator is lit,
compensation for the residuals is
made.

This function is released by

3-10
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@

HIGH SPEED Key and Indicator:

This key sets the 4192A to the high speed meas-
urement mode. In the high speed measurement
mode (when the indicator is lit), measurement
time is shorter (approximately ¥2) than the
measurement time in the normal measurement
mode. This function is released by repressing the
key after pressing the BLUE key @ or by setting
the 4192A to the average measurement mode.

SELF TEST Key and Indicator:

This key initiates the instrument’s SELF TEST
function. During SELF TEST (when the in-
dicator is on), six tests, which check the basic
functional operation of the instrument, are auto-
matically performed. The results (Pass or Fail)
are displayed on DISPLAY A(3). When the SELF
TEST is completed, this mode is released auto-
matically and normal measurement mode (indi-
cator is off) is set.

X-Y RECORDER Function Keys and Indicator:

These keys control the instrument’s analog out-
put capability. Voltage proportional to the
measurement results is output from the X-Y
RECORD OUTPUT connectors (see @ in Figure
3-3) located on the instrument’s rear-panel.
Graphs can be plotted with this capability.

ON : Analog data representing the meas-
urement results and test parameter
value (frequency/bias) are output
from the DISPLAY A, DISPLAY B,
and FREQ./BIAS RECORDER OUT-
PUTS on the rear-panel. Indicator
lamp is on in this state.

OFF : No analog data is output, and X-Y Re-
corder zero- and full-scale adjustments
can be made. Indicator lamp is off in
this state.

lo LL: Provides a reference voltage (OV) from

each rear-panel RECORDER OUT-
PUT. Used for zero-scale adjustment
of the X-Y Recorder. When this key is
pushed, the recorder pen will be
positioned at the lower-left (X and Y
are zero) of the plot area.

Provides a reference voltage (1V) from
each rear-panel RECORDER OUT-
PUT. Used for full-scale adjustment
of the X-Y Recorder. When this key is
pushed, the recorder pen will be posi-
tioned at the upper-right (X and Y are
maximum) of the plot area.

STORE DSPL A/B Key:

This key simultaneously memorizes the measured
values displayed on DISPLAY A (3) and DIS-
PLAY B @ as reference values for deviation
measurement.

LOG SWEEP Key and Indicator:

This key sets the log sweep mode. In the log
sweep mode (when the indicator is on), the fre-
quency is swept at 20 steps/decade. The steps are
automatically selected at logarithmic regular
intervals between the decade of the START fre-
quency and the decade of the STOP frequency.
STEP. FREQ. has no meaning in log sweep. This
function is released by repressing the key (after
pressing the BLUE key @).

SWEEP ABORT Key:

This key releases sweep frequency (bias voltage)
measurement and activates a spot frequency
measurement at the frequency (voltage) point
where the sweep is aborted.

BLUE Key:

This key is pressed prior to pressing a blue label
function key to interchange a normal key func-
tion with a blue label function.

This key is pressed to access and release the func-
tions and test parameters labeled in blue on the
Test PARAMETER keys (17), DATA Input keys

, and the A/A% keys@.

Figure 3-2. Front Panel Features (Sheet 10 of 10)
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VCO OUTPUT Connector:

Female BNC connector; outputs a 40.000005 MHz
to 53MHz signal from the internal synthesizer.
This connector is normally connected to the EXT
vCO connector@ with a short-connector.

EXT VCO Connector:

Female BNC connector; receives a 40.000005 MHz
to S3MHz (input level: 0dBm ~ 3dBm) signal
to generate the measurement frequency (5Hz to
13MHz). This connector can be connected to an
external frequency synthesizer for better ac-
curacy, stability, and resolution; or to the instru-
ment’s internal synthesizer. Normally connected
to the VCO OUTPUT connector (1) with a short-
connector.,

EXT REFERENCE Connector:

Female BNC connector; receives a 1MHz or
10MHz reference signal from an external signal
source to improve the stability of the internal

synthesizer. Input impedance is approximately
50Q.

1MHz OQUTPUT Connector:

Female BNC connector; outputs a IMHz square
wave (= 1.6 Vp-p) to phase-lock external instru-
ments. Output impedance is approximately 50£2.

HP-I1B Control Switch:

This switch sets the instrument’s HP-IB address
(0 ~ 30), data output format (A or B), and inter-
face capability (Talk Only or Addressable).
Specific information on this switch is given in
paragraph 3-117.

HP-1B Connector:

Twenty-four pin connector; connects the instru-
ment to the HP-IB for remote operations.

EXT TRIGGER Connector:

This connector is used to externally trigger the
instrument by inputting an external trigger signal.
TRIGGER key on front panel should be set to
EXT. Specific information is provided in para-
graph 3-22.

3-12
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~ LINE VOLTAGE SELECTOR Switch:

These switches select the appropriate ae
operating voltage. Selectable voltages are
100V/120V #10% and 220V £10%/240V £5%
-10% (48~ 66Hz). Refer to paragraph 2-8.

~ LINE FUSE Holder:

Instrument’s power-line fuse is installed in this
holder.

100V/120V operation : [ .25AT, 250V

(HP P/N: 2110-0305)
220V/240V operation : Q.6AT, 250V

(HP P/N: 2110-0016)

Refer to paragraph 2-8.

~ LINE Input Receptacle:

AC power cord is connected to this receptacle.
Refer to paragraph 2-10.

RECORDER OUTPUTS Connectors:

These connectors output dc voltages proportional
to the measurement display outputs and test fre-
quency (or internal dc bias voltage), and a pen
control signal for the X-Y recorder. Results of
swept (frequency of bias) measurements can be
plotted by connecting an X-Y recorder to these
connectors.

PEN LIFT connector :
Outputs pen up/down control signal.
When the 4192A is set as follows, this
connector outputs a LOW level TTL
signal (pen down).

(1) X-Y RECORDER key on the
front-panel is set to ON.

(2) START UP key or START
DOWN key is pressed when X-Y
RECORDER and SWEEP MAN/
AUTO keys on the front-panel are
set to ON.

At other times, this connector outputs
a HIGH level TTL signal (pen up).

FREQ/BIAS connector :

Qutputs voltage proportional to the
test frequency or internal dc bias volt-
age (from OV at START frequency/
voltage to 1V at STOP frequency/
voltage). The output voltage is pro-
portional to the logarithm of the fre-
quency when LOG SWEEP is set to
ON.

DISPLAY B connector :
Outputs voltage proportional to the
value displayed on DISPLAY B.
Normalized value is 1V (max.).

DISPLAY A connector :
Outputs voltage proportional to the
value displayed on DISPLAY A. Nor-
malized value is 1V (max.).

Refer to paragraph 3-121 for specifics.

Figure 3-3. Rear Panel Features (Sheet 2 of 2)
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3-7. SELF TEST

3-8. The 4192A is equipped with an automatic self-
diagnostic function that can be initiated at any time to
confirm normal operation of the instrument’s basic
functions. The SELF TEST can be initiated from the
front-panel by pressing the BLUE key and the SELF
TEST key, or via HP-IB remote control (program code
S1). When the SELF TEST is initiated (indicator lamp is
on), the six tests listed in Table 3-1 are automatically
performed and the results (pass code or one of the error
codes listed in the table) are displayed on DISPLAY A.
If no errors are detected, PASS is displayed on DIS-
PLAY A and the instrument is returned to normal
measurement mode (SELF TEST indicator is off). If
an error is detected, the corresponding error code is
displayed on DISPLAY A and the SELF TEST stops.
If the instrument fails the SELF TEST, contact the
nearest Hewlett-Packard Service Office (see list at back
of this manual).

Note: An abbreviated SELF TEST, which includes test
1 (one second only), 2, 3, and 6 (at 100 kHz only)
of the standard SELF TEST, is performed each
time the instrument is turned on. During this
abbrevigted SELF TEST, only error codes are
displayed.

Model 4192A

3-9. Initial Control Settings

3-10. To facilitate operation, the instrument is auto-
matically set to the following initial control settings each
time it is turned on:

Panel Controls :

DISPLAY A ....... ... i |ZI
DISPLAY B .. .................. 0 (deg)
Test Parameter Data Display .. SPOT FREQ
BIAS .. ... OFF
ZEROOPEN .................... OFF
ZEROSHORT ................... OFF
AVERAGE .. ... ... ... ... .. ...... OFF
HIGHSPEED .................... OFF
SELFTEST ......... ... ..... OFF
X-YRECORDER ................. OFF
LOGSWEEP .................... OFF
SWEEP .. ... ... i OFF
CIRCUIT MODE ........ AUTO ( o3w)
GAINMODE .................... dBm
ZYRANGE. .. .................. AUTO
TRIGGER ......... ... ... ...... INT
AND% .o OFF

Table 3-1. 4192A SELF TEST
. L. Display
Test Number Description Pass Fail

All numerical displays and indicator lamps on the front-panel come on
1 and remain on as long as the SELF TEST key is being pressed. Check P-01*

that all displays and indicator lamps are on.
2 Checks four RAM’s (Random Access Memory). P-02 E-20, E-21
3 Checks fourteen ROM’s (Read Only Memory). P-03 E-30 ~ E-43
4 Checks that the interrupt signal is present and that it is of the correct P04 E-50, ES1

frequency.
5 Checks the integrator in the VRD (Vector Raito Detector) circuit. P-05 E-61, E-62
6 Checks that the frequency setting of the internal synthesizer is normal- P06 |E-70, E-71, E-72

Iy done at each decade.

*P-01 indicates that test 1 has been completed. It does not mean that the instrument has passed test 1. The
operator must determine whether the instrument has passed or failed this test.

3-14
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Test Parameters :

SPOTFREQ................... 100kHz
STEPFREQ ..................... 1kHz
STOPFREQ................... 13MHz
STARTFREQ .................... 5Hz
OSCLEVEL.................... 1Vrms
SPOTBIAS ....................... ov
STEPBIAS .. ............. .. .. ..... v
STARTBIAS . ................... -35V
STOPBIAS ..................... +35V
REFA ... ... .. . 0
REFB ........... .. 0
3-11. Displays

3-12. The 4192A has three display sections: DISPLAY
A, DISPLAY B, and a Test Parameter Data Display (here-
inafter called DISPLAY C). DISPLAY A and DISPLAY
B are the primary displays; they are described in para-
graphs 3-13 and 3-14, respectively. DISPLAY C is
described in paragraph 3-15. The BIAS ON Indicator is
described in paragraph 3-16.

3-13. DISPLAY A provides direct readout of the
primary measurement parameter in amplitude/phase
measurements and impedance measurements.

In impedance measurements, DISPLAY A displays the
absolute value of the vector impedance, |Z[; the absolute
value of the vector admittance, |Y|; resistance, R; con-
ductance, G; inductance, L; or capacitance, C. In ampli-
tude/phase measurements, DISPLAY A displays the
measured value of B-A (dB), the gain or loss between
CHANNEL A and CHANNEL B; A (dBm/dBV), the
amplitude of the signal input to CHANNEL A; or B
(dBm/dBV), the amplitude of the signal input to CHAN-
NEL B.

All values are displayed with a maximum of 4% digits.
The actual number of display digits depends on the
setting of other control functions such as OSC LEVEL,
ZY RANGE, etc. Maximum display is 19999 for in-
ductance and capacitance measurements; 12999, for all
other parameters. Decimal point and the appropriate unit
annunciator (e.g., pF, mH, uS, M{2) are also displayed.
If the selected measurement cannot be made, because the
value of the DUT is outside the instrument’s measure-
ment range or because the front-panel controls are in-
correctly set, one of the following will be displayed.

OF1 R
OF2 E-06
UCL E-07

Refer to Tables 3-2 and 3-3 for the meaning of each of

Section 111
Paragraphs 3-11 to 3-17

these annunciations. When a SHORT or OPEN ZERO
offset adjustment is being made, CAL is displayed. DIS-
PLAY A also displays the pass- and error-codes (P-O1
through P-06 and E-20 through E-73) related to the
instrument’s SELF TEST function. Refer to Table 3-4
for the meanings of SELF TEST error-codes E-20 through
E-73.

3-14. DISPLAY B provides direct readout of the
secondary measurement parameter in amplitude-phase
measurements and impedance measurements. This dis-
play is blank when DISPLAY A function is set to A
(dBm/dBV) or B (dBm/dBV).

In impedance measurements, DISPLAY B displays the
value of the impedance/admittance; phase angle, ¢
(degrees or radians); reactance, X; susceptance, B;
quality factor, Q; dissipation factor, D; resistance, R; or
conductance, G.

In amplitude/phase measurements, DISPLAY B displays
either group delay or phase difference, 8 (degrees or
radians).

Refer to paragraph 3-13 for specifics on number of digits,
maximum display, unit annunciators, etc.

If the selected measurement cannot be made, OF2 or
— — — is displayed. Refer to Table 3-3 for the meaning
of these annunciations.

3-15. DISPLAY C displays all test parameter data —
SPOT FREQ/BIAS, STEP FREQ/BIAS, START FREQ/
BIAS, STOP FREQ/BIAS, OSC LEVEL, TEST LEVEL,
and REF A or REF B value. Frequency is displayed with
a maximum of 7% digits; BIAS, OSC LEVEL, and TEST
LEVEL are displayed with a maximum of 4 digits; and
REF A and REF B values are displayed with a maximum
of 4% digits. Error-codes displayed on DISPLAY C are
discussed in paragraph 3-17.

3-16. The BIAS ON Indicator comes on to warn the
operator that the instrument is applying a dc bias voltage
across the DUT.

3-17. Error-codes and annunciations related to operator
error and out-of-range measurement are listed and de-
scribed in Tables 3-2 and 3-3, respectively. Error-codes
for errors detected during SELF TEST are listed and de-
scribed in Table 3-4. If the instrument fails the SELF
TEST, i.e., if one of the error-codes listed in Table 34 is
displayed on DISPLAY A, contact the nearest Hewlett-
Packard Sales/Service Office.

3-15
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Table 3-2. Operational Errror-codes

Model 4192A

Error-code Meaning

E-01 An attempt was made to input a test parameter value or reference value that is out-of-range.
AUTO SWEEP was attempted when the selected test parameter was REF A, REF B, OSC

E-02 LEVEL, or TEST LEVEL MONITOR; or MAN SWEEP was attempted when the selected test
parameter was REF A or REF B.

503 AUTO or MAN SWEEP was attempted when the STOP FREQ. (or BIAS) is lower than the
START FREQ. (or BIAS).

F-04 "MAN SWEEP was attempted when the SPOT FREQ. (or BIAS) is lower than the START FREQ.
(or BIAS) or higher than the STOP FREQ. (or BIAS).

E.05 The STORE DSPL A/B key was pressed when DISPLAY A and/or DISPLAY B is set to A/A%
measurement or is displaying OF1, OF2, UCL, or — — —.

EO6 REF A, REF B, A, or A% key was pressed when no reference data for the deviation measure-
ment is stored.

EQ7 ZERO OPEN or ZERO SHORT operation could not be properly performed.

E-08 SAVE 5~ 9 or RCL (Recall) 5~ 9 was attempted (only memory locations 0~ 4 are available).

E-09 RCL (Recall) was attempted on an empty memory.

E-10 In swept frequency measurements of Group Delay, STEP FREQ. is too low for the START
FREQ./STOP FREQ. sweep range.

Table 3-3. Annunciations (Sheet 1 of 2)
DISPLAY Meanings
A B DISPLAY A DISPLAY B
OF1 - Measured value of |Z| or |Y| ex- | Measurement cannot be performed.
ceeds 130% of full scale of the ZY
RANGE.
OF2 Significant value | Measured value exceeds 200% of full | Measurement is performed correct-

Significant value

OF2

*1
UCL

OF2

OF2

scale of display range.

Measurement is performed correct-
ly.

Measured value exceeds 200% of full
scale of display range.

The instrument’s internal measure-
ment circuit is saturated.

ly.

Measured value exceeds 200% of

full scale of display range.

Measured value exceeds
full scale of display range.

200% of

Measurement cannot be performed.
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Table 3-3. Annunciations (Sheet 2 of 2)

DISPLAY Meanings
A B DISPLAY A DISPLAY B
Significant value - — = Measurement is performed correct- | Measurement cannot be performed
ly. because:

@When function is set te 8, Q, or
D, the measured value of |Z|or
1Y | is less than 5% of full scale
of the ZY RANGE.

(2) When GROUP DELAY measure-
ment is being performed, the
test frequency to be automati-
cally selected next is outside
the selectable test frequency

range (5Hz and 13MHz).

- — = - — - Auto ranging of ZY RANGE is being performed.

Significant value Blank Measurement is performed correct- | DISPLAY B function is blank when
ly. DISPLAY A function is set to A
(dBm/dBV) or B (dBm/dBV).

CAL Blank | ZERO offset adjustment is being performed.

*]. When the measuring frequency is set to 10MHz or above and ZY RANGE is held, measured values output
500ms after DISPLAY A indicates “UCL” are invalid.
*2. Specific information on GROUP DELAY measurement is provided in paragraph 3-63.

Table 3-4. SELF TEST Error-codes

Display Meaning

E-20, E-21 One of the four RAM’s (Random Access Memory) is not functioning properly.

E-30 ~ E-43 One of the fourteen ROM’s (Read Only Memory) is not functioning properly.

E-50, E-51 The line frequency detection circuit is not functioning properly.

E-61, E-62 Integrator in the VRD (Vector Ratio Detector) is not functioning properly.

E-70, E-71, E-72| Internal synthesizer is not functioning properly.
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3-18. Test Signal (1) NORMAL Measurement Mode:

This mode is automatically set each time the
3-19. The internal frequency synthesizer provides a instrument is turned on. In this mode, the in-
sinusoidal wave test signal that has an accuracy of 55 ppm. tegration time of the instrument’s A/D converter
The frequency range is from 5 Hz to 13 MHz, and signal is equal to the period of the line frequency. Line
level is 5mVrms to 1.1Vrms. The test signal is output frequency ripple on the dc voltage used for in-
from the OSC OUTPUT connector (Hcyr of the UN- tegration is rejected (filtered).
KNOWN terminals) on the front-panel. Test frequency (2) HIGH SPEED Measurement Mode:
and test level range, resolution, and accuracy are given in This mode is set by pressing the HIGH SPEED
Table 3-5.

key. Measurement speed in this mode is approxi-
mately twice that of the NORMAL mode; how-
ever, resolution is reduced and accuracy is not

Note: Test signal accuracy, stability, and resolution can
be improved by connecting an external frequency

synthesizer to the EXT VCO connector on the specified. Integration time is 2.5ms. Line fre-
rear-panel. Specific information on measurements quency ripple is not rejected (filtered).

using an external synthesizer is given in paragraph (3) AVERAGE Measurement Mode:

3-137. This mode is set by pressing the AVERAGE key.

Resolution, accuracy, and repeatability in this
mode are much better than in NORMAL mode or
HIGH SPEED mode. The displayed measurement
value is the average of seven measurements. In-
tegration time is 10 times the period of the line
frequency. Line frequency ripple is rejected

Note: In impedance measurements, the level of the test
signal across the DUT depends on the impedance
of the DUT. To monitor the actual level of test
signal across the DUT, press the TEST LEVEL
MONITOR key. (Refer to paragraph 3-91 for

specifics.) (filtered).
Note: Measurement times for each mode at each
3-20. Measurement Modes DISPLAY A/B function setting are given
in paragraph 3-55 for amplitude/phase
3-21. The 4192A has three selectable measurement measurements and in paragraph 3-89 for
modes: NORMAL, HIGH SPEED, and AVERAGE. impedance measurements.

Table 3-5. Frequency and Output Level of Test Signal

Setting Range Resolution Setting Accuracy*1
5Hz ~ 10kHz 1 mHz
10Hz ~ 100kHz 10mHz
Measurement Frequency Setting Value =50 ppm.
100kHz ~ 1MHz 100mHz
IMHz ~ 13MHz 1 Hz
5Hz~ 1MHz: (5+10/6)% + 2mV
~ 100
s SmVrms mvrims | ImVIms v, ~ 13MHz: (4 + 1.5F)% + 2mV
OSC Output Level
~ : +
100mVrms ~ 1.1Vrms SmVrms > Hz IMHz: (5 +10/D)% + 10mV

IMHz ~ 13MHz: (4 + 1.5F)%+ 10mV

*1. At 23°C +5°C.

*2 . UNKNOWN terminals open (impedance measurements) or terminated with 5082 (amplitude/phase measure-

ment), f: measurement frequency (Hz), F: measurement frequency (MHz).
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3-22. Trigger Modes
3-23. The 4192A has three selectable trigger modes:
INTERNAL, EXTERNAL, and HOLD/MANUAL.

(1) INTERNAL Trigger Mode:
In this mode, measurement is automatically and
repeatedly triggered. Trigger speed depends on
the type of measurement, test frequency, and
measurement mode.

(2) EXTERNAL Trigger Mode:
Measurement is triggered by applying a TTL level
pulse to the EXT TRIGGER connector on the
rear-panel. Refer to Figure 3-4 for specifics.

(3) HOLD/MANUAL Trigger Mode:
Measurement is triggered each time the HOLD/
MANUAL key is pressed. Measurement data is
held until the next time the key is pressed.

Note: Measurement can also be triggered via the
HP-IB. Refer to Figure 3-38.
Note: Triggering in EXT and HOLD/MANUAL

modes must be slow enough to allow the
instrument to complete each measure-
ment. If a trigger signal is received before
measurement is completed, it is ignored.

Vin ——
Te

ViL— = — ~

Input Levels : 2V <V <5.5V

ov<Lvy <06V

Maximum 1 mA
(at Vig = 5.5V)

Low Level Input Current: Maximum -0.6 mA

Input Current :

(ViL =0.4V)
Pulse Width : Tp > I msec
Trigger Timing : Leading Edge
Figure 3-4. External Trigger Pulse
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3-24. Setting Test Parameters

3-25. The 4192A provides eleven test parameters. They
are listed, along with range and resolution, in Table 3-6.
Use the following procedure to set the value of these
parameters:

(1) Press the desired PARAMETER key.

(2) Set the desired value with the DATA keys. The
set value will be displayed on DISPLAY C.

(3) Press the appropriate ENTER key to enter this

value.

Note: Parameter values can also be set via the
HP-IB. Refer to paragraph 3-123 for
specifics.

Note: If the parameter value is out-of-range

(see Table 3-6), E-01 will be displayed
on DISPLAY C for approximately one
second and the previous value is retained.

3-26. Deviation Measurement

3-27. When many components of similar value are to be
tested, it may be more practical to measure the difference
between the value of the component and a predeter-
mined, or ideal, reference value than measuring the DUT
value itself. When the purpose of the measurement is to
observe the change of a component’s value versus changes
in temperature, frequency, bias, etc., a direct measure-
ment of this change (deviation) makes examination more
meaningful and easier.

3-28. Deviation measurements can be made for either
or both DISPLAY A and/or DISPLAY B parameter meas-
urements. There are two methods of inputting reference
values for deviation measurements: 1) input the refer-
ence value using the DATA keys, or 2) input the meas-
ured value of the reference component by pressing the
STORE DSPL A/B key. Deviation is displayed as either
the deviation (A) from the reference value or the percent
deviation (A%).

(1) Deviation Measurement A (Delta):
The difference between the measured value of the
DUT and a previously stored reference value
(REF A or REF B) is displayed. The formula
used to calculate the deviation is
A—-B

where A is the measured value of the DUT and B
is the stored reference value.
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Table 3-6. Test Parameters

Parameter Description Range
SPOT FREQ The spot frequency 7 % Range : 5Hz ~ 13MHz
START FREQ The start frequency for swept frequency Resolution : 1mHz at 5Hz ~ 10kHz;
measurements 10mHz at 10kHz ~ 100kHz;
Y ) 100mHz at 100kHz ~ 1 MHz;
STOP FREQ The stop frequency for swept frequency 1Hz at 1 MHz ~ 13MHz
L measurements
STEP FREQ The step frequency for swept frequency Range: 1mHz ~ 13MHz
measurements Resolution: 1mHz at 1mHz ~ 10kHz;
10mHz at 10kHz ~ 100kHz;
100mHz at 100kHz ~ 1 MHz;
1Hz at 1MHz ~ 13MHz
SPOT BIAS The spot bias voltage.
L . - Range: ~-35V ~+35V.
START BIAS The start voltage for swept voltage measure- | Resolution: 10mV.
ments
STOP BIAS The stop voltage for swept voltage measure-
ments J
STEP BIAS The step voltage for swept voltage measure- | Range: 10mv~ 35V,
ments Resolution: 10mV.,
OSC LEVEL The level (rms) of the signal output by the Range: 5mV ~1.1V.
internal synthesizer Resolution: 1mV at 5mV ~ 100mV;
5mV at 100mV ~ 1.1V
REF A The reference value for DISPLAY A devia- .
tion measurements Range and resolution are the same as those of
i i : . 1 the DISPLAY A/B parameter.
REF B The reference value for DISPLAY B devia-
tion measurements

(2)

3-20

Percent Deviation Measurement A% (Delta Per-
cent):

The difference between the measured value of the
DUT and a previously stored reference value
(REF A or REF B) is displayed as a percentage of
the reference value, The formula used to calcu-

late the percent deviation is
A—B.x 100 (%)

where A is the measured value of the DUT and B
is the stored reference value.

3-29.

Use the following procedure to perform deviation

measurements:

(1) Set the front-panel controls for normal amplitude-

(2)

phase or impedance measurement. (Basic proce-
dure for amplitude-phase measurement is given
in Figure 3-10, and in Figure 3-30 for impedance
measurements.)

Press the BLUE key and the REF A or REF B
key. At this time, the previously stored reference
value or E-06 will be displayed on DISPLAY C.
E-06 simply means there is no reference data for
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the selected display function; ignore it and pro-
ceed to step 3.

(3) Enter the desired reference value using the
numeric DATA keys. (E-06 annunciation will dis-
appear.) This value will be displayed on DIS-
PLAY C.

(4) Press the ENTER key labeled REF DATA. This
stores the value displayed on DISPLAY C as the
reference value.

Note: To store the measured (displayed) value
of a reference sample (DUT) as reference
data, use the following procedure:

(a) Connect the sample to the instrument and
make one measurement.

(b) Press the BLUE key and the STORE
DSPL A/B key. The values displayed on
DISPLAY A and DISPLAY B will be
stored as REF A and REF B data, respec-
tively.

(5) Press the A/A% key on DISPLAY A and/or DIS-
PLAY B. The value displayed on the display (A
or B) is the difference (deviation) between the
stored reference value and the measured value.
For percent deviation measurement, press the
BLUE key before pressing the A/A% key.

Note: Reference data stored for one measure-
ment function cannot be used for another
measurement function; that is, reference
data stored for an impedance measure-
ment cannot be used for a resistance
measurement.

3-30. Continuous Memorization of Control Settings
(SAVE and RCL Functions)

3-31. The 4192A is equipped with five non-volatile

Section I
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storage registers. These registers are used to store five
different, frequently used front-panel control settings.
Stored control settings are preserved (not erased) in the
registers even when the instrument is turned off.

Frequently used control settings can be saved and then
recalled instead of having to reenter the measurement
conditions each time. This feature improves efficiency in
applications where repetitive measurements are made.

Almost all front-panel control settings and test parameter
settings, including reference data and zero calibration
data, can be saved. Exceptions are listed below.

HP-1B status

DISPLAY A/B measurement data
LINE OFF/ON

CABLE LENGTH

BIAS ON

SPOT BIAS

3-32. Use the following procedure to save and recall
a measurement condition:

(1) Set the front-panel controls and test parameters
as desired.

(2) Press the SAVE key and the register number
(0-4). All front-panel control settings and test
parameter settings are now saved, or memorized,
in the specified register.

(3) To restore the instrument to the control settings
and test parameters saved in step (2), press the
RCL key and the register number.

3-33. The instrument is equipped with two rechargeable
batteries that provide power for the storage registers
when the instrument is turned off. They are automatical-
ly recharged while the instrument is turned on. Specifica-
tions are given below.

Operating time: 7500 hours (typical) after full
charge.

Time required to fully recharge
the batteries is 200 hours.

5 years (at 25°C).

Recharge time:

Lifetime:
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3-34. AMPLITUDE/PHASE MEASUREMENT

3-35. The Model 4192A LF Impedance Analyzer can
accurately measure the gain/loss, phase, group delay and
level of many types of circuits. It displays all measured
parameters with 4% digit numeric displays. The built-in
frequency synthesizer can be set to any test frequency
between 5.000Hz and 13.000000MHz, and can be
swept within that frequency range with 1mHz (maxi-
mum) resolution. Instructions for amplitude/phase meas-
urements are given in paragraph 3-34 to 3-66.

3-36. Measurement Functions

3-37. Most amplitude-gain measurements are based on
relative measurements where the signals at the input and
output ports of a network are compared to determine
how the network behaves as a signal processor. The
4192A simultaneously measures two independent, com-
plementary parameters in each measurement cycle. These
measurement functions are classified, for display purpose,
into two groups: DISPLAY A and DISPLAY B func-
tions, as given in Table 3-7. Measurement results can be
displayed as deviation or percent deviation from stored
reference values. Deviation measurements are described
in paragraph 3-26.

3-38. Measurement Ranges

3-39. The 4192A can measure transmission parameters,
gain/loss (B—A), level (A/B), phase (6) and group delay,
over the measurement ranges listed in Table 3-8.
Measurement resolution, also listed in the table, are for
NORMAL and AVERAGE measurement modes.
Resolution in HIGH SPEED measurement mode is one
digit lower than these values.

Table 3-7.

Model 4192A

Table 3-8. Measurement Range for Amplitude-

Phase Measurements

Measurement Measurement .
. Resolution
Function Range
0dB ~ = 20dB 0.0014B
B—-A
+(20dB ~ 100dB) 0.01dB
+13.8dBm ~ - 20dBm | 0.001dBm
A/B (dBm)
- 20dBm ~ - 87dBm 0.01dBm
+0.8dBV ~ - 20dBV 0.001dBV
A/B (dBV)
- 20dBV ~- 100dBV 0.01dBV
0.0001 us ~ 1.9999 us 100ps
0.001 us ~ 19.999 us Ins
0.01us ~199.99us 10ns
GROUP
DELAY*t 0.0001 ms ~ 1.9999ms 100ns
0.001ms ~ 19.999ms 1us
0.01 ms ~ 199.99ms 10us
0.0001s ~ 1.9999s 100 us
0.001s ~ 19.999s 1ms
0 (deg) 0° ~+ 180° 0.01°
- 7w ~-1.000 0.001
8 (rad) - 1.0000 ~ + 1.0000 0.0001
+1.000~+7 0.001
*]: Measurement range at GROUP DELAY is deter-

mined automatically by AF (STEP FREQ X2) and
AB. Specific information on GROUP DELAY meas-
urements is provided in paragraphs 3-63 to 3-66.

DISPLLAY A/B Functions for Amplitude/Phase Measurements

DISPLAY A Function

DISPLAY B Function

B— A (dB) Relative Amplitude of the Reference

Input and the Test Input

GROUP DELAY | Group Delay in seconds
0 (deg) Phase Difference in degrees
0 (rad) Phase Difference in radians

A (dBm/dBV)

Absolute Amplitude of the Reference Input

B (dBm/dBV)

Absolute Amplitude of the Test Input
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3-40. OSC OUTPUT

341. In amplitude/phase measurements, the output
signal from the OSC OUTPUT terminal is applied to a
power splitter (HP Part No.: 04192-61001, furnished
with the 4192A) to produce two output signals that are
in phase and of equal amplitude. One of these signals is
applied to CHANNEL A and is used as the reference
input; the other signal is applied to input port of the net-
work under test. The output port of the network is then
connected to CHANNEL B. Figure 3-5 shows the equiv-
alent circuit for the OSC OUTPUT. The circuit consists
of a low (zero) impedance source in series with a 5082
resistor which determines the output impedance. The
output signal level is variable from 5mV to 1.1Vrms
when terminated with 50£2. Specific information on the
internal synthesizer is provided in paragraph 3-18.

3-42. CHANNEL A/B

3-43. For basic amplitude/phase measurements, the
reference input is obtained by connecting one of the
output signals from the power splitter connected to the
OSC OUTPUT. The test input is obtained by inserting the
network to be tested between the power splitter and
CHANNEL B. Since the signals divided by the power
splitter are identical, the signal applied to CHANNEL A
represents the input to the network while the signal
applied to CHANNEL B is the output of the network.
By comparing these two signals, the 4192A measures the
gain or loss, phase shift and group delay introduced by
the network. When the frequency is swept over the band
of interest with amplitude, phase and group delay, meas-
urement data represent the amplitude and phase response
of the transfer function in the frequency domain.

3-44. For production testing, it is often necessary to
compare a newly manufactured network to a production
standard. The 4192A, being a dual channel instrument,
lends itself well to this application. When comparing
two networks, the standard network is connected be-
tween the power splitter and CHANNEL A to obtain
the reference. The network to be tested is then con-
nected between the power splitter and CHANNEL B.
In this case, the 4192A compares the output signals
of the two networks and any differences between the
networks are reflected as deviation from 0dB (B-A
amplitude), 0 degrees (phase) or Os (group delay).

Section III
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Zo =508
0sC
AAA N e
~ | outpPUT
Low
Impedance
Source

Figure 3-6. Equivalent Output Circuit

3-45. Figure 3-6 shows the equivalent circuit for the
CHANNEL A/B. The resistor, Rin, represents the 1M£2
input resistance; the capacitor, Cs, represents the 25pF
* 5pF shunt capacitance. This high input impedance has
a minimum loading effect on the input signal and allows
the 4192A to be used for characterizing networks having
output impedances other than 50§2. Figure 3-7 shows
the input impedance, Z¢, as a function of frequency. At
low frequencies, the reactance of Cs is very high, making
Z: nearly equal to Rin. As frequency increases, the
decreasing reactance of Cs becomes more and more
significant, causing Z{ to decrease. At high frequencies,
Rin is no longer significant and Z; is slightly less than the
reactance of Cs (approximately 50082 at 13 MHz).

CHANNEL | < o e

A/B - l
Rin Cs

IMQ 25pF

Figure 3-6. Equivalent Input-Circuit
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3-46.

3-47.

Model 4192A

e _\
100k \\
$ 10ka
<
.
E
5
E \
1k
N
10092
5Hz 10Hz 100Hz 1kHz 10kHz 100kHz 1MHz 10MHz 100MHz
Frequency
Figure 3-7. 2, vs Frequency

Input Configurations

Figure 3-8 illustrates and describes the basic input

configurations for various types of measurements. Con-
nections of these input configurations should be made
using double-shielded cables with BNC connectors as
listed in Table 3-9. When making input connections,
observe the following guidelines:

(1) Keep input cables as short as possible.
(2) Make the total cable length in each channel

Note:

When making a relative gain/loss (B-A)
measurement with either the 4192A or a
Network Analyzer using the input
configurations shown in Figure 3-8, the
measurement results are the same but
those of an absolute amplitude (A/B)

measurement may differ.  This is
because the 4192A wuses a passive
(2-resistor) power splitter and the

Network Analyzer uses an active power
splitter.

CH.A

equal. This is particularly important when b CH.A
measuring phase (or group delay) at high fre-
quencies.
(3) When impedance terminations are required, use CH.B @ b CH.B
shielded terminations equipped with suitable RF
connectors as listed in Table 3-10. Place termi- \V
nations at the end of the transmission line. passive power active power
splitter splitter
Table 3-9. BNC Cables Table 3-10. Impedance Terminations
Model No. Cable Model No. Termination
30cm BNC (male) — BNC (male) Double 11048C 5082 Feedthrough (two 11048C’s are fur-
11170A | — Shield Cable (two 11170A’s are fur- nished with the 4192A)
nished with the 4192A)
110948 758 Feedthrough (two 11094B’s are fur-
60cm BNC (male) — BNC (male) Double nished with the 11097A)
11170B — Shield Cable (two 11170B’s are fur-
nished with the 16097A Accessory Kit) 11095A 6002 Feedthrough (two 16097A’s are
furnished with the 16-97A)
120 cm BNC (male) — BNC (male) Double
11170C | — Shield Cable (two 11170C’s are fur-

nished with the 4192A)
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Figure 3-8

(A) LOSS (GAIN)-PHASE MEASUREMENT (Z = 500)

Power

05C Splitter

OQUTPUT

Zi
509

500

‘m_;: CH.A

500 Feedthroughs

*—-{lﬁjﬂ—»—'——

(B) LOSS (GAIN)-PHASE MEASUREMENT (Z = 6000) (E)  COMPARING TWO NETWORKS
5500 ﬂ@ﬂ CH.A
‘ Zi Zo CH.A
gg‘ﬁgter 60082 F‘eedthroughs < 500 | [500 Lm;m—<e—
0sC i{)ﬂ 7 7 CHB Power 500 Feedthroughs
i m , e
OUTPUT 6005 | 60072 ? Splitter \
0sC 71102 _m_( CH.B
OUTPUT & son | 1500 —

CH.A
l 750 300 l . ECH-A
Power b (
Splitter ower
05C p splitter. ¢ 5 99. Feedthroughs
CH.B e 1
ouTPUT —— 0S¢ | e 3 !
OUTPUT : Uz Tz L ' (LCHB
‘*@’ M [1250] 1250 B !
1
)

(D) GAIN (LOSS)-PHASE MEASUREMENT

="

5082 Feedthrough

Power
Splitter

0sC
OUTPUT

CH.B

H.B
C A

Zi
M5

Zq
=00

>_

502 Feed-Thru

Floating Network Balancing Transformer

Figure 3-8. Input Configurations
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3-48. Impedance Matching

3-49. In most measurement applications the network
under test must be driven and terminated in its charac-
teristics impedance. If the characteristic impedance of
the network matches the 508 output impedance of the
4192A OSC OUTPUT, the network can be connected
directly to the OSC OUTPUT through the power splitter
as shown in Figure 3-8 (A). In this case, both the refer-
ence input and test input should be terminated with a
5082 Feedthrough and connected to CHANNEL A and
CHANNEL B, respectively.

3-50. If the characteristic impedance of the network is
greater than 5082, a compensating resistor can be added
in series with the OSC OUTPUT between the power
splitter and the network to obtain the required output
impedance. For example, if the input impedance of the
network is 60082, a 55082 resistor can be added in series
with the S0£ output to obtain the required 600£2 as
shown in Figure 3-8 (B). Note that the reference input
shown in Figure 3-8 (B) also has a compensating resistor
to maintain identical impedances in both channels. In
this case, both the reference input and test input should
be terminated with a 60082 Feedthrough and connected
to CHANNEL A and CHANNEL B respectively.

3-51. If the characteristic impedance of the network is
lower than 50§2, connect a shunting resistor between the
power splitter and network to be tested, as across the
OSC OUTPUT, to obtain the required output impedance.
Otherwise, a shunt resistance of the same value can be
connected to CHANNEL A to obtain the same output
impedance. The value of shunt resistance is calculated
from the following formula:

Model 4192A

_ 50XZ
Rs = S0—27 £2)
where : Rs = shunt resistance
Z required output impedance

For example, if the input impedance of the network is
3082, a 7582 shunt resistor can be added in parallel with a
508 output to obtain 3082 as shown in Figure 3-8 (C).
Note that the reference input shown in Figure 3-8 (C)
also has a shunting resistor to maintain identical imped-
ances in both channels. In this case, both the reference
input and test input should be terminated with the 30£2
shunt resistor and connected to CHANNEL A and
CHANNEL B, respectively. When driving an impedance
lower than 5082, a certain amount of insertion loss will
be encountered. The amount of loss depends on the type
of impedance matching network used and on the various
impedance ratios. Whenever a loss is encountered, an
equal loss should be introduced in CHANNEL A so that
the reference input accurately represents the input of
the network. This can be accomplished by placing iden-
tical shunt resistances and identical terminations in both
channels.

3-52. When the network to be tested has a high input
impedance (1 MHz) and low output impedance (= 0£2),
each channel should be terminated with a 5082 Feed-
through and then the network can be connected to
CHANNEL B as shown in Figure 3-8 (D).

3-53. Deviation measurement from reference network
can be performed by inserting the standard network be-
tween the power splitter and CHANNEL B. Figure
3-8 (E) shows an input configuration of networks which
have 50£2 characteristic impedance. In this case, both the

Table 3-11. Balancing Transformers

Model N Impedance Connectors
ocel Tvo. Unbalanced Balanced Unbalanced Balanced
11473A WECO 310
60082

11473B Simence 9REL STP-6AC
11474A 502 0r 7582 13582 BNC WECO 241
11475A 1500 Simence 9REL STP-6AC
11476A 12482 WECO 408A
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reference input and test input should be terminated by
5082 Feedthroughs and connected to CHANNEL A and
CHANNEL B, respectively.

3-54. Floating networks can be measured by floating
from the measuring circuit using one of the balancing
transformers listed in Table 3-11. Figure 3-8 (F) shows
the input configuration of a network which has 12582
characteristic impedance. In this case, both the reference

Section III
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input and test input should be terminated by 50 Feed-
throughs and connected to CHANNEL A and CHANNEL
B, respectively.

3-5b. Measurement Time

3-56. Table 3-12 shows the measurement times of the
4192A amplitude/phase measurements.

Table 3-12. Measurement Time for Amplitude /Phase Measurements

. Measurement Measurement Frequency (Hz)
Measurement Function Mode 515 ﬁ 15 - 150 £50 400 | 400 ~ 13M
HIGH SPEED %O_O +100.5 ~50fﬂ +114.5 113 ~ 127
)._——
(B-A)-96 NORMAL éOfO_O_'_ 102~50fﬁ+116 1S(f)&+102~15?00+116 202 ~216
AVERAGE 15L;.;g+102~£?(£+116 1102 ~ 1116
HIGH SPEED é%.ﬂ +412.5 425
(B—A)— GROUP DELAY*! NORMAL SOfOO +592 15?00 +592 692
AVERAGE 15?00 + 2399 3399
HIGH SPEED | 2004775 90
|
A/B (dBm) NORMAL %09 +79 %0—0— +79 J 179
] 15000 _ R
AVERAGE -5 t 80 1080
HIGH SPEED S E 88
A/B (dBV) NORMAL > ofoo +77 15%04 77 177
AVERAGE @O— +78 1078
HIGH SPEED SOfOO + 90.5 103
(B— A)*? NORMAL S(Jfﬁ +92 Q[f]@ﬁ 92 192
AVERAGE I—S(f)ﬂ +92 1092
Measurement times are typical values in ms, f: measuring frequency (Hz).
*1: At spot frequency measurement (refer to paragraph 3-63).
*2: Measurement time for B — A measurements can be shortened by changing the setting of an internal control switch (refer to
paragraph 3-139).
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3-57. Test Fixture Characteristics

3-58. Compensation for the error-causing parasitic
elements of the test fixtures used in amplitude/phase
measurements is described in Figure 3-9. Additional error
introduced into amplitude/phase measurements by the
16096 A test fixture after compensation is as follows:

B—-Aerror: +0.1dB
Phase error : = 0.1°
A, Berror : *(0.1+0.06F?)dB

where I is the Frequency of the test signal in
MHz.

Input impedance of CHANNEL A and CHANNEL B is
1M£2, shunted by 30pF.

Model 4192A

(1) Cable compensation for the 16096A Test Fixture

UNKNOWN
4 h CH.A CH.B

a. Connect the 16096A Test Fixture to the UNKNOWN terminals of the 4192A as shown below:

4192A

T H M

—

0% CH.A CH.B
O o0
Set to the //’
GAIN-PHASE ~ -
POSITION 11170A ,
(furnished BNC-Tee

ith 4192A) (furnished with
" ) 16096A)

b. Set the 4292A’s controls as follows:

DISPLAY A Function
DISPLAY B Funciton
AVERAGE
HIGH SPEED

Front Panel

16096A Top View

Figure 3-9. Cable Compensation (Sheet 1 of 4)
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1.
m. The values displayed on DISPLAY A and DISPLAY B should be 0dBV +0.1dBV and 0° % 0.5°, respectively.

Figure 3-9
SELF TEST ... ... . e e OFF
SWEEP .. .. MANUAL
TRIGGER .. ... e INT
DA e OFF
SPOT FREQ .. ... ... i 1kHz
OSC LEVEL ... .. i 0.6V

Set the selector switch on the 16096A to the GAIN-PHASE position.
The value displayed on DISPLAY A should be 20dBV + 0.02dBV.
Set the SPOT FREQ to 1 MHz.

Adjust CHANNEL A CABLE COMP on the 16096A until the value displayed on DISPLAY A is 20dBV
*0.1dBV.

Reconnect the 16096A as shown below:

UNKNOWN
r h CH.A CH.B

— 1)

3¢ CH.A CH.B
Q.00

17170A | 16096A Top View

Set the SPOT FREQ to 1kHz.
The value displayed on DISPLAY A should be 0dBV + 0.04dBV.
Set the SPOT FREQ to 1 MHz.

Adjust CHANNEL B CABLE COMP on the 16096A until the value displayed on DISPLAY A is 0dBV
+0.1dBV.

Set the SPOT FREQ to 15kHz.

Figure 3-9. Cablae Campensation (Sheet 2 of 4)
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(2) Compensation procedure for the 10013A 10 : 1 Scope Probe
a. Connect the 11048C 5052 Feedthrough termination to the OSC OUTPUT terminal of the 4192A.

b. Connect the two 11013A scope probes to CHANNEL A and B and to the 50Q feedthrough as shown in
below.

0sC
QUTPUT 4192A Front
Panel
509
Feedthrough
c. Set the 4192A’s controls as follows:

DISPLAY A Function .......................... A (dBm/dBV)

AVERAGE ... . . .. OFF

HIGH SPEED . ...... ... ... .. .. . . .. . ... OFF

SELF TEST ... .. e OFF

SWEEP ... ... ... ... MANUAL

GAINMODE . ... ... ... . dBV

TRIGGER .. ... . INT

AIAD OFF

SPOT FREQ ... ... . et 1kHz

OSCLEVEL .................... e 1v

d. Press the BLUE key and the STORE DSPL A/B key.
e. Press DISPLAY A’s A/A% key.
f. Set the SPOT FREQ to 1 MHz.

g Adjust the cable compensation of the scope probe connected to CHANNEL A until the deviation, displayed
on DISPLAY A, is 0.00dBV.

Figure 3-9. Cable Compensation (Sheet 3 of 4)
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h. Repeat steps ¢ through g until the amplitude difference between the two measurement values is less than or
equal to 0.01dB.

i. Set the 4192A’s controls as follows:

DISPLAY A Function ............ ..., B— A (dB)
DISPLAY B Function ........ ... . ... 8 (deg)
SPOT FREQ . ... . i i 1kHz
AJAT e OFF

j. Adjust the cable compensation of the scope probe connected to CHANNEL B until the phase, displayed on
DISPLAY B, is 0° £ 0.1°.

k. Set the 4192A’s controls as follows:

DISPLAY A Function ............oooeeenieen... B (dBm/dBV)
SPOT FREQ ...\t eeee e | MHz

1. The value displayed on DISPLAY A should be -20dBV £ 0.2dBV.
Note: With these adjustments, tracking between CHANNEL A/B will be as follows for the frequency range
of 5Hz to 2MHz.

Gain tracking : *0.2dB
Phase tracking: *0.2°

Figure 3-9. Cable Compensation (Sheet 4 of 4)
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3-59. Amplitude/Phase Measurement Operating Instruc-
tions

3-60. Basic operating instructions for amplitude/phase
measurements are given in Figure 3-10.

(1) Turn On
a. Press the LINE ON/OFF key to turn the 4192A on.
b. Following turn on, the instrument will perform the following operations in the order listed.
(1) Initial operational check is performed (refer to paragraph 3-7).

(@ HP-IB address, set by the HP-IB control switch on rear panel (refer to paragraph 3-117), is displayed on
DISPLAY A (e.g. H-17).

(@ Initial control setting is performed (refer to paragraph 3-9).

¢. Confirm that 4192A trigger lamp begins to flash.

d. Press the BLUE key and then the SELF TEST key to check the basic operation of the instrument. Refer to
paragraph 3-7 for details on the SELF TEST.

Note: The 41924 requires a one-hour warm up period to satisfy all specifications listed in Table 1-1.

(2) Test Fixture Connection
Connect the desired test fixture. Refer to paragraphs 3-46 and 3-48 for Input Configuration and Impedance

Matching, respectively.

Note: When the 16096A Test Fixture or 100134 10 : 1 Scope Probe is used, error compensation, described in
Figure 3-9, must be performed.

(3) Setting Measurement Condition

a. Select the desired DISPLAY A parameter by pressing the @ or @ (up-down) key. The indicator lamp
adjacent to the selected parameter will come on (refer to paragraph 3-38).

b. If necessary, select the desired DISPLAY B parameter (compatible with the DISPLAY A parameter selected
in step a by pressing the (8] key (refer to paragraph 3-38).

¢. When DISPLAY A function is set to A (dBm/dBV) or B (dBm/dBV), select the desired GAIN MODE: dBm
or dBV,
Note: GAIN MODE, dBm or dBV, is specified from the following equations:

dBm = 20log,V + 13.01
dBV = 20log,V

The relationship between input voltage (Vrms) and dBm/dBV is shown in the graph below.

Figure 3-10. Operating Instructions for Amplitude — Phase Measurements {Sheet 1 of 2)
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Figure 3-10
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d. Press SPOT FREQ key.
Set the desired spot frequency (initial setting value is 100kHz) with the DATA input keys (refer to para-

graph 3-29) and press the appropriate ENTER key.
(Example) Spot frequency = 7.5MHz

SPOT

EsEQAs e ¥
Key strokes : [5]" J 06O

The spot frequency setting, 7500.000kHz, is displayed on DISPLAY C (Test Parameter Data Dis-
play).

¢. Press the OSC LEVEL key.
Set the desired measuring signal level (initial setting value is 1 V) with the DATA input keys (refer to para-

graph 3-24) and press the appropriate ENTER key.
(Example) QOSClevel = 750mV

kHz my

gsc
LEVEL
Key strokes: (o] Gl 0O
The OSC level setting, 0.750V, is displayed on DISPLAY C.

(4) Connecting a Network
a. Connect the network to be tested between CHANNEL B and the power splitter with the test fixture.

Note: When comparing two networks, the reference network should be connected between the power
splitter and CHANNEL A.

b. The 4192A will automatically display the measured values of the network to be tested in acordance with

the measurement conditions.

Figure 3-10. Operating Instructions for Amplitude — Phase Measurements (Sheet 2 of 2)
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Paragraphs 3-61 and 3-62

CAUTION

When making amplitude/phase measurements on an active circuit (e.g., amplifier, active
filter, ete.), DO NOT allow a de bias voltage exceeding 10V to be applied to the OSC
OUTPUT terminal. To do so may damage the instrument. When the de bias voltage of the
cireuit under test is higher than *10V, but not more than £35V, connect a 2.2uF (or less)
capacitor in series with the OSC OUTPUT terminal to block the de bias voltage. This
blocking capacitor can be connected to the SHORT/EXTERNAL CAP terminal of the
16096A Test Fixture instead of the short-connector. When the blocking capacitor is used,
however, the output impedance of the OSC OUTPUT is increased at low test frequencies,
as shown graphically below, and the oscillator level is reduced.

If a suitable capacitor is not available from conventional sources, order HP Part No.:

0160-0128; 2.2uF, 50V.

NEVER apply a de voltage exceeding £35V to the
OSC OUTPUT terminal, even if the blocking
capacitor is used.

10k

100

Output Resistance (%)

50

5 10 100 Tk 10k 100K

Measurement Frequency (Hz)

Figure 3-10. Operating Instructions for Amplitude — Phase Measurement (Sheet 3 of 3)

3-61. Swept Frequency Measurements

3-62. Basic operating instructions for swept-frequency
amplitude/phase measurements are given in Figure 3-11.

Note: Before proceeding with the procedure given below set the 4192A’s controls as necessary for an am-

plitude/phase measurement. Refer to Figure 3-10.

(1) Setting Sweep Parameters

a. Press the START FREQ key. Set the start (lower limit) frequency (initial setting is 5Hz) of the desired
sweep frequency range with the DATA input keys (refer to paragraph 3-24) and press the appropriate
ENTER key.

(Example)  Start frequency = 10kHz

0 krz

Key strokes : (-] [1] ] ()

The start frequency setting, 10.00000kHz, is displayed on DISPLAY C (Test Parameter Data Dis-
play).

Figure 3-11. Operating Instructions for Swept — Frequency Amplitude — Phase Measurements (Sheet 1 of 4)
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Figure 3-11

b. Press the STOP FREQ key. Set the stop (upper limit) frequency (initial setting is 13MHz) of the desired
sweep frequency range with the DATA input keys (refer to paragraph 3-24) and press the appropriate
ENTER key.

(Example) Stop frequency = 1MHz

SPOT
EBEQUBIAS "z v

Key strokes : (=) (1] (]

The stop frequency setting, 1000.000kHz, is displayed on DISPLAY C.

Note: The stop frequency should be set to a value higher than the start frequency. If not, error-code
E-03 will be displayed on DISPLAY C when swept measurement is attempted and measurement will
be not performed.

c. Press the STEP FREQ key. Set the desired step frequency (initial setting is 1kHz) with the DATA input
keys (refer to paragraph 3-24) and press the appropriate ENTER key.

(Example) Step frequency = 1kHz

- iz m

Key strokes : [E] [Z] C]

The step frequency setting, 1.000000kHz, is displayed on DISPLAY C.

Note: In LOG SWEEP measurement applications, STEP FREQ. has no meaning. To set the instrument to
logarithmic sweep mode, press the BLUE key and the LOG SWEEP key, the indicator lamp will
come on. In this mode, automatic or manual sweeps are made at twenty frequency steps per
decade. Each step is calculated from the following formula:

F X 100.05N

where F is the start frequency (5Hz, 10Hz, 100Hz, 1kHz, 10kHz, 100kHz, IMHz, or I0MHz) and
N is an integer that represents the step number. For example, if the start frequency is 100kHz and
the stop frequency is 1 MHz, the sweep will be as follows.

t 112.2018kHz s 199.5262kHz 11 354.8133kHz 16 630.9573kHz
2 125.8925kHz 7 223.8721kHz 12 398.1071kHz 17 707.9457kHz
3 141.2537kHz s 251.1886kHz 13 446.6835kHz 18 794.3282kHz
4 158.4893kHz 9 281.8382kHz 14 501.1872kHz 19 891.2509kHz
5 177.8279kHz 10 316.2277kHz 15 562.3413kHz 20 1000.000kHz

The start and stop frequencies, which determine the sweep range, are limited to decade values
(10, 100, 1k, 10k, 100k, IM, 10M). If, for example, the start frequency is set to 50kHz and the
stop frequency is set to 800kHz, the instrument automatically sets the sweep range as 10kHz to
IMHz. There are, however, two exceptions: (1) when the start frequency is set to a value below
10Hz and (2) when the stop frequency is set to a value above 10MHz. In such cases, the instrument
automatically assumes a start frequency of 5Hz and a stop frequency of 13MHz.

Figure 3-11. Operating Instructions for Swept — Frequency Amplitude — Phase Measurements (Sheet 2 of 4)
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Figure 3-11

(2) Manual Sweep
In manual sweeps, the sweep begins at the spot frequency, and the sweep range is determined by the start and
stop frequencies.
a. Set the desired spot frequency (initial setting is 100kHz) with the DATA input keys (refer to paragraph
3-24) and press the appropriate ENTER key.
(Example) Spot frequency = 10kHz

SPAT
FREQ/BIAS kHz mv

Key strokes : (] ) O)

The spot frequency, 10.00000kHz, will be displayed on DISPLAY C.;

b. Press the STEP UP @ key or STEP DOWN @ key to shift the frequency one step (determined by the
step frequency setting) in the indicated direction.

Notes: 1. In logarithmic sweep mode, the measurement frequency is automatically shifted to the nearest
frequency that satisfies the equation F X 10°%N = Fm; where F is the start frequency, Fm is
the measurement frequency, and N is an integer that represents the step number.

2. If the spot frequency is set to a value that is greater than the stop frequency or less than the
the start frequency, error-code E-04 will be displayed on DISPLAY C and the measurement
will not be performed.

¢. Pressing and holding the STEP UP ( @ ) key or STEP DOWN ( @ ) key continuously advances swept
frequency measurement.

d. When X10 STEP key is pressed simultaneously with the STEP UP ( @ ) or STEP DOWN ( @ ) key,
the step frequency increases by a factor of ten. (This is for linear sweeps only.)

(3) Auto Sweep
a. Press MAN/AUTO key to set to auto sweep mode (the indicator lamp comes on.)

b. @ Pressing the START UP ( @ ) key starts the frequency sweep from the programmed start frequency.
The frequency sweep ends at the stop frequency.

@ Pressing the START DOWN ( @ ) key starts the frequency sweep from the stop frequency. The fre-
quency sweep ends at the start frequency.

Note: Swept test frequency is displayed on DISPLAY C.

c. To temporarily stop a swept frequency measurement, press the PAUSE key. Start frequency, stop fre-
quency, step frequency, sweep direction, and sweep mode (linear or logarithmic, auto or manual) can be
changed when the PAUSE function is set. To restart the sweep, press the START UP ( @ ) key or START
DOWN ( @ ) key.

d. Auto sweep measurement mode is automatically released when the swept measurement ends (reaches the
stop frequency or start frequency). To stop the sweep before the measurement is completed, press BLUE
key and then press the SWEEP ABORT key.

SWEEP
&BORT

Key strokes : (5]

To return to normal spot frequency measurement, press the SWEEP AUTO key (indicator lamp goes off).

Figure 3-11. Operating Instructions for Swept — Frequency Amplitude — Phase Measurements (Sheet 3 of 4)
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Paragraphs 3-63 and 3-64

Note: When a swept frequency measurement is made, if the sweep comes to a frequency
band which has lower frequeney resolution than the STEP FREQ., this STEP
FREQ. automatically changes to the next higher resolution frequency, and the
sweep continues. In special cases for group delay measurement, E-10 appears on

DISPLAY C and the sweep stops.

Figure 3-11. Operating Instructions for Swept — Frequency Amplitude — Phase Measurements (Sheet 3 of 4)

3-63. Group Delay Measurement

3-64. The 4192A can measure group delay at a spot
frequency or swept frequency. Figure 3-12 shows a
group delay measurement at a spot frequency.

where Fm : Spot frequency (Hz)
Fs : Step frequency (Hz)

~. petr——— AF
Ay F, : First measuring frequency (Hz)

01 —— - N — | —— F, : Second measuring frequency (Hz)
~ T AF : F,-F, (=2Fs)
%ﬂ A8 @, : Phase (deg) at first measuring
; frequency
:Eﬁ l 0, : Phase (deg) at second measuring

b2 T————p -~~~ l-:-s_;'-l - frequency

A I s AB 6, —0,

L
F1 Fm F2
Measuring Frequency (Hz)

(1) Fm and Fs are the 4192A SPOT FREQ and STEP FREQ respectively.

(2) 0, is measured at F; (= Fm - Fs).

(3) 0, is measured at F, (= Fm + Fs).

4) % (Group Delay) at Fm is calculated from the following formula and displayed with B — A at Fm.

1= B0
¢ ~360 - AF

Note: When a swept frequency measurement is made, if the sweep comes to a frequency

band which has lower frequency resolution than the STEP FREQ., E-10 appears on
DISPLAY C and the sweep stops.
However, when using HP-IB function, the sweep is made by the controller to set
SPOT FREQ., this error message does not appear and then STEP FREQ.
automatically changes to the next higher resolution frequency in that frequency
band and the sweep continues.

Figure 3-12. Group Delay Measurement at Spot Frequency
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Paragraph 3-65

3-65. Figure 3-13 shows a swept group delay measure-

ment.
8o d-—
° 1 AF F, : Start frequency (Hz)
I
| Fg : Stop frequency (Hz)
|
5 | R Fs : Step frequency (Hz)
' : AF : 2Fs
: 0, to 6, : Phase (deg) at Fy to Fy
0o _____i__ AO, 2 6,4 — 8,4 wheren=1to 8
]
—~fs 44
364 -——I———l——1——_l__
Cogfoodod -
Sg;+-—-4+-—-db—— -~
= 07 : | r {— : |
| | \
) Rt Sl e B
: I I i ! | ] !
[ [ | i | | ' '
e Fg-»l i i [ I I [
! I I i ! I ! |
o t-——F+-——-t-—-Ft-—717-——r-—-r———— - |
1 ! | [ | | | [
1 1 1 | 1 L | 1 1

I
i
Fo F1 F2 Fs Fs« Fs Fe F7 Fs Foq
Measuring Frequency (Hz)

(1) F,, Fg, and Fs are the 4192A START FREQ, STOP FREQ, and STEP FREQ, respectively.

(2) Measuring frequency is swept from Fy (= F; - Fs) to Fy (=F; +Fs), and 6, to 8y are measured at

Fo to Fg.
(3) Ten (Group Delay) at Fn (n : 1 to 8) are calculated from the following formula and displayed with
B—AatFn.
S AG,
gn 360 - AF

Figure 3-13. Group Delay Measurement on Swept Frequency
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Paragraph 3-66
3-66. Measurement ranges and resolution of the group

delay measurements are determined automatically by AF
(STEP FREQ X?2) and A#.

In the graph shown below, the solid line ( —) represents the boundary for resolution and
the dashed line (---) represents the boundary for F (STED FREQ x 2). For example, it F =
1KHz and Af =1 deg, measurement is made at the 10s range with 10ns resolution.

aF

13MHz
180 L]OMHZ 5MHz 500kHz 50kHz S5kHz 500Hzr 50Hz 5Hz 500mHz 50mHz

SmHz
1mHz

A8 {deg)

100p Tu 101 100n

GROUP DELAY {s)

* Resolution

Note

If the DUT causes a large group delay, the 4192A
will measure the group delay time before the
DUT has settled, after a frequency change. The
table below lists the maximum group delay time
that ean be measured by the 4192A in each
measurement mode at 80%, 90% and 100%

settled.

Measurement Mode 80% 90% 100%
AVERAGE 155ms/174ms 109ms /122ms 36ms/41ms
NORMAL (50Hz)* 43ms/62ms 30ms/43ms 10ms / 14ms
NORMAL (60Hz)* 41ms/60ms 29ms/42ms 9.6ms/14ms
HIGH SPEED 33ms/51ms 23ms/36ms 7.6ms/12ms
*__ine frequency, (SPOT frequency measurement)/

(Swept frequency measurement)

Figure 3-14. Measurement Ranges and Resolution of the Group Delay Measurements
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Paragraphs 3-67 to 3-70

3-67. IMPEDANCE MEASUREMENT

3-68. The 4192A can accurately measure the imped-
ance parameters of a component or circuit at the fre-
quency, test signal level, and dc bias level found in actual-
real world-operation.

(1) Measuring Frequency : 5Hz to 13MHz
(2) OSC Level: 5SmVrmsto 1.1 Vrms
(3) DC bias voltage : =35V to +35V

Frequency and bias can be automatically or manually
swept, full range, in either direction. OSC level can also
be swept (manual only) at 1mV steps (S5mV steps at
levels above 100mV). The actual test signal voltage
across the DUT, or the test signal current through the
DUT can be measured.

Instructions for impedance meansurements are given in
paragraphs 3-69 through 3-108.

3-69. Measurement Functions

3-70. The 4192A simultaneously measures two in-
dependent, complementary impedance parameters in
each measurement cycle. This combination of measure-
ment parameters represents both the resistive and reactive

Model 4192A

characteristics of the sample. A total of fourteen meas-
urement parameters (two are duplicates) make up the
twelve selectable parameter combinations. These meas-
urement functions are classified, for display purpose,
into two groups: DISPLAY A and DISPLAY B func-
tions, as given in Table 3-13. DISPLAY A function
group comprises the primary measurement parameters
and measured values are displayed on DISPLAY A. DIS-
PLAY B functions include a group of subordinate para-
meters, the availability of which are partially dependent
on the primary function. Selected and measured values
are displayed on DISPLAY B. Selectable combinations
of DISPLAY A and DISPLAY B functions are listed in
Table 3-13. Measurement parameters separated by a
slash (/) in Table 3-13 are for equivalent series circuit
(=) (left of slash) or equivalent parallel circuit
(“[?N}") (right of slash). Refer to paragraph 3-73 for
details. The 4192A measures R +jX (impedance) in
equivalent series circuit mode and G + jB (admittance)
in equivalent parallel circuit mode. Other impedance
parameters are calculated from R +jX or G +jB with
the equations given in Table 3-14. Measurement results
can be displayed as either deviation or percent deviation
from stored reference values. Deviation measurements
are described in paragraph 3-26.

Table 3-13. DISPLAY A/B Functions for Impedance Measurements

DISPLAY A Function DISPLAY B Function
0 (deg) Phase Angle in degrees
|Z1/1Y] Absolute Impedance/Absolute Admittance . .
0 (rad) Phase Angle in radians
R/G Resistance/Conductance X/B Reactance/Susceptance
Q Quality Factor
L Inductance -
D Dissipation Factor
Capacitance
R/G Resistance/Conductance
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Paragraphs 3-71 and 3-72

3-71. Measurement Range
Table 3-14. Measurement Parameter Formulas

for Impedance Measurement 3-72. The 4192A has two measurement range modes:
AUTO and MANUAL. The mode is set by the ZY
Measurement Measurement Equivalent Circuit RANGE keys on the front-panel. When DISPLAY A
Parameter oo e function is set to |Z|/1Y] in AUTO range mode, ranging
depends on the impedance, |Z|, or the admittance, |Y],
1Z] vV R? +X? of the DUT. When L or C is selected, ranging depends
on the displayed value. |Z| and | Y| ranges and resolution
Y| v G? +B? are listed in Table 3-15.
0 D¢ . . B When ZY RANGE is set to AUTO, the optimum range is
tan R) tan (G) automatically selected. If the internal measurement
L ] X 1 circuit is saturated or the measured value exceeds the
W " wB upper limit of the range (130% of full scale), the next
c 1 B higher range is automatically selected. If the measured
| wX W value is less than the range’s lower limit (11% of full
Q [ X] B scale), the next lower range is automatically selected.
R G When ZY RANGE is set to MANUAL, the measurement
D _R_ G range will not change even if the measured value of the
| X B DUT changes. If the ZY RANGE down ( [&] ) key or
up ( @) key is pressed, the measurement range is
changed one decade in the indicated direction. If the
Table 3-15. ZY RANGE
4| N4
ZY RANGE — ; -
Measurement Range Resolution Measurement Range Resolution
19/108 0.00012 ~1.299982 0.1mQ ) 0.018 ~12.998 10mS
10Q/18 0.00182 ~12.99982 1m& 0.00018 ~1.29998 1008
- ; s
100£2/100mS 0012 ~12999Q 10m§2 001mS ~12999mS i 10uS
1kQ2/10mS | 0.0001k 2 ~1.2999k2 100m§2 0.061 mS ~12.999mS 1uS
10k Q/1mS 0.001k £ ~12.999k 2 10 ; 0.000ImS ~1.2999mS 100nS
100k £2/100uS 0.01kQ2 ~129.§9kﬂ 1082 0.01u8 ~129.99uS 10nS
1MQ/10uS 1 0.0001M ~1.2999M 2 7 10082 0.001uS ~12.999uS | 1nS
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Table 3-16

internal measurement circuit is saturated, UCL will be
displayed on DISPLAY A; if the measured value ex-
ceeds the upper limit of the range (130% of full scale),
OF1 will be displayed on DISPLAY A.

The time required for a range change is between 35ms
and 40ms at frequencies above 400Hz. Figure 3-13
shows the number of display digits for |Z| and | Y | meas-
urements. (The number of display digits depends on the
test frequency, OSC level, and ZY RANGE.) Measure-
ment range for each of the other parameters is discussed
below.

(1) R/G/X/B:
The measurement ranges, resclution, and number
of display digits for R (resistance) and X (react-
ance) are the same as those for |Z] and are given
in Table 3-15 and Figure 3-15. Likewise, meas-
urement ranges, resolution, and number of
display digits for G (conductance) and B (sus-
ceptance) are the same as those for |Y|. However,
the upper limit of X/B and DISPLAY B R/G is
200% of full scale and the lower limit is 18% of
full scale.

2) L/C:
The measurement ranges, resolution, and number
of display digits for L (inductance)and C (capaci-
tance) depends on the test frequency and the ZY
RANGE (see Figure 3-16). The upper limit for L.
and C is 200% of full scale and the lower limit is
18% of full scale.

3-42
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(3) 6/Q/D:
The measurement ranges and resolution for @
(phase angle), Q (quality factor) and D (dissipa-
tion factor) are given in Table 3-16. Number of
display digits for g, Q, and D are the same as that
for |Z| and |Y| (see Figure 3-15). When the
measured value of |Z]| or |Y| is less than 5% of
full scale, g, Q, and D measurement cannot be
made and — — — is displayed on DISPLAY B.

The measurement ranges for these
parameters are selected automatically. If
the measued value exceeds the limit of the
display, OF2 will be displayed on the
corresponding display.

Table 3-16. Measurement Range of 6/Q/D

M
Sg::::;::: t Measurement Range Resolution

6 (deg) 0° ~+ 180° 0.01°
~ 7 ~- 1.000 | 0001
8 (rad) ~ 1.0000 ~+ 1.0000 } 0.0001
+1.000 ~+ 7 0.001

Q 0~1999.9 0.1
5 0~1.9999 0.0001
2.000 ~19.999 J‘ 0.001
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Figure 3-15
Display Digits for | Z| Measurements X, X, X (Digits)
i b HiGH SPEED
NORMAL
Frequency <400 Hz AVERAGE
1.1
3.3.2 6.4.3 4.3.3 3.2.2
0.3 r
4.3.2 3.3.2 2.2.1
z N /
E 0.1
o 3.2.2 2.1.1
Q
8 _
30m 1 ot (
Useable
2.2.1 2.2.1
1.1.1
10m 4
2.1.1 2.1.1
5m
1 13 100 1® 104 100K 14
[ZIRANGE ()
400 Hz< Frequency
a1
4.4.3 4.3.2
3.2.2 4.3.3 3.2.2
z NI
- : N
@
>
= 1.3.2 1.3.2 3.3.2 2.2.1
o
w
© 30m~ Not
Useable
2.1.1
3.2.2 3.2.2
10m
2.2.2 1.0
5m
1 10 100 1k 10k 100K i
IZIRANGE (Q)

Figure 3-15. Display Digits for |Z|/|Y | Measurements (sheet 1 of 2)
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Figure 3-15

Model 4192A

0SC LEVEL (V)

0SC LEVEL (V)

Display Digits for |Y | Measurements

X, X, X (Digits)

Frequency <400 Hz
1.1
2.2.1 4.3.3
4.4.3
0.3 ~\ W
1.1.1 3.3.3
] L—
O \
2.1 4.3.3 3.2.2
30m Not
Useable
2.2.1 3.3.2 .2.2.
1.1.1
10m
2.1.1 3.2.1 3.2.7 2.1
Sm
10 1 100m 10m m 1000 10u
|Y | RANGE (S)
400 HzZ Frequency
1.1
3.2.1 4.3.2
0.3 4.4.3
2.1.1 3.2.2 4.3.3
0 N\
3.2.1 4.3.2 3.3.2
30m < Not
Useable
4.3.3 3.2.2
2.1.1 3.2.2
10m 4
3.3.3 2.2.2
5m
10 1 100m 10m m 100w 10

|'Y | RANGE (8)

HIGH SPEED
NORMAL
AVERAGE
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Figure 3-16

Measurement Ranges, Resolution, and Display Digits for L Measurements (Specified by |Z| RANGE).
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Note: Display digits for L/C = Display digit of |Z1/1Y|in Figure 3-15 — Number in above figure. Shaded
areas indicate that measurement cannot be performed.

Figure 3-16. Measurement Ranges, Resolution and Display Digits for L/C Measurements.
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3-73. Circuit Mode

3-74. An impedance element can be represented by a
simple series or parallel equivalent circuit comprised of
resistive and reactive elements. This representation is
possible by either of the (series or parallel) equivalents
because both have identical impedances at the selected
measurement frequency by properly establishing the
values of the equivalent circuit elements. The equiva-
lent circuit to be measured is selected by setting the
CIRCUIT MODE control. When the CIRCUIT MODE
is set to AUTO, the 4192A will automatically select
either parallel or series equivalent circuit mode as
appropriate for the ZY RANGE as shown in Figure
3-17. In the figure, the CIRCUIT MODE does not change
at 100Q/100mS to 10k£2/1mS (measurement can be
performed not only in equivalent series circuit [o=—w— ]
mode but equivalent parallel circuit [of}o] mode as
well). By setting CIRCUIT MODE manually, either of
the circuit modes is useable at all measurement ranges.

As already stated, the 4192A measures R +jX (imped-
ance) when the CIRCUIT MODE is set to equivalent
series circuit and G + jB (admittance) when the CIRCUIT
MODE is set to equivalent parallel circuit. Other imped-
ance parameters are calculated from these measured
values with the equations given in Table 3-14. |Z!| and
Y| are not related to the CIRCUIT MODE. However,
[Z!is selected when the CIRCUIT MODE is set to AUTO
orow-oand Y] is selected when the CIRCUIT MODE
is set toof{ }=. Capacitance and inductance measure-
ments can be performed in not only equivalent serics
circuit b=w-o) mode but aiso equivalent parallel circuit
(o-Ef’N]—o). However, measured values in both modes are
different. The difference in measued values is related
to the loss factor of the sample to be measured. When
the conditions for the following equations are satisfied,
the parallel and series circuits have equal impedance (at
a particular frequency point).

Model 4192A

1

G+iB = R4ix

_ _R-jX
R? +X?

Expanding the above equation, we have

j
+
R wCs
1

w?Cs?

G+jwCp =
R? +

where, Cs (= - w—IX) : equivalent series circuit

capacitance.
_ B . N
Cp(= o ) : equivalent parallel circuit
capacitance.

Obviously, if no series resistance (R) and parallel con-
ductance (G) are present, the equivalent series circuit
capacitance (Cs) and equivalent parallel circuit capaci-
tance (Cp) are identical. Likewise, if R and G are not
present, the equivalent series circuit inductance (Ls) and
equivalent parallel inductance (Lp) are identical.

However, a sample value measured in a parallel measure-
ment circuit can be correlated with that of a series circuit
by a simple conversion formula which considers the
effect of dissipation factor. See Table 3-17. Figure 3-18
graphically shows the relationships of parallel and series
parameters for various dissipation factor values. Ap-
plicable diagrams and equations are given in the chart.
For example, a parallel capacitance (Cp) of 1000pF with
a dissipation factor of 0.5 is equivalent to a series
capacitance (Cs) of 1250pF with an identical dissipation
factor. As shown in Figure 3-18, inductance or capaci-
tance values for parallel and series equivalents are nearly
equal when the dissipation factor is less than 0.03. The
dissipation factor of a component always has the same

Measurement

ZY RANGE

Equivalent Circuit

12/108 10Q2/18

100£2/100 ms

1kQ2/10mS 10k2/1mS | 100k2/100uS | TMQ/10uS

o Hwo

Tate

Figure 3-17. Auto Changing of the Measurement Equivalent Circuit
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Table 3-17. Dissipation Factor Equations

Circuit Mode Dissipation Factor Conversion to Other Modes
Cp .
_ G _1 - 2 - D 1
oIt D=Ger "0 Cs = (1+D)Cp, R = 357 " G
C G
Cs R 1 1 D 1
oo D = @GR =& Cr=73pz¢ G 713p" "R
Lp
- 21 -1 -_D* 1
L G
Ls R 2
- R _1 - 2 -_ b 1
o{-wro D= wls —T Ip=(1+D*)Ls, G 1+ D2 R

value at a given frequency for both parallel and series
equivalents.

In ordinary LCR measuring instruments, the measure-
ment circuit is set (automatically or manually) to a
predetermined equivalent circuit with respect to either
the selected range or to the dissipation factor value of
the sample. The wider circuit mode selection capabi-
lity of the 4192A, which is free from these restrictions,
permits taking measurements in the desired circuit mode
and of comparing such measured values directly with
those obtained by another instrument. This obviates
the inconvenience and necessity of employing instru-
ments capable of taking measurements with the same
equivalent circuit to assure measurement result cor-
respondence.

nN+2
10 ety ~o A7
LotH) LA
y R
% o2
A / )4 Q
A Y,
%
VLM /
v
100 +1
—~ 7~ /
V. A S
s={1+D%)Cp
// —{Gp-(1+0A0s
7
J/
/ CotF)
st
Ion l°n4| Io +2

Figure 3-18. Parallel and Series Parameter Relationship

3-75. Unkown Terminals

3-76. For connecting the sample to be tested, the 4192A
employs measurement terminals in a four terminal pair
configuration, which has a significant measuring advantage
for component parameter measurements requiring high
accuracy in the high frequency region. Generally, any
mutual inductance, interference of the measurement sig-
nals, and unwanted residual factors in the connection
method which are incidental to ordinary terminal methods
significantly affect the measurement at a high frequency.
The four terminal pair configuration measurement per-
mits easy, stable and accurate measurements and avoids
the measurement limitations inherent in such effects. To
construct this terminal architecture, connection of a
sample to the instrument requires the use of a test fixture
or test leads in a four terminal pair configuration design.

The UNKNOWN terminals consist of four connectors:
High current (Hcygr), High potential (Hpor), Low poten-
tial (Lpot) and Low current (Lcyr). The purpose of
the current terminals is to cause a measurement signal
current to flow through the sample. The potential ter-
minals are for detecting the voltage drop across the sam-
ple. The high side signifies the drive potential (referenced
to low side potential) drawn from the internal measure-
ment signal source. To compose a measurement circuit
loop in a four terminal pair configuration, the Heyr and
Hpor, Lpor and Leyr terminals must be respectively
connected together and, in addition, the shields of all
conductors must be connected together (as shown in
Figure 3-19). Principle of the four terminal configuration
measurement is illustrated in Figure 3-20. At first glance,
the arrangement appears to be an expanded four terminal
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method with a built-in guard structure. This is true. Thus,
the four terminal pair method combines the advantages
of the four terminal method in low impedance measure-
ments while providing the shielding required for high im-
pedance measurements. The distinctive feature of the
four terminal pair configuration is that the outer shield
conductor works as the return path for the measurement
signal current. The same current flows through both the
center conductors and the outer shield conductors (in
opposite directions) yet no external magnetic fields are
generated around the conductors (the magnetic fields
produced by the inner and outer currents completely
cancel each other). Because the measurement signal
current does not develop an inductive magnetic field, the
test leads do not contribute additional measurement
errors due to self-or mutual-inductance between the indi-
vidual leads. Hence, the four terminal pair method en-
ables measurements with best accuracy while minimizing
any stray capacitance and residual inductance in the test
leads or test fixture.

Note: If residual inductance does exist in test leads, it
affects measurements and the resultant additional
measurement error increases in capacitance
measurements in proportion to the square of the
measurement frequency.

Model 4192A

HeoT
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<

Figure 3-19. Four Terminal Pair DUT Connections

HCuR M| -

Qi DUT
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HpoT VECTOR
VOLTMETER

LroT
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\¥J

Detects vector

voltage across DUT

VECTOR
AMMETER

Detects vector
current flow
through DUT

Figure 3-20.  Four Terminal Pair Measurement Principle
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3-77. Selection of Test Cable Length

3-78. The propagation signal in a transmission line will
develop a change in phase between two points on the
line as illustrated in Figure 3-21. The difference in phase
corresponds to the ratio of the distance between the two
points to the wavelength of the propagating signal. Con-
sequently, owing to their length, test cables for connect-
ing a sample will cause a phase shift and a propagation
loss of the test signal. For example, the wavelength of a
13MHz test signal is 23 meters which is 23 times as long
as the 1m standard test cables. Here, the phase of the
test signal at the end of the test cable will have been
shifted by about 15.6 degrees (360° + 23) as referenced
to the phase at the other end of the cable. Since the
effect of test cables on measurements and the resultant
measurement error increase in proportion to the test
frequency, cable length must be taken into consideration
in high frequency measuremnts. The CABLE LENGTH
switch selects measuring circuitry for the 1m standard
test cables or for a test fixture attached directly to the
UNKNOWN terminals. When standard 1m test cables
are used for measurements, the CABLE LENGTH switch
is set to the 1m position to properly adapt measuring
circuit for the test cables and to minimize additional
measurement errors. The O position is selected for direct
attachment type test fixtures.

Notes:
1. When the HP16047B Test Fixture is used with the
4192A, set CABLE LENGTH switch to 1m position.

2. If test cable is longer or shorter than the standard 1m
test cable, the additional error contributed is pro-
portional to the square of the frequency. As the
characteristic impedance of the test cable is also a

Test Coble
1 4

—al
& ‘Q Toe

je—————— Wove length A, —————n

2] ¢

82~ 6 = X (rodian)
(lrad = 57.2958°)
Figure 3-21. Test Signal Phase on Test Cables
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factor in the propagation loss and phase shift (and of
resultant measurement error), using different type test
cables must be avoided. Be sure to use the standard
test cables available from Hewlett-Packard.

3. To minimize incremental measurement errors at fre-

quencies above 4MHz, convert four terminal pair to
three terminal configuration at cable ends by con-
necting High and Low side cables, respectively, with
low impedance straps as illustrated (do not extend
cables of four terminal pair). The residual error

factors, Lo and Co, are shown in the figure.

LCUR LPOT HPOT HCUR

BRACKET
~

RZAZZZZZ T
| y

A

3-79. ZERO Offset Adjustment

3-80. There is no perfect test fixture. They all have
parasitic elements that affect measurement accuracy.
This is also true of the measurement circuit. To minimize
the effect these parasitic elements have on measurements,
the 4192A is equipped with an automatic ZERO offset
adjustment capability. Refer to Figure 3-30 for the
ZERO offset procedure.

3-81. The 4192A measures R *jX (impedance) in
equivalent series circuit mode and G % jB (admittance)
in equivalent parallel circuit mode. All other impedance
parameters are calculated from R *jX or G +jB (refer
to paragraph 3-69). When one of the other impedance
parameters is measured (after offset adjustment), com-
pensation is made on the raw measurement data (R £ jX
or G % jB) before conversion into the selected parameter.

(1) ZERO SHORT
All measurement errors are represented as two
series residual parameters R +jX as shown in
Figure 3-22 and measured values are compensated
with following equations.

o—-E——-LJ x}q our }—o

Figure 3-22. Residual Impedance
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Rd = Rm — Rs
Xd = Xm — Xs
where Rd, Xd : Displayed values.

Rm, Xm : Measured values. (2)
Rs, Rs : ZERO SHORT offset data

The 4192A calculates ZERO SHORT offset data
at other frequencies using the ZERO SHORT
offset data at a particular frequency as shown in

Model 4192A

Table 3-18 and compensates measured values at
other frequencies.

ZERO OPEN

All measurement errors are represented as two
parallel stray parameters, G +jB, as shown in
Figure 3-23,and measured values are compensated
with following equations.

Table 3-18. ZERO Offset Adjustments

Measurement (Hz)

ZERO Offset Adjustments

SHORT

OPEN*

not valid at 6Hz.

5 ~ 500 ZERO offset adjustment must be performed at each spot frequency. For example, offset adjustment at SHz is

500 ~ 100k ZERO SHORT offset at 100kHz is valid for all fre-
quencies from 500Hz to 100kHz.

ZERO SHORT offset data is automatically recalcu-
lated for each frequency within a given frequency
range if ZERO SHORT offset is performed at the
maximum frequency of that range. The equations
100k ~ 1M used for this are as follows:

Re = Rs x LXVFm_

1 X /Fs
_ Fm
Xe = Xs X——-FS

Rp = Rm — Rce Xp = Xm — Xc

IM ~ 10M

ZERO OPEN offset data is automatically recalculated
for each frequency within a given frequency range if
ZERO OPEN offset is performed at 1MHz. The equa-
tions used for this are as follows:

Ge = Go

Bc

1]
=<}
=]
>

ZERO OPEN offset data is automatieally
recalculated for each frequency within a given
frequency range if ZERO OPEN offset is performed
at the maximum frequency of that range. The
equations used for this are the same as those used in
the 500Hz to 1MHz range.

ZERO SHORT offset data is automatically recalcu-
lated for each frequency within a given frequency
10M ~ 13M range if ZERO SHORT offset is performed at 10MHz.
The equations used for this are the same as those used
in the 100kHz to 10MHz range.

ZERO OPEN offset data is automatically recalculated
for each frequency within a given frequency range if
ZERO OPEN offset is performed at 10MHz. The
equations used for this are the same as those used in
the 500Hz to 1 MHz range.

Fm : Measuring frequency (MHz)

Re, Xc, Ge, Bc ¢ Recalculated offset data

Rs, Xs : ZERO SHORT offset data

Go, Bo : ZERO OPEN offset data

Rp, Xp, Gp, Bo : Displayed value of DUT

Rm, Xm, Gm, Gm : Value measured by the 4192A includes offset error.

*

Fs : Frequency at which ZERO SHORT offset adjustment is performed (MHz).
Fo : Frequency at which ZERO OPEN offset adjustment is performed (MHz).

. The ZERO OPEN offset adjustment should be performed at each measuring frequency in measurements on grounded devices.
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Gd = Gm - Go
Bd = Gm — Bo
where Gd, Bd : Displayed Values.
Gm, Bm : Measured Values.
Go, Bo : ZERO OPEN offset data

The 4192A calculates ZERO OPEN offset data at
other frequencies using the ZERO OPEN offset
data at a particular frequency as shown in Table
3-18 and compensates measured values at the
other frequencies.
3-82. Actual Measurement Equivalent Circuit
3-83. The measuring circuit used to connect a test
sample to the UNKNOWN terminals actually becomes
part of the sample which the instrument measures. The
four terminal pair configuration measurement employed
in the 4192A offers minimum residual impedance in the
measuring circuit. However, the four terminal pair meas-
urement system must be converted to a two terminal
configuration at/near to the sample because ordinary
components have two terminal leads. Moreover, addi-
tional stray capacitance appears in the measuring circuit
when a sample is connected to the test fixture. Figure

3-24 illustrates such stray capacitances present around
the component leads.

3-84. Diverse parasitic elements existing in the meas-
uring circuit between the unknown device and the
measurement terminals will affect measurement results.
These undesired parasitic elements are present as resistive
and reactive factors in series and conductive and suscep-

Section I1I
Paragraphs 3-82 to 3-84

Figure 3-23. Stray Admittance

Figure 3-24. Parasitic Elements Incident to DUT Connections

tive factors in parallel with the test component. Figure
3-25 shows an equivalent circuit model of the measuring
circuit which includes the parasitic elements (usually

Rm =

Measured impedance (Rm +jXm) is:

R (1 + RGo) + GoX?

jXm f

1}

(1~ wCoX +RGo)* + (wRCo + GoX)?

+ Ro

X (1 - wCoX) - wCoR?

T~ @CoX + RGo)® + (@RCo + GoX)Z © “’LO}

T < Measured admittance (Gm + jBm) is:
{ Lo Lo
<2 2 <
[ - G (1 + GRo) + RoB?
£ 323 r_ﬁf\,__‘ B_z_o_\ Gm (1 - @LoB + GRo)?* + (wGLo + RoB)? *+Go
—— - CO =~

L e~ . _ B(l - wloB) - wLoG?

I' c77sl JBm { (1~ wLoB +GRo)? + (@GLo + RoB)? “’CO}
Figure 3-25, Equivalent Circuits Including Residual Impedance
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Lo Effect of residual impedance on C — G measurement:

Ro Cm =~ Cx (1 +w?2LoCx — 2 RoGx — LoGx?/Cx)
Gm ~ Gx (1 +2w?LoCx — RoGx + w? RoCx?/Gx)

Effect of stray admittance on L — R measurement:

Lm = Lx (1 — 2GoRx + w?CoLx — CoRx2/Cx)
Rm = Rx (1 -~ GoRx +2w?CoLx — w?Lx?Go/Rx)

Figure 3-26.

called residual parameters). In the equivalent measuring
circuit (Figure 3-25), Lo represents residual inductances
in test component leads, Ro is lead resistance. Go is con-
ductance between the leads, and Co is the stray capaci-
tance illustrated in Figure 3-24. Reactive factors in the
residual impedance and susceptive factors in the stray
admittance have a greater effect on measurement at
higher frequencies.

3-85. Figure 3-26 shows the effect of residual imped-
ance on C — G measurement and the effect of stray
admittance on L — R measurement. Generally, Lo
resonates with the capacitance of the sample (series
resonance) and Co resonates with the inductance of the
sample (parallel resonance), respectively, at a specific
high frequency. Thus, the impedance of the test sample
will have a minimum value corresponding to resonant
peaks, as shown in Figure 3-27. The presence of Lo and
Co causes measurement errors, as the phase of the test
signal current varies over a broad frequency region
around the resonant frequencies. Additional errors, due
to the resonance, increase in proportion to the square of
the measurement frequency (below resonant frequency)
and can be theoretically approximated as follows:

CERROR ~ w2LOCX + 100 (%)
LERROR ~ wZCOLX * 100 (%)

where, @ = 27f(f: test frequency)
Cx = Capacitance value of sample.
Lx = Inductance value of sample.

At low frequencies, Lo and Co affect the measured in-
ductance and capacitance values, respectively, as simple
additive errors. These measurement errors cannot be
fully eliminated by the ZERO offset adjustment (which
permits compensating for residual factors inherent in the

3-52

Effects of Residual Impedance

test fixture used). This is because Lo and Co are peculiar
to the component being measured. Their values depend
on component lead length and on the distance between
the sample and test fixture. The measurement results,
then, are substantially the sample values including the
parasitic impednaces present under the conditions neces-
sary to connect and hold the sample.

-180Y

freg

Figure 3-27.  Effect of Resonance in Sample

(Example)
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3-86. Measured Values and Behavior of Components

3-87. Measured resistive and reactive (conductive or
susceptive) parameter values of a component are not
always close to their respective nominal values. In
addition, certain electrical effects can cause the measure-
ment to vary widely. Measured sample values include
factors which vary such values because of electromagnetic
effects such as the well-known skin effect of a conductor,
the general characteristics of ferromagnetic inductor
cores, and effects of dielectric materials in capacitors.
Here, we’ll discuss only the effects which result from
the interaction of the reactive (susceptive) parameter
elements (L, C, etc.) of a component.

3-88. The impedance of a component can be expressed
in vector representation by a complex number as shown
in Figure 3-28. In such representation, the effective
resistance and effective reactance correspond to the pro-
jections of the impedance vector |Z|<< 8, that is, the real
(R) axis and the imaginary (jX) axis, respectively.

When phase angle, 6, changes, both Re and X change in
accordance with the definitions above. As component
measurement parameters L, C, R, D, etc., are also re-
presentations of components related to the impedance

Figure 3-28. Impedance Vector Representation

Section II1
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vector, phase angle, ¢, dominates their values. Consider,
for example, the inductance and the loss of an inductive
component at frequencies around its self-resonant fre-
quency. Figure 3-29 shows the equivalent circuit of the
inductor. The inductance Lx resonates with the dis-
tributed capacitance Co at frequency fo. The phase angle
(8) of the impedance vector approaches 0 degrees (the
vector approaches the R axis) when the operating fre-
quency is close to the resonant frequency. Thus, the
inductance of this component decreases while, on the
other hand, the resistive factor (loss) increases. At the
resonant frequency, fo, this component is purely resistive.
The effective resistance increases at resonance even if
the inductor has (ideally) no resistance at dc. Conse-
quently, the loss factor varies sharply at frequencies
around the resonance point.

3-89. Measurement Time

3-90. Table 3-19 shows the measurement times for im-
pedance measurements made with the 4192A.

Jx 2 fi< f2<fo< f3 < fa

fo = —mm————
fi 7 27xJLxCo

Co e fo
— -

Rx Lx f3

~JX

Figure 3-29. Typical Impedance Locus of an Inductor
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Table 3-19
Table 3-19. Measurement Time for Impedance Measurement
Measurement Measurement Measurement Frequency (Hz)
Function Mode 5~ 15 16 ~ 150 150 ~ 400 |400 ~ 116k [116k ~ 13M
HIGH SPEED 5_0foq+57_5 ~@+71.5 70 ~ 84 | 77~ 91
IZI/1IYl—9 | NORMAL 50f00+59 ~ SOfOO+72 15?00 +59~15(f’°O +72 159 ~ 172 166~ 179
AVERAGE @ +60 ~ %99 +73 1060 ~ 1073 1067~1080
HIGH SPEED —Sofﬂ+ 455 58 65
R/G — X/B NORMAL 5_0fog+ 47 ls_(%@+ 47 147 154
AVERAGE 15 ?OO +48 1048 1055
HIGH SPEED s_ofoo_ +60.5 ~2990 4 645 63 ~ 67 | 70~ T4
L/C - D/Q/R/G| NORMAL @+ 52 ~ sofoo +55 15?00 +52 ~ 15?00 +55 152 ~ 155 159~ 162
AVERAGE 15?00 +52 ~ 15?00 +55 1052 ~ 1055 1059 ~1062
HIGH SPEED s_ofoo_ +475 60 67
1ZI/ 1Y 1 NORMAL SOfOO +49 i§%@+49 149 156
AVERAGE —15%—09 +50 1050 1057
HIGH SPEED —5@ +415 54 61
R/X* NORMAL —59f99+ 41 15?00 +41 141 148
AVERAGE 15 ?OO +43 1043 1050
HIGH SPEED 15?00 +44.5 57 64
L/C* NORMAL 5ofoo +45 -1@ +45 145 152
AVERAGE L(f)og +46 1046 1053

3-139).

Measurement times are typical values in ms; f : measuring frequency (Hz).

* : Measurement times for |1Z1/ Y|, R/X and L/C are times at single measurements by setting an internal switch (refer to paragraph
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3-91. Test Signal Level Monitor

3-92. The 4192A can measure the actual test signal
voltage (V) across the DUT or test signal current (mA)
through the DUT by using TEST LEVEL MONITOR key.
The measured value is displayed on the Test Parameter
Data Display. R

¥ima

Key strokes (voltage) : [E]
ThoniTon "
Key strokes (current): ilje

Accuracy for the test signal voltage and current is given
in Table 3-20. The accuracies listed in the table are not
specifications; they are typical values. The read out of
test signal voltage will normally be close to the setting of
the OSC LEVEL. However, when a low impedance com-

Section IlI
Paragraphs 3-91 and 3-92

ponent (less than approximately 1k§2) is connected to
the UNKNOWN terminals as a DUT, the test signal volt-
age decreases because of internal loading. Actual test
signal voltage is, thus, lower than the OSC LEVEL
setting. The displayed value, nevertheless, is the correct
voltage/current readout for the test signal level actually
being used in the measurement.

When test cables are used in high frequency measure-
ments, accuracy of the displayed test voltage is reduced.
This is because the propagation loss in the test cables
decreases the level of the test signal applied to the sample.
The typical accuracies at frequencies above 1MHz, given
in Table 3-20, apply only when a direct attachment
type test fixture is used.

Table 3-20. Test Signal Level Monitor Accuracy

Measurement Mode | Measurement Range| Resolution

Measuring Frequency

Accuracy*

< 100Hz + ((4 + 10/) % of reading + 1 mV)

Voltage S5mV ~ 1.1V 1mV 100Hz ~ 1MH:z t ( 4% of reading + 1 mV)
> 1MHz + ((4 + 0.8F) % of reading + 1 mV)
< 100Hz * ((4 + 10/f) % of reading + 1 uA)
Current T1uA ~ 11mV 1A 100Hz ~ 1MHz *+ ( 4% of reading + 1 pA)

= 1MHz % ((4 + 0.8F) % of reading + 1 uA)

* 1 at 23°C = 5°C, f: measuring frequency (Hz), F : measuring frequency (MHz).
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3-93. Characteristics of Test Fixtures

3-94. Characteristics and applicable measurement ranges
of HP test fixtures and test leads for the 4192A are sum-
marized in Table 3-21. To facilitate measurement and to
minimize measurement errors, a test fixture appropriate
for the measurement should be chosen from among HP’s
standard accessories. Select the test fixture or leads that
have the desired performance characteristics.

Table 3-21. Typical Characteristics of Test Fixtures and Leads

Model 4192A

Model No. Residual Parameter Value % of Reading Error (All Parameters)*1 Offset Value in D
16047A +5X (i)2 % *0.02 X (i‘ 2
10 ’ 10
16047B*2
16047C +1X (L)2 % +0.01 X (i- 2
10 ) 10
16048A
£y 2
£5X (10) % +0.02 X (10
16048B
16048C*3 C <S5pF, L<200nH, R<10m&
16034B*4 C <0.02pF, L<30nH, R <30mS$} +5X (lf—o)2 % *0.02 X (1f—0)2
16095 A% C< 15pF, L<40nH, R< 100m$
. 100 + 0.5*)nH
16096 A%6 C<0.01pF, LK (100 +0.5f)nH,
R < (50 + 52) mQ
f : frequency (MHz)
*1 : The incremental errors calculated from the equations in the table for measurements at frequencies above 1 MHz are additive.
*2 : The 16047B is useable only at frequencies below 2MHz.
*3 : The 16048C is useable with C (> 1000pF) and L (>> 100uH) DUT’s at frequencies below 100kHz.
*4 : The 16034B is useable for measurements on high impedance DUT’s (1Z1>>50%).
* : When BNC adapter is used.
* : At BNC connector after zero offset.
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3-95. Impedance Measurement Operating Instructions

3-96. Basic operating instructions for impedance meas-
urements are given in Figure 3-30.

f.

a.

(1) Turn On and Test Fixture Connection

(2) Setting Measurement Conditions

Press the LINE ON/OFF key to turn the 4192A on.
Following turn on, the instrument will perform the following operations in the order listed.
1 Initial operational check is performed (refer to paragraph 3-7).

2 HP-IB address, set by the HP-IB control switch on rear-panel (refer to paragraph 3-117), is displayed on
DISPLAY A (e.g., H-17).

3 Initial control setting is performed (refer to paragraph 3-9).

Confirm that 4192A trigger lamp begins to flash.

Press the BLUE key and then the SELF TEST Kkey to check the basic operation of the instrument. Refer to
paragraph 3-7 for details on the SELF TEST.

Note: The 41924 requires a one hour warm up time to satisfy all specifications listed in Table 1-1.

Set the CABLE LENGTH switch to the 0 position.

Note: Set the CABLE LENGTH switch to appropriate position when other test fixtures are used. Guard
terminal is sometimes used in high impedance measurements.

Connect the 16047A Test Fixture to the UNKNOWN terminals.

Select the desired DISPLAY A parameter by pressing the @ or @ (up-down) key. The indicator lamp
adjacent to the selected parameter will come on (refer to paragraph 3-69).

Select the desired DISPLAY B parameter (compatible with the DISPLAY A parameter selected in step a)
by pressing the @ key (refer to paragraph 3-69).

Select the desired equivalent circuit mode, series ( «=T3-We ) or parallel ( ‘{5»3}" ), by pressing CIRCUIT
MODE keys for selected DISPLAY A function (refer to paragraph 3-73).
Select the desired ZY RANGE by pressing the @ or @ (up-down) key (refer to paragraph 3-71).

Press SPOT FREQ key. Set the desired spot frequency (initial setting is 100kHz) with the DATA input
keys (refer to paragraph 3-29) and press the appropriate ENTER key.

(Example) Spot frequency = 7.5MHz

STOP MHz V

ERECQ/BIAS
Key strokes :  [5] O 6 O

The spot frequency setting, 7500.000kHz, is displayed on DISPLAY C (Test Parameter Data Dis-
play).

Figure 3-30. Operating Instructions for Impedance Measurements (Sheet 1 of 3)
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Figure 3-30

(3) ZERO Offset Adjustments

Note: When the 16047B Test Fixture is used, close the protective cover to enable measurement. Closing the

(4) Connecting a DUT (Device Under Test)

Press the OSC LEVEL key. Set the desired measuring signal level (initial setting value is 1V) with the
DATA input keys (refer to paragraph 3-24) and press the appropriate ENTER key.

(Example) OSClevel = 750mV

kHz mv

QsC
Key strokes : L@ E] @ D

The OSC level setting, 0.750V, is displayed on DISPLAY C.

cover electrically connects the instrument’s UNKNOWN terminals to the fixture,; opening the cover dis-
connects the fixture from terminals.

Insert a low impedance shorting-bar to the Test Fixture to short-circuit the UNKNOWN terminals to 0
(OH).

Press the BLUE key and then the ZERO SHORT key. Indicator lamp will come on and R (resistance) and
X (reactance) offset adjustments are automatically performed at the spot frequency displayed on DISPLAY
C (refer to paragraph 3-79). CAL (calibration) is displayed on DISPLAY A and will remain until the offset
adjustment is completed; a value of approximately zero will then be displayed.

SHORT

Key strokes :

Remove the shorting-bar from the test fixture.
Set the circuit mode to o to

Press the BLUE key and the ZERO OPEN key. Indicator lamp will come on and G (conductance) and B
(susceptance) offset adjustments are automatically performed at the spot measuring frequency displayed on
DISPLAY C (refer to paragraph 3-79). CAL (calibration) is displayed on DISPLAY A and will remain until
the offset adjustment is completed; a value of approximately zero will then be displayed.

QPEN

Key strokes :

Connect a DUT to Test Fixture.

Note: To accurately set the test signal level, use the TEST LEVEL MONITOR key to monitor the actual

test signal level applied to the DUT (voltage or current) (refer to paragraph 3-91). If necessary, reset
OSC LEVEL at step (3Mf).

The 4192A will automatically display the measured values of the DUT in accordance with the measurement
conditions.
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1)
2)

3)

CAUTIONS

Do not apply voltage to the Lcur or Leor terminals. To do so may damage the instrument,

The 4192A can be used to measure charged capacitors; however, charge voltage is limited.
If the limit is exceeded, i.e., if the charge voltage is too high, the instrument may be
damaged. The limit depends on whether the 4192A's internal de bias source is ON or OFF
and the capacitance of the capacitor being measured. Refer to the graph below. Also,
when the bias source is ON, output voltage should be set to 0V.

When making impedance measurements on an active circuit (e.g., voltage source, battery,
ete.), DO NOT allow a de voltage exceeding £10V to be applied to the Hecur terminal. To do
so may damage the instrument. Also, in these measurements, the 4192A becomes part of
the load (parallel) on the de voltage present in the circuit under test. Refer to the table
below. When the de bias voltage of the circuit is higher than 10V, connect a 2.2uF (or
less) capacitor in series with the Hcur terminal to block the de bias voltage. If a suitable
capacitor is not available from conventional sources, order HP Part No.: 0160-0128; 2.2uF,
50V.

The 16095A Probe Fixture is equipped with this blocking eapacitor; the 16096 A, however, is
not, When the 16096A is used, connect the blocking capacitor to the SHORT/EXTERNAL
CAP terminals instead of the short-connector. With the blocking capacitor connected, the
output impedance of the test signal source is increased and, thus, the signal level is
reduced. Consequently, accurate impedance measurements on active circuits are possible
only above a specified frequency for a given |Z| range. Refer to the graph below. For
example, if the impedance of the DUT is 9k, the 4192A automatically selects the 10k§
range. On this range, with the 2,2uF capacitor connected, the lowest useable frequency is
approximately 80Hz. At frequencies below 80Hz, accuracy of measurement results
decreases. For measurements at lower frequencies, a higher value blocking capacitor must
be used. To measure the 9k DUT mentioned above at 10Hz, for example, a blocking
capacitor of approximately 12uF must be used.

To change the value of the bloeking capacitor in the 16095A, an external capacitor must be
connected to the EXT CAPACITOR terminals. The value of this capacitor must be equal to
the desired bloceking capacitor value (determined from the graph) minus 2,2uF (the value of
the bloeking capacitor in the 16095A).When the value of the blocking capacitor is higher
than 2.2uF, the maximum allowable de bias voltage is +10V. NEVER apply a de voltage
exceeding £35V to the Hcurterminal.

1004

65

Capacitance (pF)

501
BIAS ON

BIAS OFF

Charged Voltage (V)

100u Tm 10m 100m 1

Measurement Frequency {Hz)

capacitance (F)

Measurement Frequency @ <38kHz @ 238kHz

ZY RANGE <1k 10k £ 2700k < 1k§ 210k %

DC Load 1408 980% 8.4kQ 1408 1608

Figure 3-30. Operating Instructions for Impedance Measurements (Sheet 3 of 3)

3-59



Section III Model 4192A
Paragraphs 3-97 and 3-98

3-97. Swept Frequency Measurements

398. Basic operating instructions for swept-frequency
impedance measurements are given in Figure 3-31.

INotes: 1. Before proceeding with the procedure given below, set the 4192A°s controls as necessary for an impedance
measurement. Refer to Figure 3-30.

2. The 41924 has a ZERO offset adjustment function to eliminate the residual impedance and stray ad-
mittance of the test fixture and test leads. ZERQ offset adjustment should be performed at each spot
(measuring) frequency. However, the 4192A calculates ZERO offset data (SHORT and OPEN) at other
frequencies using the ZERO offset data taken at a particular frequency as shown in Table 3-18 and compen-
sates measured values at other frequencies. When a swept-frequency measurement is performed. ZERO
offset adjustment should be performed at the appropriate frequency in accordance with Table 3-18. In this

procedure (Example START FREQ = 100kHz and STOP FREQ = IMH:z), ZERO offset adjustment
(SHORT and OPEN) should be performed at 1MHz.

(1) Setting Sweep Parameters

a. Press the START FREQ key. Set the start (lower limit) frequency (initial setting value is SHz) of the

desired sweep frequency range with the DATA input keys (refer to paragraph 3-24) and press the appro-
priate ENTER key.

(Example) Start frequency = 100kHz
EREQ/BIAS KMz mv

Key strokes : E] @ @ [:]

The start frequency setting, 100.0000kHz, is displayed on DISPLAY C (Test Parameter Data Dis-
play).

b. Press the STOP FREQ key. Set the stop (upper limit) frequency (initial setting is 13MHz) of the desired

sweep frequency range with the DATA input keys (refer to paragraph 3-24) and press the appropriate
ENTER key.

(Example) Stop frequency = 1MHz

sTOP
FREQ/GIAS MHz V

Key strokes : E] [3 D

The stop frequency setting, 1000.000kHz, is displayed on DISPLAY C.

Note: The stop frequency should be higher than the start frequency. If not, error-code E-03 will be
displayed on DISPLAY C when swept measurement is attempted and measurement will be not
performed.

c. Press the STEP FREQ key. Set the desired step frequency (initial setting is 1kHz) with the DATA input
keys (refer to paragraph 3-24) and press the appropriate ENTER key.
(Example) Step frequency = 1kHz

STEP
EREQ/BIAS kHz mv

Key strokes: [o]

The step frequency setting, 1.000000kHz, is displayed on DISPLAY C.

Figure 3-31. Operating Instructions for Swept-Frequency Impedance Measurements (Sheet 1 of 3)
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Note: In LOG SWEEP measurement applications, STEP FREQ. has no meaning. To set the instrument to
logarithmic sweep mode, press the BLUE key and the LOG SWEEP key, the indicator lamp will
come on. In this mode, automatic or manual sweeps are made at rwenty frequency steps per
decade. Each step is calculated from the following formula:

F X IOO'OSN
where F is the start frequency (5Hz, 10Hz, 100Hz, 1 kHz, 10kHz, 100kHz, IMH:z, or 10MHz) and
N is an integer that represents the step number. For example, if the start frequency is 100kHz and
the stop frequency is IMHz, the sweep will be as follows.

1

112.2018kHz
125.8925kHz
141.2537kHz

199.5262kHz
223.8721kHz

1
12
13

354.8133kHz
398.1071kHz
446.6835kHz

16
17
18

630.9573kHz
707.9457kHz
794.3282kHz

(2) Manual Sweep
In manual sweeps, the sweep begins at the spot frequency and the sweep range is determined by the start and

stop frequencies.

a.

6

2 7

3 8 251.1886kHz

4 158.4893kHz 9 281.8382kHz 14 501.1872kHz 19 891.2509kHz
5 177.8279kHz 10 316.2277kHz 15 562.3413kHz 20 1000.000kHz

The start and stop frequencies, which determine the sweep range, are limited to decade values
(10, 100 1k, 10k, 100k, IM, 10M). If, for example, the start frequency is set to 50kHz and the
stop frequency is ser to 800kHz, the instrument automatically sets the sweep range to 10kHz to

IMHz. There are, however, two exceptions to this: (1) when the start frequency is set to a value
below 10Hz and (2) when the stop frequency is set to a value above 10MHz. In such cases, the
instrument automatically assumes a start frequency of 5Hz and a stop frequency of 13MHz, re-
spectively.

Set the desired spot frequency (initial setting is 100kHz) with the DATA input keys (refer to paragraph
3-24) and press the appropriate ENTER Kkey.

(Example) Spot frequency = 100kHz

SPOT
EBEQ/BIAS

Key strokes : [3 m @ @ kfjv

The spot frequency, 100.0000kHz, is displayed on DISPLAY C.

Press the STEP UP @ key or STEP DOWN @ key to shift the frequency one step (determined by
the step frequency setting) in the indicated direction.

Notes: 1. In logarithmic sweep mode, the measurement frequency is automatically shifted to the nearest
frequency thar satisfies the equation F X 10°9N = Fm , where F is the start frequency, Fm is

the measurement frequency, and N is an integer thar represents the step number,

2. If the spor frequency is higher than the stop frequency or less than the start frequency, error-
cord E-04 will be displayed on DISPLAY C and the measurement will not be performed.

Pressing and holding the STEP UP ( @ ) key or STEP DOWN ( @ ) key continuously advances swept
frequency measurement.

When X10 STEP key is pressed simultaneously with the STEP UP ( @ ) or STEP DOWN ( @ ) key,
the step frequency is increased by a factor of ten. (This is for linear sweeps only.)

Figure 3-31. Operating Instructions for Swept-Frequency Impedance Measurements (Sheet 2 of 3)
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Paragraphs 3-99 to 3-102

(3) Auto Sweep

a. Press MAN/AUTO key to set to auto sweep mode (indicator lamp comes on).
b. 1 Pressing the START UP ( @ ) key starts the frequency sweep from the programmed start frequency.
The frequency sweep ends at the stop frequency.
2 Pressing the START DOWN ( @ ) key starts the frequency sweep from the stop frequency. The fre-
quency sweep ends at the start frequency.
Note: 1) Swept test fregquency is displayed on DISPLAY C.
2) ZYy RANGE is automatically set to AUTO when auto sweep is started.
¢. To temporarily stop a swept frequency measurement, press the PAUSE key. Start frequency, stop fre-
quency, step frequency, sweep direction, and sweep mode (linear or logarithmic, auto or manual) can be
changed when the PAUSE function is set. To restart the sweep, press the START UP ( @ ) key or START
DOWN ( @ ) key.
d.

AUTO sweep measurement mode is automatically released when the swept measurement ends (reaches the
stop frequency or start frequency). To stop the sweep before the measurement is completed, press blue key

and then press the SWEEP ABORT key.

SWEEP
ABORT

Key Strokes : B

To return to normal spot frequency measurement, press the SWEEP AUTO key (indicator lamp goes off).

Notes: 1) When a swept frequency measurement is made, if the sweep comes to a
frequency band which has lower frequency resolution than the STEP FREQ.,
this STEP FREQ. automatically changes to the higher resolution frequency,
and the sweep is continued.

2) When the swept frequeney crosses 38kHz, an additional 50mseec is required
for measurement circuit stabilization.
Figure 3-31.  Operating Instructions for Swept-Frequency Impedance Measurements (Sheet 3 of 3)

3-99. Swept OSC Level Measurements

3-100. The OSC level can be manually swept in 1 mVrms
(5mVrms at 100mVS) steps by pressing the STEP UP

(©) key or STEP DOWN (&) key. In impedance
measurements, the OSC level can be swept while monitor-
ing the actual test signal voltage across- or the current
through the device under test (DUT) using the TEST
LEVEL MONITOR function (refer to paragraph 3-91).
Therefore, accurate test signal level characteristics of the
DUT can be obtained easily.

3-62

3-101. Internal DC Bias Supply

3-102. The 4192A is equipped with an internal, pro-
grammable dc bias supply controllable from 0.00V to
+35.00V (for impedance measurements only). This
provides step bias voltage control in 10mV increments
over the entire controllable range as well as providing
an accurate voltage setting capability (+0.5% of setting
+5mV) to facilitate up-to-date use in applications re-
quiring precision bias voltage control such as analysis
of material properties and semiconductor testing. The
bias can be programmed and bias parameters memorized,
further enhancing utility of the internal bias supply.
Operating instructions on measurements using the in-
ternal dc bias supply are provided in Figure 3-32.



Model 4192A Section III

Figure 3-32

Notes: 1. Before proceeding with the procedure given below, set the 4192A°s controls for an impedance measure-
ment. Refer to Figure 3-30.

2. Test frequency can be swept while using the internal de bias set to desired (spot) voltage.
To apply a stationary (fixed) bias voltage to the sample, set the desired bias voltage using the following procedure:

(1) Press the BLUE key and SPOT BIAS key. Set the desired spot bias voltage (initial setting is OV) with the
DATA input keys (refer to paragraph 3-29) and press the appropriate ENTER key.

(Example) Spot bias voltage = - 3.5V

SPOT
EBEQ/BlAS

Key strokes : B B @ E] E] B

The spot bias voltage setting, —3.50V, is displayed on DISPLAY C (Test Parameter Data Display).

Note: The internal dc bias voltage is applied to the sample just after the bias voltage value is set by the front-
panel control keys (requires no trigger signal).

WARNING

WHEN THE INTERNAL DC BIAS VOLTAGE IS APPLIED TO THE SAMPLE, THE"BIAS-ON"INDICATOR
COMES ON. WHILE THE BIAS ON INDICATOR IS ON, REMEMBER THAT THE 4192A 1S OUTPUTTING

A DC BIAS VOLTAGE FROM THE UNKNOWN TERMINALS, EVEN IF DISPLAY C IS NOT DISPLAYING
THE BIAS VOLTAGE.

(2) Press the BLUE key and the BIAS OFF key to stop output of the internal dc bias voltage. The BIAS ON
indicator lamp will go off.

BiAS
OFF

Key strokes :

WARNING

WHEN A DC BIAS VOLTAGE EXCEEDING £5V IS BEING OUTPUT AND THE BIAS OFF
KEY IS PRESSED, THE BIAS ON INDICATOR LAMP GOES OFF BUT THE OUTPUT
VOLTAGE DOES NOT IMMEDIATELY RETURN TO 0V. IT DECREASES LINEARLY (as
shown graphically below) UNTIL IT REACHES #5V. THE TRANSITION FROM #5V TO 0V
IS INSTANTANEOUS. THE DISCHARGE TIME IS CALCULATED AS FOLLOWS :

1 BIA -
/ IAS OFF td = (|vo| Id5) % Cx (s)

Where, td: Discharge Time (s)
Vo: Output Voltage (V)
Cx: DUT's Capacitance (F)
Id: Discharge Current (0.025A constant)

(ex.) Vo = 35V, Cx = ImF

_ 30 x 0.001

td = 0.025 =1.2 (s)

Figure 3-32. Operating Instructions for Internal DC Bias Supply

3-63



Section 111 Model 4192A
Paragraphs 3-103 and 3-104

3-103. Swept Bias Voltage Measurements

3-104. Basic operating instructions for swept-bias voltage
impedance measurements are given in Figure 3-33.

Note: Before proceeding with the procedure given below, set the 4192A’s controls as necessary for an impedance
measurement. Refer to Figure 3-30.

(1) Setting Sweep Parameters

a. Press the BLUE key and START BIAS key. Set the start (lower limit) voltage (initial setting is —~35V)
of the desired sweep bias voltage range with the DATA input keys (refer to paragraph 3-24) and press the
appropriate ENTER key.

(Example)  Start bias voltage = -5V

Key strokes : [z] B @ 'f":]v

The start bias voltage setting, -5.00V, is displayed on DISPLAY C (Tesf Parameter Data Display).

b. Press the BLUE key and STOP BIAS key. Set the stop (upper limit) voltage (initial setting is 35V) of
the desired sweep bias voltage range with the DATA input keys (refer to paragraph 3-24) and press the
appropriate ENTER key.
(Example) Stop bias voltage = 8.5V

STO!
s MMz ¥

R EREQ/BIAS
Key strokes : B [3 @ D

The stop bias voltage setting, 8.50V, is displayed on DISPLAY C.

Note: The stop bias voltage should be higher than the start bias voltage. If not, error-code E-03 will be
displayed on DISPLAY C when swept measurement is attempted and measurement will be not
performed.

¢. Press the BLUE key and STEP BIAS key. Set the desired step bias voltage (initial setting is 1 V) with the
DATA input keys (refer to paragraph 3-24) and press the appropriate ENTER key.

(Example) Step bias voltage = 0.1V

STEP
MHz v

Key strokes : W@” 0o 0

The step bias voltage setting, 0.10V, is displayed on DISPLAY C.
Note: The LOG SWEEP cannot be performed for swept bias voltage measurements.

(2) Manual Sweep

In manual sweeps, the sweep begins at the spot bias voltage and the sweep range is determined by the start and
stop bias voltages.

a. Set the desired spot bias voltage (initial setting is 0V) with the DATA input keys (refer to paragraph 3-24)
and press the appropriate ENTER key.

(Example) Spot bias voltage = 1V

MH: v

Key strokes : E] D

The spot bias voltage, 1.00V, is displayed on DISPLAY C.

Figure 3-33. Operating Instructions for Swept:Bias Voltage Impedance Measwergents (Sheet 1 of 2)
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b. Press the STEP UP [§] key or STEP DOWN @ key to shift the bias voltage one step (determined by
the step bias voltage setting) in the indicated direction.

Note: If the spot bias voltage is higher than the stop bias voltage or less than the start bias voltage, error-
code E-04 will be displayed on DISPLAY C and the measurement will not be performed.

¢. Pressing and holding the STEP UP ( @ ) key or STEP DOWN ( @ ) key continuously advances swept
bias voltage measurement.

d. When X10 STEP key is pressed simultaneously with the STEP UP ( @ ) or STEP DOWN ( @ ) key, the
step bias voltage is increased by a factor of ten. (This is for linear sweeps only.)

(3) Auto Sweep
a. Press MAN/AUTO key to set to auto sweep mode (indicator lamp comes on).

b. @ Pressing the START UP ( @ )} key starts the bias voltage sweep from the programmed start bias volt-
age. The bias voltage sweep ends at the stop bias voltage.

@ Pressing the START DOWN ( @ ) key starts the bias voltage sweep from the stop bias voltage. The
bias voltage sweep ends at the start bias voltage.

Note: Swept bias voltage is displayed on DISPLAY C.

c. To temporarily stop a swept bias voltage measurement, press the PAUSE key. Start bias voltage, stop bias
voltage, step bias voltage, sweep direction, and sweep mode (linear or logarithmic, auto or manual) can be
changed when the PAUSE function is set. To restart the sweep, press the START UP ( @ )key or START
DOWN ( (8] ) key.

d. AUTO sweep measurement mode is automatically released when the swept measurement ends (reaches the
stop bias voltage or start bias voltage). To stop the sweep before the measurement is completed, press
BLUE key and then press the SWEEP ABORT key.

SWEEP

Key strokes : “é]

To return to normal spot bias voltage measurement, press the SWEEP AUTO key (indicator lamp goes off).

Figure 3-33. Operating Instructions for Swept-Bias Voltage Impedance Measurements (Sheet 2 of 2)

3-105. Measurement of Grounded Devices

3-106. The unique measuring circuitry of the 4192A
provides direct, accurate impedance measurements of not
only floated and but also grounded devices. Such meas-
urement conditions are, for example, the distributed
capacitance measurement of a coaxial cable with a
grounded shield conductor or the input/output imped-
ance measurement of a single ended amplifier. Low
grounded measurement accuracy is unspecified, but
typical measurement accuracy is provided in Table 1-21.

3-107. External DC Bias

3-108. The special biasing circuits and procedures for
using external voltage or current bias, as needed for
capacitance or inductance measurements, are provided in
Figure 3-34. The figure shows sample circuits appropriate
for 4192A applications. The biasing circuits prevent dc
current from flowing into the 4192A, as dc current in-
creases the measurement error and because the excess
current may damage instrument. When applying a dc
voltage to capacitors, be sure the applied voltage does not
exceed the maximum specified voltage of the capacitor
and that the capacitor is connected with correct polarity.
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(1) External DC Bias Voltage (£ 200V)
a. Press the LINE ON/OFF key to turn the 4192A off.

b. Connect the external dc bias source to the 4192A as shown in the figure below:

Le Le He He N
where Cx : Sample capacitor

Ex : External dc bias volate (< 200V)
CcRI C, : Blocking capacitor

Capacitance Value :

C, =2 ﬁ(f : measuring frequency (Hz))

CR2
1
2
Ci
L 0
T L)
KR

DC Withstand Voltage : > Ex.

‘L Ex (£200V)

C; . Blocking capacitor

Capacitance Value : 1uF

Fi . Floating M .
Igure A oating Neasurement DC Withstand Voltage : > Ex.

Lc Le Hp He

CRi1, CR> : HP Part No. : 19020176

CRS CR3 Diode-Zener, 47V5%, 1W
»—{j¢ CRI CR3, CRs4 : HP Part No. : 1902—1299

A Diode-Zener, 33V5%, 1W
Y i CR2 CRs, CRe : HP Part No. : 19010646

o z;T . Diode-Zener, 3.3V5%, 1W

ui e i.ml'
.[.Ex (g200V)

Figure B. Low-grounded Measurement

Cautions: 1. Never apply an external dc bias voltage of over 200V and never connect the Hpgt terminal

to the Lcyg or Lpor terminal. To do so may damage instrument. Make sure that the
sample capacitor is not defective.

2. When a positive bias voltage is used, positive poles of electrolytic capacitors (Cx, C, and C,)
must be connected to the positive (+) terminal of the external dc bias source as shown in the
figures above. A negative bias voltage can also be applied. In this arrangement, the negative

poles of Cx, C;, and C, must be connected to the negative (- ) terminal of the external dc
bias source.

Note: Ripple or noise on external dc bias source should be as low as possible,

c. Set the 4192A’s controls as necessary for an impedance measurement. Refer to Figure 3-30, but following
settings should be made.

DISPLAY A Function .......................... o
BIAS .ottt OFF
CIRCUIT MODE . ...........cvuiiiiniaeiiin... e

d. Apply desired dc bias voltage to the sample capacitor with the external dc bias source.

¢. Read the capacitance value — on DISPLAY A — after allowing time for bias voltage to settle.

Figure 3-34. External DC Voltage Supply (Sheet 1 of 2)
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Figure 3-34

(2) External DC Bias Current

a. Press the LINE ON/OFF key to turn the 4192A off.

b. Connect the external dc bias source to the 4192A as shown in the figure below:

where Lx : Sample inductor
¢ P HP He
] ) | = L: : (50 ~250) X Lx
ore %H L2 -
i
D Ex . External dc bias voltage (< 10V)
¢ ) :
Uc L s cra Ix : External dc bias current
L _n 5 Current Value:
CR5 CRI Ex
L oLl x = -
|2 "y Output Resistance of Ex + ESR of L, + ESR of L,
CR6 CR2
#L' C; : Blocking capacitor

Extsiovy Capacitance Value :
1 . .
Figure C. Floating Measurement Cr 2 10m « (f': measuring frequency (Hz))
DC Withstand Voltage : > Ex.
C, : Blocking capacitor
" N Capacitance Value : 1uF
DC Withstand Voltage : > Ex.
CRi1, CR:z : HP Part No. : 19020202
™ I Diode-Zener, 15V5%, 1W
R T = CRs, CR4 : HP Part No. : 1902--0176
in H Diode-Zener, 47V5%, 1W
\ oo onl CRs, CRs : HP Part No. : 1901—0646
B o Diode-Power, 200V, 1A
?I CR7, CRs : HP Part No. : 1902—1299
o Diode Zener, 3.3V5%, 1W
’ CRs, CRi1o :HP Part No. : 1901—-0646

Diode-Power, 200V, 1A

Figure D. Low-grounded Measurement

CAUTION

NEVER apply an external dc bias current of over 1A and NEVER remove the DUT when a dc current
of over 25mA is flowing. To do so may damage the instrument.

c. Set the 4192A’s controls as necessary for an impedarnce measurement. Refer to Figure 3-30, but following
settings should be made.

DISPLAY A Function
BIAS

d. Apply desired dc bias current to the sample inductor with external dc bias source,

e. Read the inductance value — on DISPLAY A — after allowing time for bias voltage to settle.

Figure 3-34. External DC Voltage Supply (Sheet 2 of 2)
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3-109. HP-1B INTERFACE

3-110. The 4192A can be remotely controlled via the
HP-IB, a carefully defined instrument interface which
simplifies integration of instruments and a calculator or
computer into a system.

Note: HP-IB is Hewlett-Packard’s implementation of
IEEE Std. 488, Standard Digital Interface for
Programmable Instrumentation.

3-111. Connection to HP-IB

3-112. The 4192A can be connected into an HP-IB bus
configuration with or without a controller (i.e., with or
without an HP calculator). In an HP-IB system without
a controller, the instrument functions as a ‘““talk only” de-
vice (refer to paragraph 3-117.)

3-113. HP-IB Status Indicators

3-114. The HP-IB Status Indicators are four LED lamps
located on the front panel. When lit, these lamps show
the existing status of the 4192A in the HP-IB system as
follows:

SRQ: SRQ signal from the 4192A to the con-
troller is on the HP-IB line. Refer to para-
graph 3-127.

LISTEN: The 4192A is set to listerier.

TALK: The 4192A is set to talker.

REMOTE: The 4192A is remotely controlled.
3-115. LOCAL Key

3-116. The LOCAL Kkey releases the 4192A from HP-IB
remote control and allows measurement conditions to be
set from the front-panel. The REMOTE lamp will go off
when this key is pressed. LOCAL control is not available
when the 4192A is set to ““local lockout” status by the
controller.

3-117. HP-I1B Control Switch

3-118. The HP-IB Control Switch, located on the rear
panel, has seven bit switches as shown in Figure 3-35.
Each bit switch has two settings: logical 0 (down posi-
tion) and logical 1 (up position).

The left-most bit switch, bit 7, determines whether the
instrument will be addressed by the controller in a multi-
device system, or will function as a ‘‘talk only’ device to
output measurement data and/or instructions to an
external “listener ” e.g., printer, When bit switch
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7 is set to 0, the instrument is in ADDRESSABLE mode
and bit switches 1 through 5 determine the instrument
address; when this bit switch is set to 1, the instrument is
in TALK ONLY mode.

Bit switch 6 determines the output data delimiter. When
this bit switch is set to 0, the delimiter is a comma (,);
when set to 1, the delimiter is a carriage return and line
feed (CR/LF). Refer to Figure 3-36 for the function of
each delimiter.

Bit switches 1 through 5 are used to set the HP-IB address,
in binary, of the 4192A when bit switch 7 is set to
ADDRESSABLE.

Note: The HP-IB Control Switch, as set at the factory,

is shown in Figure 3-35.

When the 41924 is turned on, the HP-IB address
is displayed, in decimal, on DISPLAY A. For ex-
ample, the factory-set address is displayed as “'H-
17

— TALK ONLY
J-CR / LF

RG]
I——Eé?,wg'QSA;LE- Y

Bits 1 ~5: 17
Bit6: Format A (comma)
Bit 7: Addressable

ro06l

Figure 3-35. HP-IB Control Switch
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3-119. HP-IB Interface Capabilities

3-120. The 4192A has eight HP-IB interface functions, as
listed in Table 3-22.

3-121. Remote Program Code

3-122. Remote program codes for the 4192A are listed

Section III
Paragraphs 3-119 to 3-122

in Table 3-23.

Table 3-22. HP-IB interface Capabilities
Code Interface Funf:fi(.)n*
(HP-IB Capabilities)
SH1** | Source Handshake
AHI1 Acceptor Handshake
T5 Talker (basic talker, serial poll, talk only
mode, unaddress to talk if addressed to
listen)
L4 Listener (basic listener, unaddress to
listen if addressed to talk)
SR1 Service Request
RL1 Remote/local (with local lockout)
DCI1 Device Clear
DT1 Device Trigger

* Interface functions provide the means for a de-
vice to receive, process, and transmit messages

over the bus.

*#The suffix number of the interface code in-
dicates the limitation of the function capability
as defined in Appendix C of IEEE Std. 488.

Table 3-23. Remote Program Code {Sheet 1 of 3)

Item Control Program Code Description
Deviation Meas- OFF AN*1
urement for A AD
DISPLAY A A% AP
Deviation Meas- OFF BN*!
urement for A BD
DISPLAY B A% BP
DISPLAY A Z/Y a1l Combinations of A and B are listed in the
Function R/G A2 table below:
L A3 B 1 2 3
C A4 A
A](3d~BA 533)\] ) Ag 1| 1ZI/ 1Y -6 (deg)|1Z1/ Y] -6 (rad)
m A *
B (dBm/dBV) A7 2 R/G - X/B
3 L-Q L-D L -R/G
DISPLAY B 0 (deg) B1™! P c_o c-D C_R/G
Function 0 (rad) B2 B _ AR
X/B Bl ~ B3 p B AlB) | B_A@B) | B-A(@B)
Q B1 DELAY — 8 (deg) — 8 (rad)
D B2 6 A(dBm/dBV) *
R/G B3 *
GROUP DELAY B1 7 BUBm/dBY)
6 (deg) B2 * program code for DISPLAY B IS
# (rad) B3 not necessary.
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Table 3-23. Remote Program Code (Sheet 2 of 3)

Item Control Program Code Description
Recall Parameter | SPOT FREQ. FRR"!
STEP FREQ. SFR
START FREQ. TFR
STOP FREQ. PFR
SPOT BIAS BIR
STEP BIAS SBR
START BIAS TBR
STOP BIAS PBR
0OSC LEVEL OLR
REF A RAR
REF B RBR
TEST LEVEL \% TV
MONITOR *2 mA TA
Key Status Save SAVE 0 SAO
(Memory) SAVE 1 SAl
SAVE 2 SA2
SAVE 3 SA3
SAVE 4 SA4
Saved Key RCL O RCO
Status Recall RCL 1 RC1
RCL 2 RC2
RCL 3 RC3
RCL 4 RC4
DC BIAS ™2 OFF 10*!
ZERO OPEN*2 OFF z00*!
ON 701
ZERO SHORT"*? OFF 7s0*1
ON ZS1
AVERAGE OFF vo*!
ON \
HIGH SPEED OFF Ho*!
ON H1
SELF TEST ON S1
X-Y RECORDER OFF XO=l=1 “LL” and “UR” cannot be used when
ON X1 the X-Y Recorder function is set to ON
Lower Left LL (X1).
Upper Right UR
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Table 3-23
Table 3-23. Remote Program Code (Sheet 3 of 3)
Item Contro? Program Code Description
STORE DISPLAY D
A/B
LOG SWEEP OFF Go*!
ON Gl
SWEEP ABORT AB
|
SWEEP MANUAL wo'!
AUTO W1
MANUAL SWEEP STEP UP w2 W2 and W4 act as STEP UP and STEP
STEP DOWN w4 DOWN when the SWEEP mode is set to
MANUAL (W0).
AUTO SWEEP START UP w2 | W2 and W4 act as START UP and
PAUSE w3 START DOWN when the SWEEP mode is
START DOWN w4 set to AUTO (W1).
CIRCUIT AUTO -ocrl
MODE*2 Series C2
Parallel C3
GAIN MODE dBm N1 These programming codes cannot be used
dBV N2 when DISPLAY A function is set to Al,
A2, A3, or A4.
ZY RANGE™ 182/10S ‘ R1 Remote programming code Rl cannot
108/18 R2 be used with some SPOT FREQ/OSC
100£2/100mS R3 LEVEL settings.
1kQ2/10mS R4
10k2/1mS R5
100k &£2/100uS R6
IMS2/10uS R7*
AUTO rg*!
TRIGGER INT Tl*1 These code only set the TRIGGER mode;
EXT T2 they do not trigger the instrument,
HOLD/MANUAL T3
Data Ready OFF h Do*1 If Data Ready is set to ON, an SRQ signal
ON Dl is output when the measurement is com-
pleted.
Output Data Displays A/B ‘ FO*1 Refer to paragraph 3-125 and Figure 3-36.
Format Displays A/B/C F1 |
-
Execute EX This code is used to trigger the instru-
ment.
*] : Defauit code.
*2 . These programming codes cannot be used when DISPLAY A function is set to A5, A6, or A7.
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3-123. Parameter Setting

3-124. The 4192A can be set to eleven parameters (refer
to Table 3-24) by remote programming as follows:

XX+NNNN.NNNNEN
) ) 3)

Program code for parameter setting (refer to
Table 3-24).

(1)

Setting value (numeric or space). 8 digits, lesser
digits are ignored.

Enter. Unit is kHz for SPOT FREQ, START
FREQ, STEP FREQ, and STOP FREQ; V for
SPOT BIAS, STEP BIAS, STOP BIAS, and OSC
LEVEL. (REF A, REF B).

(2)

(3)

Model 4192A

3-125. Data Qutput

3-126. The 4192A outputs measurement and status data
to external devices in bit parallel, byte serial format via
the eight DIO signal lines of the HP-IB. These data in-
clude status data, key status (function) data, deviation
measurement mode data, and measurement data (includ-
ing range) for DISPLAY A and DISPLAY B. When pro-
gram code “F1” is used, DISPLAY C data (unit and
value) are output with DISPLAY A and DISPLAY B
data. The output format is shown in Figure 3-36. All
characters are coded in accordance with ASCII coding

conventions. To output DISPLAY A/B/C data
without an HP-IB controller, internal Control
Switeh (A6S2 bit 4) must be set to 1. Refer to

paragraph 3-139 and Table 3-28.

Table 3-24. Program Codes for Parameter Setting
Parameters Program Code Setting Value
SPOT FREQ FR Setting Range: 0.005000kHz ~ 13000.000kHz.
Resolution: 0.000001 kHz (0.005000kHz ~ 9.999999kHz),
START FREQ TF 0.00001kHz (10.00000kHz ~ 99.99999 kHz),
0.0001kHz (100.0000kHz ~ 999.9999kHz),
STOP FREQ PF 0.001kHz (1000.000kHz ~ 13000.000kHz).
STEP FREQ SF Setting Range: 0.000001kHz ~ 13000.000kHz.
Resolution: 0.000001 kHz (0.000001 kHz ~ 9.999999 kHz),
0.00001 kHz (10.00000kHz ~ 99.99999 kHz),
0.0001 kHz (100.0000kHz ~ 999.9999kHz),
0.001kHz (1000.000kHz ~ 13000.000kHz).
SPOT BIAS BI Setting Range: ~-35.00V ~+35.00V
Resolution: 0.01V
START BIAS TB
STOP BIAS PB
STEP BIAS SB Setting Range: 0.01V ~35.00V
Resolution: 0.01V
OSC LEVEL OL Setting Range: 0.005V ~ 1.100V
Resolution: 0.001V (0.005V ~0.100V),
0.005V (0.100V ~ 1.100V).
REF A RA Setting Range: -19999 ~ +19999.
REF B RB Resolution: The position of the decimal point depends on the
value displayed on the corresponding display. For
example, if the value displayed on DISPLAY A
is 1.9999, any value between 0.0001 and 1.9999
can be entered as the REF A (RA) value.
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Figure 3-36

®

@

(D
(2)
(3)
4
(5)
(6)
(N
(8)
(%)
(10)
(11)
(12)
(13)
(14)

Notes: 1.

DISPLAY A/B (Default mode or set using HP-IB remote program code ‘“FQ’")

XXXXtNNN.NNE+NN,XXXX+*NNN.NNE*NN @® @
Mm@ @ @ ®  ©D & O an an (12)

DISPLAY A/B/C (Set using HP-IB remote program code “F1”°)

XXXX+NNN.NNE:NN,XXXX+NNN.NNE:NN,X:NNNNN.NNN @® @@
(AN N €Y €Y 5y ®O B (1o 11 ®d13) (14) )

Status of DISPLAY A

Function of DISPLAY A

Deviation measurement mode of DISPLAY A

Value of DISPLAY A (position of decimal point is coincident with display)
Unit of DISPLAY A

Comma (data delimiter)

Status of DISPLAY B

Function of DISPLAY B

Deviation measurement mode of DISPLAY B

Value of DISPLAY B (position of decimal point is coincident with display)
Unit of DISPLAY B

Data Terminator

Unit of DISPLAY C (Test Parameter Data Display)

Value of DISPLAY C

The data delimiter, bit switch 6 on the HP-IB Control Swirch (Figure 3-30), is set at the
factory to comma(,). This causes the 41924 to output all data(DISPLAY A data, DISPLAY B
data, and, if program code F1 is used, DISPLAY C data) as a continuous string. When the data
delimiter is set to CR/LF, a carriage return and line feed signal is output after each field. This
is useful when outputting data to certain peripherals, such as a printer,

2. Status, function, and deviation measurement mode data of DISPLAY A and DISPLAY B, and
the units of DISPLAY C are output as one or two alphabetic characters, as listed in Table 3-23.

3. Ranges of DISPLAY A and DISPLAY B are expressed as an exponent as follows:

1072 (p) oo E-12
107% () oo E-09
1078 (u) ..o E-06
103 (m) ......... ... .. ..., E-03
10° E+00
109 (K) ..o E+03
106 (M) .. ... . E+06
Figure 3-36. Data Output Format for the 4192A
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Table 3-25. Data Output Codes
Item Information Code
Data Status of DISPLAY Normal N
A/B Overflow 0
Uncalibration U
B ]
Function of DISPLAY A Z ZF
Y YF
R RF
G GF
L(e3wo) LS
L( L5 ) LP
C (oo ) CS
C( o) cp
B - A (dB) BA
A (dBV) AV
B (dBV) BV
A (dBm) AM
B (dBm) BM
Deviation Measurement Normal Measurement N
Mode of DISPLAY Deviation Measurment | D
A/B Deviation Measurement | P
in Percent
Function of DISPLAY B 8 (deg) TD
0 (rad) TR
X XF
B BF
Q QF
D DF
R RF
G GF
GROUP DELAY GD
Unmeasure UM
—
Unit of DISPLAY C kHz K
A% v
mA M
Reference Data R
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3-127. Service Request Status Byte

3-128. The 4192A outputs an RQS (Request Service)
signal whenever bit 1, 2, 3, 4, or 6 of Service Request
Status Byte is set. The make-up of the Status Byte is
shown in Figure 3-37.
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Bit 8 7 6

5

4

3

Information 0 0/1 0/1

0/1

0/1

O/IJ

T

e
]

0/17 0/1

Bit 7 (RQS) indicates whether or not a service request exists.

Bit 1: @ If Data Ready is set to ON, this bit is set when measurement data is provided.
@ If Self Test is set to ON, this bit is set when the instrument passes the Self Test.

Bit 2: This bit is set when the 4192A receives an erroneous remote program code.
Bit 3: This bit is set when the 4192A receives an illegal front-panel control setting via the program.

Bit 4: This bit is set when the 4192A receives a trigger signal before the last measurement is com-

pleted.

Bit 6: @ This bit is set when the 4192A has a hardware error.
@ If Self Test is set to ON, this bit is set when the instrument fails the Self Test.

Bit 5 is independent of bit 7 (RQS signal). This bit is set when auto sweep measurement, self test,
or zero offset adjustment is being performed and is reset when the next trigger comes.

Bit 8 is always zero (0). Bits | thru 4 and
6 identify the type of service request. Following are the service request states of the 4192A.

Figure 3-37. Status Byte for the 4192A

3-129. Programming Guide for 4192A

3-130. Sample programs for HP Model 9825A/9835A
Desktop Computers are provided in Figures 3-38 and
3-39. These programs are listed in Table 3-26.

Notes:

1. Specific information for HP-IB programming with the
98254 or 9835A are provided in the 98254 or 98354
programming manual .

2, Equipment required for these sample programs in-
cludes:

41924 LF Impedance Analyzer

980344 HP-IB Interfuce Card

9825A  Desktop Computer with 982104 String-
Advanced Programming ROM 982134
General 1/0 + Extended I/0 ROM.

or

9835A  Desktop Computer with 983324 General
/0 ROM

Table 3-26. Sample Program using 9825A/9835A
Sample ; e
Program Figure Description
1 338 Remote control and data output in
spot measurcment.
5 339 Remote control and data output in
auto sweep measurement.
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Sample Program 1

Description:

This program is a remote control, data output program for spot measurements.

The program has three capabilities:

(1) Control of the 4192A via HP-IB

(2) Trigger of the 4192A via HP-IB

(3) Data output from the 4192A in spot measurement via HP-IB

9825A Program

(N
(2)
3)
(4)
(5)
(6)

0:
1:

NN NN

fit4
wrt717,“A1BIT3 F1”
TN

: wrt717, “FR10EN”

@ ©
wrt717, “EX”
®

red717,A,B,C
¢ dspA, B, C
: prtA,B,C

¢ end

Select Code of 98034A.
Address of 4192A.

Program codes of the 4192A (refer to Table 3-23).

9835A Program

10
20

30

40

50
60
70
80

FLOAT 4
OUTPUT717; “A1BIT3 F1”
CICRENE)

OUTPUT717; “FR10EN”
@ o

OUTPUT717; “EX”

®

ENTER717; A, B, C

DISP A, B, C

PRINT A, B, C

END

Program codes for parameter setting of the 4192A (refer to Table 3-24).

Parameter terminator of the 4192A (refer to paragraph 3-123).

This is equivalent to

9825A: trg717

9835A: TRIGGER717

By using string variables, complete output information from the 4192A is stored by the following programs:

9825A Program:

o N U AN RO

clr 717
dimA $[50]

wrt717, “A1B1T3 F17
wrt717, “FR10EN”
wrt717, “EX”

red717, A$

dspA$

prtA$

end

9835A Program:

5
10

20
30
40
50
60
70
80

CLEAR 717
DIMA$[50]

OUTPUT717;“AlBIT3 F1”
OUTPUT717; “FRI10EN”
OUTPUT 717; “EX”
ENTER717; A$

DISP A$

PRINT AS$

END
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0

g O A WD —

Sample Program 2

Description:

The program has three capabilities:

9825A Program:

dimA $(100,50]
0]

: wrt717, “A1BIT3 F1”

: wrt717, “SF1ENTF1ENPF100EN"
s wrt717,“WIiIw2?>

: 01

: I+1->1

s wrt717, “EX”

: rds (717) > A

2)

: if bit (4, A) #1; gtol2

9:
10:
11:
12

(3)
red 717, ASI[I]
dsp AS[I]
gto5S
end

Note:

This program is a remote control, data output program for auto sweep measurements.

(1) Control of auto sweep measurement of the 4192A via HP-IB
(2) Auto sweep of the 4192A via HP-IB
(3) Data output from the 4192A via HP-IB

9835A Program:

10

20
30
40
50
60
70

80

90

100
110
120
130

DIMAS (100) [50]
o
OUTPUT717; “A1BIT3F1”
OUTPUT 717; “SFIENTF1ENPF100EN”
OUTPUT717;*“WIW2"»
I=0
I=1+1
OUTPUT717; “EX”

STATUS717; A

2)
IF BIT (A, 4) #1 THEN130

3
ENTER717; A$(I)
DISPAS (1)
GOTO60
END

(1) Dimensions a string variable array that has more elements than the number of measurement points.
(2) Inputs 4192A SRQ Status Byte to variable A.
(3) When AUTO SWEEP is being performed, bit 4 of variable A (bit 5 of the SRQ Status Byte) is set to

“1” (refer to Figure 3-37).

If the 98352 program is used with high speed controller,

wait command should be put between lines 70 and 80.

Figure 3-39. Sample Program 2 Using 9825A/9835A
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3-131. X-Y RECORDER OUTPUT

3-132. The 4192A is equipped with three analog RE-
CORDER OUTPUT connectors on the rear-panel. These
connectors output accurate voltages for recording
measured sample values as functions of frequency or
bias. A PEN LIFT connector is also provided on the rear-
panel to control the X-Y recorder’s pen. The procedures
for using the 4192A% X-Y recorder capability are given
in Figure 3-40.

3-133. Analog Outputs

3-134. The analog output voltage of DISPLAY A, DIS-
PLAY B, and FREQ/BIAS are provided in the following
manner. The output accuracy is +0.5% of output voltage
+20mV.

(1) DISPLAY A connector
Outputs voltage proportional to the value dis-
played on DISPLAY A. Normalized value is 1V
(depends on function as follows):

(1) Z,Y,Rand G : (Full Scale Value of Display
Range) X 1.3

@ L and C : (Full Scale Value of Display Range)
X 2.0

(® B-—A,Aand B:100dB

@ A% : 100%

@ A : Full Scale Value of Setting Function
Range

(2) DISPLAY B connector
Outputs voltage proportional to the value dis-
played on DISPLAY B. Normalized value is 1V
(depends of function as follows):

() 06 (deg) : 180°
@ 0 (rad) : 7

(3 X and B : (Full Scale Value of Display Range)
X 1.3

@ D, Q, R, G and GROUP DELAY : (Full
Scale Value of Display Range) X 2.0

B A%: 100%

(6) A: Full Scale Value of Setting Function
Range
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Note: When OFI, OF2, UCL, or — — — is
displayed on DISPLAY A or DISPLAY B,
1V is output from the corresponding
RECORDER OUTPUT connector on

the rear-panel,

FREQ/BIAS connector

Outputs voltage proportional to the test frequen-
¢y or internal dc bias voltage and normalized
by following equations (1Vmax):

@ Bias Voltage:

SPOT BIAS —- START BIAS
STOP BIAS — START BIAS

(3)

@ Measuring Frequency (Linear Sweep):

SPOT FREQ — START FREQ
STOP FREQ — START FREQ

@ Measuring Frequency (Logarithmic Sweep):

10g (SPOT FREQ — 10m 1)
log (10n — 10m 1)

where 10m~1 < START FREQ < 10™

1on—1 < STOP FREQ < 10m,

Notes.

1. When the parameter displayed on the Test
Parameter Data Display is not the measuring
frequency or internal dc bias voltage, the
output voltage from the FREQ/BIAS con-
nector does not change.

2. Figure 3-41 shows the plot areas for all
parameter settings of DISPLAY A, DIS-
PLAY B and FREQ/BIAS connectors.

3-135. Control Capabilities for Analog Output

3-136. The X-Y RECORDER OUTPUTS function of the

-

4192A provides the following control capabilities to plot -

the characteristics curve of the sample easily, quickly
and clearly.

(1) Control of Pen Position on the X-Y Recorder
Zero adjustment and sensitivity adjustment of the
X-Y recorder can be performed using the follow-
ing control keys on the front-panel of the 4192A.

. LL : DISPLAY A, DISPLAY B and
FREQ/BIAS connectors output 0V,

(? UR 7t : DISPLAY A, DISPLAY B and
FREQ/BIAS connectors output 1V.
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(2)

Figure 3-40
Notes: (3) Interpolation
1. The X-Y RECORDER ON/OFF key should The X-Y recorder function of the 4192A pro-
be set to OFF (indicator lamp off) when vides automatic interpolation of all three RE-
the X-Y recorder zero adjustment or sensiti- CORDER OUTPUTS to ensure distortion free,
vity adjustment is performed. In this case, |, accurate plots on the X-Y recorder. Maximum
LL is set automatically. interpolation time, the time required for the three
2. Figure 3-41 shows the positions of Y LL and RECORDER OUTPUTS to go from OV (4 LL)
UR 1 in the plot areas for all parameter to 1V (UR _’T), is approximately 30 seconds.
settings of DISPLAY A, DISPLAY B, and i ) . )
FREQ/BIAS conneciors. Note.: Interpolation is performed for all three
RECORDER QUTPUTS, even though only
Control Signals for X-Y Recorder Pen Lift TTL two are connected to the X-Y recorder.
Controls Actual interpolation time is determined by
When the X-Y recorder is equipped with pen lift the largest change among the three outputs.
TTL controls, pen lift can be done automatical- Consequently, if the unconnected RE-
ly by the TTL level output from the PEN lift CORDER QUTPUT has the largest change,
connector on the 4192A’s rear-panel. When the interpolation time is determined by this
pen lift signal is LOW (TTL), the X-Y recorder RECORDER OQUTPUT, not the other two,
pen is down. When the pen lift signal is HIGH whose change may be very small.

(TTL), the X-Y recorder pen is up.

Note: When the SWEEP ABORT, | LL or UR
 key is pressed, the X-Y recorder pen is

up.
EQUIPMENT:
XY RECOTAOr .ottt e e HP7046A
BNC (Male) — Dual Banana Plug Cable ...................... HP11001A (3 ea.)
PROCEDURE:
(1) Turn the 4192A and X-Y recorder off.

(2)

(3

)}

(5)
(6)

Connect the X-axis connector and Y-axis connector (Y 1-axis and Y2-axis for two-pen X-Y recorders) of the
X-Y recorder to the appropriate RECORDER OUTPUT connectors on the 4192A rear-panel with the BNC
(Male) — Dual Banana Plug Cable. Refer to Table 3-27 for cabling method of the RECORDER OUTPUTS.

When X-Y recorder is provided with pen lift TTL controls, connect PEN LIFT connector on the 4192A rear-
panel to the X-Y recorder connector.

Set the 4192A’s controls for the desired swept measurement in accordance with the procedures given in the
following figures:

e Figure 3-11. Operating Instructions for Swept-frequency Amplitude-phase Measurements
e Figure 3-31. Operating Instructions for Swept-frequency Impedance Measurement
e Figure 3-33. Operating Instructions for Swept-bias Voltage Impedance Measurement

Turn the 4192A and X-Y recorder on.

Place recording paper on X-Y recorder platen and set the paper hold down function (if provided).

Figure 3-40. X-Y Recorder Output (Sheet 1 of 2)

3-79




Section III Model 4192A
Figure 3-40

(7)  Confirm that the 4192A X-Y RECORDER OUTPUT funetion is set to off (X-Y
RECORDER ON/OFF indicator on the front-panel should be off). If it is set to on
(indicator lamp on), turn it off by pressing the BLUE key and X-Y RECORDER ON/OFF
key.

(8) Select the appropriate plot area for parameters to be recorded from illustrations in Figure
3-41 (refer to Table 3-27).

(9)  Press the BLUE key and the  LL key on the front-Panel of the 4192A.

(10) Adjust X-Y recorder zero adjustment controls for X and Y channels so that the recorder
pen is positioned just above the chart paper coordinates denoted by the black spot ( ) in
the illustration.

(11) Press the BLUE key and the UR  key on the front-panel of the 4192A.

(12) Adjust the X-Y recorder controls for the X and Y channels so the the recorder pen is
positioned just above the chart paper coordinates denoted by cirele (A) in the illustration.

Note: X-Y recorder zero adjustment and sensitivity adjustment may be interactive. So,
repeat steps (9) (12) to satisfy both adjustments.

(13) Perform an auto sweep measurement with the X-Y RECORDER OUTPUT function off.
Note the frequency (or bias voltage) at which the measured value displayed on DISPLAY
A is highest,

Note: Step (13) is not necessary when making a manual sweep.

(14) Set the SPOT FREQ (or SPOT BIAS) to the value noted in step (13). (For manual sweep,
set the SPOT value to the START value.)

Note: Steps (13) and (14) insure that the DISPLAY A X-Y RECORDER OUTPUT is
correctly scaled for the highest DISPLAY A range that will be used during the
auto sweep measurement. When the AUTO SWEEP START key is pressed,
DISPLAY A ranging (Z-Y RANGE) is automatically set to AUTO mode, even if
MANUAL mode is selected before pressing the AUTO SWEEP START key. The
DISPLAY A range will change in accordance with the measured values. Scaling
of the DISPLAY A X-Y RECORDER OUTPUT, however, will not change when
the DISPLAY A range changes. It is automatically set to the DISPLAY A range
in effect when the AUTO SWEEP funetion is turned on. If steps (13) and (14) are
not performed, it may be impossible obtain an accurate plot of the measured
values.

(15) Press the BLUE key and the X-Y RECORDER ON/OFF key to set the X-Y RECORDER
OUTPUT funetion to on (the indicator lamp will come on).

(16) Press the AUTO SWEEP key. If the recorder is equipped with remote pen-lift control, go
to step (17). If not, set the SPOT FREQ (BIAS) to the sweep START FREQ (BIAS) and
then maunally lower the pen onto the paper.

(17) Perform the swept measurement in accordance with the procedure given in the figure
selected in step (4).

(18) When the sweep is completed and the X-Y recorder stops, manually lift the pen from the
paper. If the recorder is equipped with remote pen-lift control, the pen is raised
automatically when the sweep is completed (or when the X-Y RECORDER OUTPUT
funetion is turned off after a manual sweep).

(19) To repeat the measurement, repeat steps (14) through (18).

Figure 3-40. X-Y Recorder Output (Sheet 2 of 2)
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Table 3-27. Connections of Recorder Qutput

Section III
Table 3-27

RECORDER OQUTPUTS

FREQ/BIAS DISPLAY B DISPLAY A Plot Area™
1ZI/ IYI/R/G ©O)
L/C @
9 (deg) (3
Measurement Frequency/ 0 (rad) @
Bias Voltage X/B @
Q/D ®
R/G ©
X/B R/G ®
B —A (dB) ©)
A/B (dBm)
A/B (dBV) ©)
Measurement Frequency 0 (deg) @
0 (rad) @
GROUP DELAY ©)
5
A% an
Measurement Frequency/
Bias Voltage A
A% ®

* : These numbers match the numbers of the illustrations in Figure 341.
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3-137. EXTERNAL SYNTHESIZER

3-138. The 4192A can be connected to an external fre-
quency synthesizer via the EXT VCO connector on the
rear-panel instead of built-in frequency synthesizer to
obtain a more accurate, stable test signal. Using this
technique, a frequency resolution of 1mHz over the full
frequency range, from 5Hz to 13MHz, can be obtained.
In addition, a high stability reference (1 MHz or 10MHz)
can be connected to EXT REFERENCE connector on
the rear-panel to obtain an even more stable test signal.
This capability permits stable measurements of the
intrinsic characteristics of high Q devices. Such devices
include crystals whose impedance change drastically
with changes in frequency of only a few Hz.

Model 4192A

BNC(male) - BNC(male)Connector

EXT REFERENCE

EXT VCO Connector [

Connector {'

A
7 Signal Output TMHz/10MHz
Connector Reference
(40MHz ~ 53MHz) Output Connector
Y
Fﬁl oI LU nar s

voo|[aagl{oo
eono| oallS8
= o [ I = |

EQUIPMENT:
Synthesizer
BNC (Male) — BNC (Male) Cable (2 ea).

PROCEDURE:

(1) Turn the 4192A and synthesizer off.

rear-panel.

.............. HP3325A

(2) Remove the coaxial adapter, which connects the VCO OUTPUT terminal and EXT VCO terminal on the 4192A

(3) Connect the signal output terminal (output signal frequency: 40MHz to 53MHz) of the synthesizer to the
EXT VCO terminal on the 4192A rear-panel with the BNC (male) — BNC (male) cable.

Figure 3-42.
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Figure 3-42

(4) Connect the 1MHz (or 10MHz) reference signal output terminal of the synthesizer to the EXT REFERENCE
terminal on the 4192A rear-panel with the BNC (male) — BNC (male) cable.

(5) Set 4192A’s controls for the desired measurement in accordance with procedures provided in the following
figures:
¢ Figure 3-10. Basic Operating Instructions of the Amplitude-phase Measurements
® Figure 3-30. Basic Operating Instructions of the Impedance Measurements

(6) Turn on the synthesizer.

(7) Set the output signal of the synthesizer to 40MHz + desired measuring frequency.

(8) Set the SPOT FREQ of the 4192A to the desired measuring frequency.

Notes: 1. Resolution of the test signal at the OSC OUTPUT terminal of the 4192A is ImHz (at 5Hz to 10kHz),
10mHz (at 10kHz fo 100kHz), 100mHz (at 100kHz to 1MHz), and 1Hz (at IMHz to 13MHz),
However, when an external synthesizer is used, resolution is ImHz at all frequencies. Thus, to set a
test frequency with a resolution higher than is normally possible (without external synthesizer), set
the 41924°s SPOT FREQ as near to the desired frequency as possible. For example, for a test signal
frequency of 50.000001kHz, set the external synthesizer to 50.000001kHz +40MHz and set the
4192A4’s SPOT FREQ to 50.00000kHz. The frequency of the test signal of the OSC OUTPUT

terminal will be the frequency of the external synthesizer, however, the SPOT FREQ setting is used
to calculate measurement parameter values (L, C, etc.), offset adjustment data, etc.

Values displayed on the 4192A°s displays will fluctuate when measurement is made at frequencies
set with ImHz resolution at 10kHz to 78.125kHz.

Figure 3-42. External Synthesizer (Sheet 2 of 2)
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3-139. INTERNAL CONTROL SWITCH

3-140. Basic operation of the 4192A can be altered by
changing the bit-switch settings of the internal control
switch, A6S2. Refer to Table 3-28 for a description of
the function of each bitswitch. Use the following pro-
cedure to gain access to the internal control switch:

(1)

(2

(3)

(4)

Turn off the instrument and disconnect the
power cable.

Remove the two plastic instrument-feet located at
the upper corners of the rear-panel.

Fully loosen the top cover retaining screw located
at the rear of the top cover.

Slide the top cover towards the rear and lift off.

WARNING

POTENTIAL SHCOK HAZARD! DO NOT

TOUCH ANY OF THE EXPOSED COMPO-
NENTS! CAPACITORS MAY STILL BE
CHARGED WITH HAZARDOUS VOLTAGE
LEVELS, EVEN THOUGH POWER IS RE-

MOVED FROM THE INSTRUMENT.

3-86
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(5) With the top cover removed, the A7, A8, and A10

(6)

(7N

board assemblies are visible. These boards are
on a single mounting-plate which opens much like
the hood of an automobile. The A6 board as-
sembly, upon which the internal control switch is
located, is mounted on the underside of this
mounting-plate. To raise the mounting-plate, re-
move the six retaining screws and pull up the two
plastic fasteners located toward the front of the
mounting plate.

Raise the mounting plate until it comes to rest at
the rear of the instrument. Be sure that the safety
catch locks in place.

The internal control switch is located as shown in
Figure 3-43. All bit-switches of A6S2 are normal-
ly set to 0. Set the switch as desired. Refer to
Table 3-28.

Note: Don’t change the setting of A6S1. This
switch is used for cable length compensa-
tion.

A6 Board
04192 -66506

Figure 3-43. A6S2 Internal Control Switch
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Table 3-28. Internal Control Switch

Bit Description

0 | This bit-switch is related to the operation of the multi-slope integrator; it should be always set to 0.

When this bit is set to 1, DISPLAY B function is inhibited and measuring speed is increased. Measuring
1 speed in this mode is given in paragraph 3-55 for amplitude/phase measurements and in paragraph 3-89
for impedance measurements.

2 | This bit-switch is related to the operation of the multi-slope integrator; it should be always set to 0.

An HP-IB system, without controller, can be configured by connecting the 4192A to a (HP-IB control
switch must be set to TALK ONLY and CR/LF*) printer (HP-IB control switch must be set to LISTEN
ONLY), e.g., HP5150A Thermal Printer, with an HP-IB cable (refer to paragraph 3-117). When this bit
is set to 1, the 4192A is triggered by the operation of the printer.

This bit is used to change the data output format from DISPLAY A/B to DISPLAY A/B/C, in the HP-IB
4 | system without controller (refer to paragraph 3-125). When this bit is set to 1 (4192A must be turned off
and then back on after setting this bit-switch), data output format is set to DISPLAY A/B/C.

5, 61 These bit-switches are not used.

In normal operation, the number of display digits depends on the selected measurement function, meas-
7 urement range, measurement frequency, OSC level, etc. When this bit is set to 1, however, all measured
values are displayed with the maximum number of digits.

* After changing the setting of the HP-IB control switch, tum the instrument off and then back on.
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Section IV
Table 4-1
Table 4-1. Recommended Test Equipment
Eqguipment Critical Specifications Recommended Model Use
1pF £0.03% HP16381A P, A
10pF £0.03% HP16382A
Capacitance Standards 100pF £0.03% HP16383A
1000pF +0.03% HP16384A
Useable frequency: Up to 13MHz
0
0Ss
10082 £0.03%
Resistance Standards 1k +0.03% Stan d}:Pdl ?20e7s?sﬁ)r Set P, A
10k +0.03% 3
100k 2 £0.03%
Useable frequency: Up to 13MHz
Maximum frequency: > 40MHz
Universal Counter Resolution: 10Hz at 40MH:z HP5314A P, A
Accuracy: 0.001% (1 X 1075)
Voltage range: 10mV to 100V f.s.
. Sensitivity: 100uV
Digital DC Voltmeter Accuracy: 0.05% HP3465A P,AT
Input impedance: > 10MQ2
Voltage range: 10mV to 10V rms f.s.
Digital RF Voltmeter Bandwidth: 5Hz to 13MHz HP3403C P, A
Accuracy: 2% W/OPT 001
Frequency range: 100Hz to 300kHz HP 141T DISPLAY
Noise: > 70dB below SECTION
Spect vz reference 8556A LF SEC- A
pectrum analyzer TION
8552B IF SEC-
TION
Resistor 1k, 1/8W A
. Bandwidth: 100MHz
Oscilloscope
scilloscop Vertical sensitivity: 0.005 Volt/DIV HP1740A AT
BNC (m)-to-BNC (m), 30cm, 2 ea. HP11170A P, A
BNC (m)-to-BNC (m), 61cm, 2 ea. HP11170B P
BNC (m)-to-BNC (m), 10¢m , 4 ea. P
BNC (m)to-BNC (m), I m P, A
Cables
BNC (m)to-SMB A
Dual Banana Plug-to-Alligator Clip HP11002A A, T
Alligator Clip-to-Alligator Clip lead
BNC (m)-to-Dual Banana Plug Cable HP11001A A
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Table 4-1. Recommended Test Equipment (Continued)
Equipment Critical Specifications Recommended Model Use
Phase Standard 1 MHz HP16344A
1:1 HP10007B
Probe
10MHz, 10:1 HP10006D AT
Attenuation range: 0dB to -70dB P
Attenuation step: 10dB
Coaxial Step Calibration Accuracy HP355D
Attenuator at 50kHz, 1MHz, and 10MHz: (Calibrated)*
—10dB . ....+0.03dB
-30dB..... +0.05dB
—50dB..... +0.07dB
—70dB..... +0,09dB
Test Fixture HP16047A P
BNC (m) (f) (f) Tee hp P/N 1250-0781 P, A
Adapter
BNC (m)-to-Dual Banana Plug hp P/N 1250-1264 A
Coaxial Termination 5082 Feedthrough Termination HP11048C P A
BNC (m)-to-BNC (f), 2 ea. ’
Desk top Computer HP9&25A
I/O ROM’s HP98210A
HP98213A
Interface, w/cable HP98034A P
Sample Capacitor 1000pF ~ 1000nF
Signature Analyzer HP5004A T
Logic Test Box HP16343A T
w/Test ROM’s

4B

P: Performance Test, A: Adjustment, T: Troubleshooting

* Calibration service for the 355D at the frequencies listed above is provided by
Hewlett-Packard's Stanford Park Division in US.
A new 355D, calibrated to meet the Critical Specifications listed above, cdn be

purchased as a special option: Order 355D option J09.

For more information, contact the nearest Hewlett-Packard Sales Office.
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Section IV
Paragraphs 4-1 to 4-8

SECTION IV
PERFORMANCE TESTS

4-1. INTRODUCTION

4-2. This section describes the tests and procedures
used to verify the instrument specifications listed in
Table 1-1. All tests can be performed without access to
the interior of the instrument. A simpler, automatic op-
erational test is presented in Section III under Self Test
(paragraph 3-7). The performance tests described here
can also be used to perform incoming inspection of the
instrument and to verify that the instrument meets
specified performance after troublehsooting and/or
adjustment. If the performance tests indicate that the
instrument is operating outside specified limits, check
that the controls on the instruments used in the test and
the test set-up itself are correct, then proceed with adjust-
ments and/or troubleshooting.

Notes: 1. To ensure proper test results and instrument
operation, Hewlett-Packard suggest a 060
minute warm-up and stabilization period be-
fore performing any of the performance tests.

2. Initial control settings described in paragraph
3-9 must be used for each performance test.
Exceptions to these settings will be noted as
they occur. After completing a performance
test, return 41924 controls to the initial
control settings.

4-3. EQUIPMENT REQUIRED

4-4.  Equipment required to perform all of the per-
formance tests is listed in Table 4-1. Any equipment that
satisfies or exceeds the critical specifications listed in the
table may be used as a substitute for the recommend
models. Accuracy checks described in this section use
the HP Model 16344A 1MHz Pase Standard. The charac-
teristics of the equipment satisfy the performance re-
quirements for the accuracy checks and are especially
suited for use as the 4192A’s accuracy test standards.

Note: Components used as standards should be calibrated
by an instrument whose accuracy is traceable to
NBS or an equivalent standards group, or cali-
brated directly by an authorized calibration
organization such as NBS. The calibration cycle
should be in accordance with stability specifica-

tions of each component.

4-5. TEST RECORD

4-6.  Performance test results can be recorded on the
Test Record at the completion of the test. The Test
Record is at the end of this section. It lists all the tested
specifications and their acceptable limits. The results
recorded at incoming inspection can be used for com-
parison in periodic maintenance, troubleshooting, and
after repairs or adjustments.

4-7. CALIBRATION CYCLE

4-8.  This instrument requires periodic verification of
performance. Depending on the conditions under which
the instrument is used, e.g., environmental conditions or
frequency of use, the instrument should be checked with
the performance tests described here, at least once a year.
To keep instrument down-time to a minimum and to
insure optimum operation, preventive maintenance
should be performed at least twice a year.
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PERFORMANCE TESTS

49, MEASUREMENT SIGNAL FREQUENCY ACCURACY TEST

4-10. This test verifies that test signal frequencies are within specifications.

Frequency Counter

L

Figure 4-1. Measurement Signal Frequency Accuracy Test Setup

EQUIPMENT:
Universal Counter . ........ ... i HP5314A
BNC-to-BNCCable ......... .. . .. . .. HP11170B
PROCEDURE:

a.  Connect the input of the 5314A to the OSC OUTPUT (H¢ygr ) terminal of the 4192A as shown in Figure 4-1.
b.  Set the 4192A’s controls as follows:

SPOT FREQ. ........ .. . 1MHz
OtherControls ........ ... ... ... ... . .. . ... Initial Settings
c.  Set the 5314A’ controls for 10Hz resolution. Frequency readout must be between 0.99995MHz and 1.00005
MHz.
d.  Change the 4192A’s SPOT FREQ. to 10MHz. Readout on the 5314A must be between 9.9995MHz and
10.005MHz.

e.  Disconnect BNC-to-BNC cable from OSC OUTPUT and connect it to 1MHz OUTPUT terminal on the rear
panel. Readout on the 5314A must be betweem 0.99995MHz and 1.00005MHz.

Table 4-2. Measurement Signal Frequency Accuracy Test

Frequency setting Test point Test limits
1 MHz OSC OUTPUT (Hcyr) 0.99995 — 1.00005MHz
10MHz OSC OUTPUT (Hcyr) 9.9995 — 10.0005MHz
IMHz OUTPUT 0.99995 - 1.00005MHz
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PERFORMANCE TESTS

4-11. MEASUREMENT SIGNAL LEVEL ACCURACY TEST

4-12. This test verifies that variable OSC output level is within specifications.

RF Voltmeter

H

| I

i 500 Feed Thru ?
3

Figure 4-2, Measurement Signal Level Accuracy Test Setup.

EQUIPMENT:
RFE Voltmeter ... ..ot e e e e HP3403C W/OPT 001
BNC-to-BNC Cable ...... .. e e e it HP11170A
5082 Feedthrough Termination .. ....... ... ... HP11048C

Note: Warm up the voltmeter at least 1 hour.

PROCEDURE:

a. Connect the Hcyr terminal of the 4192A to the input of the 3403C through the 5082 termiation as shown
in Figure 4-2.

b. Set the 4192A’s controls as follows:

DISPLAY A ..t e e e B—A (dB)
SPOT FREQ. ... it e e s 100Hz
OSC LEVEL . ... SmV
(0180 T=3 g 600] 11 o) - T Initial Settings
c.  Set the 3403C’s controls as follows:
FUNCTION ..ot e e e e ACV
RANGE .. i e e e AUTO
RESPONSETIME. . ...ttt ie i e eeinee e SLOW (for 5Hz only)

d. Readout on the 3403C must be between 2.75mV and 7.26mV.

e. Set the 4192A’s SPOT FREQ. to the test frequencies listed in Table 4-3 (a). Readout on the 3403C at each
frequency must be within the limits given in the table,

f.  Set the 4192A’s OSC LEVEL and SPOT FREQ. in accordance with Table 4-3 (b), (c), and (d). Readout on the
3403C at each frequency must be within the limits given in the table.

4.3
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Table 4-3. Measurement Signal Level Accuracy Test

(2) (b)
OSC LEVEL setting : 5mV OSC LEVEL setting : 100mV
Test frequency Test limits Test frequency Test limits
100Hz 2.75 - 7.26mV N 5Hz 91.0 — 109.0mV
IkHz 2.75 - 7.26mV 100Hz 92.9 — 107.1mV
10kHz 2.75 —7.25mV 1kHz 93.0 — 107.0mV
100kHz 2.75 - 7.25mV 10kHz 93.0 - 107.0mV
1MHz 2.73 - 7.2TmV 100kHz 93.0 — 107.0mV
1MHz 93.0 — 107.0mV
13MHz 74.5 - 125.5mV
() (d)
OSC LEVEL setting : 105mV OSC LEVEL setting : 1.1V
Test frequency Test limits Test frequency Test limits
5Hz 87.7 — 122.35mV SHz 1.013 - 1.187V
100Hz 89.7 — 120.3mV 100Hz 1.034 — 1.166V
1kHz 89.8 — 120.2mV 1kHz 1.035 — 1.165V
10kHz 89.8 — 120.2mV 10kHz 1.035 — 1.165V
100kHz 89.8 — 120.2mV 100kHz 1.035 — 1.165V
1MHz 89.8 — 120.2mV 1MHz 1.035 — 1.165V
13MHz 70.4— 139.6mV 13MHz 0.832 — 1.368V

4-13. CAPACITANCE ACCURACY TEST

4-14, This test checks the accuracy of full scale capacitance measurements over the full frequency range (constant

test signal level). The capacitance accuracy checks are made by connecting a standard capacitor to the instrument and

comparing the measurement readouts with the calibrated value of the standard to verify that the instrument meets

specifications. Accuracies for dissipation factors of nearly zero are also checked in this test.

UNKNOWN
38y 7 )

* Houm  CABLE
QSC  LENGTH

i
ouTPuT
A N AN L,
OB -
I e N W N
;

UNKNOWN
5

i x

a5y

i Haus  CABLE

A OSC  LENGTH CHANNEL A& CHANNEL B
ouTPUY REFERENCE  TEST

!

s

CHANNEL A CHANNEL B
AEEERENCE  TEST
INPUT NPT

L7 N
© ©

TMiz 300F
2y RMS/ 138V = MAK

© f rﬁ? RE_ | s
. 077 o

0
o\ e

Figure 4-3. Capacitance Accuracy Test Setups
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PERFORMANCE TESTS

EQUIPMENT:
Standard Capacitors .. ...... ...t 1pF : HP16381A
10pF : HP16382A
100pF : HP16383A
1000pF : HP16384A
Terminations + c v v vt ettt e e e OPEN }HPI 6074A
SHORT J Standard
Resistor Set
PROCEDURE:
a.  Set the 4192A’s controls as follows:
DISPLAY A ... . C
DISPLAY B ... ... . . D
OSC LEVEL ... .. e 300mV
SPOT FREQ. ... ... . . . i 1MHz
AVERAGE i i it i ittt i etenanenass ON
Other Controls .......... ... .. .. ... i, Initial Settings

Note: If the OPEN and SHORT terminations are not available, use the test setups shown In

Figure 4-3 (a) and (b) for steps b and d, respectively. Equipment required for these
alternate test setups is as follows:

BNC-to-BNC Cable . ......... ..., 10cm long, 4 ea.
BNC Tee Adapter ....... ... ... .. HP P/N 1250-0781, 2 ea.
BNC (f)-to-BNC(f) Adapter ...................... HP P/N 1250-0080

The BNC-to-BNC cables must be no longer than 10cm. Using longer cables will affect the test results.

Connect the OPEN termination directly to the UNKNOWN terminals as shown in Figure 4-3 (c).

QPEN

Press and to perform ZERO (OPEN) calibration (CAL will be displayed on DISPLAY A for a few
seconds and the OPEN indicator lamp will come on).

Connect the SHORT termination directly to the UNKNOWN terminals as shown in Figure 4-3 ().

Press and to perform ZERO (SHORT) calibration (CAL will be displayed on DISPLAY A for a few
seconds and the SHORT indicator lamp will come on).

Connect the 1pF Standard Capacitor directly to the UNKNOWN terminals as shown in Figure 4-3 (c).

Set the 4192A’s SPOT FREQ. in accordance with Table 44 (a). Capacitance and dissipation factor readouts
should be within the test limits given in the table.

Using the 10pF, 100pF, and 1000 pF standard capacitors, repeat step g for Table 4-4 (b) thru (d).
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PERFORMANCE TESTS
Table 4-4. Capacitance Accuracy Test
(@) (b)
Standard capacitor : 1pF Standard capacitor : 10pF

Test frequency | C test limits D test limits Test frequency| C test limits D test limits
100kHz CV.x6fF 0+0.0191 10kHz C.V. £0.06pF 0+0.0191
500kHz CV.£3fF 0 £ 0.0055 50kHz C.V.+£0.03pF| 0*0.0055
1MHz C.V.+26fF 0 £0.0038 100kHz C.V. + 26fF 0 +0.0038
SMHz CV. £ 13fF 0+0.0113 500MHz C.V. £ 40fF 0+ 0.0016
10MHz C.V.£21.6fF 0+0.0216 1KHz C.V.z 13fF 0+0.0012
13MHz C.V. £ 28.0fF 0+ 0.0279 SMHz CV.+ 110fF 0+ 0.0092

10MHz C.V. £ 163fF 0+0.0174
13MHz CV.x211fF 0+0.0224
(©) (d)
Standard capacitor : 100pF Standard capacitor : 1000pF

Test frequency | C test limist D test limits Test frequency | C test limits D test limits
1kHz C.V. £0.6 pF 0+£0.0191 100Hz CV.£13pF 0+£0.025
5kHz C.V.£0.3pF 0 £ 0.0055 400Hz C.V.+3pF 0 = 0.006
10kHz C.V.+0.26 pF | 0+£0.0038 1kHz C.V.+2,6pF 0+ 0.0038
50kHz C.V. £ 0.4pF 0 £ 0.0016 5kHz C.V.x4pF 0+ 0.0016
100kHz CV.20.13pF | 0£0.0012 10kHz C.V.x1.3pF 0x0.0012
500kHz C.V.+04pF 0+0.0016 50kHz C.V.t4pF 0z 0.0016
1MHz CV.20.13pF | 0£0.0012 100kHz CV.z1.3pF 0£0.0012
5MHz C.V.x1l.1pF 0 £ 0.0107 500kHz C.V.t4pF 0£0.0018
10MHz CV.+£291pF | 0+0.0354 1MHz CV.+1.3pF 0£0.0012
13MHz CV.+£4.74pF | 0+ 0.0580

4-15.

RESISTANCE ACCURACY TEST

C.V. = Calibrated Value

4-16.
signal level). The resistance accuracy checks are made by connecting a standard resistor to the instrument and compar-
ing measurement readouts with the calibrated value of the standard to verify that the instrument meets specifications.

This test checks the accuracy of full scale resistance measurements over the full frequency range (constant test

UNKNOWN
—— e ———
[ Lror MR aor Heom  GABLE

8 _OBC__LENGTH

[Stondord

[

CHAWNEL A CHANNEL B
AEFERENCE  TEST
INPD! "

Resistor

Figure 4-4. Resistance Accuracy Test Setup
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PERFORMANCE TESTS

EQUIPMENT:
Standard Resistors . ......... ...t 1009
1k HP16074A
10k Standard Resistor Set
100k$2
PROCEDURE:

Note: If the Capacitance Accuracy Test (paragraph 4-13) has not been performed, perform the ZERQ (SHORT)
offset adjustment described in steps a, d, and e of paragraph 4-13 before proceeding with this test.

a. Set the 4192A’s controls as follows:

DISPLAY A .. . e e R/G

OSC LEVEL ... ... . e 300mV

CIRCUIT MODE ... ... .. . i o~CHWe (series mode)
AVERAGE .. ittt etierinanenn ON

Other Controls . ... ...t Initial Settings

b. Connect the 10082 standard resistor directly to the UNKNOWN terminals as shown in Figure 4-4,

c.  Set the 4192A’s SPOT FREQ. in accordance with Table 4-5. Resistance readouts should be within the test
limits given in the table.

d. Repeat step c for the 1k&2, 10k, and 100k £2 standard resistors.

Table 4-5. Resistance Accuracy Test

Test frequency Test limits

100£2 1k 10k 100k &2
SHz CV.£1.298 CV. 22,60 C.V. £0.206k$2 CV.+£2,43kQ
10Hz CV.£0.71Q CV. 212,90 CV.£0.119k2 CV. 1,38k
50Hz CV.£0.258 CV.£5.23Q C.V. £0.050k$2 CV.20.54k
100Hz C.V. £0.13Q CV.%4,20 C.V. £0.041k82 C.V. £0.43kQ2
500Hz CV.£0.15Q CV.2358 C.V.+0.033k82 C.V. £0.33k$2
1kHz CV. 201302 CV.£338 C.V. £0.033kQ C.V. £0.33k&2
5kHz CV.+0.13Q CV.£33Q CV. £0.033k52 C.V. £0.33kQ
10kHz CV.£0.138 CV. £330 C.V.20.033k2 CV. £0.33kQ
50kHz CV.£0.13Q CV.£338Q C.V. £0.033kQ C.V. +£0,33k82
100kHz CV.20.13Q C.V.+3.3Q2 C.V. £0.033k2 C.V. £0.33k&Q2
500kHz CV.x0.1382 CV.1£33Q CV. £0.033k82
1MHz CV.£0.130 CV.+£3.38 C.V.£0.033k2 E—
5MHz CV.£0418 CV.£10.78 _—
10MHz CV.2291Q C.V.£31.0Q —_
13MHz CV.£4.74Q CV.£49.30 _

C.V. = (Calibrated Value

4.7
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4-17.

4-18.

FREQUENCY/PHASE ACCURACY TEST

This test verifies that vector measurements are made with optimum phase detection accuracy over the full

frequency range.

UNKNOWN
—— i T

wror Meun  CABLE
& 0SC_ LENGTH CHANNEL A CHANNEL B
1

i1 R

a A

‘:: I ‘(: )]

N N
Tun 3007

2 nwS 735V Max

[Stundard Resistor

I

Figure 45. Frequency/Phase Accuracy Test Setup

EQUIPMENT:
RESIStOr ..ttt e e 108 y HP16074A
............................................. 109 } Standard Resistor Set
PROCEDURE:
a.  Set the 4192A’s controls as follows:

DISPLAY A ... . e R/G
SPOT FREQ. «cccrereceneneieinnitnecnannn 1MHz
OSCLEVEL ... ... ... . . i 300mV
CIRCUITMODE .......... ... . . i, oW (series mode)
AVERAGE v evreete tnnannasonnnnesesnaneenas ON
Other Controls . ..o vt i it e i e Initial Settings

48

Connect the 00 standard resistor directly to the 4192A's UNKNOWN terminals as
shown in Figure 4-5.

SHORT

Press(8lue Jand keys to perform the ZERO (SHORT) offset adjustment.

Note: If the Capacitance Accuracy Test or the Resistance Accuracy Test have
been performed (The SHORT indicator lamp is lit), perform step ¢ twice to
invalidate the previous ZERO offset data.

Conneet the 100 standard resistor directly to the UNKNOWN terminals as shown in
Figure 4-5.

Set the 4192A's SPOT FREQ. in accordance with Table 4-6. Reactance readouts
(Display B) should be within the test limits given in the table.

Table 4-6. Frequency/Phase Accuracy Test

Test frequency | Reactance test limits | Test frequency Reactance test limits
100Hz CV.£0.033Q 100kHz CV.£0.02602
400Hz C.V.£0.0288 500kHz CV.£0.02622
1kHz C.V.+£0.026Q 1MHz C.V.+ 0.032Q
5kHz C.V.£0.02682 SMHz C.V.+0.127Q
10kHz C.V.£0.026Q 10MHz C.V. £ 0.3999
50kHz C.V.+0.02682 13MHz C.V.t 0.644Q

C.V. = Calibrated Value

Model 4192A
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4-19. AMPLITUDE/PHASE ACCURACY TEST

4-20. This test checks the accuracy of amplitude and phase measurements over the full frequency range (constant
test signal level). One signal is applied to both CHANNEL A and CHANNEL B; if the instrument is operating within
specifications, the measured amplitude and phase should be 0dB and 0°, respectively.

UNKNOWN
g 138y
Houm  CABLE
OSC _ LENGTH CHANNEL A CHANNEL B
ouTeUT REFERENCE  TEST
INFUT (NPUT

L CUR Lot A% yeor
A
£y L £y £ £y 7y
00O ©E©
LPLELEYE {
° 2v AMS/138V = MAX

oot b

Figure 4-6. Amplitude/Phase (0dB) Accuracy Test Setup

EQUIPMENT:
BNC-to-BNC Cable .......... ... . . i, HP11170A, 2ea®
BNC Tee Adapter ..... ... . . . .., hp P/N 1250-0781

*Both cables must be of the same length.

PROCEDURE:
a. Interconnect OSC OUTPUT (Hcyr ), CHANNEL A and CHANNEL B as shown in Figure 4-6.
b.  Set the 4192A’s controls as follows:

DISPLAY A .. B-A (dB)
DISPLAY B .. ... .. . e 0 (deg)

SPOT FREQ. . ... e 5Hz

OSC LEVEL ... .. e iiea 500mV

Other Controls ........ .. ... .. Initial Settings

¢. Check the readouts on both DISPLAY A and B (Amplitude/Phase). They should be within £0.096dB and
+0.48 deg., respectively.

d. Change the 4192A’s SPOT FREQ. in accordance with Table 4-7. Amplitude and Phase readouts should be
within test limits given in the table.

49
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Table 4-7. Amplitude/Phase (0dB) Accuracy Test
Test frequency Amplitude test limits Phase test limits
SHz 0 £ 0.096dB 0 £0.48 deg
10Hz 0£0.056dB 0 £ 0.28 deg
50Hz 0+ 0.024dB 0£0.12 deg
100Hz 0+0.020dB 0+0.10 deg
500Hz 0+0.0204dB 0+0.10 deg
1kHz 0 +0.020dB 0+0.10 deg
5kHz 0+ 0.020dB 0+0.10 deg
10kHz 0 £0.020dB 0+0.10 deg
50kHz 0 £0.090d4B 0+ 0.16 deg.
100kHz 0 £0.090dB 0+0.16 deg
500kHz 0 £ 0.0904B 0+0.16 deg
1 MHz 0 £0.0904B 0+0.16 deg
5MHz 0+ 0.250dB 0 +0.80 deg
10MHz 0 £0.450dB 0% 1.60 deg
13MHz 0 +0.570dB 0+ 2.08 deg
4-21. AMPLITUDE ACCURACY TEST

4-22.

This test checks amplitude measurement accuracy at three spot frequencies. An attenuated (-10dB, -30dB,

-50dB, and ~70dB) signal is applied to CHANNEL B, and an unattenuated reference signal is applied to CHANNEL
A. The measured attenuation is then compared with the calibrated value of the attenuator.

4-10

LINE

ol man
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UNKNOWN
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PARAMETER
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rocn: 2 """"’T e s W 2D v | |
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“or/@ * /00
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ot | fotate cdtBte womor e 15w
©e : LEEH 0O
2o LT
T 5, VR S e
il lofololaloln
OBweED) 61m O 9‘
s Y R R,
© © & 00
A € NI
CHAMERS CWINEE®  ciacuir MoDE  GAsN MODE 2v mancE
s o~ Ato o (ZH AUTO - ANUAL ~
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387

nnnnn
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;1

ESOQ Feed Thru

Cable A

Cable B

Figure 4-7.

355D

Amplitude Accuracy Test Setup.
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EQUIPMENT:
At eNUATOT . ot st e e e e e e e e HP355D (calibrated)
508 Feedthrough Termination ............... .. ... ... ..., HP 11048C
BNC-to-BNC Cable . ...... i e ei e an HP11170A, 2 ea.
BNC-to-BNC Cable «tvvevrerenetinrinnteaneraarsaanss 10em long

BNC Tee Adapter hp P/N 1250-0781

Notes: 1. Cables A and B should be 11170A and of the same length.

2. The 355D must be calibrated for use at 50kHz, 1MHz and 10MHz (see page 4-B, Table 4-1).
If necessary, contact the nearest Hewlett-~Packard Office for calibration.
PROCEDURE:
a.  Connect the attenuator, termination, adapter, and cables to the 4192A as shown in Figure 4-7.

b.  Set the 4192A’s controls as follows:

DISPLAY A .. B-A (dB)
SPOT FREQ. ... ... i 50kHz
OSCLEVEL ....... ... . i 1v

Other Controls Initial Settings

c.  Set the attenuator to 0dB. The value displayed on DISPLAY A is the Insertion Loss of the attenuator.

d. Press and TE] keys to store the values displayed on DISPLAY A. Press the [3 key of DISPLAY A.
DISPLAY A indicates the effective value of the attenuator.

¢.  Change the attenuator’s setting to - 10dB.
f.  Check the readout on DISPLAY A. It should be within the attenuator’s calibrated value £0.090dB.

g. Change the attenuator’s setting to —~30dB, —50dB and —70dB. Tolerances should be within the test limits
given in Table 4-8.

h.  Change the 4192A’s SPOT FREQ. to 1MHz. Release the deviation measurement function.
i.  Repeat steps d to g, and check that the readouts on DISPLAY A are in accordance with the table.
j.-  Change the 4192A’s SPOT FREQ. to 10MHz and repeat to check.

Table 4-8. Amplitude Accuracy Test
Test limits
Test frequency
-10dB -30dB -50dB -70dB
50kHz C.V.+£0.09dB C.V. * 0.16dB C.V.20.24dB C.V. £2.04dB
1 MHz CV.£0.09dB C.V.£0.16dB C.V.+0.24dB C.V. £2.04dB
10MHz CV.2045dB C.V. £ 0.88dB C.V.+ 1.32dB C.V.+11.22dB

C.V. = Calibrated Value
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4.23. ABSOLUTE AMPLITUDE ACCURACY TEST

4-24. This test checks absolute gain measurement accuracy over the full frequency range. A signal is applied to
CHANNEL A through a 5092 termination and to a voltmeter. The reading on the voltmeter is compared with the
DISPLAY A reading to verify that the instrument has accurately measured the amplitude of the signal.

RF Voltmeter

Figure 4-8. Absolute Amplitude Accuracy Test Setup.

EQUIPMENT:
RF Voltmeter ....... ... . . . .. . i HP3403C W/OPT 001
5082 Feedthrough Termination ........................... HP11048C
BNC-to-BNC Cable ....... ... . i HP11170A, 2 ea.
BNC Tee Adapter ... ...ttt e e hp P/N 1250-0781
PROCEDURE:

a. Connect the OSC OUTPUT (Hcyr) terminal to both the 3403C Input and CHANNEL A (REFERENCE
INPUT) as shown in Figure 4-8.

b. Set the 4192A’s controls as follows:

DISPLAY A ... .. . . A (dBm/dBV)

OSCLEVEL ... ... . . . . . i, 500mV

SPOT FREQ. ..ot e SHz

GAINMODE ... ... . . .. . i, dBV

Other Controls .............. i iienenn. Initial Settings
c. Set the 3403C’s controls as follows:

FUNCTION ... .. . e AC

RANGE ... e AUTO

d. Translate the voltage reading on the 3403C to a dBV value using the following equation:
dBV value = 20 log;¢ (3403C voltage reading) ....... (eq. 4-1)

Note: If the 3403C is equipped with option 006 (dB display), set 3403C’s FUNCTION to AC dB. The read-
ings are dBV values, and no calculation is necessary.

4-12



Model 4192A Section IV
Paragraphs 4-24 to 4-26
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e. Compare the readout on Display A with the value calculated in step d. The difference should be within the test
limits given in Table 4-9.

f.  Change the 4192A’s SPOT FREQ. in accordance with Table 4-9 and repeat steps d and e.

Table 4-9. Absolute Amplitude Accuracy Test

Test frequency Test limits Test frequency Test limits
S5Hz C.V. £0.60dBV 30kHz C.V. £0.40dBV
10Hz C.V. £ 0.50dBV 75kHz C.V. £0.40dBV
30Hz C.V. £0.43dBV 100kHz C.V. £040dBV
100Hz C.V. £0.40dBV 300Hz C.V. £0.40dBV
300Hz C.V. £0.40dBV 1MHz C.V. £0.40dBV
1kHz C.V.£0.40dBV 3MHz C.V. £0.64dBV
3kHz C.V. £0.40dBV 10MHz C. V. 1.20dBV
10kHz C.V. £0.40dBVY 13MHz C.V. £ 1.44dBV

C.V. = dBV value (measured or caleurated in step d).

4-25. PHASE ACCURACY TEST

4-26. This test checks the accuracy of phase measurements. A calibrated phase standard, which generates two sine
waves of the same frequency and amplitude, is connected to the instrument’s CHANNEL B (TEST INPUT) and
CHANNEL A (REFERENCE INPUT). The phase of the signal applied to CHANNEL B is shifted in 22.5° steps in
reference to the signal applied to CHANNEL A. The measured phase shift, displayed on DISPLAY B, is then compared
with the actual phase shift.

5 , ] to EXT REFERENCE
& ™ . .
=
o
N
I
=
(=]
Phase Standard |+
a- H 8
(o I 1 e
Cable A
Cable B

Figure 4-9. Phase Accuracy Test Setup.

4-13
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EQUIPMENT:
IMHz Phase Standard . ........ ... i, HP16344A
BNC-to-BNC Cable . ....... ... i, HP11170B, 2 ea.
BNC-to-BNC Cable . ..... ... i aa 1 meter
Note: Cables A and B in Figure 4-9 should be the same length.
PROCEDURE:
a. Connect the 16344 A Phase Standard to the 4192A as shown in Figure 4-9.
b.  Set the 4192A’s controls as follows:
DISPLAY A ... . i e e B-A (dB)
DISPLAY B ... e 0 (deg)
SPOT FREQ. ... i e e 1MHz
Other Controls ......... ... .. .. Initial Settings
c. Press the RESET key on the 16344A.
d. Press » (o] keys to store the value displayed on DISPLAY B. Press the [(°] key of DISPLAY B.
e.  Observe DISPLAY B, the reading should be 0 degrees.
f. Press the SET key on the 16344 A. (Shifts the phase 22.5°)
g The reading on DISPLAY B should be -22.5 + 0.16 degrees
h.

Repeatedly press the SET key and check that the measured phase is within the test limits given in Table 4-10.

Note: When the RESET key on the 163444 is pressed, the phase difference between the two output signals
returns to 0°.

Table 4-10. Phase Accuracy Test

Phase setting Test limits Phase setting Test limits
+0.0° 0 deg +180.0° +180.0° £ 0.16 deg
-22.5° —22.5°+0.16 deg +157.5° 157.5°+0.16 deg
-45.0° —45.0°+0.16 deg +135.0° 135.0°+0.16 deg
-67.5° —67.5°+0.16 deg +112.5° 112.5°+£0.16 deg
-90.0° —90.0°t 0.16 deg +90.0° 90.0°+0.16 deg
-112.5° ~112.5°+0.16 deg +67.5° 67.5°+0.16 deg
-135.0° —135.0°+0.16 deg +45.0° 45.0°10.16 deg
-157.5° —157.5°£0.16 deg +22.5° 22.5°+0.16 deg

4.14
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4-27. DC BIAS VOLTAGE ACCURACY TEST

4-28. This test checks the accuracy of the DC bias voltage output by the instrument.

DC Voltmeter
] n |

00oooo onogoag || @

Figure 4-10., DC Bias Voltage Accuracy Test Setup

EQUIPMENT:
DC Voltmeter ....... ... e i HP3465A
BNC-to-Dual Banana Plug Cable ........................... HP11001A
PRODUCRE:

a. Connect the 3465A to the 4192A as shown in Figure BZIP;IO. Set the 4192A’s controls to Initial Settings .

EBEQ/BIAS MHz v
b. Set the 4192A’ SPOT BIAS to OV (press(8lue), [o], (], [] ). Other controls should be set to their
Initial Settings.

¢.  Set the 3465A for DCV measurements. Voltage readout should be 0V £ 5mV.

d. Change the 4192A’s SPOT BIAS in accordance with Table 4-11. Check that the measured voltages are within
the test limits given in the Table.

s
e. DPress , (BIAS on Indicator will go off).

Table 411. DC Bias Voltage Accuracy Test

Bias voltage setting Test limits
ov 0V 5mV
10mV 10mV + SmV
100mV 100mV * 5mV
v 1V = 10mV
10V 10V £ 55mV
35V 35V + 180mV
-10mV -10mV £ 5mV
-100mV -100mV £ 5mV
-1v 1V 10mV
-10v -10V £ 55mV
-35V -35V+ 180mV

4.15
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4-29,

RECORDER OUTPUT VOLTAGE ACCURACY TEST

4-30. This test verifies that recorder output voltage for the 4192A meets specifications.

to DISPLAY A/DISPLAY B
on rear-panel

DC Voltmeter
1}

000000 000aoao

o]

t@@@@@'é

Figure 4-11. Recorder Output Voltage Accuracy Test Setup.

EQUIPMENT:
DC Voltmeter . ... e e e HP3465A
BNC-to-Dual Banana Plug Cable ........................... HP11001A
PROCEDURE:
a. Connect the INPUT of the 3455A to the DISPLAY A terminal on the rear panel of the 4192A as shown in

416

Figure 4-11.
L
Press and (z] . The readout on the 3465A should be OV + 20mV.

Press and faz] . The readout on the 3465A should be 1V £ SmV higher than the voltage measured in
step b.

gELF
EST
b

Press (Blue), and quickly [7) (SELF TEST 7). The readout on the 3265A should be 1V + 5mV
less than the voltage measured in step b.

Connect the INPUT of the 3465A to the DISPLAY B terminal.

Repeat steps b, ¢, and d.

SELF

Press and to release the SELF TEST function.

Table 4-12. Recorder Output Voltage Accuracy Test

Panel setting (Output Voltage) Test limits
I LL(0V) OV £20mV

UR 7t (+1V) 1 + (readout in step b.) £ 5mV

SELF TEST 7 (-1V) -1 + (readout in step b.) = 5mV
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4-31. HP-IB INTERFACE TEST

4-32. This test verifies the instrument’s HP-IB capabilities (listed in Table 3-22).

98034A

[ U IS P P Y DY) P R )
[— N YU T P W P

uuuuuuuuuuuuuuu
Suoo 050 5005 L5000
Ll d A oo
dddud Sl e 0 b ado

U P IV P P I N S VW RS TR [P P ]

N ——— =/

DESK TOP COMPUTER

Figure 4-12. HP-IB Interface Test Setup.

EQUIPMENT:
Calculator . ... i e e HP9825A
I/O ROM S ittt e e e e s HP98210A, 98213A
Interface Cable ... i i e HP98034A
Sample Capacitor . ... ... ..t 1000pF ~ 1000nF
Test FIXTUTE v oo e ee e e e e e e e e HP16047A
PROCEDURE:

a. Turn both the 4192A and the 9825A off.

b.  Connect the 98034A between the 9825A and 4192A as shown in Figure 4-12, and install the I/O ROM’s
in the ROM slots.

¢.  Connect the 16047A Test Fixture to the UNKNOWN terminals.

d. Set the 4192A’s HP-IB control switch, located on the rear panel, as follows:
bits 1 ~5: 10001 (174)
bit 6: 0
bit 7: 0

e. Turn the 4192A and the 9825A on.

f.  Load one of the five test programs into the calculator.

g, Execute the program and follow the prompts and instructions that are output by the 9825A. Details on the
controller’s (calculator) instructions and the appropriate operator response are given in Tables 4-13 through
4-17.

4-17
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TEST PROGRAM 1

[PURPOSE]

This test verifies that the 4192A has the following HP-IB capabilities:
(1) Remote/Local Capability
(2) Local Lockout
(3) Talk Disable
(4) Listen Disable

[PROGRAM LISTING]

"REMOTE/LOCAL TEST":
dim A$011]
0N
rds (717318
: prt "REMODTE/LOCAL TEST®;spc 3
rem 7
wrt 717,"T1";ent "LIGTEN=1, TALK=0, REMOTE=1",~3
: if AS="p";13¥M
cli 7;ent "LISTEN=0, TALK=0, FEMOTE=1",A$
if AS="n";1IN
10: lel 7;ent "LISTEN=0, TALY=0 PREMOTE=0",p%
11: if A$="n*;1}MN
12: rem 727;ent "LISTEN=1, TALK=9, REMOTC=1",A4$
13: if A$="n";1}N
14: lle 7
i5: 1lcl 717;ent "LISTEM=1, TALX=0, REMGTE=0",A%
16: if A$="n";13N
7: rem 73wrl 717,."T1"s;ent "LISTEN={, TALK=0, REMOTE=1",A$%
18: if A$="n";1}N
19: if N=1ls3prt "REMOTE/LOCAL TEST FAIL";spc 3;jmp 2
20: prt "REMOTE/LOCAL TEST PASS";spc 3
2t: OMN
22: prt "LISTEW/TALK TEST";=nc 3
23: red 717,A.Bzent "LISTEN=0, TALK=1, REMDTE=1",AS$
24: if A$="n":1:N
z5: wrt 717,°"Ti";ent °LISTEM=1, TALK=0, REMOTE=1",A%
26: if A%$="n";1IN
27: 1f M=1;prt "LISTEN/TAL¥K TEST FAIL"3:spc 3;jmp 2
28: prt *LISTEN/TALK TEST PASS®";:spc 3
29: prt "END";spec 3

WO NDN B WN = o

30: cli 7
31: lcl 7
32: end
#5544

4-18
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Table 4-13. Controller Instructions and Operator Responses for Test Program 1

Controller Instructions

1T
Displays Printout

Operator Response

REMOTE/LOCAL TEST

LISTEN = 1%, TALK = 0, REMOTE = 1

LISTEN =0, TALK =0, REMOTE =1

LISTEN =0, TALK =0, REMOTE =0
LISTEN = 1, TALK =0, REMOTE = 1
LESTEN = 1, TALD = 0,REMOTE = 0

LISTEN =1, TALK =0, REMOTE =1

If the 4192A HP-IB Status Indicators
and Controller Display are the same,

press , and . If not, press
® e (=)

REMOTE/LOCAL TEST If all steps are correct, this message is
PASS output.
REMOTE/TALK TEST If any step fails, this message is output.
FAIL
LISTEN/TALK TEST

LISTEN =0, TALK =1, REMOTE =1

LISTEN =0, TALK =0, REMOTE = |

If the 4192A HP-IB Status Indicators
and Controller Display are the same,

press , and . If not, press
@ =i =)

LISTEN/TALK TEST

PASS

If both steps are correct, this messsage
is output.

LISTEN/TALK TEST

FAIL

If any step fails, this message is output.

END

*1 indicates ON; 0 indicates OFF.

4-19
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TEST PROGRAM 2

[PURPOSE]

This test verifies that the 4192A has the following HP-IB capabilities:
(1) Listener
(2) Device Clear

[PROGRAM LISTING]

O: "LISTEMER TEST-1": 22: enp "Cirzuil Mode 2 (1 ithru 33" ,P$sspc 1
1: dim P$710] 23: :f P$="e";jmp 2

2: prt "LISTEYER TEST-1";s5pz 3 24: wrt 717,%C",P$;imp -2

3: rem 7 253 =np "Gain Mode 2 (1 t»ru 23" ,P$:spc 1

4: c1: 7 26: 1f Ps="e"sjmp 2

5: c¢lr 717 27: wrt 717,"ASH" ,P$;jnp -2

6: enp "Display A ? (1 (hru 7)",78$;spz 1 28: enp "ZY Range ? (! thru 82" ,P$:s5pc 1

7: if P$="e";jmp 2 29: 1f Ps$="e"sjmp 2

8: wri 717,"A" ,P$;:jmp -2 30: wret 717,"A1C2R" ,P$;jmp -2

9: wrt 717,"AL" 31: enp "Trigger Made 2 (1 thru 3)",F$;spc
10: enp "Dispiay B ? (1 thru 2)",P$;spc 1 32: it P$="e®;:mp 2

1i: if P$="e"sjmp 2 33: wrt 717.*T7T°,P$s5imp -2

12: wrt 717,"6",P$;imp -2 S4: prt "EWD";spec 3

13: wrt 717,"A3" 35: clr 717

14: erp "Display B ? (1 thru 31",P$:52¢c 1 36: cli 7

15: if P$="e";jmp 2 37: lcl 7

16: wrt 717,"3",P$;:jmp -2 38: end

17: wrt 717,°A5" *20186

18: a2np "Display B ? (1 ithru 32" ,P$;s5pc 1
'9: if Ps="e";jmp 2

20: wrt 717.,"B",P$;jmp -2

24: cle 717

Input the numeric portion* (suffix) of the HP-IB program code (listed in Table 3-23) for each panel function
of the indicated display (A or B) or mode keys (CIRCUIT MODE, GAIN MODE, ZY RANGE, TRIGGER
MODE). Press and verify that the 4192A is set to the appropriate function or mode. For example,

when Display A ? (1 thru 7) is displayed on the 9825A, inputting (1] and will set the 4192A to
impedance measurement, and the |Z1/1Y|indicator lamp on the front-panel will come one; inputting @
and will set the 4192A to resistance measurement, and the R/G indicator lamp will come on.

Press @ (end) and after each step, e.g., after all seven functions of DISPLAY A have been
checked.

*This number is printed on the front-panel, next to the indicator lamp or key.

420
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TEST PROGRAM 3

[PURPOSE]

This test verifies that the 4192 A has the following HP-IB capabilities:

(1) Listener
(2) Device Clear

[PROGRAM LISTING]

0:
1:
2:
3:
4z
S5:
6.
7:
8:

[0S)

"LISTENER TEST-2%:

dim P$[10]

prt "LISTENER TEST-2";s5pc 3
rem 7

cli 7

clr 717

fxd ©

anp
if P$="e";jmp 2

wrt 717,°FR",P$,"EN";sjmp -2

*Spot Freq.(KHZ) 2",P$;spc

a
i

10: enp "Step Freqg.{(KHZ) ?" ,P$;s-c 1

11:
12:
13:
14:
15:
16:
17:
i8:
19:
20:
21:

if P$="e";jmp 2

wrt 717 ."SF*,P$,"EH";jmp -2
enp "Starl Freq. (KHZ) ?",F¢;spc 1
if P$="e";jmp 2

wrt 717,"TF*,P$,"EN"simp -2
enp
if P¢="e"sjmp 2

wrt 717.*FF".P$,"EH"sjmp -2

enp "Spot Bias(V) ?",P$;spc 1

if P$="e":jmp 2
wrt 717,"81",P$,"EN";jmp -2

"Stop Freq.(KHZ> ?",P$;spc

22;:
23:
24:
25:
26:
27:
28:
29:
30:
K
32:
33:
34:
35
36:
37:
38:
39:
*348

enp “Step Bias(V)" ,P$;spc !
if F$="e®;jmp 2

wrt 717.%"58B" ,P$,"EN";jmp -2
enp
if P$="e";jmp 2

wrt 717,*TB",P$,"EN";jmp -2
enp "Stop Bias(V) 7*,P$;sspc
if P$="e";jmp 2

wrt 717,*PB",P$ "EN":jmp -2
wrt 717,"10"

enp *DSC Lewvel(V) 2" ,P$;spc
if P#¢="e";jmp 2

wrt 717,"0L°",P$ . "EN"sjmp -2
prt "END®":spc 3

clr 717

cli 7

lel 7

end

"Start Bias(V) 2" .P3$;:spc 1

P

Input a value for the indicated test parameter, and press . The indicator lamp for the test parameter
should come on and the value that was input should be correctly displayed on the test parameter display
(DISPLAY C). Press @ and after each step.
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TEST PROGRAM 4

[PURPOSE]

This test verifies that the 4192A has the following HP-IB capabilities:
(1) Talker
(2) Device Trigger

[PROGRAMMING]

"TALKERP TEST":

ort "TALKER TEST“;spc 3

dso "Iincert sampl=2 cap. into 18047A";stp

prt *DATA QUTPUT TEST"

dim A$[11,D$(501

rds(717)1}S

rem 7

cly 7

: elr 717

wrt 717,"4473"

10: trg 717

11: red 717 ,A,B

12: €1t 4

13: prt A,B;spc 2

14: ent "Is output data correct?Cy or nd)",As$

15: if A$="n";prt "DATA OUTFUT TEST FAIL";spc 3simp 2
16: prt "DATA OUTPUT TEST PASS";spc 3

17: prt "COMPLETE DATA OUTPUT TEST-1"

18: trg 717

19: red 717,D8$

20: prt D$;3;s5pc 2

21: ent "Is output data correct?(y or n)",A$

22: if A$="n";prt "COMPLETE DATA OUTPUT TEST-1 FAIL";spc J3jmp 2
23: prt "COMPLETE DATA DUTPUT TEST-1 PASS"3spc 3
24: prt "COMPLETE DATA OUTSUT TEST-2"

25: wrt 717,"F1FRR™

26: trg 717

27: red 717,08

28: prt D$;:spc 2

29: ent "Is output data correct?(y or nd)*,AS

30: if A$="n";prt *COMPLETE DATA OUTPUT TEST-2 FAIL";spc 3;jmp 2
31: prt "COMPLETE DATA CUTPUT TEST-2 PASS";spc 3
32: prt "COMPLETE DATA OUTPUT TIST-3*

33: wrt 717,"0LR"

34: trg 717

35: red 717,D$

36: weit 717,"FO"

37: prit D$s5spc 2

38: ent "Is cutpul data correct?(y ar n)*,As$

39: if A$="n";prt "COMPLETE DATA OQUTPUT TEST-3 FAIL";spc 3sjmp 2
40: pri "COMPLETE DATA OUTPUT TEST-3 PASS";=spc 3
41: prt "END";spc 3

42: clr 717

AN DWNND O

43: cii 7
44: lcl 7
45: end
*19223
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Table 4-14. Controller Instructions and Operator Responses for Test Program 4

Controller Instructions

Operator Response

OUTPUT TEST-1

Displays Printout
TALKER TEST
Connect a capacitor to 16047A Connect a capacitor (1000pF ~ 1000
nF) to 16047A Test Fixture. Then
press .
DATA OUTPUT TEST
DISPLAY A and DISPLAY B meas-
1.0244e - 89 urement data is output to the 9825A°
1.0000e - 04 thermal printer.
Is outpout data correct? (y or n) If the output data is the same as the
DATA OUTPUT TEST values displayed on DISPLAYs A and
PASS B, press and . If not,
paTA oUTPUT TEST | Press (1) and (=]
FAIL
COMPLETE DATA

NCPN + 1.0244E - 09,

Complete data of. DISPLAY A and

OUTPUT TEST - 1 FAIL

NDFN + 0.0001E + Q0 DISPLAY B is output.
Is output data correct? (y or n) If the output data is correct, press
and (=~ ). If not, press
COMPLETE DATA (v) and . (See paragraph 3-
OUTPUT TEST — 1 PASS | 1259
COMPLETE DATA

COMPLETE DATA
OUTPUT TEST — 2

NCPN + 1.0245E - 09,
NDFN + 0.0001E + 00,
K +0100.0000

Complete data of DISPLAY A, DIS-
PLAY B, and SPOT FREQ. is output.

Is output data correct? (y or n)

COMPLETE DATA
OUTPUT TEST — 2 PASS

COMPLETE DATA
OUTPUT TEST — 2 FAIL

If the output data is the same as the
values displayed on DISPLAY’s A and
B and DISPLAY C (Test Parameter
data display), press and .
If not, press (~) and . (See

paragraph 3-125.)
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Model 4192A

Controller Instructions

Displays

Printout

Operator Response

COMPLETE DATA
OUTPUT TEST — 3

NCPN + 1.0245E - 09,
NDFN + 0.0000E + 00,
V +00001.000

Complete data of DISPLAY A, DIS-
PAY B, and OSC LEVEL is output.

Is output data correct? (y or n)

S

COMPLETE DATA
OUTPUT TEST — 3 PASS

COMPLETE DATA
OUTPUT TEST — 3 FAIL

If the output data is the same as the
values displayed on DISPLAY’s A
and B and DISPLAY C (Test Para-
meter data display), press and

. If not, press @ and
. (See paragraph 3-125.)

END

TEST PROGRAM 5

[PURPOSE]

This test program verifies that the 4192A has the following HP-IB capabilities:

(1) Service Request

(2) Serial Poll

[PROGRAM LISTING]

424

“SRQ TEST":

prt ®"SRQ TEST";spec 3

: fxd 0

oni 7,"SRO*"
rem 7

cli 7

cler 717

03S;prt "DATA READY";wrt 717,"DiT2":irg 717:;9sb “LOOP"
0}S;prt "SYNTAX ERROR";wrt 717,"D0A8B";gsb "LGOP®
03S;prt "PROG. ERROR®;wrt 717,"FR14000EN";gsb "LONP*

lecl 7

: end

: 0¥S;prt "TRG. TOO FAST";trg 717;wail 505trg 717;9sb "LOOP"
: 0¥S;prt "BUSY"

: wet 717,°TiWiW4*;wait 1000
: rds(717)}S;prt S;spec 3

: wrl 717,"AB"
: prt "END";spc 3
s cli 7
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19: "LOOP":eir 7,128
20: if bit{0,S)=1s5prt S;spc Isret
21: if bit(1,5)=i;prt S;spc Giret
22: if bit(2,53)=1;3prt 5;spc 3:ret
23: 1f bit(3,5)=1;prt S;spc 3;sret
24: gto “LDOP"
25: "SRQ":rds(717)1}S
26: if bit(6,5)=1;jmp 2
27: prt "OTHER DEVICE SRQ";spc 3
23: "IRET":eir 7,128
29: iret
%31908
Table 4-15. Controller Instruction and Operator Responses for Test Program 5
Controller Instructions
. - " Operator Response
Displays Printout
SRQ TEST
DATA READY SRQ Status Byte data should be 65
(= 01000001).
65
SYNTAX ERROR SRQ Status Byte data should be 66
(= 01000010).
66
PROG. ERROR SRQ Status Byte data should be 68
— (= 01000100).
68
TRG. TOO FAST SRQ Status Byte data should be 72
(= 01001000).
72
BUSY SRQ Status Byte data should be 16
(= 00010000).
16
END
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APPENDIX

The following are HP-IB Interface Test for the 4192A that can be run on the HPS85
Personal Computer. They are functionally identical to the HP 9825B programs given in
paragraph 4-31. Equipment required to execute these Programs is as follows:

Personal COMPULEr ssesseseessssonsene ceeesseenuaes HP85
I/O ROM «eeeuee crsensesneesestessoransanes ceecerarues hp P/N 00085-15003
ROM DRAWER teeesecersevenens ceorecsenasesesiess HP82936A

HP-IB Interface Module s«sseeessaee ceveesnes e+« HP82937A

Sample Capacitor «sesseeesssnaeas cesessrecanee seessss 1000pF  1000nF
Test Fixture cesesesceces vesresenrennanane veserees reuees «HP16047A
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TEST PROGRAM 1

[PROGRAM LISTING]

10

! REMOTE-LOCAL TEST
OPTIDON BRSE 1
DIM B$[201,C$(25]
R1=717 @ A=7
B$="REMOTE-LOCAL TEST "
C$="| ISTEN= TALK= REMOTE= "
N=Q
S=SPOLLCAT)
PRINT B$

REMOTE A

OUTPUT A1 ;" T1"

Cl1g="1" @ C2%="0" @ C3g="1"
GOSUB 460

RBORTIO A

Cl1¢="0" @ C2%="0" ® C3I¢="1q"
GOSUB 460

LOCRL R

C1$="0" @ C2%="0" & CIt="0"
GOSUB 460

REMOTE R1

Clg="1" @ C2¢="0" @ C3g="1"
GOSUB 460

LOCAL LOCKOUT A

LOCAL A1

Cig="1" @ C28="0" @ C3¢="0"
GOSUB 460

REMOTE A

QUTPUT A1 ;" T1"

Ctg="1" @ C28="Q" @ C3t="1"
GOSUB 460

GOSUB 530

N=0

Be="LISTEN/TALK TEST "
PRINT B$

ENTER A1 ; X,Y¥Y

Cig$="0" @ C28="1" @ C3¢="1"
GOSUB 460

OUTPUT A1 ;" T1"

Cig=s"1" @ C2%="0" § C3I¢="1"
GOSUB 460

GOSUB 530

ABORTIO A

LOCAL R

PRINT "END"

END

| %%%%% SUUB RA$ *%%%x%
C$[8,81=C1$ ® C$(15,151C2$
C$[24,241=C3s

DISP Cs%;

INPUT AS$

IF A$="N" THEN N=1

RE TURN

| %*%%x%x SUB PRT *%%%%
PRINT BS$;

IF N=1 THEN PRINT "FAIL" ELSE PRINT 'PRSS"
RETURN
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Controller Instructions and Operator Responses for Test Program 1

Controller Instructions

Operator Response
Displays Printout

REMOTE/LOCAL TEST

LISTEN=1 TALK=0 REMOTE=1 ? If the 4192A HP-IB Status
LISTEN=0 TALK=0 REMOTE=1 ? Indicators and Controller
LISTEN=0 TALK=0 REMOTE=0 ? Display are the same,
LISTEN=1 TALK=0 REMOTE=1 ? press (¥, and .
LISTEN=1 TALK=0 REMOTE=0 ? If not, press 8, and
LISTEN=1 TALK=0 REMQTE=} ? {EnD UiNE) |
REMOTE/LOCAL TEST PASS | If all steps are correct,
this message 1is output.
REMOTE/LOCAL TEST FAIL | If any step fails, this
message is output.
LISTEN/TALK TEST
LISTEN=0 TALK=1 REMOTE=1 ? If the 4192A HP-IB Status
Indicators and Controller
LISTEN=0 TALK=0 REMOTE=1 ? Display are the same,

press (¥, and (8o Ong),
If not, press (8§, and
(Eno unE) ,

LISTEN/TALK TEST PASS If both steps are
correct, this message is
output.

LISTEN/TALK TEST FAIL If any step fails, this
message is output.

END
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TEST PROGRAM 2
[PROGRAM LISTING]

250 IF P$="E" THEN 270

260 QUTPUT At ;"B",P$ @ GOTO 230
270 CLERR A1

280 DISP "CIRCUIT MODEC(1 thru 3)";
290 INPUT P$

10 ! LISTENER TEST-1

20 DIM P$[10]

30 A1=717 @ A=7

40 DISP "LISTENER TEST-1"

50 REMOTE A

60 ABORTIO A 300 IF Ps$="E" THEN 320

70 CLERR A1 310 OUTPUT Al ;"C",P$ @ GDTD'ZBO
30 INPUT P$ 330 INPUT PSH

100 IF P$="E" THEN 120 340 IF Ps$="E" THEW 3B0

350 OUTPUT H1 ;"ASN",P$ @ GOTO 320
360 DISP "2Zv¥ RAMGE(1 thru &8)";

370 INPUT Ps

380 IF P$="E" THEN 400

390 OUTPUT A1 ;"RI1CZR",P$ @ GOTO 360
400 DISP "TRIGGER MODE (1 thru 33";
410 INPUT P$

420 IF P$="E" THEN 440

430 QUTPUT A1 ;"T",P$ @ GOTO 400
440 DISP "END"

450 RBORTIO AR

460 LOCAL R

470 END

110 0UTPUT At ;"A",P$ @ GOTO0 B8O
120 OUTPUT A1 ;A1

130 DISP "DISPLAY B(1 thru 23";
140 INPUT P$

150 IF P$="E" THEN 170

160 QUTRUT A1 ;"B",P$ ® GOTO 130
170 QUTPUT A1 ;" A3

180 DISP "DISPLAY B(1 thru 3)";
130 INPUT P$

200 IF P$="E" THEN 220

210 OUTPUT A1 ;"B",P$ @ GOTO 1BO
220 OUTPUT At ;" AS"

230 DISP "DISPLAY B(1 thru 3)";
240 INPUT P$

Input the numeric portion* (suffix) of the HP-IB program code for each panel
function of the indicated display (A or B) or mode keys (CIRCUIT MODE, GAIN
MODE, ZY RANGE, TRIGGER MODE). Press and verify that the 4192A is set
to the appropriate function or mode. For example, when Display A ? (1 thru 7)
1:s displayed on the HP85, inputting @ and will set the 4192A to
impedance measurement, and the |Z|/|Y| indicator lamp on the front-panel will
come one; inputting é and will set the 4192A to resistance
measurement, and the R/G indicator lamp will come on. Press (:] (end) and

after each step, e.g., after all seven functions of DISPLAY A have
been checked.

*This number is printed on the front-panel, next to the indicator lamp or key.

4-29



Section IV
paragraph 4-32

PERFORMANCE TESTS

Model 4192A

TEST PROGRAM 3

Input a value for the

[PROGRAM LISTING]

10
20
30

210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
380
370
380
390
400
410
420
430
440
450
460
470
480
490

! LISTENER TEST-2

DIM P$[10]

A1=717 & A=7

DISP "LISTENER TEST-2"
REMOTE A

ABORTIO A

CLEAR A1

DISP “SPOT FREQ. (kHz)";
INPUT P$

IMAGE K,7A,K

IF P$="E" THEN 130

QUTPUT A1 USING 100 ; "FR",P$,"EN"' @ GOTO

DISP "STEP FREQ. (kHz)";
INPUT P$
IF P$="E" THEN 170

OUTPUT A1 USING 100 ; “SF“,P$,"EN"

DISP "START FREQ. (kHz)";
INPUT P$
IF P$="g" THEN 210

@ GOTO

OUTPUT A1 USING 100 ; "TF",P$,"EN" @ GOTO

DISP "STOP FREQ, (kHz)";
INPUT P$
IF P$="E" THEN 250

OUTPUT A1 USING 100 ; "PF",P$,"EN" @ GOTO

DISP "SPOT BIRS(V)OY;
INPUT P$
IF P$="E" THEN 280

QUTPUT A1 USING 100 ; “BI",P$,"EN' @ GOTO

DISP "“STEP BIAS(V)";
INPUT P$
IF P$="E" THEN 330

OUTPUT A1 USING 100 ; "SB",P$,"EN' ® GOTO

DISP "START BIRS(V)';
INPUT P$
IF P$="E" THEN 370

OUTPUT A1 USING 100 ; “TB",P$,"EN' @ GOTO

DISP "STOP BIAS(V)O";
INPUT P$
IF P$="E" THEN 410

OUTPUT A1 USING 100 ; “PB",P$,"EN' ® GOTO

OUTPUT R1 ;" I0O"

DISP "0SC LEVEL(VY)",;
INPUT P$

IF P$="E" THEN 480

QUTPUT R1 USING 100 ; “0OL",P$,"EN" @ GOTO

DISP "END"
ABORTIO A
LOCAL H
END

indicated test parameter,

and press .

80

130

170

210

250

280

330

370

420

The

jndicator lamp for the test parameter should come on and the value that was
input should be correctly displayed on the test parameter display (DISPLAY

C).

4-30
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TEST PROGRAM 4

[PROGRAM LISTING]

10
20
30

280

400
410

460

490
500
510
520

TALKER TEST

OPTION BRSE 1

DIM D$({501,B$(30]

B$="DATA OUTPUT TEST "
R1=717 @ RA=7?

PRINT "TRALKER TEST"

DISP "CONNECT R CAPACITOR TO
DISP TAB(15);"PRESS [COMT) KEY"
PRUSE

16047R"

FPRINT B$
S=SPOLL(AI)
REMOTE A

ABORTIO R

CLERR A1

QUTPUT A1 ;"R4T3"
TRIGGER A1

ENTER A1 ; X,Y
IMAGE 2¢(D.4DE,5X>
PRINT USING 180 ; X,¥Y
GOSUB 470
B$="COMPLETE " &B$
B$({28)="-1 "
PRINT B$

TRIGGER A1

ENTER R1 ; D$
PRINT D#%

GOSUB 470
Bs$i26) =" -2 "
PRINT B$

OUTPUT A1 ;"“F1FRR"
TRIGGER A1

ENTER A1 ; D$
PRINT D%

GOSUB 470
B$(2€]1="-3 "
PRINT B$

QUTPUT ARt ;"OLR"
TRIGGER RI1

ENTER A1 ; D¢
QUTPUT A1 ;"FO"
PRINT D$

GOSUB 470

PRINT "END"
ABORTIO A

LOCAL A

END

| %%%%x%x SUUB %%x%*%x
DISP "IS OUTPUT DATA CORRECT(Y or MH)";
INPUT As$

PRINT BS$;

IF A$="N" THEN PRINT "FRIL" ELSE PRINT

RETURN

" PRSS"
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Controller Instructions and Operator Responses for Test Program 4

Controller Instructions

Displays

Printout

Operator Response

TALKER TEST

CONNECT A CAPACITOR TO 16047A
PRESS [CONT] KEY

capacitor

1000nf) to

Fixture.
{conT) ,

Connect a
(1000pF --
16047A  Test
Then press

DATA QUTPUT TEST

1.0117E-008
1.2300E-002

DISPLAY A and DISPLAY B

measurement data is
output to the HP85's
printer.

IS OUTPUT DATA CORRECT (Y or N) ?

DATA OUTPUT TEST PASS
DATA QUTPUT TEST FAIL

If the output data 1is
the same as the values
displayed on DISPLAYs A
and B, press (¥ and
Enoume],  If not, press
® and (Eno LiNg].

COMPLETE DATA OUTPUT
TEST-1

NCSN+10.106E-09,
NDFC+0.0125E+00

Complete data of DISPLAY

IS QUTPUT DATA CORRECT (Y or N) ?

COMPLETE DATA OUTPUT
TEST-1 PASS

COMPLETE DATA OUTPUT
TEST~1 FAIL

A AND DISPLAY B s
output.

If the output data is
correct, press and
(ENo_ONE) . If not, press
) and (Eno une).

COMPLETE DATA OQUTPUT
TEST-2

NCSN+10.100E-09,
NDFN+0.0127E+00,
K+0100.0000

Complete data of DISPLAY
A, DISPLAY B and SPOT
FREQ. is output.
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Controller Instructions and Operator Responses for Test Program 4

Controller Instructions

Operator Response
Displays Printout

IS OUTPUT DATA CORRECT (Y or N) ? If the output data is the

same as the values dis-

played on DISPLAYs A and

COMPLETE DATA OUTPUT B and DISPLAY C (Test
TEST-2 PASS Parameter data display),

press (v) and (enoumg). If

COMPLETE DATA OUTPUT not, press ® and
TEST-2 FAIL (END URE) .

COMPLETE DATA OUTPUT

TEST-3
NCSN+10.100E-09, Complete data of DISPLAY
NDFN+0.0127E+00, A, DISPLAY B and 0SC
¥+00001.000 LEVEL is output.
IS OUTPUT DATA CORRECT (Y or N) ? If the output data is the

same as the values dis-
played on DISPLAYs A and
B and DISPLAY C (Test
COMPLETE DATA QUTPUT Parameter data display),

TEST-3 PASS press and (Ewowone), If

not, press (N) and
COMPLETE DATA QUTPUT END LINE ) .
TEST-3 FAIL
END
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TEST PROGRAM 5
[PROGRAM LISTING]

10 | SRQ TEST

20 RA1=717 @ A=7

30 PRINT "SRQ TEST"

40 ON INTR 7 GOSUB 430

50 REMOTE A

50 ABORTIO A

70 CLEARR A1

80 S=0

90 PRINT "DATAR RERDY"

100 QUTPUT A1 ;"D1T2"

110 TRIGGER AN

120 GOSUB 380

130 S=0

140 PRINT "SYNTAX ERROR"
150 OUTPUT At ;" DORB"

160 GOSUB 380

170 S=0

180 PRINT "PROG. ERROR"
1390 OUTPUT A1 ;"FR14000EN"
200 GOSUB 380

210 S=0

220 PRINT "TRG. TOO FRST"
230 TRIGGER A1

240 WAIT SO

250 TRIGGER A1

260 GOSUB 380

270 S=0

280 PRINT “BUSY"

290 OQUTPUT A1 ;" T1W1W4"
300 WAIT 1000

310 S=SPOLL (A1)

320 PRINT S

330 QUTPUT A1 ;"AB"

340 PRINT "END"

350 ABORTIO A

360 LOCAL A

370 END

380 | xxx%x SUB LOOP *xxxx
350 ENABLE INTR 7;8

400 B=BIT(S5,0) OR BIT(S,1) OR BIT(S,2) OR BIT(S,3)
410 IF B=1 THEN PRINT S @ RETURN
420 GOTO 380

430 | x%xx%x% SUB SRQ *%¥%¥%x
440 S=SPOLLC(A1)

450 STATUS 7,1 ; Si

460 IF BIT(S,8)=0 THEN DISP "OTHER DEVICE SRQ"
470 ENABLE INTR 7;8

480 RETURN
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Contro]]erllnstruction and Operator Responses for Test Program 5

Controller Instructions

Operator Response

Displays Printout
SRQ TEST
DATA READY SRQ Status Byte data should be 65
(= 01000001).
65
SYNTAX ERROR SRQ Status Byte data should be 66
(= 010000010).
66
PROG. ERROR SRQ Status Byte data should be 68
(= 01000100).
68
TRIG. TOO FAST SRQ Status Byte data should be 72
(= 01001000).
72
BUSY SRQ Status Byte data should be 16
(= 00010000).
16
END
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PERFORMANCE TEST RECORD

Hewlett-Packard
Model 4192A Tested by
LF IMPEDANCE ANALYZER Date
Serial No.
Paragraph Result
Test
Number Minimum Actual Maximum
4-9 | Measurement Signal
Frequency Accuracy Test
IMHz (Hcyr) | 0.99995MHz _ 1.00005MHz
10MHz (Hcyr) 9.9995MHz _— 10.0005MHz
imiz (M2 56 09995MHz, | ——— | 1.00005MHz
Output
4-11 Measurement Signal Level
Accuracy Test
OSC Level : 5mV 5Hz 2.65mV _ 7.35mV
100Hz 2.75mV _— 7.26 mV
1kHz 2.75mV _ 7.26mV
10kHz 2.75mV _— 7.26 mV
100kHz 2.75mV _— 7.26 mV
1 MHz 2.75mV —_— 7.26mV
13MHz 1.83mV — 8.18mV
OSC Level : 100mV SHz 91.0mV _— 109.0mV
100Hz 92.9mV —_— 107.1mV
1kHz 93.0mV _— 107.0mV
10kHz 93.0mV —_— 107.0mV
100kHz 93.0mV _— 107.0mV
1MHz 93.0mV e 107.0mV
13MHz 74.5mV  — 125.5mV
OSC Level : 105mV SHz 87.7mV _ 122.35mV
100Hz 89.7mV —_ 120.4mV
1kHz 89.7mV —_ 120.3mV
10kHz 89.7mV _ 120.3mV
100kHz 89.7mV —_ 120.3mV
1MHz 89.7mV _ 120.3mV
13MHz 70.3mV —_— 139.7mV




Paragraph Result
Test . . :
Number Minimum Actual Maximum
4-11 Measurement Signal Level
(continued) Accuracy Test
OSC Level : 1.1V SHz 1.013V _ 1.187V
100Hz 1.034V — 1.166V
1kHz 1.035V —_— 1.165V
10kHz 1.035V _ 1.165V
100kHz 1.035V _ 1.165V
1 MHz 1.035V _— 1.165V
13MHz 0.832V _ 1.369V
4-13 Capacitance Accuracy Test
Standard Capacitor : 1pF
Capacitance 100kHz |C.V.- 5fF —— | CV.+5fF
500kHz |C.V.- 5f{F —— | CV.+5fF
IMHz |C.V.-24fF —— | C.V.+24fF
5MHz |C.V.- 10fF — | CV.+10fF
10MHz |C.V.- 21.6fF CV.+21.6fF
13MHz |C.V.-280fF| —— | C.V.+28.0fF
Dissipation 100kHz - 0.0191 —_— +0.0191
500kHz - 0.0078 — +0.0078
1MHz - 0.0038 _ +0.0038
5MHz - 0.0075 _— +0.0075
10MHz -~ 0.0217 +0.0217
13MHz ~0.0280 +0.0280
Standard Capacitor : 10pF
Capacitance 10kHz | C.V. - 50fF C.V. +50fF
50kHz | C.V.- SOfF C.V.+501{F
100kHz | C.V.- 24fF C.V. +24fF
500kHz | C.V. - 40fF C.V.+40fF
1MHz | C.V.- 14fF C.V.+ 14fF
5MHz | C.V.- 80fF C.V.+ 80fF
10MHz | C.V.- 163fF C.V.+ 163fF
13MHz | C.V.- 211fF C.V.+211fF
Dissipation 10kHz -0.0191 +0.0191
50kHz - 0.0078 +0.0078
100kHz -0.0038 +0.0038
500kHz - 0.0021 +0.0021
1MHz -0.0013 +0.0013
5MHz - 0.0063 +0.0063
10MHz -0.0174 +0.0174
13MHz -0.0224 +0.0224

C.V. = Calibrated Value




Paragraph Test Result
Number Minimum Actual Maximum
4-13 Capacitance Accuracy Test
(continued) Standard Capacitor : 100pF
Capacitance 1kHz | C.V.- Q.5pF — | CV.+0.5pF
5kHz | C.V. - 0.5pF — | CV.+0.5pF
10kHz | C.V.- 0.24pF — | CV.+0.24pF
50kHz | C.V.- 0.4pF —— | C.V.+0.4pF
100kHz | C.V.- 0.14pF —— | C.V.+0.14pF
500kHz | C.V. - 0.4pF —— | CV.+04pF
IMHz | C.V.- 0.14pF ——— | CV.+0.14pF
5MHz | C.V.- 0.7pF —— | C.V.+0.7pF
I0MHz | C.V.-291pF | ——— | C.V.+2091pF
13MHz | C.V.-474pF | ——— | C.V.+4.74pF
Dissipation 1kHz - 0.0191 — +0.0191
5kHz - 0.0078 _— +0.0078
10kHz - 0.0038 —_— +0.0038
50kHz - 0.0021 —_ +0.0021
100kHz - 0.0013 _ +0.0013
500kHz - 0.0021 _ +0.0021
1 MHz - 0.0013 —_— +0.0013
SMHz - 0.0056 _— +0.0056
10MHz - 0.0354 _— +0.0354
13MHz - 0.0581 —_ +0.0581
Standard Capacitor : 1000pF
Capacitance 100Hz | C.V.- 50pF _ C.V. + 50pF
400Hz | C.V.- 40pF _ C.V. +40pF
1kHz | C.V.- 2.4pF _— C.V. + 2.4pF
5kHz | C.V.- 4pF _— C.V. +4pF
10kHz | C.V.~ 1.4pF —_ C.V.+ 1.4pF
50kHz | C.V.- 4pF —_— C.V.+4pF
100kHz | C.V.- 1.4pF _— C.V.+ L.4pF
500kHz | C.V.- 4pF _ C.V. +4pF
IMHz | C. V.- 1.4pF _— C.V.+ 1.4pF
Dissipation 100Hz - 0.026 _— +0.026
400Hz - 0.009 _— + 0.009
1kHz - 0.0038 _— +0.0038
S5kHz - 0.0021 —_— +0.0021
10kHz - 0.0014 _— +0.0014
50kHz - 0.0021 _ +0.0021
100kHz -0.0013 _ +0.0013
500kHz - 0.0021 —_— +0.0021
1 MHz - 0.0013 _ +0.0013

C.V. = Calibrated Value
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Paragraph Result
Test .. :
Number Minimum Actual Maximum
4-15 Resistance Accuracy Test
Standard Resistor : 10082 5Hz | C.V.- L.30Q _ C.V.+1.30Q
10Hz | C.V.-0.72Q _ CV.+0.728
S0Hz | C.V.-0.328 _ CV.+0328Q
100Hz | C.V.- 0.19Q _ CV.+0.19Q
400Hz | C. V.~ 0.15Q _ CV.+0.158
lkHz | C.V.-0.13Q —_— CV.+0.13Q
S5kHz | C.V.-0.13Q _— CV.+0.13Q
10kHz | C.V.-0.13Q —_— CV.+0.13Q
50kHz | C.V.-0.13Q e CV.+0.1382
100kHz | C.V.-0.13Q —_— CV.+0.13Q2
500kHz | C.V.-0.13Q —_— CV.+0.13Q
IMHz | C.V.-0.13Q2 _ CV.+0.138
SMHz | C.V.- 0418 _— CV.+0410
10MHz | C.V.-291Q _— CV.+291Q
13MHz | C.V.-4.74Q —_— CV.+4.742
Standard Resistor : 1k£2 SHz | C.V.-23.0Q2 _— C.V.+23.00
10Hz | C.V.- 14.0Q _— CV.+14.0Q
SOHz | C.V.-7.0Q _— CV.+7.0Q
100Hz | C.V.- 5.0Q2 ——— CV.+50Q
400Hz | C.V.- 4.00 _— C.V.+4.0Q
lkHz | C.V.-3.3Q _— CV.+3.3Q
5kHz | C.V.-3.3Q _— CV.+338Q
10kHz | C.V.- 3.3Q _— CV.+3.3%Q
50kHz | C.V.-3.3Q _— CV.+3.3Q
100kHz | C.V.- 3.3Q _— CV.+3.38Q
S00kHz | C.V.-3.3Q —_ CV.+33Q
IMHz | C.V.-33Q _ CV.+3.3Q
SMHz | C.V.- 6.28Q —_— CV.+6.2Q
10MHz | C.V.- 31.0Q —_— CV.+31.082
I13MHz | C.V.-49.3Q —_— CV.+49.3Q




Paragraph Result
Number Test Mini .
inimum Actual Maximum
4-15 Resistance Accuracy Test
(continued) Standard Resistor : 10k 5Hz |C.V.-0.204k2 | ——— | C.V. +0.204k$2
10Hz |CV.-0.117k2 | —— | C.V.+0.117k&2
50Hz [C.V.-0.059k | —— | C.V.+0.059k$2
100Hz (C.V.-0.039k2 | —— | C.V.+0.039kQ
400Hz [C V.- 0.034kQ | ——— | C.V.+0.034k8
1kHz [CV.-0.031kQ | —— | C.V.+0.031k§2
S5kHz |C.V.-0.031k2 | ——— | C.V.+0.031k$2
10kHz |C.V.- 0.031k&2 | ——— | C.V.+0.031kQ
S0kHz [C.V.-0.031k2 | —— | CV.+0.031k§)
100kHz C.V.-0.031k2 | ——— | C.V.+0.031kQ
500kHz |C.V.- 0.031kQ | —— | C.V.+0.031kQ
IMHz |C.V.-0.031k2 | ——— | C.V. +0.031kQ
Standard Resistor : 100k§2 SHz |C.V.- 241k — | CV.+241k82
10Hz |C.V. - 1.36k&2 — | CV.+1.36kQ
50Hz |C.V.- 0.66k82 —— | CV. +0.66k82
100Hz |[C.V.- 0.42k§2 — | CV.+042kQ
400Hz |C.V.- 035k — | CV.+0.35kQ
lkHz |[C.V.-0.31k&2 — | C.V.+031kQ
SkHz [C.V.- 031k —— | CV.+031k&Q2
10kHz |C.V. - 0.31kQ — | CV.+0.31kQ2
S0kHz |C.V.- 0.31k&2 —— | CV.+0.31k82
100kHz |C.V.- 0.31k&2 — | CV.+031kQ
4-17 Frequency Phase Accuracy Test
100Hz | C.V. - 0.033Q2 — | CV.+0.0330
400Hz [ C.V. - 0.029Q — | CV.+0.02982
1kHz | C.V. - 0.0262 — | CV.+0.02602
S5kHz | C.V. - 0.026%2 — | C.V.+0.02602
10kHz | C.V. - 0.026%2 — | C.V.+0.02602
50kHz | C.V.- 0.02682 —— | C.V.+0.0260
100kHz | C.V. - 0.02682 —— | CV.+0.02622
500kHz | C.V. - 0.02682 — | CV.+0.02622
IMHz | C.V. - 0.0268Q —— | CV.+0.02682
SMHz | C.V.- 0.067Q2 — | CV.+0.06782
10MHz | C.V. - 0.400Q — | C.V.+0.40082
13MHz | C.V. - 0.645Q — | CV.10.64502

C.V. = Calibrated Value




Paragraph Result
Test
Number Minimum Actual Maximum
4-19 Amplitude/Phase (0dB) Accuracy Test
Amplitude 5Hz - 0.096dB _ +0.096dB
10Hz - 0.056dB _— +0.056dB
S0Hz - 0.029dB _ +0.029dB
100Hz - 0.020dB —_— +0.020dB
500Hz - 0.0204B _— +0.020dB
1kHz - 0.020dB D +0.020dB
5kHz - 0.020dB —_— +0.020dB
10kHz - 0.020dB _ +0.020dB
50kHz - 0.090dB —_— +0.090dB
100kHz - 0.090dB _— +0.090dB
500kHz - 0.090dB —_— +0.090dB
1MHz - 0.090dB  — +0.090dB
5MHz - 0.170dB _ +0.170dB
10MHz - 0.450dB —_— +0.450dB
13MHz - 0.570dB _— +0.570dB
Phase SHz - 0.48 deg e +0.48 deg
10Hz - 0.28 deg _— +0.28 deg
S0Hz - 0.15 deg —_— +0.15 deg
100Hz - 0.10 deg _— +0.10 deg
500Hz ~ 0.10 deg —_ +0.10 deg
1kHz - 0.10 deg —_— +0.10 deg
10kHz - 0.10 deg _— +0.10 deg
S50kHz - 0.16 deg —_ +0.16 deg
100kHz - 0.16 deg —_— +0.16 deg
500kHz - 0.16 deg _— +0.16 deg
1MHz - 0.16 deg _— +0.16 deg
SMHz - 0.48 deg _— +0.48 deg
10MHz - 1.60 deg _ +1.60 deg
13MHz - 2.08 deg _— +2.08 deg
4-21 Amplitude Accuracy Test
Attenuator sefting : - 10dB  10kHz C.V.-0.020dB ——— | C.V.+0.0204B
' IMHz | CV.-0.090dB e | C.V. +0.090dB
10MHz | C.V.-0450dB —— | C.V.+0.450dB
Attenuator setting : - 30dB  10kHz CV.-0.07dB —— | CV.+0.07dB
IMHz | CV.-0.17dB ——— | CV.+0.17dB
10MHz | C.V.-0.89dB —— | CV. +0.89dB
Attenuator setting : - 50dB  10kHz CV.-0.21dB — | CV.+0.21dB
1MHz | C.V.-0.24dB ——— | CV.+0.244B
10MHz | C.V.-1.33dB — | CV.+1.33dB

C.V. = Calibrated Value




Paragraph Result
Test
Number Minimum Actual Maximum
4-21 Amplitude Accuracy Test
(continued)
Attenuator setting : - 70dB  10kHz C.V.-2.01dB —— | CV.+2.01dB
IMHz | C.V.- 2.04dB —— | C.V.+2.04dB
10MHz CV.-11.23dB| —— | C.V.+11.23dB
4-23 Absolute Amplitude Accuracy Test
SHz | C.V.-0.60dBV | ——— | C.V.+0.60dBV
10Hz | C.V.-0.50dBY | ———— | C.V. +0.50dBV
30Hz | C.V.-043dBY | ——— | C.V.+0.43dBV
100Hz | C.V.- 040dBYV | ——— | C.V. +0.40dBV
300Hz | C.V.-040dBV | —— | C.V.+0.40dBV
1kHz | C.V.-0.40dBV| —— | C.V.+0.40dBV
3kHz | C.V.-0.40dBV| —— | C.V.+040dBV
10kHz | C.V.-040dBV | ——— | C.V.+0.40dBV
30kHz | C.V.-040dBV | ——— | C.V.+040dBV
75kHz | C.V.- 0.40dBV| — | C.V.+040dBV
100kHz | C.V.- 040dBY | —— | C.V.+040dBV
300kHz | C.V.-040dBV| —— | C.V.+040dBV
IMHz | C.V.-040dBV | —— | C.V.+040dBV
3MHz | C.V.-0.64dBV | —— | C.V.+0.64dBV
I0MHz | C.V.- 1,20dBY | ——— | C.V.+1.20dBV
I13MHz | C.V.- 1.44dBV | — | C.V.+1.44dBV
4-25 Phase Accuracy Test
0 deg _
- 22.5 deg - 22.56 deg —_ - 22.44 deg
- 45 deg - 45.06 deg _— - 44.94 deg
- 67.5 deg - 67.56 deg e - 67.44 deg
- 90 deg - 90.06 deg _— - 89.94 deg
- 112.5 deg - 112.56 deg _ - 112.44 deg
- 135 deg - 135.06 deg _ - 134.94 deg
- 157.5 deg - 157.56 deg —_— - 157.44 deg
- 180 deg - 179.94 deg _ +179.94 deg
+ 157.5 deg + 157.44 deg _ +157.56 deg
+ 135 deg + 134.94 deg _— + 135.06 deg
+112.5 deg +112.44 deg _ +112.56 deg
+ 90 deg + 89.94 deg _ + 90.06 deg
+67.5 deg +67.44 deg _— +67.56 deg
+45 deg +44.94 deg _— +45.06 deg
+22.5 deg +22.44 deg _ +22.56 deg

C.V. = Calibrated Value

vii
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Paragraph Result
Test
Number Minimum Actual Maximum
4-27 DC Bias Voltage Accuracy Test
ov - 5mV _ +5mV
10mV +5mV _ +15mV
100mV +95mV _ + 105mV
1V +0.990V _ +1.010V
10V +9.945V _— +10.055V
35V +34.82V _ +35.18V
- 10mV - 15mV —_— -5mV
- 100mV - 105mV _ - 95mV
-1V - 1.010V _ - 0.990V
- 10V - 10.055V —_— - 9945V
- 35V - 35,18V —_— - 34.82V
4-29 Recorder Output Voltage Accuracy Test
0V (LL) - 20mV _— +20mV
+1V (UR) | +0.995V+0V*| —— | +1.005V +0V*
- 1V (SELFTEST 7) | - 1.005V+0V*| —— | - 0995V +0V*
*D.C. OFFSET
[ = Actual voltage of OV (LL) ]
4-31 HP-IB Test
Remote/Local Test O PASS _ O FAIL
Listen/Talk  Test 0 PASS _— O FAIL
Listener Test — 1 O PASS _— O FAIL
Listener Test — 2 O PASS — O FAIL
Talker Test O PASS —_— O FAIL
Data Output Test O PASS _— O FAIL
Complete Data Output Test — 1 O PASS _— 0 FAIL
Complete Data Output Test — 2 O PASS —_— O FAIL
Complete Data Output Test — 3 O PASS _— O FAIL
SRQ Test o PASS e O FAIL
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Section V
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SECTION V
ADJUSTMENT

5-1. INTRODUCTION

5-2. This section describes the adjustments and checks
required to return the 4192A to the specifications listed
in Table 1-1 after repairs have been made. These adjust-
ments and checks can also be performed along with
periodic maintenance to keep the instrument in optimum
operating condition. The recommended adjustment cycle
for the 4192A is twice a year. All adjustable components
referred to in the adjustment procedures are listed in
Table 5-1. If proper performance cannot be achieved
after adjustment, refer to the troubleshooting procedures
described in Section VIIL

Note: To ensure proper results and instrument opera-
tion, Hewlett-Packard suggests a 60 minute warm-
up and stabilization period before performing any

of the adjustments described here.
5-3. SAFETY REQUIREMENTS

5-4.  Although the 4192A was designed in accordance
with international safety standards, this manual contains
information, cautions, and warnings which must be
followed to ensure operator safety and to keep the in-
strument in a safe and serviceable condition. Adjust-
ments described in this section should be performed by
qualified service personnel only.

WARNING I

ANY INTERRUPTION OF THE PROTECTIVE
(GROUNDED) CONDUCTOR (INSIDE OR OUT-
SIDE THE INSTRUMENT) OR DISCONNECTION
OF THE PROTECTIVE EARTH TERMINAL IS
LIKELY TO MAKE THE INSTRUMENT DANGER-
OUS. INTENTIONAL INTERRUPTION, FOR
ANY REASON, IS PROHIBITED.

5-5. The removal or opening of covers for removal or
adjustment of parts other than those which are accessible
by hand will exoise live parts.

5-6. Capacitors in the instrument may still be charged
even if the instrument has been disconnected from the
power source (AC line) for an extended period of time.

WARNING

ADJUSTMENTS DESCRIBED IN THIS SECTION
ARE PERFORMED WITH POWER SUPPLIED
AND PROTECTIVE COVERS REMOVED. EN-
ERGY EXISTING AT MANY POINTS MAY, IF
CONTACTED, RESULT IN SERIOUS PERSONAL
INJURY.

5-7. EQUIPMENT REQUIRED

5-8.  All the equipment required to perform the adjust-
ments described in this section are listed in Table 4-1.
Each piece of equipment listed in Table 4-1 should be
calibrated to satisfy its own specifications, as well as
those of the required characteristics. If the recommended
model is not available, any instrument whose specifica-
tions equal or surpass those of the recommended model
may be used instead.

59. FACTORY SELECTED COMPONENTS

5-10. Factory selected components are identifiable by
an asterisk (*) adjacent to the reference designator on the
schematic diagrams in Section VI (only nominal values
are given). Table 5-2 lists the reference designators of all
factory selected éomponents. Also listed in Table 5-2 are
the nominal value range of each component and a brief
description of how each component affects instrument
performance.

Adjustable components, with reference designators, are
listed in Table 5-1. This table also lists the name of the
adjustment and its purpose.

5-11. ADJUSTMENT RELATIONSHIPS

5-12. The adjustment procedures described in this
section, beginning with paragraph 5-17, are interactive
and therefore should be performed in the sequence given.
Ignoring or changing the order of the procedures may
make it impossible to obtain optimum instrument per-
formance. Table 5-3 lists the necessary adjustment pro-
cedures to follow after the instrument has been repaired.
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5-13. ADJUSTMENT LOCATIONS

5-14. To help locate the appropriate adjustment points,
thie locations of the components to be adjusted are shown
in Figure 5-20 The locations of factory selected com-
ponents, connectors, and other components related to
the adjustments are shown in the individual board as-
sembly-component illustrations (fold out service sheets)
in Section VIII.

5-16. INITIAL OPERATING PROCEDURE

5-16. Before proceeding with the adjustments described
starting in paragraph 5-17, perform the following three
preliminary procedures. These procedures provide access
to the various adjustment points and facilitate a thorough-
going adjustment. Initial Control Settings, described in
paragraph 3-9, must be used for each adjustment. Excep-
tions to these settings will be noted as they occur. After
completing an adjustment, return the 4192A’s controls to
the initial control settings.

[BASIC OPERATING CHECK]

Check that the instrument’s line voltage selector
switches, located on the rear panel, are set to the posi-
tions appropriate for the local line voltage. This should
be performed before proceeding with any of the
adjustments.
After the recommended 3~ minute warm-up period,
the instrument should pass the SELF TEST (no error
message should appear), and the initial control settings
listed in Figure 3-5 should be automatically set in
preparation for measurements. If the instrument
displays an error message or does not have the correct
initial control settings, refer to the troubleshooting
procedures given in Section VIII.
In several of the adjustment, Manual Operating Self-Tests
(SELFTEST 1 to 8) are used. The key setings for these
Self-Tests are given in the procedure for each adjustment
and are listed in Table 5-4 on page 5-30. To release each
SELF TEST, press BLUE key and SELF TEST key.

[TOP/BOTTOM COVER REMOVAL]
a. Remove the two plastic instrument-feet located at
the upper corners of the rear panel.

b. Fully loosen the top cover retaining screw located
at the rear of the top cover.

¢. Slide the top cover towards the rear and lift off.

Model 4192A

[BOARD ASSEMBLY ACCESS]

The A6, A7, and A8 boards are mounted on a plate
that is hinged at the rear and opens much like the hood
of an automobile. It is secured by six screws and two
plastic fasteners.

a. Fully loosen the six screws locating at the side of
the plate.

b. Release the fasteners by grasping them between
thumb and forefinger and pulling up.

¢. Raise the mounting plate until it comes to rest at
the rear of the instrument. Be sure that the safety
catch at the left-rear of the plate is locked in place.
The internal shield-plate that covers the A2, A3, A4,
and A9 boards will be visible.

| cAuTION

Allowing the mounting plate to slam down when open-
ing or closing can damage the instrument.

d. Remove the internal
the three screws.

WARNING I

AS A SAFETY PRECAUTION AGAINST POS-
SIBLE ELECTRICAL SHOCK HAZARDS AND
RESULTANT INJURY, USE INSULATED TOOLS
FOR ALL ADJUSTMENTS.

shield-plate by loosening
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Table 5-1. Adjustable Components

Reference Designation Name of Control Adjustment Purpose
A7R66 F-ADJ Sets the frequency of the power supply switching
(Para 5-17) driver.
ATR62 V-ADJ Sets the power supply voltage by adjusting the
(Para 5-17) switching duty cycle.
(Pl:rsaRS?ll 9) ZERO ADJ Sets the bias output voltage to zero.
(P':ril{g?g) GAIN ADJ Sets the gain of the bias amplifier.
RSO 40M ADJ Sets the frequency of the 40 MHz VCXO.
A4R79 VRI1 L
R8O VR2 Minimize the level of the 3kHz, 300Hz, and
RS&3 VR4 3Hz spurious’ from the APL
(Para 5-23)
A4R31 VRS Minimizes the level of the 100kHz and 200kHz
(Para 5-25) spurious’ from S/H.
Al12R34 1V ADJ
R28 105mV ADJ Set the Test Signal Oscillator level.
(Para 5-27)
Al11R67 MF TRACKING
C32 HF ¢
R119 LF TRACKING Set the trackability of the VRD.
C52 HFE MAG
(Para 5-31)
Al11R100 ATT1 MAG
C71 ATTI ¢
R105 ATT2 MAG
C74 ATT2 ¢ Properly set the VRD attenuators.
R81 ATT3 MAG
Co64 ATT3 ¢
(Para 5-33)
Al11R45 IF1 GAIN
R46 IF; Gﬁ%N Set the gain of the IF amplifier for two inter-
(Para 5-35) mediate frequencies.
Al E ig 411 Eliminate DC offset voltage from the phase
(Para 5-37) detector.
A1R183
R182 Set the amplitude of L, amplifier.
(Para 5-39)
Al1CS C .
(Para 5-41) Minimizes residual phase offset.
AlS1 Sets the phase difference of the two phase de- B
(Para 543) tectors to 90°.
Al1C20 ¢ADJ (10k§2)
Cc22 ¢ADJ (1 k) Range resistor compensation at 10MHz.
(Para 5-45)

5-3
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Table 5-1 Adjustable Components (cont'd)

Model 4192A

Reference Designator Name of Control Adjustment Purpose
A9R6
(Para 5- 7) +2V ADIJ Sets the analog output reference voltage.
A9RS DISP A ADIJ
R24 DISP B ADJ Set the +1V analog output voltage.
R25 DISP C ADJ
(Para 5-47)
Table 5-2. Factory Selected Components
Component Nominal Value Range Effect on Performance
At the time this manual was printed,
there were no factory selected compo-
nents. Refer to Manual Changes sheet
supplement for a list of the factory
selected components that may have
been added after publication.
Table 5-3. Adjustment Requirements
Assembly repaired or replaced Required adjustments
Al Range Resistor/Null Detector Para 5-37 thru 545 (Al)
(P/N 04192-66501) Para 5-27 (Al12)
A2 Phase Detector/A-D Converter Para 5-29 thru 5-35 (Al1l)
(P/N 04192-66502)
A3 Reference Frequency Generator Para 5-21 (A3)
(P/N 04192-66503) Para 5-37 thru 5-45 (Al)
A4 Fractional N Loop Para 5-23 and 5-25 (A4)
(P/N 04192-66504)
AS Display and Keyboard Control None
(P/N 04192-66505)
A6 Microprocessor Digital Control None
(P/N 04192-66506)
A7 Power Supply Para 5-17 (A7)
(P/N 04192-66507) Para 5-23 and 5-25 (A4)
Para 5-47 (A9)
A8 Floating Power Supply/Bias Supply Para 5-19 (A8)
(P/N 04192-66508)
A9 Analog Recorder Output Para 5-47 (A9)
(P/N 04192-66509)
A10 Battery and Charger None
(P/N 04192-66510)
A1l Process Amplifier Para 5-29 thru 5-35 (Al1)
(P/N 04192-66511) Para 5-37 thru 545 (A1)
A12 Modulator Para 5-27 (A12)
(P/N 04192-66512) Para 5-37 thru 545 (Al)
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ADJUSTMENTS

5-17. A7 POWER SUPPLY ADJUSTMENT

5-18. This adjustment is divided into two parts: (1) OSC (Power Supply Drive Control Oscillator) Frequency Adjust-
ment and (2) Output Voltage Adjustment.

PURPOSE:

This adjustment accurately sets the frequency of the Power Supply Drive Control Oscillator and the Power
Supply Output Voltage.

to A7CR2 anade to A7CR8 anode

o GNPM l | ta GND

DC Voltmeter
1 |pb

000000 0ooooog | ©

Frequency Counter

Figure 5-1. A7 Power Supply Adjustment Setup.

EQUIPMENT:
Frequency Counter ........... ... . ... .. . . ... HP5314A
DCVoltmeter....... ... ... .. . .. . .. HP3465A
Dual Banana Plug-to-Alligator Clip Cable ... ................ HP11002A
BNC (m)-to-Dual Banana Plug Adapter. . .................... HP P/N 1250-1264
PROCEDURE:

(1) OSC Frequency Adjustment
a. Connect the dual banana-to-alligator clip cable to the 5314A using the BNC-to-dual banana plug adapter.

b. Connect the high lead to the anode of either A7CR2 or CR3 and connect the low lead to the chassis as
shown in Figure 5-1.

¢. Adjust A7TR66 (F-ADJ) until the reading on the 5314A is 29.5kHz +0.1 kHz.

(2) Output Voltage Adjustment
a. Connect the dual banana plug-to-alligator clip cable to the 3465A.
b. Set the 3465A's controls as follows:

FUNCTION =V
RANGE AUTO
Other Controls Any setting

¢. Connect the high lead to the anode of A7CR8 and the low lead to the chassis.
d Adjust A7TR62 (V-ADJ) until the reading on the 3465A is 5.00V £0.01V.
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Model 4192A

ADJUSTMENT

5-19. A8 DC BIAS CHECK AND ADJUSTMENT

5-20. This check and adjustment is divided into four parts: (1) £40V Unregulated Bias Check, (2) Zero Bias Adjust-
ment, (3) Gain Adjustment, and (4) Full Scale Check.

PURPOSE:

to A8TP3/TP2/TP6
to GNDF

DC Voltmeter

— iﬂ———

000000 foooooo | ©

Figure 5-2. A8 DC Bias Check and Adjustment Setup.

This adjustment properly sets the DC Bias Supply output voltage.

EQUIPMENT:
DC Voltmeter . ....... ... . . . i HP3465A
Dual Banana Plug-to-Alligator Clip Cable ................... HP11002A
PROCEDURE:
(1) =40V Unregulated Bias Check

a.

Set the 3465A’s controls as follows:

FUNCTION =V
RANGE AUTO
Other Controls Any setting

Connect the dual banana-to-alligator clip cable to the 3465A.

Connect the high lead to A8TP3 and the low lead to "GNDF" next to A8TP3 as shown in
Figure 5-2.

Check that the reading on the 3465A is between +38V and +45V.
Connect the high lead to A8TP2 and check that the reading on the 3465A is between -38V and -45V.
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ADJUSTMENT

(2) Zero Bias Adjustment
a. Remove the smaller of the two shield covers from the A8 board.
b. Connect the high lead to A8TP6. spor
c. Set the 4192A’s SPOT BIAS to 0V ( in]m (o) ENTER D ).
d. Adjust ABR71 (ZERO ADIJ) until the reading on the 3465A is 0V 2 mV.

(3) Gain Adjustment svor

EREQ/BIAS MHZ V
a. Set the 4192A’s SPOT BIAS to -10V ((8we) (o] (=) (] [©J ENTER [(J). Leave the high lead
connected to A8TP6.

b. Adjust A8R54 (GAIN ADIJ) until the reading on the 3465A is - 10V #20mV.

SPOT

(4) Full Scale Check
EBEQ/BIAS MHz ¥

a. Set the 4192A’s SPOT BIAS to +35V ( (c] (3] (5] ENTER (] ). Leave the high lead connected
to ASTPG.

b. Check that the reading on the 3465A is+35.0V £0.1V.

c. Set the 4192A’s SPOT BIAS to -35V ( (Bue) [":fj“ (=) 5) (5) ENTER []).
d. Check that the reading on the 3465Ais-35.0V £0.1V.
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ADJUSTMENT

5-21. A3 40MHz VCXO ADJUSTMENT/40MHz—{F VCO ADJUSTMENT

5-22. This adjustment is divided into two parts: (1) 40MHz VCXO Adjustment and (2) 40MHz—IF VCO Adjustment.

PURPOSE:
This adjustment sets the frequency of the 40MHz VCXO to an accurate 40MHz.

to A3J9(F) to A3TP6

| to GND

Frequency Counter S —— DC Voltmeter

C 1 |

000000 0OoDooog | ©

©eBO

Figure 5-3. A3 40MHz VCXO Adjustment/40MHz—IF VCO Adjustment Setup.

EQUIPMENT:
Frequency Counter ......... ... . uiitiiiinennnnen-. HP5314A
DC VoItmeter . ..ttt e e e e e HP3465A
BNC-to-SMB Cable
Dual Banana Plug-to-Alligator Clip Cable .. ................. HP11002A
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Paragraph 5-22
ADJUSTMENT

PROCEDURE:
(1) 40MHz VCXO Adjustment

a.
b.
c.

d

c.

Disconnect the SMB cable from A3J9 (F).

Connect A3J9 (F) to the input terminal of the 5314A with the BNC-to-SMB cable as shown in Figure 5-3.
Set the 5314A to measure a 40MHz signal with 10Hz resolution.

Adjust A3R49 (40M ADIJ) until the reading on the 5314A is 40MHz £+ 100Hz.

Disconnect the BNC-to-SMB cable from A3J9 and reconnect the original SMB cable.

(2) 40MHz-IF VCO Adjustment

Note: This adjustment is necessary only when a component that affects the VCO output frequency has been

replaced.
Remove the A3 board assembly, then remove the top and bottom shield covers that house the 40MHz-IF
VCO.
Remove the permalloy shield from A3L12.
Connect the dual banana plug-to-alligator clip cable to the 3465A.
Set the 3465A's controls as follows:

FUNCTION . ... ... . i eiiiiinn e mY
RANGE . . e e e AUTO
Other Controls ........ ..ot Any setting

Connect the high lead to A3TP6 (VCO CTL) and the low lead to the chassis as shown in Figure 5-3.
Adjust A3L12 until the reading on the 3465A is 0V £100mV.

Replace the permalloy shield and check that the voltage measured in step f is still within limits,
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ADJUSTMENTS

5-23. A4 APl ADJUSTMENT

5-24, PURPOSE: To obtain appropriate APl (Analog Phase Interpolator) output.

Probe 1kQ

Spectrum Analyzer

SIIEEYCE

(o]
opooooo O O@ @ @

Ol - o —
0 0 004

000" ©

o

Figure 5-4. A4 AP| Adjustment Setup.

EQUIPMENT:
Spectrum Analyzer
Display Section ........ ... ... .. HP141T
LF Section ..........iiuri i HP8556A
IF Section . ......viii e e HP8552B
100 Probe . e e e HP10007B
RESIStOr o vt e e 1k2 1/8W

Alligator Clip-to-Alligator Clip Lead

PROCEDURE:

a. Connect the high input of the Spectrum Analyzer to A4TP1 through the 1k resistor and connect the low
input to the chasssgrs as shown in Figure 5-4.

TEST

b. Press the (Bue), [¢] , and (5] keys (SELF TEST 5) on the 4192A.

5-10
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Section V
Paragraph 5-24

[o%

S m oo oo

—

Set the Spectrum Analyzer’s controls as follows:

8556A LF Section —

RANGE . ... ... e e 0 — 30kHz
INPUT ... e e e e e e e, dBV
CENTER FREQUENCY ........... ... ... 5kHz
BANDWIDTH .. ... .. .. .. . i 100Hz
SCANWIDTH . ... ... ... .. .. 1 kHz/DIV
INPUT LEVEL .. ... . . i -40dBV
8552B IF Section —
SCAN TIME .. ... . . e 0.1 sec/DIV
LOG REF LEVEL ... ... . ... . . . .. -40dBV LOG
VIDEO FILTER ............... e e 10kHz
SCAN MODE ... .. ... . . e INT
SCAN TRIGGER ............. . .. ... AUTO

Set the 4192A’s SPOT FREQ. to 3kHz.

Adjust A4R79 (VR1) to minimize three peads as shown in Figure 5-5.

Change the 4192A’s SPOT FREQ. to 300Hz. Do not change the S
Adjust A4R80 (VR2) to minimize three peaks.

pectrum Analyzer’s control settings.

Change the 4192A’s SPOT FREQ. to 3Hz. Do not change the Spectrum Analyzer’s control settings.

Adjust A4R83 (VR4) to minimize three peaks,

(a) poorly adjusted

Figure 55, Waveforms at A4 TP1 (1kHz/div., RE

(b) well adjusted

F: -40dBV LOG).

5-11
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ADJUSTMENT

5-25. A4 S/H 100kHz SPURIOUS ADJUSTMENT

5-26. PURPOSE: This adjustment minimizes the 100kHz switching noise generated by the S/H (Sample and Hold)
Section.

Spectrum Analyzer

| I

Deeet

o o
opoooo O O @ @ °
o0 oo02-0 —-- ° T g g o e
O — = .. ° COOOOa ¢ c B0 BE0
Figure 5-6. A4 S/H 100kHz Spurious Adjustment Setup.
EQUIPMENT:
Spectrum Analyzer
Display Section .. .. ... HP141T
LE SECtiON .+ v oo oo oottt et e e et et e e HP8556A
IF SeCtiON .. vt st e et et e e e e s HP8552B
1:1 Probe ... e e HP10007B
RESISEOT & v v e e et e e e et e e e e 1k 1/8W

Alligator Clip-to-Alligator Clip Lead

5-12



Model 4192A Section V
Paragraph 5-26

ADJUSTMENT

PROCEDURE:
a. Connect the input of the Spectrum Analyzer to A4TP1 through the 1k €2 resistor as shown in Figure 5-6.

b. Set the 4192A to its Initial Control Settings.
c. Set the Spectrum Analyzer’s controls as follows:

8556A LF Section —

RANGE . ... . 0 — 300kHz
INPUT .. dBV
CENTER FREQUENCY ........... ... 120kHz
BANDWIDTH ... ... ... ... .. . . . 3kH:z
SCANWIDTH ...... ... . .. . . .. i, 20kHz/DIV.
INPUT LEVEL .. ... .. ... . . . . . -50dBV
8552B IF Section —
SCAN TIME .. .. e Smsec/DIV.
LOG REF LEVEL . ... ... ... ... . ... -10dBV LOG
VIDEO FILTER . ... ... ... . i OFF
SCANMODE ............. ... 0. INT
SCAN TRIGGER ........ .. .. .. . .. .. . ... .. .. ... AUTO

d. Adjust A4R31 (VR3) until the peak of the 100kHz and 200kHz spurious, shown in Figure 5-7 (a), are mini-

mized as shown in Figure 5-7 (b).

&

(a) poorly adjusted (b) well adjusted

Figure 5-7. Waveforms at A4TP1 (20kHz/div., REF: -10dBV LOG).
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ADJUSTMENT

5-27. A12 OSC LEVEL ADJUSTMENT

5-28. PURPOSE: This adjustment precisely sets the output level of the Test Signal Oscillator.

RF Voltmeter

©OOO0

5 500 Feed Thru ?
&

Figure 5-8. A12 OSC Level Adjustment Setup.

EQUIPMENT:
RFE Voltmeter .......... e, HP3403C W/OPT 001
BNC-to-BNC Cable . ........... .. ... HP11170A
50Q Feedtrough Termination ............................ HP11048C
PROCEDURE:
a. Set the 4192A’s controls as follows:
DISPLAY A . ... . B-A (dB)
Other Controls ........ ... ... ... .. .. 0iuino... Initial Settings
b.  Set the 3403C’s controls as follows:
FUNCTION ... i AC
RANGE ... . AUTO

¢. Connect the 508 termination to the OSC OUTPUT 5082 connector on the 4192A: connect the INPUT of the
3403C to the 50£2 termination using the BNC-to-BNC cable as shown in Figure 5-8.

d  Adust A12R34 (1V ADJ) until the reading on the 3403Cis 1V £5mV.

e. Set the 4192A’s OSC LEVEL to 105mV.

f. Adjust AI12R28 (105mV ADJ) until the reading on the 3403Cis 105mV *5mV.
g. Set the OSC LEVEL to 1V and repeat steps d thru f.

5-14
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Model 4192A

ADJUSTMENT

5-29. A11 INPUT CHANNEL ISOLATION CHECK

5-30. PURPOSE: This test checks that CHANNEL A and CHANNEL B are properly isolated. There are no adjust-

able components.

UNKNOWN
———— 138 sy
K eoun
OSC  LENGTH CHANNEL A CHANNEL B
REFERENCE  TEST

Leum LroT " Hear C CABLE
Lt N ] weuT
PN AN AN N N N
{ b ) ) { ) E ! ) { !
N2 AN
OO © @

2 AMS /235Y - MA

%

1t
Led
i

-

Figure 5-9. A11 Input Channel Isolation Check Setup.

Note: Connect a 50§ feedthrough to each channel (CHANNEL A and CHANNEL B).

EQUIPMENT:
5092 Feedthrough Termination ........................... HP11048C, 2ea
BNC-to-BNC Cable .......... ... ... HP11170A
PROCEDURE:
a. Set the 4192A’s controls as follows:
DISPLAY A ... e B (dBm/dBV)
GAIN MODE ... ... . dBm
Other Controls . ......... .. ... e, Initial Settings

b. Connect the two 509 terminations to CHANNEL A and CHANNEL B.

c. Connect the OSC OUT (HCUR) terminal to the 508 termination on CHANNEL A using the BNC-to-BNC
cable as shown in Figure 5-9 .

d. Check that the reading on DISPLAY A is less than —80dB. The displayed value will fluctuate slightly.

e. Disconnect the cable from CHANNEL A and connect it to the termination on CHANNEL B as shown in
Figure 5-9.

f.  Set the 4192A’s DISPLAY A to A (dBm/dBV).
g. Repeat step d.
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ADJUSTMENT

5-31. A11 INPUT CHANNEL TRACKING ADJUSTMENT
5-32. PURPOSE: To obtain the correct amplitude and phase relation between CHANNEL A and CHANNEL B.
©OeO®EO
Figure 5-10. A11 Input Channel Tracking Adjustment Setup.
EQUIPMENT:
BNC-to-BNC Cable ... ...ttt i HP11170A, 2ea.*
BNC Tee Adapter .. ... oov e v e eee e HP P/N 1250-0781
*Both cables must be of the same length.
PROCEDURE:
a. Connect the BNC-to-BNC cables and BNC Tee Adapter as shown in Figure 5-10.
b. Press the(Blue), @ ,and (1) keys (SELF TEST 1). DISPLAY A and DISPLAY B will indicate nearly 100.00
and 0.00, respectively.
c. Adjust A11R67 (MF TRACKING) until the reading on DISPLAY A is 100.00 +1 count. DISPLAY B should
be 0.00 =2 counts. If not, adjust A11C32 (HF ¢).
d. Set the 4192A’s SPOT FREQ. to 5Hz.
e. Adjust A11R119 (LF TRACKING) until the reading on DISPLAY B is 0.00 +3 counts. DISPLAY A should be
100.00 +35 counts. If not, adjust A11R119 again — keeping DISPLAY B at 0.00 £3 count — until DIS-
PLAY A is 100.00 £35 counts.
f. Setthe 4192A’s SPOT FREQ. to 10MHz.
g. Adjust A11C52 (HF MAG TRACKING) and A11C32(HF ¢) until the readings on DISPLAY A and DISPLAY

5-16

B are 100.00 + 10 counts and 0.00 £ 10 counts, respectively.
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Paragraphs 5-33 and 5-34
ADJUSTMENT

5-33. A11 IF ATTENUATOR ADJUSTMENT

5-34. PURPOSE: To obtain accurate 1/10, 1/100, and 1/1000 attenuation.

UHKROWN
P v

e
OSC =~ LENGTH CHANNEL 4 CHANKEL B

&
OuTPU TEST,
500 m
2 7N FN A
POOO© -
:

Ly
(©) ©)
o
%

2v AME /+387m MAx

R

Figure 5-11. A11 IF Attenuator Adjustment Setup.

EQUIPMENT:

BNC-to-BNC Cable ............ . .. i, HP11170A

PROCEDURE:
a. Connect OSC OUT (H ) to CHANNEL B using the BNC-to-BNC cable as shown in Figure 5-11.

SELF

b. Press the . (] . and (2] keys (SELF TEST 2).

c. Adjust A11R100 (ATT 1 MAG) and A11C71 (ATT 1 ¢) until the readings on DISPLAY A and DISPLAY B are
100.00 £2 counts and 0.00 +2 counts, respectively.

d  Release the SELF TEST 2 function. Press the (Bue), (¢ ,and (2] keys (SELF TEST 3).

e. Adjust A1IR105 (ATT 2 MAG) and A11C74 (ATT 2 ¢) until the readings on DISPLAY A and DISPLAY B are
100.00 £2 counts and 0.00 *2 counts, respectively.

SELF
FEST

f. Release the SELF TEST 3 function. Press the (Bue) | (] ,and (4] keys (SELF TEST 4).

g. Adjust A11R81 (ATT 3 MAG) and A11C64 (ATT 3 ¢) until the readings on DISPLAY A and DISPLAY B are
100.00 £2 counts and 0.00 +2 counts, respectively.
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ADJUSTMENT

5-36. A11 IF AMPLIFIER ADJUSTMENT

5-36. PURPOSE: To adjust the gain of the IF amplifier.

RF Voltmeter

2

e
v
8 B G

A3

Figure 5-12. A11 IF Amplifier Adjustmtne Setup,

EQUIPMENT:
RF Voltmeter . ... ... . .. .. HP3403C W/OPT 001
BNC-to-BNC Cable ......... ... ... i HP11170A, 2 ea.
BNC Tee Adapter ......... oo i HP P/N: 1250-0781
PROCEDURE:

a. Connect the 3403C to the 4192 A as shown in Figure 5-12.

b. Set the 3403C’s controls as follows:
FUNCTION . .. e e e AC
RANGE . ... . e AUTO

c. Press the , E] , and [Z] keys (SELF TEST 1) on the 4192A. OF-1 will be displayed on DISPLAY A.
d. Press the TEST LEVEL MONITOR key. DISPLAY C will indicate approximately 1V.

e. Adjust A11R45 (IF 1 GAIN) until the reading on DISPLAY C s =1 count of the reading on the 3403C.

f. Setthe 4192A’s SPOT FREQ. to 78kHz.

g. Press the TEST LEVEL MONITOR key.

h. Adjust A11R46 (IF 2 GAIN) until the reading on DISPLAY C is =1 count of the reading on the 3403C.

i. Setthe 4192A°s SPOT FREQ. to 100kHz and set the OSC LEVEL to the levels listed in the table below.

j. For each OSC LEVEL setting, check that the reading on DISPLAY C — when compared to the reading on the
3403C — is within the test limits given in the table.

OSC LEVEL Test Limits
500mVv +10 counts
300mVv t+ 6 counts
200mV * 4 counts
100 mV * 1 counts

5-18
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Paragraphs 5-37 and 5-38
ADJUSTMENT

5-37. A1 NULL DTECTOR DC OFFSET ADJUSTMENT

5-38. PURPOSE: To provide correct DC offset for the 0° and 90° Phase Detectors in the Null Detector.

) o
—
[ 3]

OO ©

to A1C70 (0°) |
C73 (9G°)‘\
—

DC Voltmeter

] @U

000000 0opoopoo | °

Figure 5-13. A1 Null Detector DC Offset Adjustment Setup.

EQUIPMENT:

DC Voltmeter HP3465A

Dual Banana Plug-to-Alligator Clip Cable .................... HP11002A

PROCEDURE:
a. Set the 4192A’s controls as follows:

ZY RANGE ... e 10082 Full Scale

Other ControlS . ..o et o e e et e e e e Initial Settings

b. Set A1J10and I11 to “T” (TEST).
¢. Set the 3455A°’s controls as follows:

FUNCTION .ttt =V
RANGE . . oot AUTO
Other CONTIOIS v vt v et i m e Any setting

Connect the dual banana plug-to-alligator clip cable to the 3465A; connect the high lead to the one lead (0°)
of AlC70 and the low lead to the chassis as shown in Figure 5-13;

e. Adjust AIR101 until the reading on the 3465A is OV £1mV.

f. Connect the high lead to the one lead (90°) of A1C73.
Adjust A1R104 until the reading on the 3465Ais 0V £1mV.
Replace A1J10 and J11 to NORMAL.
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Paragraphs 5-39 and 5-40 Model 4192

ADJUSTMENT

5.39, A1 Lcyr AMPLIFIER OUTPUT LEVEL ADJUSTMENT

5-40. PURPOSE: To adjust the gain of the Loyr Power Amplifier.

B i

0O6

to A11K2

2A

Ground

Connect
Oscilloscope A1R76/R75[

FRONT

Fig. 5-14 A1 LCUR Amplifier Qutput Level Adjustment Setup.

EQUIPMENT:
Oscilloscope .. ..o HP1740A
Probe 10 0 .. e HP10006D
BNC-to-BNC Cable . ....v vttt et i e HP11170A

Alligator Clip-to-Alligator Clip Lead
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ADJUSTMENT
PROCEDURE:
a. Set the 4192A’s controls as follows:
SPOT FREQ. ... e e e e 13MHz
OSC LEVEL ... .. . e 70mV
Other Controls ... .ottt e e e e e Initial Settings

b. Connect the L, terminal to the Hyp terminal using the BNC-to-BNC cable, and connect the oscilloscope
high input to pin 2A of A11K2 and low lead to the ground (G) pin as shown in Figure 5-14.

¢. Set 1740A’s controls as follows:

VOLTS/DIV . i B
TIME/DIV .. .05 psec
TRIGGER ... .. INT
SWEEPMODE . ... ... .. . .. AUTO

d. Connect the Alligator Clip lead across (short) AIR76.

e. Adjust AIR182 until the amplitude of the waveform displayed on the 17404 is 4.0 £ 0.3 volts (div) peak-
to-peak.

f. Set bit 4 (MSB) of A1S! to OFF and observe that the waveform is at least 4.0 volts p-p. If not, adjust
A1R182 to maximize the waveform to 4.0 volt p-p. Leave the bit4 of A1SI set to OFF.

g. Disconnect the Alligator Clip lead and connect it across (short) A1IR75.
Adjust A1R183 until the waveform displayed on the 1740A is 4.0 £ 0.3 volts p-p.

i. Set bit 4 of A1SI to ON and observe that the waveform is at least 4.0 volts p-p. If not, adjust AIR182 to
maximize the waveform to 4.0 volts p-p. Leave the bit 4 of A1S1 set to ON.
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ADJUSTMENT

5-41. A1L,,z AMPLIFIER PHASE ADJUSTMENT

5-42. PURPOSE: To minimize the residual phase offset that occurs at high frequency.

1:1 Porbe
-
to GND
Connect e | :
3 9 i
A] TP4 H TP4 Q‘IS ‘QVZ 703 _“J @
and A1L] I e NERRY
- us #Eﬁ
. SRR T I res - “.“.n
Oscilloscope B . “Rioo- ~cres oRe-
o i az8 :%';.48: 3
TI' R9O -(82-
T L o] RS- -R78-
& Fl 1o
[ H O -R92- -R76-
9 =N o o TReR- g e T
‘ g, u . . R v |3RE 0 T FRON
AN LG sesns Ao _ -Rie 1
O, @8 o} R N
) oo @ @ O o
_? Al

Figure 5-15. A1 LCUR Amplifier Phase Adjustment Setup.

EQUIPMENT:
OscilloScope .. .o HP1740A
Probe 1 :1 ... . . HP10007B
5082 Feedtrough Termination ............................ HP11048C

Alligator Clip-to-Alligator Clip Lead
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ADJUSTMENT
PROCEDURE:
a. Set the 4192A’s controls as follows:
SPOT FREQ. .. .. . e e 10MHz
ZY RANGE ...... S 100k 82
Other Controls . ... .. i e e Initial Settings

b. Set A1J10and J11 to “T” (TEST).
c. Connect the alligator clip lead between A1TP4 and cither lead of A1LI.

d. Connect the 5082 termination to the Leyr terminal on the 4192A and connect oscilloscope input to the

outer conductor of the 505 termination as shown in Figure 5~15.

e. Set the 1740A’s controls as follows:

VOLTS/DIV e .005
TIME/DIV . e dpsec
TRIGGER .. ... . INT
SWEEP MODE .. ... ... .. . . i Auto

f. Adjust AIC5 to minimize the amplitude of the 10MHz signal as shown in Figure 5-16.
g. Replace A1J10 and J11 to NORMAL.

(a) poorly adjusted {(b) well adjusted

Figure 5-16. Waveforms at Quter Conductor of Feedthrough Termination
(0.1 usec/div., 0.005 volt/div)
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ADJUSTMENT

5-43. A1 PHASE TRACKING ADJUSTMENT

5-44. PURPOSE: To adjust the phase difference between the 0° and 90° phase detectors to 90°.

e S

Figure 5-17. A1 Phase Tracking Adjustment Setup.
Note: This adjustment must be performed only when the Al or Al2 board has been repaired.

EQUIPMENT:

SHORT Standard
OPEN Standard ............. .. ... i HP16074A

PROCEDURE:
a. Directly connect the OPEN Standard to the UNKNOWN terminals of the 4192A as shown in Figure 5-17.

b. Set all bit switchengon A1S81 (Phase Tracking Adjust Switch) to ON.

TEST

c. Pressthe(Bue) [¢] ,and [e) keys (SELF TEST 6).

d. Setthe 4192A’s controls as follows:
CIRCUIT MODE . ... e AUTO
ZY RANGE ... ... AUTO

e. Repeatedly press the TRIGGER HOLD/MANUAL key. The value on DISPLAY C will increase by 1 each time
the key is pressed. The count sequence is 01,02, ... 14, 15,00,01, . ...

f. Observe DISPLAY A and DISPLAY B each time the TRIGGER HOLD/MANUAL key is pressed. Each time
the values on both DISPLAY A and DISPLAY B are 0 +2 counts, make a note of the number displayed on
DISPLAY C.

g. Set A1S1 to the middle number of the numbers noted in step f. For example, if the numbers noted in step f
were 03, 04, and 05, A1S1 should be set to 04 (0100); if the numbers noted in step f were 15, 00, 01, and 02,
A1S1 should be set to 00, the lower of the two middle numbers. A special case arises when 15 and 00 are the
middle numbers. In this case, set A1S1 to 15.

Note: Bit switches on A1S1 are labeled, on the switch, 1 through 4. Bit 4 is the MSB (Most Significant Bit).
This means that to represent 01, A1S1 must be set to 1000, to represent 02, 0100,
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Paragraph 5-42

[Phase Tracking Adjustment Confirmation Check]

The following procedure can be used to verify that the Phase Tracking is properly set.

a.

Release the SELF TEST 6 function.
Leave the OPEN Standard connected to the UNKNOWN terminals.

Set the 4192A’s DISPLAY A to R/G.
Check that the readings on both DISPLAY A and DISPLAY B are within 0 +0.002uS.

Add 1 to the number set on A1S1 in step g of the adjustment procedure; set A1S1 to this number. For ex-
ample, if it was set to 13 (1101) in step g of the adjustment procedure, set it to 14 (1110); if it was set to
15 (1111), set it to 0 (0000).

Set ZY RANGE to I mS (in step i, 100§ full scale, and check that the readings are stable.

Set ZY RANGE to IAE)TgnS (instep i, 1k& )full scale, and check that the readings are stable.

Press ZY RANGE [°], and check that the readings are stable.

Change the SPOT FREQ. to 5Hz and 13MHz, and repeat steps e thru g.

Connect the SHORT Standard to the UNKNOWN terminals and repeat steps e thru h.

Disconnect the SHORT Standard, and connect the OPEN Standard.

Subtract 2 from the number set on AIS] in step d of this confirmation check. Set A1Sl to this number.
For example, if A1S1 was set to 14 (1110) in step d, set it to 12 (1100); if it was set to 0 (0000), set it
to 14(1110). '

Note: If readings are not stable in any step, try to adjust to set the middle number again.

Reset A1S1 to the number used in step g of the adjustment procedure (on page 5-24).
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ADJUSTMENT

Model 4192A

545. A1 10MHz PHASE ADJUSTMENT

546. PURPOSE:

To provide high frequency compensation for the Range Resistors.

R [rey—
[ - B

‘ in) P
C Stondord | ™

[C—

Phase Adjustment

Figure 5-18. 10MHz Phase Adjustment Setups

EQUIPMENT:

IpF Capacitance Standard ........... .. ... ... ............ HP16381A
10pF Capacitance Standard .............................. HP16382A
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ADJUSTMENT
PROCEDURE:
a. Set the 4192A’s controls as follows:
DISPLAY A ... . . C
DISPLAY B ... .. . D
SPOT FREQ. .......... . . . .. 10MHz
Other Controls ............. ... ... ............. Initial Settings

b. Directly connect the 1pF C standard to the UNKNOWN terminals of the 4192A as shown in Figure 5-18 (a).
c. Adjust A1C20¢ ADJ (10 KQ) until the D value displayed on DISPLAY B is O + 10 counts.

d. Remove the 1pF C standard and connect the 10pF C standard in its place.

e. Adjust A1C22¢ ADJ (1 K) until the D value displayed on DISPLAY B is 0 + 10 counts.

Note: If the correct DISPLAY B values cannot be obtained, reperform the All Input Channel Tracking
Adjustment (paragraph 5-31) and try this adjustment again.
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Paragraphs 5-47 and 5-48 ode

ADJUSTMENT

5-47. A9 ANALOG RECORDER OUTPUT CHECK AND ADJUSTMENT

5-48. This check and adjustment is divided into four parts: (1) +2V D-A Converter Reference Voltage Adjustment,
(2) 0V Reference Voltage Check, (3) +1V Analog Output Adjustment, and (4) -1V Check.

PURPOSE:
To accurately adjust the D-A Converter Reference Voltage and Analog Output Voltage to +2V and +1V,

respectively.

to A9TP1 ~ 4
to A9TP5

DC Voltmeter

000o0d 0o0ooLo

Figure 5-19. A9 Analog Recorder Output Check and Adjustment Setup.

EQUIPMENT:
DCVoltmeter .. .. ... e HP3465A
Dual Banana Plug-to-Alligator ClipCable ................... HP11002A
PROCEDURE:

(1) +2V D-A Converter Reference Voltage Adjustment
a. Connect the high input of the 3465A to A9TP1 and the low input to A9TP5 as shown in Figure 5-19.
b. Set the 3465A’s controls as follows:

FUNCTION . ... e =V
RANGE . ... . AUTO
Other Controls ........ ... ... .. ... . ... ... . ....... Any setting

[

c. Pressthe and —E] keys on the 4192A.
d. Adjust A9R6 (+2V ADJ) until the reading on the 3465A is t2V +10mV.

(2) 0V Reference Voltage Check
Successively connect the high lead to A9TP2, TP4, and TP3 and note the measured values as YA, VB, and V¢,
respectively.
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Paragraph 548

ADJUSTMENTS

(3) +1V Analog Output Adqutment

a.

b.

Press the and E] keys on the 4192A.

Connect the high lead to A9TP2 and adjust A9R5 (DISP A ADIJ) until the reading on the 3465A is
equal to VA + 1V £ImV.

Connect the high lead to A9TP4 and adjust ASR24 (DISP B ADJ) until the reading on the 3465A is
equal to Vg + 1V £lmV.

Connect the high lead to A9TP3 and adjust A9R25 (DISP C ADJ) until the reading on the 3465A is
equal to V¢ + 1V zImV.

(4) -1V Check

a. Press the , [¢] and (7] keys (SELF TEST 7) on the 4192A.
b. Connect the high lead to ASTP2 and check that the voltage is equal to Vg - 1V £2mV.

C.

Connect the high lead to A9TP4 and check that the voltage is equal to Vg - 1V +2mV.

[Analog Recorder Qutput Confirmation Check]

The following procedure can be used to verify that the Analog Recorder Output is functioning properly.

d.

Release the SELF TEST 7 function. Connect the DISPLAY A and FREQ/BIAS Recorder Outputs, located
on the rear panel of the 4192A, to the X and Y inputs of the X-Y Recorder.

Place paper on the platen of the X-Y Recorder.

[}
Press the and [E] keys on the 4192A and adjust the recorder controls to position the pen to the
upper-right.

o
Press the and E] keys on the 4192A and adjust the recorder controls to position the pen to the
lower-center.

SELF
TEST

Press the . (5) . and (2] keys (SELF TEST 8) on the 4192A; the Test Pattern shown below will be
drawn on the X-Y Recorder.

UR

LL
TEST PATTERN

5-29



Model 4192A
Table 54 Section V

Table 5-4, Manual Operating Self-Test Item

Key setting Item Para | Adjustable component
e A1l IF AMPLIFIER ADJUSTMENT 5-35 Al1R45
() (] | R46
(SELF TEST 1) Al11 INPUT CHANNEL TRACKING 5-31 AllR67
ADJUSTMENT R119
C32
Cs2
oY 5-33 A11R100
(2] C71
(SELF TEST 2)
i 5-33 A11R105
(] A1l IF ATTENUATOR ADJUSTMENT C74
(SELF TEST 3)
e 5-33 A11R81
() (4 C64
(SELF TEST 4)
s A4 API ADJUSTMENT 5-23 A4R79
(e (¢ RS0
R8&3
(SELF TEST 5)
e Al PHASE TRACKING ADJUSTMENT 543 INR
() (e
(SELF TEST 6)
s 547 None
]

(SELFTESTT7) | A9 ANALOG RECORDER OUTPUT CHECK

AND ADJUSTMENT
4 547 None

Gue) & ()

(SELF TEST 8)
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Figure 5-20

BOARD LOCATION

TOP VIEW SIDE VIEW

/ ——— A A A2 e—

©

A7R66
@ A7CR2 (F-ADJ) ABS]T

ASR71 A8
(ZERO ADJ) (G

AIN ADJ)

Figure 5-20. Adjustment Locations.
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Figure 5-20

A9R6 A9RS5
@ (+2V ADJ)  (DISP A ADJ)

A9TP1

A9TP2
A9TP3
A9TP4

A9TP5
A4R83

A9R25
(DISP C ADJ)

A9R24 A4R80

(DISP B ADJ)

A4R79

A4R31

FRONT

Figure 5-20. Adjustment Locations (cont'd).
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Figure 5-20
A11R105 A11C74 A12R28 AT2R34
<::) (ATT 2 MAG) (ATT 2¢ ) (105mv ADJ) (1V ADJ)
AT1R81
(ATT 3 MAG)
A11C64 ALY
(ATT 3 ¢)
ATR183
A11R46
(IF 2 GAIN)
AT1R45 ATRIOE
(IF 1 GAIN)
A1S1
A11C71
(ATT 1 ¢) A1C73
AT1R100
(ATT 1 MAG) ATR101
A11C52
(HF MAG TRACKING) ATC70
AT1R67
(MF TRACKING) ATR18?
FRONT
A11C32 ATTR119 A1CH A1C20 A1C22
(HF ¢) (LF TRACKING) (¢ ADJ 10KR) (¢ ADJ TKR)

Figure 5-20. Adjustment Locations (cont'd).
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Section VI
Paragraphs 6-1 to 6-6

SECTION VI
REPLACEABLE PARTS

6-1. INTRODUCTION,

6-2.  This section contains information for ordering
parts. Table 6-1 lists abbreviations used in the parts list
and throughout the manual. Table 6-3 lists all replaceable
parts in reference designator order. Table 6-2 contains
the names and addresses that correspond to the manu-
facturer’s code numbers.

6-3. ABBREVIATIONS,

6-4. Table 6-1 lists abbreviations used in parts list,
schematics and throughout the manual. In some cases,
two forms of abbreviations are used, one in all capital
letters, and one in partial capitals or no capitals. This
occurs because the abbreviations in parts list are always
all capitals. However, in the schematic and in other
parts of the manual, other abbreviation forms with
both lower case and upper case letters are used.

6-5. REPLACEABLE PARTS LIST.
6-6. Table 6-3 is a list of replaceable parts and is
organized as follows:

a.  Electrical assemblies and their components in
alphanumerical order by reference designation.

b. Chassis-mounted parts in alphanumerical order
by reference designation.

¢c.  Miscellaneous parts.

d. Illustrated parts breakdowns, if appropriate.

The information for each part includes:

The Hewlett-Packard part number.

The total quantity (Qty) in the instrument.

A description of the part.

A typical manufacturer of the part in a five-
digit code.

e.  The manufacturer’s number for the part.

a0 ow

Table 6-1. List of Reference Designators and Abbreviations.
REFERENCE DESIGNATORS
A = assembly E = misc electranic part P = plug u = integrated circuit
B = motor F = fuse Q = transistor v = vacuum, tube, neon
BT = battery FL = filter R = resistor bulb, photocell, ete.
c = capacitor J = jack RT = thermistor VR = voltage regulator
CP = coupler K = relay 5 = switch W = cable
CR = diode L = inductor T = transformer X = socket
DL = delay line M = meter TB = terminal board Y = crystal
DS = device signaling (lamp) MP = mechanical part TP = test point
ABBREVIATIONS
A = amperes H = Qenries NPN = negative-positive- RWV = reverse working
A.F.C. =automatic frequency control HEX = hexagonal negative voltage
AMPL = amplifier HG = mercury NRFR = not recommended for
_ . HR = hour(s} field replacement
B.F.0. = beat ijequency oscillator Hz = hertz NSR = not separately s-B = slow-blow
BE CU = beryllium copper -
. replaceable SCR = screw
BH = binder head F = intermediate freq. SE - selenium
BP = bandpass IMPG = impregnated SECT - section(s)
BRS = brass INCD = incandescent OBD = order by description SEMICON - semiconductor
BWO = backward wave oscillator INCL = include(s) OH = oval head 81 - silicon
CCW = counter-clockwise g,sr : ;:fulnulon(ed) ox - oxide SIL = silver
CER = ceramic = interna SL = slide
CMO = cabinet mount only k = kilo = 1000 p - peak SPG = gpring
COEF = coefficient o . SPL = special
i P o gt
COMP = composition LK WASH = lock washer PH BRZ = phosphor bronze SR i split ring
COMPL = complete . . S STL = steel
CONN - connector LOG = logarithmic taper PHL = Phillips
cp - cadmium plate LPF = low pass filter PI}' i pea.!( inverse v_oltage TA - tantalum
CRT = cathode-ray tube il - 1078 PNP = positive-negalive- D = time delay
CW = clockwise m = milli = 10 positive TGL < toggle
M = meg = 10 P/O = part of THD 2 thread
DEPC = deposited carbon MET FLM = metal film POLY = polystyrene T - titanium
DR = drive MET OX = metallic oxide PORC = porcelain TOL - tolerance
ELECT = electrolytic MFR = m‘an_uhclurer PO = posmqn(s) TRIM = trimmer
ENCAP = encapsulated MINAT = miniature pOT = potentiometer TWT = traveling wave tube
_ MOM = momentary PP = peak-to-peak
EXT = external : i
MTG = mounting PT = point u = micro = 107§
F = farads MY = "mylar” PWYV = peak working voltage
f = femto = 10°%° o VAR < variable
FH = flat head o = nano - 1 VDCW = dc working volts
FILH = fillister head N = normally closed .
FXD = fixed NE = neon RECT = rectifier w/ = with
9 NI PL = nickel plate RF = radio frequency w = watts
G = giga = 10 N‘O = normally open RH = round head or WwIV = working inverse
GE = germanium NPO = negative positive zero right hand voltage
GL = glass (zero temperature RMO = rack mount only wWW = wirewound
GRD = ground(ed) coefficient) RMS = root-mean square w0 = without
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Paragraph 6-6 to 6-14

The total quantity for each part is given only once — at
the first appearance of the part number in the list.

Part numbers for the shield cases, screws, cable clamps,
and cables (except for wiring on a board) on each board
assembly, are not listed in Table 6-3. If required these
parts must be ordered separately when ordering a com-
plete board assembly. They are listed in Table 6-4 and
6-5 as Board Mounted Hardware and Cable Assemblies
respectively.

6-7. ORDERING INFORMATION.

6-8. To order a part listed in the replaceable parts
table, give the Hewlett-Packard part number, indicate the
quantity required, and address the order to the nearest
Hewlett-Packard office.

6-9. To order a part that is not listed in the replace-
able parts table, state the full instrument model and serial
number, the description and function of the part, and the
number of parts required. Address your order to the
nearest Hewlett-Packard office.

6-10. DIRECT MAIL ORDER SYSTEM.

Model 4192A

6-11. Within the USA, Hewlett-Packard can supply
parts through a direct mail order system. Advantages of
using the system are:

a. Direct ordering and shipment from the HP Parts
Center in Mountain View, California.

b. No maximum or minimum on any mail order
(there is a minimum order amount for parts
ordered through a local HP Office when the
orders require billing and invoicing).

¢.  Prepaid transportation (there is a small handling
charge for each order).

d. No invoices — to provide these advantages, a
check or money order must accompany each
order.

6-12. Mail order forms and specific ordering informa-
tion is available through your local HP Office. Addresses
and phone numbers are located at the back of this
manual.

Table 6-2. Manufacturers Code Lists.

MFR oIp

NG MANLFACTURER NAME ADDRESS CODE
00000 ANY SATISFACTORY SUPPLIER
0003y NIPPON ELECTRIC €O
61121 ALLEN-BRADLEY C0 MILWAUKEE Wwr <3204
01295 TEXAS INSTR INC SEMICOND CMPNT DIV DALLAS Tx nER22
0192k RCA CORF SOLID STATE DIV SOMERVILLE NJ 08876
02114 FERROXCURE CORP SAUGERTIES NY 12477
0Xx888 KDI P YROFILM CORP WHIPPANY NY 07981
04713 MOTOROLA SEMICONDUCTOR PRODUCTS PHOENIX AZ 85062
06383 PANDULT CORP TINLEY PARK L &0477
06063 PRECISION MONOLITHICS INC SANTA CLARA Ca 99050
07263 FAIRCHILD SEMLICONDUCTOR DIV MOUNTARIN VIEW ca 940342
07716 TRW INC BURL INGTON DIV ‘BURLINGTON ia 52601
0859C NO m/F DESCRIPTION FOR THIS MFG NUMEER
14936 GENERAL INSTR CORP SEMIDON PROD GP HICKSVILLE NY 11802
18324 SIGNETICS CORP SUNNYVALE Ca 94086
19701 MEPCO/ELECTYRA CORP HINERAL UWELLS X 76067
24546 CORNING GLASS WORKS (ERADFORD) HRADFORD PA 16701
27014 NATIONAL SEMICONDUCTOR CORP SANTA CLARA Ca 995051
27777 VARO SEMICONDUCTOR INC GARLAND TX 7950640
213480 HEWLETT-PACKARD CO CORPORATE HR FALO ALTO CaA 94304
29832 TELEDYNE PHILBRICK NEXUS DEDHAM [l p2026
3161 AAVID ENGINEERING INC LACONIA NH 03246
32293 INTERSIL INC CUPERTIND Ca 6014
32997 EDURNS INC TRIMPOT PROD DIV RIVERSIDE CA 92507
34335 ADVANCED MICRO DEVICES INC SUNNYVALE ca 24086
52763 STETTNER~TRUSH INC CAZENOVIA NY 13035
56289 8PRAGUE ELECTRIC CO NORTH ADAMS MA 01247
72136 ELECTRO MOTIVE CDRP SUER IEC WILLITHMANTIC CT 06226
74970 JOHNSON E F €O WASECA MN 96093
75042 TRW INC PHILADELPHIA DIV PHILADELPHIA PA 12108
75915 LITTELFUSE INC DES PLAINES N 60016
BE17% EURR EROWN CD HUNTSVILLE AL 35801
?82%1 SEALECTRD CORP MAMARDNECK NY 10544
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Tahle 6-3. Replaceable Parts

Section VI
Table 6-3

Reference HP Part |c e Mfr
: A n Mfr Part Number
Designation Number (D Qty Descriptio Code P be
Al 04192-66501 | 9 1 RANGE RESISTOR/NULL DETECTOR 28480 041 9266501
(NOT INCLUDING THE SHIELD CASES)
ALCT 01603456 & 61 CAPACITOR~FXD 1000PF +~10%Z 1KVDC CER 284840 0160-3456
AlC2 01603456 b CAPACITOR-FXD 10DOFPF +-10% 1KVDC CER 28480 1160-34586
ALCS 01603456 b CAPACITOR-FXD 1000FF +-10%Z 1KVUDC CER 28480 0160-3456
AlC4 0160-3456 & CAPACITOR-FXD 10D0PF +~10% 1KVDC CER 28480 0160-3456
A1CS 01210046 2 1 CAPACITOR~-V TRMR~CER 9-35PF 200V PC-MTC 92763 304322 2/35PF N&S0
Atle 01603456 [ CAPACITOR~FXD 1000PF +-10% 1KVDC CER 28480 0160-3456
A1C7 0160-3456 b CAPACITOR-FXD 1000PF +-10Z 1KVDC CER »8480 0160-3456
A1LB 0160-3466 8 25 CAPACITOR-FXD 100PF +-10% 1KVDC CER 28480 01603466
Al1CY 0160-3466 8 CAPACITOR-FXD t0DOPF +-10% 1KVDC CER 28480 0160-3466
ALC1O 0160-0128 3 5 CAPACITOR-FXD 2,2UF +-20% S0VDL CER 284819 0160-0128
AlC12 0160-2150 S 7 CAPACITOR-FXD 33PF +-5% 300VUDC MICA 23480 01&60~-2150
AlC14 0160-2234 & 4 CAPACITOR-FXD .S51PF +-,29FF S00VDC CER 28480 0160-2234
ALC1Y 0150-0059 5 3 CAaPACITOR-FXD 3,3PF 500VDC CER
AlC1e 0160-2265 1 1 CAPACITOR~-FXD 22P 500YDC CER
a&l1c17 01801085 ) 8o CAPACITOR-FXD 4,7UF 14VUDC TA 28480 0180~108%S
AICTS 0180-1083 5 CAPACITOR-FXD 4,7UF 16VDC TA 28480 0180-108%5
ALCLY 06180-1085 9 CAPACITOR~FXD 4,7UF 16UDC TA 284840 0180-1085
AlC20 01210127 i} 1 CAPACITUR-V TRMR-AIR 2,1-13.3PF 350V 74970 189-0505-028
ALC21 H1606-0127 2 21 CAPACITOR~FXD 1UF +-20% 25VUDC CER 28480 0160-0127
Alc22 ¢121-0127 & 2 CAPACITOR-V TRMR-AIR 1.7-14.1F 350V PC-MTG
ALC2R 0160-4835 8 CAPACITOR-FXD .1uF 10% 50VDC CER
AlC24 D160-2940 1 7 CAPACITOR-FXD 470PF +-5%Z 300VDC MICA 28480 01560-2940
AlC2E n180-108% el CAPACITOR-FXD 4.7UF 16VUDC TA 28480 0180-108%
A1C26 0180-108%5 5 CAPACTITOR-FXD 4.7UF 16VDC TA 28480 0180-108%
ALC27 0180-108% G CAPACITOR~FXD 4.7UF 1&6VUDC TA 28480 0180-1085
AlCZ8 01602236 g 1 CAPACITOR-FXD 1PF +-.25PF S00VDC CER 28480 0160-2236
A1C2Y 01801077 5 Q@ CAPACITOR~FXD 10 UF 20VDC TA 28480 0180~-1077
ATC30 0140-0210 2 11 CAPACITOR~FXD 270PF +-5% 300VUDC MICA 72136 DMISF271J0300WV1ER
ALC31 0160-4835 a CAPACITOR-FXD .1UF 10% 50VDC CER
A1C32 0160-3456 & CAPACITOR-FXD 1000PF +-10% 1KVDC CER 28480 0160~-3456
01801085 D CAPACITOR~FXD 4,7UF 16VUDC TA 28480 0180-1085
M 0160-4835 g CAPACITOR-FXD .1UF 10% S0YDC CER
ALC3IG 01602238 0 2 CAPACITOR-FXD 1.5PF +-, 25PF 500VDC CER 28480 01602238
A1C36 0160-2238 1] CARPACITOR~FXD 1,5PF +- 29PF S00VDLC CER 28440 01460-2238
A1C37 0160~3456 & CAPACITOR-FXD 1000PF +-10% 1KVUDC CER 28480 01560~3456
AIC38 1160-3456 & CAPACITOR-FXD 1000FF +-10% 1KVDC CER 204810 0160-3456
ALC3Q 0160~3458 O CAPACITOR~-FXD 1G00PF +-10% 1KVDC CER 28480 01&6£0~-3456
A1C40 0180-1077 G CARPACITOR-FXD 10 WUF 20VDC TA 28480 0180-1077
AlLCal 01603458 b CAPACITOR-FXD 1000PF +-10% I1KVDC CER 28480 01&60-34586
ALICAR 6160-3456 & CAPACITOR-FXD 1000PF +-10% 1KVDC CER 28480 01&0-34%564
ALC43 01602249 3 1 CAPACITOR-FXD 4.7PF +-, 25PF S00VDC CER 28480 D160~224%
AlCA4 01603456 [ CAPACITOR-FXD 1000PF +-10% 1KVDC CER 28480 160-3456
ALCAY 01603456 & CAPACITOR-FXD 1000PF +-10% 1KVDC CER 28480 0160-34586
A1CA44 0140-0191 5] & CAPACITOR-FXD 3$5&PF +-5X% 300VYDC MICA 72136 DMISES60J 030 0WY10R
~AICa7 01600129 3 CAPACITOR~FXD 2,2UF +-20% S0VUDL CER 28480 §160~-0128
AL1C4A8 0160-0128 3 CAPACITOR~-FXD 2,2UF +-20% S0VUDC CER 28480 0160-0128
ALC4T 014602204 1] 1?7 CAPACTITOR-FXD 100PF +-5% 300VUDC MICA 28480 0160-2204
AICS0 06160-0128 3 CAPACITUR~-FXD 2,2UF +-20% SovDpC CER 29480 0160-0128
A1CSY $160--0128 3 CAPACITOR~FXD 2.2UF +-20% SD0VYDC CER 28480 01460~0128
A1CER 0160~3847 @ 2?2 CAPACITOR-FXD ,01UF +3100-0% 50VDC CER 28480 0160~-3847
ALCS3 01603847 G CAPACITOR-FXD .01UF +100~-0Z SO0VDC CER 28480 01460-3847
ALCH4 0160~3466 8 CAPACITOR-FXD 100PF +-10% 1KVDC CER 28480 0160-34686
A1CSS 81603466 8 CAPACITOR-FXD 100PF +-10% 1KVDC CER 28480 D160-3466
A1CS4 0180-108% 5 CAPACITOR-FXD 4.7UF 16VDC TA 28480 0180~1085
5 0180~108% ] CAPACITOR-FXD 4.7UF 16VDE TA 28480 4180-1089
AICSS 0186~-1077 g CAPACITOR-FXD 10 UF 20VDC TA 28480 0180-1077
#1 LS9 01801077 5 CAPACITOR-FXD 10 UF 20VDC TA 284810 0180-1077
AICHLD N180-1077 3 CAPACITOR-FXD 10 UF 20VDC TA 28480 0180-1077
A1C6Y 0186-1077 G CAPACITOR~-FXD 10 UF 20VYDpC TA 28480 0186~-1077
AlCHY 0180-1085 <] CAPACITOR-FXD 4.7UF 1&VDC TaA 28480 0180-10B5
ALTHES 0180-108% 5 CAPACITOR-FXD 4.7UF 16VDC TA 2848101 0180-1085
A1CH4 0180~-1085 5 CAPACITOR~FXD 4.7UF 16VDC TA 28480 01B0-108%5
ALCED 0780-1085 1 CAPACITOR~FXD 4, 7UF 16VDC TA 28480 0130~-108%5
A1CEL 0160-3466 8 CAPACITOR~FXD 100PF +-10% 1KVDC CER 28480 D160-3464
ALCHT 01801085 5 CAPACITOR-FXD 4,7UF 16VUDC TA 28480 D180-108%5
AlC6H 0180-1085 S CAPACITOR-FXD 4,7UF 1&4YDC TA 28480 0180~108%
ALLCLY 01 60-3456 b CAPACITOR-FXD 1000PF +-10% 1KVDC CER 28480 01403456
Al1C70 0160-3501 2 2 CAPACITOR~FXD 4UF +-10% S0VDC MET-POLYC 28480 0160-3501
A1C71 0180-108% il CAPACITOR~FXD 4.,7UF 16UDC TA 28480 01801085

See introduction to this section for ordering information
*Indicates factory selected value
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Table 6-3
Table 6-3. Replaceable Parts
Reference AP Part |c o Mfr
N . Q i
Designation Number |D ty Description Code Mfr Part Number
AlC72 0180-1089 51 CAPACITOR-FXD 4,7UF 16VUDC TA 28480 0180-108%5
ALC?73 01603501 2 CAPACITOR-FXD 4UF +—10% S0VDC MET-POLYC 28480 0160-3501
AIC74 0180-1077 ] CAPACITOR-FXD 10 UF 20VDC TA 28480 0n180-1077
ALC7H 01801077 5 CAPACITOR-FXD 10 UF 20VUDC TA “8480 0180-1077
AIC76 0180-108Y 5 CAPACITOR-FXD 4.7UF 16VDC TA 28480 0180-10685
A1C77 01801088 9 CaPACTTOR-FXD 4.7UF 16UDC TA D180-108%
A1C78 0160-34564 6 CAPACITOR-FXD 1000PF +-104 1KVDC CER 0160-3456
Al1C79 0180-1083 5 CAPACITOR-FXD 4.7UF 16VDC T4 0180-108%
A1C80 0180~-1085 5 CAPACTITOR~-FXD 4.7UF 146VDC TA 0180-10
A1CE81 01603456 b CAPACTTOR-FXD 1000PF +-10% 1KVUDC CER 0160-34%
A1CB2 01801088 G CAPACITOR-FXD 4.7UF 16VDC TA 28480 0180-1086
ALTCB3 5180108 5 CARACITOR-FXD 4,7UF 16VDC TA 234810 0180-1
AICB4 0160-2204 0 CAPACITOR-FXD 100PF +-5% 300VDBC HICA 28480 0160-28
A1C8S 0160~2204 0 CAPACITOR-FXD 100PF +-8% 300YDC MICA 284890 0160~-2304
AIC8s 0160-3466 8 CAPACITOR~FXD 100PF +-10% 1KVDLC CER 284890 1160-3466
A1087 01603466 8 CAPACITOR~FXD 100PF +-10% 1KVUDC CER 28480 0160-3466
AlLCE8 0180-1083 3 81 CAPACITOR-FXD 33UF 25VUDC AL 29480 6180-1083
A1CEY 0160-2204 0 CAPACITOR~FXD 100PF +~5% 300VDC MICA 0160~-2204
A1CP0 0180-1079 7 2 CAPACITOR-FXD 2200UF 6.3V AL 28480 0180~107%
Al1C91 01801085 5 CAPACITOR~-FXD 4.7UF 16VDC TA 284810 D180-1085
AICY2 0180-1085 ] CAPACITOR-FXD 4.7UF 16VDG TA 284810 01801085
ALC93 01801083 5 CAPACTITOR-FXD 4.7UF 16VDC TA 28480 D180-1085
A1C24 0160-3847 9 CAPACITOR-FXD . 01UF +100-0% S0VDC C 0160-36347
ALCYS 0160-3847 9 CAPACITOR-EXD .01UF +100-0% S0UDC CER D160~-3847
AIL?6 0180~1083 5 CAPACITOR~FXD 4.7UF 16VDC TA 0180-1085
A1C97 0160~2150 % CAPACITOR-FXD 33PF +-5% Z00UDC MICA 0160~-2150
A1CP8 8160-2150 ) CAPACTITOR-FXD 33PF +-5% 300VDE MICA 0160-2150
ALCS9 0160-4835 I3 CAPACITOR~FXD .1UF 10% 50YDC CER
AlC100 0180-107% 7 CAPACTITOR-FXD 2200UF 6.3V Al 28480 0180-1079
ALCI01 01603454 b CAPACTITOR~FXD 1000PF +-10% 1KUDLC CER 28480 0160-34%6
ALC102 0180-0374 K3 4 CAPACITUOR-FXD 10UF+-10%Z 20VDC Ta 150D 06XI020R2
ALC103 01800374 3 CAPACITOR-FXD 10UF+-10% 20UDT TA 150D106XP020R2
AIC104 0180-1085 5 CAPACITOR-FXD 4.7UF 16VUDC TaA 0180-1085
A1C105 0180-108% k] CAPACITOR-FXD 4.7UF 16VDC TA 0190-1085
AIC106 0180~108% 5 CAPACITOR-FXD 4.7UF 16VDC TA 0180-1085
AlLC107 01603847 9 CAPACITOR-FXD .01UF +100-0% S0VDC CER 014603847
AlC108 0160-3847 9 CAPACITOR-FXD .01UF +100-0% 3S0VDC CER 0140-3847
AlCI0T 016029490 1 CAPACITOR-FXD 470PF +~5% 3J00VDC MICA 01602940
A1C110 0160-3847 e CAPACITOR-FXD . C01UF +100-0% S0VDC CER 0160-3847
AlC111 01460-2940 1 CAPACITOR-FXD 470PF +-%5% 3060UDC MICA 0160-29410
AlC112 0160-2245% 3 b CAPACITOR-FXD 4.7PF +-.25PF 500VDC CER 28480
AlC113 0160-2307 3 CAPACITOR~FXD 47PF +-5% 300VDC MICA 284810
AIC114 0160-4835 8 CAPACLTOR~FXD ,1UF 10% 50VDC CER
AIC11S 01603456 b CAPACITOR~FXD 1000PF +~10% 1KVDC CER 28480 D160-3456
AlC114 0D140-0210 2 CAPACITOR~FXD 270PF +-5% 300VUDC MICA 72136 DM1% 71I0300WVICR
AlLC117 0160-0127 2 CAPACITOR-FXD 1UF +-20% 2%5VDC CER 28480 0160-0127
Al1C118 0160~0300 3 2 CAPACITOR~FXD 2700PF +-10% 200VUDC POLYE 268480 H160-0300
AlC119 81603847 9 CAPACITOR-FXD .01UF +100-0% S0VUDC CER 28480 0160-3847
ALIC120 0180-1085 5 CAPACITOR~FXD 4,7UF 16VUDC TA 34180-10835
AlC121 01806-~0374 3 CAPACITOR~FXD 10UF+-10% 20VDC TA 150D106X202082
AlC122 0180-0374 3 CAPACITOR~FXD 10UF+-10% 20VDC TA HbRBY 150D106XP020R2
Alc123 01801088 5 CAPACITOR~FXD 4.7UF 16VDC TA 28480 0180-108%
AlC124 0160-38B47 @ CAPACITOR-FXD .01UF +100~0%Z S50VDC CER 28480 0160-36847
AlCI2S 01801085 9 CAPACITOR~FXD 4.7UF 16YDC TA 20480 0180~-108%5
ALC126 0160-4835 23 CAPACITOR-FXD .1UF 10% 50VDC CER
ALC127 0160-4835 B CAPALITOR-FXD .1UF 10% 50YDC CER
AIC128 01603466 a8 CAPACITOR-FXD 100PF +-10%Z 1KVDC CER 0160-3466
A1C129 01801077 5 CAPACITOR-FXD 10 UF 200DC TA I8 0180-1077
AIC1I30 0160-0127 2 CAPACITOR-FXD 1UF +-20% 25VDC CER 28480 0160-0127
A1C131 0160-0299 ? 2 CAPACITOR-FXD 1800PF +~10% 200VDC POLYE 28480 0160-0299
AIC132 0160-03060 3 CAPACITOR-FXD 2700PF +-10% 200VUDC POLYE 28480 0160-0300
ALC133 0160-0299 9 CARPACITOR-FXD 1800FPF +-10% 200VDC POLYE 28480 0160-~0299
AlC134 0180-108% ] CAPACITOR-FXD 4,7UF 16VDC TA 28480 0180-108%
A1C135 0160-2204 CAPACITOR-FXD 100PF
AICR1 1901-0050 3 7a DIODE~SWITCHING 80V 200MA 2NS 28480 1901-0050
A1CR2 1201-0050 3 DIODE-SWITCHING 80V 200MA 2N§ 28480 1901-50%50
A1CR3 1901--0050 3 DIODE-SWITCHING 80V 200MA 2N§ 28480 1901-0050
ALCRA 1901~-0050 3 DIODE-SWITCHING 80V R200MA 2N§ 204810 1901-0050
ALCRS 19010050 3 DIODE~SWITCHING 80V 200MA 2N§ 28480 1901-0050
ALCRG 1201-0050 3 DIODE~SWITCHING B0V 200MA 2NS 28480 1901-0050
AL1CR? 1901-0050 3 DIODE-SWITCHING 80V 200MA 2NS 28480 12010050
AICREY 1902-0041 4 11 DIODE~ZNR .11V 5% DO-35 PD=.4W 28480 1%02-0041
ALCRY 1901-00%0 3 DIODE-SWITCHING 80V 200MA 2NS DO-39 28480 1901-0050
AICR10 1902-0041 4 DIODE-ZNR %.11V 5% D0O-3%5 PD=,44 28480 1202-0041
ALCR11 19023036 3 3 PIDDE~ZNR 3,16V 0&84% 28480 1902-3034
AICRIZ2 1902-3034 3 DIDDE-ZNR 3.14V 064% 28480 1902-3034
AICR13 1901-0050 3 DIDDE~SWITCHING 80V 200MA 2NS DD-35 28480 192010050
A1CR14 1901-0050 3 DIODE~SWITCHING 80V 200MA 2NS DO-35 28480 1901~00%50
AICRIS 1901 -00%50 3 DIODE-SWITCHING 80V 200MA 2NS DD-35 208480 1901-0050
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AICR16 1901-0050 3 DTODE-SWITCHING BOV 200MA 2NS DO-35 28480 1901-00%50
A1CR17 1901-0050 3 DIODE-SWITCHING B0V 200MA 2NS DO-35 28440 1901~0050
A1CR18 1901-00%0 3 DIODE~SWITCHING BOV 200MA 2NS D0O-35 28480 1901-0050
ALCR19 19010050 3 DIODE-SWITCHING 8OV 200MA 2NS DO-35 28480 1901-0050
AICR20 19010050 3 DIODE-SWITCHING BOV 200MA 2NS DD-35 28480 1901-0050
A1CR21 1901-00%0 3 DIODE~SWITCHING 80V 200MA 2NS DO-35 28480 1901-0050
A1CR22 19010050 ES DIDDE-SWITCHING 80V 200MA 2NS DO-3% 28480 1901~0050
A1CR23 1901-0050 3 DIODE-SWITCHING 80V 200MA 2NS DU-35 28480 1901-0050
AICR24 19010050 3 DIDDE-SWITCHING 80V 200MA 2NS DO-3%5 28480 1901-0050
ALCRR2S 1901-0050 3 DIODE~SWITCHING 80V 200MA 2NS DO-35 28480 19010050
A1CR26 19010050 3 DIODE-SWITCHING B0V Z00MA 2NS DO-3%5 28480 1901-00%0
A1CR2Y 1902-0041 4 DIODE-ZNR 5,11V 5% DO-35 PD=. 4l 28480 1902-0041
ALER2E 1901-0050 3 DIODE-SWITCHING BOV 200MA 2NS D0O-~3% 28480 1901-0050
A1CR2Y 1901-0050 3 DIODE~SWITCHING B0V 200MA 2NS DD-35 28480 19010050
A1CR3N 19010050 k4 DIODE-SWITCHING BOV 200MA 2NS DD-3% 28480 1701-0050
A1CR31 19010050 3 DIODE~SWITCHING 80V 200M6 2NS DO-35 28480 19010650
A1CR32 1901-0050 3 DIODE-SWITCHING 80V 200MA 2N$ DO-35 28480 1901-0050
AICR3Z 1901-0050 3 DIDDE-SWITCHING 80V 200MA 2NS DO-35 28480 1901-0050
A1CR34 1901=0050 3 DIDDE-SWITCHING 60V 200MA 2N§ DO-35 28480 1901-0050
A1CR3S 1901-0050 3 DIODE-SWITCHING B0V 200MA 2NS DO-35 28480 19061-00%0
AICR3G 19010050 3 DIODE~SWITCHING BOV 200MA 2NS DO-35 28480 1901-00%0
A1CR37 1902-0041 4 DIODE-ZNR $.11V 5% DO~-3% PD=,4u 28480 1902-0041
A1CR38 1901-0050 DIODE-SWITCHING 80Y 200MA 2NS DO-35
A1CR39 1902-3136 DIODE-74R 8.06V 12.5MA DO-35
ATCR40 1902-3136 DIODE-ZNR 8.06V 12.5MA DO-35
ATCR41 1902-3136 DIODE-ZNR 8.06V 1Z2.5MA D0-35
A1CR42 1902-3136 DICDE-ZNR 8.06V 12.5MA D0-35
ATF1 2110-0650 FUSE .125A 125V
ATl 251-4938 5 2 CONNECTOR 3-PIN M METRIC POST TYPE 29480 1251-4938
A1T2 5007 1 40 CONNECTOR-RF SMEB M PC S0-DHM 28480 250-0257
A133 1250-0257 1 CONNECTOR-RF SME M PC S0-DHM 28480 1250-0257
ALT4 1200-0607 0 20 SOCKET-IC 16-CONT DIP DIP-SLDR 284810 1200-0607
ALJS 1200-0607 0 SOCKET-IC 16-CONT DIP DIP-SLDR 28480 1200-0607
a1Te 1250-0257 1 CONNECTOR-RF SME M PC S0-OHM 28480 1250-0257
al1I7 12500 1 CONNECTOR-RF SME M PC 50-0HN 29480 1250-0257
AlT8 12500257 1 CONNECTOR-RF SHE M PC S0-OHM 28480 1250-0257
ALIY 12513197 b 3 CONNECTOR 12-PIN M POST TYPE 28480 1251-3157
AtI10 1251 ~4822 b 7 CONNECTOR 3-PIN M POST TYPE 28480 12%1-4822
ALT1Y 12514822 6 CONNECTOR 3-PIN ¥ POST TYPE 283480 1251-4822
a1T12 1250-0257 1 CONNECTOR-RF GMH M PC S5D~DHM 28480 1250-0257
ALIL3 12500257 1 CONNECTOR-RF SME M PC 50-DHM 28480 12500257
A1T14 1250-0257 1 CONNECTDR~RF GMB M PC S0-DHM 28480 1250~0257
AlILS 12500257 1 CONNECTOR-RF SMB M PC S0-OHM 28480 12%0-0257
A1JT6 1251-1636 CONNECTOR-SGL CONT SKT .04-IN-BSC-5Z RND
A1d17 1251-1636 CONNECTOR-SGL CONT SXT .04-IN-BSC-SZ RND
ATK1 0490-1269 4 3 RELAY 1C 12yDC-COIL .66A 30VDC 28480 0490-1269
AlKZ 0490-0240 9 2 RELAY-REED 1A 28480 0490-0240
ATK3 0490-0240 9 RELAY-REED TA 28480 0490-0240
AlK4 0490-0237 4 2 RELAY-REED 2A 28480 0490-0237
ATKS 0490-0237 4 RELAY-REED 2A 28480 0490-0237
AlKe 0430-1269 4 RELAY 1C 12yDC-COIL .66A 30VDC 20480 0490-1269
AlL1 91400114 4 34 INDUCTOR RF=CH-MLD 10UH 10X .1&&DX.385L.G 28480 9140-0114
A1L2 91400114 4 INDUCTOR RF-CH-MLD 10UH 10% .1686DX, 3856 2B480 ?140-0114
ALL3 9140-0114 4 INDUCTOR RF-CH-MLD 10UH 10%Z .166DX, 38506 25480 7140-0114
AlLa 91400158 & 9 INDUCTOR RF-CH-MLD 1UH 10% .105DX,2461.0 28480 9140-0158
ATLS 9140-0129 1 16 INDUCTOR RF-CH-MLD 220UH 5% .166DX.385LG 28480 9140-0129
AlLS 91400129 1 INDUCTOR RF~CH-MLD 220UH 5% .166DX,385LG 28480 9140-0129
AlL7 9140-0098 3 & INDUCTOR RF-CH-HLD 2,2UH 10% 28460 £140-0098
ALL8 91400131 5 i INDUCTOR RF-CH~MLD 10MH 5% .25DX,73LG 28480 9140-0131
ALLS 9140-0114 4 INDUCTOR RF-CH-MLD 10UH 10% .166DX, 385G 28480 $140-0114
AlL10 F100~1665 8 2 INDUCTOR RF~CH-MLD 3.3MH 5% .23DX.57..G 28480 F100-1665
AalL1l 2100-166% ] INDUCTOR RF-CH-MLD 3.3MH SX% .23DX.%7LG 28480 @100-1665
A1Q1 1853~0354 7 19 TRANSISTOR PNP S1 TO-92 PD=350MW 28480 1853-0354
AlQ2 1854~0215 1 32 TRANSISTOR NPN 51 PD=350MW FT=300MHZ 04713 2N3904
A1Q3 1654-0215 1 TRANSISTOR NPN S1 PD=350MW FT=300MHZ 04713 2N3R04
ALIR4 1853-0354 7 TRANSISTOR PNP SI TO-92 PD=350MW 28480 18%3-0354
A1Q5 16540247 9 11 TRANSISTOR NPN SI TO-39 PD=1W FT=800MHZ 28480 1854-0247
ALRG 1853-0012 4 5 TRANSISTOR PNP 2N2904A SI TO-39 PD=600MW 01295 2N2904A
A1R7 163540247 9 TRANSISTOR NPN SI TO-3%9 PD=tW FT=BOO0MHZ 28480 1854-0247
ARS8 1854-0215 i TRANSISTOR NPN SI PD=350HW FT=300MHZ 04713 2N3904
ALRY 1853-0354 7 TRANSISTOR PNP S TO-92 PD=330MW 28480 1B53-0354
AIQ10 1853~0036 a 17 TRANSISTOR PNP SI PD=310HU FT=250MHZ 28480 1853-0036
Alat1 18530036 2 TRANSISTOR PNP SI PD=310MW FT=2S0MHZ 28480 1853-0038
AlR12 1854-0215 1 TRANSISTOR NPN SI PD=350MW FT=300MHZ 04713 N304
Al 1653~0354 7 TRANSISTOR PWP SI TO-92 PD=350MUW 28400 1B53-0354
AlQ14 1854-0247 g TRANSISTOR NPN SI TO-39 PD=1W FT=B0OMHZ 28480 1854-0247
ALQ1S 1854--0215 1 TRANSISTOR NPN SI PD=3S0MW FT=300MHZ 04713 2N304
A1Q16 18530036 2 TRANSISTOR PNP SI PD=310MW FT=250MHZ 28480 1853-003&
A1Q17 18530036 2 TRANSISTOR PNP S1 PD=310MW FT=250MHZ 28480 1BS3-0036
AlR18 1854-0247 9 TRANSISTOR NPN SI T0-3%9 PD=1W FT=800MHZ 28480 1854-0247
A10Q19 18540129 6 5 TRANSISTOR-NPN 2SC1636 284480 1854-0129
A1R20 1854-0628 0 9 TRANSISTOR NPN 51 TOD-92 PD=625MW 04713 MPS-H17
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A1R21 1854-0215 1 TRANSISTOR NPN ST PD=350MW FT=300MHZ 04713 2N39 D4
"l1g22 18950129 4 13 TRANSISTOR-FET 28K1835 28480 1855~-0125
A1R23 1854-0247 ? TRANSISTOR NPN S TO-39 PD=1W FT=800MHZ 28480 1854-0247
AlG24 18540247 @ TRANSISTOR NPN SI TO-39 PD=1W FT=800MHZ 28480 1854~-0247
A1R2S 1854-0247 ? TRANSISTOR NPN 51 T0-39 PD=1W FT=800MHZ 28480 1854-0247
A1Q26 18540129 b TRANSISTOR-NPN 2801636 28480 18%4-0129
A1Q27 18530354 7 TRANSISTOR PNP SI TO-922 PD=350MW 284810 1853-0354
A1Q28 1855~0406 4 11 TRANSISTOR J-FET P~CHAN D~MODE SI 32293 IT110
A1R2Y 1855-0406 4 TRANSISTOR J-FET P-CHAN D-MODE SI 32293 IT1140
A1R30 18530354 7 TRANSISTOR PNP ST T0-92 PD=350MW 28480 1853-0354
ATR31 1854-0628 0 TRANSISTOR NPN SI TO-92 PD=625MW 04713 MPS-H17
ATR32 18940215 1 TRANSISTOR NPN SI PD=350MW FT=300MHZ 04713 2N3904
AIR33 18550125 4 TRANSISTOR-FET 28K1835 284810 1855-0125
A1034 18550129 4 TRANSISTOR-FET 25K185 28480 18550125
A1R3S 1855-0125 4 TRANSISTOR-FET 25K185 28480 1855-0125
ALG36 18830125 4 TRANSISTOR-FET 25K18% 28480 18550129
ALQ37 18%4-0628 0 TRANSISTOR NPN GI TD-92 PD=625HMW 04713 MPB~H17
ATQ38 18550125 4 TRANSISTOR~FET 25K18% 28480 1885-0125
ALQ3S 18530354 7 TRANSISTOR PNP 81 T0-92 PD=350MW 28480 1853-0354
A1R40 18540628 0 TRANSISTOR NPN 81 T0O-92 PD=625MW 04713 MPE~H17
AlQ41 1854-0628 0 TRANSISTOR NPN SI T0-92 PD=625MW 04713 MPS-H17
AlR4R 18540219 1 TRANSISTOR NPN ST PD=350MW FT=300MHZ 04713 2N3904
ATR43 1854-0215 1 TRANSISTOR NPN SI PD=350MW FT=300MHZ 04713 2N39 04
A1G44 1855-0406 4 TRANSISTOR J-FET P-CHAN D~MODE SI 32293 IT110
A1RAG 1855-0406 4 TRANSISTOR J-FET P-~CHAN D-MODE &1 32293 ITi19
A1R1 17571094 ? 22 RESISTOR 1.47K 1% .125W F TU=0+-100 24546 C4-1/9~T0-1471-F
AlR2 06983444 1 3 RESISTOR 316 1% .125W F TC=0+-100 24546 Ca-1/8~-TD-316R-F
AIR3 0698-3444 1 RESISTOR 316 17 .12%W F TC=0+-100 24548 C4-1/8~T0-316R~F
A1R4 07970279 0 32 RESISTOR 3.16K 1% .125W F TC=0+~100 24546 Ca4~1/8~T0-31461~F
A1RS 0757-0279 1] RESISTOR 3.16K 17%Z ,1254W F TC=0+-100 24546 Ca~1/8-T0-3161~F
ALRSG 07570279 0 RESISTOR J.16K 1% 1258 F TC=0+-100 24546 C4-1/8-T0-3161~F
AlR7 4757-0280 3 34 RESISTDR 1K 1% .12%5W F TC=0+-100 24546 €4-1/8-T0-1001-F
A1RB 1678-0082 7 17 RESISTOR 464 17 . 125W F TC=0+-100 24546 C4~1/8-TO~45640~F
AIRS 0469g~0082 7 RESISTOR 464 1% ,125W F TC=0+-100 24546 C4-1/8~T0—-4640-F
ALR10 0757-0401 0 a7 RESISTOR 100 1%Z ,123W F TC=0+-100 24546 ¢4-1/8-T0~101~F
AIR11 07570401 0 RESISTOR 100 1% ,12%W F TC=0+-100 24548 C4~1/8-T0-101~F
AlR12 0757-03%97 3 13 RESISTUOR 68,1 1% .125W F TC=0+-100 24546 C4-1/8-TO0~68R1~F
ALTR13 0757-1094 @ RESISTOR 1.47K 1% .125W F TC=0+-100 24546 Ca~1/8-T0~1471-F
A1IR14 0699-0559 S 1 RESISTOR~FXD ZK OHM ,02% 28480 RHRIFP-0GGS
ALR1Y 06990561 ? 1 RESISTOR~FXD 101 OHM .01.2% 28480 0699-0561
ALR1E 06990562 o 1 RESISTOR-FXD 211.1 OHM ,05% 28480 16990562
AIR17 06983428 1 12 RESISTOR 14,7 1% 1236 F TC=0+-100 03888 PMESS~1/8~T0-14R7~F
AlR18 0757-1094 9 RESISTOR 1.47K 1% ,125W F TC=0+-100 24546 C4~1/8-T0-1471-F
AlLR1Y 07571401 0 RESISTOR 100 1% .125W F TC=0+-100 24546 Ca~1/8-T0-101~F
ALR20 0757-1094 ? RESISTOR 1.47K 1% .125W F TC=0+-100 24548 C4~1/8-T0-1471~F
AlR21 06983160 8 7 RESISTOR 31.6K 1% ,128W F TC=0+-100 24546 Ca~1/8-T0-3162~F
AIR22 01698-3160 8 RESISTOR 31.6K 1% .125W F TC=0+-100 24544 C4A~1/8-T0-3162~F
ALTR23 0698-3162 ] 2 RESISTOR 44.4K 1% ,125W F TC=0+-100 24546 C4~1/8-T0~4642-F
AIRZ24 0698-0082 7 RESISTOR 464 1% 1254 F TC=0+-100 24544 C4~1/8-T0~-4640~F
A1R2Y 0757-0280 0 RESISTOR 1K 1% .125W F TC=0+-100
A1R2s 0698-3155 1 27 RESISTOR 4.64K 1% .125W F TC=0+-100 24548 C4~1/8-T0~4641-F
AL1R27 07%57-0439 4 13 RESISTOR 6.81K 1% ,125W F TC=0+-100 24546 C4~1/8-T0-6811~F
ALR2E 0757-0280 3 RESISTOR 1K 1% .12%5W F TC=0+-100 24544 C4~1/8-T0~1001~F
ALR2Y 06982208 3 1 RESISTOR:FXD 1K OWM 0.05% 1/8W MF 28480 04698-2208
A1R30 0699-0560 8 i RESISTOR-FXD 200 OHM .02% 28480 D699-0560
ATR3Y 07570401 s] RESISTOR 100 1% .125W F TC=0+-100 24544 C4-1/8-T0~101-F
AIR32 07570401 0 RESISTOR 100 1% .125W F TC=0+-100 24546 Ca-1/8-T0~101~F
A1R33 04980082 7 RESISTOR 464 1% 1254 F TC=0+-100 24544 C4~-1/8-TG~4640~F
AIR34 0757-0279 0 RESISTOR 3.16K 14 125W F 7 +-100 2AS4L C4~1/8-T0~3161-F
ALRIS 07/87~1094 9 RESISTOR 1.47K 14 ,128W F TC=0+-100 24%46 C4-1/8~T0~1471~F
AIR3L 0698-3428 1 RESISTOR 14.7 14 1284 F TC=0+-100 03888 PMESS~1/8~T0~14R7~F
ALRIY 07570279 4 RESISTOR 3.16K 1% .128W F TC=0+-100 24546 £4-1/8-T0~-3161~-F
A1R3IG 0698-3428 1 RESISTOR 14.7 1% 1234 F TC=0+-100 03888 PMEST~1/8~T0-14R7~F
ATR3IY 0757 -0441 8 ] RESISTOR 8.29K 1Z 1254 F TC=0+-100 24546 Ca~1/8-T0~-8251~F
Al1R40 67570421 4 10 RESISTOR 825 1% .125W F TC=0+-100 24544 €4-1/8-TO~825R~F
ALTRAY 07570442 9 34 RESISTOR 10K 1% .125W F TC=0+-100 24546 C4a-1/8-T0~1002~F
AlR42 07570442 ? RESISTOR 10K 1% 12954 F TC=0+-100 24%46 C4~1/8-T0~1002-F
A1RAZ 0757-027% 2 RESISTOR 3.16K 1% ,12%4 F TC=0+~100 24%46 Ca-1/8-T0~3161~F
AlR44 Q757-0280 3 RESISTOR 1K 1% ,12%5W F TC=0+-100 24%44 CA-1/8-T0~1001~F
AalRAS 07578417 8 2 RESISTUR 5462 1% ,1235W F TC=0+-100 24546 C4-1/8-T0~S62R~F
AlRA4& 07570280 3 RESISTOR 1K 1% .12%W F TC=0+-100 24546 C4-1/8-T0~1001~F
ALRAY 06983444 1 RESISTOR 31s 1%4 .129W F TC=0+-100 24544 C4~1/8-T0~316R~F
A1RAB 0698-4383 9 1 RESISTOR 53.6 1Z .125W F TC=0+-100 24546 C4-1/8~-T0-93R6~F
ATRA? 0698-3444 1 RESISTOR 316 1% .125W F TC=0+-100 24546 C4-1/8-T0D-316R~F
AIRS0 07570279 0 RESISTOR 3,16K 1% ,125W F TC=0+-100 24%54¢ C4-1/8-T0-3161~F
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AIRS1 0757-0276 7 1 RESISTOR b1.9 1% .125W F TC=0+-100 24348 C4~1/8-T0~6192~F
A1RS2 06,98—-3334 8 2 RESISTOR 178 1% .84 F TC=0+-100 28480 01698~-3334

ARSI 0698-3334 8 RESISTOR 178 1X .5W F TC=0+-3100 28480 06929-3334

A1RS4 06983260 7 17 RESISTOR 464K 1Z ,125W F TC=0+-100 28480 016983240

AIRES 0757-1094 L4 RESISTOR 1.47K 1% .125W F TC=0+-10D 24546 C4-1/8-T0-1471~F
AlRGSH 0757~046% & 8 RESISTOR 100K 1% 1256 F TC=0+-100 24546 C4-1/8-T0~-1003~F
A1RS7 0757-0465 & RESISTOR 100K 1% ,128W F TC=0+-100 24546 C4-1/8-T0~1003—~F
A1RSE 07570419 0 15 RESISTOR 681 1% .125W F TE=0+-100 24546 C4~-1/8-TO0-681R-F
A1RS? 0698~3156 2 11 RESISTOR 14.7K 1X ,12%W F TC=0+-100D 24546 C4-1/8-T0-1472~F
AlRG0 0698-3156 2 RESISTOR 14.7K 1% ,12%W F TC=0+-100 245446 C4-1/B-TO-1472~F
AlRG1 0698~3438 3 13 RESISTOR 147 1% 1284 F TC=0+-100 24544 C4-~1/B-T0-147R~F
AlLRL2 07570439 4 RESISTOR 6.81K 1% .12SW F TC=0+-100 24546 C4-~-1/8-TO0-6811-F
A1RA3 06983156 2 RESISTOR 14.7K 14 ,12%W F TC=0+-100 24% 46 C4-1/8-T0-1472~F
AlR64 0678-3444 1 RESISTOR 316 1% .12SW F TC=0+-100 24546 €4-1/8-T0-316R-F
AlR6S 0757-0395 1 g RESISTOR S56.2 1X .1234 F TC=0+-1090 24546 C4-1/8-TO-56R2-F
A1RbGE 0698-4037 0 7 RESISTOR 46.4 1% .123W F TC=0+-100 243546 C4~1/8-TBH~46R4~F
A1R67 0757-0279 )] RESISTOR 3.16K 1% 12354 F TC=0+-100 24546 €4-1/8~T0-3161~F
A1R6B 0757-0465 & RESISBTOR tD0K 1% .125W F TC=0+-108 24546 C4-1/8-T0~1003~F
A1R6LY 0757-0395 1 RESISTOR 56.2 1% ,125W F TC=0+-1D0 RAG4E C4-1/8-T0-56R2-F
AIR70 0698-4037 0 RESISTOR 46.4 1% .125W F TC=0+-10¢ 24546 C4-1/8-T0-46R4~-F
AlR71 07571094 ? RESISTOR 1.47K 1Z .125W F TC=0+-100 24546 C4-1/8-TU-1471~F
A1R72 07570465 & RESISTOR 190K 1% 1254 F TC=0+-100 24546 €4-1/8-T0~-1003~F
A1R73 0146983260 ? RESISTOR 464K 14X ,125W F TC=0+-100 28480 0698~3240

AlIR74 07570419 0 RESISTOR 6B1 1% ,12%W F TC=0+-100 24546 C4-1/8~T0-681R-F
A1R7S 06983260 ? RESISTUR 464K 1% .128SW F TC=0+-100 28440 069832640

ALR76 0678-3260 9 RESISTOR 464K 1% ,125W F TC=0+-100 28480 06968-3260

A1R77 07570419 ] RESISTOR &B81 1% .125W F TC=0+-100 24546 C4-1/8-T0-6B1R-F
AIR78 0698-3443 [ 3 REBISTOR 2B7 1% ,125W F TC=0+-100 24546 C4-1/9-T0-297R~F
A1R79 07570442 4 RESISTOR 10K 1% ,125W F TC=0+-100 24546 C4-1/8-T0-1002-F
A1RE0 0698-3428 1 RESISTOR 14.7 1% ,12%W F TC=0+-100 03888 PHMESS~1/8-T0-14R7-F
AlRB1 0698~3428 1 RESISTOR 14,7 1% .125W F TC=0+-100 038488 PHESS~1/8-T0-14R7~F
A1R82 0757-046%5 & RESISTOR 100K 1% .125W F +=100 24544 Ca-1/8-T0-1803-F
A1RB3 0698-3428 1 RESISTOR 14.7 1% ,12%W F TC=0+-10D 03888 PMEDS-1/8~-T0-14R7-F
AIRB4 1698-3428 1 RESISTOR 14.7 1% 125W F TC=0+-180 03888 PMES5-1/8~T0~14R7-F
AIRES 0698~3428 1 RESISTOR 14.7 1% .125W F TC=0+-100 (3888 PMESS-1/8-T8-14R7~F
A1RB& 06968-3428 1 RESISTOR 14.7 1% .125W F TC=0+-100 03884 PHMESS-1/8-T0-14R7-F
AIRB7 0698-3443 0 RESISTOR 287 1% .125W F TC=0+-100 24546 C4-1/8-T0-2B7R-F
A1RB8 0698~3444 1 RESISTOR 316 1% .1254 F TC=0+-100 24544 C4-1/9-TB-316R~F
AIREY 0698-3156 2 RESISTOR 14.7K 1% 1254 F TC=0+-100 24544 C4—-1/8-Th-1472-F
A1R90 0757-0442 2 RESISTOR 10K 1% .125W F TC=0+-10D 24546 Ca-1/8~TB-1472~F
A1R71 0757-0279 a RESISTOR 3.16K 1% 1254 F TC=0+-100 24546 C4-1/8-T0-31461~F
AlRS2 0752-027¢9 0 RESISTOR 3.16K 1% .1254 F TC=0+-100 24544 Ca-1/8-T0~-3161-F
AIR?3 0757-0442 2 RESTSTOR 10K 1% .125W F TC=0+-100 245456 C4-1/8-T0-1472~F
A1R?4 0698~-3156 2 RESISTOR 14.7K 1% ,125W F TC=0+-100 24544 C4~1/8-TD~1472~F
AIR?S 0757-019¢9 3 15 RESISTOR 21.5K 1% .1254 F TC=0+-100 24546 £4-1/8-T0-2192~F
AlRP4 0698~-3444 1 RESISTOR 316 14 ,125W F TC=0+~1D0 245464 C4~-1/8-T0-316R~-F
AIRS7 0698-3428 1 REGISTOR 14.7 1% .125W F TC=0+-100 03888 PMESS-1/8~-T0~14R7-F
A1R?8 06983428 1 RESISTOR 14.7 tX ,125W F TC=0+-100 03888 PMESS~1/8~T0-14R7-F
AIR9? 0757-0439 4 RESISTOR &,B1K 1% .125W F TC=0+-100 245446 C4-1/8-Ti-6811-F
ALR1IDD 0698~3260 ? RESISTOR 454K 1% .125W F TC=0+-100 28480 0698-3260

A1R101 2100-3213 9 2 RESISTOR~TRMR 2D0K 10X C TOP—ADJ 1-TRN 28480 2100-3213

AlR102 0757-0439 4 RESISTOR 6.B1K 1% ,125W F TC=0+-100 24546 Ca-1/8-T0-6811~F
AIR103 0698-3269 ? RESISTOR 464K 1% ,125W F TC=0+-100 28480 1698-3260

A1R104 2100-3213 ? RESISTOR~TRMR 200K 10% C TOP-ADJ 1-TRN 28480 21060~-3213

AIR105 0757-0395 1 RESISTOR 6.2 1% ,125W F TC=0+-100 24546 {4-1/8-T0-S6R2~-F
AlR106 0757 ~0439 4 RESISTOR &.8B1K 1Z ,125W F TC=0+-100 24546 C4~1/8-T0-46811~F
AIR107 0698~3185 1 RESISTOR 4.64K 1% .125W F TC=0+-100 24546 C4-1/8-T0-4641-F
AlR108 0678-0082 7 RESISTOR 4464 1% 1254 F TC=0+-100 24544 C4~1/9-TO-4640~F
AlIR109 0757-0397 3 RESISTDR 68.1 1% .125W F TC=0+-100 34546 C4~1/8-T0-49R1~F
AlR110 01698-3438 3 RESISTOR 147 1% .125W F TC=0+-100 24544 C4-1/9~T0-147R~F
AlR111 01698-3438 3 RESISTDOR 147 1% .125W F TC=0+-100 24546 C4~1/8-T0-147R~F
A1R112 0698-0082 7 RESISTOR 444 1% 1254 F TC=0+-100 24546 C4-1/8-T0-4640~-F
AIR113 B698-0082 7 RESISTOR 464 1% .125W F TC=0+-100 24544 £4-1/8-T0-4640-F
AlR114 0698-3438 3 RESISTOR 147 1% .125W F TC=0+-100 24546 C4-1/8-T8-147R-F
AIR11S 0698-3446 3 3 RESISTOR 383 1X .125W F TC=0+-10D 24546 C4-1/8~-T0-383R~F
AlR116 07571094 2 RESISTOR 1.47K 1% .185W F TC=0+~-100 24544 C4-1/8~-T0-1471-F
A1IR117 0698-3160 8 RESISTOR 31.6K 1% .125W F TC=0+-104 24546 C4~-1/8-T0-3162-F
AlR118 0757-043% 4 RESISTOR &6.B1K 1% .125W F TC=0+-100 24546 C4-1/8-TD-6811-F
AlIR11? 07570279 i} RESISTOR 3.16K 1% ,125W F TC=0+-100 24346 C4-1/8-T0-31&61~F
ATR120 0698-3155 1 RESISTOR 4.64K 1% ,125W F TC=0+-100 24544 C4~1/8-T0-4641~F
AlR12% 0698~-0084 ? 34 RESISTOR 2,15K 1% .12%W F TC=0+-100 245464 C4-1/8-T0-2151-F
AlR1Z2 0757-0180 2 g RESISTOR 31.6 1% .125W F TC=0+-100 28480 1757-0180

AlR123 01698-3260 ? RESISTOR 464K 1% ,125W F TC=0+-100 28480 0698-32610

A1R124 0698~3260 ? RESISTOR 464K 1% .125W F TC=0+-100 28480 069B-3260

A1R125 0757~0180 2 RESISTOR 31.6 1% ,125W F TC=0+-10G0 28480 0757-0180

See introduction to this section for ordering information

*Indicates factory selected

value
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Section VI

Model 4192A

Table 6-3
Table 6-3. Replaceable Parts
Reference HP Part |c —— Mfr
: . Q M r
Designation Number |p| QtY Description Code fr Part Numbe
ALR126 (1698-3260 ? RESISTOR 464K 1% 1284 F TC=0+-100 28480 8698-3260
AIR127 0698-3260 ? RESISTOR 464K 1X .128W F TC=0+-100 28480 0698-3260
AlR128 0698-0084 ? RESISTOR 2.15K 1Z .125W F TC=0+-100 24544 C4-1/8-T0-2151~F
AIRIZY 06%8-0084 2 REBISTOR 2,15K 1% ,125W F TC=0+-100 24544 C4~-1/8-T0~-2151~F
A1R13D 16498-0084 ? RESISTOR 2,15K 1% ,125W F TC=0+-100 24546 C4-1/8-T0-2151-F
ATR131 0698-0084 ? RESISTOR 2.1%9K 1% .128W F TC=0+-100 C4-1/8-T0-2151~-F
Al1R132 0698-3444 1 RESISTOR 316 1% ,125W F TC=0+-100 Ca-1/8-T0~316R~F
ATR133 0757-0419 0 RESISTOR 681 1% 125W F T +-100 C4-1/8-T0-681R~F
A1R134 1698-3444 1 RESISTOR 316 1% ,125W F TC=0+-100 C4~1/8~T0~316R~F
A1R135 07570279 0 RESISTOR 3.16K 1% .125W F TC=0+-100 C4-1/8~-T0-3161-F
A1TR136 07570279 0 RESISTOR 3.16K 1Z .12G6W F TC=0+-100 245446 C4-1/8-T0~-3161~F
A1R137 07%7-0442 9 RESISTOR 10K 1% .125W F TC=0+-100 24546 C4~1/8~T0~-1002-F
A1TR138 B698~-3260 ? RESISTOR 464K 1% .125W F TC=0+-100 28480 01698~3260
ALR139 07570439 4 RESISTOR 6.B1K 1% ,123%W F TC=0+-100 DAB4AL C4-1/8-T0-6811~F
AlR140 475702810 3 RESISTOR 1K 1% .125W F TC=0+-100 24546 C4-1/8-T0~1001-F
AlLR141 0757-027% 1] RESISTOR 3.16K 1% ,12%5W F TC=0+-100 24546 C4-1/8-T0-3161-F
ATR142 06980084 9 RESISTOR 2.1%5K 1% 1254 F TC=0+-100 24546 C4-1/8~T0-2151-F
AlR143 0498-0084 ? RESISTOR 2.1%5K 1% ,128W F TC=0+-100 24T446 C4~1/8-T0-2151-F
ALTR144 0757-0180 2 RESISTOR 31.6 1% ,125W F T +-100 28480 47570180
ALR1ATG 075%7-0421 4 RESISTOR B25 1% ,125%W F TC=0+-100 24546 4-1/8-TO-825R~F
ALRI 44 0698-0082 7 RESISTOR 464 1% ,125W F TC=0+-100 24546 C4+-1/8~T0~4440~F
; ALR147 06980082 7 RESISTOR 464 1% ,125W F TC=0+-100 24546 C4-1/8-T0~4640-F
|
f A1IR148 07%7-0180 2 RESISTOR 31.6 1% ,12%5W F TO=0+-100 28480 07%7~-0180
1
| atR14% 1698-0084 ? RESISTOR 2,15K 1% ,129W F TC=0+-100 24546 C4-1/8-T0~2151-F
ATRISD 07570465 b RESISTOR 100K 1% 123W F T 24546 C4-1/8-T0-1003-F
ALR1ET 0698-3155 1 RESISTOR 4.64K 1% ,12%W F TC 24546 C4-1/8-T0~4641-F
ATRIGR 0698-0083 b RESISTOR 2,15K 1% 1254 F TC=0+-100 24546 Ca-1/8~T0-2151~F
i AIR153 47571094 ? RESISTOR 1.47K 1% ,125W F TC=0+-100 24544 G4-1/8~-T0-1471~F
A1R1ISA 0698-3444 1 RESISTOR 316 1% .120W F TC=0+-100 24544 C4-1/8-T0~-316R~F
AIR1SS 06980082 7 RESISTOR 464 1% . 125W F TC=0+-100 24546 C4-1/8=T0~4640-F
ALRI TGS 97570279 ] RESISTOR 3.16K 1% .125W F TU=0+-100 24546 £4-1/8-T0~3161-F
ALIR1GY 0279 0 RESISTOR 3,16K 1% .12%W F T +-100 24546 CA~1/8~T0-3161~F
AIR1SS 0395 1 RESISTOR 56.2 1% .125W F TC ~100 24546 Ca4-1/8~T0-56R2~F
AIR1SY 0757-0442 9? REGISTOR 10K 1% ,125W F TC=0+-100 24546 C4-1/8-T0~1002~F
AIRLI&HD 97371094 ? RESTISTOR 1.,47K 1% 1284 F TC=0+-100 24%546 C4-1/8-T0~-1471~F
AlR161 8 7 RESISTOR 215 1% .125W F TC=0+-100 24546 £4-1/8-T0-215R-F
AIRIG2 4 RESISTOR B23 1% .12%W F TC=0+-100 245486 C4~1/8-T0-825R~F
AlR163 1 RESISTOR 4.64K 1% ,125W F TC=0+-100 24546 C4-1/8-T0-4641-F
ALR164 97571094 9 RESISTOR 1.,47K 1% .125W F TO=0+-100 24546 C4-1/8~T0~1471~F
AIR16S 04698-3444 1 RESISTOR 216 1% .125W F TC=0+-100 24546 C4-1/8-T0-316R~F
AlR166 06983444 1 RESISTOR 316 1% .12%W F TC=0+-100 24546 C4-1/8-T0~316R~F
ATR167 0757-0280 3 RESISTOR 1K 1% ,12%W F TC=0+-100 24546 C4~1/8~T0-1001~-F
AlR168 0757-0280 3 RESISTOR 1X 1%Z .12%5W F TC=0+-100 24546 C4-1/8-T0~1001~F
AlIR16% 075%7-0401 0 RESISTOR 100 1% .128W F TC=0+-100 24546 4-1/8-T0~-101~F
A1R170 07470279 0 RESISTOR 3.16K 1% 1254 F TC=0+-100 24546 C4-1/8-T0-3161-F
A1R171 0757-0465 [} RESISTOR 100K 1% ,125W F TC=0+-100 24546 C4-1/8-T0-1003F
ALR172 047570279 1] RESISTOR 3.16K 1% 1284 F TC=0+-100 24546 €C4-1/8-T0~3161-F
ALR173 0698-3155 1 REGISTOR 4.64K 1% ,125W F TC=0+-100 24546 C4-1/8-~T0-4641-F
AIR174 06498~0084 9 RESISTOR 2.19K 1% .125W F TC=0+-100 24544 C4~-1/8-T0-2151-F
ALR17S 0698~31595 1 RESISTOR 4.64K 1% .125W F TC=0+-100 24546 C4-1/8-T0-4641~F
ATR176 07570419 0 RESISTOR 681 1% .120W F TC=0+-180 24546 £4-1/8-T0-681R-F
ALR177 07571094 @ RESISTOR 1.47K 1% 12850 F TC=0+-100 24546 C4-1/8~T0-1471~F
AIR178 9757-0199 3 RESISTOR 21.5K 1% .125W F TC=0+-100 24546 C4-1/8-TH-2152~F
AIR179 07%7-0199 3 RESISTOR 21.9K 1% ,125W F TC=0+-100 24546 C4-1/8-T0-2152-F
A1R180 07%7-1094 ? RESISTOR 1,47K 1% .125W F TC=0+-100 24546 CA-1/8-T0~1471-F
AIR181 0698-0084 9 RESISTOR 2.15K 1% 128W F TC=0+-100 24546
ATR182 2100-3354 RESISTOR-TRMR 50K 10% C SIDE-ADJ 1-TRN
ATR183 2100-3354 RESISTOR-TRMR 50K 10% C SIDE-ADJ 1-TRN
ATR184 0683-3315 RESISTOR 3300 5% ,25W TC=0-400
ATR185 0683-3315 RESISTOR 3309 5% ,256W TC=0-400
ATR186 0683-3315 RESISTOR 3300 5% ,25W TC=0-400
A1R187 0683-3315 RESISTOR 330 5% .25W TC=0-400
AlS51 31010299 SWITCH-SLIDE 4-SPST 28480 3101 -0299
A1T1 ?100-0822 8 1 TRANSFORMER : PULSE(11307) 26480 2100-0822
Al1T2 9100-0855 7 16 TRANSFORMER-PULSE 11361 28480 91 030~0855
A1T3 9100~-0855 6 15 TRANSFORMER~PULSE 113G1 28480 2100-085%5
ALTS 9100-0855 6 TRANSFORMER~PULSE 11361 28480 9100-0855
AITS ?100-0822 7 TRANSFORMER :PULSE(11307) 28480 9100-0822
ALTE 9100~0822 7 TRANSFORMER : PULSE(11307) 28480 ?100~-0822
ALT? 9100-0822 7 TRANSFORMER : PULSE(11307) 28480 9100-0822
alut 1826-0139 9 3 IC OP AMP GP DUAL 8~DIP-P PKG 0192E ca14586
atuz 1990-0577 6 2 OPTO-ISOLATOR LED-PDIO/XSTR IF=S0MA-MAX 28480 5082-4355
AlU3 18201433 6 M IC SHF-RGTR TTL LS R-S SERIAL-IN PRL-OUT 01295 SN74L5164N
Alu4 1820-1433 6 IC SHF-RGTR TTL LS R-5 SERIAL-IN PRL-OUT 01295 SN74L5164N
ALUS 19900577 6 OPTO-ISOLATOR LED-PDIO/XSTR IF=50MA~-MAX 28480 5082-4355
AlUSE 1820-1433 6 IC SHF-RGTR TTL L5 R-8 SERIAL-IN PRL-0UT 01295 SN74LS1 464N
AlU7 1826-0188 1 1 IC CONV 8-B-D/A 16-DIP-C 04713 MC1408L-6
AlU8 1826-0933 4 15 IC NJM78L12A V RGLTR T0-92 NJIM78L12A
ALU? 1826-0282 3 13 IC V RGLTR TO-92 64713 MC79L12ACP
AlUl0 1826-0043 4 7 IC OP AMP GP TO-99 PKG 0192R CAZR7T
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g t Description Mfr Part Number
Designation Number (D Y p Code
ATU11 1826-0282 3 IC V RGLTR TDH-92 04713 MC72L12ALP
Alul12 1826-0035 1C 0P AMP LOW-DRIFT TO-99 PKG z7014 LM308AH
A1U13 1826-0043 4 IC DP AMP GP TO-99 PKG 0192k CA307T
AlULI4 1826-0933 4 IC NJM78LT12A V RGLTR TO0-92 NJMZ8LT1ZA
ATU1S 1826~-0282 3 IC Vv RGLTR TO-92 04713 HC79L12ACP
AlULG 1826-0282 3 IC V RELTR TO-92 04713 MC72L12ACP
A1U17 1826-0933 4 IC NJM78L12A V RGLTR T0-92 NIM78LTZA
Alulg 1826-0933 4 IC NJM78L12A V RGLTR T0-92 NIM78L12A
AlU1S 18260282 3 1€ ¥V RGLTR TO-92 04713 NC79PL12ACP
AlU20 1826-0600 4 [ IC OP AMP QUAD 14-DIP-P 1295 TLD74CN
Alu21 1826-0933 4 IC NJM78L12A V RGLTR TD-92 NJM78LT12A
ALU22 1826~0282 3 1€ V RGLTR TO-92 44713 HMC79L12A0P
A1U23 1826~-0035 4 IC OF AMP LOW-DRIFYT TO-99 PKG 27014 LM308AH
ALUZ24 18260035 4 IC 0P AMP LOW-DRIFT TQ-99 PKEG 27014 LM30BAH
ATU2S 18210001 4 3 TRANBISTOR ARRAY 14-PIN PLETC DIP 01 YRK CA3044
ALU26 168260022 4 iC OF AMP QUAD 14-DIP-P PKC 01295 TLO74CN
ATUR? 1820~1433 & I SHF-RGTR TTL 1.5 R—-S5 SERIAL-IN PRL-OUT 01295 GN74L81 64N
ALU28 18260522 4 it 0P AMP QUAD 14-DIP-P PKG 01295 TLO7ZACN
ATU29 1820~1197 % b4 IC GATE TTL LS NAND QUAD 2-INP 01295 SN7ALSDON
A1U30 1820-1112 a 1 IC FF TTL LS D-TYPE POS-EDGE-TRIG 01295 SN74LS74AN
ATLU31 1820-1194 & 1 I¢ CNTR TTL LS BIN UP/DUOWN SYNCHRD 01295 SN74LE193N
ATU3Z 18200910 2 1 IC ADDR TTL LS BIN FULL ADDR 4-BIT 01295 SN741.583AN
A1 MISCELLANEOUYS PARTS
0340-0220 a 1186 284810 B340-0220
1205-0095 o 4 HEAT SINK SGL T0-5/70-39-CS 301461 32258
12580141 a8 7 JUMPER~REM 28480 1298-0141
3050-0082 8 4% WASHER-FL NM ND. 4 .116-IN-ID .1BB-~IN-DD 28480 3050-0082
08?20~0006 3 TUBING-FLEX .204-1ID PVUC ,G2-WALL 28480 1890-0004
Az 04192-66502 | 0 1 PHASE DETECTOR/A-D CONVERTER 28480 04192-66%502
ARC1 01801085 S CAPACITOR-FXD 4.7UF 16UDC TA 24480 6190-108S
ARC2 0180~-1083 3 CAPACITOR-FXD 33UF 29VDC AL 284490 ¢180-1083
ARCY 4180-1083 3 CAPACITOR-FXD 33UF 25VDC AL 28480 0130~10683
ARCA 0180-108% ) CAPACITOR-FXD 4,7UF 16VDC TA 28480 0180-108%
ARCS 0180-10%0 4 9 CAPACITOR-FXD 100QUF 25VDC 28480 0180 ~10%50
A2CH 0160-4835 8 CAPACITOR-FXD .iUF 10% 50VDC CER
ARC?7 0160-4835 B8 CAPACITOR-FXD .1UF 10% 50VDC CER
A2C8 0160-4835 B CAPACITOR-FXD ,1UF 10% 5Q0vDC CER
ARCY 0160-4835 ) CAPACITOR~FXD .1uUF 10% 50vVDC CER
AZCI0 0180-1085 5 CAPACITOR-FXD 4.7UF 16VDC TA 284810 0160-10685
ARC11 01801083 ) CAPACITOR-FXD 4.7UF 16VDC TA 28480 {180-1085
ARCI2 0160-5139 t 1 28480 0140-513%
AZC13 0160-34%6 & CAPACITOR~FXD 1000PF +-10% 1XVDC CER 28480 0160~3456
A2C14 0160-3456 & CAPACITOR-FXD 10G00PF +-10% 1XKVDC CER 284810 D160-3456
ARCLS 0160-4835 8 CAPACITOR-FXD .1UF 10% 50VDC CER
AZ2C16 0160-4835 a COPACITOR—-FXD . 1UF 10% 50vDC CER
azt17 01602257 3 3 CAPACITOR-FXD 10PF +-5% S500VDC CER 0+-60 284410 0160-2257
A2C18 0180~-108% 5 CAPACITOR-FXD 4.7UF 1&6VDC TA 284B0 0180-1085
ARCLY 0180-1085 ] CAPACITOR~FXD 4,7UF 16VDC TA 23480 0180-1085
AZC20 0180-108% S CAPACITOR~FXD 4,7UF 146VDC TA 28480 4180-108S
AZC21 01801085 95 CAPACITOR-FXD 4.7UF 14VDC TA 28490 0180-1085
A2CR1 1902-3129 5 1 DIODE-ZNR 7.5V 2% D0-35 PD=,4W TC=+,0%X% 28490 1902-31R29
ARCR2 19010040 1 18 DIODE-SWITCHING 30V S0MA 2NS DO-33 28480 1901-0040
AZCR3 1201-0040 1 DIODE-SWITCHING 30V SH0MA 2N5 DO-35 28480 1901-0040
AZCR4 1201-1011 8 1 DICDE-ARRAY VF DIFF=5MV 284440 1901-1011
A2CRS 1901-0040 1 DIODE-SUITCHING 30V S0MA 2NS DO-35 28480 19201-0040
AZCRS 1901-0040 1 DIODE-SWITCHING 30V 5DMA 2NS DO-35 28480 1901-0040
A2CR7 1902-3136 DIODE-ZNR 8.06Y 12.5MA 0D0-35
A2J1 12510513 4 & CONNECTOR S5~-PIN M POST TYPE 264849 12510513
aRJ2 1200-0541 1 19 SDCKET-IC 24-CONT DIP DIP-SLDR 28480 12000541
ART3 1250-0257 1 CONNECTOR-RF SME M PC S50-0MM 208480 1250-0257
A2TA 1200-0607 0 SOCKET-IC 16-CONT DIP DIP-SLDR 284880 1200-0607
ARTS 1251-6527 2 KS CONNECTOR 6~PIN M METRIC POST TYPE 28480 1251-86527
ARLY 9100~1788 & S CHOKE-WIDE BAND ZMAX=680 OHME& 180 MHZ 2114 VK200 20/48
AZL2 9140-0179 1 & INDUCTODR RF-CH-MLLD 22UH 10% .166DX.3839L6G 284810 ?140-0179
A2L3 9130-0179 1 INDUCTOR RF-CH-MLD 22UH 10% ,166DX,3BILE 284810 91400179
aAzQ1 1855~0406 4 TRANSISTOR J-FET P-CHAN D-MODE SI 22293 IT110
ARG 18550406 4 TRANSISTOR J-FET P-~CHAN D-MODE SI 32293 IT110
AZR3 1855-0406 4 TRANSIGSTOR J-FET P~CHAN D-MODE SI 32293 IT110
A2Q4 1855-0406 4 TRANSISTOR J-FET P-CHAN D-MODE SI 33293 IT110
AZRS 1855-0406 4 TRANSISTOR J-FET P-CHAN D-MODE SI 32293 ITi10
A2Q6 1855-0406 4 TRANSISTOR J~FET P-CHAN D-MODE S1 32293 IT110
ARQ7 1855-0406 a4 TRANSISTOR J-FET P-CHAN D-MODE SI 32293 IT110

See introduction to this section for ordering information
*Indicates factory selected value
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Section VI Model 4192A
Table 6-3
Table 6-3. Replaceable Parts
Reference HP Part |c — Mfr
Designation Number |D Qty Description Code Mfr Part Number
AZR1 0683-1525 4 i2 RESISTDR 1,5K % .25W FC TC=~400/+700 01121 CB1H25
ARRZ 01683-6845 1 1 RESISTOR &80K 5% .25W FC TC=-800/+%00 01121 CR684%
AZR3 0683-1525 4 RESISTOR 1,8K SZ ,28W FC TC=-400/+700 01121 CR1523
AZRA 0698-3155 1 RESISTOR 4.64K 17 ,125W F TC=0+-100C 24544 Ca-1/8-T0-4641~F
ARRE 06831525 4 RESISTOR 1.5K 5% .25W FC TC=—400/+700 01121 Cr1525
ARRG 01683-152% 4 RESISTOR 1,9K 5% ,25W FC TC=-400/+700 f1121 CH1525
AZR7 06831525 4 RESISTOR 1.8K 5% .25W FC 61121 CR1G2E
ARRE 06834725 2 27 RESISTOR 4.7K 5% ,25W FC 01121 CRBA72S
AZRY 0683-4725 2 RESISTOR 4,7K 5% .25W FC TC=-400/+700 a1121 CR4725
ARR1O 016831528 4 RESISTOR 1,3K 5% .25W FC TC=-400/+700 61121 CE1%525
AZRT I 0683-4725 2 RESISTOR 4,7K 5% 254 FC TC=—400/+700 01121 CR4A72%
AZR1I2 0683-4720 2 RESISTOR 4.7K 3% .25 FC TC=-400/+700 01121 CrA725
AZR13 0698-3157 3 3 RESISTOR 19.6K 1% .125W F TC=0+~100 24546 C4-1/8-T0-1962-F
AZR14 06983155 1 RESISTOR 4.64K 1% ,125W F TC=0+-100 24546 C4-1/8-T0-4641~-F
AZR1S 0698-3135 1 RESISTOR 4,64K 1% 120 F TC=0+-100 24544 CA-1/8-T0~-4641~F
ARR1S 16980084 9 RESISTOR 2.185K 1% .12%W F TC=0+~100 24546 C4-1/8-T0-2151~F
AZR17 0757-0442 ? RESISTOR 10K 1% .125W F TC=0+-100 24546 C4-1/8-T0~1002~F
AZRIG 07570199 3 RESISTOR 21.8K 1% .125W F TC=0+-100 24546 C4-1/8-T0-2152~F
AZR19 07570441 B8 RESISTOR B.25K 1Z .125W F TC=0+-100 24546 C4-1/8-T0-8251~F
ARR20 06988649 B 1 RESISTOR 1.28M .1% .25W F TC=0+-25 284810 0698-B649
AZR21 0698~2214 1 1 RESISTOR:FXD 10.0K OHM 0,05% 1/78W MF 28480 0698-2214
AZR22 0698-008B4 Q@ RESISTOR 2.1%K 1% .12%5W F TC=8+-100 24544 C4-1/8-T0-2151-F
ARR23 07570465 & RESISTOR 100K 1% ,125W F TC=0+-100 24546 C4-1/8-T0-1003~F
AZR24 0698-3155 1 RESISTOR 4.64K 1% .120W F TC=0+-100 24546 C4~1/8-T0-4641~F
ABRZE 06983153 9 6 RESISTOR 3.83K 1% 12894 F TC=0+-100 24546 C4-1/8-T0~3831~F
AZR2L 0498-3153 9 RESISTOR 3.83K 1% (12540 F TC=0+~-100 24546 Ca-1/8-T0~3831~F
AHRE? 06832225 3 14 RESISTOR 2.2K 5% 280 FC TC=-400/4700 01121 CB2225
ARR2E 06832225 3 RESISTOR 2.2K %% .2%W F{I TC=-400/+700 01121 CR222%
ARR2Y 06983155 1 RESISTOR 4.64K 1% 12GW F T +-100 24546 C4~1/8-T0—-4641~F
HBER3D 0757-0199 3 RESISTOR 21.5K 1% ,128W F TC=0+-100 c4-1/8-70-2152-F
AZRF1 07570199 3 RESISTOR 21.5K 1% .125W F TO=0+-100 24546 C4-1/8-TO~2152~F
AZR32 0757-0442 9 RESISTOR 10K 1% .125W F TC=0+-100 24546 C4-1/8-TG-1002-F
ARRIZ 07570442 9 RESISTOR 10K 1% 1254 F TC=0+-100 24546 C4-1/8-T0~1002~-F
ARR34 0757-0280 3 RESISTOR 1K 1% ,125W F TC=0+~100 24546 Ca-1/8-T0~-1001~F
ARRIG 7570280 3 RESISTOR 1K 1% ,125W F TC=0+-100 24544 C4-1/8-T0-1001~F
AZR36 1757-0442 ? RESISTOR 10K 1% .125W F TC=0+-100 24544 G4-1/8-T0-1002-F
A2R37 1757-0442 ? RESISTOR 10K 1% .,12%W F TC=0+-100 24546 C4-1/8-T0~1002~-F
AZR3B 0757-0280 3 RESISTOR 1K 1% .125W F TC=0+~100 24046 C4~-1/8-T0-1001~F
AZR3Y 07570280 3 RESISTOR 1K 1% 12SW F TC=0+-100 24546 C4~-1/8-T0~1001~F
AZRAD 0757-02680 3 RESISTOR 1K 1% ,125W F TC=0+-100 24046 C4~-1/8-T0-1001~F
AZRA1 07570280 3 RESISTOR 1K 1% ,125W F TC=0+-100 24546 Ca-1/8-T0-1001~F
AZR42 0757-0280 3 RESISTOR 1K 1Z .125W F TC=0+-108 24544 C4-1/8-T0-1001~F
AZR43 0683-3315 RESISTOR 3309 5% .25W TC=0-400
A2V 18260282 3 IC Vv RGLTR 70-92 04713 M 79L124CP
AZu2 1826-0933 4 IC NJM78L12A V RGLTR TO0-92 NJM78L12A
A3 18260522 4 IC OF AMP  QUAD 14-DIP-P PKG 01293 TLO74CN
A2U4 1826-0138 8 & IC COMPARATOR GP RUAD 14-DIP-P PKG 01299 LMIZIPN
AL 1826~0013 8 1 IC OP AMP LOW-NOISE TO~99 PKG 06665 §85741CT
ARUG 1826-0081 o 1 IC OP AMP WR T0O-99 PKG 27814 LM318H
ARL7 1826-0043 4 IC OP AMP GP TO-9% PKG 01928 CA307T
ASUB 1820-1112 8 IC FF TTL LS D-TYPE POS-EDGE-TRIG 61295 SN74LS74AN
ARUY 16820-1197 ? IC GATE TTL LS NAND QUAD 2~INP 01293 SN74L.S00N
A2UT0 1820-1112 8 IC FF TTL LS D~TYPE POS~EDGE~TRIC 061295 SN741L.574AN
AU 18201469 8 1 IC FF TTL LS J-K NEG-EDGE-TRIG CLEAR 01295 SN74L.S107AN
A2 MISCELLANEDUS PARTS

0340-0220 8 28480 03400220

30500082 2] WASHER~FL. NM NO, 4 ,116-IN-ID ,188-IN-0D 28480 3050-0082
a3 04192~66%503 | 1 1 REFERENCE FREQUENCY GENERATOR BOARD ASSEMBLY 28480 04192-66503

(NOT INCLUDING THE SHIELD CASES)

ASECY 0160-4835 8 CAPACITOR-FXD .1UF 10% 50VDC CER
AZL2 0160-4835 8 CAPACITOR-FXD .1UF 10% 50VDC CER
A3C3 0180~-108% o CAPACITOR~FXD 4,7UF 16VDC TA 28480 0180-108%5
A3CA 0160-3847 ? CAPACITOR~-FXD 01UF +100-0% S0VDC CER 208480 01603847
AZLS 0160-3847 ? CAPACITOR-FXD ,01UF +100-0% S0VDC CER 28480 0160~3847
A3CH 0160-4835 8 CAPACITOR~FXD 1UF 10% 50VDC CER
A3C7 0160-3847 L4 CAPACITOR~FXD . 01UF +100~0% S0VDC CER 28480 01460-3847
A3CH 0180~-0100 3 2 CAPACITOR~FXD 4,7UF+-10% 35VDC TA S6289 150D475XQ035k2
A3CY 0180-18%0 4 CAPACITOR-FXD 100UF 25VDC 28480 01801050
A3C10 01880100 3 CAPACITOR~-FXD 4,7UF+-10% 35VDC TA 56289 150D475X203582
A3C11 0160-3847 9 CAPACITOR~FXD .901UF +100-0X S0VDC CER 28480 01603847
A3CI2 01806~-2207 1 3 CAPACITOR-FXD 100UF+-10%Z 18VDC TA 56289 150D107X9010R2
A3C13 0160~0134 1 4 CAPACITOR~FXD 220PF +-5%Z 300VDC MICA 28480 01&60-0134
A3C14 6180-2951 & 3 CAPACITOR~FXD 33UF+-20% 16VDC AL 28480 0180-2951
A3C1S 0180-2207 5 CAPACITOR-FXD 100UF+-10% 10VDC TA 6289 150D107X9010R2
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Model 4192 A

Table 6-3. Replaceahle Parts

Section VI
Table 6-3

Reference HP Part |c ‘o Mfr
: A e Mfr Part Number

Designation Number (D Qty Description Code
A3C16 01801050 4 CAPACITOR-FXD 100UF 25VDC 284810 0180-1050
A3C17 01603847 7 CAPACITOR-FXD ,B1UF +100-0% S0VYDC CER 28480 0160~3847
A3C18 0160-3847 9 CAPAGITOR-FXD . 0iUF +100-0% S0UDC CER 28480 01160-3847
A3C1Y 01600127 2 CAPACITOR-FXD 1LF +-20% 25VDC CER 28480 8160-0127
A3C20 0160-4835 g CAPACITOR-FXD 1UF 10% 5CVDC CER
A3C21 0160-4835 8 CAPACITOR-FXD . 1UF 10% 5CVDC CER
AzC22 0160-2264 2 2 CAPACITOR-FXD 20PF +-5X% S00VUDC CER D+-30 28480 0160-2264
A3C23 0160-3847 9 CAPACITOR-FXD .0B1UF +100-0% S0VDC CER 28480 0160-3847
A3C24 0160-2307 4 7 CAPACITOR-FXD 47PF +-5% 3D0UDC MICA 28480 0160-2307
A3C2S 0140~0191 g CAPACITOR~FXD S&PF +-5% 300VDC MICA 72136 DM1SES60T0300WVICR
A3C26 0160-0134 1 CAPACITOR~FXD 220PF- +-5% 300VDC MICA 28480 0160-0134
ABC27 0160-0134 1 CAPACITOR-FXD 220PF +-5% 300VDC MICA 28480 0160~0134
A3C28 01603847 ? CAPACITOR~FXD ,01UF +100-0% S0VDC CER 28480 0160-3847
ABC29 01603847 9 CAPACITOR-FXD ,01UF +100-0% SOUDC CER 28480 0160~3B47
A3C30 01603456 6 CAPACITOR-FXD 1000PF +-10% 1KVDC CER 28480 1160-345%6
ABC31 01603456 6 CAPACITOR-FXD 1000PF +-10% 1KVYDC CER 20480 0160-3458
A3C32 0160-4835 B CAPACITOR-FXD .1UF 10% 50VDC CER
ABC33 0160-0127 2 CAPACITOR-FXD 1UF +-20% 25VDC CER 28480 0160~0127
A3C34 0160-0160 3 1 CAPACITOR-FXD B200PF +-10% 200VDC POLYE 848D 0160-0160
AZCIS 01605134 i CAPACITOR-FXD 220PF +-5% 360VDC MICA 28480 0160-0134
A3C36 0160-0127 2 CAPACITOR-FXD 1UF +-20% 25VDC CER 28480 0160-0127
ABC37 0160-3847 9 CAPACITOR~FXD .01UF +1690-8% S0VDC CER 28480 0160-3847
A3C38 01603847 9 CAPACITOR-FXD .01UF +100-0% SO0UDC CER 26480 0160-3847
AICIS 0160-0194 3 1 CAPACITOR-FXD .015UF +-18% 208YDC POLYE 28480 0160-0194
A3CAD 0160-4835 8 CAPACITOR-FXD .1UF 0% 50vDC CER
A3Ca1 0160-4835 8 CAPACITOR-FXD .1UF 10% 50VDC CER
A3C4e2 01801085 b1 CAPACITOR-FXD 4.7UF 1&6VDC TA 28480 0180-1085
A3CAT 0160~3847 ° CAPACITOR-FXD . D1UF +100-0% S0VDC CER 28480 0160-3847
ABCA4 0160~2307 4 CAPACITOR-FXD 47PF +-S% 300VDC MICA 28480 0160-2307
A3CAS 0160-2253 4 5 CAPACITOR-FXD 6,BPF +-,25PF S00VDC CER 28480 2160-2253
A3CA6 0160-3847 9 CAPACITOR-FXD .01UF +100-9% 50VDC CER 28480 0160-3847
A3CA7 0180-2207 5 CAPACITOR-FXD 100UF+-10% 10VDC TA 56289 150D107X9010R2
A3C4B 0160-3456 3 CAPACITOR-FXD 1D0OPF +-10% 1KVDC CER 78480 D160--3456
ABCAT 0160~3847 9 CAPACITOR-FXD .01UF +100-0% SOVDC CER 28480 1160-3847
AZCS0 0160~3847 9 CAPACITOR~FXD .01UF +100-0% SOVDC CER 28480 0160-3847
A3CH1 0160-4835 a8 CAPACITOR-FXD .1UF 10% 5CVDC CER
A3CS2 0180-1085 5 CAPACITOR-FXD 4.7UF 16YDC TA 28480 0180-10BS
A3CE3 01603847 ? CAPACITOR-FXD .01UF +100-0% SOVDC CER 28480 0160-3847
A3CS54 0160-3847 ? CAPACITOR-FXD .DIUF +100-0% S0VDC CER 29480 0160-3847
A3CES 01603456 & CAPACITOR-FXD 1008PF +-10%Z 1KVDC CER 28480 0160~-3454
AZCSSH 0160-2264 2 CAPACITOR-FXD 20PF +-S5SX% S00VDC CER 0+-30 28480 01602264
A3CE7 01603847 9 CAPACITOR-FXD .01UF +100-0% S0VDC CER 28480 1160-3847
A3CSB 0160-3847 9 CAPACITOR-FXD .D1UF +100-0% S0VUDC CER 28480 0160-3847
ABCSY 01603456 & CAPACITOR-FXD 1000PF +~10% 1KVDC CER 28480 1160-3456
AICHD 0160-3847 v CAPACITOR-FXD .D1UF +100-0% SOUDC CER 23480 0160-3847
ABC61 01603456 & CAPACITOR-FXD 1000PF +-10% 1KVDC CER 28480 0160-3456
A3CHR 6160-2261 % 1 CAPACITOR-FXD 15PF +-5% SG0UDC CER D+-30 28480 0160-2261
ABCE3 0160-2150 5 CAPACITOR-FXD 3IPF +-5% 300VDC MICA 28480 1160-2150
A3CH4 0180-2951 6 CAPACITOR-FXD 33UF+-20% 16VDC AL 28480 0180-2951
ABCES 0160-3847 9 CAPACITOR-FXD .01UF +100-0% SOVDC CER 28480 0160~3847
A3C6E 0180-1085 5 CAPACITOR-FXD 4.7UF 16UDC TA 28480 0180-1085
A3CH7 0160-4835 ] CAPACITOR-FXD .1UF 10% 50V0C CER
A3C68 0160-2253 9 CAPACITOR-FXD 6.BPF +-.25PF S00VDC CER 28480 01460-2253
A3CEY 0160-2263 1 1 CAPACITOR-FXD 18PF +-5% SQOUDC CER 0+-30 28480 0140-2263
AZC70 0160-3456 6 CAPACITOR-FXD 1000PF +-10% 1KVUDC CER 28480 D160~3456
AJC71 0160~3847 9 CAPACITAOR-FXD .D1UF +100~-0% SOVDRC CER 28480 014603847
A3C72 01602204 0 CAPACITOR-FXD 100PF +~5% 300VDC MICA 28480 0160-2204
A3C73 0160-3456 6 CAPACITOR-FXD 1D00PF +-10% 1KVUDC CER 28480 0160-34586
ABC74 01602307 4 CAPACITOR-FXD 47PF +-S% 300VUDC MICA 28480 0160-2307
A3C7S 0160~2150 5 CAPACITOR-FXD 33PF +-5X% 300UDC MICA 28480 0160-2150
A3C76 0160~3847 9 CAPACITOR-FXD ,01UF +100-0% SO0YDC CER 28480 0160-3847
A3C77 0160-0127 9 CAPACITOR-FXD TUF +-20% 25YDC CER 28480 01160-3847
A3C78 0180-2951 6 CAPACITOR-FXD Z3UF+-20% 16UDC AL 26480 D180-2951
A3C79 91603847 9 CAPACITOR~FXD ,81UF +100-0% S0VDC CER 2B4B0 0160-3847
A3C80 0180-1050 CAPACITOR-FXD 10GUF -10+50%
AZCRY 1901-0518 8 8 DIDDE-SM SIG SCHOTTKY 264890 1901-0518
ABCR2 1901~0518 B8 DIDDE-GM SIG SCHOTTKY 28480 1901-0518
ABCR3 1901-0040 1 DIDDE-SWITCHING 30V S0MA 2NS DO-35 28480 1901-0040
A3CR4 1901-0040 1 DIDDE~SWITCHING 30V S0MA ZNS DO-35 28480 1901-0040
ABCRS 1901-0040 1 DIODE-SWITCHING 30V S0MA 2NS DpO-35 284840 1901-0040
A3CRG 1901-0376 6 ] DIODE-GEN PRP 35V 50MA DO-35 28480 1901-0376
ABCRY 1901-0376 6 DIODE-GEN PRP 35U 50MA DO-3S 28480 1901-0376
A3CRB 1902-3059 [ 6 DIDDE-ZNR 3.83V 5% DD-35 PD=.4W 25480 1902-3059
ABCRY 0122~0109 0 2 DIDDE-UVC 28480 0122-0109
A3CR10 0122-0109 [ DIDDE-YVC 2BaB0 0122-0109

See introduction to this section for ordering information
*Indicates factory selected value
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Section VI

Model 41924

Table 6-3
Tahle 6-3. Replaceable Parts
Reference HP Part |c A Mfr
. - ri
Designation Number |D Qty Description Code Mfr Part Number
A3l 12510513 4 CONNECTOR S~PIN M POST TYPE 28480 12510513
AZT2 128516527 2 CONNECTOR 6-PIN M METRIC POST TYPE 28480 12%1-6527
A3I3 1250-0257 1 CONNECTOR-RF SMRB M PC S0-DHM 28480 1250-0257
A3JT4 1250-0257 1 CONNECTDR~RF SME M PC S0~0MM 28480 12560257
A3TS 1250-0257 1 CONNECTODR-RF SME M PC S0-0HM 28480 12500257
A3l6 1250-0257 1 CONNECTOR~RF SME M PC S0-0HM 21480 1250~-02%7
A3T7 12350-0257 1 CONNECTOR-RF SME M PC S0-DHM 28480 1250-0257
A3I8 1250-0257 1 CONNECTOR-RF SME M PC S0-0HM 28480 12500257
AZT? 12500257 1 CONNECTODR~RF SMB M PC S0-DHM 28480 1250-0257
A3J10 12800257 1 CONNECTOR~-RF SME M PC 50-0HM 28480 12500257
A3L1 ?160-1788 6 CHOKE-WIDE EAND ZMAX=680 OHME 180 MHZ 02114 VK200 20748
A3L2 9140~-0114 4 INDUCTOR RF-CH-MLD 10UH 10% ,166DX.385LC 28480 2140~-0114
A3L3 2140-0179 1 INDUCTOR RF~-CH-MLD 22UH 187 .166DX.3BSLG 28480 9140-017%
AZLA ?140~-0179 1 INDUCTOR RF-CH-MLLD 22UH 10% ,166DX,385LG 28480 ?140-017%
ASLS ?140~-0098 3 INDUCTOR RF-CH-MLD 2.2UH 10% 28480 £140-0098
A3LE 1400179 1 INDUCTOR RF-CH~-MILD 22UH 107 . 166DX.385LC 28480 ?140~-0179
AZLY 9140~-0179 1 INDUCTOR RF-CH-MLD 22UH 10% .1466DX.3B5LG 28480 2140-0179
A3LB 91001661 4 2 INDUCTOR RF~CH-MLLD 2.2MH 57 .23DX.S7LG 28480 2100~1661
ALY 9100~1661 4 INDUCTOR RF-CH-MLD 2.2MH 5% .23DX.57LG 28480 9100-1661
A3L10 ?100-1618 1 2 INDUCTOR RF-CH-MIL.D S.6UH 10% 28480 2100-1618
A3L11 ?100-1618 1 INDUCTOR RF-CH-MLD S.,&6UH 10% 284810 ?100-1618
A3L12 2140-0466 9 2 COIL-VAR 47SNH-S525NH G=80 PL-MTG 28480 91400466
A3L13 2100-225%9 4 1 INDUCTOR RF-CH-MLD 470NH 10% ,108DX,26LG 28480 P100-225%9
A3L14 9140-0158 ) INDUCTOR RF-CH-MLD 1UH 10X ,105DX.261.G 28480 21400158
A3L1S ?140-0158 6 INDUCTOR RF~CH-MLD 1UH 10% .105DX.26LG 28480 £140~-0158
A3L16 ?140-0158 6 INDUCTOR RF-CH-MLD 1UH 10% ,105DX,26LG 28480 9140-0158
A3L17 ?140-0158 & INDUCTOR RF-CH-MLD 1UH 10%Z .105DX,26LG 28480 ?140~-0158
A3L18 9100-2259 INDUCTOR 1.5UH
A3L19 9100-2259 INDUCTOR 1.50H
A3 1854-0215 i TRANSISTOR NPN SI PD=3350MW FT=300MHZ 04713 2N3704
A3Q2 1853-0036 2 TRANSISTOR PNP SI PD=310MW FT=250MHZ 28480 1853~0036
AZQ3 1853-0354 7 TRANSISTOR PNP SI T0O-92 PD=350MuW 28480 1853-0354
A3Q4 185402195 1 TRANSISTOR NPN ST PD=350MW FT=300MHZ 04713 2N3%04
AZLS 18530036 2 TRANSISTOR PNP SI PD=310MW FT=250MMZ 28480 1853-0036
A3QE 1855-0119 b 3 TRANSISTOR-FET 25KA43 284480 185%-0119
A3Q7 1854-01215 1 TRANSISTOR NPN 5I PD=350MW FT=300MHZ 04713 2N3%904
AZR8 1854-0215 1 TRANSISTOR NPN SI PD=350MW FT=300MHZ 04713 2N3904
A3RS 1854-0215% 1 TRANSISTOR NPN SI PD=350MW FT=300MHZ 04713 2ZN3904
A34Q106 18530036 2 TRANSISTOR PNP ST PD=310MW FT=250MHZ 28480 18530036
A3G11 1853-00386 a TRANSISTOR PNP SI PD=310MW FT=250MHZ 28480 1853-0036
A3q12 1854-0628 0 TRANSISTOR NPN ST TO-92 PD=625MW 04713 MPS~H17
A3Q13 1853-0354 7 TRANSISTOR PNP SI TO-%2 PD=350MW 28480 1853-0354
A3Q14 18530354 7 TRANSISTOR PNP ST TO-92 PD=350MW 28480 1853-0354
A3Q1S 1853-0354 7 TRANSISTOR PNP SI T(0-92 PD=350MW 28480 1853-0354
A3Q1 6 1854-0810 1 TRANSISTOR NPN SI PD=625MW FT=200MHZ 04713 2N3904
A3G17 18540628 1] TRANSISTOR NPN SI T0-92 PD=625MU 04713 MPS-H17
A318 1853-0354 7 TRANSISTOR PNP SI T0-92 PD=350MUW 28480 18530354
A3R1 07570397 3 RESISTOR 68.1 1% .125W F TC=0+-100 24546 C4~-1/8-T0-68R1-F
AZR2 07570401 o RESISTOR 100 1% ,125W F TC=0+-100 24546 C4-1/8-TC~101-F
A3R3 06833305 2 1 RESISTOR 33 5% .294W FC TC=-400/+3500 01121 CB3305
A3RA 0683-4735 4 S RESISTOR 47K 5% .25W FC TC=-400/+8010 61121 CRr4735
A3RS 0683-103% 1 24 RESISTOR 10K SX 25W FC TC=-400/+700 01121 CR1035
A3RSL 0683-1035 1 RESISTOR 10K 5% .25W FC TC=-400/+7040 01121 CR103%
A3R7 0683-1025 9 39 RESISTOR 1K 5% .25W FC TC=-400/+600 1121 CB1025
AJREB 0683-1035 1 RESISTOR 10K 5% .2%9W FC TC=-400/+708 01121 CB103%
A3JR? 0683-1025 9 RESISTOR 1K 5% .25W FC TC=-400/+600 01i21 CR102%
AZRI0 06831025 9 RESISTOR 1K 5% .25W FC TC=-400/+600 01121 Cr1025
A3R11 0683-1025 9 RESISTOR 1K 5% ,25W FC TC=-400/+600 12 Cri02%
A3R1Z 06836815 ) 2 RESISTOR 680 5% ,25W FC TC=-400/+600 01121 CB&81S
A3R13 01683-1035 1 RESISTOR 10K 55X ,25W FC TC=-400/+700 01121 CE1 035
A3R14 06831035 1 REGISTOR 10K 5% ,25W FC TC=-400/+760 01121 CR1035
A3R1Y 2683-1045 3 11 RESISTOR 100K 5% ,25W FC TC=—400/+800 01121 CB104S
A3R1& 0757-0398 4 2 RESISTOR 75 1Z ,125W F TC=0+-100 24546 C4-1/8-TO0~-7TR0O~F
A3R17 0698-4037 0 RESIGTOR 46.4 1% 1254 F TC=0+-100 24546 C4~-1/8-T0-46RA-F
A3RIB 07570379 1] RESISTOR 3,16K 1% .12%W F TC=0+-100 24546 C4-1/8-T0-3161-F
A3R19? 0757-0199 3 RESISTOR 21.5K 1% ,123W F TC=0+-100 24546 C4~1/8-T0-2152~-F
A3R20 07570199 3 RESISTOR 21.8K 1% .12%9W F TC=0+-100 24546 C4-1/8-TH-2152-F
A3R21 0698-3444 8 RESISTOR 316 1% .12%W F TC=0+-100 24548
A3R22 06£83-1035 1 RESISTOR 10K S% .25W FC TC=-400/+700 01121 CE1035
A3R23 0757-0279 0 RESISTOR 3.16K 1% . 125W F TC=06+-100 24546 C4-1/8-T0-3161~F
A3R24 01683-2225 3 RESISTOR 2.2K 9% .25W FC TC=-400/+700 01121 CR2225
A3R2S 0683~-332% ) 17 RESISTOR 3.3K S% .25W FC TC=-400/+700 01121 CR3I3Z2S
AJR26 07570428 1 1 RESISTOR 1.62K 1% ,1254 F TC=0+-100 24548 C4-1/8-T0-1621-F
A3R27 0683-1045 3 RESISTOR 100K 5% .2%W FC TC=-400/+800 061121 CE1045
A3R28 0683-4715 0 12 RESISTOR 470 SX .2%W FC TC=-400/+600 01121 CEA715
A3R2Y 0683-4715 0 RESISTOR 470 SX .28W FC TC=-400/+600 gi121 CBA715
AJR3I0 0683-4715 0 RESISTOR 470 9% .25W FC TC=—400/+600 01121 CRr4715
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Table 6-3

Reference HP Part |c . Mfr
; . De Number

Designation | Number |0 Qty scription Code Mfr Part Numbe
A3R33 0683-1035 1 RESISTOR 10K SX .25W FC TC=-400/+700 01121 CR103%
ABR34 0683-4725 2 RESLSTOR 4.7K S% 20w FC 7 01tal Cra725
AZR3G 046B83-4719 ] RESISTOR 470 5% 25w FC TO g1121 CE4715
ABR3L 0683-4725 2 RESISTOR 4.7K 9% .25W FC TC=-400/+700 01121 CRrA725

AZR37 0683-1035 1 RESISTOR 10K 5% ,25W FC TCs 0112 CHR1035
AJR3G 016832725 8 2 RESISTOR 2.7K %% 61121 CRrR72G
A3R3? 0698-3444 8 REGISTOR 316 1% .125W F TC
A3R40 N683-222% 3 RESISTOR 2.2K S% ,25W FC TC=-400/+700 01121 CRRE2S
A3RA41 0683-1035 1 RESISTOR 10K SX ,25W FC TC=-408/+7D0 031121 CR103%
AZRAR 06831025 ? RESISTOR 1K 5% .25 FC TC 01121 CR1029
A3RA3 0146831525 4 RESISTOR 1.5K 5% ,25W FC T pti121 CR152%
A3R44A 0683-1525 4 RESISTDR 1.95K 5% .25W FC T 440/+760 0112 Cr1525

ABRAY 06834715 9 RESISTOR 470 SZ ,25W FC TC=-400/+600 o111 CRB4715
A3RAL 07570199 3 RESISTOR 21.9K 1% ,125W F TC=0+-180 24544 C4-1/8-Th-2152~F
A3RA7 07%7-0280 3 RESISTOR 1K 1% .125W F TC=04-100 24544 C4-1/8-T0~1001~-F
AZRAG 0698-0082 3 RESLSTOR 464 1% . 120W F TC=0+-i00
AZRAY 2100-3210 & 1 RESISTOR-TRMR 10K 10% C TOP-ADJ 1-TRN 26480 2160-3210
AZRS0 06832225 3 RESISTOR 2.2K 5% .25W FC TC=-400/+700 01121 CR2225
AZRS1 0683-102%5 9 RESISTOR 1K 9% .29W FC TC=-400/+600 01121 CE1025
ABZRS2 0683-1025 ? RESISTOR 1K % .25W FOC TC=-400/+400 01121 CB1028
AZRIZ 1683-222% 3 RESISTOR 2.2K 9% .25W FC TC=-400/+700 01121 CH222S
AZRG54 06831025 ? RESISTOR 1K G4 .25W FC TC=-400/+600 w1121 CE1029
A3RSE 01683-4715 2} RESISTOR 470 5% .25%5W FC TC=-400/+600 n1121 CR4715
AAERGE 16831025 k4 RESISTOR 1K S%4 .25W FL TC=~400/+600 01121 CR1029
AIRG7 01683-272% a RESISTOR 2. 7K %% ,25W FC T A00/+700 01121 CR2725
AZRSG 06983444 1 RESISTOR 316 1% .125W F T -100 24546 C4-1/8-TO-316R~-F
ARG 0757~0401 0 RESISTOR 100 1% ,12%W F 7T -1080 245486 CA~1/8-T0-101-F
AZRGLD 016980082 7 RESLSTOR 464 1% ,125W F TC=0+-108 24546 Ca4-1/8-T0~4640-F
A3R&61 0698-0082 7 RESISTOR 464 1% ,12%5W F TC=0+-100 24544 C4-1/8~-TD~4640F
AZRE2 0757-0439 4 RESISTOR &.81K 1% .125W F TC=0+-100 24546 C4-1/8=-T0~6811~F
A3RG3 0757-0439 4 RESISTOR &.81K 1% ,12%W F TC=0+-100 24546 C4-1/8~-T0~6811F
AZRb4 146836815 5 RESISTOR &80 9% .25 FC TC=-400/+600 01121 CRAO1LS
A3RGT 06983132 4 1 RESISTOR 261 1% .125W F TC=0+-100 24046 Ca4-1/8-T0~-2610-F
A3RGE 0683-562%5 3 2 RESISTOR O.&6K ©% 2TW FL TC=-40G0/+700 01121 CROL6RS
AZRET 07570199 3 RESISTOR 21.5K 1% .128W F TC=0+-100 24046 Ca-1/8-T0-2152-F
A3R6E 07570290 o1 2 RESISTOR &.1%K 1% 1284 F TC=0+-100 19701 MFAC1/8-T0-6191-F
AZRGLY 0757-0401 0 RESISTOR 100 1XZ .1285W F TC=0+-100 2AS4a4 Ca--1/8-To-101~F
AZR70 07%7-0199 3 RESTSTOR 21.5K 1% .128W F TU=0+-100 a45486 C4-1/9-T0-2152~F
A3R71 1698-3154 0 1 RESISTOR 4.22K 1% .128W F TC=0+-1060 24548 C4-1/8-T0~-4221-F
AZRTZ 06983444 1 RESISTOR 31& 1% 125W F TC=0+-100 245446 C4~1/8-T0-316R-F
A3R73 0757-0279 0 RESISTDR 3.16K 1Z ,125W F TC=0+~100 2AG4G C4-1/8-T0-31&61-F
A3R74 0757-0403 0 1 REGISTOR 121 1% .125W [ TC=0+-100
A3ZRT7S 01683-2205 9 RESISTOR 22 5% ,25W FC TC=-400/+50¢ 613121 CB220%5
A3R74 B757-0278 7 4 RESISTOR 1.78K 24546 C4-1/8-T0-1781-F
A3RT7 0757-0280 3 RESISTOR 1K 11X 247546 Ca4-1/8-T0-1001-F
AZR78 07570280 3 RESISTOR 1K 1% 24544 Ca-1/8-T0-1001-F
A3R79 0757-0280 3 RESISTOR 1K 1% 24544 C4-1/9-TO~1001~F
A3RBO 073570280 3 REGISTOR 1K 17 24546 Ca-1/8-T0~1601-F
A3RB1 07570397 3 REBISTOR 68B.1 1% .125W F TC=0+-10Q 24548 C4~-1/8~T0~6BR1~F
A3ZRE2 07570280 3 RESISTOR 1K 1% ,12%W F TL=0+-100 24546 C4-1/8-T0~-1001-F
A3RDI 1698-0084 ? REBISTOR 2.15K 1% ,128W F TC=0+-10D 24546 C4~-1/8-T0~2151~F
A3RB4 01698-3155 1 RESISTOR 4.64K 1%Z .125W F TC=0+-100 24546 C4~1/8-TO-4441-F
A3RBS 6757-0200 7 4 RESISTOR 5.62K 1% ,123W F TC=0+-100 24546 C4-1/8-T0~-5621-F
ABRBE 07570442 ? RESISTOR 10K 1% 1254 F TC=0+-100 24546 C4~-1/8~T0-100a~F
A3R87 0757-0401 RESISTOR 100 1% 1254
A3U1 1820-1199 1 8 IC INV TTL L% HEX 1-INP D1295 SGN74LE04N
AZU2 18201197 ? IC GATE TTL L5 NAND QUAD 2-INP 01295 SN74L.S00N
AZU3 1820-1430 3 a IC CNTR TTL LS HIN SYNCHRD POS-EDGE~-TRIG 01295 SN74LG1461 AN
ABU4 16201074 H 2 IC DRVR TTL NOR QUAD 2-INP 01295 SN74128N
ABUS 1820-1431 4 2 IC CNTR TTL LS DELD SYNCHRO 41295 SN74LS162AN
A3US 5080-3832 3 1 IC MISC TTL 04713 MC4044P
A3U7 1826-0522 4 IC OP AMP RQUAD 14-DIP-P PKG 01295 TLG74CN
AZUB 18201431 a4 IC CNTR TTL LS DECD SYNCHRO 01295 SN74LS142AN
AU 1820-12%1 & 1 IC CNTR TTL LS DECD ASYNCHRG 01295 SN74L8196N
ABUL0 1820~1425 & 1 IC SCHMITT-TRIG TTL LS NAND QUAD 2-~INP 41299 SN74LBLACN
A3 1820~-1144 ) 2 IC GATE TTL LS NOR RUAD 2- INP 01295 SN74LE 02N
A3UL2 1620-0693 B 4 IC FF TTL 8 D-TYPE PDS-EDGE-TRIG 01295 SN74874N
A3U13 1820-0693 8 IC FF TTL § D-TYPE POS-EDGE-TRIG 01295 GN74574N
AZUL4 18200802 1 2 IC GATE ECL NOR QUAD 2-INP 04713 HC10102P

A3ULS 1826-0043 4 IC QF AMP GP TO-9% PKG 20192 CAZQ7T
A3ULS 18260282 3 IC V RGLTR TO-92 14713 ME79L12ACP
A3U17 1826-0933 4 IC NJM78L12A ¥V RGLTR TO0-92 04713 NJM78L12A
A3ULE 18201924 0 1 IC INV TTL § HEX
A3U1? 1826-0933 4 IC RGLTR-FXD-POS 11.4/12y

See introduction to this section [or ordering information
*Indicates factory selected value
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Section VI

Model 4192A

Table 6-3
Table 6-3. Replaceable Parts
Reference HP Part |c _— Mfr
Designation | Number |0 Qty Description Code Mfr Part Number
A3Y1 0410-1287 8 1 CRYSTAL 40.0 MHZ 28480 0410-1287
A3 MISCELLANEQUS PARTS
03400220 8 28480 03400220
1400~0249 ) 1 CABLE TIE .062-.625-DIA ,091-WD NYL 06383 PLT1M-8B
3050-0082 8 WASHER-FL NM NO., 4 .116~IN-ID ,188~IN-0OD 28480 3050-0082
9170~0029 3 CORE-SHIELDING BEAD 284480 1700029
04192-00651 | 2 2 SHIELD 28480 04172-00651
A4 04192-66504 | 2 1 FRACTIONAL N LOOP EOARD ASSEMEBLY 28480 04192-66504
(NOT INCLUDING THE SHIELD CASES)
A4C1 014602204 1] CAPACITOR-FXD 100PF +-5% 3060VDC MICA 28480 01602204
A4AC2 0180-0376 5] 1 CAPACITOR-FXD A7UF+-10% 35VDC TA He289 150D474X2035A2
AAL3 0160-2220 0 1 CAPACITOR~FXD 12C0PF +-5% 300VDC MICA 28480 0160-2220
A4C4 0160-2940 1 CAPACITOR-FXD 4706PF +-5%Z Z00UDC MICA 284890 0160-2240
A4ALT 01603847 ? CAPACITOR-FXD .01UF +100~-0% S0VDC CER 28480 0160~3847
A4CH 0160-3847 ? CAPACITOR-FXD .01UF +100-0%Z S0VDC CER 28480 0160-3847
AACT7 01602204 0 CAPACITOR-FXD 100PF +-5%Z 300UDC MICA 28480 011602204
A4CH 0160-2204 0 CAPACITOR~FXD 100PF +-5%Z 300VDC MICA 284840 0160-2204
AACY 0160-4835 a CAPACITOR-FXD .1UF J0% 50VDC CER
A4C10 0180-0228 & 3 CAPACITOR-FXD R22UF+-10% 15VDC TA He289 150D226X901 5E2
A4C11 0160--3847 9 CAPACITOR-FXD .01UF +100-0% SO0VDC CER 28480 0160~-3847
A4C12 0180-0229 7 5 CAPACITDR-FXD 33UF+-10% 10VDC TA 56289 150D336X9010B2
a4C13 01603847 ? CAPACITOR-FXD ,01UF +100~-07%Z S0VDC CER 28480 0160-3847
A4C14 0160~3847 ? CAPACITOR-FXD . D1UF +100-0% CER 28480 0160-3847
A4C1T 01603847 k4 CAPACITOR-FXD .01UF +100~-0% S0VDC CER 28480 01603847
A4CTE 0160-4835 8 CAPACITOR-FXD .1UF 10% 50VDC CER
A4C20 01603847 9 CAPACITOR~-FXD .01UF +100~-0%Z SO0VDC CER 28480 01460~-3847
A4C21 D160-3847 9 CAPACITOR-FXD ,01UF +100-0% SOVDC CER 28480 3160-3847
A4L22 0160-3847 ? CAPACITOR~-FXD .01UF +100-0% J0VDC CER 28480 01403847
AAL23 0160-2251 7 1 CAPACITOR~FXD S,&PF +-,25PF SOHOVDC CER 28480 0160~-2251
AAC24 01402940 1 CAPACTITOR-FXD 470PF +-5% 300VDC MICA 28480 0160-2240
AAERS 8160~2208 4 1 CAPACITOR-FXD 330PF +-5%Z 3060VDC MICA 284810 0160-2208
A4C27 0180-1083 8 CAPACITOR-FXD 33U -10+50%
Aac28 01801746 G 3 CAPACITOR~FXD 1SUF+-10% 20VDC TaA 56289 150D156XP020R2
A4C30 0160~4640 2 1 CAPACITOR-FXD ,1UF +-10% 100VDC 28480 0160~-4640
A4C31 0160-3847 9 CAPACITOR-FXD ,01UF +100-~-0% S0VDC CER 28480 01460-3847
AAC32 61602250 & 1 CAPACITOR~FXD S.1PF +- . 25PFF S00VDC CER 28480 0160-22590
AAC33 0160-3847 ? CAPACITOR-FXD ,01UF +100-0% S0VDC CER 28480 N160-3847
A4C34 bia0-2222 2 2 CAPACITOR-FXD 1500PF +-5% 300VDC MICA 28480 0160-2222
A4C3TS 0160-4835 8 CAPACTITOR-FXD J1UF 10% 50vDC CER
A4CIH D160-4461 ] 1 CAPACITOR-FXD 150PF +-2.5% 160VDC POLYP 28480 D140-4461
A4L37 3160-2257 3 CAPACITOR-FXD 10PF +-5%Z S00VDC CER 0+-60 28480 0160-2257
AAC3D 01603847 9 CAPACITOR~FXD ,01UF +100-0% S0UDC CER 28480 0160-3847
A4C39 0160-3847 ? CAPACITOR-FXD . 01UF +100-0% SO0VUDC CER 284810 0160-3847
AACAD 01800229 7 CAPACITOR~FXD 33UF+-10% 10VDC TA 56289 150D336X9010R2
A4CA1 0160-3847 9 CAPACITOR-FXD .01UF +100-0% S0VDC CER 28480 01603847
Aatap 01400591 8 CAPACITOR-FXD S6HPF +-~5% 300VDC MICA 72136 DM1SES60T0300WVICR
A4CAS 0140-0121 8 CAPACITOR-FXD S6PF +-35% 300VDC MICA 72136 PMISES60J0300WVICR
AACa4 01603847 ? CAPACITOR-FXD ,01UF +100-0% S0VDC CER 28480 01606-3847
A4CAS 0180-0229 7 CAPACITOR-FXD 33UF+-10% 10VUDC TA 56289 150D3I6X01 OBR2
AACAL 0180~0228 & CAPACTTOR~FXD R22UF+-190% 15VUDC TaA 56289 150D226XP 01582
AQCA7 0160-0127 2 CAPACITOR-FXD 1UF +-20% 25VDC CER 28480 01400127
AACAR 0160-4835 8 CAPACITOR-FXD .1UF 10% 50VDC CER
A4CTD 0180-0228 6 CAPACITOR~FXD P2UF+-10% 15VUDC Ta 56289 150D226XP015R2
AA4CS1 0160-2204 0 CAPACITOR~-FXD 100PF +-5% 300VUDC MICA 28480 0160-2204
AACS2 0160-2204 0 CAPACITOR-FXD 100PF +-5%Z 300UDC MICA 28480 0160-2204
AA4CS3 0160~-3847 ? CAPACITOR~FXD ,01UF +100-0% S0VUDC CER 28480 01603847
A4CH6 D160-3847 @ CAPACITDR-FXD .01UF +100-0X% S0VDC CER 28480 01603847
A4CS7 01400206 & 1 CAPACITOR-FXD 270PF +-5% 5S00VDC MICA 72136 DM1GF271J05D0WVICR
A4CH8 6160-3847 b CAPACITOR-FXD . 01UF +100-~-0% S0VUDC CER 28480 0160-3847
A4ACSY 0160-3847 9 CAPACITOR-FXD ,01UF +100-0% S0VDC CER 28480 01603847
A4CHD 01603847 9 CAPACITOR-FXD .01UF +100~-0% S0VUDC CER 284810 0160-3847
A4CH1 01603847 9 CAPACITOR-FXD . 01UF +100~0% S0VYDC CER 28480 0160-3847
A4CH2 01603847 Q CAPACITOR-~FXD .01UF +100-0% S0VDC CER 28480 0160-3847
A4CH3 0160-3847 ? CAPACITOR~FXD .01UF +100~-0% S50VDC CER 28480 0160-3847
A4CHA 0140-0191 8 CAPACITOR-FXD S6PF +-5% JI00VDC MICA 72136 DHMISES60J0300WVICR
A4CHS 0160-3847 14 CAPACITOR~FXD .01UF +100~0% S0VUDL CER 28480 0160-3847
A4CLS 8160-3847 9 CAPACITOR-FXD .01UF +100-0% S0VDC CER 28480 0160-3847
A4Cs7 0160-4835 8 CAPACITOR-FXD .1UF 10% 50VDC CER
AACHB 0160-3847 9 CAPACITOR~FXD ,01UF +100-0% S0VDC CER 28480 0160-3B47
A4Ce? 0160-3847 9 CAPACITOR-FXD ,01UF +100-0% S0VDC CER 28480 01603847
AACT73 ~ C79 0180-1083 CAPACITOR-FXD 33U -10+50%
A4C80, C82 0180-1050 CAPACITOR-FXD 100U -10+50%
A4C81, €83 0180-1085 CAPACITOR-FXD 4.7U +-20%
ALCB4 0160-0127 CAPACITOR-FXD 1UF +80-20% 50VDC CER
ALC85 0160-4832 CAPACITOR-FXD 0.07UF
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A4CR1 1901-0518 8 DIDDE-SM SIG SCHOTTKY 28480 1901-0518
A4CR2 0122-0109 & 2 DIODE~VWWC 2.2PF 5% C3/C25-MInN=4.5 04713 EB103R
A4CR3 0122-0109 [ DIODE-VUVC 2,2PF 5% C3/CRG-MIN=4.5 Da713 BB105E
A4CRA 19010040 1 DIODE~-SWITCHING 30V S0MA 2NS DO-35 28480 1901-0040
A4CR10 19201-0040 1 DIODE-SWITCHING 30V S0MA 2NS DO-35 28480 1901-00440
A4CR11 19202-3036 3 DIODE-ZNR 3,16V 5% DO-7 PD=,4W TC=-,064% 28480 1902-3036
A4CRIZ 1701-0040 1 DIODE~SWITCHING 30V 30MA 2NS DO-35 28480 1201-0040
A4CR13 19010535 ? 4 DIODE~-SM SIG SCHOTTKY 28480 19010535
A4CR14 19201-0335 ? DIODE-SM SIG SCHOTTKY 28480 1701-0535
AACR1T 1981-03535 ? DIODE~-SM SIG SCHOTTKY 28480 1901~0535
AACR1S 1981-0040 1 DIGDE-SWITCHING 30V S0MA 2NS DO-35 28480 1901~0040
A4CR17 19010835 ? PIODE~SM SIG SCHOTTKY 28480 1901-0535
AACRI1B 1901-0040 1 DIODDE~SWITCHING 30V S0MA 2NS DO-35 284890 1901-0040
A4CR1Y 1901-0040 1 DIODE-SWITCHING 30V S0MA 2NS DO~-35 20480 1201-0040
A4CR20 1901-0040 1 DIODE-SWITCHING 30V 50MA 2NS DO-35 28480 19D01-0040
A4CR21 1902-0041 4 DIODE~ZNR 5,11V 5% DO-3% PD=,4W 28480 1902-0041
AACR23 1201-0040 1 DPIODE~SWITCHING 30V S50MA ENS DO-35 28480 1901-0040
A4CR24 1961-00490 1 DIODE-SWITCHING 30V S0MA 2NS DO-35 284810 1901-0040
A4CR30 1901-0025 7 1 DIODE

A4CR31 1902-3059 DIODE-ZNR 3.83V

A4T1 1250-0257 1 CONNECTOR-RF SME M PC S0-0HM 28480 1250-0257
AA4J2 13500257 1 CONNECTOR-RF SMR M PC S0-0OHM 28480 1250-0257
A4T3 1251-0513 4 CONNECTOR S5-PIN M POSY TYPE 28480 1251-0513
A4T4 1281-4822 3 CONNECTOR 3-PIN M POST TYPE 28481 1251-4822
A4TS 1256-0257 1 CONNECTOR-RF SME M PC S0-0OHM 28480 1250-0257
A4T6 12500257 1 CONNECTOR-RF SMB M PC S6-0WH 28480 1250-8257
A4T7 1200-0607 0 SOCKET-IL 16-CONT DIP DIP-SLDR 28480 1200-0607
A4J8 12500257 1 CONNECTOR-RF SMB M PC S0-0HM 28480 1250-0257
A4TY 1250-0257 1 CONNECTOR-RF SMR M PC S0-DHHM 28440 1250-0257
Ada10 1200-0567 SKT-IC 28-CONT

A4L] 21400137 1 2 INDUCTOR RF-CH-HMLD 1MH S% .2DX.45LG Q=60 28480 ?140~-0137
A4L2 ?140-0137 1 INDUCTOR RF-CH-MLD 1MH @ ,2DX,45LC Q=&0 268480 ?140~0137
A4L3 71400466 ? COIL~-VAR 475NH-S25NH Q=80 PC-MTG as480 2140-04664
A4L 4 91400114 4 INDUCTOR RF-CH-MLD 1DUH 10% ,1466DX.385LG 28480 ?140-0114
A4LS 91001788 & CHOKE-WIDE BAND ZMAX=6B0 OHME 180 MHZ 02114 VK200 20748
AdLSL 5140-0210 & TRANSFORMER

A4L7 9140-0210 [ TRANSFORMER

A4ALS ?100-3559 3 1 INDUCTOR RF-CH-MLD S.1UH S¥% .16&6DX,385LG 28480 9100-3559
A4L9 6100-1788 CHOKE-WIDE

A4LIO 9100-3139 INDUCTOR 75UH 15%

A4Q1 1854-02%6 8 13 TRANSISTOR NPN SI TO-92 PD=310MW 28480 1854-0296
A4Q2 185%5-0122 1 1 TRANSISTOR~FET 25K43-1 28480 1835-0122
A4Q3 18540294 8 TRANSISTOR NPN SI T0-92 PD=310MuW 28480 18%54-0296
A4Q4 1855-011¢9 & TRANSISTOR-FET 28K43 28430 1855-0119
A4QS 1855-0119 & TRANSISTOR-FET 25K43 28480 1855-0119
A4QL 1854-0276 8 TRANSISTOR NPN SI T0O-92 PD=310MW 284380 1854-0296
A4Q? 1854-02%96 8 TRANSISTOR NPN SI T0-92 PD=310MUW 28480 1854-02%6
A4Q8 1854-02%6 8 TRANSISTOR NPN S1 TO-72 PD=310MuW 28480 1854-0296
A4Q9 1854-02%6 8 TRANSISTOR NPN SI TO-92 PD=310MW 28480 1854-02%6
A4Q10 1853-0089 5 9 TRANSISTOR PNP 2N4917 ST PD=200MW 07263 2N4917
A4Q11 1853-0089% S TRANSISTOR PNP 2N4%17 SI PD=200MW 072863 2N4AP17
A4Q12 1853-0089 <) TRANSISTOR PNP 2N4717 ST PD=200MW 07263 2N4917
A4Q13 1853-008% k] TRANSISTOR PNP 2N4917 SI PD=200MW 07263 2N4917
A4Q14 1854-0215 8 TRANSISTOR NPN SI

A4QLS 1854-0215 8 TRANSISTOR NPN SI

A4l16 1853-008% S TRANSISTOR PNP 2M4217 SI PD=200MW 07263 2NA?17
A4Q17 1854-0296 8 TRANSISTOR NPN SI TO-92 PD=310MW 284810 1854-02%6
A4g18 18530089 G TRANSISTOR PNP 2N4917 SI PD=200MW 07263 2N4917
A4Q19 1854-02%94 8 TRANSISTOR NPN 81 TO-92 PD=3106MW 28480 1854-0296
A4Q20 1854~-8296 8 TRANSISTOR NPN SI TO-92 PD=310MM 28480 1854-0296
A4G21 1855-0308 S 1 TRANSISTOR-JFET DUAL N-CHAN D-MODE SI 284810 1855-0308
A4Q22 1855-0082 2 2 TRANSISTOR J~FET P-CHAN D-MODE SI 28480 1855~0082
A4Q23 1854-0830 9 1 TRANSISTOR-DUAL NPN PD=750MW 28480 1854-0221
A4Q25 1854-0215 1 TRANSISTOR NPFN ST PD=3%50MW FT=300MHZ 04713 2N3%704
A4Q24 18540215 1 TRANSISTOR NPN SI PD=350MU FT=300MHZ 04713 2N3I204
A4R27 1855-0081 1 2 TRANSISTDR J-FET N-CHAN D-MODE S5I 28480 1885-0081
A4Q2E 1855-0081 i TRANSISTOR J~FET N-CHAN D-MODE ST 28480 1855-~00861
A4Q2Y 1854-0215 1 TRANSISTDR NPN SI PD=350MW FT=30DMHZ 04713 2N3%04
A4Q30 18530448 1] 4 TRANSISTOR PNP ST TO-%2 PD=625MW 04733 MPEHB1
A4Q3T 1853~-0448 1] TRANSISTOR PNP SI T0-92 PD=62GMW 04713 HPSHE1
AARIZ 18530448 1] TRANSISTOR PNP SI TD-92 PD=625MW 04713 MPGHB1
A4Q33 1854-0343 a 1 TRANSISTOR NPN 2NG179 ST TD-72 PD=200MW 04713 2NG179
A4Q3T 1853-0089 9 TRANSISTDR PNP 2N4%917 SI PD=200MW 07263 2N4F917
A4Q346 1853-0089 S TRANSISTOR PNP 2N4?17 SI PD=200MMW 47243 2N4917
A4R37 1853-0089 9 TRANSISTOR PNP 2N4917 ST PD=200MW 07263 2N4F17
A4Q38 18530448 Q TRANSISTOR PNP ST TO-92 PL=625MW 04713 HPSHB1
ALRIT 1854-0296 8 TRANSISTOR NPN SI TO-92 PD=310MU 28480 1854-02%&
A4Q40 1854-02%6 8 TRANSISTOR NPN SI TO-92 PD=310MW 28480 18540296

See introduction to this section for ordering information
*Indicates factory selected value
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Section VI

Model 4192A

Table 6-3
Tabhle 6-3. Replaceable Parts
Reference HP Part |c L Mfr
. p ripti tN
Designation Number |[B Qty Description Code Mfr Part Number

A4AR1 0757-0403% 2 1 RESISTOR 121 1% .125W F TC=0+-100 24546 Ca-1/8-T0~121R~F
A4R2 0757-0441 2] RESISTOR 8.25K 1% .1285W F TC=0+-1080 24546 C4-1/8-T0~-8291
A4RZ 06983136 a 1 RESISTOR 17.8K 1% ,12%W F TC=0+-100 24546 Ca-1/8-T0~1782~F
A4R4 0683-4705 2] 25 RESISTOR 47 S%Z . 25W FC TC=-400/+500 o111 CRA705
A4RY 07570442 9 RESISTOR 10K 1% 12%W F TC=0+-100 24546 Ca-1/8-T0~-1002~F
A4RE 06831835 1 RESISTOR 10K &% . 25W FC TC=-400/4700 n1121 CR1035
AA4R7 07570442 I RESISTOR 10K 1% 128W F T +-100 24546 C4~1/8~TO0-1002~-F
A4RS 06B3~-4705 8 RESISTOR 47 ©% .25W FC TC 00/+5600 61121 CR4705
A4RY 67370442 ? RESISTOR 10K 1% 1254 F TC=0+-100 245446 Ca-1/8-TO0~1002~F
A4R10 06B83-2215 1 16 RESISTOR 220 5% 25W FC TR=-400/4600 01121 Cr221%
A4R11 0698-3155 3 RESISTOR 4.64K 1% .125W F TC=0+-100
A4R12 0757-1045 9 RESISTOR 100K 1% .25W F TC=0+-100
A4R13 0698-0084 @ RESISTOR 2.15K 1% 1254 F TC=0+-100 24546 Ca-1/8-T0-2151-F
A4R14 0683-1%25 4 RESISTOR 1.5K %% .2%5W FC T 400/+700 01121 CRiIS2S
AAR1G 0683-1025 Q@ RESISTOR 1K 5% ,25W FC TC=-400/+600 01121 CR102%
AAR 16 0683-3315 4 3 RESISTOR 330 9% .25W FC T 400/+600Q 01121 CEIZLYS
AA4RL7 06833315 4 RESISTOR 330 5% .25W FC T 40074600 01iat CR331S
A4R18 0683-4705 8 RESISTOR 47 %% 294 FC TC=-400/+4500 01121 CH4705
AAR20 0683-1045 3 RESISTOR 100K 5% .2%W FC T 01121 CE1045
A4R21 0683-393% 4 2 RESISTOR 39K 9% .25W FC TC=-400/+800 g1121 CE3935
AAQRZ2 1 6H83-3935 4 RESISTOR 39K % 01121 CRI93G
AARZ23 06831045 3 RESISTOR 100K 5% g1121 CR104%
AARZ2A 06£83-1035 1 RESISTOR 10K 57 01121 CR1035
A4R2D 0683-1025 ? RESISGTOR 1K 5% .209W FC TU=-430/+4010 01121 CB102%
A4R26 1698-3155 1 RESISTOR 4.44K 1% 1294 F TC=0+-100 24546 C4-1/8~T0-4441-F
A4R27 0757-1094 k4 RESISTOR 1.47K 1% ,12%5W F TC=0+4-100 24546 CA-1/8-TO~1471F
AARZ28 06834705 8 RESISTOR 47 5% ,29W FC TC=-400/+500 01121 CRA709
A4R27 0683-2235 & 3 RESISTOR 22K S% .25W 400/+800 01121 CH2235
A4RIO 06831035 1 RESISTOR 10K 5% ,25W =-400/+700 01121 CBE1035
A4R31 21000367 0 1 RESISTOR-TRMR 2K 18% C TOP-aDJ 1-TRN 28480 2100~-8567
AARZ2 0757-0280 3 RESISTOR 1K 1% .125W 0+-100 24546 Ca4-1/8-T0~1001-F
A4AR33 0683-2219 1 RESISTOR 220 %2 .2%W -400/+600 01121 CR22135
AAR34 346832218 1 RESISTOR 220 5% ,25W ADG/+600 01121 CB2219
A4AR3S 07570421 4 RESISTOR 825 1% .125W F +-100 24546 C4=-1/8~T0-82%R-F
A4R3G 07570416 7 2 RESISTOR S11 1% .12%W F +-100 24546 C4-1/8-T0-511R~-F
A4R37 075704164 7 RESISTOR 511 1% . 125W F T +-1014 24546 C4-1/8-TO-511R~F
A4aR3g 06832215 1 RESISTOR 220 S% 298 FC T 400/+600 01121 Ce 5
A4R3Y 07570200 7 RESISTOR 5.62K 1% .125W F TC=0+-100 24544 (4~1/8-T0-5621~F
AAR 41 07570279 0 RESISTOR 3.16K 1% .12%W F TC=0+-100 24546 Ca-1/8-T0-3161-F
A4R41 0757-4288 1 1 RESISTOR 2.09K 1% ,125W F TC=0+-100 19701 MFAC1/8~TE~-90%1~F
AGR A2 07570274 il 4 RESISTOR 1.21K 1% .125W ¥ TC=0+-100 24546 Ca-1/8~T0-1211~F
AARA4 07570280 3 RESISTOR 1K 1% .123W F T 245464 C4-1/8-T0-1001-F
A4R4AT 0683-1025 9 RESISTDR 1K 5% .25W FC T 01121 CRi102%
AAR4G 0683-221% 1 RESISTOR 220 S% . 25W FC TC=-4300/+400 01121 CR2219
A4RAT7 0683-2215 1 RESISTOR 220 5% .25W FC TC=-400/+600 n1121
A4ARAD 06983155 1 RESISTOR 4.64K 1% .12%2W F TC=0+-100 24544
A4RSO 0683-2225 3 RESISTOR 2.2K %% .25%W FC TC=-400/+700 01121
A4RS1 06832225 3 RESISTOR 2.2K 9% .23W FC TC=-480/+700 g1121
A4RD2 0698-3154 2 RESISTOR 14,.7K 1Z .125W F TC=0+-100 24546 Ca4-1/8-T0-1472-F
A4RS3 0757-02080 7 RESISTOR S.42K 17 .125W F TC=0+-100 24546 Ca-1/8-T0-5421~F
A4RG4 0683-470% ) RESISTOR 47 5% ,2%W FC TC=-400/+5040 01121 CERa70%
A4RSS 075970441 8 RESISTOR 8.235K 1% ,1294W 24546 C4-1/8~-T0-8251~F
A4RDH N68B3-470%5 8 RESISTOR 47 5% .2SW FC 01tz CR4A705
A4RS? 0757--0422 5 1 RESISTOR 909 1% .12SW F 245464 C4-1/8-TO~909R~F
A4RSH 1698-0084 @ RESISTOR 2.15K 1% .12%W F TC=0+~-100 Ca-1/8-T0-2151-F
AARGY V7570444 1 3 RESISTOR 12.1K 1% ,12%W F TC=0+-100 Ca-1/78-T0~1212~F
A4RAE0 06983-0083 8 5 RESISTOR 1.96K 1% 12540 F TC=0+~100 C4-1/8-TND~1961 ~F
HaRE1 07970444 1 RESISTOR 12.1K 1% . 125W F TC=0+-100 24544 Ca-1/8-T0-1212~F
A4R &2 0757-0444 1 RESISTOR 12.1K 1% .12%W F TC=0+-100 24546 CA~-1/8-TO~-1212-F
A4RL3 0698-3162 a RESISTOR 44.4K 1% .125W F TC=0+-100 24546 Ca4-1/8-TO~4642-F
A4R 64 0683-1025 2 RESISTOR 1K S% ,25W FC TC=-400/+600 01121 CR102%
AARAET 0683-220% @ RESISTOR 22 S% .29W FC TC=-400/+500 01121 CR2209
A4R LG 0683-4715 0 RESISTOR 470 9% .25W FC T 40074600 01121 CR4715
A4RBY 0683-4705 8 RESISTOR 47 5% .25W FC TC=-400/+500 01121 CRr4a70%
A4REB 07570401 0 RESISTOR 100 1% .123W F TC=0+-100 24544 CA4~1/8-TO-101~F
A4RLY 0757-0401 0 RESISTOR 100 1% . 125W F T +-100 24546 Ca4-1/8-TO-101-F
A4R70 0683-470% 8 RESISTOR 47 &% .25W FC TC=-400/4500 1121 CR470%
A4R71 0698-0084 2 RESISTOR 2.15K 1% 123W F TC=0+-100 24546 C4-1/8-TD~2151~F
A4R72 0683-47095 8 RESISTOR 47 5% .25W FC TC=-400/+500 01121 CRa705
A4R73 0698~3443 0 RESISTOR 287 1% . 12%W F TC=0+-100 24546 C4-1/8-TO~287R-F
AAR74 0757-0418 b 1 RESIGTOR 619 1% .125W F 7T 24546 C4-1/8-TO~619R-F
A4RT7S 0683-4705 8 RESISTOR 47 S% ,239W FC TC 01121 CRA70S
A4R76 1810-0294 4 1 NETWORK~-RESISTOR 16 PIN DIP; RES 284810 18100294
A4R77 0757-0442 ¥4 RESISTOR 10K 1% .125W F TC=0+-100 243546 Ca~-1/8-T0-1002-F
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Model 4192A

Table 6-3. Replaceable Parts

Section VI
Table 6-3

Reference HP Part ¢ Qty Description Mir Mfr Part Number
Designation Number (D Code
A4R78 01683-4705 3] RESISTOR 47 S% .25W FC TC=-~400/4500 01121 CBA705
A4R79 2100-3096 3 1 RESISTOR-TRMR 50K 10X C TOP-ADJ 17-TRWN 32997 3292W~1-503
A4RB0 2100-3211 7 & RESISTOR-TRMR 1K 10% C TOP-ADJ 1-TRN 28480 2100-3211
A4R81 9757-0488 3 1 RESISTOR 909K 1% .125W F TC=0+-100 28480 01757-0488
A4RBZ 0683-1065 7 2 RESISTOR 10M 5% .25W CC TC=-900/+1100 01121 CR10565
A4RBT 2100-3383 4 2 RESISTOR-TRMR S50 10% C TOP-ADJ 1-TRN 28480 2100-3383
A4RB4 07570401 [ RESISTOR 100 1% .125W F TC=0+-100 24546 C4-1/8-T0-101-F
A4RBS 0683-103% 1 RESISTOR 10K 5% .25W FC TC=-400/+700 61121 CB1D3S
A4RBe 0683-5625 3 RESISTOR §.6K 5% .25W FC TC=-400/+700 01121 CBS5625
A4RB7 0683-2225 3 RESISTOR 2,2K 5% .25W FC TC=-400/+700 01121 CBR2RS
A4R88 0757-0421 3 RESISTOR 825 1% .125W F TC=0+-100
A4RBP 0757-0421 3 REBISTOR 825 1% .125W F TC=0+-100
A4R90 0698-0083 8 RESISTOR 1.96K 1% ,125W F TC=0+-100 24546 C4-1/8-T0-1961-F
A4RP1 0757-0401 0 RESISTOR 100 1% 1254 F TC=0+-100 24546 C4-1/8-T0-101-F
A4R92 01683~2215 1 RESISTOR 220 5% .R25W FC TC=-400/+400 81121 CBR215
A4R93 0698-3150 a 3 RESISTOR 2.37K 1% 1254 F TC=0+-100 243546 C4-1/B-T0-2371-F
A4R?4 0698-3159 & RESISTOR 2.37K 1% .12%W F TC=0+-100 24546 C4-1/8-T0-2371-F
A4ARYS 0698-0083 8 RESISTOR 1.96K 1% ,125W F TC=0+-100 24548 C4-1/8-T0-1961-F
A4RT6 0757-0279 7 RESISTOR 3.16K 1% .1254 F TC=0+-100
A4R97 0683-4705 8 RESISTOR 47 S% .25W FC TC=-4D0/+500 pri121 CBA705
A4R9E 0757-0419 3 RESIGTOR 681 1% .125W F TC=0+-100
A4R9Y 06:98--3150 6 RESISTOR 2.37K 1% .125W F TC=0+-100 24546 C4~1/8-T0~2371~-F
A4R100 01698-0083 ] RESISTOR 1,96K 1% .125W F TC=0+-100 24548 C4-1/8-TO-1961-F
A4R101 07570395 1 REGISTOR 56,2 1% .125W F TC=0+-100 245486 C4~1/8-TO-56R2~F
A4R102 0757-0274 5 RESISTOR 1.21K 1% .125W F TC=0+~100 24546 C4~1/B=TO=1211-F
A4R103 07570274 5 RESISTOR 1.21K 1% ,125W F TC=0+~100 24546 C4-1/8-TD~-1211-F
AAR104 01683-4705 8 RESISTOR 47 5% .25W FC TC=-400/+500 p1121 CRA7DS
A4R10S 07570395 1 RESIBTOR 56.2 1% .125W F TC=0+-100 24546 C4-1/8-T0-56R2-F
A4R106 07570419 0 RESISTOR 681 1% .125W F TC=0+-100 24546 C4-1/B-T0-681R~F
AAR107 07570419 0 RESISTOR 681 1% ,125W F TC=0+-100 24546 C4-1/B-T0-601R-F
A4R108 06B3~4705 8 RESISTOR 47 5% .25W FC TC=-400/4500D 01121 CEA7DS
A4R109 0683-3325 6 RESISTOR 3 3K 5% .25W FL TC=-400/+700 91121 CE3325
A4R110 0683-4715 ] RESISTOR 470 5% .25W FC TC=-400/+600 01121 CEA715
A4R111 06834705 a RESISTOR 47 SZ .259W FC TC 61121 CEBA705
A4RI12 07570419 0 RESISTOR 6B1 1% .1R2SW F TC=0+-100 24546 C£4-1/8-T0~6B81R~F
A4R113 06834715 0 RESISTOR 470 5% .25W FC TC=-400/+600 01121 CEA715
A4R114 0683-4705 8 RESISTOR 47 5% ,25W FC TC=-40D/+500 01121 CB4705
A4RI1S 0698-3155 1 RESISTOR 4.64K 1% 1254 F TC= 24546 C4-1/8-T0~4641~F
A4R116 06983441 8 RESISTOR 215 1% .125W F TC=D+-i00 245486 C4~1/8-T0-215R-F
A4R117 0683-2205 9 RESIGTOR 22 S% .25W FC TC=-400/+500 01121 CR2205
AAR118 06983155 1 RESISTOR 4.64K 1% .125W F TC=0+~100 24544 C4-1/8-TO~4641~F
AAR119 07570439 4 RESISTOR &.B1K 1% ,125W F TC=0+-100 24546 C4-1/8-TD-6B11~F
A4R120 07570419 i RESISTOR 681 1X ,125W F TC=0+-100 24546 C4-1/8-TD-681R~F
A4R121 4757-0440 7 2 RESISTOR 7.5K 1% .125W F TC=0+-100 24544 C4-1/8-T0~7501~F
AART21 07570440 7 RESISTOR 7.5K 1% ,125W F TC=0+-100 24546 C4-1/8-T0-7501-F
A4R122 07570279 il RESISTOR 3.16K 1% 1250 F TC=0+-100 24546 C4-1/8-T0-3161-F
A4R 123 0698~3156 2 RESISTOR 14.7K 1% .125W F TC=0+-100 24546 CA-1/8-T0-1472-F
A4R124 0698-0085 0 RESISTDR 2.61K 1% .125W F TC=0+-100
A4R12S 06834705 8 RESISTOR 47 5% .25W FC TC=-400/+500 1121 CB4705
A4R124 07570317 7 1 RESISTOR 1.33K 1% .125W F TC=0+-100 24544 C4-1/8-T0-1331-F
Ad4RI27 0757-0419 RESISTOR 681 1%
A4R128 06831825 7 2 RESISTOR 1.BK 5% .25W FC TC=-400/+700 01121 CH182%
A4R130 0683-3325 6 RESISTOR 3.3K 5% .25W FC TC=-400/+700 01121 CH3IZRS
A4R131 0683-2225 3 RESISTOR 2.2K S% .25 FC TC=-400/+700 p1121 CHR225
A4R132 0683-2225 6 RESISTDR 2.2K 5% .25W FC TC=-400/+700
A4R133 0683-1035 1 RESISTOR 10K S% .25W FC TC=-400/+700 121 CH1035
A4R134 06831035 1 RESISTOR 10K SX ,25W FC TC=-400/+700 p1121 CH1035
A4R13S 0757-0420 3 RESISTOR 750Q 5% .25W FC TC=-400/+700
A4R136 06831035 1 REGSISTOR 10K S% .25W FC TC=-400/+700 01121 CE1035
A4R137 0683-1035 1 RESISTOR 10K SX .25W FC TC=-400/+7D0 01121 cB1035
A4R138 06831035 1 RESISTOR 10K S% .25W FC TC=-400/+700 01121 CH1035
A4R 139 0698-3152 8 RESISTOR 3.48K 1% .125W F TC=0+-100 24546 C4-1/8-T0~-B251-F
A4R140 0757-0317 1 RESISTOR 1.33K 1% .125W F TC=0+-100 24546 Ca4-1/8-Th~-4641-F
A4R141 06831015 7 9 RESISTOR 100 S% .25W FC TC=-400/+500 61121 CE1015
A4R142 01683-1035 1 RESISTDR 10K SX .2%5W FC TC=-400/+700 01121 CHI1035
A4R143 06831035 1 RESISTOR 10K S% .25W FC TC=-400/+700 01121 CE1035
A4R144 0683-1035 1 RESISTOR 10K 5% .25W FC TC=-400/+700 ni1ey CH103S
A4R14S 07570398 4 RESISTOR 75 1% .125W F TC=0+-100 24546 C4~1/8-TO-7SR0-F
A4R146 0698-4037 [0 RESISTOR 46.4 1% .125W F TC=D+~100 24546 C4-1/8-T0~46RA~F
A4R147 0683-1035 1 RESISTOR 10K 5% .25W FC TC=-400/+700 01121 CBH1035
A4R 148 0698~3444 1 RESISTOR 316 1% .125W F TC=0+-100 a3546 C4-1/8-T0~-316R-F
A4R149 06834705 8 RESISTOR 47 5% .25W FC TC=-400/+500 01121 CH4705
A4R150 9757-0439 4 RESISTOR &6.81K 1% .125W F TC=0+4-100 24546 CA4-1/8-T0-6B11-F
A4R151 0699-3155 1 RESISTOR 4.64K 1% ,125W F TC=0+-100 24546 C4-1/B-TO-4641~F
A4R152 07570417 8 RESIGTOR 562 1% .125W F TC=0+-100 24546 C4-1/8-T0-562R~F
A4R1S3 0683~470% 8 RESISTOR 47 5% .25W FC TC=-400/+500 g1121 CEHA705

See introduction to this section for ordering information
*Indicates factory selected value
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Section VI Model 4192A
Table 6-3
Table 6-3. Replaceable Parts
Reference HP Part |c Q L Mfr
ARy t Description Mfr Part Number
Designation Number |[D Y P Code
A4R154 H683~4703 8 RESISTOR 47 SX .25W FC TC=-400/4500 01121 CB4705
A4R155 0757-0279 RESISTOR 10K 1% .125W
A4U1 18200802 1 IC GATE ECL NOR GUAD 2-INP 04713 MC10102P
A4U2 1826-0139 ? 1T OP AMP GP DUAL 8-DIP-P PKG 0192k CA145806
AAUZ 18260021 8 1 1C 0P AMP GP TO-9%9 PKG 27014 LM3E10H
A4U4 5080-3846 3 IC ¥V RGLTR POS 11.5/12.5V
A4US 5080-3847 4 IC V RGLTR NEG 12.4/11.6V
A4U7 18201194 8 V4 IC FF TTL LS D-TYPE POS-EDGE-TRIG COM 81295 SN74LS174N
A4U8 1821-0001 4 TRANSISTOR ARRAY 14-PIN PLSTC DIP 01928 CA3046
A4 1820-0817 8 1 IC FF ECL D-M/S DUAL 04713 MC10131P
AAUI0 1820~-1112 a8 IC FF TTL LS D~TYPE POS~EDGE-TRIG 01295 SN74L.S74AN
A4UL1 1820~-0693 8 IC FF TTL 8§ D-TYPE POS-EDRE-TRIG 0129% SN74374N
AAULR 1820~0629 il 8 IC FF TTL § J~K NEG-EDGE~TRIG 01295 SN745112N
A4UL4 18200629 0 IC FF TTL 8 J-K NEG-EDGE-TRIG 01295 SN745112N
A4ULS 1820-1144 [ IC GATE TTL LS NOR QUAD 2-INP 01295 GNTALSO2N
A4U16 18200629 hl IC FF TTL 8 J~-K NEG-EDGE-TRIG 01295 SN745112N
AAULY7 1820-2004 ? 1 IC MISC NMOS 28480 1820~2004
A4ULB 18200629 0 IC FF TTL § J-K NEG-EDGE~TRICG 01295 SN745112N
A4U19 1820~06%93 8 IC FF TTL § D-TYPE POS-EDGE-TRIG 01295 HBN7457408
A4LZ0 1820-0629 0 I0 FF TTL 8 J~K NEG-EDGE~TRIG 01295 SN745112N
A4U21 18200683 6 2 IC INV TTL 8 HEX 1-INP 01295 SN74504N
AAU22 1820~0681 4 3 IC GATE TTL 8§ NAND QUAD 2-INP 01299 SN74500N
AALI23 18206681 4 IC GATE TTL 8 NAND QUAD 2-INP 0129% SN74500N
A4l24 1820~-1196 ) IC FF TTL LS D-TYPE POS-EDGE-TRIG COM 01295 SN74L.6174N
AQU25 18201194 8 IC FF TTL LS D-TYPE POS~EDGE-TRIG COM 01299 SN74LS174N
A4URS 18201322 2 1 IC GATE TTLL S NOR QUAD 2~INP 01295 SN74G502N
A4u27 18200629 0 IC FF TT. § J~K NEG-EDGE-TRIG 41295 GN745112N
AAUZE 18201279 a8 2 IC CNTR TTL. LS DECD UP/DOWN SYNCHRO 01295 SN7ALS120N
A4URY 1820-1279% ] IC CNTR TTL LS DECD UP/DOWN SYNCHRO 0129% SN74LS1 90N
AAUI0 18200681 4 I GATE TTL S NAND QUAD 2-INP 01295 SN74500N
A4U31 18200629 1] IC FF TTL § J-K NEG-EDGE-TRIG 01295 HSN748112N
A4UZ2 1820~0629 0 IC FF TTL 8§ J~K NEG-EDGE-TRIG 61295 SN745112N
AAU33 18200683 6 IC INY TTL § HEX 1-INP 01295 GSN74504N
AdU34 1826-0275 IC 78L12A V RGLTR T0-92
AAU1 81590005 0 & WIRE 22A4WG W PYC 1X22 80C 28480 81590005
ASWE B1592-0005 1] WIRE 22AWG W PVC 1X22 80C 28430 B159-0005
0
04192-61681 ) 1 CARLE ASSEMELY-TRD 320MM WHT 28480 041922-61681
04192-61682 1 CARLE ASSEMELY 165MM RED 28480 04192-61682
0340-0220 8 28480 03400220
1258-0141 g JUMPER-REM . 28480 1258~0141
30%50-0082 8 WASHER-FL NM NO. 4 .116-IN~ID ,188-~IN-0D 28480 3050-0082
9170-002%9 3 CORE-SHIELDING EEAD 28480 9170-0029
04192-00651 2 SHIELD 28480 04192-0906%1
AS 04192~-6630%5 | 3 1 KEYROARD & DISPLAY ASSEMELY 28480 04192~66505
{NOT INCLUDING THE SHIEFLD CASES)
AGC1 0180-1061 7 3 CAPACITOR~FXD 220 UF 16VDC M 28480 0180~1061
ASC2 01602059 ? 1 CAPACITOR~FXD .01UF +86-207% 100VDC CER 28480 0160-2055
ASCI 0180-1061 7 CAPACITOR~FXD 220 UF 16VDU M 28480 G180-10561
ASCA 0160~-205% Q CAPACITOR-FXD .01UF +80-20% 100VDC CER 284890 01602055
ASCH 0180~-108% 4] CAPACITOR~FXD 4.7UF 16VDC TA 28480 0180-1085
A¥Cs 01801085 g CAPACITOR~FXD 4.7UF 16VDC TA 28480 0180-1085
ASCY 0180-108% b CAPACITOR~FXD 4.7UF 16VDC TA 28480 0180-108%G
AGCE 0180-1085 5 CAPACITOR~FXD 4.7UF 16VDC TA 283480 0180-108%5
ASCYo 0180-1061 7 CAPACITOR-FXD 220 UF 16VDC M 28480 0180~1061
a%st1o 0160~206%55 ? CAPACITOR-FXD .01UF +80-20% 100VDC CER 28480 01602053
ASC11 0180-1085 5 CAPACITOR~FXD 4,7UF 16VDC TA 28480 41B80-108%
ASCl2 31801085 3 CAPACITOR~FXD 4.7UF 16VDC TA 26480 0186-10853
ASC13 0180-1085 S CAPACITOR-FXD 4.7UF 16VUDC TA 28480 0180~-108%
ASC14 01604298 & 1 CAPACITOR~-FXD 4700PF +-207Z 250VDC CER 56289 CO67F231HA72M522-CDH
ASC1S 0160-0362 7 1 CAPACITOR-FXD S10PF +-5% 300VDC MICA 28480 0160-0362
ASCA0 0180-1083 ] CAPACITOR-FXD 4.7UF 16UDC TA 28480 0180-1085
AGC31 01801083 S5 CAPACITOR~FXD 4, 7UF 16VUDC TA 20480 6180-108%
ASC36 0180~108%5 <3 CAPACITOR-FXD 4,7UF 16VUDC TA 28480 4180-1083
ASDS1 19200486 &6 2 LED-VISIBLE LUM-INT=1MCD IF=20MA-MAX 28480 5082-44684
ASDS2 1990-0540 3 10 DISPLAY-NUM-SEG 1-CHAR .43-H 28480 5082-7650
AGDSEI 19900540 3 DISPLAY-NUM-SEG 1-CHAR .43-H 28480 5082-76510
ASDS4 19900540 3 DISPLAY-NUM-SEG 1-CHAR .43-H 284810 50827650
ASDST 1990-0540 2 DISPLAY-NUM-SEG 1-CHAR ,43-H 28480 5082-7650
ASDSE 19900540 3 DISPLAY-NUM-SEG 1-CHAR ,43-H 28480 5082-7650
ASDS7 1990~0517 4 25 LED-VISIBLE LUM-INT=3MCD IF=20MA-MAX 28480 5082~-4655
ASDSH 1990-0517 4 LED-VISIBLE LUM-INT=3MCD IF=20MA-MAX 28480 50824659
A%sDse 1990-0517 4 LED~VISIBLE LUM-INT=3MCD IF=20MA-MAX 28480 5082~4655
ASDS10 1990-0517 4 LED-VISIBLE LUM-INT=3MCD IF=20MA-MAX 284849 50824655

See introduction to this section for ordering information
*Indicates factory selected value
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ASDSE11 1990-0317 4 LED-VISIBELE LUM~INT=3MCD IF=20MA-MAX 28480 50824655
Gps12 19900517 4 LED~VISIEBLE LUM-INT=3MCD IF=20MA-MAX 28480 S0BE-4655
A™BDS13 19900517 4 LED~VISIBLE LUM~-INT=3MCD 28480 50832 -44655
AGDS14 1990-0517 4 LED~VISIBLE LUM-INT=3HED 28480 S50B2-4650
AGDSID 1990~-0517 4 LED-VISIELE LUM~INT=3MCD 28480 GRH2-4655
ADDS16 1990-0517 4 LED~VISIRLE LUM-INT=3MCD 284810 S082-4655
ASDS17 19900517 4 LED~VISIELE LUM—INT=3MCD 29480 50024655
ASDSIR 1990-0517 4 LED~VISIRLE LUM~INT=3MCD 2p4B0 Si82-4655
AYDS19 199200670 0 19 LED-VISIELE LUM-INT=1MCD 284840 1290-0670
A%DS20 1990~0540 2 DISPLAY-NUM-SEG 1-CHAR .43-H 28480 5082-7650
ASDE21 1990-0540 3 DISPLAY-NUM-SEG 1~CHAR . 43-H 28480 S082-7650
ABDS22 1990-0340 3 DISPLAY-NUM-SEG 1-CHAR .43%-H 204840 G082-7650
ASDG23 1990~0540 3 DISPLAY-NUM-SEG 1-CHAR .43-H 28480 508276510
ASDE24 1970-05490 3 DISPLAY-NUM-SEG 1-CHAR .43 28480 5082-7650
ATDS2S 19900917 4 LED-VISIBLE LUM-INT=3MCD IF=20MA-MAaX 28480 H5082-4695
ATDER26 1990~0%17 4 LED~VISTIBLE LUM-INT=3MCD 28480 S5082-465%
ASDSERET7 19900517 4 LED-YISIBLE LUM~-INT=3MCD 28480 S0R2-4655
ABDS2H 1990-0517 4 LED~VISIBLE LUM-INT=3MCD IF=20MA-MAX 28480 S082-4655
jeivisel 19900517 4 LED-VISIBLE LUM-INT=3HMCDL IF=20MA~MAX 28480 S002-465%
ASDE30 19900517 4 LED~VISIELE LUM-INT=3MCD IF=20MA-MAX 2BaBl S082-4653
5DE31 1990-0517 4 LED-VISTIRLE LUM-INT=3MCD IF=20MA-MAX 284840 SUH2-4655
ASDE32 1990-0517 4 LED-VISIRBLE LUM~INT=3MCD 28480 SNB2-4655
ASDSI3 19900517 4 LED~VISIRLE LUM~INT=3MCD 284840 S082-4655
ASDS34 1990-0517 4 LED~-VISIRLE LUM-INT=3MCD 20480 G082-465%
AGDS3IS 19900517 4 LED~VISIELE LUM~INT=3MCD 284840 S08A-40655
ASDSE36 19900517 4 LED~VISIRLE LUM-INT=3MCD IF=20HA-MAX 28480 GOB2-4600
NEDS A7 1920-0670 a LED~VISIELE LUM-INT=1MCD IF=20MA-MAX 28480 19940470
AYDSE38 19900531 2 8 DISPLAY-NUM-BEG 1-CHAR .3~ 28480 2082-7610
ASDE3P 1990-053) 2 DISPLAY-NUM-5EG 1-CHAR .3-H 284130 5082~-7610
AGDS4D 1990~0331 2 DISPLAY-NUM-SEG 1-CHAR ,3-H4 23480 S082-7610
ASDSE4] 19900531 2 DISPLAY-NUM-SEG 1-CHAR .3-H 28480 5082-76110
ASDS42 199200531 2 DISPLAY-NMUM-SEG 1-CHAR | 3-H #8481 G0B2-7610
19900531 2 DISPLAY-NUM-SEGC 1-CHAR .3-H 28480 S082-7610
19920-0531 2 RISPLAY-NUM-SEG 1-CHAR .3-H 28480 SG0B2-7610
19900531 2 DISPLAY-NUM-SEG 1-CHAR . 3-H 28480 5082-7610
ASLSA6 1990-0487 7 30 LED-VISIBLE LUM-INT=1MCD 26480 SpBR-4584
GDE47 199200487 7 LED-VISIBLE LUM-INT=1MCD | 28480 H0g2-4584
548 199200517 4 LED-VISIBLE LUM-INT=3MCD 28480 G0R2~465%
D549 1990~0487 7 LED-YTSIBLE LUM-INT=1MCD 28480 G002~4584
ASDBSD 19900487 7 LED-VIGIELE LUM-INT=1MCD IF=20MA-MAX 2B4BD G082-4584
1990-0487 7 LED-YISIPLE LUM~-INT=1MCD IF=20MA-MAX 28440 f082~-4584
19900487 7 LED-QISIRLE LUM-INT=1MCD IF=20MA~MAX 28440 Su82-45484
19920-0487 7 LED-VISIRLE LUM=INT=1MCD IF=20MA-MAX 2B4BD %L082-4504
19900487 7 LED-VISIRLE LUM=INT=1MCD IF=20MA-MAX 2684840 G082-4584
19900487 7 LED-VISIRLE LUM=INT=1MCD IF=20MA-MAX 28480 5082-4584
8%6 1920-0487 7 LED-VISTELE LUM~INT=1HMCD Ir=20MA-MAX 283480
ABDSEETY 19900487 7 LED-VISIBLE LUM~INT=1MCD IF=20MA-MAX 28480
ASDHSH 1990-0487 7 LED-VISIBLE LUM-INT=1MCD IF=20MA-MAX 284810 GUB2~-4584
ASDSSY 1990~-0487 7 LED-QISTELE LUM~INT=1MCD IF=20MA-NAX 28480 50B82-4584
ALDS6D 1990-0487 7 LED-VISIBLE LUM~INT=1MCD IF=20MA-MAX 28480 5082-4584
ASDS61 1990-0487 7 LED-VIGIBLE LUM-INT=1MID It+=20MA-MAX 28480
AGDE6Z 19900487 7 LED-VIGSIBLE LUM~INT=1MCD 28480 S0B2-4584
5DSAH3 19900487 7 LED-VISIBLE LUM-INT=1MCD 285480 ShE2-4584
AGDE 64 1990-0487 7 LED-VISIBLE LUM-INT=1MCD 28480 S5082-4584
aBDELS 1990-0487 7 LED-YISIBLE LUM-INT=1MCD 28480 S082-4584
ADDE6S 19200487 7 LED-VYISTHRLE LUM=-INT=1MCD 4 284890 SNB2-4n84
AGDSH? 199 3-0487 ¥ LED-VISIRLE LUM-INT=1MCD IF=20MA-MAX 28480 S0a2-4504
ASDESLY 19920-0487 7 LED-VUISTIBLE LUM~INT=1HCD IF=20MA-MAX 284810 H082-4584
A 1990-~0487 7 LED-VISTIRLE LUM~INT=1MCD IF=20MA~MAX 28480 S082-4584
19920-0487 7 LED-VISIRELE LUM-INT=1MCD IF=20MA-MAX 28480 S0H2-4%584
19900487 7 LED~VISIRLE LUM-INT=1MCD IF=R0MA-MAX 2834810 SE82-4h94
19200670 0 LED=-VISIRLE LUM-INT={MCD IF=20MA-MAX 284810 19%20-0670
199004670 2 LED-VISTIELE LUM~INT=1MCD IF=R0MA-HAX 28480 1990-0670
AGDE74 1990-0487 7 LED-VISTELE LUM-INT=1MCD IF=20MA-MAX 284810 5082-4584
AHDSTE 19900487 7 LED-VISIBLE LUM~INT=1MCD IF=20MA-MAX 28480 5082-4584
ATDGE76 1990-0487 7 LED-VISTIBLE LUM-~INT=1MCD IF=20MA-MAX 264810 LiB2~4584
ABDEY7 19920-0670 0 LED-VISIBLE LUM~INT=1MCD asash 19900670
ALNS7S 1970~0670 0 LED-VISTIRLE LUM-INT=1MCD 28480 1990-0670
ASDB7? 19900487 7 LED-VISIBLE LUM-INT=1MCD 28480 S5082-4584
ASDEBO 19900670 i} LED-VISIBLE LUM-INT=1HCD 1F=20MA-MAX 28480 1920-0&670
19900670 0 LED-VUISIHLE LUM~-INT=1MCD IF=20MA-HMaX 28480 1990-0670
19900487 7 LED~VISIBLE LUM-INT=1IMCD TF=20MA-MAX 28440 H082-4584
ASDEB3 19900671 0 LED~-VISIELE LUM~INT=1MCD IF=20MA-MAX ZBaR0 1990-0670
AGDEB4 1990~0670 4] LED-VISIBLE LUM~INT=1HCD IF=R20MA~-MAX 2844840 1996-0670
ABDERS 19900670 0 LED-VISIRLE LUM-INT=1MCD IF=20MA-MAX 28480 1990-0670

See introduction to this section for ordering information
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AYGDSBE 19900670 0 LED-VISIBLE LUM-INT=1MCD IF=20MA-~MAX 28480 1920-0670
ALDSH? 1990-04670 0 LED~VISIRLE LUM—INT=1MCD IF=20MA-MAX 28480 19900670
ASDEBS 19900670 0 LED-VISTEBLE LUM-~-INT=1MLCD IF=20MA-MAX 28480 19700670
AGDSBY 1990~-0670 0 LED-VISTIBLE LUM-INT=1MCD IF=20MA-MAX 28480 1920-0670
ASDE?0 1990~0670 0 LED-VISTIBLE LUM~-INT=1MCD IF=20MA-MAX 28480 19900670
ASDEP1 1990-0670 I} LED-VISIRLE LUM~-INT=1MCD IF=20MA-MAX 28480 19900670
ASDGe2 19290-0470 0 LED-VISIELE LUM-INT=1MCD IF=20MA-MAX 284B0 19900670
ASDEY3 19900670 0 LED-VISIBLE LUM~INT=1MCD IF=20MA-MAX 20480 1990-0670
AHI1-18 12000638 7 24 SOCKET-IC 14-CONT DIP DIP~SL.DR 284810 1200-0638
ABT19 0360-170% ] 1 CABLE TRANSITION 40-TERM INSUL DSPIL TYPE 28480 0360-170%
ASR1 06835615 1 1 RESISTOR 560 5% .25W FC c=-400/+600 01121 CBL619
ASR2 0683~331% 4 RESISTOR 330 5% ~-400/+600 01121 CR3A315
ASR3 060831035 1 RESISTOR 10K 5% ~400/+700 01121 CE1035
ASRA 683-4725 2 RESGISTOR 4.7K S% .25W FC TC=-400/+700 01121 CB4725
ASRY 1810~-0249 3 13 NETWORK~RES 9-STP10.0K OHM X 8 28480 18100269
AURY 18100247 7 1 NETWORK~-RES 16-DIP220.0 OHM X 8 01121 J1a6n221
ASR7 1810-0269%9 3 NETWORK-RES 9-8IP10.0K OHM X 8 28480 1810-026%
ASR8 1810-0269 3 NETWORK-RES 9-SIP10.0K OHM X 8 28480 1810-0269
ASR9 18100269 3 NETWORK-RES 9~SIP10.0K OHM X 8 28480 1810-026%
183100247 7 NETWORK~RES 16-DIP220.0 OHM X 8 01121 316R221
1810-0269 3 NETWORK~RES 9-SIP10.0K OHM X 8 28480 1810~-026%
18100275 1 2 NETWORK-RES 10~SIP1.0K OHM X 9 01121 210A102
ASR13 1810-02735 1 NETWORK~RES 10~8IP1.0K OHM X ¢ 01121 210102
AYR14 18100301 4 3 NETWORK-RES 16-DIP%S1.0 OHWM X 8 01121 3168510
ASR1S 1810-0269 3 NETWORK-RES 9-GIP10.0K OHM X 8 28480 1810-0269
AGR1G 18100269 3 NETWORK-RES ?-81P10,.0K OHM X 8 28480 1810-0269
ASR1Y? 1810~-0301 4 NETWORK~-RES 16-DIPS1.0 OHM X 8 01121 3168510
AGRTE 18100269 3 NETWORK~RES 9-51TP10.0X OHM X 8 284810 1810~0269
51— 45 H0A0--924734 7 4% PUSHEUTTON SWITCH P.C. MOUNT 28480 906092436
ASS48 3101-2046 7 1 SWITCH-SL DPDT STD 1.5a 250VAC PC 28480 3101-2046
AU 18580038 4 A TRANSISTOR ARRAY 14-PIN PLSTC DIP 28480 18%4-0038
ABU2 18580038 4 TRANSISTOR ARRAY 14-PIN PLSTC DIP 28480 1858-0038
ABU3Z 18200495 8 1 IC DCDR TTL 4-TO-16~LINE 4-INP 61299 SN74154N
1820~1414 5 4 IC SCHMITT-TRIG TTL LS INV HEX 1-INP 0129% BN74LG1 4N
1820-0668 1 IC BFR TTL NON~INY HEX 1-~INP 01295 SN7407N
ASUE 18580038 4 TRANSISTOR ARRAY 14-PIN PLSTC DIP 28480 1 858-0038
AS7 189580038 4 TRANSISTOR ARRAY 14-PIN PLSTC DIP 28480 1858~-0038
ASUE 18201200 1 4 IC INV TTL LS HEX 0129% GN74LS05N
ASUY 18201200 9 IC INV TTL LS HEX 01295 SN74L.S0HN
ASULD 1820-1200 5 IC INV TTL LS HEX 01295 EN7ALSOGN
ANUL1 1820-1278 7 1% IC CNTR TTL LS BIN UP/DOWN SYNCHRD 0129% SN7ALS191N
ASUL2 1820-1418 7 1 IC DCDR TTL L8 ECD-TO-DEC 4~TO-10-LINE 6129% SN74LS42N
1898-0033 ? 4 TRANSISTOR 28480 18580033
1858-0033 9 TRANSISTOR 28480 1858-0033
18980033 ? TRANSISTOR 284810 18580033
18580033 @ TRANSISTOR 28480 1858~-0033
18201202 7 3 IC GATE TTL LS NAND TPL 3J~INP 01299 SN7ALS10N
ADULS 1820~18%1 2 1 IC ENCOR TTL LS 34335 AM74L5148N
04192-61634 | & i CARLE ABSEMBLY-FLAT 28480 04192~61634
5040-3323 1 a INSULATOR
H041-0278 S 1 KEY CAP-PEARL GRAY 28480 50410276
3041~-0342 & 4 KEY CAP 28480 Si041-0342
5041~-03%51 7 1% KEY CAP 284840 G041-0351
50410375 ] KEY CAP-QUARTER, SMOKE 20480 S041-0375
5041-0384 6 4 KEY CAP-SMOKE GRAY 284840 5041-0384
G041-0441 & 1 KEY CAP-SMOKE EBLUE 28480 5041-0441
G041-0922 8 7 KEY CAP-ERY PEARL 28480 S041-0922
S041-1795 7 3 KEY CaP (.) 28480 50411755
5041~1796 8 1 KEY CAP-QUARTER () 28480 G5041-1756
S041-1757 ? 1 KEY CAP-QUARTER (1) 28480 50411787
5041-1758 1} 1 KEY CAP-QUARTER (2) 28480 50411758
H5041~1759 1 1 KEY CAP-QUARTER (3) 28480 5041-1759
50411760 4 1 KEY CAP~QUARTER (4) 28480 5041-17460
S5041-1761 S 1 KEY CAP-QUARTER (5) 28480 50411761
5041-1762 6 2 KEY CAP QUARTER (&) 28480 H5041-1762
S5041-1763 7 1 KEY CAP-~ (7) 28480 S041-1763
G041-1764 8 1 KEY CAP-QUARTER <8) 28480 5041-1764
50411770 & 1 KEY CAP-QUARTER (-) 28480 50411770
04140-40002 | @ 2 INSULATOR 28480 04140-40002
04191-40003 | 1 2 LAMP HOUSE 284890 04191-40003
04262-25003 | 5 1 INSULATOR 28480 04262-25003
04262-40001 | 5 1 INSULATOR 284810 04262-40001
04274-40603 | 1 3 INSULATOR 28480 04274~-40003
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Ab 0419266506 | 4 1 COMNTROL LDGIC BOARD ASSEMELY 28480 04192~66506
ALLL 0180~-108%5 S5 CAPACITOR~FXD 4,7UF 16VDC Th 28480 41801085

ALL2 0180~108% k) CAPACITOR-FXD 4.7UF 14VDC TA 28480 0180~1683

ABC3 0180-8291 3 5 CAPACITOR~FXD 1UF+-10% 35VDC TA 56289 13001 0SXP035A2
ALCA 018061085 4] CAPACITOR-FXD 4.7UF 16VDC Ta 28481 0180-1083
AGC1O0 0160-0153 4 2 CAPACITOR-FXD 1000PF +~10% 200VDC POLYE 28480 0160-0153
asCIl 0180-1085 41 CAPACITOR~FXD 4.7UF 16VYDC TA 28480 0180-1085
ALCI2 0160~0133 4 CAPACITOR-FXD 1D00PF +-~10% 200VUDC POLYE 28480 0160-9153
ALC20 8180-1057 1 1 CAPACITOR:FXD 2200 UF 16VDCW AL ELECT 28480 ¢1B0-1057
ALE21 1160~3454 b CAPACITOR~FXD 1000PF +-10% 1KVDC CER 28480 01603456
ALLR22 0180~1704 S 4 CAPALITOR-FXD 47UF+-10% &VDEC TA SeR8Y? 150DA76X20D6RE
ALL23 4180-1085 5 CAPACITOR~FXD 4.7UF 1&4VDC TA 284490 8180~1085
ALC24 0180-108%5 G CAPACITOR-FXD 4.7UF 14VDC Ta 28480 0180-1085
ALCRS 0180-1908% ] CAPACITOR-FXD 4,7UF 16VUDLC Ta 28480 01680-1085
ALLC3R 0140-0197 4 1 CAPACITOR-FXD 1BOPF +-9% 30DVDC MICA 721346 DH1SF181J0300WVICR
ALE33 01808-1704 5 CAPACITOR-FXD 47UF+-10% &VDC TA 56289 150D476X?004502
ALL34 01402159 3 CAPACITOR-FXD 33PF +-5X 3D0VDLC MICA 2B480 0160-2150
AHCIS 0180-0291 3 CAPACITOR-FXD 1UF+-10% 35VDLC TaA S56289 150D105X2035A2
ALC37 0160-2150 5 CAPACITOR-FXD 33PF +-5% 300VDC MICA PBaBY 3160-2150
ALT3B 01800291 3 CAPACITOR-FXD 1UF+-10% 35VUDE TA 562489 150D105X?035A2
ALCR1 1902-0041 4 DIDDE-ZNR 5,11V S% D0O-35 PD=.4W 284080 1902—-0041
AbCR2 12010040 1 DIODE~-GWITCHING 30V SO0MA 2NS DO-39 28480 1941-0040
AAKCR3 1901-0040 1 DIDDE~SWITCHING 3DV S0MA 2NS DO-3% 28480 1901-0040
AGLCRA4 1201-0518 8 DIODE~-SM SIG SCHOTTKY 28460 1901-0518
ALCRY 1901-0518 B DIAGDE~SM SIG SCHOTTKY 284410 1901-0518
ALLRSE 1201-0518 8 DIODE~GM SIG SCHOTTKY 28480 1901-0518
ABDS1 1990-0486 & LED-VISIELE LUM~INT=1MCD IF=RDOMA-MAX 28480 5 082-4684
AL A251-302% V4 1 CONNECTOR 34-PIN M RECTANGUILAR 23480 1251-3025

ALT2 1200-0607 9 SOCKET-IC 16-CONY DIP DIP-SLDR 28480 1200-0607
ALT3 12000607 0 SOCKET~-IC 16~CONT DIP DIP-SLDR 28481 1200-0607

AbLTA 1200~-03541 1 SOCKET~IC 24-CONT DIP DIP-SLDR 28480 1200-0541
ALTS 1200-0541 1 SOCKET~IC 24~CONT DIP DIP-SLDR 28480 1200-0541

AbLTA 1251-3196 G 2 CONNECTOR B-PIN ¥ POST TYPE 284BD 1251-3196
ALT7 12513004 4 1 CONNECTOR 40~-PIN M RECTANGULAR 28480 12513004

ALTB 1250-0257 1 CONNELCTOR-RF SeBE M PC S0-0HM 28480 1250-0257
ALTY? 12000654 7 2 SOCKET-IL 40~-CONT DIP DIP-SLDR 28480 1200-0654
ALT1D 1200-0607 0 SOCKET-IC 16~CONT DIP DIP-SLDR 28480 1200-0607
ALTT1 1200~05638 7 SOCKET~-IC 14~CONT DIP DIP-SLDR 28480 12000638
ALTL2 1200-063% B & SOCKET-IC 20~CONT DIP DIP-SLDR 20409 1200-0639
ALT13 120004638 7 SOCKET-IC 14-CONT DIP DIP-SLDR 284480 1200-0438
A6T14 12000638 7 SOCKETY-IC 14-CONT DIP DIP~SLDR 28480 1200-0638
ALILG 12060~0607 L] SQCKET—IC 14-CONT DIP DIP-SLDR 20480 12006-06067
A6T16 12000438 7 SOCKET-IC 14-CONT DIP DIP-SLDR 28480 1200-0638
ALI17 12000639 8 SOCKET~IC 20-CONT DIP DIP~SLDR 28480 1200-0639
ALT18 1200-0639 8 SDCKET-IC 20-CONT DIP DIP-SLDR 2844940 1200-0639
ALT1Y? 1200-063% a SOCKET~IC 20-CONT DIP DIP-SLDR 28484 1200~04639
ALT20 12000607 a SOCKET~IC 1&-CONT DIP DIP-SLDR 28480 1200-0607
ALT21 1200-0639 B8 SOCKET~IC 20-CONT DIP DIP-SLDR 284440 1200-0639
AbT22 1200-053% 7 4 SOCKET-IC 18-CONT DIP DIP-GLDR 28480 1200-0539%
ABLTIZ23 12000539 7 SOCKET-IC 18-CONT DIP DIP-SLDR 284480 1200-0537
ALTZ4 12000539 7 SOCKET-IC 18-CONT DIP DIP-SLDR 28480 1200-0%39
ALT2S 1200~0539 7 SOQCKET-IC 1B-CONT DIP DIP-SLDR 28480 1200-053¢9
ALTZE 1280~-0541 1 SOCKET-IC 24-CONT DIP DIP-SLDR 28480 1200-0541
ALI3Z7 1200-0541 1 GOCKET~IC 24~-CONT DIP DIP-SLDR 28480 1200~-0541
ALTAD 12000607 0 SOCKET-IC 16~CONT DIP DIP-SLDR 28480 1200-0607
AbT41 12000607 Q SACKET-IC 14~CONT DIP DIP-SLDR 28480 12000607
ALT4R 1200~0607 0 SOCKET-IC 16-CONTY DIP DIP-SLDR 284890 1200-0407
ALTA3 1200-0607 0 SDCKET~IC 16-CONT DIP DIP~SLDR 28480 1200~0607
ALTA4 1200-0607 0 SOCKET-IC 16-CONT DIP DIP-SLDR 28480 1200-04607
ALTAS 1200-0654 ? SOCKET~IC 40-CONT DIP DIP-SLDR 28480 1200~-0654

AbL1 ?140-0401 2 1 COIL-FXD 64 UH 28480 2140-0401

See introduction to this section for ordering information
*Indicates factory selected value
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A6GT 1854-001%9 3 5 TRANSISTOR NPN $I TO-18 PD=360MW 284480 18540019
ABRZ 1853-0015 7 2 TRANSISTOR PNP 51 PD=200MW FT=S00MHZ 28480 1853-00815
ALQZ 18530015 7 TRANSISTOR PNP S1 PD=200MW FT=500MHZ 28480 1853-0015
AbR1 1810-0269 3 NETWORK-RES 9~-5IP10.0K DHM X 8 284840 1810-02469
ABLRR 06834725 2 RESISTOR 4.7K S% 254 FC TC=-400/+700 061121 CRA725
ABRZ 0683-4725 2 RESISTOR 4.7K S% ,25W FC TC=-400/+700 p1121 CR4725
ALRA 18100269 3 NETWORK-RES 9-GIP10.0K OHM X 8 28480 18100269
ALRS 1810-0269 3 NETWORK-RES 9~SIP18,0K DHM X 8 28480 1B810-0269
ALRY7 §683-4725 2 RESISTOR 4.7K 5% ,25W FC TC=-400/+700 n1121 CBA725
ALRB 06834729 2 RESISTOR 4.7K 5% ,25W FC TC=-400/+700 01121 CR4725
ALR1D D6B3-4735 4 RESISTOR 47K 5% ,2%W FC TC=—-400/+800 g1121 CR4735
AbRTL 0683~-4735 4 RESISTOR 47K 5% .25W FC TC=-400/+800 01121 CR4735
ALRZ2D 0683-1045 3 RESISTOR 100K 5% .25W FC TC=-400/+800 01123 CE1045
ABR21 0683~1045 3 RESISTOR 100K 5% ,.28W FC TG=-400/+800 021 CR1045
ABR2Z 01683~1045 3 RESISTOR 100K 5% ,25W FC TC=~400/+800 01121 CR1045
ABR3O 01683-4725 2 RESISTOR 4.7K 5% .28W FC TC=-400/+700 01121 CR4725
ALR31 $683-4729 2 REBISTOR 4.7K 5% .25W FC TC=-400/+700 gii121 CB4725
ALR32 0683-472% 2 RESISTOR 4.7K 5% .29W FC TC=-400/+700 01121 Cra725
ALR33 18106-026%9 3 NETWORK-RES 9-SIP10.0K OHM X B 28480 1810-0269
ALR34 0683-1015 Vi RESISTOR 100 5% .25W FC TC=—400/+500 f1121 CE1015
ABRIS 06831025 9 RESISTOR 1K 5% .25W FC TC=-400/+&00 01121 CB1025
ALR3G 01683-4725 2 RESISTOR 4.7K 9% .25W FC TC=-400/+700 01121 CRA72%
ABR37 0683-3325 & RESISTOR 3.3K 5% .R9W FC TC=-400/+700 01121 CB332S
AGR2B 0683-3325 & RESISTOR 3.3K 5% ,25W FC TC=-400/+700 1121 CR3329
ALR3IS 06833325 [ RESISTOR 3.3K 5% ,28W FC TC=-400/+700 01124 CB3325
ABRAD 0683-105% 1 1 RESISTOR 1M 5% ,25W FC TC=-800/+%00 01121 Ce1055
ALRA1 01683-1065 7 RESISTOR 10M 5% .25W CC TC=~900/+1100 01121 CB106%
ALR42 1683~102% ? RESISTOR 1K 5% .29W FC TC=-400/+600 01121 Cr1029
AERAZ 0683-1025 ? RESISTOR 1K S% .25W FC TC=-400/+600 01121 CR102%5
ALR4S 1683-4725 2 RESISTOR 4.7K H% .25W FC TC=-400/+700 01121 CBa729
ABRAS 0683-4705 8 RESISTOR 47 5% .25W FC TC=-400/+500 01121 CRA705
AGBR4AE 0698-0082 RESISTOR 464 1%
AGS1 31011856 1 3 SWITCH-SL 8~14 DIP-SLIDE-ASSY .1A 50VDC 28480 3101-18%56
ALS2 3101-1856 ] SWITCH-SL B~1A DIP-SLIDE-ASSY .14 50VDC 28480 3101-1856
AGLSY 1251~4822 b CONNECTOR 3~PIN M POST TYPE 28480 1251-4822
ALSH 1251-4822 b CONNECTOR 3~PIN M POST TYPE 284810 1251-4822
AbLSE 1251-4822 &b CONNECTOR 3~PIN M POST TYPE 284810 1251-4822
ALUY 1828-2058 3 4 IC MISC TTL S QUAD 28489 1820-2058
AblU2 18202058 3 IC MISC TTL S QUAD 28480 18202058
ALUZ 1820~2058 3 IC MISC TTL S QUAD 28480 1820-2058
YT 1820-2058 3 IC MISC TTL © QUAD 28480 18202058
ALUY 18201199 1 IC INV TTL LS HEX 1-INP 01295 SN74LS0B4AN
ALYL 1820~17%9 9 8 IC BFR TTL LS NON-INY OCTL 27014 DMB1LS?7N
ALU7 1820-~2549 S 1 1C-8291A 28480
AGUB 1820~1216 3 & IC DCDR TTL LS 3~TO-B8~-LINE 3-INP 0129% SN74L.5138N
AGUY 1820~1759 ? IC BFR TTL LS NON-INV OCTL 27014 DMBILSY7N
ALULD 1820~17%59 L4 IC BFR TTL LS NON-INV DCTL 27014 DMB1LE?7N
AbU11 1820~1196 8 IC FF TTL LS D-TYPE POS-EDGE-TRIG COM 01295 SN74L5174N
ALULS 18920~1278 7 IC CNTR TTL LS BIN UP/DOWN SYNCHRO 01295 SN74LS191N
AbU1 A 1820-1201 6 3 IC GATE TTL LS AND QUAD 2-INP 01295 SN74LS0BN
ALULS 18201416 S IC SCHMITT-TRIG TTL L8 INV HEX 1~INP 01295 SN741.514N
AbU1S 1820~1197 9 IC GATE TTL LS NAND RUAD Z2-INP 01295 SN7ALSOON
ALUL7 18201112 8 IC FF TTL L5 D~-TYPE POS-EDGE-TRIG 01298 BN741L.574AN
ALUIB i820-1478 9 1 IC CNTR TTL LS BIN ASYNCHRO 01295 SN7ALE93N
ALUL1Y 1820~1199 1 IC INV TTL LS HEX 1-INP 01295 SN7ALE04N
ABU2D 1820~14910 ] 1 IC CNTR TTL LS DECD ASYNCHRO 01295 SN74LBFON
ALUZ1 1820-07%1 ? 1 IC CNTR TTL DECD NEG-EDGE-TRIG PRESET 01295 SN74196N
ABUR3 1820-1430 3 IC CNTR TTL LS BIN SYNCHRO POS-EDGCE-TRIG 01295 SN74L.8161AN
ALURA 1820-1197 9 IC GATE TTL LS NAND QUAD 2~INP 01295 SN74LS00N
ALU30 1820~1739 & S IC FF TTL LS D~TYPE POS-EDGE-TRIG COM 01295 SN7ALSR273N
ALUT1 18201730 b IC FF TTL LS D-TYPE PQS-EDGE~TRIG COM 01295 SN74LS273N
ALLU32 1820-1759 ? IC BFR TTL LS NON-INV DCTL 27014 DMB1LS97N
ALUZSZ 18201730 & IC FF TTL LS D-TYPE POS-EDPGE-TRIG COM 01295 SN741L.5273N
A6U34 18201199 1 IC INV TTL LS RHEX 1-INP 01295 SN74LS0 4N
ALUZS 1820-1201 &6 IC GATE TTL LS AND QUAD 2-TINP 01295 SN74LS08N
A6LU3S 1820-1197 9 IC GATE TTL LS NAND QUAD 2-INP 01295 SN74LSODON
ABU37 1820-1278 7 IC CNTR TTL LS EIN UP/DOWN SYNCHRO 01293 SN74L5191N
ALU3B 1820-1278 7 IC CNTR TTL LS BIN UP/DDUN SYNCHROD 01298 SN74LG1 91N
ALUZY 1820-1278 7 IC CNTR TTL LS RIN UP/DOWN SYNCHRO 01299 SN74LS191N
ALUA40D 1820~1423 4 1 IC MV TTL LS MONOSTRL RETRIG DUAL 01295 BN74L8123N
AbUAL 18201112 8 IC FF TTL LS D-TYPE POS~EDGE-TRIG 01295 GN741.5744aN
ALLI4R iB20-1112 8 iC FF TTL LS D-TYPE POS~EDGE-TRIG 01295 SN74LS744AN
ALUAT 18201112 8 IC FF TTL LS D-~TYPE POS-EDGE-TRIG 01295 SN741L.874AN
Ablla4 1820-12186 3 IC DCDPR TTL LS 3-TO-8-LINE 3-INP 01295 BN74LS13BN
AHU4LS 1820~-1197 ? IC GATE YTL LS NAND GUAD 2~INP 01295 BN74L500N
AbUA4S 1820-1278 7 IC CNTR TTL LS BIN UP/DOWN SYNCHRO 01295 SEN74L5191N
AbU47 1820-1112 8 IC FF TTL LS D-TYPE POS-EDGE-TRIG 01295 SN74L.574A8N
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ALU4LS 1820-1278 7 JC CNTR TTL LS BIN UP/DGWN SYNCHRD 012%5 SN74LS171N
ALHU4Y 1820~1278 7 IC CNTR TTL LS BIN UP/DOWN SYNCHRD 1295 GN74L5171N
ALUSD 1829-1278 7 IC CNTR TTL LS BIN UP/DOWN SYNCHRD 01295 SN74LS191N
ALUS1 18201278 7 IC CNTR TTL LS BIN UP/DOWN SYNCHRO 01299 GN7ALS191N
ALUSR 1820-1278 7 IC ONTR TTL LS BIN UP/DDWN SYNCHRD 01295 SN74LE8191N
ALUSE 18201278 7 IC CNTR TTL LS BIM UP/DOWN SYNCHRO 01299 SN74LS171N
ALUSA 1820~-1759 ? IC BFR TTL LS NON-INV OCTL 27014 DMB1LE97N
ALUSS 18201278 7 IC CNTR TTL LS BIN UP/DOWN SYNCHRO 01299 SN74LS191N
ALUSSE 1820-1759 b4 IC RFR TTL LS NON-INV OCTL 27014 DMBI1LSI7N
ALUS7 1820~-1278 7 IC CNTR TTL LS RIN UP/DOWN SYNCHRO 01295 SN74LS191N
ALLSE 1820-175¢9 ? IC BFR TTL LS NON-INV DCTL 27014 DMBILS?7N
ALUGLD 1828~-12440 3 1 IC DCDR TTL 8 3-TO-9-LINE 3-INP 01293 SN745138N
AbLIG1 1820-1199 1 IC INV TTL LS HEX 1-INP 01295 SN74L.S04N
ALUL2 1820-1195 7 1 IC FF TTL LS D-TYPE POS~EDGE-TRIG COM 01295 SN74L5173N
ABULS 1820-1979 1 1 IC SHF-RGTR TTL LS NEG-EDPGE-TRIG PRL-IN 01295 SN74L.S165N
ALULS 1820-1278 7 IC CNTR TTL LS BIN UP/DOWN SYNCHRQ 81295 SN741.6171N
ABUBLY 1820-11%96 B8 IC FF TTL LS D-TYPE POS-EDGE-TRIG COM 01295 SN74L5174N
ABUGLE 18201197 7 IC GATE TYL LS NAND QUAD 2-INP 01295 SN74LSO0N
AbLIG? 1820-1199 1 IC INV TTL LS HEX 1-INP 01295 SN74LS 04N
ALULB 1820-207% 4 1 IC MISC TTL LS 01295 SN7 4182450
ALULY 18201202 7 IC GATE TTL LS NAND TPL 3-INP 1295 SN74LS1DN
ALU70 1818-1330 7 4 IC CMOS 4096 (4K) RAM STAT 300-NS 3-8 98033 UPD444C~1
A6U71 1818-1330 7 IC CMDS 4D?6 (4K) RAM STAT 300-NS 3-5 00037 UPD444C~1
ALUTZ2 1818~-1330 7 IC CMOS 4096 (4K) RAM STAT 300-N§ 3-5 aoa3Jy UPD444C~1
ALUT3 1818-1330 7 IC CMOS 40%6& (4K) RAM STAT 30D-NS§ 3-S 0903J UPDA44C-1
AHLUZ4 04192-85001 | ¢ 1 IC-PROM PROGRAMMED 28480 04192-85001
ALUZS 041%92-85002 | 9 1 IC-PROM PROGRAMMED 28480 04192-85002
AbLUZE 04192-85103 | & 1 IC~PROM PROGRAMMED 28481 04192-85103
ALU77 04192-85004 | B 1 IC-PROM PROGRAMMED 28480 04192-85004
ALU78 04192~85005 | 5 1 IC-PROM PROGRAMMED 284840 0419:2-85005
ALU79 B4192~-85006 | 7 i IC-PROM PROGRAMMED 28480 0419285006
ALUBD 04192-85007 | 2 1 IC-PROM PROGRAMMED 28480 04192-85007
AbUSY 04192-85008 | & 1 IC-PROM PROGRAMMED 28489 04192-85008
AbUBE 64192-85009 | 1 1 IC-PROM PROGRAMMED 284840 04192-85009
ALUBZ 04192~-85010 | S 1 IC-PROM PROGRAMMED 28489 04192-85010
ALUBS 041%2-85111 (o 1 IC-PROM PROGRAMMED 28480 04122-85111
ALUBS 64192-85012 | 4 1 IC-PRDM PROGRAMMED 2B48B0 04192-85012
ALUBS 04192~85113 | 8 1 IC~-PROM PROGRAMMED 28480 t4192~-85113
ABUBT 0419285114 | 7 1 IC-PROM PROGRAMMED 28480 14192-85114
ALUTO 1820-0628 ? 4 IC TTL &4-BIT RAM STAT &0-NS 0-C 01295 SN7 487N
ALUR1 1820-0628 ? IC TTL &4-BIT RAM STAT 6D-NS 0-O 11295 EN7482N
ALUR2 18200543 ? 1 IC CNTR TTL BIN UP/DOWN SYNCHRO 01295 SN74191N
ALUPI 1820-0628 ? IC TTL &4-HBIT RAM STAT 60-NS 0-C 51295 SN74B9N
AHUP4 18200628 ? IC TTL &4-FIT RAM STAT H0-N§ 0-C 01295 GN7 489N
ABUPD 1829-1074 1 IC DRVR TTL NOR QUAD 2-INP 01295 SN74128BN
ALUTE 18201202 7 IC GATE TTL LS NAND TPL 3-INP 01295 SN74LS10N
ALUT7 1820-1199 1 IC INV TTL LS HEX 1-~INP 01295 SN7Z4L504N
ALUTS 1820-1416 9 IC SCHMITT-TRIG TTL LS INV HEX 1-INP 01295 SN74LS14N
ALUI? 1820-1112 8 IC FF TTL LS D-TYPE PDS-EDGE-TRIG 01295 SN74LS74AN
ASUI00 1820-1201 &a IC GATE TTL LS AND QUAD 2~INP 01295 SN74LS08N
ALU10T 1820-1759 9? IC BFR TTL LS NON-INV DCTL 27014 DMB1LS?7N
ALULD2 1820-1112 4 1C FF TTL LS D~TYPE POS-EDGE-TRIG 01295 EN74LS74AN
ALLT103 18201200 1 IC INV TTL L8 HEX 01295 SN74L505N
A6GULD4 1820~1491 & 2 IC BFR TTL LS NON-INV HEX 1-INP 01295 SN74L5367AN
AGLUI0S 1820-1216 3 IC DPCDR TTL LS 3-TO-8-LINE 3-INP 01295 SN74L5138N
AbUL06 1820-1207 2 1 IC GATE TTL LS NAND 8-INP 01295 SN74LS30N
ALU107 1820-1216 3 IC DCDR TTL LS 3-TO-B8-LINE 3-INP 01295 SN74L5138N
ALUL0B 1820~-1199 1 IC INV TTL LS HEX 1-INP 31295 SN74LS504N
ALUI 09 1820-1491 & IC BFR TTL LS NON-INV HEX 1-INP 11295 SN74LS367AN
AsLUL1D0 1820~12164 3 IC DCDR TTL LS 3-TO-B-LINE 3-INP 81295 BN741.8138N
ALUT11 18201216 3 IC DCOR TTL LS 3-TO-B-LINE 3-INP 01295 SN74LS138N
ALULL2 18202024 3 2 IC DRVR TTL LS LINE DRVR OCTL 01295 SN74L9244N
AGUT13 18202024 3 IC DRVR TTL LS LINE DRVR OCTL 01295 SN74L5244N
ALGUL1A 1820-~-2358 [} 1 IC-68EB00 20480 18202358
A&LUL1S 1820-1416 S IC SCHMITT-TRIG TTL LS INV HEX 1-INP 01295 SN74LG14N
ABUL1G 1820~1197 2 IC GATE TTL LS NAND QUAD 2-INP 01295 SN74LS00N
ALUILZ 18208-0661 0 1 IC GATE TTL DR QUAD 2-INP 01295 SN7432N
AbLW 815%-000% 1} WIRE 22AWG W PUC 1X22 80C 28480 a159-800S5
AbW2 B8152-0005 i WIRE 228WG W PVC 1X22 BOC 28480 8159-000%5
ALWI 1251-4787 2 2 SHUNT~DIP B~POSITION 28480 1251 4787
ALWS 8159-0005 0 WIRE 224WG W PVC 1X22 8DC 28480 8159-0005
0160-5186 3 G NETWORK~CAPACITOR 28480 0160-5186
0340-0220 B READS 28480 D340-0220
1238~0141 B8 JUMPER-REM 20480 1258-0141
3050-0082 B WASHER-FL NM NO., 4 ,116-IN-ID ,18B-IN-0OD 28480 3050-0082
8150~0143 9 WIRE 22AWG W/V 300V PVUC 7X30 105C 268480 8150-0143

See introduction to this section for ordering information
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A7 64192-66%907 | S 1 POWER SUPPLY ROARD ASSEMELY 28480 0419266507
(NOT INCLUDING THE SHIELD CASES)
A7C1 0180-107% 3 3 CAPACITOR-FXD 2200 UF 16VDC Al 284840 0180-107%
A7C2 0180~-1075 3 CAPACITOR-FXD 2200 UF 14VDC AL 28480 0180-107%
A7C3 01602055 ? CAPACITOR-FXD 01UF +80-20% 100VDC CER 28480 0160~2055
A7C4 0180-1050 4 CAPACITOR-FXD 100UF 2BVDC 28480 0180-1050
A7CS 01801075 3 CAPACITOR-FXD 2200 UF 16VDC AL 28480 0180~-107%
A7Cs 01180-0291 2 CAPACITOR-FXD 1UF+-~10% 35VDC TA 5628% 156D1 05X035A2
A7C7 01800229 v CAPACITOR-FXD 33UF+-10% 10VDC TA 56289 1500336X201 082
A7C8 0180-2980 1 4 CAPACITOR-FXD 1000UF+-20% 35VDC AL 284810 0180~-2980
A7C9 01803036 0 4 CAPACITOR-FXD 220UF+100-10% 200VDC AL 28480 01806-3034
A7C18 0180~30364 0 CAPACITOR-FXD 220UF+100~10% 200VDC AL 28490 3180-3036
A7C11 018030346 a CAPACITOR~FXD 220UF+100-10% 200VDC AL 28480 0180-30356
a7c12 0180-30836 Q CAPACITOR-FXD 220UF+100-10% 2080VDC AL 284840 0180-3036
A7C13 01801050 4 CAPACITOR-FXD 100UF 28VDC 28489 0180~1050
A7C14 01802980 1 CAPACITOR-FXD 1000UF+-20% 35VDC AL 28480 0180-2980
A7C1S 01800197 a8 2 CAPACITOR-FXD 2,2UF+-10% 20VDC TA G6289 150D22GXF020A2
A7C1S 0160-3969 & 3 CAPACITOR-FXD B15UF +-20PF 250VAC(RMS) 28480 016039269
A7C17 6160-34%56 6 CAPACITOR-FXD 1000PF +—-10% 1KVDC CER 28480 0160-34506
A7C18 0160-34%56 & CAPACITOR~-FXD 1000PF +-10% 1KVDC CER 28480 0160~-3456
AZC19 0160-4834 2 CAPACITOR-FXD .047UF +-10% 100YDC CER 28480 0160-0127
A7C20 01600127 2 CAPACITOR-FXD 1UF +~20% 25VDC CER 28480 0160-0127
A7C21 0180-2980 1 CAPACITOR-FXD 1000UF+-20% 3SVDC AL 284840 0180-2980
A7C22 0180-1050 4 CAPACITOR-FXD 100UF 25VDC 28480 0180~-10%
A7C23 8180-1050 4 CAPACITOR-FXD 100UF 23VDC 28480 0180-1950
A7C24 01603969 & CAPACITOR~FXD .015UF +-20PF 250VAC(RMS) 284480 1160-3769
AZC2S D160-3969 & CAPACITOR-FXD , D15UF +-20PF 250VAC(RHS) 28480 0160-3969%
A7C24 0180-3035 4 4 CAPACITOR~FXD 10UF+100-10% 350VDC AL 28480 6180~-3035
A7C27 0180-3035 9 CAPACITOR-FXD 10UF+100-10% 3S0VDC AL 284810 0180-303%
A7C28 019893035 9 CAPACITOR-FXD 10UF+100-10% 3S0VDC Al 28480 0180-303%
A7LC29 0180-3035 9 CAPACITOR-FXD 10UF+100-10% 350VDC AL 28480 01806-3035
A7C30 01690127 2 CAPACITOR-FXD 1UF +-204 25VDC CER 28480 0160-0127
A7C31 0160-3094 8 2 CAPACITOR-FXD .1UF +-10% 100VDC CER 28480 D160-3094
AT7C32 0180-1704 ] CAPACITOR-FXD 47UF+-10% &6VDC TA 56289 150D476X9006B2
A7C33 3160-3914 1 1 CAPACITOR-FXD ,01UF +-10%Z 100VDC CER 28480 D160-3914
A7C34 0180-1744 5 CAPACITOR-~FXD 15UF+-10% 20VDC TA n6289 150D156X2020R2
A7C3Y 0180-1050 4 CAPACITOR-FXD 1D0UF 25VDC 284890 0180—~1050
A7C36 01602055 9 CAPACITOR-FXD ,01UF +80-20% 100VDC CER 28480 0160-205%
A7C37 0180-2980 1 CAPACITOR~FXD 1000UF+-20% 35VDC AL 28480 0180-2980
A7C38 01600127 2 CAPACITOR-FXD 1UF +-20% 25VDC CER 28480 01600127
A7C39 01160-3094 8 CAPACITOR-FXD .1UF +-108% 100VDC CER 28480 0160-3094
A7CAQ 0160~-0945 2 1 CAPACITOR-FXD 910PF +~5Z 100VUDC MICA 28480 0160-0945
A7CA41 0160-0157 -] 1 CAPACITOR-FXD 4700PF +-10% 200VUDC POLYE 28480 0160-01%7
A7C42 0160-3694 4 1 CAPACITOR~FXD 330PF +-10% 100VDC CER 28480 0160-3694
A7CA3 01806-1704 S CAPACITOR-FXD 47UF+-10X 6VDC TA 56289 150DA76X9006H2
A7CR1 1906-0080 ? 1 DIODE-FW ERDG 600V 10A 28490 1206-0080
A7CR2 19901-109%9 a8 2 DIODE-PWR RECT 40V 1%A DD-4 14713 MER1540
A7CR3 1901-1095 8 DIODE-PWR RECY 40V 154 D0O-4 04713 MBR1540
A7CR4 1902-1217 8 1 DIDDE~-ZNR 6.2V S% DD-4 PD=10W TC=+,035% 28480 1902-1217
A7ZCRY 17202-3059 ] DIODE~-ZNR 3,83V 9% DO-35 PD=,4W 28480 1902-3059
AZCR6& 1901-0028 ] 3 DIODE-PWR RECT 400V 750MA DO-29 28480 1901-0028
A7ZCR7 1902~0041 4 DIDDE~ZNR 5.11V 9% DO-3%5 PD=,4W 28489 19202-8041
A7CRB 1902-1232 7 1 DIODE-ZNR 1N3?97RA 5.6V 5% DO-4 PD=10W 04713 1N3?97RA
A7CRY 1901-10886 7 & DIODE-PWR RECT 50V SA Z00NS 04713 MRB20
A7CR10 1961-108%8 7 DIODE-PWR RECT S0V S5A 200NS§ 04713 MRE20
A7CR11 1981~-0685 7 DIODE-PWR RECT 200V 5A 200NS
A7CR12 1961-0685 7 DIODE~PWR RECT 200V 5A 200NS
A7CR1Z 1901-0685 7 DIODE~PWR RECT 200V 5A 200NS
A7CR14 1701-0685 7 DIODE-PWR RECT 200V 5A 200NS
A7ZCR1S 1901-0662 3 2 DIODE-PWR RECT 160V 6A 04713 MR751
AZCR16 1901-0662 3 DIODE-PWR RECT 100V 6A D4713 MR751
A7CR17 19611065 2 4 DIDDE-PWR RECT 1N4936 400V 1A 200NS 14936 1N4A936
A7CRI18 1901-0025 2 12 DIODE~GEN PRP 100V 200MA DO-7 28480 1201-0025
A7CR19 1901-0025 2 DIODE~GEN PRP 100V 200MA DO~7 28480 1901-0025
AZCR20 1701-0025 2 DIODE-GEN PRP 100V 200MA DO-7 28480 1901-0025
A7CR21 1901-002% 2 DIODE-GEN PRP 100V 200MA DO-7 28480 1901~-0025
A7CR22 1702-0041 4 DIODE-ZNR 5.11V 5% D0-35 PD=.4W 28480 1902-0041
A7CR23 1902-0041 4 DIODE-ZNR 5.11V 5% D035 PD=,4W 28480 1902~0041
A7CR24 1901-0025 2 DIODE~GEN PRP 100V 200MA DD-7 28480 1901-0025
A7CR2S 1901-00629 2 DIODE~GEN PRP 100V 200MA DO-7 28480 1901~6025
A7CR26 1701-0025 2 DIODE~GEN PRP 100V 200WA DO-7 28480 1901-0025
A7CR27 1902~-3256 ? 1 DIODE-ZNR 23.7V 5% DO-35 PD=.4U 284810 1902-3254
A7CR28B 1901-0025 2 DIDDE-GEN PRP 100V 200MA DO-7 2844810 1901-002%
A7CR29 1901-002% 2 DIODE~GEN PRP 100V 200MA DO-7 284810 19201-0025
A7CR30 1901-106% 2 DIODE-PWR RECT 1N4936 400V 1A 200NS 14936 1N4T36

See introduction to this section for ordering information
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A7CR31 1901-1063 2 DIODE-PWR RECT 1N4%3& 400V 1A 20DNS 14934 1N4936&
A7ZCR32 1901-1065 2 DIODE-PWR RECT 1N4936 40OV 1A 200NS 14934 1N4936
A7ZCR33 1906-0006 9 1 DIGDE-FW ERDG 400V 14 27777 VE4B
ATCR34 19010025 2 DIODE-GEN PRP 100V 200MA DO-7 28480 1201-0025
AVCR3S 1901-0025 2 DIODE-GEN PRP 1090V 200MA DO-7 28480 1201-0025
A7CR3G 1902-3171 7 1 DIODE~ZNR 11V 5% DO-35 PD=.4U TC=+,062% 28480 1902-3171
AVCR37 19202-0064 1 I DIODE-ZNR 7.5V 0% DO-35 PD=.4W TC=+,05% 28480 1702-0064
A7CR3B 19010025 2 DIODE~GEN PRP 100V 200Ma DO-7 28480 19201-002%
A7CR39 1901-0025 DIODE-GEN PRP 100V ZOOMA DO-7 28480 1901-0025
AVF1 2110-8304 4 1 FUSE 1.5A 250V TD 1.25X%X.25 UL 28480 2119-0304
AVF2 21100360 2 1 FUSE .7%A 250V TD 1.25X.28 UL 75915 313,750
A7F3 2110-0012 1 i FUSE .SA 250V NTD 1.25X.25 UL 28480 21100012
A7F4 2110-0651 FUSE .5A
A7 1251-3837 1 1 CONNECTOR 4~PIN M UTILITY 28480 12%51-3837
A7J2 1251-4246 8 1 CONNECTOR 3-PIN M POST TYPE 28480 1251-4246
A7J3 1251~-31%96 ) CONNECTOR B-PIM M POSY TYPE 23480 1251-3196
A734 1251-3197 & CONNECTOR 12-PIN M PDST TYPE 28480 1251-3197
A7 1201-3198 7 1 CONNECTOR 15-PIN M PDST TYPE 28480 12513198
A7K1 0490-1312 ? 1 RELAY 1C &6VDC-CDIL 1A 115SVAC
A7L1 21003139 S 4 INDUCTOR 7SUH 13% ,5DX.B73LG 20480 F100-313%
A7L2 214004562 5 1 INDUCTOR 3SSUH 28480 ?140-0462
A7LS 9100-3139 5 INDUCTOR 73UH 135% ,SDX.B70LG 28480 F100-313%
A7L4 ?140-0464 7 1 INDUCTOR 446UH 284810 %2140-0464
A7LS ?140-0465 8 1 INDUCTOR 833UH 20480 9140-0465
A7LE ?100-3139%9 ) INDUCTOR 75UH 15% .5DX,.875LG 28480 7100-3139
Aa7L7 ?100-3139 ] INDUCTOR 78UH 15% ,5DX.875LG 28480 ?100-3139
A7L8 2140-0463 & 1 INDUCTOR 10MH 6% 28480 ?140-0463
A7LY ?140-0210 1 b INDUCTOR RF-CH-MLD 100UH 9% .166DX.305LG 28480 ?140-0210
A7L10 ?140-0171 3 2 INDUCTOR RF-CH~MLD 40UH 18X .296DX.%468LG 284840 ?140-0171
A7L11 F148-0171 3 INDUCTOR RF-CH-MLD 40UH 10% ,296DX.?48LG 284440 ?140-0171
A7Q1 1854-0215 1 TRANSISTOR NPN SI PD=350MW FT=3D0MHZ 04713 2N3904
AVQ2 18530012 4 TRANSISTOR PNP 2N2904A 51 TO-3% PD=600MUW 01295 2N29 044
A7Q3 1854-0215 1 TRANSISTOR NPN SI PD=350MW FT=3DOMHZ 04713 2N3904
A7Q4 18530344 =] 1 TRANSISTOR PNP 2N3876 SI TO-3 PD=1504 04713 2NEB76
A7Q5 1853-0012 4 TRANSISTOR PNP 2N2904A SI TD-39 PD=6D0MW 01295 2N22D4s
A7Q6 1854-0624 [ 2 TRANSISTOR NPN 2Ns3DB ST TO-3 RPD=125U 04713 2N&6308
A7Q7 1854-0624 ) TRANSISTOR NPN 2NA308 SI T0O-3 PD=125W 4713 a2N63E08
A7Q8 1853-0012 4 TRANSISTOR PNP 2PN2904A SI T0-3% PD=600MW 01293 ZN2?04A
A7Q9 1854-0013 7 2 TRANBISTOR NPN 2N2218A SI T0-5 PD=BOOMY 04713 2N2218A
A7Q10 18540389 1] 1 TRANSISTOR NPN 2N4922 SI PD=3D0W FT=3MHIZ 04713 2Na9R2
A7Q11 1854-0215% 1 TRANSISTOR NPN SI PD=350MW FT=300MHZ 04713 2N3704
A7Q12 18540215 1 TRANSISTAOR NPM SI PD=3350MW FT=3ID0MHZ 04713 2NIP04
A7G13 1854-0215 1 TRANSISTOR NPN SI PD=350MU FT=300MHZ 04713 2N3704
A7Q14 18530036 2 TRANGISTOR PRP SI PD=310MW FT=RS0MHZ 28480 1853-0036
A7Q15 1853-0012 4 TRANSISTOR PMP 2N2904A SI TO-39 PD=600MW 41299 2N2704A
A7Q16 18540013 7 TRANSISTOR NPHN 2N2218A SI TD-5 PD=BOOMY 04713 2N22184A
A7 1854-0215 1 TRANSISTOR NPN SI1 PD=350HW FT=300MHZ 04713 2N3904
A7R1 06901541 N4 & RESISTOR 150K 10% 1W CC TC=0+882 01121 GR1G41
A7R2 0696~1541 ? RESISTOR 158X 10% 1W CC TC=D+882 41121 GE1%341
A7R3 08130029 ] 1 RESISTOR 1 3% 3W PW TC=0+-30 213480 0813-0029
A7R4 0699-1058 4 =4 RESISTOR 22 S% 2W PW TC=0+-400
A7ZRS 0699-1058 4 RESISTOR 27 9% 2W PW TC=0+-400
A7R6 0683-1013 7 RESISTOR 10D 5% .25W FC TC=-400/+5D0 bit21 CB1013
A7R7 06B3~1015 7 RESISTOR 100 S% ,25Wd FC TC=-400/+500 01121 CRr1015
A7R8 0683~1025 ? RESISTOR 1K 9% .25W FC TC=-400/+5400 01121 CE1025
A7R? 016B3-4705 8 RESISTOR 47 SX .25W FC TC=-400/+4500 01121 CB4705
AZR10 0683-4705 8 RESISTOR 47 S%Z .25W FC TC=-400/+500 81121 CH4705
A7R11 0757-0399% S 3 RESISTOR 82.5 1% .125W F TC=0+-100 245446 €4-1/8-T0-8B2R5~F
A7R12 06834735 4 RESISTOR 47K 5% .25W FC TC=-400/+800 01121 CB4735
A7R13 06831025 ? RESISTOR 1K 5% ,254 FC TC=-4D0/+800 0ti21 CR102S
A7R14 0757-0401 0 RESISTOR 100 1% ,125W F TC=0+-100 24546 C4-1/8-TO0~101~F
A7R1S 0757-0442 g RESISTOR 10K 1% .125W F TC=0+-100 24546 Ca-1/8-T0-1002-F
A7R16 07570442 9 REGISTOR 10K 1% .12%W F TC=0+~100 24546 C4~1/8-T0-1002-F
A7R17 0683-2225 1 RESISTOR 2.2K 5% .25W FC TC=-400/+700
A7R18 0683-102% 9 RESISTOR 1K 5% ,25W FC TC=-400/+600 01121 CEr1025
A7R19 0683-3325 [ RESISTOR 3.3K 5% .28W FC TC=-400/+700 011231 CB3323
A7R20 06832225 3 RESISTOR 2.2K 5% ,25W FC TC=-4060/+700 01121 CR223%5
A7R21 0683~1035 1 RESISTOR 10K SX .25W FC TC=—400/+700 01121 CB1035
A7R22 0683-1035 1 RESISTOR 10K 5% ,25W FC TC=-400/+780 D1121 CB1D3S
A7RZ23 0683~4715 0 RESISTOR 470 S% .2%W FC TC=-40D0/+400 01121 CB4715
A7R24 0690-1541 ? RESISTOR 156K 10X 1W CC TC=p+882 01121 GB1541
A7R25 06901541 N4 RESISTOR 150K 10X 1W CC TC=0+882 01121 GB1541
A7R26 0683-1025 ? RESISTOR 1K 5% .25W FC TC=-400/+600 01121 CB1025
A7R27 016831005 S 11 RESISTOR 10 S% .2 01121 CE1005
A7R28 0683-2215 1 RESISTOR 220 5% .25W FC TC=-400/+600 0121 CR2215
A7R29 0683-221% 1 RESISTOR 220 SZ ,25W FC TC=-400/+4600 01121 CB2215
A7R30 0757-0401 1] RESISTOR 100 1% ,12%W F TC=0+-100 24546 C4-1/8-T0-101-F

See introduction to this section for ordering information

*Indicates factory

selected value
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Table 6-3
Table 6-3. Replaceable Parts
Reference HP Part |c Q A Mfr
g t Description Mfr Part Number
Designation Number (D Y P Code

AZR 31 0757-0401 Q RESISTOR 1006 1% 1254 F TC=0+-100 24544 C4~-1/8-T0-101~F

A7R 32 07640015 7 1 RESISTOR 540 S% 26 MO TC=0+-200 28480 0764~001%

A7R 33 0683-027% 9 4 RESISTOR 2.7 9% 01121 CR27GS

A7R34 0683-0275 9 RESISTOR 2.7 5% 01121 CRR7GS

AZR3S G683~-0275 V4 RESISTOR 2.7 5% ,25W FC TC=-400/+500 01121 CE27GS

AR 34 0683-2209 ? RESISTOR 22 S% ,2%9W FC TC=-400/+500 01121 CR2205

&47R37 0683-152 4 RESISTOR 1.89K 9% oW FC TC 01121 CR1G29

AZR 3B 0683~-1525 4 RESISTOR 1.9K 5% W FG T 01121 CR1%525

A7R3Y 0683-2219 1 RESISTOR 220 9% .25W FC T 01121 CH2215

A7RAD 0683-1215 9 RESISTOR 120 5% .25W FC T 01121 CR4715

A7R41 0620-1541 9 RESISTOR 150K 10% 1W CC TC s1321 GE1%41

A7TR42 0690~1%41 9 RESISTOR 150K 104 1W CC 01121 GB1541

A7ZR 43 o 5 RESISTOR 11 S% .25W FU TC=400/+500 g1121 CBl00S

A7RA4 2 2 RESISTOR 3.3 5% ,25W FC ~400/+500 01121 CBIXGH

A7RAS 1 RESISTOR 10 S% ,2%W FC TC=-400/+500 01121 CH100%

A7RAL 0683-0335 2 RESISTOR 3.3 O% .25W FC TC=-400/+500 01121 CE3IZLS

AIRAT 06984435 2 1 RESISTOR 2.49K 1% .125W F T +-140 24546 C4-1/8-T0-2491~F

ATR48 01698-0083 2] RESISTOR 1.96K 1% .125W F TC=0+-100 24544 C4=~1/8-TO-1941 -F

A7R4AS 06834745 b 1 RESISTOR 470K S% .2%5W FC TC=-800/+900 61121 CRB4745

A7RS0 0683~102% 9 RESISTOR 1K 5% .29W FC TC=-400/+600 01121 CR102S

A7RS1 0683~102% ? RESISTOR 1K S% .25W FC n1121 CE1025

A7RS2 0683-1025 @ RESISTOR 1K 5% ,25W FC 01121 CE1025

A7RG3 068310235 9 RESISTOR 1K 5% .2%W FC 01121 CR1025

A7R54 0683-1025 3 RESISTOR 1K 5% .25W FC T

AZRDG 06831025 9 RESISTOR 1K 9% .25W FC 01121 CR1029

AZRSEH 01683-1025 ? RESISTOR 1K .285W FC 01121 CR1025

A7RS7 06831029 9 RESISTOR 1K . 25W FC 01121 CE1025

A7ZRSH D683-4725 2 RESISTOR 4.7K S% ] 1121 CR472%

A7RIY 06830275 9 RESISTOR 2.7 S5z .2 061121 CRE7GS

A7R&0 0683-102% ? RESISTOR 1K 5% .25W FC T AD0/+600 01121 CR1025

AVR&E1 0683-1025 9 RESISTOR 1K 9% .2%W FC TC=~400/+400 01121 CR1025

A7RGZ 2100-3211 7 RESISTOR~-TRMR 1K 10% € TOP~ADJ 1~TRN 28480 2100-3211

A7ZRLE t757-0402 1 1 RESISTOR 110 17 .125W ¥ B 24546 C4a-1/8~TO~111-F

A7R64 0683-102% ? RESIGTOR 1K S% . 25W FC T 01121 CRi02%S

ATRES 0757-0401 0 RESISTOR 100 1% .128W F TC=0+-100 245446 C4-1/8-T0-101-F

ATR6E 2100-0567 7 RESISTOR-TRMR 2K 10% C TOP-&DJ 1-TRN

A7REY GPE7-0273 4 1 RESISTOR 3.01K 1% ,125W F TC=0+-100 24546 C4~1/8-T0~3011~F

A7R 68 0683-4725 2 RESISTOR 4.7K 5% .2%W FC TC=-400/+700 41121 CH472S

A7R69 N683-4735 4 RESISTOR 47K S%Z . 28W FC 7C 400/+800 1121 CR473%

AVR70 06831035 1 RESISTOR 10K 5% .25W FC TC=-400/+700 g1121 CR103%

A7R71 0683-1025 9 RESISTOR 1K 9% g1121 CE1029

A7R72 06831025 @ BISTOR 1K S% .28W FC T 01121 CR102%

AVR73 046980085 0 1 RESISTOR 2.61K 1% .12%5W F TC 24546 C4~-1/8-T0-2611~F

A7R74 07570439 4 RESISTOR 6.81K 1% .125W F TC=0+-100 24544 C4~-1/8-T0~6811~F

A7R7S 06832225 3 RESISTOR 2.2K 9% ,25W FC TC=-400/+700 01121 CR222%

A7R7 4 06834725 2 RESISTOR 4.7K 5% ,25W FC TO=-400/+700 01121 CR472%

A7R?7 01683-4725 2 RESISTOR 4.7K 5% ,2%9W FC TC=-400/+700 01121 Cra723%

A7ZR78 0683-102% 9 RESISTOR 1K 5% .2%W FC TC=-400/+600 61121 CB102%

A7R79 0811-1674 RESISTOR 4.7 2W

A7R80 0683-1025 RESISTOR 1K

A7RTI 0839-0247 THERMISTOR 10q

AZRV1 0837-0106 2 2 VARISTOR 284810 0837~0106

A7RV2 0837-0106 2 VARISTOR 28480 0837-0108

A7T1 2100-0889 b 1 28480 ?100-0889

AZT2 04192-61803 | 4 2 TRANSFORMER-PULSE 28480 04192-61803

A7T3 04192-61804 | 5 2 TRANSFORMER-PULSE 28480 04172-61804

A7TAa 0419261803 | 4 TRANSFORMER-PULSE 28480 04192-61803

a7TS 04192-61804 | S TRANSFORMER-PULSE 28480 04192-61804

A7U1 1826-0138 8 IC COMPARATOR GP QUAD 14-DIP-P PKG 01295 LM3IIIN

A7U2 1826~0276 ] 1 IC 78L0%A V RGL.TR TO-92 04713 HC78L05SACP

A7U3 1820-0493 -} 1 IC OP AMP GP B-DIP-P PKG 27014 LMI07N

A7Li4 1990-0663 1 1 OPTO-ISOLATOR LED-PXSTR IF=40MA-MAX 28480 19900663

A7US 1826-0956 ? 1 IC 3524 MODULATOR 16-DIP-C 01295 SG3524N

A7US 18200196 & 1 IC 723 V RGLTR TO-100 04713 MC1723C6
0340-0220 8 BEADS 28480 0340-0220
0380-0744 S5 4 SPACER~RND .093 LG 28480 03800744
03590-00235 0 7 NUT-HEX~PLSTC LKG 6-32-THD .172~IN-THK 284810 0590-0025
1209-0310 2 3 HEAT SINK SGL TO-3-CS 28480 1205~-0310
1400-0482 3 2 CARLE TIE .06é2-3-DIA .14-WD NYL 284810 1400-0482

A7Z20 2110-0269 Q 6 FUSEHOLDER~CLIP TYPE.2SD-FUSE 28480 2110-0269
2190-0008 3 7 WASHER-LK EXT T NO, é& .141-IN-ID 28480 2190-0008
2360-0121 2 7 SCREW~MACH 6-32 ,5~IN-LG PAN-HD-POZI 00000 ORDER BY DESCRIPTION
274000063 ] 4 NUT-HEX~W/LKWR 10~32-THD ,125-IN-THK 000090 ORDER BY DESCRIPTION
3050~0378 S 2 WASHER-FL NM NO. 10 .2-IN-ID .438-IN-0OD 284810 30500378
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Table 6-3. Replaceable Parts

Section VI
Table 6-3

Reference HP Part - \c| o Description Mfr Mfr Part Number
Designation Number (D Code

81%50-0451 2 WIRE Z4AWG Y 300V PUC 7X32 BOC 28480 B150~-0451

04192-01207 | 6 1 HEAT SINK 28480 64192-01207

04192~01208 | 7 1 HEAT SINK 28480 14192-012408
ag 04192-66508 | 6 1 FLOATING POWER SUPPLY/BIAS SUPPLY BOARD 28480 014192-66508

{NOT INCLUDING THE SHIELD CASES)

ABC1 0180~-1083 3 CAPACITOR~FXD 33UF 23VDC AL 28480 ¢180~-1883
ABC2 01801083 3 CAPACITOR-FXD 33UF 25VDC AL 2844990 01B0-1083
ABCE 0180-1083 3 CAPACITOR~FXD 33UF 25VDC AL 28480 01A0~-1083
ABT A 1180~1083 3 CAPACITOR-FXD 33UF 23VDC AL 28481 0180~-1083
ABCS 0180-1083 3 CAPACITOR-FXD 33UF 25VDC AL 204840 G1BD-1083
ABCH 01801083 3 CAPACITOR-FXD 33UF 2GUDL AL 28480 01490~-1083
ABC? 0180-1083 3 CAPACITOR-FXD 3I3UF 25VDC AL 20490 4180-1083
AHCH 0180~1083 3 CAPACITOR~-FXD 33UF 25VDC AL 284840 0180-1083
ABCY 0180-1083 3 CAPACITOR~FXD 33UF 25VDC AL 20480 0180-1083
ABCIC 01801083 3 CAPACITOR-FXD 33UF 2TUDC AL 28481 a1a0~1083
ABC11 0180-1083 3 CAPACITOR-FXD 33UF 25VDC AL 20480 41B0-1083
ABCIZ 0160-0127 2 CAPACITOR-FXD 1UF +-20% Z25VDC CER 28480 8160-0127
ABC1S 0180~-1083 3 CAPACITOR-FXD 33UF 23VDC AL 28484 0180~-1083
ABC14 011604299 7 4 CAPACITOR~FXD 2200PF +-20% 250VDC CER G6R289 COB7F2S1F222M522~CDH
ABC1Y 0180-1083 3 CAPACITOR-FXD 33UF 25UDC AL 28480 01B80-1083
ABCIS 01900121 ] & CAPACITOR-FXD ,1UF +B06-20% SQVUDC CER 28480 1s506-0121
ABC17 0180~1083 3 CAPACITOR-FXD J3UF 25VDC AL 28480 018DH-1083
ABC18 0180-1083 3 CAPACITOR-FXD 33UF 25VDC AL 28480 01180-1083
ABCLY 0180~-1083 3 CAPACITOR-FXD 33UF 25UDC AL 2p480 @180-108B3
ABC20 0180~1083 3 CAPACITOR-FXD 33UF 2SVDC Al 28480 0180-1083
ABC21 0180-1083 3 CAPACITOR-FXD 33UF 2BVDC AL 284810 niBo0-1083
agta2 01806~1083 3 CAPACITOR-FXD 33UF 2SVDC al. 28480 8180-1083
ABC23 01603456 & CAPACITOR~FXD 1008PF +-10% 1KVUDC CER 28480 0160-3454
ABL24 01603455 ] 10 CAPACITOR-FXD 470PF +-10X% 1KVDC CER 28481 N160-3455
ABC25 0160-3455 5 CAPACITOR-FXD 470PF +-10% 1KVDC CER 28480 0160-3455
21311 01602055 k4 CAPACITOR~FXD .01UF +B0~20% 100VDC CER 28480 0160-2035
ABC27? 0180-1083 3 CAPACITOR-FXD 33UF 25VDC AL 20480 01B0-1083
ABC28 0180-1083 3 CAPACITOR~FXD 33UF 2SVUDC al. 28480 a180-1083
ABLC29 0180-1083 3 CAPACITOR-FXD 33UF 25YLC AL 28480 0180-1083
ABC30 3160~3454 4 G CAPACITOR-FXD 220PF +-10% 1KVDC CER 28480 01603454
ABC31 0160-0127 2 CAPACITOR-FXD 1UF +-20% 25VDC CER 28480 011&0-0127
ABLC32 01861083 3 CAPACITOR~FXD 33UF 2GVDC AL 28480 0180-1083
ABC33 B160-42%9 7 CAPACITOR-FXD 2200PF +-20% 250vDC CER 56209 CR67F251F222MS22~CDH
ABC34 0180--1083 3 CAPACITOR-FXD JI3UF 2TVDC AL 28480 0180-1683
ABC3S 0150~-0121 5 CAPACITOR-FXD .1UF +B0-20% S0VUDC CER 28480 0150-0121
ABLC3s 0186~1083 3 CAPACITOR-FXD 33UF 20VDC AL 28480 0180-1083
ABC37 0180-1083 3 CAPACITOR-FXD 33UF 2BVDC AL 28480 0180-1083
ABC3B 01801083 3 CAPACITOR-FXD 33UF 25VDC AL 28480 0180-1083
ABC3Y 0180~1083 3 CAPACITOR-FXD 3I3UF 25VDC AL 28480 a180-1083
ABCA4AD0 0180-1083 3 CAPACITOR-FXD 33UF 25VDC AL 28480 g180-1083
ABCA1 041801083 3 CAPACITOR~FXD 33UF 25VDC AL 28480 0180-1083
ABCA2 0140-3456 ) CAPACITOR-FXD 1000PF +-10% 1KVYDC CER 2B4B0O 0160-345&6
A8Ca3 0160~-3455 G CAPACITOR~-FXD 470PF +-10% 1KVDC CER 28480 0116D0-3455
ABCA4 0160-3455 S CAPACITOR-FXD 478PF +-10% 1XVDC CER 28480 0160-3455
ABC4S 8160~2055 F CAPACITOR-FXD .01UF +80-20% 100VDC CER 28480 0160-2055
ABC4S 0180~-1083 3 CAPACITOR-FXD 33UF 25VDC AL 20480 01B0-1083
ABC4A7 01801083 3 CAPACITOR~-FXD 33UF 25VDC AL 28480 2180~1083
ABCAS 0180~1083 3 CAPACITOR-FXD 33UF 25VDC AL 20480 9180-1083
ABCA? 0160-3454 4 CAPACITOR-FXD 220PF +-10% 1KVDC CER 28480 2160-3454
ABCSO 0160~-0127 2 CAPACITOR-FXD 1UF +-2D0% 25YDC CER 20480 06160~-0127
ABCE1 0180~-1063 3 CAPACITOR-FXD 33UF 25VDC AL 28480 0180~-1083
ABCH2 0160-4299 7 CAPACITOR-FXD 2200PF +-20% 250VDC CER h6289 COA7FaSIFRERMS22-CDH
ABCS3 0180-1083 3 CAPACITOR-FXD 33UF Z25VDC AL 284840 01B0-10B3
ABCS4A 1800121 % CAPACITOR-FXD ,1UF +B0-204 S8YDC CER 28480 §150-0121
ABCSS 0180-1083 3 CAPACITOR-FXD 33UF 25VDC AL 20480 01B8D-10B3
ABCS6 0180-1083 3 CAPACITOR-FXD 33UF 25UDC Al 28480 0180-1083
ABLCS? 01891083 3 CAPACITOR-FXD 33UF 23YDC AL 28480 0180-1083
ARCHS 0180-1083 3 CAPACITDR-FXD 33UF 23VDC AL 28480 0180-1083
ApCsS? 4180-1083 3 CAPACITOR-FXD 33UF 29VDC Al 28480 0180-1083
ABCHD 1180-1083 3 CAPACITOR-FXD 33UF 25VDC AL 28480 0180-1083
ABCH 01603456 [ CAPACITOR-FXD 1800PF +-10% 1KVDC CER 28480 01460-3456
ABCHZ 0160-3454 4 CAPACITOR-FXD 220PF +-10X 1KVDC CER 284890 0140-3454
ABCE3 01 60~-3453 S CAPACITOR-FXD 470PF +-10% 1KYDC CER 28480 01460-3455
ABCHA 01603455 ] CAPACITOR-FXD A70PF +-10% 1KVDC CER 28480 0160-3455
ABCLS 0160-2085 9 CAPACITOR-FXD .01UF +80-20% 100VDC CER 28480 01460-2055
ABCOHE 04180-1083 3 CAPACITOR-FXD 33UF 25VDC AL 28480 0180-1083
ABCH7 0180-1083 3 CAPACITOR-FXD 3JUF 25VDC AL 28489 01806-1083
ABCES 01801081 1 12 CAPACITOR-FXD 47UF 50VDC AL 284840 0180-1081
ABCHY 01603466 8 CAPACITOR-FXD 100PF +-18% 1KVYDC CER 28480 01603466
ABC70 6180-1083 3 CAPACITOR-FXD 33UF 25VDC AL 284810 0190-1083

See introduction to this section for ordering information
*[ndicates factory selected value
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ABC71 0140-0196 1 1 CAPACITOR-FXD 150PF +-5%Z 300VDC MICA
AEC72 0180~-1081 1 CAPACITOR~FXD A47UF S0VUDC AL, 28480 $180-1081
ABC73 0180~1081 1 CAPACITOR-FXD 47UF S0VDC AL 28480 0180-1081
AHC74 8180-1081 1 CAPACITOR-FXD 47UF S0UDC AL 283480 0180~1081
ABCY7S 0180-1081 1 CAPACITOR-FXD 47UF 50UDC AL 28480 0180-1081
ABC76 0180-1081 1 CAPACTITOR-FXD 47UF S0VUDC Al 23480 0186-1081
ABC77 0180-1081 1 CAPACITOR~FXD 47UF S0VUDC AL 283480 0186-1081
AlC78 0180~-1081 1 CAPACITOR~FXD A47UF S0VDC AL 23480 01801081
ABC7? 0160-3455 ] CAPACITOR-FXD 470PF +-10% 1KVDC CER 28480 0160-3455
AEC80 0180-1081 1 CAPACITOR~FXD 47UF S0VDC AL 28480 0180~1081
ABCH1 0160-2055 9 CAPACITOR~-FXD . 01UF +B0-20% 100VUDC CER 28480 0160-2055
ABCB2 01604299 7 CAPACITOR~FXD 2200PF +~207 250VDC CER 26209 CO&67F2D1F222M822-CDH
ABCB3 0180-1083 3 CAPACITOR~FXD 33UF 2TVUDC AL 28480 0180-1083
ARICB4 0160-0127 2 CAPACITOR-FXD 1UF +-20% 25VDL CER 29480 01460-0127
ABCHEYS 0150~-0121 ] CAPACITOR-FXD ,1UF +80-20% S0VDC CER 28480 0150-0121
ABCBH 01500121 5 CAPACITOR-FXD .1UF +80-20% S0VDC CER 28480 015060121
ABCB? 01460-0127 2 CAPACITOR-FXD 1UF +-20% 28VDC CER 28480 0160-0127
AHCE8 01662055 ? CAPACITOR-FXD ,01UF +80-20% 100VDC CER 28480 014602055
ABCBY? 0180-1081 1 CAPACITOR-FXD 47UF S0VDC AL 28480 0180-1081
ABCY0 01603466 g CAPACITOR-FXD 100PF +-10% 1KVDC CER 28480 01603466
ABCY1 0150-0121 ] CAPACITOR-FXD .1UF +80-20%Z 50VDC CER 28480 0150-0121
ABGY2 41861083 3 CAPACITOR-FXD 33UF 28VUDC AL 28480 0180-1683
ABLY3 0180-1083 3 CAPACITOR-FXD J33UF 28VDC AL 28480 3180-1083
ABC4 0180~-1083 3 CAPACITOR~FXD 33UF 23VDC Al. 28480 0180-1083
ABCYS 0180-1083 3 CAPACITOR-FXD J3UF 2EVDC AL 28480 $180-1083
ABCYS 0180~1083 3 CAPACTTOR~FXD 33UF 235VDC Al 28480 0180-1683
ABCYY 0180-1083 3 CAPACITOR-FXD 33UF 28VDC AL 28480 0180-1083
ABC?S 01801083 3 CAPACITOR~-FXD 33UF 25VDC AL 214890 01680-1083
ABLSYY 0180~-1083 3 CAPACITOR-FXD J33UF 28VUDC AL 28480 0180-1083
ABCI00 01801083 3 CAPACITOR-FXD 33UF 23VDC Al 28480 0180~1083
ABC101 0180-1083 3 CAPACITOR~FXD 33UF 28VDC AL 28480 0180~-1083
ABC102 0160~3455 <} CAPACITOR-FXD 470PF +~10% 1KVUDU CER 28480 0160-3455
ABC103 0180~-1083 3 CAPACITOR~FXD 33UF 23VDC AL 284810 0180-1083
ABC104 01801083 3 CAPACTITOR-FXD 33UF 25VDC AL 28480 0180-1083
ABC1035 0160-3455 S CAPACITOR~FXD 470PF +-10% 1KVDC CER 28480 01460-3455
ABCI06 0160~3455 1 CAPACITOR-FXD 470PF +-10% 1KVDC CER 28480 01460-3455
ABC107 01801083 3 CAPACITOR-FXD 33UF 25VDC AL 28480 0180~-1083
A8C108 6180-1083 3 CAPACITOR~FXD 33UF 23VDC Al. 28480 0180-1083
ABC109Y 0160-2055 @ CAPACITOR-FXD . D1UF +80-20% 100VUDC CER 23480 0160-2055
ABC1I10 0180-1083 3 CAPACTTOR-FXD J3UF 25YDC AL 261480 0180-1083
ABC111 0180-1083 3 CAPACITOR-FXD 33UF 28VDC AL 28480 0180-1083
AfC1I12 01604344 3 1 CAPACITOR~FXD &UF +-20%4 75VDC MET-POLYC 28480 0160-4344
ABC113 0180-1083 3 CAPACITOR-FXD 33UF 23BVDC AL 28480 0180-1083
AGC114 0160-2307 4 CAPACITOR-FXD 47PF +~5% 300VDC MICA 28480 0160-2307
ABC11S 0180-1081 1 CAPACITOR-FXD 47UF SOVDC AL 28480 0180-1081
AC114 4i80~-1081 1 CAPACITOR-FXD 47UF S0VDC Al 28480 4180~-1081
ABC117 01700040 9 1 CAPACITOR-FXD , 847UF +-10% 200VDC POLYE 56289 292P47392
ABCI20 8160~2204 1] CAPACITOR~FXD 100PF +-5% 300VDC MICA 28480 0160-2204
ABC121 0180-1083 3 CAPACITOR~FXD 33UF 25VDC AL 28480 0180-1083
ABCIZ2 0180-1083 3 CAPACITOR-FXD 33UF 23ZVDC AL 28480 0180-1083
ABC123 0180-1052 CAPACITOR-FXD 220UF 6.3V
ABCR1 19010050 3 DIODE-SWITCHING 80V 200MA 2NS DO-35 28480 1201-0050
ABCR2 19010050 3 DIODE-~SWITCHING B0V 200MA 2NS DO-395 28480 1901-0050
ABCR3 19010050 3 DIODE~SWITCHING 80V 2d8MA 2NS§ DO-35 28480 1901-0050
ABCRS 1901-0050 3 DIODE-SWITCHING B0V 200MA 2NS DO-35 28480 19201~-00510
AGCRE 1901-0050 3 DIODE~-SWITCHING 80V 206MA 2NS DO-35 28480 1901-0050
ABCRS 19010050 3 DIODE-SWITCHING B0V 200MA 2NS DO-35 28480 1201-0030
ABCRG 1901-0050 3 DIODE~-SWITCHING 80V 200MA 2NS§ DO-335 28480 1901-0050
ABCRY 19810050 3 DIODE~-SWITCHING B0V 200MA 2NS DO-35 28480 19201-0050
ABCR? 19010050 3 DIDDE-SWITCHING 80V 200MA 2NS DO-35 28480 1901-00%50
ABCRE 19010050 3 DIODE-SWITCHING 80V 200MA 2NS D0O-3%5 28480 192010050
ABCRY 1201-6050 3 DIODE-SWITCHING 80V 200MA 2N&§ DO-35 284840 1901-0056
AGCR1D 1901-00%0 3 DIDDE-SWITCHING 80V 200MA 2NS DO-35 284810 1901-0050
ABCR11 1201-0050 3 DIODE-SWITCHING 80V 200MA 2NS DO-35 28480 1201-0050
ABCR12 1201-00%9 3 DIODE-SWITCHING 80V 200MA 2NS§ DO-33 28480 1901~0050
ABCR13 1902-3234 3 4 DIODE-ZNR 1%.6V 5% DO-35 PD=.4W 28480 1902~-3234
ABCR14 1%02~3234 3 DIODE~ZNR 19.86V 5% DO-35 PD=.4W 28480 1902-3234
ABCR15 1902~3234 3 DIDDE~ZNR 19.6V 5% DO-35 PD=,4W 28480 19282-3234
ABCR16 19023234 3 DIODE~ZNR 19.6V 5X DO-35 PD=,4W 28480 1902~3234
ABCR17 1981-0028 9 DIODE~PWR RECT 400V 750MA DD-29 28480 19010028
ASCRIB 1961~0028 5 DIODE-PWR RECT 400V 730MA DO-29 28480 1901-0028
ABCR1? 1201~-0050 3 DIDDE-SWITCHING B0V 200MA 2NS DO-35 28480 1901-0050
ABCR20 1201-0050 3 DIDDE-SWITCHING 80V 200MA 2NS DO-35 28480 1901-0050
ABCR21 1901-0050 3 DIODE~SWITCHING B0V 200MA 2NS DD-3% 28480 1901-0050
AGCR22 1991 ~0050 3 DIDDE-SWITCHING 80V 200MA 2ZNS DO-35 28480 1901-0050
ABCR23 1901-0050 3 DICDE~-SWITCHING 80V 20{IMA 2N§ DOD-35 28480 1901-0050
ABCR24 1201-0050 3 DIODE-SWITCHING 80V 200Ma 2NS DO-35 28480 1901-0050

See introduction to this section for ordering information
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ABCR23 1901-0050 3 DIODE-SWITCHING 80V 200MA 2NS DO-3S 28480 1201-0050
ABCR26 1901-0050 3 DIODE-SWITCHING 80V 200MA& 2NS DO-35 28480 1901-0050
ABCR27 1201-0050 3 DIODE-SWITCHING 80V 200MA 2NS DO-35 28480 1901-0050
ABCRZ8 1901-00590 2 DIODE-SWITCHING BOV 200MA 2N8 DO-35 28480 1901-0050
ABCR29 17201-0050 3 DIODE-SWITCHING 80V 200MA 2N5 DO-35 28480 1901-0050
ABCR30 19010050 3 DIODE~SWITCHING B0V 200MA 2NB DO-35 28480 1901-0050
ABCR31 1901-0050 3 DIODE-SWITCHING 80V 200MA 2NS DO-35 28480 1901-90050
ABCR32 1901~0050 3 DIODE-SWITCHING B0V 200MA 2NS DO-35 28480 19201-0050
ABCR33 1902-0041 DIODE-SWITCHING 50V 500MA 30NS DO-7

ABCR34 1802-0041 DIODE-SWITCHING 50Y 50Q0MA 30NS DQ-7

ABCR37 1902-3036 DIODE-ZNR 3.16Y 5%
ABCR38 1901-0050 DIODE-SWITCHING

A8CR39 1901-0050 DIODE-SWITCHING
ABT1 1200-0607 Q SOCKET-IC 16-CONT DIP DIP-SLDR 28480 12000607
ABJ2 1251-90513 4 COMNECTOR S5-PIN M POST TYPE 28480 1251-0513
ABJI3 12951~-3197 & CONNECTOR 12-PIN ™M POST TYPE 28480 1251-3197
ABT4 1250-0257 1 CONNECTOR-RF S5ME M PC S0-DHM 28480 1250-02%7
ABJS 1251-1636 4 a CONNECTOR-SGL. CONT SKT ,084-IN-BSC-SZ RND 28480 1251-1636
ABJG 1251-1636 4 CONNECTOR-SCGL CONT SKT ,04-IN-~BSC~-SZ RND 20490 1251-1636
asl7 12000541 1 SOCKET~IC 24~CONT DIP DIP-SLDR 284840 1200-0541
ABK1 04901269 4 RELAY 1C 12VDC-COIL .&b6A 30VDC 28490 14?0-1269
ABL1 21400114 4 INDUCTOR RF=CH-~MLD 10UH 10% ,166DX.3B9LG 28480 7140~-0114
ABLR 9140-0098 4 INDUCTOR RF-CH~MLD 2.2UH 10% .1660X.385LG
ABLS 9140-0098 4 INDUCTOR RF-CH-MLD 2.2UH 10% .1660X.385LG
ABL4 ?140-0114 4 INDUCTOR RF-CH-MLD 1QUH 10% ,184DX.38SLG 28480 9140-0114
ABLS 21400114 4 INDUCTOR RF-CH-MLLD 10UH 318% ,166DX.3BSLG 284080 91400114
ABLS fLO0-1629 4 10 INDUCTOR RF-CH-MLD 47UH S% ,1866DX.385L0 28480 P100-1629
ABL7 21001629 4 INDUCTOR RF—-CH-MLD 47UH 5% .16&6DX.385LG 28480 2180~1629
ABLE 2140-0210 1 INDUCTDR RF-CH-MLD 10QUH 5% ,166DX, 3BOLEG 28480 ?140~-0210
ABLY 1400114 4 INDUCTOR RF-CH-MLD 10UH 10% .16&6DX. 3485106 284840 ?2140~0114
ABL1O ?140-0114 4 INDUCTDR RF-CH-MLD 10UH 10% ,166DX,38B5LG 2684810 F140~0114
AL ?140-0114 4 INDUCTOR RF-CH~-MI.D 10UH 10% .16&DX.385L0 28480 ?140~-0114
ABL 12 P100-162% 4 INDUCTEBR RF-CH-MLD 47UK 5% .166DX,3BSLG 26480 2100-162%9
ABL13 1001629 4 INDUCTOR RF-CH~-MIL.D 47UH 5% ,16&DX.3R3LG 28480 F100-1629%
ABL14 ?140-0210 1 INDULTOR RF-CH-MLD 1D0UH 5% ,166DX.3B5LG 28480 2140-0210
ABLIYD ?140-0114 4 INDUCTOR RF~CH-MLD 10UH 10% .166DX.385LG 284890 ?140-0114
ABL16 9140~-0114 4 INDUCTOR RF-CH-MLD 10UH 10% ,166DX,385LG 20480 2140-0114
ABLY7 91400114 4 INDUCTOR RF-CH-MLD 14UH 18% ,164DX,385LG 28480 ?2140-0114
ABL1SB F100-162% 4 INDUCTOR RF-CH-MLD 47UH 5% ,166DX,285LG 28480 ?100-162%
AL ?100--1629 4 INDUCTOR RF-CH-MLD 47UM 5% .166DX,385LG 28480 ?100-1629
ABL20 2140-0210 1 INDUCTOR RF-DH-~MLD 100UH 5% ,146DX,38BSLG 28480 ?140-0210
ABL21 21400114 4 INDUCTOR RF~CH-MLD 10UH 10% .16&4DX.385LC 284840 ?140-0114
ABL22 ?140-0114 4 INDUCTOR RF-CH-MLD 10UH 10Z .16&6DX.385LG 284480 ?140-0114
ABL2Z 1001629 4 INDUCTOR RF-CH-MLD 47UH 9% .1&66DX.3BSLE 2844¢ ?2100~-1429
ABL24 9100~-162% 4 INDUCTOR RF-CH-MLD 47UH 5% 166DX.3BSLG 28480 ?100-162%
ABL2S 21400210 1 INDUCTOR RF-CH-MLD 100UH 5% .166DX.385LC 284840 ?140~-0210
ABLZG ?140-0114 4 INDUCTOR RF-CH-MLD 10UH 1D% ,1&6DX,385L0C 284840 ?140-0114
AuL2Y 21400114 4 INDUCTOR RF-CH-MLD 10UH 10% .166DX.385LC 28486 21400114
ABL2S 2100~1629 4 INDUCTOR RF-CH-MLD 47UH 5% . 166DX.305LG 284810 2100-1629
ABL29 21001629 4 INDUCTOR RF-CH-MLD 47UH %% .1&66DX.385LG 28480 ?100-1629
ABL3D 9140-0210 1 INDUCTOR RF-CH-MLD 100UH 5% .16&6DX.385LG 28480 2140-0210
ABL3L PL40-0114 4 INDUCTOR RF-CH~MIL.D 10UH 10% ,164DX,383LG 28484 7140-0114
ABL32 21060-0860 7 1 COIL-22 UH 5% 2B480 ?100~0880
ABQ1 16854-0547 2 z] TRANSISTOR NPN PN3725 81 TO-5 PD=BOAMW 01295 2N3725
ABRZ2 18540547 2 TRANSISTOR NPN 2N3725 51 TO-5 PD=800MW 01295 2NI72S5
ABRZ 18540019 3 TRANSISTOR NPN S1 TO-18 PD=360MW 284840 1854-0019
ABR4 1853-00110 2 b1 TRANSISTOR PNP SI TO-1B PD=3560MW 28480 1853-00810
ABRS 1854-0547 2 TRANSISTOR NPN 2N3725 81 TO-5 PD=BOOMW 01295 2N3725
ABRS 1854-0547 2 TRANSISTOR NPN 2N3725 51 TO-5 PD=B0IMW 012%5 2N3I725
ABRY 185940019 3 TRANSISTOR NPN SI TO-18 PL=360MW 28480 18540019
ABQB 1853-0010 2 TRANSISTOR PNP ST TO-1B PD=360MU 28480 1853-0010
ABRY 1854-0547 2 TRANSISTOR NPN 2N3725 S1 TO-5 PD=BOOMW 0129% 2N3725
ABRI0 1854-0547 2 TRANSISTOR NPN 2N372%5 SI TO-5 PD=B00MW 01295 2N3725
ABOLL 18540019 3 TRANSISTOR NPN ST TO-18 PL=360MW 284480 1854-0019
ABQR1Z2 1853-0010 2 TRANSISTOR PNP SI TO-18B PD=360MW 28480 1853-0010
ABQL3 18530010 2 TRANSISTOR PNF SI T0-18 PD=360MW 28480 1B53-0010
ABQ14 1854-0547 2 TRANSISTOR NPN 2N3725 S1 TQ-5 PD=BDOMW 01295 2N3725
ABQLY 18540547 e TRANSISTOR NPN 2N3735 SI TO-5 PD=B00MW 041295 ZN3725
ABR1G 18540019 3 TRANSISTOR NPMN SI TO-1B PD=360MW 28400 1854-0019
ABQ1L7 1853-0010 el TRANSISTOR PNP SI TO-18 PD=360MW 284440 1853-0010
ABR1B 1853-0281 K4 1 TRANSISTOR PNP 2N29074 SI TO-18 PD=400HMW B4713 2N2907A
ABQLY 1853-0232 1] 2 TRANSISTOR PNF SI T0~3% PD=1W FT=200MHZ 28480 1853~0232
ABRZ20 1853-0232 0 TRANSISTOR PNP SI TO-39 PD=1W FT=200MHZ 28480 1853-0232
ABR21 1854-0474 4 2 TRANSISTOR NPN SI PD=310MW FT=100MHZ 44713 2NSS51
ABRER2 18954-0271 9 2 TRANSTISTOR NPN S5I TO-39 PD=1W FT=150MHZ 28400 1854~0271
ABRZ23 1854~-0271 ? TRANSISTOR NPN SI T0-39 PD=1W FT=150MHZ 28440 18540271
ABRR4 1853-0080 b 2 TRANSISTOR PNP SI PD=300MW FT=30MHZ 28480 1853-0080
ABGRS 1854~0474 4 TRANSISTOR NPN SI PD=310MW FT=100MHZ 44713 2N5551

See introduction to this section for ordering information
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ABQ26 1853-0080 6 TRANSISTOR PNP SI PD=300MW FT=30MHZ 28480 1853-0080
ABQR27 1855-0091 3 [ TRANSISTOR J-FET N-CHAN D-MODE SI 28480 1855-0091
ABQ28 1855-0091 3 TRANSISTOR J-FET N-CHAN D-MODE SI 28480 1855-0091
ABQ29 1854-0215 TRANSISTOR NPN SI PD=350MW FT=300MHZ
A8Q30 1853-0036 TRANSISTOR PNP SI PD=310MW FT=250MHZ
ABQ33, Q34 1854-0477 TRANSISTOR NPN SI 2N2222A
ABR1 0683-2215 1 RESISTOR 220 5% .25W FC TC=—400/+&00 g1121 Ce2215
ABRZ 1683-3325 [ RESISTOR 3.3K 5% .25W FC TC=-408/+7)0 ai1a1 CB3I325
ABR3 06834725 2 RESISTOR 4.7K S% ,25W FC TC=-400/+700 01121 CEA725
ABR 4 0683-4725 2 RESISTOR 4.7K 5% ,25W FC TC=-400/+70¢ o1121 CE4725
ABRS 0683~100%5 5 RESISTOR 10 5% .25 o112l CE1005
ABRS 0683-100% 5 RESISTOR 10 5% .25 01121
ABR7 0683-3325 6 RESISTOR 3.3K 5% ,25 n1121
ABRS 06832215 1 RESISTOR 220 X .25W FC TC 01121
ABRY 0683-3325 6 RESISTOR 3.3K 5% ,25W FC TC=-400/+700 01121
ABR10 0683-4725 2 RESISTOR 4.7K 5% ,25W FC TC=-400/+700 01121 CEA725
ABR11 0683-4725 2 RESISTOR 4.7K S% .25W FC TC=-480/+700 01121 CE4725
ABR1Z 0683-1005 5 RESISTOR 10 5% .25W FC TC 500 01121 CE1005
ABR13 0683-1005 5 RESISTOR 10 5% .25W FC T 500 01121 CE100%5
ABR14 06833325 & RESISTOR 3.3K 5% ,25W FC TC=-400/+700 01121 CE3325
ABR15S 0683-2215 1 RESISTOR 220 S% .25W FC TC=-400/+600 p1121 CR221E
ABR16 0683-3325 6 RESISTOR 3.3K 5% ,25W FC TC=-4G0/+700 01121 CREZ325
ABR17 0683-4725 2 RESISTOR 4.7K S% .25W FC TC=-400/+700 81121 CR47 25
ABR18 0683-4725 2 RESISTOR 4 .7K 5% .25W FC TC=-400/+700 01121 CRA725
ABR19 0683-100%5 5 RESISTOR 10 5% .25W FC TC=-400/+500 01121 CRIO0S
ABR20 06831035 1 RESISTOR 10K S¥% .25W FC TC=-400/+700 01121 CE1035
ABR21 0683-1035 1 RESISTOR 10K S% .25W FC TC==400/+700 01121 CH1035
ABR22 0683-1005 5 RESISTOR 10 S%Z 254 FC TC= 01121 CB100S
ABR23 0683-3325 6 RESISTOR 3.3K S%Z .25W FC TC=-400/+700 81121 CEIZES
ABR24 06831015 7 RESISTOR 100 5% .25W FC TC=-400/+500 81121 CEL015
ABR2S 0683-4715 [ RESISTOR 470 5% .25W FC TC=-400/+400 n1121 CE471%5
ABR26 06832215 1 RESISTOR 220 S% .25W FC TC=-400/+600 01121
ABR27 0683-3325 & RESISTOR 3.3K S% .25 FC TC=-400/+700 01121 2
ABR28 06832215 1 RESISTOR 220 5% .25W FC TC=-400/+600 61121 CE2R215
ABR29 0683-1005 5 RESISTOR 10 5% .25W FC TC=-400/+500 01121 CE1005
ABR30 06831005 5 RESISTOR 10 5% .25W FC TC=-400/+500 01121 CE1005
ABR31 0683-3325 I3 RESISTOR 3.3K S% .25W FC TL=-400/+700 01121 CBRA2S
ABRIZ 06834725 2 RESISTOR 4.7K 5% .25W FC TC=-400/+700 61121 CRA725
ABR33 06B3-3325 A RESISTOR 3.3K SX% .25W FC TC=-400/4700 01121 CB332%5
ABR34 06831825 7 RESISTOR 1.8K 5% .25W FC TG=~400/+700 g1121 CE1825
ABR3S 06832215 1 RESISTOR 220 5% .25W FC TC=-400/+600 01121 CR2215
ABR36 0683-1035 1 RESISTOR 10K 5% .25W FC TC=-400/+700 01121 CE1035
ABR37 06B3-1015 7 RESISTOR 100 5% .25W FC TC=-400/+500 B1121 CE101S
ABRIB 06831525 4 RESISTOR 1.5K S% .2G5W FC TC=-400/+700 01121 CE1525
ABR39 0683-4705 8 RESISTOR 47 5% .25W FC TC=-400/+500 81121 CEA7DS
ABRAD 0683~6475 1 1 RESISTOR 4.7 5% .25W FC TC=-400/+500 01121 CR47GS
ABR41 0683-6805 3 4 RESISTOR &8 5% .25W FC TC=-400/+500 o1121 CROBOS
ABRA4R2 0683-6805 3 RESISTOR 68 5% 254 FC TC=-400/+500 01121 CR6805
ABR43 0683-1015 7 RESISTOR 100 S% .25W FC TC=-400/+500 01121 CRI01S
ABRA4 01683-1215 9 2 RESISTOR 120 5% .25W FC TC=-400/+600 0121 CRI215
ABRAS 0698-4431 8 2 RESISTOR 2.95K 1% .125W F TC=0+~100 24546 Ca=1/8~T0-2051-F
ABR4& 06834705 8 RESISTOR 47 S% ,25W FC TC=~400/+500 61121 CRA4705
ABR47 0757-0280 3 RESISTOR 1K 1% .125W F TC=0+-100 2454 C4-1/8=T0~1001~F
ASR48 0683-2235 5 RESISTOR 22K 5% .2%4 FC TC=-400/+800 01121 CERR3S
ABR49 06B3-6805 3 RESISTOR 68 5% .25W FC TC=~4D0/+500 01121 CB6BOS
A8RS0 016836805 3 RESISTOR 68 S% .25W FC TC=~400/+500 01121 CE&B05
ABRY1 0683-1045 3 RESISTOR 100K 5% ,25W FC TC=~480/+800 01121 CR1045
ASRI2 0683-1215 ? RESISTOR 120 5% .25W FC TC=-400/+600 81121 CH1215
ABRS3 0683-1045 3 RESISTOR 100K 5% .2%5W FC TC=~400/+800 01121 CE1045
ABRT4 2100-3211 8 2 RESISTOR~TRMR 1K 10% C TOP-ADJ 1-TRN
ABRSS 0698-6943 1 1 RESISTOR 20K .1% .125W F TC=0+-50 28480 0698-6943
ABRSE 0698-4431 [} RESISTOR 2.05K 1% .125W F TC=0+-100 24546 C4-1/8-T0-2051~F
ABRS? 0757-~02890 3 RESISTOR 1K 1% .125W F TC=0+-~100 24548 C4-1/8-T0-1001-F
ABR58 0683-2235 5 RESISTOR 22K 5% .25W FC TC=-400/+809 01121 CR2235
ABRSS 0683-1045 3 RESISTOR 100K 5% .25W FC TC=~400/+800 01121 CB1045
@aBR&D 0698-56320 8 4 RESISTOR 5K .1% .125W F TC=0+-25 03888 PMESS-1/8-T9-5001-R
ABRG1 0757-0346 4 1 RESISTOR 10 1% .125W F TC=0+-100
aBR&2 06831025 9 RESISTOR 1K 5% .2%5W FC TC=-400/+600 01121 CE1025
ABR63 0698-3156 2 RESISTOR 14.7K 1% ,125W F TC=0+-100 24546 C4-1/8-T0~-1472-F
ABR64 06683-1025 9 RESISTOR 1K 5% .25W FC TC=—400/+600 01121 CRH1025
ABRES 06968-3156 2 RESISTOR 14,7K 1X ,125W F TC=0+-100 24544 Ca~1/8-T0-1472-F
ABRGS 0698~6320 8 RESISTOR 5K .1% .125W F TC=0+-25 03888 PMEES-1/8-T9-5001-K
ABRE7 0698~6320 8 RESISTOR 5K 1% ,125W F TC=0+-25 03888 PMESS-1/8-T9-5001-F
ASRES 0698~6320 [} RESISTOR 5K .1% .125W F TC=0+-25 03888 PMESS—1/8-T9-5001-F
ABRES 0683-1015 7 RESISTOR 100 5% ,25W FC TC=-400/+500 01121 CB1015
ABR70 06831535 6 2 RESISTOR 15K 5% .25W FC TC=-400/+800 81121 CB1535
ABR71 2100-3212 8 RESISTOR-TRMR 200 10% C TOP-ADJ 1-TRN 28480 2100-3212
ABR72 0683~1045 3 RESISTOR 100K 5% .25W FC TC=-400/+800 01121 CB1045
ASR73 06831015 7 RESISTOR 100 5% .25W FC TC=-400/+50¢0 01121 CE1015
ABR74 0683~1535 3 RESISTOR 15K 5% .25W FC TC=-400/+800 01121 CE1%535
ABR76 0683-4735 RESTSTOR 47K 5% .25W FC TC=-400/+800
ABR77, R78 0683-1015 RESISTOR 100 5% .25W
ABR79 0683~1025 RESTSTOR 1K 5% .25W
ABR8O 0683~3335 RESISTOR 33K 5% .25W
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AET1 9106~0822 7 TRANSFORMER : PULSE (11307) 28480 9100-0822
ABT2 91000822 7 TRANGF DRMER : PULSE (11307) 28400 9100-9822
ABT3 91000857 & 2 TRANSFDRHER-PULSE 114H1 28480 9100-0857
ABT4 9100-0857 8 TRANSFORMER~PULSE 114H1 28480 9100-0857
ABTS 91000822 7 TRANGFORMER : PULSE (11307) 28480 9100-0822
ABTE 04192-61801 | 2 3 TRANSF ORMER ~PULSE 28480 04192-61801
ABT? 91000855 6 TRANSFORMER-PULSE 11361 28480 91 00-0855
ABTE F100-0855 & TRANSFDRMER~PULSE 11361 28480 $100-0855
ABTY 9100-0822 7 TRANSFORMER : PULGE(11307) 28460 9100-0822
ABT10 0419261801 | 2 TRANSFORMKER -PULSE 28490 14192-61801
ABT11 100~-0855 [ TRANSFDRMER~PULSE 11361 28480 2100-0853
ABTI2 91000855 6 TRANGFORMER~PULSE 11361 28480 9100~0855
ABT13 91900822 7 TRANSFORMER : PUL.SE(11307) 28480 9100-08B2R
ABT14 04192-61801 | 2 TRANGFORMER-PULSE 28480 04192-61801
ABT1S 91000855 6 TRANGFORMER-PULSE 11361 28480 9100-0855
ABT16 91000855 & TRANSFORMER-PULSE 11361 28480 9100-0855
ABT17 9100~0855 4 TRANSFORMER-PULSE 113G1 28480 F100-0855
ABTI8 91000855 & TRANGFORMER~PULSE 11361 20480 ?100~B855
ABT19 91000855 6 TRANSFORMER-PULSE 11361 26480 9100-0855
ABT20 21009822 7 TRANSFORMER ' PULSE(11307) 2B4B0 ?100-0822
ABT21 04192~61802 | 3 1 TRANGFORMER-PULSE 284840 04192-61802
agTR2R 2100~-0855 & TRANSFORMER-PLLSE 11361 28480 91000855
ABT23 210008355 & TRANSFORMER~-PULSE 11361 284890 2100~-0855
ABT24 2100-0855 b TRANSFORMER-PULSE 11361 28480 @100-0895
ABUL 18200567 5 1 IC MY TTL DUAL 04713 HC4B24P
ABUR 1826-0274 3 1 IC 78L15A U RGLTR TO-92 04713 MC7EL1SACP
ABU3 1826~ 0281 2 1 IC V RGLTR TO-92 04713 M 79L1SACP
ABU4 1826-0122 0 1 IC 7805 Y RGLTR Ta-220 07263 7R05UC
ABUS 18201433 & IC SHF-RGTR TTL LS R~5 SERIAL~IN PRL-QUT 01295 SN7ALE164N
ABUG 1820-1433 4 IC SHF-RGTR TTL LS R-% SERIAL-IN PRL-OUT 01295 SN74L.5164N
ABU7 1820-1196 8 IC FF TTL LS D-TYPE POS-EDGE~TRIG COM 01295 SN7ALE174N
ABUS 1820-1196 ] 1€ FF JTL LS D-TYPE POS-EDGE-TRIG COM 01295 GN74LS174N
ABUY 1826~0161 7 4 IC OP AMP GP QUAD 14-DIP-P PKG 04713 MLMIRAP
ABU10O 1826~0161 7 IC OP AMP GP GQUAD 14-DIP-P PKG 04713 .M324P
ABU1L 1826-0161 7 IC 0P AMP P WUAD 14-DIP-P PKG 04713 MLM324P
ABLL2 1826-0161 7 IC 0P AMP GF QUAD 14-DIP-P PKG 44713 HI_M324P
ABU1Z 5080-3848 2 1 IC CONY 12-E-D/A 24-DIP-C PKG RE175 DACOHO-CHI-V
ABUL4 1826-0266 4 IC OP AMP LOW-DRIFT TO-9%9 PKG 06665 QP-05EJ
ABULS 1826-0266 4 1€ 0P AMP LOW-DRIFT T0-99 PKG 06665 0P-05EY
ABULG 1826~ 0033 4 IC DP AMP LOW~DRIFT TO-99 PKG 27014 LMZ08AH
3050-0082 ] WASHER-FL NM MO, 4 .116-IN-ID .188-IN-0D 28480 3050-0082
AP 04192-663509 | 7 1 ANALOG RECORDER OUTPUT BOARD ASSEMBLY 20480 04192-66509
AZC1 01801050 4 CAPACITOR-FXD 100UF 23YDC 28480 0180-18%50
AL 0180-1066 2 2 CAPACITOR, FXD 47 MF AL 28480 1160-1065
A9C3 01B0~1066 2 CAPACITOR, FXD 47 MF AL 28480 0180-1066
AYC4 0160-0127 9 CAPACITOR-FXD 1U 20% 50YDC CER
AvCS 0160-0127 9 CAPACITOR~FXD 1U 20% 50YDC CER
AYCH 0160-0127 9 CAPACITOR-FXD 1U 20% 50YDC CER
A9C7 0160-3847 9 CAPACITOR-FXD . 01UF +100-0% S0VDC CER 28480 0160-3847
A9CE 0160-2009 3 2 CAPACITOR-FXD B2OPF +-5% 300VUDC M1CA 28480 01&0-2009
AvCY 0160~3847 ? CAPAGCITOR-FXD .01UF +100-0% S0VUDC CER 28480 D1460-3847
ASC10 0160-3847 9 CAPACITOR-FXD ,GiUF +100-0% 50VDC CER 28480 0160-3847
AYC1Y 01 60-3847 9 CAPACITOR-FXD .01UF +100-0% S0VUDC CER 28480 B160-3847
A%E12 0160-2009 3 CAPACITOR-FXD B20PF +-S% 300VDC MICA 28480 0160-2009
ATC13 0160-3847 9 CAPACITOR-FXD .01UF +100-0% S0VDE CER 28480 0160-3847
AYC14 0160-3647 9 CAPACITOR-FXD .D1UF +100-0% S0UDC CER 28480 D160-3847
AFCR1 1902-0777 3 1 DIDDE-ZNR 1NBZS 6.2V 5% DO-7 PD=,4U 04713 1N825
AYCR2 1902-0041 4 DIODE~ZNR 5.11V 5% DO-35 PD=.4u 28480 1902-0041
A9JT1 1200-0607 0 SOCKET-IC 16~CONT DIP DIP-SLDR 28480 1200-0607
A9I2 1251-0513 4 CONNECTDR 5~PIN M POST TYPE 28480 1251-0513
A9 12516527 2 CONNECTOR-6-P IN MALE 28480 1251 -6527
A9L1 91400114 4 INDUCTOR RF~CH~MLD 10UH 10% .164DX.385LG 28480 ?140-0114
AgLZ 9140~0129 1 INDUCTOR RF-CH-MLD 220UH 5% .16&6DX.385L6 28480 ?140-0129
AL 91400129 1 INDUCTOR RF~CH-MLD 220UH 5% ,164DX.385LG 38480 7140-0129
AFR1 0683-1025 9 RESISTOR 1K 5% .25W FC TC=-400/+5600 01121 CE1025
AFRZ 06831025 9 RESISTOR 1K 5% .25W FC TC=-400/+4600 01121 CE1025
APR3 01698-3153 9 RESISTOR 3.83K 1% .125W F TC=0+-100 24546 C4-1/8-T0-3931-F
A9R4 07570279 ] RESISTOR 3.16K 1% .125W F TC=0+-160 24546 CA-1/8-T0-3141-F
AFRS 21003211 7 RESISTOR-TRMR 1K 10% C TOP~ADJ 1-TRN 2B4B0 2100-3211
A9RE 21000554 5 3 RESISTOR-TRMR 500 10Z © TOP-ADJ 1-TRN 28480 2100-0554
APRY 0757-0274 5 RESISTOR 1.21K 1% .125W F TC=0+-100 24546 C4-1/8-T0-1211-F
AYRS 0683-1025 9 RESISTOR 1K 5% .25W FC TC=-400/+600 n1121 CE1025
A9RY 0757-0421 4 RESISTOR B25 1% .125W F TC=0+-100 24546 C4-1/B-T0-825R~F
A9R10 06985453 & 5 RESISTOR 900 .1% .125W F TC=0+-50 03888 PMESS T-2-90CR-E

See introduction to this section for ordering information
*Indicates factory selected value
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Section VI Model 4192A
Table 6-3

Tahle 6-3. Replaceable Parts

Reference HP Part |c - Mfr
: . escri frP
Designation Number |D Qty Description Code Mfr Part Number
AR 11 06985453 b RESISTOR 200 ,1X% .125W F TC=0+-50 03088 PMESS T~2-900R~E
APR1IZ 0757-0278 4 RESISTOR 1.78BK 1% .125W F TL=0+4-100 24544 C4-1/8-TD-1781~-F
AYR13 0757-0290 S RESISTOR 6.19K 1% .125W F TC=0+-100 19701 MF4C1/8-TO0~6191~F
AFR14 0683-1039 1 RESISTOR 18K 9% .25W FC TO=-400/+700 01121 CR1035
AYRIS 046£83~1035 1 RESISTOR 10K 5% .25W FC TC=-400/+700 861121 CB1035
AYR16 06831035 1 RESISTOR 10K 5% .25W FC TC=-400/+700 01121 Cr1035
AYRIY 0683-1035 1 REGISTOR 10K 9% .25W FC TC=-400/+700 niiat CR1033
APR18 0757-0421 4 RESISTOR 825 1% ,125W F TC=0+-100 24546 C4-1/8-TO~825R~F
AFR19 046498-5453 b RESISTOR 900 .1% ,125W F TC=0+-50 03888 PHMESS T-2-900R-B
AYR20 0698~5453 I3 RESISTOR 9060 1% ,12%W F TC=0+-50 03888 PMESS T-2-200R~B
AFR21 06985453 [ RESISTOR 900 .1% .125W F TC=0+-50 03888 PMESS T-2-900R-B
AYR22 B6YB-3153 ? RESISTOR 3.83K 1% .12%W F TC=0+4-100 245468 C4-1/8-T0-3831~F
AFR23 0757-027% 0 RESISTOR 3.16K 1% .1258W F TC=0+-100 24544 £4-1/8-T0-3161~F
APR24 2100-3211 7 RESISTOR~TRMR 1K 10% C TOP-ADJ 1-~TRN 28480 2100-3211
ARG 2100-3211 7 RESISTOR-TRMR 1K 10% C TOP-ADJ 1-TRN 284810 2100~-3211
APR2& 0737-0279 0 RESISTOR 3.16K 1% .12%W F TC=0+-100 24546 C4-1/8~T0-3161~F
AYR27 0698-3153 @ RESISTOR 3.83K 1% .125W F TC=0+-100 24544 C4-1/8-T0-3831-F
APR2G 0737~04vn <] RESISTOR &.81K 1% ,125W F TC=0+-100 24546 C4-1/8~Th-6611-F
ATR29 0757-0279 0 RESISTOR 3.16K 1% ,125W F TC=0+-100 24544 C4-1/8~T0-3161-F
A%uUl 1820-1433 b IC SHF-RGTR TTL LS R-§ SERIAL-IN PRL-OUT 01295 SN74L.5164N
ARUZ2 1820~1433 b IC SHF-RGTR TTL LS R-S SERIAL-IN PRL-0OUT 01295 SN741.8164N
AZU3 1820-1730 & IC FF TTL LS D-TYPE POS-EDGE~TRIG COM 01295 SN74LS273N
ATU4 1826-0462 1 3 IC CONV 10-B-D/7A 16-DIP-C PKG 64713 MC3410CL
APUG 18246-0502 0 3 IC SWITCH ANLG RUAD 14-DIP-P PKG 04713 MC14066RCP
ARUL 1826-0522 4 IC OP AaMP QUAD 14-DIP-P PKG 01295 TLO74CN
APU7 1820-1433 6 IC SHF-RGTR TTL LS R~% SERIAL-IN PRL-OUT 01295 BN74LS1 64N
ARUB 1826-0138 8 IC COMPARATOR GP QUAD 14-DIP-P PKG 01295 LM33PN
ARUY 1820~1433 b IC SHF-RGTR TTL LS R-8 SERIAL-IN PRL-DUT 01295 SN74L51 64N
APU10 18201730 b IC FF TTL LS D-TYPE POS-EDGE-TRIG COM 01295 SN74L.S273N
AUl 1 1826-0462 1 IC CONV 10-B-D/A 16-DIP-C PKG 04713 MC3410CL
ARUI2 1826~0462 1 IC CONV 10~B-D/A 146-DIP-C PKG 04713 MC3410CL
Al 0419266510 | 0 BATTERY AND CHARGER BOARD ASSEMBLY 26480 04192-66510
ALORT1 1420-0126 4 2 BATTERY-NI-CD 284890 1420~-0126
ATORT2 1420~-0126 4 BATTERY-~NI~CD 28480 1420-0126
A10R1 066831025 @ RESISTOR 1K 9% .25W FC TC=-~400/+600 01121 CR1025
14000493 &6 1 CAERLE TIE 28480 1400-0493
A1l 04192-66%11 | 1 1 PROCESS AMPLIFIER BOARD ASSEMBLY 28480 04192-66511
(NOT INCLUDING THE SHIELD CASES}
A11C1 01801083 3 CAPACITOR-FXD 33UF 25VDC AL 28480 2180-1083
Al1C2 0180~1083 3 CAPACITOR-FXD 33UF 235VDC AL 28480 0180~-1083
A11C3 0180-0291 3 CAPACITOR~FXD 1UF+-10% 35VDC TA 56289 150D108X920354A2
Al1C4 0160-4835 a8 CAPACITOR-FXD .1UF 10% 50vDC CER
ALICS 0160-4835 8 CAPACITOR-FXD .1UF 10% 50VDC CER
Al1Cs 0180-1089 L] CAPACITOR-FXD 4.7UF 16VDC TA 2684890 8180~-108%
AliIC7? 0180-1083 3 CAPACITOR~FXD 33UF 25VDC AL 28480 0180-1083
Al11C8 0180-108% S CAPACITOR~FXD 4.7UF 14VUDC TA 284890 0180-1085
AlICY 0180~108%5 5 CAPACITOR-FXD 4.7UF 16VDC TaA 28480 0180-1085
ATICID 0180~1085 G CAPACITOR~FXD 4.7UF 14VDC TA 28480 0180~-108%5
AlIC11 0160-2241 ] CAPACITOR-FXD 2.2PF +-,28PF S00VDC CER 28480 0160-2241
AliC12 01801085 G CAPACITOR-FXD 4.7UF 16VDC TA 28480 01801089
A11C13 0160-4835 8 CAPACITOR-FXP .1UF 10% 50VDC CER
A11C14 0160-4335 a CAPACITOR-FXD .1UF 10% 50VDC CER
A11C15 0160-2234 & CAPACITOR-FXD .51PF +—-,25PF S00VDC CER 28480 0160-2234
All1C14 0160-4835 8 CAPACITOR-FXD .1UF 10% 50VDC CER
A11C17 0160-4835 8 CAPACITOR-FXD .1UF 10% 50VDC CER
AliC18 0160-2265 3 CAPACITOR-FXD 22PF +-~5% S00VDC CER 0+-30 28480 01602265
A11C19 0160-5138 ] 2 CAPACITOR~FXD 0.4022UF 284840 0160-5138
Al11C20 01602241 5 CAPACITOR~FXD 2.2PF +-,25PF S00UDC CER 28480 01602241
A11C21 0160-4835 8 CAPACITOR-FXD .1UF 10% 50vDC CER
Alica2z 0180-~1083 3 CAPACITOR~FXD 33UF 2SVDC Al 28480 0180-1083
A11C23 0180-1083 3 CAPACITOR~FXD 33UF 25VDC AL 28480 0180-19083
A11C24 0160-4835 8 CAPACITOR~FXD ,1UF 10% 50VDC CER
A11C2Y 0160-4835 8 CAPACITOR~FXD .1UF 10% 50VDC CER
AliC2s 0160-2253 9 CAPACITOR-FXD &.8PF +-.25PF S500VUDC CER 2848190 01602253
A11C27 0160-2253 9 CAPACITOR-FXD &.8PF +~-,25PF S500VDC CER 28480 0160-2253
A11C28 0160-2265 3 CAPACITOR~FXD 22PF +~5% S00VDC CER 0+-30 28480 014602265
A11C29 0160-2234 [ CAPACITOR-FXD .S1PF +-.25PF 5S00VDC CER 28480 0160-2234
AT1C30 01602222 2 CAPACITOR~FXD 15S00PF +-5% 300VDC MICA 28480 01460-2222
A11C31 0160-0161 4 4 CAPACITOR-FXD . 01UF +-10% 200VDC POLYE 28480 0160~0161
A11C32 0121-0131 b CAPACITOR~-V TRMR-AIR 1 .%~4PF 350V PC-MTG 74970 189-0%901-0286
A11C33 0150-0059 8 7 CAPACITOR-FXD 3.3PF +-.25PF S500VDC CER 28480 0150~0059
AL1C34 0180-108% 1<) CAPACITOR-FXD 4,7UF 1&VDC TA 28480 £180-1085
A11C35 0160-3466 8 CAPACITOR-FXD 100PF +-10X% 1KVDC CER 284810 0160-3466

See introduction to this section for ordering information
*Indicates factory selected value
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AL1C36 0160-3456 & CAPACITOR-FXD 1DDOPF +-10%Z 1KVDC CER 28480 0160-3456
A11C37 0160-4835 8 CAPACITOR-FXD ,1UF 10% 650VDC CER
Al11C38 0180-1083 3 CAPACITOR-FXD 33UF 23VDC AL 28480 0180-1083
A11C3? 0160-2234 & CAPACITOUR~FXD ,S51PF +-,25PF S00VDC CER 28480 01602234
A11C40 0150-005% 8 CAPACITOR~-FXD 3.3PF +-,25PF S00VUDC CER 28480 0150-005%
A11C41y 0160-0161 4 CAPACITOR~-FXD .01UF +-10X 200vVDC POLYE 284890 01460-0161
Al11CA2 0180-1083 3 CAPACITOR-FXD 33UF 25VDC AL 28480 0180-1083
A11C43 0160-4835 8 CAPACITOR~FXD ,1UF 103 50V¥DC CER
A11C44 0160-4835 B8 CAPACITOR-FXD .1UF 10% 50VDC CER
A11C45 0150-0059 B CAPACITOR~FXD 3.3PF +-.25PF S00VDC CER 28480 0150-0059
AlLCAS 0160-3454 4 CAPACITOR-FXD 220PF +-10% 1KVDC CER 28480 01160-3454
A11C47 0160-3454 4 CAPACITOR-FXD R220PF +-10% 1KVDC CER 28480 0160-3454
A11Ca8 0180~1085 5 CAPACITOR~FXD 4.7UF 1&UDC TA 28480 0180-1885
A11C49 0160-3094 B8 CAPACITOR-FXD .(1UF =10% 50vDC CER
AT1CS0 0140~0127 2 CAPACITOR-FXD 1UF +-20% 25VDC CER 28480 D160-0127
A11CS1 0160-5140 b4 a CAPACITOR-FXD 2.2 UF 2% 284B0 0160-5140
A11CS2 0121-0162 3 1 CAPACITOR-V TRMR-AIR 1.2-3.5PF 350V 08590 10-1326-25604-919
A11C53 0160-4835 8 CAPACITOR-FXD .1UF 10% 50YDC CER
A11CS4 0160-4835 8 CAPACITOR~FXD .1UF 10% 50VDC CER
A110SS 0160-2253 2 CAPACITOR-FXD &.BPF +-.25PF S00VDC CER 2084840 0160-2253
A11CSé 01460-2253 7 CAPACITOR~FXD 6.8PF +-,25PF 500VDC CER 28480 116902253
A11057 0160-2265 3 CAPACITOR-FXD 22PF +-5% S00VDC CER 0+4-30 28480 0160-2265
A11C58 0160-2265 3 CAPACITOR-FXD 22PF +-5% S00VUDC CER 0+-3¢ 28480 01602265
A11C59 0160-2218 & 1 CAPACITOR-FXD 1000PF +-5¥% IDGVDL MICA 28480 0160-2218
A11C60 0140-0190 7 1 CAPACITOR-FXD 3PPF +-5% 300VDT MICA 72136 DMISEIPCI0IVOWVICR
A11C61 0160-4835 B CAPACITOR-FXD .1UF 10% 50VDC CER
Al1Ce2 0160-4835 8 CAPACITOR~FXD .1UF 10% 50VDC CER
Al11063 0180-1083 3 CAPACITOR-FXD 33UF 25VDC AL 28480 D180-1083
Al1Cs4 0121-0061 1 3 CAPACITOR~-V TRMR~CER §.5-18PF 330V 52763 304322 S5.5/18PF NPD
A11CeE 0180~-1085 ) CAPACITOR-FXD 4.7UF 16VDC TA 284810 4190-108%5
AliCHE 0160-2241 S CAPACITOR-FXDP 2.2PF +-,25PF S00VDC CER 28480 01460~-2241
AT1CHKY 0180-1085 S CAPACITOR-FXD 4,7UF 16UDC TA 28480 6180-1085
A11CAB 0160-4835 8 CAPACITOR-FXD .1UF 10% 50YDC CER
A11CHT 0160-4835 B8 CAPACITOR-FXD .1UF 10% 50YDC CER
ATIC70 0180-1085 S CAPACITOR-FXD 4.7UF 1&VDC TA 20480 0180-1085
A11C71 0121-0061 1 CAPACITOR~Y TRMR-CER 5.595-18PF 350¢ 527643 304322 5.5/18BPF NPO
Al1C72 01500059 a CAPACITOR-FXD 3.3PF +-,25PF 500VDC CER 28480 01500059
A11C73 01600161 4 CAPACITOR-FXD ,01UF +-10% 200UDC POLYE 28480 D160-0161
AllCc74 0121-0061 1 CAPACITOR~V TRMR-CER 5.5-1BPF 350V 52763 304322 5.5/18PF NPO
A11C75 0150~-0059 a CAPACITOR-FXD 3.3PF +-.R25PF S00VDC CER 28480 01500059
ALIC76 01460-5138 S CAPACITAR-~FXD 0.G22UF 28440 8160-5138
A1IC77 01500059 8 CAPACITOR~FXD 3.3PF +-,25PF S00VDC CER 28480 0150-0059
Al11C78 0160~-2241 I3 CAPACITOR-FXD 2.2PF +-,25PF S500VDC CER 28480 0160~2241
A11C79 0160-4835 8 CAPACITOR-FXD .I1UF 10% 50VDC CER
A11C80 0150~0059 8 CAPACITOR~FXD 3.3PF +-, 28PF S500UDC CER 28480 1500059
Alicel 0180-108% S CAPACITOR-FXD 4.7UF 16VUDC TA 28480 0180~-1085
A11C82 0160~3466 a CAPACITOR-FXD 100PF +-10% 1KVDC CER 28480 0160-3466
A11C8B3 0160-34%56 & CAPACITOR~FXD 1000PF +-10%Z 1KVYDC CER 28380 01603456
A11C84 0160-4835 8 CAPACITOR-FXDL .1UF 10% S0VYDC CER
AL1C8S 01801083 3 CAPACITOR~FXD 33UF 25VDC AL 28480 0180-1083
Al1C8s 0180-1083 3 CAPACTITOR-FXD 33UF 23VDC AL 28480 0180~-1083
A11C87 0160-2306 3 1 CAPACITOR~FXD R27PF +-5% 300VDC MICA 28480 0160-2306
A11CE8 0140-0191 8 CAPACITOR-FXD S&FF +-5% 300VDC MICA 72136 DM1SESA0T03D0WVICR
A11C89 0160-4835 8 CAPACITOR-FXD .1UF 10% S0VYDC CER
AL1CP0 0160-4835 a CAPACITOR~FXD .1UF 10% 50VYDC CER
A11C91 1160-4835 8 CAPACITOR-FXD 1UF 10% 50VDC CER
~11C92 0160-4835 8 CAPACITOR~FXD .1UF 10% 50VDC CER
A11C93 0160-0161 4 CAPACITOR-FXD ,01UF +-10% 2DOVDC POLYE 28480 0160-0161
A11C94 0180--108% 5 CAPACITOR-FXD 4.7UF 16YDC TA 284B0 0180~10B3
AT1CYS 0160-3094 a8 CAPACITOR-FXD .1UF *10% 50VDC CER
A11CT6 01600127 2 CAPACITOR-FXD 1UF +-20X% 2GVDC CER 28480 0160-0127
Al11c9e7 0160-5140 ? CAPACITOR-FXD 2.2 UF 2% 28480 0160-5140
Al11C98 0160-4835 8 CAPADITOR~FXD .1U¥ 10% 50VDC CER
AT1C9Y 0180-108% 5 CAPACITOR-FXD 4.7UF 16VUDC TA 28480 31B0-108S
Al1C100 0180-0197 =] CAPACITOR-FXD 2.2UF+-10% 20VDC Ta 56289 150DR25XP020A2
AlLIC1I01 0180-1083 3 CAPACITDR~FXD 33UF 2%VDC AL 284810 g1B0-10B3
AL1C102 01801083 3 CAPACITOR-FXD 33UF 2SVDC AL 28480 01180-1483
A11C103 6180-1083 3 CAPACITOR-FXD 3I3UF 25VDC AL 28480 0180-1083
Al1C104 01801083 3 CAPACITOR-FXD 33UF 25VDC AL 28480 0186-1083
A11C103 0160-3466 ] CAPACITOR-FXD 100PF +-10% 1KVDC CER 28480 0160-3466
Al1C106 0160-3466 8 CAPACITOR~-FXD 100PF +-10%Z 1KVDC CER 268480 D160-34466
A11C107 0160-3466 8 CAPACITOR-FXD 100PF +-310% 1KVDC CER 28480 0160-34466
Al1C108 01603466 8 CAPACITOR-FXD 100PF +-10% 1KYDC CER 28480 0160~3466
Al11C109 0160-3466 8 CAPACITOR-FXD 100PF +-10% 1KVDC CER 284890 0160-3466
ALICI10 016034866 a CAPACITOR-FXD 100PF +-10% 1KVDC CER 28480 01460-34466
ATICI1Y 0160-3464 8 CAPACITOR-FXD 100PF +-10% 1KVUDC CER 28480 0160~3466

See introduction to this section for ardering information
*Indicates factory selected value
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A11CR1 1901-0050 3 DIDDE-SWITCHING B0V 200MA 2NS DO-3% 28480 1901-00%0
AT1CR2 1902~0064 1 DIODE-ZNR 7.5V 5% D0O-35 PD=,4W TO=+, 05% 28480 1902-0064
A11CR3 1902-0064 1 DIDDE-ZNR 7.5V 5% D0-35 PD=,4W TC=+,08% 28480 1902-0064
A11CRA 1902-3059 0 DIODE-ZNR 3,83V 9% DO-335 PD=,4Y 28480 19023059
AT1CRS 19010050 3 DIODE~SWITCHING 80V 200MA 2N8 DO-35 284810 1901-0050
ALTICRE 19010050 3 DIODE~-SWITCHING 80V 200Ma 2NS§ DO-35 28480 1901-0050
A11CR7 19010376 & DIODE-GEN PRP 35V S0MA DO-35 28480 1901-0376
A11CRE8 1901~0030 3 DIODE-SWITCHING 80V 200Ma 2NS DO-35 28480 19061-0050
A11CR? 1902~-3037 4 2 DIODE~ZNR 3.16Y 2% DD-7 PD=.4W TC=-,064% 28480 1902-3037
A11CR10 19010376 &6 DIODE-GEN PRP 35V SOMA DO~35 28480 1901-0374&
A11CR11 1981-0376 b DIODE~GEN PRP 3%V S0MaA DD-35 26480 1901-0376
AlICR1Z 19010050 3 DIODE-SWITCHING 80V 200MA 2NS D033 28480 19201-0050
A11CR13 19202-3059 0 DIDDE~ZNR 3.83v 5% DD-35 PD=,4Y 284890 1982-3059
AJICR14 1901-00%50 3 DIODE-SWITCHING 80V 200MA 2NS DO-35 28480 1901-0050
AT1CRIE 19201~0050 3 DIODE~SWITCHING B0V 200MA 2N§ DO-33 28480 1901-0050
A11CR16 1901-0050 3 DICDE~SWITCHING 80V 200MA 2N§ DO-35 28480 1901-00%50
A11CR17 1902-3059 f DIODE~ZNR 3,83y 5% DO-35 PD=,4W 284810 1902-305%
AlICRIB 19201~-0050 3 DIODE-SWITCHING 80V 200MA 2NS DO-35 28480 19010050
ALICR1? 1901-0050 3 DIDDE~-SWITCHING 80V 200MA 2NG DD-35 28480 1901-00%0
A11CR20 1901-0376 b DIODE~GEN PRP 3%V S0MA DD-35 28480 19201-0376
ATICR21 1901-0050 3 DIODE~SWITCHING B0V 200MA 2NS DO-35 284810 1901-00%50
A11CR22 1902~-3037 4 DIODE~ZNR 3,16V 2% DO-7 PD=.4W TU=-,064% 28480 19023637
A11CR23 1901-0376 & DIODE-GEN PRP 35V SOMA DO-3G 28480 1901-0376
A11CR24 1901-0376 & DIODE~GEN PRP 35V G0MA DO-35 28480 19201-0376
A11CR2T 1901-0050 3 DIODE-SWITCHING 80V 200MA 2NS DD-35 28480 1901-00350
AL11CR26 1902~3059 1] DIDDE-ZNR 3,83V GX% DO-35 PD=, AW 28480 1902-30G9
A11CR27 1961-0050 3 DIODDE-SWITCHING 80V 200MaA 2NS DO-35 284890 1901~-0050
AT1CR28~CR31 1901-0050 DIQODE-SWITCHING 80V 200MA 2NS DO-35 28480 1901-0050
ALt 1281-4822 & CONNECTOR 3-PIN M POST TYPE 28480 12514822
Al11J2 1251-0513 4 CONNECTOR 5-PIN M POST TYPE 28480 1251-0513
Al1J3 1290~0257 1 CONNECTOR-RF SME M PC S0-0OHM 28480 1256~0257
Aal1J4 1200~-9607 ] SOCKET-IC 16-CONT DIP DIP-SLDR 28480 1200-0607
AL1T6 12500257 1 CONNECTOR-RF SMR M PC 50-0HM 28480 125002597
AL1T7 1200-0607 0 SOCKET-IC 16~CONT DIP DIP-SLDR 28480 1200-0607
Al1J8 12000541 1 GOCKET-IC 24-CONT DIP DIP-SLDR 28480 1200-0541
A11TYS 1251-%066 2 1 CONNECTOR 2-PIN M METRIC PDST TYPE 28480 1251-5066
Al1T11 1251-4%938 ] CONNECTOR 3-PIN M METRIC POST TYPE 28480 12%1-4938
Al1J12 1250-0257 1 CONNECTOR-RF SMB M PC S0-0HM 284810 1250-0287
Al11J13 1200~-0407 ) SOCKET-I0 16—-CONT DIP DIP-SLDR 28480 1200-0607
A11T14 1200-07%6 8 2 SOCKET-IC 8-CONT DIP DIP-SGLDR 28480 1200-07%96
AL1I1S 12000638 7 SOCKET-IC 14-CONT DIP DIP-SLDR 28480 1200-0638
A11T16 1200-0796 8 SOCKET-IC 8~CONT DIP DIP-SLDR 28480 1200-0796
AL1T17 1200-0638 7 SOCKET-IT 14~CONT DIP DIP-SLDR 28480 1200-0638
A11K1 0490-1268 3 2 RELAY-REED 2C 108MA 28UDC 12VUDC-COIL 4VA 284840 04%20-12468
Al1K2 04901268 3 RELAY-REED 2C 100MA 28VUDC 12VDC~-COIL 4VA 28480 0490-1268
ATILY ?140~-012%9 1 INDUCTOR RF-CH-MLD 220UH 5% .166DX,3851.06 284810 9140-0129
Al1L2 91400129 1 INDUCTOR RF-CH-MLLD 220UH 5% .166DX, 385LG 28480 21400129
A11L3 91400129 1 INDUCTOR RF-CH-MLD 220UH 5% .166DX, 385G 28480 2140~-0129
AllL4 91400098 3 INDUCTOR RF-CH-MLD 2.2UH 10% 28480 9140-0090
ATILS 9140-0098 3 INDUCTOR RF-CH-MLD 2.2UH 10% 28480 2140-0098
ATILS 21400098 3 INDUCTOR RF-CH-MLD 2.2UH 10% »8480 2140-0099
A11L7 9140-0698 3 INDUCTOR RF-CH-MLD 2.2UH 10% 28480 9140-0098
A11L8 9140-0129 1 INDUCTOR RF-CH-MLD 220UH 5% ,166DX.385.06 28480 F140-0129%
AL1LY 9140~012% 1 INDUCTOR RF-CH-MLD 220UH 9% .166DX.385LG 28480 2140-0129
A11L10 21400129 1 INDUCTOR RF-CH-MLD 220UH 9% .1646DX,385L0 28480 91400129
AT1IL11 2140~0129 1 INDUCTOR RF-CH-MLD 220UH 5% .1646DX,385LC 28480 F140-0129
AL1LIR 2140~0129 1 INDUCTOR RF-CH-MLD 220UH 5% ,166DX.385LG 28480 21400129
ATIL13 2140~0129 1 INDUCTOR RF-CH-MLD 220UH 5% .166DX.385LG 28480 F140-012%
AliL14 ?140~0112 2 2 INDUCTOR RF-CH-MLD 4,7UH 10% 28480 9140-0112
Al111L15 21400112 2 INDUCTOR RF-CH-MLD 4,7UH 10% 28480 ?140-0112
ATLLLS ?140~0129 1 INDUCTOR RF-CH-#¥L.D 220UH 8% ,166DX. 3856 28480 2140~0129
AT1L17 21400129 1 INDUCTOR RF-CH-MLD 220UH 5% .1646DX.385LC 28480 ?140-0129
AlILISB 21400129 1 INDUCTOR RF-CH-MLD 220UH 5% . 166DX.335LG 28480 2140-0129
A11Q1 1854-0215 1 TRANSISTOR NPN SI PD=350MW FT=300MHZ 04713 2N39204

A11Q2 18530036 2 TRANSISTOR PNP SI PD=310MW FT=230MHZ 20480 1853-0036
A1183 1893-0354 7 TRANSISTOR PNP 81 T0-92 PD=350MW 28480 1853-~03%4
A11Q4 183530354 7 TRANSISTOR PNP ST TO-92 PD=350MW 28480 18530354
A114Q5 1855-0091 3 TRANSISTOR J~FET N-CHAN D~-MODE ST 28480 1855-0091
A11Q6 1853-0036 2 TRANSISTOR PNP ST PD=310MW FT=250MHZ 28480 18530038
A1187 1855-012%5 4 TRANSISTOR~FET 28K185 26480 1855-0125
A1168 18540129 & TRANGISTOR~NPN 25C14636 28480 18%4~-0129
A11Q9 1854-0129 & TRANSISTOR-NPN 28L1636 28480 1854-0129
A11G10 1854-0129 6 TRANSISTOR-NPN 28C1636 28480 1854-0129
A11IR11 1855~012% 4 TRANSISTOR-FET 25K18%5 284810 1855-012%
AllQiz 1853-0354 7 TRANGISTOR PNP ST TO-92 PD=350MW 28480 1853 -03%54
A11G13 1855-0091 3 TRANSISTOR J-FET N~CHAN D-MODE S8I 28480 185%5-0091
A11Q14 185%5~012%5 4 TRANSISTOR~FET 2SK185 28480 1855-0125
AL1R1S 18%3-0036 2 TRANSISTOR PNP SI PD=310MW FT=250MHZ 284810 1853-0036
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Section VI
Table 6-3

Reference HP Part | ¢ Qty Description Mir Mfr Part Number
Designation Number (D Code
Al11Q14 1855-0125 o TRANSISTOR-FET 28KiBS 28480 1855-0125
A11Q17 18530354 7 TRANSISTOR PNP 81 TO-92 PD=300MW 28480 1853-0354
A11Q18 1833-0354 7 TRANGISTOR PNP SI TO-72 PD=350MW 28480 1853-0354
A11Q19 18550091 3 TRANSISTOR J-FET M~CHAN D-MUDE SI 2B480 1855-0071
A11Q20 1855-0125 4 TRANSISTOR-FET 2SK18% 28480 1835-0125
Alig21 1853~-0354 7 TRANSISTOR PNP ST TD-92 PD=3G0MW 28480 18530354
Al1Q22 18550091 3 TRANSISTOR J-FET N-CHAN D-MODE SI 28480 1855~0091
A11Q23 1853-0036 2 TRANSISTOR PNP ST PD=310MW FT=250MHZ 28480 1853~00364
A11Q24 18530036 2 TRANSISTOR PNP SI PD=310M4 FT=250MHZ 28480 1853-0034
A11G25 1856G-0125 4 TRANSISTOR-FET 28K18%5 28480 1855-0125
Al1Q26 1855-0125 4 TRANSISTOR-FET 28K1835 28480 1855-0125
A11R1 01698-3438 3 RESISTOR 147 1% ,125W F TC=0+-100 24546 C4-1/8-T0-147R~F
A11R2 06983440 7 7 RESISTOR 196 1% .125W F TC=D+-100 24544 CA~1/8-T0-196R-F
AL1IR3 07570442 ? RESISTOR 10K 1% ,125W F TC=0+-100 R4TA46 Ca-1/8-T0-1002~F
A11R4 0737-0199 3 RESISTOR 21.9K 1% .128W F TC=0+-100 24546 Ca-1/8-T0-2152-F
A11IRS 06980084 ? RESISTOR 2.15K 1% ,125W F TC=0+-100 24546 C4~-1/8-T0-2151-F
A11Ré 0757-0419 0 RESISYOR 6Bl 1% .12GW F TC=D+-10D 24346 CA4-1/8-T0-681R-F
ATIRY 0757-0419 o RESISTOR 4B1 1% ,125W F TC=0+-100 24546 C4-1/8-TO0~4B81R~F
Al1RB 1810-0207 ? 1 NETWORK~RES 8-SIP22.0K DHM X 7 81121 R208A223
A11R? 0757-1094 ? RESISTOR 1.47¢ 1% (1250 F TC=0+-100 24546 CA4-1/8-T0-1471~F
ATIR1O 0678-0084 % RESISTOR 2,18K 1% (125W F TC=0+-100 24546 C4-1/8-TD-2151-F
ATIR11 07570442 ? RESISTOR 10K 1% ,125W F TC=0+-100 245464 C4-1/8-T0-1002-F
AlIR1Z 0757-0279 0 RESISTOR 3.1&6K 1% .125W F TC=0+-100 24546 C4-1/8-TD-31561~F
AT1IR13 1810-0231 9 1 NETWORK~RES 8~-SIP2.2K OWM X 7 01121 208A222
Al1R14 0698-0084 k4 RESBISTOR 2.1%K 1X . 125W F TC=0+-100 24346 C4-1/8-T0~-2101-F
AT1IR1G 0757~0401 0 RESISTOR 100 1% .125W F TC=0+-100 24544 C4-1/8-T0-101-F
AlLIR1S 06986624 G B8 RESISTOR 2K 1% .12%W F TC=D+-25 28480 D67B-6624
A11R17 0698-6624 S RESISTOR 2K 1% .125W F TC=0+-25 28480 0698~6624
A11R18 0698-3440 7 RESISTOR 1926 1% .125W F TC=0+-100 ZA546 C4-1/8-T0-196R-F
ALIR1D 07570442 ? RESISTOR 10K 1% .125W F TC=0+-100 24546 C4-1/8-T0-1002-F
A11R20 0757-0278 9 RESISTOR 1.78K 1% .125W F TC=0+-100 24546 C4-1/8-T0-1781-F
A11R21 0757-1094 ? RESISTOR 1.47K 1% .125W F TC=0+-100 24546 C4-1/8-T0-1471-F
A11R22 0757-0487 2 20 RESISTOR B25K 1X .125W F TC=0+-100 28480 0757-0487
ALIRZ3 07570487 a RESISTOR 82%K 1% .125W F TC=0+-100 28480 0757-0487
A11R24 0698-3161 ? 2 RESISTOR 38.3K 1% .125W F TC=D+-100 24546 C4-1/8-T0-3832~F
ALIRZT 0698-315% 1 RESISTOR 4.44K 1% ,125W F TC=0+-100 24546 C4-1/8-T0-4641-F
Al1R26 0757-0442 k4 REBISTOR 10K 1% .12%W F TC=D+-100 24546 C4-1/9-T0-1002-F
A1IRZ7 0698-3440 7 RESISTOR 1946 1% ,1R5W.F TC=0+-100 245456 CaA-1/8-T0-19&6R~-F
A11R28 06986362 8 4 RESISTOR 1K .1% .125W F TC=0+-25 28480 D69B-6362
A11R29 069G~6624 8 RESISTOR 2K .1% .120W F TC=0+-25 28480 06968-6624
A11R3D 06986624 S RESISTOR 2K 1% ,12%SW0 F TC=0+-23 28480 D678-6624
A11R31 069603440 7 RESISTOR 196 1% .129W F TC=0+-100 24546 C4-1/8-TG-196R-F
A11R32 0698-6362 B8 RESISTOR 1K .1% .125W F TC=0+-25 28480 01678-6362
AT1R33 07570401 ] RESISTOR 100 1% .125W0 F TC=0+-100 24546 C4-1/8-T0-101-F
A11R34 0698-3260 k4 RESISTOR 464K 1% ,125W F TC=0+-100 28480 069B-3260
A11R3T 06783260 g RESISTOR 464K 1X .125W F TC=0+~-100 28480 0698-3260
A11R36 0757-0487 2 RESISTOR B2SK 1% .125W F TC=0+-100 284890 0757-0487
A11R37 07570487 2 RESISTOR B25SK 1% ,125W F TC=0+-100 28480 17570487
A11R3B 0698-3155 1 RESISTDR 4.64K 1% .125W F TC=0+-100 24546 C4-1/8-T0-4641~F
AlIRZY 0698-3155 1 RESISTOR 4.64K 1% .125W F TC=0+-180 24546 C4-1/8-T0~4641~F
A11RA40 0698-3155 1 RESISTOR 4.64K 1% .125W F TC=0+-100 24546 C4-1/8-TD-4641-F
Al11R41 07570459 8 2 RESISTOR 5&6.2K 1% .1250 F TC=0+-100 24544 Ca-1/8-T0-5622~F
Al1R42 014698-3160 8 RESISTOR 31.6K 1% .123W F TC=8+-100 24546 C4-1/8-TD-3162-F
ATIR4Z 0698~-31597 3 RESISTOR 19.6K 1% .125W F TC=0+-100 24546 C4-1/8-T0-1962-F
Al1R44 0757-0443 0 2 RESISTOR 11K 1% ,125W F TC=0+-100 24546 C4-1/8-TD-1102~F
ATIRAS 21000554 5 RESISTOR-TRMR S00 10% C TOP-ADY 1-TRN 28480 2100-0554
Al11R46 2100-0554 kil RESISTOR-TRHR S00 10% C TOP-ADJ 1-TRN 28480 2100-0%554
A11R47 0757~-0442 ? RESISTOR 10K 1% .125W F TC=0+-10¢ 24546 C4-1/8-T6-1002-F
A11RA8 0698-8827 4 3 RESISTOR 1M 1% ,125W F TC=0+-100 284B0 0693-8827
A11R49 0698-0084 9 RESISTOR 2.15K 1% .125W F TC=0+-100 24546 Ca-1/8-T0-2151-F
A11R50 0698-3444 1 RESISTOR 316 1Z .125W F TC=0+-100 245486 C4-1/8-T0-316R-F
AT1RTL 06698-3155 1 RESISTOR 4.64K 1X4 (125W F TC=0+-100 24546 Ca-1/8-T0-4641-F
AT1RE2 0757-019%9 3 RESISTOR 21,5K 1% ,120W F TC=0+-100 24546 C4~-1/8-T0-2152-F
ALIRG3 06963161 ? RESTSTOR 38.3K 1% ,120W F TC=0+-100 24546 £4~1/8-T0-3B32~F
A11RT4 01698-315% 1 RESISTOR 4.64K 1% .125W F TC=0+-100 24546 C4-1/8-T0-4641-F
ATIRGE 07§7-0279 o RESISTOR 3.16K 1% .12GW F TC=0+-100 24546 €4-1/8-T0~-3161-F
A1IRSE 07570442 ? RESISBTOR 10K 1% .12%W F TC=0+-100 24545 C4-1/8-T0~-1002-F
A1IRG?7 06963153 ? RESISTOR 3.83K 1% .125W F TC=0+-100 24546 C4-1/8~T0-3031~-F
A11RS58 D698-00B4 k4 RESISTOR 2.15K 1% ,120W F TC=0+-100 24548 C4-1/B-TO-2151-F
ATIRT? 0757-0442 ? RESISTOR 10K 1% ,12%W F TC=0+-100 24546 £4-1/8-T0-1002-F
Al1R6D 1810-0205 7 1 NETWORK-RES B-SIP4.7K OHM X 7 priz21 208A472
AT1RG1 06980084 k4 RESISTOR 2.15K 1% .125W F TC=0+-100 24546 C4~-1/8-T4-2151-F
Al1R62 n698-8827 4 RESISTOR 1M 1% .128W F TC=0+-100 28430 0698-8827
Al11R&E3 0678-0084 g RESISTOR 2.15K 1% .120W F TC=0+-100 24548 C4-1/8-T0-2151-F
Al11R64 0757-0442 L4 RESISTOR 10K 1% .125W F TC=0+-100 24546 C4~1/8-TD-1002-F
AlIR6G 07570442 q RESISTOR 10K 1% ,128W F TU=0+-100 24546 C4-1/8-TO0-1002~F
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A11R&G D757-0442 9 RESISTOR 10K 1% .125W F TC=0+-180 24546 C4-1/8-T0-1002~F
A11RG7 2100-3383 S 1 RESISTOR-TRMR 50 18% C TOP-ADJ 1-~TRN
Al1IR68 0698-3155 1 RESISTOR 4.64K 1% 1254 F TC=0+-100 245446 C4~1/8-T0~4641~F
A11R&LY 07570459 8 RESISTOR $56.2K 1% .128W F TC=0+-100 24%46 C4-1/8-TD-3622-F
A11R70 06983160 8 RESISTOR 31.6K 1% 1250 F TC=0+-100 24546 C4-1/8-T0-3162~F
ALIR71 01698-3157 3 RESISTOR 19.6K 1% ,128W F TC=0+-100 24546 C4~1/8~TD~1968~F
A11R72 07970443 0 RESISTOR 11K 1% ,125W F TC=0+-100 24546 C4-1/8-T0~1102~F
A1IR73 0757-0442 9 RESISTOR 10K 1% .125W F TC=0+~100 24546 C4-1/8-T0-1002~F
ALIR74 (683-2255 9 3 RESISTOR 2.2M S% . 25W FC TC=-900/+1100 01121 CR225%
A11R7S 07570487 2 RESISTOR 8RSK 1% ,125W F TC=0+-100 28480 0757-0487
ATIR76 0757-0487 2 RESISTOR 825K 1% ,123W F TC=0+-100 28480 4757-0487
A11R77 0757-0487 2 RESISTOR B25K 1% .125W F TC=0+-108 28480 0757-0487
A11R78 0757-0487 2 RESISTOR 823K 17Z ,128%W F TC=0+-100 28480 07570487
A11R7? 0628-3444 1 RESISTOR 316 1% . 128W F TC=0+~100 24546 C4-1/8-T0-316R~F
Al1RB0O 0699 ~-0535 7 3 RESISTOR-FXD 330 OHM 0.1% 284840 0699~-053%5
A11RB1 2100~-3345 - 8 3 RESISTOR-TRMR 10 10% C TOP-ADJ 1-TRN 28480 2100-3345
Al1R82 06982297 0 3 RESISTOR-FXD 3,01K OHM . 05% 20480 0498-2297
A11RB3 01698-0084 9 RESISTOR 2.15K 1% ,128W F TC=0+-100 245464 C4-1/8~TH-2151~-F
A11R84 97570401 0 RESISTOR 100 1% ,125W F TC=0+-100 24546 C4-1/8-T0-101~-F
A11RBY 0698-6624 S RESISTOR 2K 1% .128W F TC=0+-2% 28480 01698-6624
A11RBE 0698-6624 ) RESISTOR 2K 1% ,128W F 7 +~23 28480 01698~-6624
A11R87 06983440 Vs RESISTOR 196 1% .125W F T +~-100 24546 Ca-1/8-T0-196R~F
A11RE8 0757-0442 Q RESISTOR 10K 1% .125W F TC= 24546 Ca-1/8~T0-1002-F
A11R8? 0757-0278 9 RESISTOR 1.78K 1% .125W F TC=0+-100 24544 C4-1/8-T0-1781-F
A11R?0 07671094 9 RESISTOR 1.47K 1% ,12%W F TC=0+-100 24546 Ca-1/8~T0-1471~-F
A11R?1 01678-3444 1 RESISTOR 316 1% .125W F TC=0+-1060 24544 Ca4-1/8-T0~316R~F
AT1IRT2 06983438 3 RESISTOR 147 1% .125W F 24546 Ca4-1/8-T0-147R~F
A11R93 0698-3438 3 RESISTOR 147 1%Z .12BW F 24546 C4-1/8-T0-147R~F
A11R94 07570487 2 RESISTOR 823K 1% 12354 F TC=0+-100 28480 07570487
A11IR®T 0757-0487 2 RESISTOR 825K 1% .12%W F TC=0+-100 284810 0757-0487
AlIRPS 0757-0442 ? RESISTOR 10K 1% ,125W F TC=0+-100 24546 C4-1/8-T0-31002~F
AT1IR?7 0757-0438 3 1 RESISTOR S5.11K 1% ,125W F TC=0+-100 24546 C4-1/8-T0-5111~F
A11R98 (6983444 1 RESISTOR 316 1% ,12%W F TC=0+-104 24544 C4-1/8~T0~316R~F
A11RP? 06983438 3 RESISTOR 147 1% .125W F TC=0+~-100 24546 Ca~1/8~-TO~147R~F
A11R100 21003345 8 RESISTOR-TRMR 10 10%Z C TOP-ADT 1-TRN 28480 2100~3345
A11R101 06282297 0 RESISTOR-FXD 3.01K DHM . 05% 28480 01698-2297
Al1R102 0683-2255 9 RESISTOR 2.2M 5% .29W FC TC=-900/+1100 01121 CR225%
A11R103 06980084 ? RESISTOR 2.15K 1% ,125W F TC=0+~100 24544 C4-1/8-T0-2151~F
Al11R104 9757~-0199 3 RESISTOR 21.5K 1% ,129W F TC=0+-100 24546 C4-1/8-T0-2152~F
A11RI0S 2100-3345 8 RESISTOR-TRMR 10 10% C TOP-ADJT 1-TRN 28480 2100-3345
Al11R106 0629~053%9 7 RESISTOR-FXD 330 0OHM 0.1% 2844840 06990535
A11R1D7 0683-2295 ? RESISTOR 2.2M 5% .25W FC TC=-200/+1100 01121 CE2255
A11IR108 0678-0084 ? RESISTOR 2.15K 1% 1254 F TC=0+-100 24546 C4~1/8-T0-21%51~F
A11R109 07%7-0199 3 RESISTOR 21.59K 1% .125W F TC=0+-100 24544 C4a-1/8-T0-2152-F
ALIR110 06983440 7 RESISTOR 196 1% .125W F TC=0+-100 24546 C4~1/8-TO~196R~F
ATIR111 0757-0401 1] RESISTOR 100 1% .125W F TC=0+-100 24544 C4-1/8-T0-101~F
AlIR112 01698-3260 ? RESISTOR 464K 1% .12%W F TC=0+~100 28480 0698-3260
ATIR113 0698-3260 9 RESISTOR 464K 1% 1254 F TC=0+-100 28480 0698-3260
ALIR114 0757-0487 2 RESISTOR 825K 1% (12%W F TC=0+-100 28480 07%G7-0487
ALIR1IS 0757-0487 2 RESISTOR B2SK 1% ,125W F TC=0+-100 28480 07%57-0487
Al11R116 0698-3195 1 RESISTOR 4.64K 1% ,125W F TC=0+-100 24546 C4-1/8-T0~44641-F
ATIR117 06983260 9 RESISTOR 464K 1%Z .125W F TC=0+-100 28480 0698-32640
A11R118 0698-7962 3 1 RESISTOR 976K 1% .123W F TC=0+-100 07716 CEA~1/8~T0~9763~F
A11R119 2100-3253 7 1 RESISTOR~-TRMR S0K 10% € TOP-ADJ 1-TRN 28480 2100-3253
ALIR120 0 698-6362 8 RESISTOR 1K 1% .129W F TC=0+-25 28480 0698-6362
AtiR121 0698-6624 S RESISTOR 2K .1% .1285W F TC=0+-25 28480 06928-6624
AlT1R122 0698~h624 S RESISTOR 2K .1%Z .125W F TC=0+-25 28480 0698-6624
A11R123 0698-3440 7 RESISTOR 196 1% .120W F TC=0+-100 24546 C4-1/8-T0-1926R~-F
Al1R124 0698-6362 a RESISTOR 1K .1% ,125W F TC=0+-25 28480 0698-6362
AYIR12S 04968-00B4 ? RESISTOR 2.15K 1% 120W F TC=0+-100 24546 C4-1/8-T0H-2151-F
AlTIR1I24 06783444 1 RESISTOR 314 1% 1254 F TC=0+-100 24546 C4~1/8-T0-316R-F
ATIR1IZ7 0698-3444 1 RESISTOR 316 1% .125W F TC=0+-100 24544 C4~1/8~T0-316R~F
AT1R128 0757-0421 4 RESISTOR 825 1% .125W F TC=0+-100 24546 C4-1/8-TOH~825R~F
ATIR129 0698-3444 1 RESISTOR 316 1% .125W F TC=0+-100 24546 C4—1/8-T0-316R-F
ATIR13O 0698-3438 3 RESISTOR 147 1% ,125W F TC=0+-100 24546 €C4-1/8-T0-147R~F
A11R131 07S7-0280 3 RESISTOR 1K 1% .125W F TC=0+-100 24544 C4-1/8-T0-1001-F
ALIR132 06990535 7 RESISTOR~FXD 330 OHM 0.1% 284890 0699-0535
A11R133 0757-0487 2 RESISTOR 825K 1% .125W F TC=0+-100 26480 0757-0487
A11R134 0757-0487 2 RESISTOR 829K 1% ,125W F TC=0+-100 28480 07570487
A11R135 0757-0487 2 RESISTOR B25K 1% .12%W F TC=0+-100 28480 0757-0487
ATIR136 0757~0487 2 RESISTOR 825K 1% .125W F TC=0+-100 284840 0757-0487
A11R137 04698-2297 0 RESISTOR-FXD 3.01K OHM .05% 28480 1698-2297
A11R138 0757-0487 2 RESISTOR 82%K 1% ,12%5W F TC=0+-100 28480 07570487
A11R139 0757-0487 2 RESISTOR 825K 1% .125W F TC=0+-108 208480 0757-0487
A1iR140 07570487 2 RESISTOR 825K 1% .125W F TC=0+-100 28480 0757-0487
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A11R141 0757-0487 2 RESISTOR 825K 1% .12S5W F TC=0+-100 28480 0757-0487

A11R142 0698-0084 9 RESISTOR 2.15K 1% ,125W F TC=0+-100 24546 C4-1/8-TD-2151~F

A11R143 t698-8827 4 RESISTOR 1M 1% .12SW F TC=0+-100 2B480 01698-8827

A11R144 0698-0084 9 RESISTOR 2.15K 1% .125W F TC=0+-100 24546 C4-1/8-T0-2151-F

A11R145 0757-0442 9 RESISTOR 10K 1% .125W F TC=D+-100 24546 C4-1/8-T0-1002-F

A11R146 0757-0442 9 RESISTOR 10K 1% .125W F TC=0+-100 24546 C4-1/8-T0-1002-F

A11R147 0757-0442 9 RESISTOR 10K 1% .125W F TC=0+-100 24546 C4-1/8-T0-1002~F

A11R148 1810-0301 4 NETWORK-RES 16-DIPS1.0 OHM X 8 01121 316HT10

ATT1R149 0757-0280 RESISTOR 1K

AT1R150 0757-0280 RESISTOR 1K

A1151 3101-1856 5 SWITCH-SL B-14 DIP-SLIDE-ASSY .1A T0UDC 28480 3101-1856

Aali1ul 1826~0138 B IC COMPARATOR GP QUAD 14-DIP-P PKG 01295 LMBIPN

A11U2 1820-1433 6 IC SHF-RGTR TTL LB R-$ SERTAL~IN PRL-OUT 01295 SH7ALG 164N

ALIU3 1826-0138 8 IC COMPARATOR GP QUAD 14-DIP-P PKG 01295 LM3Z9N

At1U4 1826-0933 4 IC NJM78L1ZA V RGLTR T0-92 NIM78L12A

AL1US 1826-0089 8 7 IC OP AMP WE TO-99 PKG 29832 1322

A11U6 1B26-0502 0 IC SWITCH ANLG QUAD 14-DIP-P PKG 04713 MC14066RCP

A11U7 18260089 8 IC OP AMP WE TO-99 PKG 29632 1322

AllUB 1826-0043 4 IC OP AMP GP TD-99 PKG 0192k CAZ07T

A11U9 1826-0035 4 IC OPF AMP LOW-DRIFT TO-99 PKG 27014 LH308AH

A11U10 1826-0282 3 IC V RCLTR T0-92 04713 MC79L12ACP

Al1U11 1826-0089 a IC OF AMP WEH TO-99 PKG 29832

Aliu12 1826-0502 i IC SWITCH ANLG QUAD 14-DIP-P PKG 04713

Al1U13 18260089 B IC OF AMP WE T0-99 PKG 29832

Al1U14 1826-0089 B IC DP AMP WH TO-99 PKG 25832 1

AL1U1S 1826-0933 4 IC NJM78L12A V RGLTR T0-92 NIM7EL12A

LYRITIE: 18210001 4 TRANSISTOR ARRAY 14-PIN PLETC DIP 11928 CAZ046

Al1U17 5080-3077 8 IC OF AMP HA 2525 SEL

Al1U18 5080-3077 8 IC OP AMP HA 2525 SEL

AL11U19 1826~0043 4 IC GP AMP GP TO-9% PKG 01928 CAZN7T

At1U20 1826-0035 4 IC OP AMP LOW-DRIFT TO-9% PKG 27014 LM3DBAH

Al1u21 1826-0282 3 IC V RGLTR TO-92 04713 MC79L12ACP

Al1U22 18260138 ] IC COMPARATOR GP QUAD 14-DIP-P PKG 01255 LM33I9N

AW 12514787 2 SHUNT-DIP 8-POSITION 28480 125147687
0340-0060 4 4 TERMINAL-STUD SPLL-FDTHRU PRESS-MTG 58291 0116809 000 209
0340~0220 8 HEADS 283480 0340-0220
1258-0141 B JUMPER-REM 28480 1258-0141
3050-0082 a WASHER-FIL NM NO. 4 ,116-IN~ID .18B-IN-0D 28480 30500082
30500082 8 WASHER~FL NM ND. 4 .116-IN-ID .188-IN-0D 28480 2050-0082
9170-0029 3 CORE-SHIELDING EEAD 20480 170-0029

A2 04192-66512 | 2 1 MODULATOR BOARD ASSEMBLY 28480 04192-66512

(NOT INCLUDING THE SHIELD CASES)

A12c1 01801085 5 CAPACITOR-FXD 4.7UF 16VDC TA 28480 0180-108%

A12C2 0160-3456 [ CAPACITOR-FXD 10BO0PF +-1B% 1KVDC CER 28480 01603454

A12C3 01600127 2 CAPACITOR-FXD 1UF +~20% 25VDC CER 28480 0160-0127

A12C4 0160-4835 B CAPACITOR-FXD .1UF 10% 50YDC CER

Al2CS 0160-2204 0 CAPACITOR~-FXD 1D0PF +-5% 300VDC MICA 28480 0160-2204

A12C6 0160-3847 9 CAPACITOR-FXD .01UF +100-D% S0VDC CER 28480 0160-3847

Ala2cy 0160~3456 6 CAPACITOR~FXD 1000PF +-10% 1KVDC CER 28480 0160-3456

A12C8 0160-3454 6 CAPACITOR~FXD 1D00PF +~10% 1KVDC CER 28480 0160-3456

A12C9 01169-3456 6 CAPACITOR-FXD 1000PF +-10% 1KVDC CER 28480 G160-3456

A12C10 0160~3456 6 CAPACITOR-FXD 1000PF +-10% 1KVDC CER 20480 0160-3456

Al2C11 0160-3456 & CAPACITOR~FXD 1000PF +-10% 1KYDC CER 28480 0160-3456

Atlacta 01603847 9 CAPACITOR-FXD ,B1UF +100-0% S0VUDC CER 2480 0160-3847

A12C13 0160-3466 g CAPACITOR~FXD 1Q0PF +~10% 1KVDC CER 28480 0160-3456

A12C14 01160-3466 8 CAPACTTOR-FXD 100PF +-10% 1KVDC CER 28480 0160-3466

Al12C15 0180~1085 5 CAPACITOR~FXD 4.7UF 16VDLC TaA 28480 0180-1085

Al12C16 0160-3847 ] CAPACITOR-FXD ,01UF +100-0% S0VDC CER 28480 N160-3847

A12C17 01603466 8 CAPACITOR-FXD 100PF +-10% 1KVDL CER 28480 01603466

A12C18 01160-3466 8 CAPACITOR-FXD 100PF +-10% 1KVDC CER 28480 0160~3466

A12C19 0140-0210 2 CAPACITOR-FXD R70PF +-5% 300VDC WICA 72136 DMISF271I0300WVICR

A12C20 0140-0210 2 CAPACITOR-FXD 270PF +-5% 300VDC MICA 72136 DMISF271J0300WVICR

Al2c2i 01603456 6 CAPACITOR~FXD 1000PF +-10% 1KVDC CER 28480 9160-3456

Al2c22 0160-3847 9 CAPACITOR-FXD .01UF +1D00-D% S0VYDC CER 28480 0160-3847

A12023 0160~3847 9 CAPACITOR~-FXD ,01UF +100-0% S0VDC CER 28480 1160-3047

A12C24 01B0~1085 5 CAPACITOR~FXD 4.7UF 16VDC TA 28480 0180-108%

A12C25 0160-3847 9 CAPACITOR-FXD .Q1UF +100-0% S0VDC CER 28480 0160-3847

Aalz2ca? 0180~-1085 5 CAPACITDR-FXD 4.7UF 16VDC TA 20490 G180-108%

Al2c28 01663847 9 CAPACITOR-FXD .01UF +100-0% S0VDC CER 28480 0160-3847

A12C29 0140-0192 9 [ CAPACTITOR-FXD 6BPF +-5% 30DVDC MICA 72136 DHISELB0T0300WVICR

A12C30 0160-2207 3 3 CAPACITOR~FXD 300PF +-5% 30GDVUDC MICA 28480 01640-2207

A12C31 0140~-0210 2 CAPACITOR-FXD 270PF +-S% 300UDC MICA 72136 DM1SF271T0300WVICR

At2c32 0160-2207 3 CAPACITOR~-FXD 300PF +~5% 300VUDC HICA 2B480 0140-~2207

A12C33 0160-3454 6 CAPACITOR-FXD 100DPF +-~10% 1KVUDC CER 28480 0160-3456

A12C34 0160-3456 & CAPACITOR-FXD 1000PF +-10% 1KVDC CER 28480 0160-3456

A12C35 0160-3847 9 CAPACITOR-FXD . DIUF +100-0% S0UDC CER 28480 0160-3847

A12C36 0160~3456 [ CAPACITOR-FXD 1000PF +-10% 1KVDC CER 28480 0160-3456

See introduction to this section for ordering information
*Indicates factory selected value
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A12C37 0140-0192 ? CAPACITOR~FXD &68PF +-5% 300VDC MICA 72136 6B0T0300WVICR
A12038 0140-01%2 ? CAPACITOR-FXD 68PF +-5% I00VUDC MICA 72136 6B80T0300WVICR
A12C39 01602307 4 CAPACITOR-FXD 47PF +~5% 300VDC MICA 28480 0160-2307
Al2C40 01603847 Q CAPACITOR-FXD . 01UF +100-0% S0VDC CER 28480 0160-3847
Al2ca1 01603454 b CAPACITOR-FXD 1000PF +-10% 1KVDC CER 28480 0160345
Al12C42 G160-3847 k4 CAPACITOR-FXD . 01UF +100-0% S0VDC CER 28480 0160-3847
Al2043 01801085 S CAPACITOR-FXD 4,7UF 18UDC Ta 28480 0180-108%
A12CA4 0180-1085 G CAPACITOR-FXD 4,7UF 1&6UDC TA 28480 0180-108%
al12c4% 01400210 2 CAPACLITOR-FXD 270PF +-~%% 300VDC MICA 72134 DMISF271J0300WVIER
A12CA46 0140-0192 ? CAPACITOR~FXD &68PF +-5% 30DVDC MICA 72136 DMISEABOTO3D0WVIER
A12C47 0160~34%56 b CAPACITOR~FXD 1000PF +-10% 1KVYDC CER 28480 0160-34%8
Al2Cas 0160-3456 6 CAPACITOR~FXD 1000PF +-10%4 1KVUDC CER 28480 0160-34%58
A12CA? 01603847 ? CAPACITOR-FXD ,01UF +100-0% S0VDC CER 28480 0160~3847
AT2C50 0160-2940 1 CAPACITOR-FXD 47IPF +~5% I00UDC MICA 28480 G160-2940
A12C51 0160-3456 & CAPACITOR~FXD 1000PF +-10% 1KVDC CER 28480 0160-3458
A12C52 0140-92140 a2 CAPACITOR-FXD R270PF +~5% X00VDC MICA 72136 “F271J0300WVICR
Al12C53 7140-0210 2 CAPACITOR~FXD 270PF +~5% 300VDC MICA 72136 271J0300WVICR
A12C54 01603847 9 CAPACITOR-FXD .01UF +100-0% S0VUDC CER 28480 t160-3847
A12CE5 0160-2307 4 CAPACITOR-FXD 47PF +-5%Z 300VDE MICA 28480 D160-2307
A12C56 01801085 ] CAPACITOR-FXD 4.7UF 16VDC TA 28480 0180-108%
AL2C57 0140-0210 2 CAPACITOR~FXD Z270PF +~5Z J00VUDC MICA 72136 DM15F271J0300WVICR
Al12CE8 0160-34%6 & CAPACITOR~-FXD 1000PF +-10% 1KVDC CER 28480 01603454
AL2CHY 0160-3847 9 CAPACITOR~FXD .G¢1UF +100-0% S0VDC CER 284840 0160-3847
A12C60 0160-3847 Q9 CAPACITDR-FXD . D1UF +100-0% S0VUDC R 284890 0160-36847
A12C61 01603847 ? CAPACITOR-FXD .01UF +100~0% S0VDC CER 28480 0160-3847
AL2CH2 0160-4835 8 CAPACITOR~FXD .1UF 10% 50VDC CER
AL2C63 01602307 4 CAPACITUR-FXD 47PF +~57% 300VDC MICA 28480 0160-2307
A12CHA4 160-34%6 b CAPACITOR-FXD 1000PF +-10% IKVDC CER 28480 0160-3456
AL2CHS 01400192 9 CAPACITOR~-FXD 68PF +-5% J00VDC MICA 72136 680T0300WVICR
Al2CHS 0140-01%2 9 CAPACITOR-FXD 68PF +-5% 300VDC MICA 72136 6B80I0300UWVICR
A12CH7 0160-2207 3 CAPACITOR~-FXD 300PF +-5% 3I00VDEC MICA 28480 B1460-2207
Al2C68 016034564 & CAPACTTOR~FXD 1000PF +-10% 1KVDL CER 28480 0160-3456
A12C69 01603847 ? CAPACITOR-FXD . 01UF +100-07 S0VDC CER 28480 0160-3847
AR12C70 0160-3466 8 CAPACITOR-FXD 100PF +-10% 1KVUDC CER 20480 0160-3466
A12C71 0160-3466 8 CAPACITOR~FXD 100PF +-10% 1KUDC CER 28480 0160-3466
Al2c72 0160-3847 9 CAPACITOR-FXD . 01UF +100~0% S0VUDC CER 28480 0160-38B47
A12C73 0180-108% 8 CAPACITOR-FXD 4,7UF 14UDC TA 28480 0180-1083
AL2C74 0140-0210 2 CAPACITOR-FXD 270PF +-5% 3I00VDLC MICA 72136 DMIGF271J0300WVICR
A12C79 0160-3456 b CAPACITOR-FXD 1080PF +-10% 1KVDC CER 28430 01460-34%54
Al12C76 0160-3847 9@ CAPACITOR-FXD . 01UF +100-0% §0VDC CER 284810 N160-3847
ALRCT77 B1s0-0127 2 CAPACITOR~FXD 1UF +~20% 2%VDC CER 28480 0160-0127
A12C78 0160-4835 8 CAPACITOR~-FXD 1UF 10% 50VDC CER
A12C79 01603847 ? CAPACITOR-FXD . 01UF +100-0% S0VDC CER 28480 0160-3847
A12C80 0180-1085 51 CAPACITOR-FXD 4.,7UF 16VDRC T4 28480 0iB0-108%
A12C81 0140-0210 2 CAPACITOR~FXD 270PF +-5% 300VUDC MICA 72136 DM1SF271T0300WVICR
Al2082 01602204 0 CAPACITOR-FXD 100PF +-5% 300UDC MICA 284810 01160-2204
A12C83 0160-2204 0 CAPACTITOR-FXD 100PF +-5% 3J00UDC MICA 28430 0160-2204
A120:84 0160~-2940 1 CAPACITOR-FXD A470PF +-5% 300VDC MICA 28480 0160-2940
A12CHS 0160~-3454 & CAPACITOR-FXD 1000PF +-10% 1KVDC CER 28480 0160-3456
A12086 0160-2204 0 CAPACTITOR-FXD 100PF +-%5% 300UDC MICA 284810 0160-2204
A12C87 6160-0127 2 CAPACITOR-FXD 1UF +-20% 25VDL CER 28480 01600127
A12C88 0160-4835 8 CAPACITOR-FXD ,1UF 10% 50VDC CER
Al2C8Y 0160-34%8 & CAPACITOR~-FXD 1000PF +-10% 1KVDC CER 28480 0160~3458
A12C%0 0160-3456 &5 CAPACITOR-FXD 1000PF +-10% 1KVDC CER 28480 0160-3456
A12C91 0160~3454 & CAPACITOR-FXD 1000PF +~-10% 1KYDC CER 284810 0160-3456
A12C92, 0160-3454 & CAPACITOR-FXD 1000PF +-10% 1KVUDC CER 28480 0160-3456
A12C93 01602257 3 CAPACITOR~FXD 10PF +~5% SH00VDC CER §+-60 28480 0160-2257
A12C94 0160-4835 8 CAPACITOR-FXD 1WF 10% 50VDC CER
A12C9% 0160~3847 4 CAPACITOR~FXD . 01UF +100-0% J0VDC CER 28480 8160-3847
A12CR1 1901-0518 8 DIODE~SM SIC SCHOTTKY 28480 1901-0518
A1 2CR2 1901-0518 8 DIODE-SM SIG SCHOTTKY 28480 1901-0518
A12CR3 1901-0639 q 9 DIODE-PIN 284810 G5082-3080
AL2CR4 1901 -0639 4 DIODE~-PIN 28480 H082--3080
A12CRE 19010639 4 DIODDE-PIN 28480 50823080
A12CRG 192010639 4 DIODE~PIN 284410
A12CR7 1901-04639 4 DIODE-PIN 28480
A12CR8 19010639 4 DIODE-PIN 28480 50823060
A12CR? 1901-0439 4 DIODE-PIN 28480 S082-3080
A12CR10 1901-0639 4 DPIODE~PIN 28480 50823080
A12CR11 1201-0639 4 DIODE-PIN 284810 5082-3080
Al2E1 19060235 [ 3 DIODE 28440 1906~
A1ZER 1906-0235 b DIDDE 284890 1906-08
A12E3 1906-0235 &b DIODE 28480 19060235
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Reference HP Part |c| o Descripti Mfr

: A escription Mfr Part Number
Designation Number |p| Y P Code

AL2T1 12500257 1 CONNECTOR-RF SMB M PC S50-DHM 284810 1256-0257
A1232 1250-0257 1 CONNECTOR-RF SMEB M PC S0-0HM 28480 1250-0257
ALZT3 1250-0257 1 CONNECTOR-RF SME M PC S0-0OHM 28480 1256-0257
Al2T4 12500257 1 CONNECTOR-RF SMEB M PC S0-0HM 28480 12500257
A12T5 12500257 1 CONNECTOR-RF SME M PC S0-OHM 28480 1250-0257
AL2T6 12500257 1 CONNECTOR-RF SMR # PC S0-0HM 28480 1250-0257
AL2J7 12500257 1 CONNECTOR-RF SMR M PC 50-0HM 284810 1250-0257
A1278 12500257 1 CONNECTOR-RF SME M PC S0-0HM 28480 12500257
A12T9 1250-0257 1 CONNECTOR-RF SMH M PC S0-0HM 284B0 1250-0257
A12T10 12500257 1 CONNECTOR-RF SMB M PC S0-0HM 28480 12500257
A12T11 1200-0607 0 SOCKET-~IC 16~CONT DIP DIP-SLDR 284B0 1280-0607
Al2J12 126080257 1 CONMECTOR~RF SMEB ™M PC S0-0HM 28480 1250~0257
A12L1 ?140-0114 4 INDUCTOR RF~CH--MLD 10UH 10% .166DX.385LG 28380 2140-0114
AL2L2 91400114 4 INDUCTOR RF~CH~MLD 10GUH 10X .166DX.385LG 28480 9140-0114
A12L3 ?140-0114 4 INDUCTOR RF-CH-MLD 10UH 10% .166DX.3BILG 28480 ?140-0114
A12L4 ?100-2259 a S INDUCTOR RF-CH-MLD 1.S5UH 10% .105DX.26LG 28480 F100-2259
A12LS 2100~-2259 B INDUCTOR RF-CH-MLD 1.S5UH 10X ,109DX.26LG 28440 100-2259
A12L6 ?2140-0114 4 INDUCTOR RF-CH-MLD 10UH 10% .146DX.3B5LG 28480 $140-0114
A12L7 ?100-2259 8 INDUCTOR RF-CH-MLD 1.SUH 10X ,105DX.26LG 28480 2100-2259
AL2LY 21400141 7 &6 INDUCTOR RF-CH-MLD &680GNH 190% .185DX,26LG6 28480 F140~-0141
AL2LY? 7140~0158 & INDUCTOR RF-CH-MLD 1UH 190X ,105DX.26LG 28480 F140-0158
A12L10 ?100-225%9 8 INDUCYOR RF-CH-MLD 1.SUH 18% ,105DX.26LG 284B0 2100-225%%
Al2t11 2140--0141 7 INDUCTOR RF-~CH-MLD &BONH 10% ,183DX.26L0G 28480 ?140-0141
Al2Lie2 ?100-2258 7 & INDUCTDR RF-CH-MLD 1.2UH 1B% ,1D5DX.26LG 284B0 2100-22508
A12L13 21002258 7 INDUCTOR RF-CH-MLD 1.2UH 10% .105DX.24L6 28480 F100-2258
Al21.14 9140-0141 7 INDUCTOR RF-CH-MLD &BONH 10% ,105DX.26LG 284B0 #140-0141
AL2L1S 2100-2258 7 INDUCTUOR RF-CH-MLD 1.2UH 10% .1085DX,R6LG 28480 7100-2258
Al21 16 7140-0158 & INDUCYOR RF-CH-MLD 1UH 10% .105DX,2&L6 28480 ?140-0158
A12L17 ?140~0158 6 INDUCTOR RF-CH-MLD 1UH 10% ,105DX.26LG 28480 ?140-0158
A12L18 2140-0114 4 INDUCTOR RF-CH-MLD 10UH 10X ,166DX.3BSLG 28480 ?140-0114
Al2L19 F100-2251 0 3 INDUCTOR RF-CH-MLD 220NH 10X . 103DX.26LG 28480 ?100-2251
A12L.20 ?100-2258 7 INDUCTOR RF-CH-—MLD 1.2UH 10% .105DX.26LG 28480 ?100-2258
Al2L21 210802249 ) 5 INDUCTOR RF-CH-MLD 1S0NH 10X .105DX.26LG 20480 ?100-224%
Al12L22 21002259 8 INDUCTOR RF--CH-MLD 1,5UH 10X ,103DX.26LG 284B0 ?100-225%9
AL2L23 2100-2247 4 3 INDUCTOR RF-CH-MLD 100NH 10% .105DX,26LG 20480 ?100-2247
A121 24 ?140-0141 7 INDUCTOR RF-CH-MLD &BONH 10% ,105DX.26LG 28480 9140-0141
Al12L2% 9140-0158 & INDUCTOR RF-CH-MLD 1UH 10% .109DX.26LG 28480 71400158
AL2L26 ?100-2249 & INDUCTOR RF~CH~MLD 15DNH 10% .105DX.26LG 28480 #100-2247
AlaLzz ?100-2251 0 INDUCTOR RF-CH-MLD 220NH 18% .105DX,24LE 28480 9108-2251
A12L28 ?140-0141 7 INDUCTOR RF-CH-MLD &BONH 10% ,105DX.26L0G 284810 ?140-0141
Al12L29 21002258 7 INDUCTOR RF-CH-MLD 1.2UH 10% .105DX,26L6 28480 F100-2258
A121.30 91002258 7 INDUCTOR RF-CH-MLD 1,2UH 10% ,105DX.26LG 28480 2100-2256
A12L31 9140-0141 7 INDUCTOR RF~CH-MLD &BONH 14% (105DX.26L0 28480 F1490-0141
A12L32 ?100-2249 ) INDUCTOR RF-CH-MLD 150NH 10X ,1D5DX.26LG 284B0 ?100~-2249
A12L33 2100-2249 b INDUCTOR RF-CH-MLD 150NH 10% ,105DX.26LG 28480 F100-2249
A12L34 21002247 4 INDUCTOR RF-CH-MLD 1DONH 10% ,1D5DX.26LG 2p4B0 ?100~2247
A12L35 ?100-2249 & INDUCTOR RF-CH-MLD 150NH 10% ,109DX. 261G 28440 $100-2249
A12L36 ?100-2247 4 INDUCTOR RF-CH-MLD 1GONH 10X ,105DX.26LG 28480 ?100-2247
A12137 ?140-0114 4 INDUCTOR RF~CH-MLD 10UH 10% ,164DX,385LG 28440 ?140~-06114
A121.38 ?140-0114 4 INDUCTOR RF-CH-MLD 1DUH 10% .166DX.385LG 29480 2140-D114
AT2L39 2100-2251 0 INDUCTOR RF-CH-MLD 220NH 10% ,105DX,26LG 28480 ?100-22%91
A121.40 ?100-0368 [ 1 INDUCTDR RF-CH-MLD 3JI30GNH 10X ,105DX,26LG 28480 F180-D368
Al2L41 ?140~0114 4 INDUCTOR RF-CH-MLD 10UH 10X .16&4DX.385LG 28480 ?140-0114
Al2L42 F140-0114 4 INDUCTOR RF-CH-MLD 10UH 18X ,166DX.385.6 28480 ?140-0114
A12L4AT ?140-0114 4 INDUCTOR RF-CH-MLD 10UH 19% .166DX.385LC 28480 ?140-0114
Al2L44 2140-0114 4 INDUCTOR RF-CH-MLD 10UH 10X ,166DX.385LG 28480 ?140-0114
Al201 1853~03%4 7 TRANSISTOR PNP SI TO-%2 PD=3G0MW 28480 18530354
Al12Q2 1854-0215 1 TRANSISTOR NPN SI PD=350MW FT=300MHZ 04713 2N3904
A12Q3 1854~-0219 1 TRANGISTOR NPN ST PD=350MW FT=300MHZ 04713 2N39 064
A1204 1854-0628 0 TRANSISTOR NPN 81 TO-?2 PD=625MW 04713 MPS-H17
A12Q5 18540219 1 TRANSISTOR NPN SI PD=350MW FT=300MHZ 04713 BEN3704
A1206 18530036 a TRANSISTOR PNP SI PD=318MW FT=250MHZ 284810 1B53-0036
A12Q7 1854-0247 9 TRANSISTOR NPN SI TO-39 PD=1W FT=800MHZ 28480 1854~0247
A1Z2G8 1854-0215 1 TRANSISTOR NPN SI PD=354MW FT=300MHZ 04713 2N3704
A12Q9 18540628 4] TRANSISTOR NPN ST TO-?2 PD=625MW 04713 MP5-H17
A12R10 18530036 2 TRANSISTOR PNP SI PD=310MW FT=250MHZ 284810 1853-0036
A12Q11 18%4-021% 1 TRANSISTOR NPN SI PD=350MW FT=300MHZ 04713 2NZF04
Al2Q12 1854-0247 5 TRANSISTOR NPN BI TO-3% PD=1W FT=BIGMHZ 28400 1854-0247
AaI2Q13 18540247 ? TRANSISTOR NPN BI T0-39 PD=1W FT=800MHZ 28480 1854-0247
A12Q14 1854-0247 k4 TRANSISTOR NPN 51 TO-3%9 PD=1W FT=BOUMHZ 284B0 1854-0247
AL2Q135 1854-0215 1 TRANSISTOR NPN SI PD=350MW FT=300MHZ 047313 AN3204
A12R1 0737-0280 3 RESISTOR 1K 1% ,1254W F 7C=0+-100 24544 CA-1/8-T0-1001-F
Al12R2 06989082 7 RESISTOR 464 1% ,125W F TC=0+-100 24546 C4~1/8-T0-4648-F
A12R3 0698-3438 3 RESISTOR 147 1% ,125W F TC=0+-100 24546 C4-1/8-T0-147R~F
A12R4 0757-0397 3 RESISTOR &48.1 1% ,125W F TC=0+-100 24546 C4-1/8-T0-6BR1-F
A12RS N757-0280 3 RESISTOR 1K 1% .1254 F TC=0+-100 24546 C4~1/8-T0-1001-F

See introduction to this section for ordering information
*Indicates factory selected value
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Model 4192A

Table 6-3
Table 6-3. Replaceable Parts
Reference HP Part |c .o Mfr
. . Descripti
Designation | Number |D Qty scription Code Mfr Part Number
ALZRE 0757-0395 1 RESISTOR S56.2 1% .125W F TC=0+-100 24544 C4-1/8~T0-S56R2-F
A12R7 0757-1094 9 RESISTOR 1.47K 1% .125W F TC=0+-1Q0 24546 C4-1/8-T0~1471~F
AL12R8 0698-3438 3 RESISTOR 147 1% ,125W F TC=0+-100 24548 €4-1/8-TD~147R-F
A12R? 0698~-0084 9 RESISTOR 2.19K 1% ,12%W F TC=0+-100 24546 C4-1/8~T0~2151~F
A12R10 07572-027% 0 RESISTOR 3.16K 1% ,125W F TC=0+-100 24544 C4-1/8-T0-3161-F
A12R11 0757~0401 L] RESISTOR 100 1% ,125W F TC=0+-100 24545 C4-1/8-T0~101~-F
A12R12 0757-0280 3 RESISTOR 1K 1% 1254 F TC=0+-100 24546 C4-1/8-T0-1001-F
AL2R13 0757~-0421 4 RESISTOR 825 1% ,123%W F TC=0+-100 24546 C4-1/8-T0-B25R~F
Al12R14 0757-0280 3 RESISTOR 1K 1% 1254 F TC=0+-100 24544 C4-1/8-T0~1001~F
AL2R1D 0698-3160 8 RESISTOR 31.6K 1% ,125W F TC=0+-100 24546 C4-1/8-T0-3142~F
A1Z2R16 0698-0084 9 RESISTOR 2.15K 1% ,125W F TC=0+~100 24544 C4-1/8-T0~2151-F
A12R17 0757-0397 3 RESISTOR 68B.1 1%Z .125W F TC=0+-100 245446 Ca4-1/8~T0-68R1-F
AI2R18 0698~-3444 1 RESISTOR 316 1% .125W F TC=0+-100 24546 C4-1/8-T0-316R~F
A1ER19 06983438 3 RESISTOR 147 1% .125W F TC=0+-100 24546 C4-1/8-T0-147R-F
A12R20 1698-3438 3 RESISTOR 147 1% ,125W F TC=0+-100 24544 €4-1/8-T0-147R~F
A12R21 0757-1094 ? RESISTOR 1.47K 1%Z ,125W F TC=0+-100 247546 C4-1/8~-T0-1471~F
A12R22 1757-0442 9 RESISTOR 10K 1% .1235W F TC=0+-100 24544 C4-1/8~TO~-1002~F
A12R23 0757-0419 1] RESISTOR 681 1% .125W F TC=0+-100 245464 Ca~1/8-T0~4L81R~F
A12R24 0757-0421 4 RESISTOR B2%5 1% 1254 F TC=0+-100 24548 C4-1/8-T0~825R~F
A12R2S 0757-0397 3 RESISTOR 68.1 1% ,12%4W F TC=0+-100 24546 C4-1/8~T0~68R1~F
A12R2& 0698-0084 9 RESISTOR 2,1%5K 1% .125W F TC=0+-100 24546 C4-1/8-T0-2131-F
A12R27 06983160 a RESISTOR 31.6K 1% .125W F TC=0+-100 24546 C4-1/8-T0~3162-F
Al12R28 21090-0580 7 1 RESISTOR~-TRMR S00K 10X C TOP-ADJY 1-TRN 28480 2100-05890
A12R29 0698~-3260 9 RESISTOR 464K 1% ,125W F TC=0+-100 28480 t698-326&0
A12R30 07570280 3 RESISTOR 1K 1% ,12%W F TC=0+-100 24544 C4-1/8-TG~1001~F
A12R3 0698~4037 0 RESISTOR 46.4 1% ,125W F TC=0+-100 24546 C4-1/8-T0-46R4-F
A12R32 0757-0419 0 RESISTOR 681 1% ,125W F TC=0+-100 24544 C4-1/8~T0D-481R~-F
A12R33 0737-039%5 1 RESISTOR 56.2 1% .125W F TC=0+-100 24%548 Ca4-1/8-TO0-S6R2~F
Al12R34 2100-3383 4 RESISTOR~TRMR 50 10% C TOP-ADJ 1~TRN 28480 2100-3383
A12R3S 0698-0082 7 RESISTOR 464 1% .125W F TC=0+—-100 24546 C4-1/8-T0-4640-F
A12R36 0757-0419 0 RESISTOR 681 1% ,125W F TC=0+-100 24346 C4a-1/8~-T0-681R~F
A12R37 06983444 1 RESISTOR 316 1% .125W F TC=0+-100 24548 C4-1/8~T0~316R~F
A12R38 0757-1094 14 RESISTOR 1.47K 1% ,125W F TC=0+-100 24546 C4-1/8~T0~1471-F
A12R3% 0757~-0421 4 RESISTOR 82% 1% .125W F TC=0+-100 24548 CA-1/9~TO-825R~F
A12RA0 0757-0401 0 RESISTOR 100 1% .125W F TC=0+-100 245464 CA-1/8-T0-101~F
a12R41 01698-3441 a RESISTOR 215 1% .12%W F TC=04-100 24544 C4~1/8-T0-215R~F
A12R42 05678-3444 1 RESISTOR 31& 1% ,12%W F TC=0+-100 245464 C4-1/8-T0-316R~F
A12RAZ 0757-0397 3 RESISTOR 68.1 1%Z ,125W F TC=0+-100 24544 C4~-1/8-T0-68R1~F
A12R44 0757-0280 3 RESISTOR 1K 1% .125W F TC=0+~-100 24544 C4-1/8-T0-1001~F
A12R4AS 16983444 1 RESISTOR 316 1% 123560 F TC=0+-109 24546 C4-1/8~T0~316R~F
A12RA46 0757-0401 [} RESISTOR 100 1% ,125W F TC=0+-100 24544 €4-1/8-T0~-101-F
A12R47 0757-0397 3 RESISTOR 68.1 1% .125W F TC=0+-100 24544 Ca~-1/8~TH~68R1~F
A12R4A8 0698-3441 a8 RESISTOR 215 1% ,125W F TC=0+-100 24546 C4-1/8-T0-215R~F
A12R49 0698-0082 7 RESISTOR 464 1% .125W F TC=0+~100 24546 C4-1/8-T0~4640~F
A12RS0 01698-3444 1 RESISTOR 316 1X .125W F TC=D+-100 24544 C4-1/8~T0~316R-F
Al12RS1 06983439 4 b RESISTOR 178 1% ,1254 F TC=0+-100 24%446 C4-1/8-T0-178R~F
A12R52 16983444 1 RESISTOR 316 1% ,125W F TC=0+-100 24544 C4~-1/8-T0-316R-F
A12R53 07570419 0 RESISTOR 481 1% ,12%W F TC=0+~109 24546 C4~1/8-T0-681R-F
A12RS54 1698-3428 1 RESISTOR 14.7 1% .125W F TC=0+-100 93888 PMESS~1/8~T8~14R7~-F
A12RSS 0698-3439 4 RESISTOR 178 1% .125W F TC=0+-100 24546 C4-1/8~T0-178R~F
A12R56 0698~-0082 7 RESISTOR 464 1% ,125W F TC=0+-100 24546 CA~-1/8-T0-4640~F
A12RS7 07570397 3 RESISTOR £8.1 1% ,125W F TC=0+-100 24544 C4~-1/8-T0~68R1~F
A12RS8 07%57-0180 2 RESISTOR 31.6 1% .125W F TC=0+-100 28480 0757-0180
A12RE9 0693-4037 1] RESISTOR 46.4 1% .125W F TC=0+-100 24546 C4-1/8~T0-46R4~F
Al2Rb10 0757-0397 3 RESISTOR 68.1 1% (1254 F TC=0+-100 24544 C4~1/8-T0-68R1~F
A12R&61 0757-0401 Q RESISTOR 100 1X .125W F TC=0+-108 24544 C4~-1/8-T0-101~F
Al2R62 0757-0180 2 RESISTOR 31.6 1% .125%W F TC=0+-100 28480 0757-0180
A12RE3 0698-4037 1] RESISTOR 46,4 1% 1254 F TC=0+-100 24546 C4-1/8~T0-46RA-F
Al2R64 1698-3439 4 RESISTOR 178 1% .125W F TC=0+-100 24%544 C4-1/8-T0~-178R~F
AL2RGS 0698-3444 1 RESISTOR 316 1% ,125W F TC=0+-100 24546 Ca-1/8-T0-316R-F
A12R&66 07570397 3 RESISTOR 68.1 1Z .125W F TC=0+-100 24544 C4~-1/8~T0-68R1~F
AL12R67 0757~0401 1] RESISTOR 100 1% .125W F TC=0+-100 24%546 C4-1/8-T0~101~F
A12R48 0757-0180 2 RESISTOR 31.6 1% .12%W F TC=0+-100 28489 07%7~0180
A12R69 0698-3439 4 RESISTOR 178 1% 1254 F TC=0+-100 24546 C4-1/8-T0~178R~F
A12R70 0698~3444 1 RESISTOR 316 1% .125W F TC=0+-100 24544 C4-1/8~T0~-316R-F
A12R71 07570399 a RESISTOR 82.% 1Z .125W F TC=0+-100 24546 C4-1/8~T0-82R5~F
A12R72 0757-0180 2 RESISTOR 31.6 1% .125W F TC=0+-100 28480 0757-0180
A12R73 0757-0401 0 RESISTOR 1060 1% .125W F TC=0+-100 24545 C4-1/8~-7T0-101~F
A12R74 01698~-3439 4 RESISTOR 178 1% ,125W F TC=0+~-100 245446 C4-1/8-T0-178R~F
A12R75 0698-0082 7 RESISTOR 464 14 ,125W F TC=0+-100 24546 €C4-1/8~T0~4640-F
A12R76 07570399 ] RESISTOR 82.5 1% .125W F TC=0+~100 24544 C4-1/8-T0-82RS~F
A12R77 0757-0397 3 RESISTOR 68.1 1% ,12%W F TC=0+-100 24546 C4-1/8-T0-68R1~-F
A12R78 0698-3439 4 RESISTOR 178 1% .125W F TC=0+-100 24544 C4-1/8~T0~178R-F
A12R79 0698-3444 1 RESISTOR 316 1% .125W F TC=0+-100 24546 C4-1/8-T0~316R-F
A12R80 07%7-0180 2 RESISTOR 31.6 1% .125SW F TC=0+-100 28480 0757-0180
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Model 4192A

Table 6-3. Replaceable Parts

Section VI
Table 6-3

Reference HP Part |c Q A Mfr
Py t Description Mfr Part Number
Designation Number |D Y P Code
A12T1 2100-0822 7 TRANSFORMER :PULBE(11307) 28480 2100-DB22
Al2T2 91080822 7 TRANSFORMER :PULSE(113087) 28480 100 -1822
A12T3 2100-0822 7 TRANSFORMER i FULSE( 11307 28480 ?100-0822
Al12T4 ?100~-0822 7 TRANSFORMER :PULGE{11307) 28480 9100-8822
A12TS ?180-0822 7 TRANGFORMER : FULSE (11307 20400 ?100-0822
AT2TH 21000822 7 TRANSFORMER i PULBE(11307) 28480 9100-0822
Aalz2ul 1826-0933 4 IC NJM78L12A V RGLTR T0-92 NJM78L12A
At2u2 1826~0139 ? IC P AMP GP DUAL 8-DIP-P PKG 0192k £Aa1458C
A12U3 1826-0282 3 IC V¥ RGLTR TD-92 04713 MC79L12ACP
Alz204 1826-0933 4 IC NJM78L12A V RGLTR T0-92 NJIM78L12A
A12U% 1826-0933 4 IC NJM78L12A V RGLTR T0-92 NJM78L12ZA
Al12U6 1826-0933 4 IC NJM78L12A V RGLTR T0-92 NJM78L12A
Alz2u7 1826-0282 3 IC V RGLYR TO-92 04713 MC7%L12ACP
04192-61683 | B 1 CABLE ASSEMBLY 240MM WHT 20480 B41%22-61683
04192-61684 | 9 1 CAELE ASSEMELY-COAX 180MM RED 28480 04192-b1684
03400220 8 BEADS 28480 03400220
3050~0082 8 WASBHER-FL NM NO, 4 .116-IN-ID ,1BB~IN-0OD 28480 3050-0082
?170-0029 3 CORE~-SHIELDING BEAD 28480 21700029
04192-0067% | & 1 SHIELD 28480 0419200671
0419200672 | 7 1 SHIELD 28440 0419200672
A3 04262-66503 1 HP-1B CONNECTOR BQARD ASSEMBLY

See introduction to this section for ordering information
*Indicates factory selected value
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Section VI

Table 6-4 Model 4192A
Table 6-4. Board Mounted Hardware
Board Name Part Number Qty Description Location
04192-00691 1 SHIELD CASE (A1-1)
04192-00693 1 SHIELD CASE (A1-2)
04192-00613 1 SHIELD CASE (A1-3)
04192-00694 1 SHIELD CASE (A1-4) Component Side
Al Range Resistor/Null 04192-00692 1 SHIELD CASE (A1-5)
Detector Board 04192-00611 1 SHIELD CASE (A1-6)
Assembly 1400-0115 24 SCREW
(04192-66501) 1400-0866 1 CABLE CLAMP
04192-00612 2 SHIELD CASE
04192-00695 2 SHIELD CASE
04192-00696 2 SHIELD CASE Pattern Side
2360-0121 16 SCREW
2360-0123 8 SCREW
04192-00617 2 SHIELD CASE .
A3 geference Frequency 23600115 g SCREW Component Side
enerator Board
(04192-66503) 04192-00618 2 SHIELD CASE Pattern Side
2360-0123 8 SCREW
04192-20001 1 SHIELD
04192-00604 1 SHIELD PLATE .
A4 Fractional N Loop 2200-0123 4 SCREW Component Side
Board Assembly 2190-0226 4 WASHER
(04192-66504)
04192-20002 1 SHIELD Pattern Side
0624-0077 2 SCREW
AS Display and Keyboard
Control Board 04192-00642 1 SHIELD Pattern Side
Assembly 2360-0123 6 SCREW
(04192-66505)
04192-00621 1 SHIELD CASE .
A7 Power Supply Board 2360-0115 4 | SCREW Component Side
Assembly 04192-00622 1 SHIELD CASE
(04192:66507) 2360-0202 4 | SCREW Pattern Side
04192-00623 1 SHIELD CASE (OUTER)
04192-00625 1 SHIELD CASE (INNER)
04192-00627 1 SHIELD CASE Component Side
2360-0115 10 SCREW
A8 Floating Power Supply/ 1400-0866 1 CABLE CLAMP
Bias Supply Board 04192-00624 I | SHIELD CASE (OUTER)
Assembly 04192-00626 { | SHIELD CASE (INNER)
(04192-66508) 04192-00628 1 | SHIELD CASE
2360-0200 4 SCREW Pattern Side
2360-0202 4 SCREW
2360-0121 2 SCREW
6960-0016 1 PLUG HOLE
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Section VI

Model 4192A Table 6-4
Table 6-4. Board Mounting Hardware {(cont'd)
Board Name Part Number Q'ty Description Location
04192-00615 1 SHIELD CASE (A11-1)
04192-00614 1 SHIELD CASE (A11-2)
A1l Process Amplifier 04192-00616 1 | SHIELD CASE (A11-3) | Component Side
Board Assembly 04192-00619 1 | SHIELD CASE (A11-4)
(04192-66511) 2360-0115 16 SCREW
04192-00612 4 SHIELD CASE Pattern Side
2360-0121 6 SCREW
04192-00667 1 SHIELD CASE (A12-1)
04192-00666 1 SHIELD CASE (A12-2)
04192-00661 1 SHEILD CASE (A12-3)
04192-00668 1 SHIELD CASE (A12-4) Component Side
A12 Modulator Board 04192-00669 1 SHIELD CASE (A12-5)
2360-0115 14 SCREW
Assembly 1400-0866 2 | CABLE CLAMP
(04192-66512) -086 ABL M
04192-00663 1 | SHIELD CASE
04192-00664 1 SHIELD CASE (OUTER)
04192-00665 2 SHIELD CASE (INNER)
2360-0123 4 | SCREW Pattern Side
2360-0202 6 | SCREW
2360-0200 4 SCREW
6960-0016 2 PLUG HOLE
2360-0115 57 SCREW-MOUNTING
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Section VI

Table 6-5 Model 4192A
Table 6-5. Interconnecting Cable Assemblies
Part Number Description From To
04192-61601 A4J3/A1132/A812 A7]5
04192-61602 A2J1/A3J1/A9)2 A7]4
04192-61603 6 WIRES A6J7 A7]3
04192-61604 AlJ9 A8J3
04192-61611 A2]5 A3J2
04192-61612 5 WIRES RECORDER OUTPUT A9J3
04192-61613 2 WIRES EXT TRIGGER A11J9
04192-61614 3 WIRES AlJl AllJl1
04192-61621 POWER LINE CABLE 3 WIRES LINE MODULE A7]1
04192-61631 FLAT CABLE A2J2 A6]5
04192-61632 FLAT CABLE A6J4 Al1J8
04192-61633 FLAT CABLE A2J4 A417
04192-61633 FLAT CABLE A6J3 A8J1
04192-61633 FLAT CABLE A6J2 A97J1
04192-61635 FLAT CABLE All4 AllJ12
04192-61635 FLAT CABLE AlJS Al12]11
04192-61641 COAXIAL CABLE Lcur All7
04192-61642 COAXIAL CABLE Hpor Al1J6
04192-61643 COAXIAL CABLE Hcur Al1J2
04192-61644 COAXIAL CABLE Lpor Al1J12
04192-61651 COAXIAL CABLE CHANNEL A Al11J10
04192-61652 COAXIAL CABLE CHANNEL B Al1J5
04192-61653 COAXIAL CABLE H (SHORT) EXT VCO Al12]1
04192-61654 COAXIAL CABLE H (LONG) VCO OUTPUT A4711
04192-61657 COAXIAL CABLE L A1J8 A12J5
04192-61658 COAXIAL CABLE M Allé Al12J4
04192-61659 COAXIAL CABLE N AllJ12 Al1217
04192-61660 COAXIAL CABLE o Al1J13 Al2J6
04192-61661 COAXIAL CABLE a A213 Al1J3
04192-61662 COAXIAL CABLE B AlJl15 A3JS
04192-61663 COAXIAL CABLE c¢ AlTl4 A3J6
04192-61664 COAXIAL CABLE b AlJ3 A8J4
04192-61665 COAXIAL CABLE E A318 A4J5
04192-61666 COAXIAL CABLE F A3J9 A12]3
04192-61667 COAXIAL CABLE ¢ A314 A6J8
04192-61668 COAXIAL CABLE 1 A3J10 Al1218
04192-61671 COAXIAL CABLE « EXT REFERENCE A337
04192-61672 COAXIAL CABLE 1 I1MHz OUTPUT A3J3
04192-61691 1 WIRE GND TERMINAL AIGND
FRONT PANEL CONTROL CABLE AS A6J7
04192-61609 HP-IB CABLE Al3 A6J1
TRANSFORMER CABLE TRANSFORMER A712
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Model 4192A

Section VI
Figure 6-1

— Exploded View,

Q‘,.
Reference HP Part No. Qty Description
1 5060-9836 1 TOP COVER
2 5040-7202 ] TOP TRIM
3 1460-1345 2 STAND
4 5060-9848 1 BOTTOM COVER
5 5001-0441 2 SIDE TRIM
6 5040-7201 4 FOOT (BOTTOM)
7 5060-9948 2 SIDE COVER
8 5040-7219 2 STRAP HANDLE CAP (FRONT)
9 5060-9805 2 STRAP HANDLE
10 5040-7220 2 STRAP HANDLE CAP (REAR)
1 2680-0172 4 SCREW
12 5040-7221 4 FOOT (REAR)
13 2360-0195 4 SCREW
Figure 6-1. Major Mechanical Parts on the Instrument Exterior
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Section VI

Model 4192A

Table 6-6
Table 6-6. Parts Identification
e vifr
Reference |p port Number| Qty Description Mfr Part Number
Designation Code
1 5040-7219 2 STRAP HANDLE CAP (FRONT)
2 2680-0172 4 SCREW
3 5060-9805 2 STRAP HANDLE
4 1400-1051 4 CABLE CLAMP
5 2510-0192 16 SCREW
6 5020-8838 4 STRUT
7 04192-60002 1 SIDE PLATE (L)
8 5060-9948 2 SIDE COVER
9 04192-00605 1 HOOK
04192-08000 1 SPRING
10 04192-40002 1 COUPLER
11 3101-2216 1 LINE SWITCH
3050-0235 2 WASHER
2910-0025 2 WASHER
0515-0150 2 SCREW
12 5040-7220 2 STRAP HANDLE CAP (REAR)
13 04192-01203 1 ANGLE
14 2110-0564 1 FUSEHOLDER BODY
2110-0569 1 FUSEHOLDER NUT
15 2110-0305 1 FUSE 1.25A 250V {198 ~ 250V)
2110-0016 1 FUSE 0.6A 250V (90 ~ 126V)
16 2110-0565 1 FUSEHOLDER CAP
17 1250-0118 7 CONNECTOR-BNC
1250-0252 2 CONNECTOR-BNC
18 0360-1160 3 SOLDER TERMINAL
19 2190-0016 10 WASHER
20 2950-0001 7 NUT
2950-0035 2 NUT
21 3160-0311 1 FAN
22 1250-1499 1 ADAPTER-COAXAL
23 9100-4223 1 TRANSFORMER
24 04192-00205 1 REAR PANEL
25 2360-0113 17 SCREW
26 1400-0611 3 CABLE CLAMP
27 5020-8808 1 REAR FRAME
28 1400-0866 24 CABLE CLAMP
29 1390-0281 2 FASTENER-PLUNGER
30 1390-0104 2 FASTENER-GROMMET
31 04192-60004 1 SUB CHASSIS
2360-0115 6 SCREW
6960-0016 4 PLUG HOLE
32 04192-60003 1 MAIN CHASSIS
33 04192-00641 1 SHIELD
1400-0611 2 CABLE CLAMP
2360-0113 3 SCREW
34 5060-9836 1 TOP COVER
35 04192-60001 1 SIDE PLATE (R)
36 2360-0333 6 SCREW
37 5020-8807 1 FRONT FRAME
38 04192-00203 1 SUB PANEL
39 04192-00201 1 FRONT PANEL (HP)
04192-00202 1 FRONT PANEL (YHP)
40 04192-25002 3 WINDOW
04192-85101 1 UNIT FILM (DISPLAY A)
04192-85102 1 UNIT FILM {DISPLAY B)
41 7120-1254 1 NAME PLATE (HP)
7120-0478 1 NAME PLATE (YHP)
42 04192-40001 1 GUIDE
43 1250-0252 6 CONNECTOR-BNC
44 04271-50025 6 INSULATOR-BNC
45 04271-50024 6 INSULATOR-BNC
46 2950-0035 6 NUT
47 1510-0130 1 BINDING POST
48 04192-40001 2 INSULATOR
49 3050-0028 2 WASHER
50 04192-61691 1 TERMINAL (CABLE ASSY)
51 2190-0084 1 WASHER
52 2950-0006 1 NUT
23 5060-9848 1 BOTTOM COVER
54 5041-0564 1 KEY CAP
55 5040-7201 4 FOOT (BOTTOM)
26 1460-1345 2 STAND
57 04192-25003 1 ROD
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Model 4192A Section VI
Paragraphs 7-1 to 7-5

SECTION ViI
MANUAL CHANGES

7-1. INTRODUCTION. Table 7-1. Manual Changes by Serial Number.
7-2. This section contains information for adapting Serial Prefix

K K . ) Make Manual Changes
this manual to instruments to which the contents do not er Nuwber
directly apply. The following paragraphs explain how to 2045400253 and | 1, 2, 3, 4, 5, 6, 7, 9, 10,
adapt this manual to apply to older instruments with a betox éS: ﬁ ii K 17, 48, 19

lower serial prefix.
p 204500272 and | 2, 3, 4, 5, 6, 7, 9, 10, 12,

below 13, 15, 16, 17, 18, 19, 20,
21, 22

7-3. MANUAL CHANGES.
2045.J00307 and | 3, 4, 3, 6, 7, 8, 9, 10, 12,
N . helow 13, 15, 16, 17, 18, 19, 20,
7-4. To adapt this manual to your particular instru- 21, 22
ment, refer to Table 7-1 and make all of the manual 2045J00317 and | 4, 5, 6, 7, 8, 9, 10, 12,
changes listed opposite your instrument serial number. below | 13, 15, 16, 17, 18, 19, 20,
Perform these changes in the summary by assembly.
2015300325 and 5, 6, 7, 8, 9, 10, 12, 13,

below 15, 16, 17, 18, 19, 20, 21,
7-5. If your instrument serial number is not listed on 22
the title page of this manual or in Table 7-1 to the right, 2045100337 and | 6, 7, 8, 9, 10, 12, 13, 15,
s : N helow 16, 17, 18, 19, 20, 21, 22
it may be documented in a yellow MANUAL CHANGES :
supplement. For additional information about serial
number coverage, refer to INSTRUMENT COVERED BY

2043500422 and 8, 9, 10, 12, 13, 15, 16,

MANUAL in Section 1. below | 17, 18, 19, 20, 21, 22

2045300363 and 7, 8, 9, 10, 12, 13, 15, 16,
below 17, 18, 19, 20, 21, 22

2045300472 and 9, 10, 12, 13, 15, 16, 17,
below 18, 18, 20, 21, 22

2045400522 and 10, 11, 12, 13, 15, 16, 17,
below 18, 19, 20, 21, 22

2045.J00547 and 11, 12, 13, 14, 15, lo, 17,
below 18, 19, 20, 21, 22

2045700572 and 12, 13, 14, 15, 16, 17, 18,
19, 20, 21, 22

2150000733 and 13, 14, 15, 16, 17, 18, 19,
helow 20, 21, 22

2150400772 and 14, 15, 16, 17, 18, 19, 20,
hclow 21, 22,

2150001322 and | 15, 16, 17, 18, 19, 20, 21,
helow 22

21501536 and 15, 16, 18, 19, 20, 21, 22
below

215001572 and 15, 16, 18, 20, 21, 22
below

215001673 and | 16, 19, 20, 21, 22
below

2150101732 and 19, 20, 21, 22
below

215001797 and 20, 21, 22
below

2150401977 and 2, 22
helow

215002322 and 22
below




Model 4192A

SECTION VII
CHANGE 1

Page 8-127, Figure 8-80, AT Board Schematic Diagram
Change the value of ATR66 to 1kQ

Page 8-129, Figure 8-82, A8 Board Schematic Diagram
Change the value of A8C71 to 110pF

Page 6-26 and 6-28, Table 6-3, Replaceable Parts:
See Table 7-2, Parts Information.

CHANGE 2

Page 8-85, Figure 8-47, Al Board Schematic Diagram
Partially change the schematic as shown below :

Ra3
306K

2

Iy

e A7
3

pac

u T 4

15
—12ve +12v

c24

Page 8-78 and Page 8-84, Page 8-90, Figure 8-43, Al Board Component Loecations:
Partially change the component locations as shown below :

[

o
1 49
cas
LA ;g? c26
LIl U9 U 1——

Page 6-4, Table 6-3, Replaceable Parts:
See Table 7-2, Parts Information.

7-2



Model 4192A SECTION VII

CHANGE 3

Page 8-113, Figure 8-69, A4 Board Schematic Diagram:
Change tha values of A4R11 and R12 as follows:

R11: 383Q
R12: 147k{

Partially change the schematic as shown below:
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SECTION VII

Page 8-112 and Page 8-115, Figure 8-68, A4 Board Component Locations:
Partially change the component locations as shown below:
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Page 8-103, Figure 8-60, A3 Board Schematic Diagram:
Partially chage the schematic as shown in Figure 7-1.

Page 8-115, Figure 8~71, A4 Board Schematic Diagram:

Partially change the schematic as shown in Figures 7-3 and 7-4.

Page 8-127, Figure 8-80, A7 Board Schematic Diagram:

Change the value of ATR54 to 2.2kQ2

Page 8-137, Figure 8-87, A9 Board Schematic Diagram:
Change the values of A9C4, A9C5 and A9C6 to 0.01 yF.

Model 4192A

Pages 6-11, 6-13, 6-14, 6-15, 6-16, 6-17, 6-18, 6~26 and 6-31, Table 6-3 Replaceable Parts:

See Table 7-2, Parts Information.



Model 4192A

CHANGE 4

Page 8-133, Figure 8-84, A8 Board Schematic Diagram:
Change the value of A8R61 to 422Q

Change the value of A8R54 to 2000

Page 6-30, Table 6-3, Replaceable Parts:
See Table 7-2, Parts, Information.

CHANGE 5

Page 8-91, Figure 8-49, Al Board Schematie Diagram:
Change the values of A1C15, C16 and C22 as follows:

Cl5: 2.2pF
C16: 8.2pF
C22: 1.2pF - 4.2pF

Page 6-3, Table 6-3, Replaceable Parts:
See Table 7-2, Parts, Information.

CHANGE 6

Page 8-112 and Page 8-115, Figure 8-68, A4 Board Component Loecations:

Partially change the component loeation as shown below:

c
~

Page 6-15, Table 6-3 Replaceable Parts.
See Table 7-2, Parts Information.

CHANGE 7

Page 8-133, Figure 8-84, A8 Board Schematic Diagram:
Partially change the schematic as shown below:

a\'br ;

R42  $R4| -

-
|
% g
68 68 E‘ms g(
Vs

Qe Qz0

SECTION VII



SECTION VII Model 4192A

CHANGE 8

Page 8-103, Figure 8-60, A3 Board Schematic Diagram:
Partially change the schematic as shown in Figure 7-1.

Page 8-113, Figure 8-69, A4 Board Schematic Diagram:
Change the values of A4R11 and R12 as follows:

RI1: 3830
R12: 147kQ

Partially change the sechematic as shown in Figure 7-2.

Page 8-115, Figure 8-71, A4 Board Schematic Diagram:
Partially change the schematic as shown in Figures 7-3 and 7-4.

Page 8-112 and Page 8-115, Figure 8-68, A4 Board Component Locations:
Change the component location as shown in Figure 7-5.

Pages 6-11, 6-13, 6-14, 6-15, 6-16, 6-17 and 6-18, Table 6-3, Replaceable Parts:
See Table 7-2, Parts Information.

Figure 7-1.



Model 4192A SECTION VII

A4 FRACTIONAL N LOOP (P/N 04192-66504) 10F 2
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SECTION VII
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Model 4192A SECTION VII

CHANGE 9

Page 8-133, Figure 8-84, A8 Board Schematie Diagram:
Partially change the schematic as shown below:

Pages 6-28, 6-29 and 6-30, Table 6-3, Replaceable Parts:
See Table 7-2, Parts Information.



SECTION VII Model 4192A

Page 8-129 and Page 8-132, Figure 8-81, A8 Board Component Locations:
Change the component locations as shown below:

_C4T  CA6 iC4a4 043
»RI4 S CAY
“CRS
" #CR6




Model 4192A

CHANGE 10

Page 8-112 and Page 8-115, Figure 8-68, A4 Board Component Locations:

Partially change the component locations as shown below:

— CR30-

Bl5

Page 8-115, Figure 8-71, A4 Board Schematic Diagram:
Partially change the schematic as shown below:
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Page 6-15, Table 6-3, Replaceable Parts:
See Table 7-2, Parts Information.

SECTION VII

7-11



SECTION VII

Page 8-129 and Page 8-132, Figure 8-81, A8 Board Component Locations:

CHANGE 11

Partially change the component locations as shown below :
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Model 4192A SECTION VI

Page 8-133, Figure 8-84, A8 Board Schematic Diagram:
Partially change the schematic as shown below :

LI R el < 12 2

L

Page 6-29, Table 6-3, Replaceable Parts:
See Table 7-2, Parts Information.

CHANGE 12

Page 6-46, Table 6-6, Parts Identification:
See Table 7-2, Parts Information.

Page 2-2, Figure 2-1, Line Voltage and Fuse Selection:
Change the figure as shown below:
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220V~ 600mAT
240V 250V~

O



SECTION VII

Page 8~127, Figure 8-80, A7 Board Schematic Diagram:
Partially change the schematic as shown below:
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CHANGE 13

Page 8-85, Figure 8-47, Al Board Schematic Diagram:
Change the value of A1R182 and A1R183 to 20kQ

See Table 7-2, Parts Information.

CHANGE 14

Page 8-112 and Page 8-115, Figure 8-68 A4 Board Component Locations:
Partially change the component locations as shown below :

-CR30- ~CR3I-

B

Model 4192A



Model 4192A

CHANGE 15

Figure 6-3, Replaceable Parts:
See Table 7-2. Parts Information.

Page 8-129 and 8-132, Figure 8-81, A8 Board Component Locations:

Partially change the figure as shown below:
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Page 8-133, Figure 8-84, A8 Board Schematic Diagram:
Partially change the figure as shown below:
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CHANGE 16

Table 6-3, Replaceable Parts:
See Table 7-2, Parts Information.

SECTION VI



SECTION VII Model 4192A

CHANGE 17

Page 6-5, 6-8, 6-9, and 6~10, Table 6-3 Replaceable parts:
See Table 7-2, Parts Information.

Page 8-78, 8-84 and 8-90, Figure 8-43, Al Range Resistor/Null Detector Board Assembly
Component Locations:
Change the Component Locations as shown below :
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Model 4192A SECTION VII

Page 8-96, Figure 8-54, A2 Phase Detector/A-D Converter Board Assembly Component
Locations:
Change the Component Locations as shown below :
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Page 8-85, Figure 8-47, Al Range Resistor/Null Detector Board Assembly Schematic
Diagram:
Change the diagram as shown below:
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SECTION VII

Model 4192A

Page 8-91, Figure 8-49, Al Range Resistor/Null Detector Board Assembly Schematic

Diagram:
Change the diagram as shown below:
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Page 8-97, Figure 8-55, A2 Phase Detector/A-D Converter Board Assembly Schematie

Diagram:
Change the diagram as shown below :

7l

~i2v




Model 4192A SECTION VI

CHANGE 18

Page 6-28 and 6-31, Table 6-3 Replaceable Parts:
See Table 7-2, Parts Information.

Page 8-133, Figure 8-84, A8 Floating Power Supply/Bias Supply Board Assembly
Schematic Diagram:
Change the diagram as shown below:
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CHANGE 19

Page 6-17, Table 6-3, Replaceable Parts:
See Table 7-2, Parts Information.
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Page 8-115, Figure 8-71, A4 Fractional N Loop Board Assembly Schematic Diagram :
Change the diagram as shown below:
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CHANGE 20

Page 6-21, Table 6-3, Replaceable Parts:
See Table 7-2, Parts Information.
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Model 4192A

Page 8-118, 8-120 and 8-122, Figure 8-74, A6 Microprocesser
Assembly Component Locations:
Add 24-pin IC sockets to the locations shown below :

SECTION VII
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SECTION VII Model 4192A

CHANGE 21

Page 8-127, Figure 8-80, A7 Power Supply Board and Al0 Battery and Charger Board
Assembly Schematic Diagram :
Change the diagram as shown below:

GRY
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~4 f 120V
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1
100v 100V
: 120v o |
]
1
1
: 230V T
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l b |
' 120v D
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Y ORG/WHT/GRY - 100V |
BRN BRN ” b 100V
Ly——— LiNY (.-.no’\;:y—,/-bﬁ e 1zov (g BLK/ORG 4 s |
8 FILTER ‘ Y REO/WHT 3 )
N>i@_ BLU o K ov 3 {
s p BLK
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Model 4192A SECTION VII
Table 7-2. Parts Information (Sheet 1 of 3)

Reference HP Part .
CHANGE Page | Note Designation Number Description
1 6-26 C A7R66 2100-3211 RESISTOR-TRMR 1K 10% 1 TRN
6-28 C ABC71 0140-0194 CAPACITOR-FXD 110pF
2 6-4 C Al1C135 0160-2204 CAPACITOR-FXD 100pF
3 6-14 A A4C26 0160-0127 CAPACITOR-FXD 1uF 50VDC
and C A4C27 0160-4571 CAPACITOR-FXD .1uF 50VDC
C A4dC28 0180-1746 CAPACITOR-FXD 15uF 20VDC
8 A AAC29 0180-1746 CAPACITOR-FXD 15uF 20VDC
A AAC54 0160-3847 CAPACITOR-FXD .01uF 50VDC
A A4C55 0180-0229 CAPACITOR-FXD 33uF 10VDC
A A4C70 0160-0127 CAPACITOR-FXD 1uF 50VDC
D A4C74 0180-1083 CAPACITOR-FXD 33uF
D AAC75 0180-1083
D A4C76 0180-1083
D A4C77 0180-1083
D A4C78 0180-1083
D A4C79 0180-1083
D A4C80 0180-1050 CAPACITOR-FXD 100uF
D A4C81 0180-1085 CAPACITOR-FXD 4.7uF
D A4AC82 0180-1050 CAPACITOR-FXD 100uF
D A4CB3 0180-1085 CAPACITOR-FXD 4.7uF
D A4C84 0160-0127
D A4C85 0160-4832
6-15 A A4CR22 1902-0041 DIODE-ZNR 5.11V 5%
C A4L7 9100-1788 CHOKE-WIDE BAND ZMAX=600
D A419 9100-1788 CHOKE-WIDE BAND ZMAX=600
D A4L10 9100-3139 INDVCTOR 75pA 15%
A Ad4Q24 1855-0082 TRANSISTORJ-FET P-CHAN
A A4Q34 1854-0215 TRANSISTOR NPN
6-16 C A4R11 0698-3446 RESISTOR 383 1%
C A4R12 0757-1094 RESISTOR 1.47K 1%
A A4R43 0683-2205 RESISTOR 22 5%
6-17 C A4R96 0757-0200 RESISTOR 5.62K 1%
6-18 A A4U6 1826-0043 IC OP AMP
A A4U13 5080-3070 IC DRUR TTL LS
A AdW3 8159-0005 WIRE 22AWG
3 6-26 C A7R54 0683-2225 RESISTOR 2.2X 5%
6-31 C A9C4 0160-3847 CAPACITOR-FXD .01uF 50VDC
C A9C5 0160-3847 CAPACITOR-FXD .01uF 50VDC
C A9C6 0160-3847 CAPACITOR~FXD .01uF 50VDC
3 6-11 D A3C80 0180-1050 CAPACITOR~FXD 100uF
and 6-13 C A3R74 0698-3401 RESISTOR 215 1% .5W
8 A A3R87 0757-0401 | RESISTOR 100 1%
4 6-30 C A8RS4 2100-3212 RESISTOR-TRMR 200 10%
C A8R61 0698-3447 RESISTOR 422 1%
5 6-3 C AlC15 0160-2241 CAPACITOR-FXD 2.2pF 500VDC
C AlC16 0160-2265 CAPACITOR-FXD 8.2pF 500VDC
C Al1C22 0121-0127 CAPACITOR-V TRMR-AIR 1.5-4pF
6 6-15 D A4J10 1200-0567 SKT-IC 28-CONT
8 6-14 A A4C71 0180-0374 CAPACITOR-FXD :100uF 20V
A A4C72 0180-0374 CAPACITOR-FXD 100uF 20V
A: Add D: Delet C: Change
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SECTION VII
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Model 4192A

Table 7-2. Parts Information (Sheet 2 of 3)

- Reference HP Part ..
CHANGE | Page | Note Designation Number Description
9 6-28 D A8C123 0180-1052 CAPACITOR-FXD 220uF 6.3V
6-29 D A8CR37 1902-3036 DIODE-ZNR 3.16V 5%
6-30 D ABQ33 1854-0477 TRANSISTOR NPN 2N2222A
D A8Q34 1854-0477 TRANSISTOR NPN 2N2222A
D A8R77 0683-1015 RESISTOR 100 5% .25W
D A8R78 0683-1015 RESISTOR 100 5% .25W
D A8R79 0683-1025 RESISTOR 1K 5% .25W
D A8R80 0683-3835 RESISTOR 33K 5% .25W
10 6-15 C A4CR30 1902-3030 DIODE-ZNR 3.01V 5%
D A4CR31 1902-3059 DIODE-ZNR 3.83V
11 6-29 D A8CR38 1901-0050 DIOD-SWITCHING
D A8CR39 1901-0050 DIODE-SWITCHING
12 6-46 C 23 9100-0890 TRANSFORMET
C 24 04192-00204 | REAR PANEL
13 6-8 C AlR182 2100-3353 RESISTOR-TRMR 20K
C A1R183 2100-3353 RESISTOR-TRMR 20K
15 6-28 A A8C118 0160-2204 CAPACITOR-FXD 100pF
A A8C119 0160-2204 CAPACITOR-FXS 100pF
6-31 C A8U14 1826-0035 IC OP AMP
C A8U15 1826-0035 IC OP AMP
16 6-20 A A5 M/P 1251-1998 CONNECTOR-SGL CONT SKT
D A5 M/P 5040-3323 INSULATOR
17 6-5 D A1CR39 1902-3136 DIODE-ZNR 8.06V 12.5MA DO-35
D A1CR40 1902-3136 DIODE-ZNR 8.06V 12.5MA DO-35
D A1CR41 1902-3136 DIODE-ZNR 8.06V 12.5MA DO-35
D AICR42 1902-3136 DIODE-ZNR 8.06V 12.5MA DO-35
6-8 D A1R184 0683-3315 RESISTOR 3300 5% .25W TC=0-400
D A1R185 0683-3315 RESISTOR 3300 5% .25W TC=0-400
D A1R186 0683-3315 RESISTOR 33002 5% .25W TC=0-400
D A1R187 0683-3315 RESISTOR 3302 5% .25W TC=0-400
6-9 D A2CR7 1902-3136 DIODE-ZNR 8.06V 12.5MA DO35
6-10 D A2R43 0683-3315 RESISTOR 330% 5% .25W TC=0-400
6-28 A A8C118 0160-2204 CAPACIOTO-FXD 100pF +5% 330VDC MICA
A A8C119 0160-2204 CAPACITOR-FXD 100pF +5% 300VDC MICA
18 6-31 C A8U14 1826-0035 IC OP AMP LOW-DRIFT TO-99 PKG
C A8U15 1826-0035 IC OP AMP LOW-DRIFT TO-99 PKG
6-17 C A4R139 0757-0441 RESISTOR 8.25K 1% .125W
C A4R140 0698-3155 RESISTOR 4.64K 1% .125W
Add D: Delete C: Change




Model 4192A

Table 7-2. Parts Information (Sheet 3 of 3)

SECTION VI

Reference HP Part .
CHANGE | Page | Note Designation Number Description
20 6-21 A A6J27 1200-0541 SOCKET-IC 24-CONT DIP
A A6J28 1200-0541 SOCKET-IC 24-CONT DIP
A A6J29 1200-0541 SOCKET-IC 24-CONT DIP
A A6J30 1200-0541 SOCKET-IC 24-CONT DIP
A A6J31 1200-0541 SOCKET-IC 24-CONT DIP
A A6J32 1200-0541 SOCKET-IC 24-CONT DIP
A A6J33 1200-0541 SOCKET-IC 24-CONT DIP
A A6J34 1200-0541 SOCKET-IC 24-CONT DIP
A A6J35 1200-0541 SOCKET-IC 24-CONT DIP
A A6J36 1200-0541 SOCKET-IC 24-CONT DIP
A A6J37 1200-0541 SOCKET-IC 24~CONT DIP
A A6J38 1200-0541 SOCKET-IC 24-CONT DIP
A A6J39 1200-0541 SOCKET-IC 24-CONT DIP
Add D: Delete C: Change
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