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Paragraphs 1-1 to 1-5 

SECTION I 

GENERAL INFORMATION 

1-1. INTRODUCTION 

1-2. This operating manual coAtains 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 aJI pertinent 
service notes. To order an additional manual, use the part 
number listed on the title page of this manual. 

4192A. 

1-4. DESCRIPT ION 

1-5. The HP Model 4 192A 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 
4 I 92A 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-

- -
. ] 3.20 ~7 78 - I 3DDDDDD • 

- ........ _ ..... 
. . . . :i 

11170A 

•

04192-61 001 
(; 

~1250-0216 
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Figure 1-1. Model 4192A and Accessories 
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urement parameters with 4½ digit resolution along with 

the appropriate units. In NORMAL mode operation, the 
4192A performs approximately five measurements per 

second. The 4 I 92A also provides an A VE RAGE 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, 

OSC level, and de bias voltage (impedance measurements 
only) equivalent to actual operating conditions. The 
sweep capability of the built-in frequency synthesizer and 

de 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 I MHz maximum resolution. OSC 

level is variable from 5 m V to 1.1 Vrms with Im V resolu
tion ( 5 m V for levels higher than I 00 m V). The internal 
de bias voltage ~ 'urce (impedance measurements only) 
provides ±35V in !OmV increments. Measuring fre
quency or de bias voltage can be automatically or manu
ally swept in either direction. OSC level can be manually 

swept in either direction in l m V increments (5 m V for 
levels above 100 m V). Actual test voltage across- or test 

signal current through the device under test is also 
measured. Thus the 4 l 92A can evaluate components and 

circuits under a wide variety of measurement conditions. 
For example, video frequency characteristics of a VTR 
head, de 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 ("=' 106
) 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 

lmHz over the full frequency range, from SHz to 13MHz, 
can be obtained. In addition, a high stability reference 
(l MHz or l O MHz) 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 (0), and group delay. Measurement 
range of B-A is -!OOdB to +lOOdB with O.OO!dB 
maximum resolution and 0.02dB to 0.09dB basic ac

curacy; measurement range of A/B is +0.8 dBV to 
-lOOdBV, +13.8dBm to -87dBm with O.OOldB maxi
mum resolution and 0.4dB basic accuracy; measurement 
range of e is - 180° ~ + 180° with 0.0 I O resolution and 

0.1 ° to 0.2° basic accuracy; measurement range of group 

1-2 

delay is 0.1 ns to 19.999s with a resolution of 4½ digits. 

These features make accurate measurement of transmis

sion characteristics easier than ever before. For example, 
0.00 I dB 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 - absolute value of 
impedance ( I Z I ), absolute value of admittance ( I YI ), 
phase angle (0 ), resistance (R), 'reactance (X), con
ductance (G), susceptance (B), inductance (L), capaci
tance (C), dissipation factor (D) and quality factor (Q). 
Measurement range of I Z i /R/X is 0.1 mn to l .2999Mn. 

I YI /G/B is 1 ns to 12.999s; e is -180.00° to + 180.00°; 
Lis O.OlmH to l.OOOkH; C is O.lpF to 100.0mF; Dis 
0.0001 to 19.999; Q is 0.1 to 1999.9. All have a basic 
accuracy of 0.1 % and a resolution of 4½ digits (number 
of display digits depends on measuring frequency and 
OSC 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 ( l',.) from a stored refer

ence value or percent deviation (i':.%). 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 4 I 92A. 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 
(SA VE 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 
repetitive 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 4 I 92A 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- I I. 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. Complete 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. Supplemen ta! 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 IEC (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 I 
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 SERIAL 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. 

I SUUAL NO. I 
(OJ (0) I YOfC-0....WA Hl:WLITT ,.4-CKAIID I 

TOtcYO JAl'Wt 

Figure 1-2. Serial Number Plate 
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Table 1-1. Specifications (Sheet 1 of 12) 

COMMON SPECIFICATIONS 

(Amplitude-Phase and Impedance Measurements) 

INTERNAL SYNTHESIZER : Output from OSC OUTPUT (HcuR) terminal 

5.000Hz to 13.000000MHz Frequency Range : 

Frequency Resolution : 

Frequency Accuracy : 

OSC Level Range : 

OSC Level Resolution : 

OSC Level Accuracy : 

Measuring Frequency 

5Hz ~ 1 MHz 

1 MHz~ 13MHz 

1 mHz ( 5 Hz to 1 0kHz), 1 Om Hz (] 0kHz to 1 00kHz), 1 00mHz (1 00kHz to 

1 MHz), 1 Hz ( 1 MHz to 13 MHz) 

± 50 ppm (23°C ± 5°C) 

Variable from 5mVrms to 1.1 Vrms (when terminated by 50.Q in amplitude

phase measurements or UNKNOWN terminals are open in impedance measure

ments). 

1 mV (SmV to l00mV), SmV (l00mV to 1.1 V) 

osc Level 

_.:;: 10omv > 100mV 

(5 + 10/f) ¼ + 2mV (5 + 10/f) % + l0mV 

(4 +I.SF)%+ 2mV (4 + I.SF) 'Ir+ l0mV 

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

Output Resistance : 50n (amplitude/phase measurements), 100.Q (impedance measurements, 2 38kHz) 

100.Q to 10 k.Q (impedance measurements, < 38 kHz, 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). 

1-4 

Frequency Range : 

Required Signal Level : 

40.000005 MHz to 53 MHz (measuring frequency is equal to the frequency of 

the external synthesizer minus 40MHz [5Hz to 13MHz] ). 

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

EXT REFERENCE INPUT CONNECTOR : Can be connected to a I MHz/IO MHz high stability reference signal 

(- I dBm to +5 dBm) to improve the stability of the internal synthesizer. 

Input Resistance : 

MEASURING MODE : 

Spot Measurement : 

Swept Measurement : 

Sweep Mode: 

X10 STEP : 

PAUSE Key: 

SWEEP ABORT Key : 

Approximately 50.Q 

At specific frequency (or de bias*) 

Between START and STOP frequencies (or de bias*). Sweep can be automatic 

or manual. 

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

measurement points per frequency decade). 

Multiplies the specified frequency/de bias* step by 10 in linear manual sweeps. 

Temporarily stops swept measurements. 

Makes sweep cancellation. 

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

RECORDER OUTPUT : 

Maximum Output : 

Output Voltage Accuracy : 

DC outputs proportional to measured values of DISPLAY A, DISPLAY B, and 

measuring frequency or de bias. PEN LIFT output and X-Y recorder scaling 

outputs are provided. 

±1 V 

± (0.5% of output voltage+ 20mV). 

FIVE NONVOLATILE STORAGE REGISTERS : Memorize five complete instrument measurement configurations. 

HP-1B INTERFACE : 

Measurement configurations can be set from the front-panel, from the HP-IB, 

or both. 

Data output and remote control via the HP-IB (based on IEEE-Std-488 and 

ANSI-MCI· I. 

Interface Capability : SHI, AHL TS, L4, SRI, RU, DCI, DTI. 

Remote Control Function : All front-panel functions except LINE ON/OFF switch and X 10 STEP key. 

Data Output : Measured values of DISPLAY A, DISPLAY B, and measuring frequency or de 

bias. 

SELF TEST: 

TRIGGER : 

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. 

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

1-5 
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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 (L'.,) and 

percent deviation measurement (L'.,%) 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 = 1 Vrms, OdBm = 1 mV (into son) 

OSC OUTPUT CONNECTOR OUTPUT IMPEDANCE: son+ 5%- 8% (at 50Hz to 5MHz), son± 10% (at SHz to 

13MHz). 

CHANNEL A AND B : 

Input Impedance : 

Maximum Input Voltage : 

1 Mn± 2%, shunt capacitance 25 pF ± 5pF 

2Vrms/±35V DC Max. 

DISPLAY RANGE AND RESOLUTION : In NORMAL or AVERAGE measurement mode (Measuring resolution de-

1-6 

creases one digit in HIGH SPEED measurement mode. 

8-A: 0 to± l00dB, 0.00ldB (0- 20dB), 0.0ldB (20 ~ lO0dB) resolution 

0 : 0 to ± 180° (0 to ± T radian), 0.01 ° resolution 

Group Delay (rg): O.lns to 19.999s, O.lns maximum resolution 

A, B : +O.SdBV to - lOOdBV, + 13.SdBm to -87dBm, 0.001 dB (> -20dB), 0.01 dB(~ -20dB) 

resolution 
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Table 1-1. Specifications (Sheet 4 of 12) 

MEASURING ACCURACY : Specified at measuring terminals when the following conditions are satisfied: 

( 1) Warmup Time : > 30 minutes 

(2) Ambient Temperature: 23°C ± 5°C (error limits double for 0°C to 55°C temperature range). 

(3) Measuring Speed : NORMAL or AVERAGE mode. 

Note: Additional errors due to the power splitter, feedthrough termination, etc., are to he added to specdf

cations given here. 

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

each channel and the measuring frequency. 

8-A and 8 Measurements Accuracies : Accuracies are the sum of each channel accuracy given in the table 

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

channel is -25 dBV; the uncertainty contributed by each channel to the B-A 

error is 0.01 dB/0.05° and 0.05 dB/0. 15°. respectively. Therefore, the final ac

curacy of 0.06 dB/0.2° is given by the accuracy of both channels. 

Group Delay Measurements Accuracy : Accuracy is derived from the following equation (phase accuracy 6.8A 

and 6.08 are read from the table below): 

,-._ +0.8 
> 
o:l -10 'O 
~ 

v 
C -20 C 
c,; 

..c: u -30 ..c: 
0 
c,; 
w -40 '-
0 

v 
> -50 0) 

-l 
0) ..... -60 ::I 
0 

CJ) 

..0 -70 <!'. 
..... 
::I 
0. -80 
,5 

-90 

-100 
5 

group delay accuracy = ~~AO; ~~B (s) 

where, 6.8A Channel A phase accuracy (degree) 

6.8n Channel B phase accuracy (degree) 

6.F Step Frequency (Hz) 

(O.OO8+O.2/f)dB O.OldB O.O45dB (O.O25+O.O2F)dB 
(O.O4+1/f) 0 0.05° 0.08° O.O8F0 

(O.O47+O.2/f)dB O.O5dB O.O8dB (O.O4+O.O4F)dB 
(O. l 3+2/f) 0 0. 15° 0.25° (O.O5+O.2F) 0 

(O.O5+1/f)dB O.O6dB O.12dB (O.O6+O.O6F)dB 
(O.14+6/f) 0 0.2° 0.3° (O.O5+O.25F) 0 

(O.O5+3/f)dB O.O8dB 0. 14dB (O.O7+O.O?F)dB 
(O.15+15/f) 0 0. 3° 0.6° (O.3+O.3F) 0 

(O. l+lO/f)dB O.2dB (O.1+O.lF)dB 
(1+5O/f)O l. 5° ( l +O. 5F) 0 

(O.45+25/f)dB O.7dB (O.4+O.3F)dB 
(4+1OO/f) 0 50 ( 4+F )0 

(l .5+5O/f)dB 2dB (l+F)dB 
(l2+3OO/f) 0 15° (13+2F) 0 

Unspecified 

100 lOk lM 13M 

Measuring Frequency (Hz) 

f : measuring frequency (Hz) 

F : measuring frequency (MHz) 

Equations in table represent: 

A. B accuracy 

8 accuracy 

Note 

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

1-7 
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Absolute Amplitude (A, B) Accuracy : Accuracy is given in the table below. 

~ 
+0.8 

> 
i:o 
"Cl -70 '-.., 

-;:; 
C 
C -20 
('j 

..=: u 
-

(0.4+1/f)dB 0.4dB (0.4+0.08F)dB 
..=: -30 
u 
('j 

;r.l 
'- -40 
0 

-;:; 
> -50 Q) 

....I 
Q) 

(0.5+17/f)dB 0.6dB (0.5+0.18F)dB ..... -60 ;:::i 

0 
C/J 

.D -70 <r: 
(0.85+26/f)dB l.ldB (0.8+0.38F)dB 

..... 
;:3 (l .9+57/f)dB 2.4dB (l .4+7 .08F)dB 
p, -80 .:; 5~ ~100 100< 

-90 Unspecified 

-700 I 

5 100 lM 13M 

Measuring Frequency (Hz) 

1-8 

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. 
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PARAMETERS MEASURED : 

IZi 

IYI 

R 

G 

L 

C 

Table 1-1. Specifications (Sheet 6 of 12) 

IMPEDANCE MEASUREMENTS 

Measures DISPLAY A parameters and DISPLAY B parameters simultaneously in 

the parameter combinations listed below. Deviation measurement (.6.) and 

percent deviation measurement (.6.%) can be performed for all measurement 

parameters. 

DISPLAY A Function DISPLAY B Function 

Absolute Value of Impedance 
e (deg/rad) : Phase Angle 

Absolute Value of Admittance 

Resistance X Reactance 

Conductance B Susceptance 

Q Quality Factor 
Inductance 

D Dissipation Factor 
Capacitance 

R Resistance 

G Conductance 

EQUIVALENT CIRCUIT MODE : Auto, o-CJ-Wr<> (Series), and ~ (Parallel). IZ I, R, and X are measured in 

o-CJ-Wr<> mode; and IYI, G, and Bin ~ mode. 

DISPLAY: 

RANGING: 

MEASUREMENT TERMINAL : 

Maximum 4·1/2 digits in NORMAL or AVERAGE measurement mode, 
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 frequency. (Refer to Para. 3-17) 

AUTO or MANUAL for impedance ( I Z I )/admittance ( I YI) measured value. 

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). 

1-9 
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MEASURING RANGE AND RESOLUTION : Accuracy is specified at UNKNOWN terminals under the following 

cc 

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 O position 

(6) Measuring Speed : NORMAL or A VERA GE mode 

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

~ area : Measurement can not mode but accuracy is not specified. 

l OOm 

DSC LEVEL(V) 

0.0001 to l.2999Mrl l00rlµ -180.00 °to+ 180.00 ° 

B = 1 + 
0

-
02 

: use the left graph (below) 
'Y 

C = -1
-: use the right graph (below) 

'Y 

where 'Y : OSC LEVEL (V) 

f : Measuring frequency (Hz) 

F : Measuring frequency (MHz) 

u 

l. l 

200 

100 

70 

5m l Om lOOm 

DSC LEVEL(V) 

l. l 
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IZl-0 and R-X Measurements: 

Measuring Range : 

Parameter Measuring Range Maximum Resolution 

IZI · R · X 0.0001 n to l.2999MS1 100µ.Q 

e -180.00° to + 180.00° 0.01° 

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

curacy depends on the value of Das follows: 

~ 

R 

X 

lM 

l OOk 

lOk 

l k 

100 

l 0 

l 

D < 1 1 ~ D < 10 10~D 

Accuracy of R is equal to the accuracy of 
Two times% error given in the table below. 

Table 

X, in number of counts, as calculated from below 

the table below. 

Accuracy of X is equal to the accuracy of R, in 

Table below. number of counts, as calculated from the table be-
low. 

{ ( O. 2 + A) B + f ( l + 2. 4A · C)} + l (0.2 + A)BI + l 
( 

(O.ZF + A)B% + l 

{ ( 0. l t O. 5A) B + ¾ ( l + 2. 4A · C)} " (O.l + 0.5A)B 0 (O.lZF + 0.5A)B 0 

[(O.l + O.ZA)B + t {l + 0.03 (l + lOA)C} J; t l (0.2F + O.ZA)B:. + l 

[(0.05 + O.lA)B + ¥ {1 + 0.03 (l + lOA)C}J' (O. l2F + O. lA)B" 

[(O.l t 0.2A)B +fjl + 0.02 (l + lOA)C)J. + l (O.l t 0.ZA)B. + I (O.l5F + 0.2A)B. + l 

[(0.05 + O. lA)B + ¥ {_l + 0.02 (l + lOA)c) ]
0 (0.05 + O. lA)B" (0.09F + O. lA)B" 

[(O.l + O.ZA)B + t { l + 0. 04 ( l + 6A) C } ] :. + l (O. l + 0.2A + O.OZF + 0.024F 2 )8: + l 

[(0.05 + O. lA)B + ¥ { l + 0. 04 ( l + 6A )C } ]" (0.05 + O. lA + O.OlF + O.Ol4F' )B" 

[0.18 + f {l t 0.04 (l + 0/)c} ]: .• + 3 0. l B, + 3 (O. l t O.OZF t 0.024F 2 )8: + 3 

[(0.05 + O.~l )B + t{ l + 0.04 (l + ¾l)c} ]" (0.05 + 0/J)B 0 (0.05 + O-~l + O.OlF t O.Ol4F')B 0 

[ 0. 2 B + t { l + 0. 04 ( l + ¼) c} ] ;; + 5 0.2B .. + 5 (0.2 + 0.03F + 0.032F 2 )s;; + 5 

[(O. l + 0 -~2 )B + t { l + 0.04 (l +fie}]" (O. l + \
02

)8" (O.l + 0 -~2 +0.06F + 0.064F 2 )(0.2+ 
0
/is" 

[O. 5B + t { l + 0.04 (l + iJC) ]% + 5 0.56':. + 5 

~ [{0.3" \ 1ie + t { 1 + o.o4 (1 + ~)c} J' (0.3 + \
1 

)B" 

(1) A 

400 lM ZM 

Measuring Frequency (Hz) 

Displayed IZI, R or X (.Q) 
in the table. 

I Z I Range full scale ( n) 

(2) Equations in table represent : 

I Z I, R, X accuracy [±(%of reading+ number of counts)] 

0 accuracy [±(absolute value)] 

13M 

1-11 



Scans by ArtekMedia © 2008

• 

Section I Model 4192A 
Table 1-1 

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

IV I - e and G-B Measurements: 

1-12 

Measuring Range : 

Parameter Measuring Range Maximum Resolution 

IYI, (J, B 0.001 µS ~ 12.999S lnS 

e -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 Das follows: 

I~ 
G 

B 

,-. 
Vl 
'-" 

C) 
bJl 
C 
crj 

CG 
-
>-

D;:;: 0.1 0.1 < D;:;: 1 1 <D 

Accuracy of G is equal to the accuracy of B, in 
Table below number of counts, as calculated from the table 

below. 

Two times % error given in Accuracy of Bis equal to the accuracy of G, in 

l 0" 

1001. 

lm 

10111 

l 00111 

10 

Table below 
the table below. number of counts, as calculated from the table 

{ o 2B + % ( l + O. !4C)} ·. + 3 

{(O. l + OA05)B + j (l + 00 -¾4Ci} c 

[ 0. lB + ~ { l + 0. 02 ( l + *) C } ] + 3 

[(0.05 + Oil )B + f { l + 0.02 (l +}Jc} ] 0 

lo. lG + t { l + 0. 04 ( l + 
0

/ IC} ] + 3 

l(0.05 + 0·f1s + ¥{ 1 + o.04 (l + 
0
/ic} ] 0 

below. 

0.28:: + 3 

(0.l + o_,p)G° 

0. lB + 3 

(0.05 + 00%1 
)B" 

0. 2F · B + 3 

(0.12F + IJ_,_il )B' 

0. l 5F · B + 3 

(0.09F + O,~l )B" 

(O. l + 0.0ZF + 0.024F 2 )B" + 3 

(0.05 + O.~l + 0.0lF + 0.014F')B" 

[(0.l + 0.ZA)B + f { l + 0.04 (l +ZAJC)] + l 

[(0.05 + 0.lA)B + i { l + 0.04 (l + ZA)C} ]" 

(0.l + 0.ZA)B,. + l (0.l + 0.2A + 0.0ZF + 0.024F 2 )B• + l 

(0.05 + 0. lA)B" (0.05 + 0. lA + 0.0lF + 0.014F 2 )B 0 

l(0.2 + 0.5AJB + t { l + 0.04 (l + ZOA)C}]. + l 

[(0.1 + 0.2AJB + f { l + 0.04 (l + 20A)C} ] 0 

400 

(0.2 + 0.5A)B, + l 

(O. l + 0.2A)B 0 

(0.5 + 2A)B¾ + 1 

(0.3 + A)B% 

16k lM 

Measuring Frequency (Hz) 

Displayed I YI, G or B (S) 
(I) A = I y I Range full scale (S) 

(2) Equations in table represent : 

in the table. 

2M 

I YI, G, B accuracy:[±(% of reading+ number of counts)] 

8 accuracy:[± (absolute value)] 

13M 
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Table 1-1. Specifications (Sheet 10 of 12) 

L-0, D, R, G Measurements : Refer to R/X or G/B measurements for Rand G accuracy. 

Measuring Range : 

Parameter Measuring Range Maximum Resolution 

L* 0.01 nH ~ l.0000kH I0pH 

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). 

a) 
OJ) 
i:: 
ro 

i:G 

N 

To determine which I Z I range is selected for L measurements, 
change the DISPLAY A function to I Z I / I YI. 

lM 

l OOk 

{(l + 2A)B + t (l + 2.4A·C)} + l 

(0.01 t 0.02A)B + (l + 2.4A·C) 

[(0.2 + 0.3A)B + f { l + 0.03 (l + lOA)C}] + l 

(0.002 + O.OOJA)B + 0-/
5 

{l + 0.03 (l t lOA)C} 

( l + 2A )6,- t l 

(O.Ol + 0.02A)B 

(0.3F + 0.3A)B + l 

( 8. 003F + 0. 003A) B 

[ ( o. 2 + o. 3A) B + 1 { l + ll. o 02 ( l + l OA) C ) ] + l 
l Ok 

(0.002 + 0.003A)B + Q_fil_'.J {l + 0.03 (l + lOA)C} 

(ll.2 t 0.3A)B t l 

(0.002 t 0.0ll3A)B 

(0.2F + 0. 3A)B + l 

(0.002F + 0.003A)B 

[(0.2 + 0.3A)B + f{ l + 0.04 (l + 6 A)cj] + l 
lk 

(0.002 + 0.003A)B + O.~S { l + 0.02 (l + lOA)c} 

(0.2 + 0.3A + 0.03f + 0.032F')B- + l 

(0.002 + 0.003A + 0.0003F + 0.0004F )B 

100 

l O 

[0.2B +} { l + 0.04 (l + 
0/)c}] + 3 

(0.002 + O_JJ~0 3 )B + 0/ 5 {l + 0.04 (l + %-2)c} 

·0.38 + ~ { l + 0.04 (l + i1c)J1 + 5 

(0.003 + D:~0_0_4 )B + j l + 0.04 (l + }Jc) 

[0.7B + f { 1 + o.o4 (l + ¾2-Jc} ]% + a 

(0.007 + Q.~02 JB + 
0 -~

5 
{1 + o.o4 (1 + ~le} 

400 

0. 28 t J 

Io. 002 + 
0 

· 
0
~-

01
11, 

0. 38 t 5 

(0.001 + o._o~o41B 

0. 7B + 5 

(0.007 + Q_.~02 )B 

l 6k 

Measuring Frequency (Hz) 

(ll.2 t 11.03F + 0.032f·" )B + 3 

(0.002 + 0,_0~_0_3 + 0.0003F + 0.0004F· )B 

(0.3 t IJ.04F + 0.048F' )B t 5 

(0.003 + 0.~_0_4 + 0.0004F t 0.0006F')B 

lM 2M 

A = 2rr X Measuring frequency (Hz) X Displayed L (H) in the table. 
( 1 ) I Z I Range full scale ( S1) 

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

L accuracy: [ ± (% of reading + number of counts)] 

D accuracy:[± (absolute value)] 

(3) If 0.1 < D ~ I, double the% error for all values of L. 

(4) IfD>0.l,multiplyerrorofDby(l +0) 2
. 

5 
(5) a= 

2
TTf x 106 (I-I) in the table. 

13M 

Where /J number of digits displayed when the DISPLAY A function is 
changed to I z I! I Y I. 

1-13 
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C-0, D, R, G Measurments: Refer to R/X or G/B measurements for Rand G accuracy. 

1-14 

Measuring Range : 

Parameter ! Measurement Range Maximum Resolution 

C* 0.000lnF ~ 100.00mF 0.lpF 

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). 

I 0., 

I 001. 

,...._ 
lm if] 

(l) 

on 
~ 

"' ~ l Om 

-

>--
100111 

10 

To determine which I Z I range is selected for L measurements, 
change the DISPLAY A function to I Z I / I Y I . 

{0.2s + t (l + 0 -~4c)} + a 
(0.002 + U.{_O_l )G + O.f5 (l + Q0 ¾4_C_) 

[ o. l B + ¥ { l + U. 03 ( l + 1) C} ] t 3 

( 0. 0009 + o · ~_O_QZ) B + O t°-5 { l + 0. OJ ( I + i) C} 

[0.1B + ~{l + 0.02 (l + {Jc) J + J 

(0.0009 + o,i_o_o_z)B + 0-t5 {1 + U.04 (I+ 
0/ic} 

[o.rn + ~ {1 + o.o4 (l t 
0l1c) J + 3 

(0.0009 + O.Q~U;>)B + 0 --~-5 {1 , 0.04 (I '2A)C) 

[(0.1 t 0.2A)B +}{I+ 0.04 (I+ ZAJC)] + I 

(0.UU09 t 
0, 0~02 1s + 

0 -~-5 { I + 0.04 (l + 2A)C} 

l(0.2 + 0.5A)B + t { l + 0.04 (I + ZOA)C} ]:, + l 

(0.002 + 0.004A)B + O_.fS {I + 0.04 (I + Z0A)c} 

400 

0.2Bt + 3 

(0.002 + ~~01 Js 

0. l B.;, + 3 

(0.0009 + °-i()_QZ)B 

(0.1 + 0.ZA)Bi, + l 

(0.0009 + o_._0{0_2)B 

(0.2 + 0.5A)B,. ➔ I 

( 0. 002 + 0. 004A) B 

(0.5 + 2A)8% + l 

(0.005 + o_.OZA)B 

16k lM 

0.2F-B;: + 3 

(0.002F + O.~Ol_)B 

0.2F·8% + 3 

(0.00ZF + ~ll-°_QZ)B 

0.l5F-BX + 3 

(0.U016F + 0.0~0_2)B 

(0. l + 0.0ZF + 0.024F')B% + 3 

(U.0009 + ~O~OZ + 0.000ZF + 0.0003F')B 

(O. l + 0.ZA + 0.02• + 0.024F')B-:. + I 

(0.~009 + o_,~_o_o_z + 0.000ZF + 0.0003F')B 

ZM 

Measuring Frequency (Hz) 

(1) A 
211 X Measuring frequency (Hz) X Displayed C (F) 

I Y I 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 ~ I, double the% error for all values of C. 

(4) If D > 0.1, multiply error of D by (1 + D)2
• 

(S) a= 2nf ! ios+sCF) in the table. 

l 3M 

Where j3 : number of digits displayed when the DISPLAY A function is 
changed to I z I / I Y I . 
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Table 1-1 

DC BIAS: 

Voltage Range : 

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

Valid for impedance measurements only. 

-35V to +35V, !OmV steps 

Setting Accuracy (at 23°C ± 5°C): ± (0.5% of setting +SmV) 

Output Resistance: I !On to 11 kn± 10% (depends on measuring range) 

Maximum Output Current : Varies with measuring frequency and range. 

Floating measurements - 20mA max. 

Low-grounded measurements - 5 mA max. 

Control : Front-panel numeric keys or HP-IB remote control 

GENERAL 

OPERATING TEMPERATURE : 0°C to 55°C 

RELATIVE HUMIDITY : ::;: 95% at 40°C 

POWER: 100, 120, 220V ± 10%, 240V + 5% - 10%, 48Hz to 66Hz, power consumption 

lOOVA maximum. 

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

WEIGHT: Approximately 19 kg 

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

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

OPTIONS 

OPTION 907: Front Handle Kit (HP Part No.: 5061-0091) 

OPTION 908: Rack Flange Kit (HP Part No.: 5061-0079) 

OPTION 909: Rack and Handle Kit (HP Part No.: 5061-0085) 

OPTION 910: Extra Manual 

1-15 
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Section I Model 4192A 
Table 1-2 

Table 1-2. 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 I MHz. 

L · C accuracy for D > I : ( I + D2 ) times accuracy specifications 

Low Grounded Impedance Measurement Accuracy : 

::::::- CD 

N '-' 
- 0 

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 20kn at ~ 600kHz) must also be made using 
the 4 l 92A's zero offset adjustment function. 

10 ..--~-------,--------r:::.11-------

! z I/! y I 

/ 
0. l 

5 l OK 

/ 

/ 
/ 

/ 

/ 
/ 

/ 
/ 

/ 

l DOK 

Measuring Frequency (Hz) 

lM 

- ----

osc 
ZY Ranqe LEVEL 

· 70mV l Okil, lmS 

•70mV Hrc 0 
lOmSo,70S 

osc 
LEVEL ZY Range 

>70mV 
Hrcfr,1 
lOmSo,7 OS 

l OM 

MEASURING SPEED : 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 A VE RAGE mode is approximately 7 times 

that for NORMAL mode. 

3 
"' "' .§ 

f-< 

'2 
"' E 
"' 
~ 
"' "' ~ 

1-16 

3.0 

l. 0 

300m 

l 00m 

30m 
5 10 

Measuring Frequency (Hz) 

High Speed 

Normal Speed 

High Speed 

Normal Speed 
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Table 1-2 

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

FREQUENCY SWITCHING TIME : Approximately SOms to 6Sms 

ZY RANGE SWITCHING TIME: Approximately 3Sms to SO ms per range (at> 40GHz) 

OSC LEVEL SWITCHING TIME: Approximately 6Sms 

DC BIAS VOLTAGE SETTLING TIME : Approximately (0.4 X 6.V + 10) ms where 6.V is the voltage change (V). 

LEVEL MONITOR RANGE AND ACCURACY : At 23°C ± S°C 

~ Range 

Voltage SmV ~ I.IV 

Current lµA ~ llmA 

where f: measuring frequency (Hz), F: 

TIME REQUIRED FOR LEVEL MONITOR : Approximately l 20ms 

1 MHz REFERENCE OUTPUT: 

Output Resistance : 

Square wave, 2. 1.6 Vp-p 

Approximately SO.Q 

Accuracy (% of reading+ count) 

~ IOOHz: (4+ !Off)%+ I 

JOO Hz to 1 MHz : 4% + I 

~!MHz: (4+0.8F)%+ I 

measuring frequency (MHz). 

1-17 
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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 

Option 
Description 

Number 

907 Front Handle Kit. 

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. 

1604 7 A Test Fixture 
11048C 50.Q Feedthrough (2 ea.) 
Power Splitter (HP Part No.: 04192-61001) 
BNC Adapter (HP Part No.: 1250-0216) 
11170A BNC Cable (2 ea.) 
PowerCable (HPPartNo.: 8120-1378) 

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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Table 1-4 

HP 160478 

HP 16047C 

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

Model Description 

16047 A 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: 

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

@ For general radial lead components, 
(HP P/N !6061-7002 1). 

@ For radial short lead components, 
(HPP/N 16047-60001). 

DC bias up to ±35 V can be applied. 

160478 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 2 MHz. Three kinds of contact inserts are 
furnished (same as those for the 16047 A Test Fixture). 

DC bias up to ±3SV can be applied with using the 4192A 
(a protective cover provides for operator safety). 

Cable length: approximately 40cm 

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 
de bias voltage is ±35V. 

1-19 
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Table 1-4 

Table 1-4. Accessories Available (Sheet 2 of 4) 

Model Description 

HP 16048A 16048A Test Leads with BNC Connector: 

HP 16048B 

HP 16048C 

HP 16034B 

1-20 

Test Leads (four terminal pair) with BNC connectors for 
connecting user-fabricated test fixtures. 

Maximum applied de bias voltage is ±200V (refer to 

Figure 3-34). 
Cable length: 1 m 

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. 

Maximum applied de bias voltage is ±200V (refer to 
Figure 3-34). 
Cable length : Im 

16048C Test Leads with Alligator Clips: 
Test Leads with dual alligator clips for testing components 
of various shapes and sizes at freq uencies below I00kHz. 
Applicable measurement ranges: 

Capacitance > I 000pF 
Inductance > IOOµH 

Maximum applied de bias voltage is± 35 V. 
Cable length: 1 m 

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 50.Q). 

Maximum applied de bias voltage is ±35V. 
Cable length: 1 m 
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Table 1-4. 

Model 

HP 16095A 

16097A 

Section I 
Table 1-4 

Accessories Available (Sheet 3 of 4) 

Description 

HP 16095A Probe Fixture: 
For probe impedance measurements on board-mounted 
components or entire circuits. Low lead can be floated or 
grounded. OSC OUTPUT connector is provided for am
plitude-phase measurements. Following data is specified 
when BNC adapter is used: 

Stray capacitance ~ l 5pF 
Residual inductance: ~ 40nH 
Residual resistance : ~ l00mn 

Following parts are furnished. 

Part 

Center pins for probe (10 ea.) 

Alligator clip for ground 

BNC (male) adapter 

Alligator clip adapter 

HP Part No. 

16095-60012 

1609 5-616 I I 

16095-60011 

16095-61612 

Ground pins (5 ea., HP Part No. 16095-65001) are also 
available (not furnished). 

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

I 1094B 7 5 r2 Feed through (2 ea.) 
l 1095A 600r2 Feedthrough (2 ea.) 
I 1070B 60cm BNC cable (2 ea.) 
l l l 70C 120cm BNC cable (2 ea.) 
10013A IO : I Scope probe (2 ea.) 
10007B I : l 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: 

1-22 

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 ~ 0.0lpF 
Residual Inductance : ~ ( I 00 + 0.5F2

) nH 
Residual resistance : ~ (50+5F2)mr2 

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

B- A error : ±0.1 dB 
Phase error: ±0.l 0 

A, B error : ± (0.1 + 0.06F2 ) dB 

Input impedance of CHANNEL A/B : I Mn shunted by 
Jess than I 5pF. 

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 (4ea.) 

16096-6161 I 
BNC (male) to SMC cable (4ea.) 

Banana plug to alligator clip cable 16096-61613 

BNC (male) - BNC (male) cable 
16096-61615 (90cm) 

BNC T adapter 1250-078 I 
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Paragraphs 2-1 to 2-9 

SECTION II 

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 
66 Hz single phase; power consumption is 100 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 VOLT AGE 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. 

2-1 
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------- ~LINE -----. 

VOLTAGE 
SELECTOR 

FUSE 

J
100V~~ 

J ;AT 

ixi=::::: 0 
1 ~OO~AT 

250V~ 
240V~ 

Model 4192A 

Line Voltage Selection 

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

Fuse Removal 

Using a screwdriver, turn the fuse holder CCW45° or 
until it pops-out of the fuse socket. 

Line Voltage Fuse Rating HP Part No. 

I00V/120V 
1.25AT, 250V, 

2110-0305 Slow Blow 

0.6AT, 250V, 
I 

220V/240V 
Slow Blow I 

2110 - 0016 

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. 1251-0048) 
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). 

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

2-14. Interconnections 

2- I 5. To interconnect the 4192A to an external con
troller or peripheral device using the HP-IB interface 
capability (IEEE Std. 488/ ANSI-MCl.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 
!MHz or 10MHz REFERENCE OUTPUT of the external 
frequency synthesizer to the 4 I 92A'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 
2- I 3. Figure 2-2 shows the available power cords which OUTPUTS connectors (located on the 4 I 92A's rear 
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 

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 

Plug : BS 1363A, 250V 
Cable: HP 8120-1351 

OPTION 902 

Earth 

Plug: CEE-VII, 250V 
Cable: HP 8120-1689 

OPTION 905** 

Neutral 

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

OPTION 912 

Neutral 

Plug: DHCR I 07, 220V 
Cable: HP 8120-2956 

United Kingdom 

..----Earth 

------ Neutral 

Line 

European Continent 

Earth 

◄◄---Line 

~Neutral 

Any country 

Line 

Earth 

Denmark 

,,,,,,,_----J Line 

NOTE : Each option number includes a ' family ' 
of cords and connectors of various materials and 
plug body configurations (straight, 90 ° etc.). 

OPTION 901 

Line 

Section II 
Figure 2-2 

Australia/New Zealand 

~Neutral 

Plug: NZSS 198/AS Cl 12, 250V 
Cable: HP 8120-1369 

OPTION 903 U.S./Canada 

/Earth 

~Line 

Plug: NEMA 5-15P, 125V, 15A 
Cable: HP 8120-1378 

OPTION 906 Switzerland 

/Neutral 

Earth 

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

* In the U.S.A. a 230-volt mains might not 
include a neutral conductor. In this case it is 
recommended that the blue conductor of the 
standard power cord be connected to the 
terminal normally used for neutral (line 1). 

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

Figure 2-2. Power Cables Supplied. 

2-3 
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2-16. Operating Environment 2-20. The 4192A can be operated on a bench or can be 
rack-mounted. The 4192A is ready for bench operation 

2-17. Temperature. The instrument may be operated in as shipped from the factory. For bench operation, the 
environments with ambient temperatures from 0°C to instrument is equipped with two retractable legs that are 
+55°C. located on the bottom cover. They are extended by 

pulling them away from the bottom cover. 

2-18. Humidity. The instrument may be operated in 
environments with relative humidities to 951/r at 40°C. 2-21. Installation of Options 907, 908 and 909 
However, the instrument should be protected from 
temperature extremes which cause condensation within 2-22. The 4192A can be rack-mounted and operated as 
the instrument. part of a measurement system. Rack mounting informa

tion for the 4192A is given in Figure 2-3. 
2-19. lf\lSTALLATION INSTRUCTIONS 

2-4 

Option 
Kit 

Part Number 

907 Handle Kit 
5061-0091 

~- - -----

908 Rack Flange Kit 
5061-0079 

--- --- - ----------- -----

909 Rack Flange & 

Handle Kit 
5061-0085 

" 

CD 
" ® 0 .·. 

Parts Included Part Number Q'ty Remarks 

Front Handle G) 5060-9901 2 
Trim Strip 0 5060-8898 2 
# 8-32 x 3/8 Screw 2510-0195 6 9.525 mm 

r---------

Rack Mount Flange 0 5020-8864 2 
# 8-32 x 3/8 Screw 2510-0193 6 9.525 mm 

-------~ 

Front Handle G) 5060-990 I 2 
Rack Mount Flange ® 5020-8876 2 
# 8-32 x 5/8 Screw 2510-0194 6 15.875 mm 

0 
I. Remove the adhesive-backed trim strip G) 

from both sides of the front-panel frame. 

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

3. RACK MOUNTING: Attach rack mount 
flange 0 to both sides of the front-panel 
frame with the screws provided. 

--A: ij /' ~ 
::~-- CD CD ij CD 

CD 

4. HANDLE AND RACK MOUNTING: Attach 
front handleG)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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Paragraphs 3-1 and 3-2 

SECTION Ill 

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 

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. 

BEFORE THE INSTRUMENT IS SWITCHED ON, 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. 

I 
Operating Instructions 

(paragraphs 3-3 thru 3-33) 

i Amplitude Phase Measurement I Impedance Measurement 

(paragraphs 3-34 thru 3-66) I (paragraphs 3-6 7 thru 3-108) 

I Extended Capabilities -1 
I I 
I HP-IB Interface I 
' I 

I (paragraphs 3-109 thru 3-130) I 
I I 
I I 
I I 
I 

-
Recorder Outputs I 

I (paragraphs 3-131 thru 3-136) I 
I I 
I I 
I I 
I External Synthesizer I -
I (paragraphs 3-137 and 3-138) I 
I I I I 
I 
I I 

I ; 
Internal Control Switch I 

I (paragraphs 3-139 and 3-140) I 

I I 
I I L ____________ _J 

Figure 3-1. Contents of Section Ill 

3-1 
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Paragraphs 3-3 to 3-6 

3-3. OPERATING INSTRUCTIONS 

3-4. 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. 

CD 
I 

I I m !1.9;,~, ~~ IIJt/cD•Ar;;:; ANALYZER ~H, -13MH! 

0 
I 

Model 4192A 

3-5. Panel Features 

3-6. 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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Applies ac line power to the instrument when set 
to the ON position. Removes ac line power when 
set to the OFF position. 
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measurements. Number of display digits depends 
on OSC LEVEL @ and the measuring range. 
Display annunciators light to indicate the units of 
the displayed value. 0 Trigger Lamp: 

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

0 DISPLAY B: 

G) DISPLAY A: 
Displays the measured value of the parameter set 
by the DISPLAY A Function Select Keys @ . 
Also displays error codes and messages, SELF 
TEST @ results, ZERO offset @ information, 
and the HP-IB address ( (D in Figure 3-3 ). Maxi
mum 4½ digits; maximum display is 19999 for L 
and C measurements, 12999 for other parameter 

Displays the measured value of the parameter set 
by the DISPLAY B Function Select Keys @). If 
the measurement cannot be made, 0F2 or - - -
is displayed. When DISPLAY A Function @ is 
set to A (dBm/dBV) or B (dBm/dBV), this dis
play is blank. Maximum 4½ digits; maximum dis
play is 18000 for phase (0) 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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® 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 @. Maximum 7½ 
digits for frequency; 4½ 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 SA VE function. 

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

0 D./L.% Keys and Indicators: 
These keys - one for DISPLAY A and one for 
DISPLAY B - are used for deviation (D.) or per
cent deviation (D.%) measurement. For percent 
deviation (D. '1o ), the~ key @ must be pressed 
before the D./D.% key. 
D. (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 

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 

ABB X 100(%) 

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

@ CHANNEL B (TEST INPUT) Connector: 
Used in conjunction with CHANNEL A® and 
OSC OUTPUT @ 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 I Mn ± 2%, shunted by 25 pF 
± 5 pF. Maximum input voltage is AC 2 Vrms 
and DC± 35V. 

Section III 
Figure 3-2 

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 OUTPUT @ 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 I meter test leads are 
used. 

Im: Set the switch to this position when using 
the standard I 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@). 

@ OSC OUTPUT Connector: 
Used in conjunction with CHANNEL AG) and 
CHANNEL B ® in transmission characteristics 
measurements, i.e., gain/loss (B-A), level (A or B), 
phase, group delay. Provides a 5 Hz to 13 MHz 
stimulus signal for the network under test (output 
of network is connected to CHANNEL B@) and 
the reference signal for CHANNEL A®. Output 
impedance is approximately 50.Q. 

@ UNKNOWN Terminals: 
Used for impedance/phase measurements - I Z I, 
I YI, 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 (HcuR ), 
High potential terminal (HpoT ), Low current 
terminal (LcuR ), 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-18 Status Indicators and LOCAL key: 
These four LED lamps - SRQ, LISTEN, TALK, 
and REMOTE - indicate the status of the 4192A 
when it is interfaced with a controller via the 
HP-IB. 
The LOCAL key, when pressed, releases the in
strument from REMOTE (HP-IB) control and 
enables front-panel control. The LOCAL key 
does not function when the instrument is set to 
local lockout by the controller. 

@ DISPLAY A Function Select Keys and Indicators: 
These keys - [Q] and [Q] - are used in con
junction with the CIRCUIT MODE keys @ to 
select the primary measurement parameter for 
display on D ISP LAY A. The selectable parameters 
are IZI/IYI, R/G, L, C, B-A (dB), A (dBm/dBV), 
or B (dBm/dBV). The selected parameter is in
dicated by the corresponding LED lamp. Pressing 
either of these keys shifts the selected parameter 
in the indicated direction ( @] , [Q] ) . 
I Z I/ I YI : When CIRCUIT MODE @ is set to 

AUTO or o-CJ-W,-o , the instrument 
measures IZ I (absolute value of the 
DUT's impedance) and 8 (phase angle) 
in degrees or radians (depends on DIS
PLAY A Function @ setting); the 
results are displayed on DISPLAY A 
( I Z I) and DISPLAY B (8) to provide 
a polar representation ( IZ IL8) of the 
DUT's impedance. When CIRCUIT 

·ORt G_J 

,o, 
,o, 
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MODE @ is set to ~ , the inst
rument measures I YI (absolute value 
of the DUT's admittance) and 8 (phase 
angle) in degrees or radians; the re
sults are displayed on DISPLAY A 
(IYI) and DISPLAY B (8) to provide 
a polar representation (IYIL8) of the 
DUT's admittance. 

When CIRCUIT MODE @ is set to 
o-CJ-W..-o, the instrument measures R 
(resistance of the DUT) and X (react
ance of the DUT); the results are dis
played on DISPLAY A (R) and DIS
PLAY B (X) to provide a rectangular 
(Cartesian) representation (R±jX) of 
the DUT's impedance. 
When CIRCUIT MODE @ is set to 
~ , the instrument measures G 
(conductance) and B (susceptance); 
the results are displayed on DISPLAY 
A (G) and DISPLAY B (B) to provide 
a rectangular (Cartesian) representa
tion (G ±jB) of the DUT's admittance. 

Measures inductance 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 @ must be set to~"\); 

Figure 3-2. Front Panel Features (Sheet 3 of 10) 
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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@ must be set to~]); 
the results are displayed on DISPLAY 
AG) and DISPLAY B0, respectively. 

B-A (dB) : Measures the relative amplitude of the 
reference input (CHANNEL A0) and 
the test input (CHANNEL B@). The 
result is displayed on DISPLAY AG). 
Also measures group delay or phase in 
degrees or radians (selected by DIS
PLAY B Function @). 
The value displayed on DISPLAY A 
G) is the gain or loss of the network 
under test. Group delay or phase is 
displayed on DISPLAY B 0-

A (dBm/dBV): 
Measures the absolute amplitude of 
the reference input (CHANNEL A 
0) in dBm or dBV (selected by GAIN 
MODE Select key @)). Amplitude 
is displayed on DISPLAY AG). 
When this parameter is selected, DIS
PLAY B Function @ has no select
able parameters and DISPLAY BG) 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, [Q] , is used in conjunction with the 
CIRCUIT MODE keys @ to select the secondary 
measurement parameter for display on DISPLAY 
B G). Selectable parameters are 0 (phase), Q 
(quality factor), D (dissipation factor), R/G (equi
valent series resistance or equivalent parallel con
ductance), and GROUP DELAY. Phase (0) can 
only be selected when DISPLAY A Function @) 
is set to IZI/IYI or B-A (dB); Q, D, and R/G, 
only when DISPLAY A Function is set to Lor C; 
GROUP DELAY, only when DISPLAY A Func
tion is set to B-A (dB). 

Section III 
Figure 3-2 

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

. the indicated direction ( [Q] ). 
0 (deg) : Measures, in degrees, the phase angle 

of IZ I (absolute impedance of the 
DUT) or IYI (absolute admittance of 
the DUT). 

0 (rad) : Measures, in radians, the phase angle 
of I Z I (absolute impedance of the 
DUT) or I YI (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 @) must 
be set to L (inductance) or C ( capac
itance). 

D : Measures the dissipation factor of the 
DUT. DISPLAY A Function @) 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 @) 
and test input (CHANNEL B@). Can 
only be selected when DISPLAY A 
Function @ 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). 

0 (rad) : Measures, in radians, 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). 

Figure 3-2. Front Panel Features (Sheet 4 of 10) 

3-5 



Scans by ArtekMedia © 2008

Section III 
Figure 3-2 

□ o o a o □ 

UNKNOWN 
~~•aov--.--------, 

LPOT "~' QSC L~~i~~ 
OU5t,~T lm 

1@ ®@®@ ~ 

@ 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 (!':,/ 6% 0) measurements. Pressing a 
test parameter key will cause the value of the 
selected test parameter to be displayed on the 
Test Parameter Data Display G). 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. 

Model 4192A 

@® ® 
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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 
(!':,/ 6% 0) measurements. Sets the 
reference value for DISPLAY A. 

REF B : For deviation and percent deviation 
(!':,/ 6% 0) 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 G). 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 SA VE @ and RCL @ 
functions, and reference data for DISPLAY A 
(REF A) and DISPLAY B (REF B) deviation 
measurements (!:::,/ 6% 0)- Data is displayed on 
the Test Parameter Data Display 0 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. 

Section III 
Figure 3-2 

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

Hz, REF DAT A: 
Enters the value input from the 
DATA Input key @ 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 SA VE key @. 
DAT A Input keys @ 0 thru 4 are used to select 
the desired register. For example, to return the 
instrument to the control settings stored in 

• RQL/REF ~ register 0, press ,0. and ~ . 

SAVE Key: 
This key is used to save (store) front-panel con
trol settings, test parameter values, calibration 
data (ZERO OPEN/SHORT @), and reference 
data. There are five registers (0 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 turned off. To store existing con-

s8vE/BEF 

trol settings, press ""t:~j 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: 
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 a PAUSE. 

PAUSE : Temporarily stops the sweep to allow 

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

START DOWN: 
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. 

STEP UP : 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 I m V ( when 
level is less than 100 m V) or 5 m V 

Figure 3-2. Front Panel Features (Sheet 7 of 10) 
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(when level is greater than IOOmV) 
each time this key is pressed. Sweep 
becomes continuous when this key is 
pressed and held. 

XlO STEP: 
This key is used with the STEP UP 
IQ] 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: 

@ TRIGGER: 

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 1 m V 
(when level is less than IOOmV) or 
5 m V ( when level is greater than 
100 m V) each time this key is pressed. 
Sweep becomes continuous when this 
key is pressed and held. 

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 (0in 
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 I: 1 n ~ 1 Mn) 
or admittance (IYI: lOµS ~ lOµS). 

Section III 
Figure 3-2 

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 ( 8;8 ) key. 

Note: Pressing DOWN ( IQ) ) or UP ( [QJ ) key 
sets 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: 

dBV: 

Displays absolute amplitude in dBm 
(=20 log10 V + 13.01). 

Displays absolute amplitude in dBV 
( = 20 log10 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 I kn (10 ms) 
range to 10 kn (I ms) range, circuit 

mode changes from o-CJ--Wroto ~. 
When ZY RANGE @) down-ranges 
from the IOOn (100ms) range to 
!On (Is) range, circuit mode changes 
from~ too-CJ--Wro. 

o-CJ--Wro: Selects equivalent series circuit. 

~ : Selects equivalent parallel circuit. 

Note: In IZI/IYI measurements, ranging does 
not affect the measurement circuit mode. 
CIRCUIT MODE keys are used to select 
IZI or IYI. When the circuit mode is set 
to AUTO or o-CJ--Wro , I Z I is selected; 
when the circuit mode is set to~ 
I YI is selected. 

Figure 3-2. Front Panel Features (Sheet 8 of 10) 
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Note: The nine secondary functions,@thru@ of the DATA Input keys@are accessible by first pressing the BLUE 
key@ 

@) BIAS OFF Key: 

This key disables internal de bias operation. 
When this key is pressed, no de bias is applied to 
the DUT and BIAS ON indicatorG)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
cy 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. 

SHORT : 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. 

@) 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. This function is released by 
repressing the key after pressing the Blue key @) 
or by setting the 4192A to the high speed meas
urement mode@. 

Figure 3-2. Front Panel Features (Sheet 9 of 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 ½) 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 AG) 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: 

++-LL: 

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. 

Provides a reference voltage (OY) 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. 

Section III 
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Provides a reference voltage (1 V) 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 G) and DIS

PLAY B 0 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 (iv). 

@ 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@, DATA Input keys 
@), and the M 6. % keysG). 

Figure 3-2_ Front Panel Features (Sheet 10 of 10) 
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0 

"' OUTPUT 

G) VCO OUTPUT Connector: 

C 

1111 

I "' 

1111 
"' 

0 

Female BNC connector; outputs a 40.000005 MHz 
to 53 MHz signal from the internal synthesizer. 
This connector is normally connected to the EXT 
VCO connector 0 with a short-connector. 

0 EXT VCO Connector: 

Female BNC connector; receives a 40.000005 MHz 
to 53 MHz (input level: 0 dBm ~ 3 dBm) signal 
to generate the measurement frequency (5 Hz to 
13 MHz). 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 connector0 with a short
connector. 

0 EXT REFERENCE Connector: 

Female BNC connector; receives a 1 MHz or 
10 MHz reference signal from an external signal 
source to improve the stability of the internal 
synthesizer. Input impedance is approximately 
50.Q. 

0 

I 
0 

Model 4192A 

® 

G) 1 MHz OUTPUT Connector: 

Female BNC connector; outputs a 1MHz square 
wave (L 1.6 Vp-p) to phase-lock external instru
ments. Output impedance is approximately 50.Q. 

0 HP-IB 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-IB Connector: 

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

0 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. 

Figure 3-3. Rear Panel Features (Sheet 1 of 2) 

3-12 



Scans by ArtekMedia © 2008
Model 4192A 

0 ~ LINE VOLTAGE SELECTOR Switch: 

These switches select the appropriate ac 
operating voltage. Selectable voltages are 
100V/120V ±10% and 220V ±10%/240V ±5% 
-10% (48'"v66Hz). Refer to paragraph 2-8. 

G) ~ LINE FUSE Holder: 

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

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

(HP P/N: 2110-0305) 
220V/240V operation: 0.6AT, 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 de voltages proportional 
to the measurement display outputs and test fre
quency (or internal de 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 : 

Section III 
Figure 3-3 

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 : 
Outputs voltage proportional to the 
test frequency or internal de bias volt
age (from 0V at START frequency/ 
voltage to 1 V 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 IV (max.). 

DISPLAY A connector: 
Outputs voltage proportional to the 
value displayed on DISPLAY A. Nor
malized value is IV (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 
S 1 ). 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 JOO kHz only) 
of the standard SELF TEST, is per}<Jrmed each 
time the instrument is turned on. During this 
abbreviated 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 ....................... IZI 
DISPLAY B .................... 0 (deg) 
Test Parameter Data Display .. SPOT FREQ 
BIAS .......................... OFF 
ZERO OPEN . . . . . . . . . . . . . . . . . . . . OFF 
ZERO SHORT ................... OFF 
A VERA GE . . . . . . . . . . . . . . . . . . . . . . OFF 
HIGH SPEED . . . . . . . . . . . . . . . . . . . . OFF 
SELF TEST . . . . . . . . . . . . . . . . . . . . . OFF 
X-Y RECORDER ................. OFF 
LOG SWEEP . . . . . . . . . . . . . . . . . . . . OFF 
SWEEP ......................... OFF 
CIRCUIT MODE ........ AUTO ( o-Cr-Wr<>) 
GAIN MODE . . . . . . . . . . . . . . . . . . . . dBm 
ZY RANGE ..................... AUTO 
TRIGGER ....................... INT 
6./6.% .......................... OFF 

Table 3-1. 4192A SELF TEST 

Test Number Description 
Display 

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 

P-04 E-50, E-51 
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-

P-06 E-70, E-71, E-72 
ly 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 : 
SPOT FREQ ................... l00kHz 
STEP FREQ . . . . . . . . . . . . . . . . . . . . . I kHz 
STOP FREQ . . . . . . . . . . . . . . . . . . . 13 MHz 
START FREQ .................... 5Hz 
OSC LEVEL .................... 1 Vrms 
SPOT BIAS ....................... 0V 
STEP BIAS ........................ 1 V 
START BIAS .................... -35V 
STOP BIAS ..................... +35V 
REF A ............................ 0 
REF B ............................ 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, I Z I; the absolute 
value of the vector admittance, I YI; 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 4½ 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, µS, M.s1) 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. 

OF! 
OF2 E-06 
UCL E-07 

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

Section III 
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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-0 I 
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, 0 

(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, e (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, ST ART FREQ/ 
BIAS, STOP FREQ/BIAS, OSC LEVEL, TEST LEVEL, 
and REF A or REF B value. Frequency is displayed with 
a maximum of 7½ 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 4½ 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 de bias voltage 
across the DUT. 

3- I 7. 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 3-4 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 

Error-code Meaning 

E-01 An attempt was made to input a test parameter value or reference value that is out-of-range. 
i--------------- -- -· -~ --~-

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. 
~-- ---- --- -- ------ - -- - - -

E-03 ! AUTO or MAN SWEEP was attempted when the STOP FREQ. (or BIAS) is lower than the 
i START FREQ. (or BIAS). I 

----- - - ---

E-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 6/ t-, % 
measurement or is displaying OF I, OF2, UCL, or - - -. 

~-- -~ ---- - --------------- --- - -- --- --- - - -- - -- - ---

E06 
REF A, REF B, !'o., or !'o.% key was pressed when no reference data for the deviation measure-
ment is stored. 

-- --- --------- ----- -- -----------·--- -

E07 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 O ~ 4 are available). 
----- --

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

E-10 In swept frequency measurements of Group 
FREQ./STOP FREQ. sweep range. 

Delay, STEP FREQ. is too low for the ST ART 

Table 3-3. Annunciations (Sheet 1 of 2) 

DISPLAY Meanings 
----- ---- - -- --- ~--~ -- - ---

A B DISPLAY A DISPLAY B 

OF! - - - Measured value of IZI or IYI 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-
scale of display range. ly. 

Significant value OF2 Measurement is performed correct- Measured value exceeds 200% of 
ly. full scale of display range. 

OF2 OF2 Measured value exceeds 200% of full Measured value exceeds 200% of 
scale of display range. full scale of display range. 

*1 
UCL - - - The instrument's internal measure- Measurement cannot be performed. 

ment circuit is saturated. 

3-16 
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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: 

G) When function is set toe, Q, or 
D, the measured value of I Z I or 
I YI is less than 5% of full scale 
of the ZY RANGE. 

G)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. 
---- - -- - ---- - --

I DISPLAY B f~nchon is blank when Significant value Blank Measurement is performed correct-
ly. , DISPLAY A function is set to A 

I ' (dBm/dBV) or B (dBm/dBV). 
---- I -- l 

CAL Blank I ZERO offset adjustment is being performed. 

* 1. 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- 7 2 Internal synthesizer is not functioning properly. 

3-17 
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3-18. Test Signal 

3-19. The internal frequency synthesizer provides a 
sinusoidal wave test signal that has an accuracy of 55 ppm. 
The frequency range is from 5 Hz to 13 MHz. and signal 
level is 5 m Vrms to I. I Vrms. The test signal is output 
from the OSC OUTPUT connector (HcuR of the UN
KNOWN terminals) on the front-panel. Test frequency 
and test level range, resolution. and accuracy are given in 
Table 3-5. 

Note: Test signal accuracy, stability, and resolution can 
be improved by connecting an external frequency 
synthesizer to the EXT VCO connector on the 
rear-panel. Specific information on measurements 
using an external synthesizer is given in paragraph 
3-13 7. 

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.) 

3-20. Measurement Modes 

3-21. The 4192A has three selectable measurement 
modes: NORMAL. HIGH SPEED, and A VE RAGE. 

Model 4192A 

(I) NORMAL Measurement Mode: 
This mode is automatically set each time the 
instrument is turned on. In this mode, the in
tegration time of the instrument's A/D converter 
is equal to the period of the line frequency. Line 
frequency ripple on the de voltage used for in
tegration is rejected (filtered). 

(2) HIGH SPEED Measurement Mode: 
This mode is set by pressing the HIGH SPEED 
key. Measurement speed in this mode is approxi
mately twice that of the NORMAL mode; how
ever, resolution is reduced and accuracy is not 
specified. Integration time is 2. 5 ms. Line fre
quency ripple is not rejected (filtered). 

(3) AVERAGE Measurement Mode: 
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 IO times the period of the line 
frequency. Line frequency ripple is rejected 
(filtered). 

Note: Measurement times for each mode at each 
DISPLAY A/B function setting are given 
in paragraph 3-55 for amplitude/phase 
measurements and in paragraph 3-89 for 
impedance measurements. 

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

---------------------------------------------- Setting Range Resolution Setting Accuracy* 1 

5Hz ~ !0kHz lmHz 

I0Hz ~ I00kHz !0mHz 
Measurement Frequency 

' IOOkH-'--=- I_MH, - po□mH, 
Setting Value ± 50 ppm. 

r I MHz~ 13MHz , I Hz 

--~ I '5Hz~ IMHz:(5+!0/f)%+2mV 

~rms ~ IOOmVr:_:__~~-l mVr~~ MHz~ !3MHz_:_(4_+_1._S_f_)_%_+_2_m_v __ ------, 
OSC Output Level* 2 

* l 

*2 

3-18 

I 

l00mVrms ~ I. I Vrms SmVrms 

I

; 5Hz~ 1MHz: (5+!0/f)%+10mV 
I MHz~ 13MHz: (4 + I.SF)%+ !0mV 

At 23°C ± 5°C. 

UNKNOWN terminals open (impedance measurements) or terminated with 50.Q (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. 

Input Levels : 

Input Current : 

2V<Vrn <5.SV 
OV .S::: Y11 < 0.6V 

Maximum lmA 
(at Vrn = 5.5V) 

Low Level Input Current: Maximum -0.6mA 
(Y11 = 0.4 V) 

Pulse Width : 

Trigger Timing : 

Tp :?. 1 msec 

Leading Edge 

Figure 3-4. External Trigger Pulse 

3-24. Setting Test Parameters 

Section III 
Paragraphs 3-22 to 3-28 

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 DAT A 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 DJSPLA Y 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 DAT A 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 (L) from the reference value or the percent 
deviation (L % ). 

(1) Deviation Measurement L:, (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. 

3-19 
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Table 3-6. Test Parameters 

I 
Parameter Description ! Range 

SPOT FREQ The spot frequency 
Range : 5Hz ~ 13MHz 

START FREQ The start frequency for swept frequency Resolution : I mHz at 5Hz ~ IO kHz; 
measurements lOmHz at IO kHz~ IOOkHz; 

----·-- ------

I OOmHz at lOOkHz ~ I MHz; 
STOP FREQ The stop frequency for swept frequency 

1 Hz at I MHz~ 13MHz 
measurements 

----

STEP FREQ The step frequency for swept frequency Range: I mHz ~ 13MHz 
measurements Resolution: I mHz at I mHz ~ IO kHz; 

lOmHz at lOkHz ~ IOOkHz; 
lOOmHz at lOOkHz ~ I MHz; 
I Hz at I MHz~ 13MHz 

SPOT BIAS The spot bias voltage. 
-35V ~ +35V. ~ Range: 

START BIAS The start voltage for swept voltage measure- Resolution: lOmV_ 
ments 

STOP BIAS The stop voltage for swept voltage measure-
ments 

STEP BIAS The step voltage for swept voltage measure- Range: lmV~35V. 
ments Resolution: !OmV. 

--

OSC LEVEL The level (rms) of the signal output by the Range: SmV ~I.IV. 
internal synthesizer Resolution: I mV at SmV ~ IOOmV; 

SmV at lOOmV ~I.IV 

REF A The reference value for DISPLAY A devia-
tion measurements Range and resolution are the same as those of 

the DISPLAY A/B parameter. 
REF B The reference value for DISPLAY B devia-

tion measurements 

(2) Percent Deviation Measurement 6.% (Delta Per- 3-29. Use the following procedure to perform deviation 

3-20 

cent): measurements: 

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 

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

(I) Set the front-panel controls for normal amplitude
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.) 

(2) 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 DAT A keys. (E-06 annunciation will dis
appear.) This value will be displayed on DIS
PLAY C. 

(4) Press the ENTER key labeled REF DAT A. 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 6/6.% 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 6./6.% 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 III 
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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-IB status 
DISPLAY A/B measurement data 
LINE OFF/ON 
CABLE LENGTH 
BIAS ON 
SPOT BIAS 

3-3 2. 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 SA VE 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: 7 500 hours ( typical) after full 
charge. 

Recharge time: Time required to fully recharge 
the batteries is 200 hours. 

Lifetime: 5 years (at 25°C). 

3-21 
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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 4½ 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 1 mHz (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 (8) 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. 

Model 4192A 

Table 3-8. Measurement Range for Amplitude
Phase Measurements 

Measurement Measurement 
Resolution 

Function Range 

0dB ~ ± 20dB 0.001 dB 
B~A 

± (20dB ~ JOO dB) 0.01 dB 

+ 13.8dBm ~ - 20dBm 0.001 dBm 
A/B (dBm) ~-

- 20dBm ~ - 87dBm 0.01 dBm 
1--------· -- - --

+ 0.8dBV ~ - 20dBV 0.001 dBV 
A/B (dBV) ~-

- 20dBV ~ - I00dBV 0.01 dBV 
-~ 

0.000lµs ~ I.9999µs l00ps 
~- --
I 0.00lµs ~ !9.999µs Ins 

0.0lµs ~ 199.99µs !Ons 
GROUP 

DELAY* 1 0.0001 ms~ 1.9999ms I00ns 
~-

0.00lms~ 19.999ms 1 µs 

0.0lms~ 199.99ms I0µs 
~- ·-·-

0.000!s ~ 1.9999s I00µs 

0.00!s~ 19.999s lms 

8 (deg) 0°~±180° 0.01 ° 
- -·· 

- -rr ~ - 1.000 0.001 

8 (rad) - 1.0000 ~ + 1.0000 0.0001 

+ 1.000 ~ + -rr 0.001 

*]: Measurement range at GROUP DELAY is deter-
mined automatically by liF (STEP FREQ X 2) and 
li8. Specific information on GROUP DELAY meas-
urements is provided in paragraphs 3-63 to 3-66. 

Table 3-7. DISPLAY A/B Functions for Amplitude/Phase Measurements 

DISPLAY A Function DISPLAY B Function 

GROUP DELAY Group Delay in seconds 
B ~ A (dB) Relative Amplitude of the Reference 

Input and the Test Input 
e (deg) Phase Difference in degrees 

e (rad) Phase Difference in radians 

A (dBm/dBV) Absolute Amplitude of the Reference Input 

----------------~ B (dBm/dBV) Absolute Amplitude of the Test Input -----
3-22 
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3-40. OSC OUTPUT 

3-41. 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 50.Q 
resistor which determines the output impedance. The 
output signal level is variable from 5 m V to 1.1 Vrms 
when terminated with 50.Q_ 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 O dB (B-A 
amplitude), 0 degrees (phase) or Os (group delay). 

Z0 = son 

Low 
Impedance 
Source 

Section III 
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osc 
OUTPUT 

Figure 3-5_ Equivalent Output Circuit 

3-45. Figure 3-6 shows the equivalent circuit for the 
CHANNEL A/B. The resistor, Rin, represents the 1 MD 
input resistance; the capacitor, Cs, represents the 25pF 
± SpF 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.Q. Figure 3-7 shows 
the input impedance, Zt, as a function of frequency. At 
low frequencies, the reactance of Cs is very high, making 
Zt nearly equal to Rin. As frequency increases, the 
decreasing reactance of Cs becomes more and more 
significant, causing Zt to decrease. At high frequencies, 
Rin is no longer significant and Z t is slightly less than the 
reactance of Cs (approximately 500.Q at 13MHz). 

CHANNEL 
A/B 

Rin 
!Mn 

Figure 3-6_ Equivalent Input-Circuit 

Cs 
25pF 

3-23 
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Frequency 

Figure 3-7. Zt vs Frequency 

3-46. Input Configurations 

3-4 7. Figure 3-8 illustrates and describes the basic input 
configurations for various types of measurements. Con
nections of these input configuration.s 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 
equal. This is particularly important when 
measuring phase ( or group delay) at high fre
quencies. 

(3) When impedance terminations are required, use 
shielded terminations equipped with suitable RF 
connectors as listed in Table 3-10. Place termi
nations at the end of the transmission line. 

Table 3-9. BNC Cables 

Model No. Cable 

30cm BNC (male) - BNC (male) Double 

11170A - Shield Cable (two 1 l l 70A's are fur-

nished with the 4192A) 

60cm BNC (male) - BNC (male) Double 

11170B - Shield Cable (two 11170B's are fur-
nished with the 16097A Accessory Kit) 

120 cm BNC (male) - BNC (male) Double 

l l l 70C - Shield Cable (two l l l 70C's are fur-

nished with the 4192A) 

3-24 

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 uses a passive 
(2-resistor) pow er splitter and the 
Network Analyzer uses an active power 
splitter. 

passive power 
splitter 

active power 
splitter 

CH.B 

Table 3-10. Impedance Terminations 

Model No. Termination 

l 1048C 
50.Q Feedthrough (two l 1048C's are fur-
nished with the 4192A) 

l 1094B 
75.Q Feedthrough (two 11094B's are fur-
nished with the 11097 A) 

11095A 
600.Q Feedthrough (two 16097A's are 
furnished with the 16-97 A) 
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(A) LOSS (GAIN)-PHASE MEASUREMENT (Z 50'1) 

50!1 Feedthroughs 

(B) LOSS (GAIN)-PHASE MEASUREMENT (Z 600'1) 
550'1 

600!1 Feedthroughs 

(C) LOSS (GAIN)-PHASE MEASUREMENT (Z = 30'1) 

( I 
30'1 l <FA 

Power 

75'1 

Splitter 
OS FB 'v OUTPUT 

75'1 300 

(D) GAIN (LOSS)-PHASE MEASUREMENT 

Section III 
Figure 3-8 

FA 
Power 50!1 Feedthrough Spli?~ [.j,:J .... , .... 1 --~((CH.B 

50'1 Feed-Thru 

(E) COMPARING TWO NETWORKS 

Power 
Splitter 

50!1 Feedthroughs 

\ 

(F) FLOATING NETWORK MEASUREMENT 

Power 
Splitter ______ 50!1 Feedthroughs 

OUTPUT f' ~I;-~~; l~F" 
L___ \- _J 

\ 
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 son 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 
son Feedthrough and connected to CHANNEL A and 
CHANNEL B, respectively. 

3-50. If the characteristic impedance of the network is 
greater than son, 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 600 n, a 5 50 n resistor can be added in series 
with the S0n output to obtain the required 600n 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 600n Feedthrough and connected 
to CHANNEL A and CHANNEL B respectively. 

3-51. If the characteristic impedance of the network is 
lower than son, 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: 

where : Rs 
z 

Rs = 50 X Z (n) 
50-Z 

= shunt resistance 

Model 4192A 

required output impedance 

For example, if the input impedance of the network is 
30n, a 75 n shunt resistor can be added in parallel with a 
son output to obtain 30n 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 30n 
shunt resistor and connected to CHANNEL A and 
CHANNEL B, respectively. When driving an impedance 
lower than son, 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 (I MHz) and low output impedance ("'=' On), 
each channel should be terminated with a son Feed
through and then the network can be connected to 
CHANNEL Bas 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 son characteristic impedance. In this case, both the 

Table 3-11. Balancing Transformers 

Impedance Connectors 
Model No. 

Unbalanced Balanced Unbalanced Balanced 

11473A WECO 310 
600n 

l 1473B Simence 9REL STP-6AC 

11474A son or 75n 135n BNC WECO 241 

11475A Ison Simence 9REL STP-6AC 

11476A 124n WECO 408A 

3-26 



Scans by ArtekMedia © 2008
Model 4192A 

reference input and test input should be terminated by 
50.Q 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 125 .Q 
characteristic impedance. In this case, both the reference 

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

3-55. 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 Function Measurement 
Mode 

HIGH SPEED 

NORMAL 

Measurement Frequency (Hz) 
-----~--

5 ~ 15 15 ~ 150 150 ~ 400 400 ~ 13M 

5ofoo + 100.5 ~ 50foo + 114.5 113 ~ 127 

15000 + 102 ~ 15000 + 116 
f f 

202 ~ 216 

AVERAGE 1102 ~ 1116 

HIGH SPEED 

(B-A)- GROUP DELA Y*t NORMAL 

AVERAGE 

HIGH SPEED 

A/B (dBm) NORMAL 

AVERAGE 

5000 + 592 
f 

15000 + 2399 
f 

5000 + 79 
f 

_!2000 + 80 
f 

50[00 + 412.5 

15000 + 592 
f 

5000 + 77 5 f . 

15000 + 79 
f 

425 

692 

3399 

90 

179 

1080 

I-----------+-------+- ----------~-L--------------~-----l 

HIGH SPEED 

A/B (dBV) NORMAL 

AVERAGE 

HIGH SPEED 

(B - A)*2 NORMAL 

AVERAGE 

5000 + 77 
f 

15000 + 78 
f 

5000 + 92 
f 

15000 + 
92 

f 

Measurement times are typical values in ms, f: measuring frequency (Hz). 
*1 : At spot frequency measurement (refer to paragraph 3-63). 

5000 + 75 5 f . 

15000 + 77 
f 

50r°o + 90.5 

15000 + 
92 

f 

88 

177 

1078 

103 

192 

1092 

*2: Measurement time for B - A measurements can be shortened by changing the setting of an internal control switch (refer to 
paragraph 3-139). 

3-27 
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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 
16096A test fixture after compensation is as follows: 

B ~ A error : ± 0.1 dB 
Phase error : ± 0.1 ° 
A, B error : ± (0.1 + 0.06F2

) dB 

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

Input impedance of CHANNEL A and CHANNEL Bis 
1 M.Q, shunted by 30pF. 

( 1) Cable compensation for the 16096A Test Fixture 

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

3-28 

UNKNOWN 

Set to the ,,. 
GAIN-PHASE,,. 
POSITION 

CH.A CH.B 

11170A 
(furnished BNC-Tee 
with 4192A) (furnished with 

16096A) 

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

DISPLAY A Function 

DISPLAY B Funciton 

lm cable 
(furnished with 
16096A) 

16096A Top View 

B~A(dB) 

0 (deg) 

AVERAGE ................................... OFF 

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

Figure 3-9. Cable Compensation (Sheet 1 of 4) 

Model 4192A 
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SELF TEST .................................. OFF 

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

TRIGGER .................................... INT 

!':,.ft:,.% ....................................... OFF 

SPOT FREQ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I kHz 

OSC LEVEL .................................. 0.6 V 

c. Set the selector switch on the 16096A to the GAIN-PHASE position. 

d. The value displayed on DISPLAY A should be 20 dBV ± 0.02 dBV. 

e. Set the SPOT FREQ to I MHz. 

Section III 
Figure 3-9 

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

± 0.1 dBV. 

g. Reconnect the 16096A as shown below: 

UNKNOWN 
CH.A CH.B 

-... 
11170A 16096A Top View 

h. Set the SPOT FREQ to I kHz. 

1. The value displayed on DISPLAY A should be 0dBV ± 0.04dBV. 

j. Set the SPOT FREQ to I MHz. 

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

± 0.1 dBV. 

I. Set the SPOT FREQ to 15 kHz. 

m. The values displayed on DISPLAY A and DISPLAY B should be 0dBV ± 0.1 dBV and 0° ± 0.5°, respectively. 

Figure 3-9. Cable Compensation (Sheet 2 of 4) 
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(2) Compensation procedure for the 10013A 10 : 1 Scope Probe 

3-30 

a. Connect the 11048C son Feed through termination to the OSC OUTPUT terminal of the 4192A. 

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

below. 

OSC CHAN CHAN 
OUTPUT A B 4192A Front ___ _:_::...;...:.....;._ ______ -,::::r--,::::::::r------Panel 

5011 
Feedthrough O 

c. Set the 4 l 92A's controls as follows: 

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

AVERAGE ................................... OFF 

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

SELF TEST .................................. OFF 

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

GAIN MODE ................................. dBV 

TRIGGER .................................... INT 

6/6% ....................................... OFF 

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

OSC LEVEL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 V 

d. Press the BLUE key and the STORE DSPL A/B key. 

e. Press DISPLAY A's 6/6% 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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Figure 3-9 

h. Repeat steps c through g until the amplitude difference between the two measurement values is less than or 

equal to 0.01 dB. 

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

DISPLAY A Function 

DISPLAY B Function 

B ~ A (dB) 

0 (deg) 

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

1:,/D.% · · · · · .................................. 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 .......................... B (dBm/dBV) 

SPOT FREQ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 MHz 

I. 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) 

3-31 



Scans by ArtekMedia © 2008

Section III Model 4192A 
Paragraphs 3-59 and 3-60 

3-59. Amplitude/Phase Measurement Operating I nstruc

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. 

(i) Initial operational check is performed (refer to paragraph 3-7). 

0 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). 

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

c. 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 4192A 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 1001 JA 10 : 1 Scope Probe is used, error compensation, described in 

Figure 3-9, must be performed. 

(3) Setting Measurement Condition 

3-32 

a. Select the desired DISPLAY A parameter by pressing the [Q] 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 @] key (refer to paragraph 3-38). 

c. 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 dB V, is specified from the following equations: 

dBm = 20 log 10 V + 13.01 

dBV 20 log10 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) 

I 
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Set the desired spot frequency (initial setting value is l00kHz) with the DATA input keys (refer to para

graph 3-29) and press the appropriate ENTER key. 

(Example) Spot frequency = 7.5MHz 
SPOT 

E8EQ/61AS MHz I/ 

Key strokes: G· [2J O 0 O 

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

play). 

e. 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) OSC level = 750mV 
QSC 

Key strokes : G 0 0 G 'cj' 

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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CAUTION 

When making amplitude/phase measurements on an active circuit (e.g., amplifier, active 
filter, etc.), DO NOT allow a de bias voltage exceeding ± 1 0V to be applied to the OSC 
OUTPUT terminal. To do so may damage the instrument. When the de bias voltage of the 
circuit under test is higher than ± 1 0V, but not more than ± 35 V, connect a 2.2µF (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; 2.2µF, 50V. 

IOk 

lk 

" i 100 

50 

5 10 100 lk I Ok 

Measurement Frequency (Hz) 

IOOk 

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

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 J-10. 

(I) Setting Sweep Parameters 

3-34 

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

(Example) Start frequency == IO kHz 

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) 



Scans by ArtekMedia © 2008
Model 4192A Section III 

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 = 1 MHz 
SPOT 

E8EO/e1AS MHz V 

Key strokes : G [iJ 0 

The stop frequency setting, 1000.000 kHz, 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 DJSPLA Y 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 1 kHz) with the DAT A input 

keys (refer to paragraph 3-24) and press the appropriate ENTER key. 

(Example) Step frequency = 1 kHz 
STEP 

ERE0/61AS kHz mV 

Key strokes : G [iJ 0 

The step frequency setting, 1.000000 kHz, 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.osN 

where Fis the startfrequency(5Hz, J0Hz, J00Hz, ]kHz, J0kHz, J00kHz, 1MHz, orJ0MHz)and 

N is an integer that represents the step number. For example, if the start frequency is 100 kHz and 

the stop frequency is 1 MHz, the sweep will be as follows: 

l 12.2018kHz 6 199.5262 kHz 11 354.8133kHz 16 630.9573 kHz 

2 125.8925 kHz 7 223. 8 721 kHz 12 398.1071 kHz 17 707.9457kHz 

3 141.2537kHz 8 251.1886kHz 13 446.6835kHz 18 794.3282kHz 

4 15 8.4893 kHz 9 281.8382kHz 14 501.1872 kHz 19 89 I. 2509 kHz 

5 l 77.8279kHz 10 316.2277kHz 15 562.3413 kHz 20 1000.000 kHz 

The start and stop frequencies, which determine the sweep range, are limited to decade values 

( JO, JOO, 1 k, ]Ok, J00k, IM, ]OM). If; for example, the start frequency is set to 50kHz and the 

stop frequency is set to 800 kHz, the instrument automatically sets the sweep range as 10 kHz to 

1 MHz. There are, however, two exceptions: ( 1) when the start frequency is set to a value below 

J0Hz 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) 

3-35 



Scans by ArtekMedia © 2008

Section III 
Figure 3-11 

Model 4192A 

(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 100 kHz) with the DAT A input keys (refer to paragraph 

3-24) and press the appropriate ENTER key. 

(Example) Spot frequency = l0kHz 

rn~b~~s kHz mV 

Key strokes : G GJ G 0 

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

b. Press the STEP UP [Q] 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 sati4ies the equation F X I0°·05 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. 

c. Pressing and holding the STEP UP ( [Q] ) key or STEP DOWN ( [Q] ) key continuously advances swept 

frequency measurement. 

d. When X 10 STEP key is pressed simultaneously with the STEP UP ( [Q] ) or STEP DOWN ( @J ) key. 

the step frequency increases by a factor of ten. (This is for linear sweeps only.) 

(3) Auto Sweep 

3-36 

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

b. (D Pressing the START UP ( [Q] ) key starts the frequency sweep from the programmed start frequency. 
The frequency sweep ends at the stop frequency. 

G) 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 ( [Q] ) 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 

Key strokes : ~ G 
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 frequency 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. 

,-.,_ 

eb 
'1) 

"d 
'-' 
'1) 
c/) 
crj 

...-::: 
0... 

where Fm Spot frequency (Hz) 

Fs Step frequency (Hz) 

F1 First measuring frequency (Hz) 

81 F2 Second measuring frequency (Hz) 

L'-.F F2 - FI (= 2 Fs) 

01 Phase (deg) at first measuring 

frequency 

02 Phase ( deg) at second measuring 
82 frequency 

L'-.0 01 - 02 

F 1 Fm F 2 

Measuring Frequency (Hz) 

(I) Fm and Fs are the 41 ~2A SPOT FREQ and STEP FREQ respectively. 

(2) 0 1 is measured at F 1 (= Fm - Fs). 

(3) 0 2 is measured at F 2 (=Fm+ Fs). 

(4) 1g (Group Delay) at Fm is calculated from the following formula and displayed with B - A at Fm. 

360 · L'-.F 

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

80 
I 
I 

I 
I 
I ---,- --

7 Fs 

Fs 

.6.F 

Start frequency (Hz) 

Stop frequency (Hz) 

Step frequency (Hz) 

2Fs 1 
I 

I I 00 to 09 : Phase (deg) at F 0 to F 9 

8s 

I I 
-- I __ ---1---

1 I 1 
I I 

--T----1--1--
--+--_J--t---"---

I I I 
- -J - - ---1 - - ..l - - ,- - - I- - -- - - -- -- -1-- _, __ -1-- -,--

1 I I I I 
--+--+--r--,-~-----~--

1 I I I I I I I 
I J I I I I I I 

.6.0n : en+! - en-I where n = I to 8 

--t- -1- - i - - i - -:- -1- - + - -r --
I I I I I I I I I 
I I I I I I I I I 
:-- Fs--1 I I I I : I 1

1 I I J I I I I 
-- --;---,-- -t-- -T--r- -i---1-- -I - -l--

1 I I I I I I I 

Fo Fs 

Measuring Frequency (Hz) 

(I) F 1 , F 8 , and F s are the 4192A ST ART FREQ, STOP FREQ, and STEP FREQ, respectively. 

Model 4192A 

(2) Measuring frequency is swept from F 0 (= F 1 - Fs) to F9 (= F 8 + Fs), and 00 to 09 are measured at 

F 0 toF9 . 

(3) Tgn (Group Delay) at Fn (n : I to 8) are calculated from the following formula and displayed with 

B -A at Fn. 

360 • .6.F 

Figure 3-13_ Group Delay Measurement on Swept Frequency 
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3-66. Measurement ranges and resolution of the group 
delay measurements are determined automatically by 6F 
(STEP FREQ X2) and 68. 

u 
< 

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 = 
lKHz and t,0 = 1 deg, measurement is made at the ms range with l0ns resolution. 

!\F 
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GROUP DELAY (s) 

Note 

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

Measurement Mode 80% 90% 

AVERAGE l55ms/l74ms l09ms/l 22ms 

NORMAL (5OHz)* 43ms/62ms 3Oms/43ms 

lOOm 

* Resolution 

100% 

36ms/4lms 

lOms/l4ms 

NORMAL (6OHz)* 4lms/6Oms 29ms/42ms 9.6ms/l4ms 

HIGH SPEED 33ms/5lms 23ms/36ms 7.6ms/12ms 

*Line frequency. (SPOT frequency measurement)/ 
(Swept frequency measurement) 

Figure 3-14. Measurement Ranges and Resolution of the Group Delay Measurements 

l O 20 

5mHz 

lmHz 
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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 de bias level found in actual
real world-operation. 

(I) Measuring Frequency : 5 Hz to 13 MHz 

(2) OSC Level : 5 m Vrms to I. I Vrms 

(3) DCbiasvoltage: -35Vto+35V 

Frequency and bias can be automatically or manually 
swept, full range, in either direction. OSC level can also 
be swept (manual only) at Im V steps (5 m V steps at 
levels above I 00 m V). 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 
(o---CJ--w--o) (left of slash) or equivalent parallel circuit 
(~) (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 

[Zl / [YI Absolute Impedance/Absolute Admittance 
0 (deg) Phase Angle in degrees 

0 (rad) Phase Angle in radians 
··---- --- --- - --

R/G Resistance/Conductance X/B 
' 

Reactance/Susceptance 
----

Q Quality Factor 
L Inductance 

D Dissipation Factor 
C Capacitance 

R/G Resistance/Conductance 

3-40 
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Table3-14. Measurement Parameter Formulas 
for Impedance Measurement 

Measurement 
Measurement Equivalent Circuit 

Parameter o-CJ--W,-o ~ 

IZI VR2 + x2 ~---~-------

IYI ---- v!G2-+w -----~-

0 tan-1 cX) 
R 

tan-1 (JL) 
G 

------- - ---- ,----- ---- ------- ----+---- ---

L 
X 1 
-- ---
w wB 

r----- -

C 
1 B -- -

wX I w 
····- -------

I IXI IBI Q 
R c 

~--- ---- - -- -----

D 
R G 

!XI 1B1 

3-71. Measurement Range 

Section III 
Paragraphs 3-71 and 3-72 

3-72. The 4192A has two measurement range modes: 
AUTO and MANUAL. The mode is set by the ZY 
RANGE keys on the front-panel. When DISPLAY A 
function is set to I Z I/ I YI in AUTO range mode, ranging 
depends on the impedance, I Z I, or the admittance, I YI, 
of the DUT. When L or C is selected, ranging depends 
on the displayed value. I Z I and I YI ranges and resolution 
are listed in Table 3-15. 

When ZY RANGE is set to AUTO, the optimum range is 
automatically selected. If the internal measurement 
circuit is saturated or the measured value exceeds the 
upper limit of the range (130% of full scale), the next 
higher range is automatically selected. If the measured 
value is less than the range's lower limit ( 11 % of full 
scale), the next lower range is automatically selected. 

When ZY RANGE is set to MANUAL, the measurement 
range will not change even if the measured value of the 
DUT changes. If the ZY RANGE down ( @] ) key or 
up ( [Q] ) key is pressed, the measurement range is 
changed one decade in the indicated direction. If the 

Table 3-15. ZY RANGE 

]_ IZI IYI 
ZY RANGE -- - --- .------ -----

I 
Measurement Range Resolution Measurement Range Resolution 

I 

Hl/l0S 0.0001 Q ~ 1.2999 D. 0.1 mD. 0.01 S ~12.99S !OmS 
--- -- --- --~--

l0D./IS 0.001 D. ~12.999Q i lmD. 0.000lS ~l.2999S IO0µS 
- ; - ------ -I- - -- -

IO0D./IO0mS 0.01 n ~ 129 .99 D. I !OmD. 0.01 mS ~129.99mS !0µS 
' 

----- - - -- -- --

1 kQ/!OmS 0.0001 kQ ~ 1.299 9ki:2 IO0mD. 0.00lmS ~12.999mS lµS 
-- - --- ---------,------------ -- ----- -- - --

10H2/lmS 0.00lkQ ~12.999kD. rn 0.0001 ms ~ 1.2999 ms l00nS 
-- - - -- :-------

I 
----- - - ---

IO0kD./ IO0µS 0.0lkQ ~129.99H2 

j 
]OD, 0.0lµS ~129.99µS !OnS 

- --- -------

lMD./IOµS 0.O00lMQ ~1.2999MQ IO0Q 0.00lµS ~12.999µS 1 nS 

3-41 
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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), 
OF I will be displayed on DISPLAY A. 

The time required for a range change is between 35 ms 
and 40 ms at frequencies above 400 Hz. Figure 3-15 
shows the number of display digits for I Z I and I YI 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. 

(I) R/G/X/B: 
The measurement ranges, resolution, and number 
of display digits for R (resistance) and X (react
ance) are the same as those for JZ I and are given 
in Table 3- I 5 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 I Y J. 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: 

3-42 

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. 

Model 4192A 

(3) e/Q/D: 
The measurement ranges and resolution for e 
(phase angle), Q (quality factor) and D (dissipa
tion factor) are given in Table 3- I 6. Number of 
display digits for e, Q, and D are the same as that 
for I Z I and I Y I (see Figure 3-15 ). When the 
measured value of I Z I or I YI is less than 5% of 
full scale, e, 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 0/0/D 

Measurement 
Measurement Range I Resolution Parameter 

0 (deg) 0° ~± 180° 
I 

0.01° 
~-- -

r-_ - 1r ~- 1.000 0.001 
--- -- ---

0 (rad) 1.0000 ~+ 1.0000 

t 
0.0001 

o ~ F+,oo:=~9:99 0.001 
1---

0.1 

i 
0~ 1.9999 0.0001 

D -~ 

2.000~19.999 0.001 
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Figure 3-15 
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Figure 3-15. Display Digits for I Z I/ I YI Measurements (sheet 1 of 2) 
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Figure 3-15. Display Digits for IZ I/ I YI Measurements (sheet 2 of 2) 
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Measurement Ranges, Resolution, and Display Digits for L Measurements (Specified by I Z I RANGE). 
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Section III 
Figure 3-16 

Note: Display digits for L/C = Display digit of IZ I/ I YI 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 I 00.12 /1 00mS to !Okn /1 mS (measurement can be 
performed not only in equivalent series circuit [ o--c::;...w.,.-] 

mode but equivalent parallel circuit [ o-Q-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. I Z I and 
I YI are not related to the CIRCUIT MODE. However, 
I Z I is selected when the CIRCUIT MODE is set to AUTO 
or~ and I YI is selected when the CIRCUIT MODE 
is set to~. Capacitance and inductance measure
ments can be performed in not only equivalent series 
circuit (<>-=--wr--0) mode but also equivalent parallel circuit 
(~). 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). 

Measurement 
Equivalent Circuit 1.12/10S 

I 
10.12/1S I 100.12/100ms 

~ -
- -

~ ~ -

G + jB = -R-+-jX

= R- jX 
R2 + x2 

Model 4192A 

Expanding the above equation, we have 

R +~j-
G + jwCp = ___ w_C..,..s __ 

R2 I 
+~c2 w s 

I 
where, Cs(= - wX) : equivalent series circuit 

capacitance. 

Cp(= J!_ ) equivalent parallel circuit 
w 

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- I 8 
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 IO00pF with 
a dissipation factor of 0.5 is equivalent to a series 
capacitance (Cs) of l 250pF 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 

ZY RANGE 

I 1k.12/10mS I 10kn/1 mS I 100k.12/100µS 11 Mn/10µS 

-

--
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 D = ~- =-
wCp Q 

Cs = (1 + D2 ) Cp, R = D
2 

• _J_ 
1 + D2 G 

C G 
r-------·- -- - -~ -- -~---- ---------t----------------------1 

L 

Cs R 
o-C:J-Wr,o 

Lp 

~ 
G 

Ls R 
o-C:J-Wr,o 

D = wCsR =-
1-
Q 

1 D = WLpG = -
Q 

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

In ordin2ry 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. 

10n +2 
Cs IF) ,'?J✓ / 
LolH) '¾:,'?"' V ,., 

/ A-:.;J!'_ / I/ 
/ o'P/ / 

/ / / )',/4 
/ ,,,.1 /// 1/ ,,, 

V / ,~I I/ I., 

/ I/ 
,,, 

I / I, 

, ,,, ,,, ,,, ,,, ,,, I/ ,., 
I Cs= I I + D2) Cp / / / I// >-'-

/ / // 
Lp = I I+ D2) Ls 

/ / / / 

// 1/ 

~ Cp(F) 
Ls(H) 

Figure 3-18. Parallel and Series Parameter Relationship 

1 
Cp = I+ 02 Cs, 

Ls I L = 1 + 02 P, 

02 
G =--~ 

1 + D2 

02 
R =--=----

1 + D2 

1 
R 

1 
G 

Lp = (1 + D2
) Ls, G = --,-

1
-~-

0
-
2 

2~ ·-~-

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 (HcuR), High potential (HrOT ), Low poten
tial (LroT) and Low current (LcuR)- 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 HcuR and 
HroT, LroT and LcuR 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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I 
I 
I 
I 
I 
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I I I 
HCUR HPOT 

OUT 

I 
I 
I 
I 
I 
I 
I I 
LPOT LCUR 

Model 4192A 

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. 

Figure 3-19_ Four Terminal Pair DUT Connections 

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. 

HCUR 

OUT 

HPOT VECTOR 

Detects vector 
voltage across DUT 

LCUR 

LPOT 

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 
13 MHz test signal is 23 meters which is 23 times as long 
as the 1 m 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° 7 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 lm standard 
test cables or for a test fixture attached directly to the 
UNKNOWN terminals. When standard 1 m test cables 
are used for measurements, the CABLE LENGTH switch 
is set to the Im 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 

419 2A, set CABLE LENGTH switch to 1 m position. 

2. If test cable is longer or shorter than the standard 1 m 
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 

n Test Coble 

lliLJ._______.r-, -~ 

i---~ __........, 

i.-

9
-
1

----Wove length -;,...
92 -----j 

192-611 = 2 1t..e -~-- ( rod ion) 

( I rod= 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. 

BRACKET 

" 

LCUR LPOT 

3-79. ZERO Offset Adjustment 

HPOT HCUR 

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. 

DUT 

Figure 3-22. Residual Impedance 
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where 

Rd= 
Xd = 

Rd, 

Rm 
Xm 

Xd 

Rs 
Xs 

Displayed values. 

Model 4192A 

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

Rm, Xm Measured values. (2) ZERO OPEN 
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 

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 

ZERO Offset Adjustments 
Measurement (Hz) 1----------------------,,-----------------------1 

SHORT OPEN* 

5 ~ 500 
ZERO offset adjustment must be performed at each spot frequency. For example, offset adjustment at 5 Hz is 
not valid at 6Hz. 

500 ~ 100k 
ZERO SHORT offset at IO0kHz is valid for all fre
quencies from 500Hz to l00kHz. 

ZERO OPEN offset data is automatically recalculated 
for each frequency within a given frequency range if 

1---------+-----------------------1 ZERO OPEN offset is performed at I MHz. The equa-
ZERO SHORT offset data is automatically recalcu- tions used for this are as follows: 
lated for each frequency within a given frequency 

I00k ~ IM 

1 M ~ l0M 

lOM ~ 13M 

range if ZERO SHORT offset is performed at the 
maximum frequency of that range. The equations 
used for this are as follows: 

1 X y'Fm 
Re = Rs X I X y'Fs 

Xe = Xs X Fm 
Fs 

Ro = Rm - Re Xo = Xm - Xe 

ZERO SHORT offset data is automatically recalcu
lated for each frequency within a given frequency 
range if ZERO SHORT offset is performed at 10MHz. 
The equations used for this are the same as those used 
in the 1 00kHz to 10MHz range. 

Fm Measuring frequency (MHz) 

Ge= Go 

Be = Bo X Fm 
Fo 

Go = Gm - Ge Bo = Bm - Be 

ZERO OPEN offset data is automatically 
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 1 MHz 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. 

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

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

Re, Xe, Ge, Be Recalculated offset data 

Rs, Xs ZERO SHORT offset data 

Go, Bo ZERO OPEN offset data 

Ro, Xo, Gn, Bn Displayed value of DUT 

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

* 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 

DU T 

Figure 3-23. Stray Admittance 

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. Figure 3-24. Parasitic Elements Incident to DUT Connections 

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-

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 

Measured impedance (Rm + jXm) is: 

Rm _ R (I + RGo) + GoX2 + Ro 
- (1- wCoX + RGo)2 + (wRCo + GoX)2 

= X (1 - wCoX)- wCoR2 + wLo 
jXm j (I - wCoX + RGo)2 + (wRCo + GoX)2 

~ ~ 
~ Lo ~~ 
< 2 2 < 

I Ro Go Ro r 
2 ,--.,_,...,., 2 

,_ - - - -1 Co 1-- - - -
L. -If- ...I 

L----11 G -t j B 

Measured admittance (Gm+ jBm) is: 

= G (1 + GRo) + RoB 2 + Go 
(1 - wLoB + GRo)2 + (wGLo + RoB)2 

_ . B (1 - wLoB) - wLoG2 

jBm - J (I - wLoB + GRo)2 + (wGLo + RoB) 2 + wCo 

G 

Figure 3-25. Equivalent Circuits Including Residual Impedance 
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? C 

Lo Effect of residual impedance on C - G measurement: 

Ro 
Gx 

Cx (1 + w2 LoCx - 2 RoGx - LoGx2/Cx) . l l Cm ~ 
T ex T Gx (1 + 2w2 LoCx - RoGx + w 2 RoCx 2/Gx) " Gm ~ 

I) Go ) Effect of stray admittance on L - R measurement: 

~--m--- Lm ~ Lx (1 - 2GoRx + w 2 CoLx - CoRx2/Cx) 

LX Rx Rm ~ Rx (1 - Go Rx+ 2w 2 CoLx - w2 Lx2 Go/Rx) 

Figure 3-26. Effects of Residual Impedance 

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 ~ W 2 LoCx · 100 (%) 

LERROR ~ w2 C0Lx · 100 (%) 

where, w = 21rf (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 

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. 

-180° 

IZI 
0 

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 I Z I< 0, that is, the real 
(R) axis and the imaginary (jX) axis, respectively. 

When phase angle, 0, 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 
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vector, phase angle, 0, 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 
(0) of the impedance vector approaches O 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 de. 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 t,< f2<fo<f3(f4 

fo=----
271:.flxco 

Rx LX 

-jx 

Figure 3-29. Typical Impedance Locus of an Inductor 
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Table 3-19. Measurement Time for Impedance Measurement 

Measurement Measurement Measurement Frequency (Hz} 
Function Mode 5~ 15 15 ~ 150 150 ~400 400 ~ 116k 116k ~ 13M 

HIGH SPEED 50[00 + 57. 5 ~ 5000 +715 
f . 70 ~ 84 77~ 91 

IZI/ IYI - 0 NORMAL 5000 + 59 
f 

~ 5000 + 72 
f 

15000 + 59 ~ 15000 + 72 
f f 

150 ~ 172 166~ 179 

AVERAGE 15000 + 60 ~ 15000 + 73 
f f 

1060 ~ 1073 1067~1080 

HIGH SPEED 50[00 + 45.5 58 65 

R/G- X/B NORMAL 5000 + 47 
f 

15000 + 47 
f 

147 154 

AVERAGE 15000 + 48 
f 1048 1055 

HIGH SPEED 5000 + 60 5 f . 
~ 5000 + 64 5 f . 63 ~ 67 70~ 79 

L/C - D/Q/R/G NORMAL 5000 + 52 
f 

~ 5000 + 55 
f 

15000 + 52 
f 

~ 15000 + 55 
f 

152 ~ 155 159~ 162 

AVERAGE 15000 + 52 
f 

~ 15000 + 55 
f 

1052 ~ 1055 1059~1062 

HIGH SPEED 5~00 + 47.5 60 67 

IZI/ IYI* NORMAL 5000 + 49 
f 

15000 + 49 
f 

149 156 

AVERAGE 15000 + 50 
f 1050 1057 

HIGH SPEED 5~00 + 41.5 54 61 

R/X* NORMAL 5000 + 41 
f 

15000 + 41 
f 

141 148 

AVERAGE 15000 + 43 
f 

1043 1050 

HIGH SPEED 15~00 + 44.5 57 64 

L/C* NORMAL 5000 + 45 
f 

15000 + 45 
f 145 152 

AVERAGE 15000 + 46 1046 1053 
f 

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

* : Measurement times for I Z I/ I YI, R/X and L/C are times at single measurements by setting an internal switch (refer to paragraph 
3-139). 
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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~~"ti'iil 

"J./mA 

Key strokes (voltage) : GJ 
Key strokes (current): 

TEST LEVEL 
-MONITOR 

':i/m,S. 

G 
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 Ill 
Paragraphs 3-91 and 3-92 

ponent (less than approximately 1 kD) 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* 

:0::::: l00Hz ± ((4 + 10/f) % of reading+ 1 mV) 

Voltage 5mV ~ 1.1 V lmV l00Hz ~ 1 MHz ± ( 4% of reading + 1 m V) 

~ 1MHz ± (( 4 + 0.8F) % of reading+ 1 m V) 

s:: l00Hz ± ((4 + 10/f) % of reading+ 1 µA) 

Current lµA ~ 11 mV lµA l00Hz ~ 1 MHz ± ( 4% of reading + 1 µA) 

~ 1MHz ± ((4 + 0.8F) % of reading+ 1 µA) 

* 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 No. Residual Parameter Value % of Reading Error (All Parameters)*! 

16047A ± 5 X ( f 2 To) % 

16047B'1e2 

16047C ±IX ( f 2 10) % 

16048A 

± 5 X (_i_)2 % 
10 

16048B 

l 6048C*3 C < SpF, L < 200mH, R < 10mS1 

16034B*" C < 0.02pF, L < 30mH, R < 30mS1 ± 5 X (_i_)2 % 
10 

16095A*S Cs 15pF, Ls40mH, RS::: 100mS1 

16096A*6 
C :<'.: 0.0lpF, L :S: (100 + 0.sr )mH, 
R :<'.: (50 + Sf,z) mS1 

f : frequency (MHz) 

Model 4192A 

Offset Value in D 

± 0.02 X (__f_)2 
10 

± 0.01 X (__f_)2 
10 

± 0.02 X (l..._)2 
10 

-

± 0.02 X (_i_)2 
10 

*I The incremental errors calculated from the equations in the table for measurements at frequencies above 1 MHz are additive. 
'1e2 The 16047B is useable only at frequencies below 2MHz. 
*3 The 16048C is useable with C (> I000pF) and L (> lO0µH) DUT's at frequencies below lO0kHz. 
*4 The 16034B is useable for measurements on high impedance DUT's ( IZI > 50S1). 
*S When BNC adapter is used. 
*6 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. 

( 1) Turn On and Test Fixture Connection 

a. Press the LINE ON/OFF key to turn the 4192A on. 

Section III 
Paragraphs 3-95 and 3-96 

b. Following turn on, the instrument will perform the following operations in the order listed. 

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). 

c. 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 4192A requires a one hour warm up time to satisfy all specifications listed in Table 1-1. 

e. 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. 

f. Connect the 1604 7 A Test Fixture to the UNKNOWN terminals. 

(2) Setting Measurement Conditions 

a. Select the desired DISPLAY A parameter by pressing the [Q] or @] (up-down) key. The indicator lamp 

adjacent to the selected parameter will come on (refer to paragraph 3-69). 

b. 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). 

c. Select the desired equivalent circuit mode, series ( o-D--W,-o ) or parallel ( o-C5!J-o ), by pressing CIRCUIT 
MODE keys for selected DISPLAY A function (refer to paragraph 3-73). 

d. Select the desired ZY RANGE by pressing the [Q] or @] (up-down) key (refer to paragraph 3-71). 

e. Press SPOT FREQ key. Set the desired spot frequency (initial setting is l00kHz) with the DATA input 
keys (refer to paragraph 3-29) and press the appropriate ENTER key. 

(Example) Spot frequency = 7.5MHz 
sroe 

fREQ/61AS MHz V 

Key strokes: -G [!] 0 0 0 

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

Figure 3-30. Operating Instructions for Impedance Measuiaments (Sheet 1 of 3) 
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f. Press the OSC LEVEL key. Set the desired measuring signal level (initial setting value is IV) with the 

DAT A input keys (refer to paragraph 3-24) and press the appropriate ENTER key. 

(Example) OSC level = 750mV 
QSC 

LEVEL kHz mV 

Key strokes : GJ [2J 0 0 O 

The OSC level setting, 0. 750V, is displayed on DISPLAY C. 

(3) ZERO Offset Adjustments 

Note: When the 1604 7B Test Fixture is used, close the protective cover to enable measurement. Closing the 
cover electrically connects the instrument's UNKNOWN terminals to the fixture; opening the cover dis
connects the fixture from terminals. 

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

b. 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. 

§HORT 

Key strokes : [ Blue ] 0 

c. Remove the shorting-bar from the test fixture. 

d. Set the circuit mode to ~ 

e. 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 : (Blue) 0 

( 4) Connecting a DUT (Device Under Test) 

3-58 

a. 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 (3)-(f}. 

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

Figure 3-30. Operating Instructions for Impedance Measurements (Sheet 2 of 3) 
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CAUTIONS 

1) 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. 

2) When making impedance measurements on an active circuit (e.g., voltage source, battery, 
etc.), DO NOT allow a de voltage exceeding ± 1 0V to be applied to the HcuR 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 ± 1 0V, connect a 2.2µF (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; 2.2µF, 
50V. 
The 16095A Probe Fixture is equipped with this blocking capacitor; the 16096A, 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 I Z I range. Refer to the graph below. For 
example, if the impedance of the DUT is 9kQ, the 4192A automatically selects the l0kQ 
range. On this range, with the 2.2µF 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 9kQ DUT mentioned above at l0Hz, for example, a blocking 
capacitor of approximately l 2µF must be used. 
To change the value of the blocking 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 blocking capacitor value (determined from the graph) minus 2.2µF (the value of 
the blocking capacitor in the 16095A).When the value of the blocking capacitor is higher 
than 2.2µF, the maximum allowable de bias voltage is ± 1 0V. NEVER apply a de voltage 
exceeding ±35V to the HcuRterminal. 

l 00 

_ 100 
> 

0. l +-~--~.,.__ _ _,__-,,.. ___ ,..,.__ 

lOOw lm lOm l OOm 5 10 l 00 l k l Ok 

Capacitance (F) 
Measurement Frequency (Hz) 

Measurement Frequency @ < 38kHz @ ~ 38kHz 

zv RANGE ~ l kQ l0kQ ~ l 00kQ ~lkQ ~l0kQ 

DC Load l40Q 980Q 8.4kQ l40Q l60Q 

Figure 3-30_ Operating Instructions for Impedance Measurements (Sheet 3 of 3) 
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3-97. Swept Frequency Measurements 

3-98. Basic operating instructions for swept-frequency 
impedance measurements are given in Figure 3-31. 

Notes: 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 4192A has a ZERO offset adjustment function to eliminate the residual impedance and stray ad

mittance of the test fixture and test leads. ZERO 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 = l00kHz and STOP FREQ = 1MHz), ZERO offset adjustment 

(SHORT and OPEN) should be performed at 1MHz. 

( 1) Setting Sweep Parameters 

3-60 

a. Press the ST ART FREQ key. Set the start (lower limit) frequency (initial setting value is 5 Hz) 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 = 100 kHz 

Key strokes : 
START 

EREQ/61AS 

G 0 D 
The start frequency setting, 100.0000 kHz, 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 = 1 MHz 
STO~ 

ERE0/81AS MHz V 

Key strokes : GJ 0 O 

The stop frequency setting, 1000.000 kHz, 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 1 kHz) with the DATA input 

keys (refer to paragraph 3-24) and press the appropriate ENTER key. 

(Example) Step frequency = 1 kHz 
STEP 

fRE0/61AS 

Key strokes : GJ 0 0 

The step frequency setting, l.000000kHz, is displayed on DISPLAY C. 

Figure 3-31_ Operating Instructions for Swept-Frequency Impedance Measurements (Sheet 1 of 3) 
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Figure 3-31 

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.osN 

where Fis the startfrequency(5Hz. J0Hz. J00Hz. ]kHz. J0kHz, J00kHz. 1MHz. orJ0MHz)and 

N is an integer that represents the step number. For example. if the start frequency is 100 kHz and 

the stop frequency is 1 MHz. the sweep will be as follows: 

I 12. 20 18 kHz 6 199.5262kHz 11 354.8133kHz 16 630.9573kHz 

2 125.8925 kHz 7 223.8721 kHz 12 398.107lkHz 17 707.9457kHz 

3 141.2537 kHz 8 25 l. l 886kHz 13 446.6835kHz 18 794.3282kHz 

4 158.4893 kHz 9 281.8382kHz 14 501.1872kHz 19 891.2509kHz 

5 l 77.8279kHz 10 316.2277kHz 15 562.3413kHz 20 I 000.000 kHz 

The start and stop frequencies, which determine the sweep range, are limited to decade values 

( J 0, J 00 J k, JO k, 100 k. 1 M. 1 OM). If. for example, the start frequency is set iO 50 kHz and the 

stop frequency is set to 800 kHz, the instrument automatically sets the sweep range to 10 kHz to 

]MHz. There are, however, two exceptions to this: ( 1) when the start frequency is set to a value 
below J 0Hz 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. 

(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 I 00 kHz) with the DAT A input keys (refer to paragraph 

3-24) and press the appropriate ENTER key. 

(Example) Spot frequency = I00kHz 
SPOT 

E8E0/6iAS kHz mV 

Key strokes ; G GJ 0 0 O 
The spot frequency, 100.0000kHz, is displayed on DISPLAY C. 

b. Press the STEP UP [Q] 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°·05 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 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. 

c. Pressing and holding the STEP UP ( [Q] ) key or STEP DOWN ( [Q) ) key continuously advances swept 

frequency measurement. 

d. When XI 0 STEP key is pressed simultane9usly with the STEP UP ( [Q) ) 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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(3) Auto Sweep 

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

b. 1 Pressing the START UP ( [Q] ) key starts the frequency sweep from the programmed start frequency. 

The frequency sweep ends at the stop frequency. 

2 Pressing the START DOWN ( [Q] ) key starts the frequency sweep from the stop frequency. The fre

quency sweep ends at the start frequency. 

Note: 1) Swept test frequency is displayed on DISPLAY C. 
2) ZY RANGE is automatically set to AUTO when auto sweep is started. 

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 ( [Q]) key or START 

DOWN ( [Qj ) key. 

d. AUTO sweep measurement mode is automatica·lly 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 

Key Strokes : [Blue] G 
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 frequency crosses 38kHz, an additional 50msec 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 3-101. Internal DC Bias Supply 

3-100. The OSC level can be manually swept in Im Vrms 
(5mVrms at IO0mVS) steps by pressing the STEP UP 

[Q] 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 

3-102. The 4192A is equipped with an internal, pro
grammable de bias supply controllable from O.O0V to 
±35.00V (for impedance measurements only). This 
provides step bias voltage control in I Om V increments 
over the entire controllable range as well as providing 
an accurate voltage setting capability (±0.5% of setting 
+Sm V) 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 de bias supply are provided in Figure 3-32. 
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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: 

(I) Press the BLUE key and SPOT BIAS key. Set the desired spot bias voltage (initial setting is OV) with the 

DAT A input keys (refer to paragraph 3-29) and press the appropriate ENTER key. 

(Example) Spot bias voltage = - 3.SV 
SPOT 

E8E0/1;1JAS MHz V 

Key strokes: [Blue] G G 0 0 0 0 

The spot bias voltage setting, -3.SOV, is displayed on DISPLAY C (Test Parameter Data Display). 

Note: The internal de 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 IS OUTPUTTING 

A DC BIAS VOLTAGE FROM THE UNKNOWN TERMINALS, EVEN IF DISPLAY C IS NOT DISPLAYING 

THE BIAS VOLT AGE. 

(2) Press the BLUE key and the BIAS OFF key to stop output of the internal de bias voltage. The BIAS ON 

indicator lamp will go off. 

~~~ 

Key strokes : (Blue] 0 

WARNlNG 

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: 

Vo 

BIAS OFF 
I - td = ( I Vo I - 5) x Cx ( s) 

Id 

Where, td: 
Vo: 
ex: 

Discharge Time (s) 
Output Voltage (V) 
DUT's Capacitance (F) 

I 
I 
I 
I 
I 
I 
I 
I 

Id: Discharge Current (0.025A constant) 
5V -+----------

1 
I 
I 

i---- td ---

Figure 3-32. 

(ex.) Vo= 35V, Cx = lmF 

t 
td = 30 x O. 001 = l 2 ( s) 

0.025 · 

Operating Instructions for Internal DC Bias Supply 

3-63 
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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 = - 5 V 
SIART 

Key strokes : 
fREQ/61AS MHt II 

(Blue] GJ G 0 O 
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 DAT A input keys (refer to paragraph 3-24) and press the 

appropriate ENTER key. 

(Example) Stop bias voltage = 8.SV 
STOE 

Key strokes : 
EREO/elAS MHz. II 

r Bluel GJ 0 O 0 D 
The stop bias voltage setting, 8. 50 V, 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. 

c. 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 = 0.1 V 
STEP 

Key strokes : ( Blue] ERGAS 0 MHt V 

80 
The step bias voltage setting, 0.10 V, is displayed on DISPLAY C. 

Note: The LOG SWEEP cannot be performed for swept bias voltage measurements. 

(2) Manual Sweep 

3-64 

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 = 1 V 

Key strokes : ~ 8 O 
The spot bias voltage, l .00V, is displayed on DISPLAY C. 

Figure 3-33. Operating Instructions for Swep"Bias Voltage lmpediance Measwements IS!wet 1 of 2) 
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b. Press the STEP UP [Q] 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. 

c. Pressing and holding the STEP UP ( [QJ ) key or STEP DOWN ( @] ) key continuously advances swept 

bias voltage measurement. 

d. When XI O STEP key is pressed simultaneously with the STEP UP ( (Q] ) 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. (D Pressing the ST ART UP ( [Q] ) key starts the bias voltage sweep from the programmed start bias volt

age. The bias voltage sweep ends at the stop bias voltage. 

(1) Pressing the ST ART 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 ( [QJ ) key or ST ART 

DOWN ( @) ) 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 : (Blue] G 
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- I 08. 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 de 

current from flowing into the 4192A, as de current in
creases the measurement error and because the excess 
current may damage instrument. When applying a de 
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 ( ~ 200 V) 

3-66 

a. Press the LINE ON/OFF key to turn the 4192A off. 

b. Connect the external de bias source to the 4192A as shown in the figure below: 

Le LP HP He 

ex~, 

t:n 
Ex (!>200V) 

where Cx 

Ex 

Sample capacitor 

External de bias volate ( ~ 200 V) 

C 1 Blocking capacitor 

Capacitance Value : 

C1 ~ !On. f (f: measuring frequency (Hz)) 

DC Withstand Voltage : > Ex. 

Blocking capacitor 

Capacitance Value 1 µF 
Figure A. Floating Measurement 

DC Withstand Voltage : > Ex. 
Le LP HP 

CR5 CR3 

He 

CR1, CR2 : HP Part No.: 1902-0176 
Diode-Zener, 47V5%, lW 
CR3, CR4 : HP Part No. : 1902-1299 
Diode-Zener, 33V5%, 1 W 
CRs, CR6 : HP Part No.: 1901-0646 
Diode-Zener, 3.3V5%, 1 W 

Figure B. Low-grounded Measurement 

Cautions: 1. Never apply an external de bias voltage of over 200V and never connect the HpoT terminal 

to the Leu R or Lp O T 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 C2 ) 

must be connected to the positive(+) terminal of the external de bias source as shown in the 

figures above. A negative bias voltage can also be applied. In this arrangement, the negative 

poles of Cx, C1 , and C2 must be connected to the negative (-) terminal of the external de 

bias source. 

Note: Ripple or noise on external de 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 . . . . . . . . . . . . . . . . . . . . . . . . . . C 

BIAS ........................................ OFF 

CIRCUIT MODE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~ 

d. Apply desired de bias voltage to the sample capacitor with the external de bias source. 

e. 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 tum the 4192A off. 

b. Connect the external de bias source to the 4192A as shown in the figure below: 

LC LP HP He 

CR9 CR7 

CR10 

c, CR3 
L> +c, 

I L2 
~ 

ILi 

Ex (.$.IOV l 

where Lx 

L1 

L2 

Ex 

Ix 
CR4 

Ix = 

c, 

Sample inductor 

( 50 ~ 250) X Lx 

"" L 1 

External de bias voltage ( ~ 10 V) 

External de bias current 

Current Value: 
Ex 

Output Resistance of Ex+ ESR of L1 + ESR of L2 

Blocking capacitor 

Capacitance Value : 

Figure C. Floating Measurement 
C1 ~ I01rl· f (f: measuring frequency (Hz)) 

DC Withstand Voltage : > Ex. 

LC LP HP He 

CR9 CR7 

CRIO 

c, CR3 CR4 
L> :' 

IL2 ~ 
ILi 

Ex (.$.IOV l 

Figure D. Low-grounded Measurement 

Blocking capacitor 

Capacitance Value 1 µF 

DC Withstand Voltage : > Ex. 

CR1 , CR2 : HP Part No. : 1902-0202 
Diode-Zener, 15V5%, 1 W 
CR3,CR4 :HP Part No.: 1902-0176 
Diode-Zener, 47V5%, 1 W 
CRs, CR6 : HP Part No. : 1901-0646 
Diode-Power, 200V, lA 
CR1, CRs : HP Part No.: 1902-1299 
Diode Zener, 3.3V5%, l W 
CR9 , CR1 o :HP Part No. : 1901-0646 
Diode-Power, 200V, lA 

CAUTION 

NEVER apply an external de bias current of over IA and NEVER remove the DUT when a de current 
of over 25mA is flowing. To do so may damage the instrument. 

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 .......................... L 

BIAS ........................................ OFF 

d. Apply desired de bias current to the sample inductor with external de 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-18 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-113 

3-112. The 4 I 92A 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-18 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: 
TALK: 

The 4192A is set to listener. 
The 4192A is set to talker. 

REMOTE: The 4192A is remotely controlled. 

3-115. LOCAL Key 

3-116. The LOCAL key 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-18 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 O (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 4 I 92A 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 4192A 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
I 7". 

r-TALK ONLY 

1 r cR, LF 

I Lc~~M~ • • A, 

L ADDRESSABLE 

Bits 1 ~5: 17 
Bit 6: Format A (comma) 
Bit 7: Addressable 

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 
in Table 3-23. 

Section III 
Paragraphs 3-119 to 3-122 

Table 3-22. HP-IB Interface Capabilities 

Code 

SHI** 
AHi 
TS 

L4 

SRI 
RLI 
DC! 
DTI 

Interface Function* 
(HP-IB Capabilities) 

Source Handshake 
Acceptor Handshake 
Talker (basic talker, serial poll, talk only 
mode, unaddress to talk if addressed to 
listen) 
Listener (basic listener, unaddress to 
listen if addressed to talk) 
Service Request 
Remote/local (with local lockout) 
Device Clear 
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 I:,. AD 
DISPLAY A 1:,.% AP 

---- --

Deviation Meas- OFF BN* 1 

urement for I:,. BD 
DISPLAY B 1:,.% BP 

DISPLAY A Z/Y Al *l Combinations of A and B are listed in the 
Function R/G A2 table below: 

L A3 
~ C A4 l 2 3 

B-A (dB) AS l IZI / IYI - e (deg) IZI/IYl-e (rad) ~ 
A(dBm/dBV) A6 

R/G -X/B* 
B (dBm/dBV) A7 

2 

3 L-Q L-D L -R/G 
DISPLAY B 8 (deg) BI *l 4 C-Q C-D C-R/G 
Function 8 (rad) B2 B -A (dB) 

X/B Bl~ B3 5 -GROUP B -A (dB) B -A (dB) 

Q Bl DELAY - 0 (deg) - 0 (rad) 

D B2 6 A(dBm/dBV) * 
R/G B3 

7 B(dBm/dBV) * 
GROUP DELAY Bl 

8 (deg) B2 * Program code for DISPLAY B IS 
8 (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* 1 

STEP FREQ. SFR 
START FREQ. TFR 
STOP FREQ. PFR 
SPOT BIAS BIR 
STEP BIAS SBR 
START BIAS TBR 
STOP BIAS PBR 
OSC LEVEL OLR 
REF A RAR 
REF B RBR 

TEST LEVEL V TV 
MONITOR*2 mA TA 

Key Status Save SAVE 0 SAO 
(Memory) SAVE 1 SAl 

SAVE 2 SA2 
SAVE 3 SA3 
SAVE4 SA4 

Saved Key RCL 0 RC0 
Status Recall RCL I RCl 

RCL 2 RC2 
RCL3 RC3 
RCL4 RC4 

DC BIAs*2 OFF 10*1 

ZERO OPEN*2 OFF zoo*1 

ON ZOI 

ZERO SHORT*2 OFF zso* 1 

ON ZS! 

AVERAGE OFF vo*1 

ON Vl 

HIGH SPEED OFF Ho*I 
ON H1 

SELF TEST ON Sl 

X-Y RECORDER OFF xo* 1 
"LL" and "UR" cannot be used when 

ON XI the X-Y Recorder function is set to ON 
Lower Left LL (Xl). 

Upper Right UR 
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Table 3-23 

Table 3-23. Remote Program Code (Sheet 3 of 3) 

Item Contr01 Program Code Description 

STORE DISPLAY 
SD A/B 

C------

LOG SWEEP OFF Go* 1 

ON GI 

SWEEP ABORT AB 
-- -

SWEEP MANUAL wo* 1 

AUTO WI 

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 (WO). 
,_ ---·-

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 (WI). 

CIRCUIT AUTO Cl *l 
MODE*2 Series C2 

Parallel C3 

GAIN MODE dBm NI These programming codes cannot be used 
dBV N2 when D ISP LAY A function is set to A I, 

A2, A3, or A4. 

ZY RANGE*2 1 D/IOS RI Remote programming code RI cannot 
!OD/IS R2 be used with some SPOT FREQ/OSC 

IOOD/lOOmS R3 LEVEL settings. 
lkD/lOmS R4 
!Ok.Q/1 mS RS 

IOOkD/1 OOµS R6 
1 M.Q/IOµS R7 

AUTO R8* 1 

TRIGGER INT n*l These code only set the TRIGGER mode; 
EXT T2 they do not trigger the instrument. 

HOLD/MANUAL T3 

Data Ready OFF Do* 1 
If Data Ready is set to ON, an SRQ signal 

ON DI is output when the measurement is com-
pleted. 

Output Data Displays A/B Fo*l Refer to paragraph 3-125 and Figure 3-36. 
Format Displays A/B/C Fl 

Execute EX This code is used to trigger the instru-
ment. 

* I : Default code. 
*2 : These programming codes cannot be used when DISPLAY A function is set to AS, A6, or A 7. 
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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 

(1) (2) (3) 

( 1) Program code for parameter setting (refer to 

Table 3-24 ). 

(2) Setting value (numeric or space). 8 digits, lesser 

digits are ignored. 

(3) Enter. Unit is kHz for SPOT FREQ, ST ART 
FREQ, STEP FREQ, and STOP FREQ; V for 
SPOT BIAS, STEP BIAS, STOP BIAS, and OSC 

LEVEL. (REF A. REF B). 

Model 4192A 

3-125. Data Output 

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 "Fl" 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/8/C data 
without an HP-IB controller, internal Control 
Switch (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: 0.005000 kHz~ I 3000.000 kHz. 
Resolution: 0.000001 kHz (0.005000kHz ~ 9.999999kHz). 

START FREQ TF 0.00001 kHz (10.00000kHz ~ 99.99999kHz), 
0.0001 kHz (100.0000kHz ~ 999.9999kHz). 

STOP FREQ PF 0.001 kHz (1000.000kHz ~ 13000.000kHz). 
-- -----·· 

STEP FREQ SF Setting Range: 0.000001 kHz ~ 13000.000 kHz. 
Resolution: 0.000001 kHz (0.000001 kHz~ 9.999999kHz). 

0.00001 kHz (10.00000kHz ~ 99.99999kHz), 
0.0001 kHz (100.0000kHz ~ 999.9999kHz). 
0.001 kHz (1000.000kHz ~ 13000.000kHz). 

---- --- ~---- ------ ----

SPOT BIAS BI Setting Range: -35.00V ~ +35.00V 
Resolution: 0.01 V 

START BIAS 
! 

TB 

i 
STOP BIAS I PB 

STEP BIAS SB Setting Range: 0.01 V ~ 35.00V 
Resolution: 0.01 V 

OSC LEVEL OL Setting Range: 0.005V ~ 1.100V 
Resolution: 0.001 V (0.005 V ~ 0.100 V). 

0.005V (0.I00V ~ l.l00V). 

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 DISPLAY A/B (Default mode or set using HP-IB remote program code "F0") 

XXXX±NNN.NNE±NN,XXXX±NNN.NNE±NN @@ 

(1) (2) (3) (4) (5) (6)(7) (8) (9) (10) (11) (12) 

@ DISPLAY A/B/C (Set using HP-IB remote program code "FI") 

XXX~±NNN. NNE±NN ,~XX:;>(_±NNN .NNE±NN ,X±NNNNN .NNN @D @ 
(1) (2) (3) (4) (5) (6)(7) (8) (9) (10) (11) (6)(13) (14) (12) 

(I) Status of DISPLAY A 

(2) Function of DISPLAY A 

(3) Deviation measurement mode of DISPLAY A 

(4) Value of DISPLAY A (position of decimal point is coincident with display) 

(5) Unit of DISPLAY A 

(6) Comma (data delimiter) 

(7) Status of DISPLAY B 

(8) Function of DISPLAY B 

(9) Deviation measurement mode of DISPLAY B 

(1 0) Value of DISPLAY B (position of decimal point is coincident with display) 

(11) Unit of DISPLAY B 

(12) Data Terminator 

(13) Unit of DISPLAY C (Test Parameter Data Display) 

(14) Value of DISPLAY C 

Notes: 1. The data delimiter, bit switch 6 on the HP-IB Control Switch ( Figure 3-30), is set at the 

factory to comma(,). This causes the 4192A to output all data,(DISPLA YA data, DISPLAY B 

data, and, if program code F 1 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 Care output as one or two alphabetic characters, as listed in Table 3-25. 

3. Ranges of DISPLAY A and DISPLAY B are expressed as an exponent as follows: 

10-12 (p) 

I 0-9 (n) 

I o-6 (µ) 

E-12 

E-09 

E-06 

10-3 (m) .................... E-03 

10° E+00 

I 03 (k) ..................... 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 

Data Status of DISPLAY Normal 
A/B Overflow 

Uncalibration 

Function of DISPLAY A z 
y 

R 
G 

L ( o-CJ--W,-o ) 

L( ~) 
C ( o-CJ--W,-o ) 

C(~) 
B -A (dB) 

A (dBV) 
B (dBV) 

A (dBm) 

B (dBm) 

Deviation Measurement Normal Mea1;urement 
Mode of DISPLAY Deviation Measurment 

A/B Deviation Measurement 
in Percent 

Function of DISPLAY B e (deg) 
e (rad) 

X 

B 
Q 
D 
R 
G 

GROUP DELAY 
Unmeasure 

Unit of DISPLAY C kHz 
V 

mA 
Reference Data 
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Code 

N 
0 
u 

ZF 
YF 
RF 
GF 
LS 
LP 
cs 
CP 
BA 
AV 
BY 
AM 

BM 

N 
D 
p 

TD 
TR 
XF 
BF 
QF 
DF 
RF 
GF 
GD 
UM 

K 
V 
A 
R 

Model 4192A 

3-127. Service Request Status Byte 

3-128. The 4192A outputs an RQS (Request Service) 
signal whenever bit I, 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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Paragraphs 3-1 29 and 3-130 

Bit 8 7 6 5 4 3 2 I 

Information 0 0/1 0/1 0/1 0/1 0/1 0/1 0/1 

Bit 7 (RQS) indicates whether or not a service request exists. Bit 8 is always zero ( O ). Bits I thru 4 and 

6 identify the type of service request. Following are the service request states of the 4192A. 

Bit I: (D If Data Ready is set to ON, this bit is set when measurement data is provided. 

G) 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 4 I 92A receives a trigger signal before the last measurement is com-

pleted. 

Bit 6: (D This bit is set when the 4192A has a hardware error. 

G) 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. 

Figure 3-37. Status Byte for the 4192A 

3-129. Programming Guide for 4192A Table 3-26. Sample Program using 9825A/9835A 

Sample Figure Description Program 
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. 

I 3-38 
Remote control and data output in 

Notes: 
1. Specific information jcJr HP-lB programming with the 

9825A or 9835A are provided in the 9825A or 9835A 
programming manual . 

2. Equipment required for these sample programs in
cludes: 

4192A LF Impedance Analyzer 
98034A HP-IB Interface Card 
9825A Desktop Computer with 9821 0A String

Advanced Programming ROM 98213A 
General I/O + Extended I/O ROM. 

or 
9835A Desktop Computer with 98332A General 

I/O ROM 

spot measurement. 

2 3-39 
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 4 l 92A via HP-IB 

(2) Trigger of the 4 l 92A via HP-IB 

(3) Data output from the 4 l 92A in spot measurement via HP-IB 

9825A Program 9835A Program 

o: flt4 IO FLOAT4 

I: wrt_2l 7, "AIBI T3 FI" 20 OUTPUT717; "AIBIT3 Fl" 

(]) (2) (3) 

2: wrt7l 7, "FRI0EN" 
---
(4) (5) 

3: wrt 7 I 7, "EX" 
(6) 

4: red 717, A, B, C 

5: dspA, B, C 

6: prtA, B, C 

7: end 

(I) Select Code of 98034A. 

(2) Address of 4192A. 

30 

40 

50 

60 

70 

80 

(3) Program codes of the 4192A (refer to Table 3-23). 

(I) (2) (3) 

OUTPUT7l7; "FRI0EN" 
----

(4) (5) 

OUTPUT7l7; "EX" 
(6) 

ENTER7l7;A, B, C 

DISP A, B, C 

PRINT A, B, C 

END 

( 4) Program codes for parameter setting of the 4192A (refer to Table 3-24 ). 

( 5) Parameter terminator of the 4192A (refer to paragraph 3-123 ). 

( 6) This is equivalent to 

9825A: trg717 

9835A: TRIGGER 717 

Model 4192A 

By using string variables, complete output information from the 4192A is stored by the following programs: 

9825A Program: 9835A Program: 

0: dim A$ (50] 10 DIMA$[50] 
I: wrt717, "AIBIT3 Fl" 20 OUTPUT717; "AIB1T3 Fl" 
2: wrt 717, "FR !OEN" 30 OUTPUT717; "FRl0EN" 
3: wrt 71 7, "EX" 40 OUTPUT717; "EX" 
4: red 717, A$ 50 ENTER 717; A$ 
5: dspA$ 60 DISP A$ 
6: prtA$ 70 PRINT A$ 
7: end 80 END 

Figure 3-38. Sample Program 1 Using 9825A/9835A 
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Figure 3-39 

Sample Program 2 

Description: 

This program is a remote control, data output program for auto sweep measurements. 

The program has three capabilities: 

(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 

9825A Program: 9835A Program: 

0 : dim A$ [ 100,50 l 10 DIMA$ (100) (50] 
(1) (1) 

1 : wrt717, "A!B1T3 Fl" 20 OUTPUT717; "AlBIT3 Fl" 

2 : wrt 717, "SF 1 ENTF I ENPF 1 00EN" 30 OUTPUT 717; "SF 1 ENTF I ENPFl 00EN" 

3 : wrt 71 7, "W 1 W 2 " 40 OUTPUT717; "WI W 2" 

4 : 0 ➔ l 50 I=0 

5: I+l ➔ l 60 I=I + I 
6: wrt717, "EX" 70 OUTPUT717; "EX" 

7: rds (717) ➔ A 80 STATUS717;A 
(2) (2) 

8: if bit (4, A) :;tl;gtol2 90 IF BIT (A, 4) ;,=l THEN130 
(3) (3) 

9: red 717,A$(1] 100 ENTER7 l 7; A$(1) 
10: dsp A$(1] 110 DISPA$ (I) 
11 : gto5 120 GOTO60 
12: end 130 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 

"l" (refer to Figure 3-3 7). 

Note: If the 9835A 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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Paragraphs 3- I 31 to 3-136 

3-131. X-Y RECORDER OUTPUT 

3-132. The 4192A is equipped with three analog RE
CORDER OUTPlTT 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 4 l 92A's X-Y recorder capability are given 
in Figure 3-40. 

Model 4192A 

Note: When OFJ, OF2, UCL, or - - - is 
displayed on DISPLAY A or DISPLAY B, 
1 V is output from the corresponding 
RECORDER OUTPUT connector on 
the rear-panel. 

(3) FREQ/BIAS connector 
Outputs voltage proportional to the test frequen
cy or internal de bias voltage and normalized 
by following equations (1 Vmax): 

0 Bias Voltage: 

3-133. Analog Outputs SPOT BIAS - START BIAS 

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 IV 
(depends on function as follows): 

0 Z, Y, Rand G : (Full Scale Value of Display 
Range) X 1.3 

0 Land C : (Full Scale Value of Display Range) 
X 2.0 

G) B - A, A and B : I 00dB 

0 I::,%: 100% 

@ I::,: Full Scale Value of Setting Function 
Range 

(2) DISPLAY B connector 

3-78 

Outputs voltage proportional to the value dis
played on DISPLAY B. Normalized value is 1 V 
(depends of function as follows): 

0 e (deg) : 180° 

G) e (rad) : rr 

G) X and B : (Full Scale Value of Display Range) 
X 1.3 

0 D, Q, R, G and GROUP DELAY : (Full 
Scale Value of Display Range) X 2.0 

@ 1::,%: 100% 

© I::, : Full Scale Value of Setting Function 
Range 

STOP BIAS - START BIAS 

@ Measuring Frequency (Linear Sweep): 

SPOT FREQ - ST ART FREQ 
STOP FREQ- START FREQ 

G) Measuring Frequency (Logarithmic Sweep): 

1 og (SPOT FREQ - 10m - 1) 

Notes: 

1 og ( 1 on - 1 om - l ) 

where 10m - l ~ START FREQ< 10m, 
10n-1 ~ STOP FREQ < 10n. 

1. When the parameter displayed on the Test 
Parameter Data Display is not the measuring 
frequency or internal de 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 Band 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. 

0 ++- LL : DISPLAY A, DISPLAY B and 
FREQ/BIAS connectors output 0V. 

G) UR ➔t : DISPLAY A, DISPLAY B and 
FREQ/BIAS connectors output IV. 
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Notes: 
1. The X-Y RECORDER ON/OFF key should 

be set to OFF (indicator lamp off) when 
the X-Y recorder zero adjustment or sensiti
vity adjustment is performed. In this case, ++
LL is set automatically. 

2. Figure 3-41 shows the positions of ++-LL and 
UR ➔t in the plot areas for all parameter 
settings of DISPLAY A, DISPLAY B, and 
FREQ/BIAS connectors. 

(2) Control Signals for X-Y Recorder Pen Lift TTL 

Controls 
When the X-Y recorder is equipped with pen lift 
TTL controls, pen lift can be done automatical
ly by the TTL level output from the PEN lift 
connector on the 4 l 92A's rear-panel. When the 
pen lift signal is LOW (TTL), the X-Y recorder 
pen is down. When the pen lift signal is HIGH 
(TTL), the X-Y recorder pen is up. 

Note: When the SWEEP ABORT, ++- LL or UR 
➔t key is pressed, the X-Y recorder pen is 
up. 

EQUIPMENT: 

(3) Interpolation 

Section III 
Figure 3-40 

The X-Y recorder function of the 4192A pro
vides automatic interpolation of all three RE
CORDER OUTPUTS to ensure distortion free, 
accurate plots on the X-Y recorder. Maximum 
interpolation time, the time required for the three 
RECORDER OUTPUTS to go from 0V ( ++- LL) 
to IV (UR ➔t), is approximately 30 seconds. 

Note: Interpolation is performed for all three 
RECORDER OUTPUTS, even though only 
two are connected to the X- Y recorder. 
Actual interpolation time is determined by 
the largest change among the three outputs. 
Consequently, if the unconnected RE
CORDER OUTPUT has the largest change, 
interpolation time is determined by this 
RECORDER OUTPUT, not the other two, 
whose change may be very small. 

X-Y Recorder . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . HP7046A 

BNC (Male) - Dual Banana Plug Cable ...................... HP! 1001A (3 ea.) 

PROCEDURE: 

(1) Turn the 4192A and X-Y recorder off. 

(2) Connect the X-axis connector and Y-axis connector (YI-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. 

(3) 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. 

(4) Set the 4192A's controls for the desired swept measurement in accordance with the procedures given in the 

following figures: 

• Figure 3-11. Operating Instructions for Swept-frequency Amplitude-phase Measurements 

• Figure 3-31. Operating Instructions for Swept-frequency Impedance Measurement 

• Figure 3-33. Operating Instructions for Swept-bias Voltage Impedance Measurement 

( 5) Turn the 4192A and X-Y recorder on. 

( 6) 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) 
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Figure 3-40 

3-80 

(7) Confirm that the 4192A X-Y RECORDER OUTPUT function 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 (ref er 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 circle (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 ST ART 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 function 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 function 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 
function 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 

Table 3-27. Connections of Recorder Output 

RECORDER OUTPUTS 

FREO/BIAS DISPLAY B 
Plot Area* 1 

DISPLAY A 

--------- IZ I/ IY 1/R/G 0 ------- L/C 0 
0 (deg) ------ 0) 

Measurement Frequency/ 0 (rad) ------- 0 
Bias Voltage 

X/B ------- 0 
Q/D ------ 0 
R/G -------- (,) 

X/B R/G G) 

-------- B-A (dB) (j) 

-------- A/B (dBm) (s) ------- A/B (dBV) 0 
Measurement Frequency 

0 (deg) ------- 0 
0 (rad) ------ (4) 

GROUP DELAY ------ G) ------- 6. @ ------- 6.% @ 
Measurement Frequency/ 

6. ------ @ Bias Voltage 

6.% @ 

* . These numbers match the numbers of the illustrations in Figure 3-41. 
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Figure 3-41 

CD FSxl.3 ) 

(.!J ......_ 
Cl'.'. ......_ 

>-
......_ 

N 

0 -----------
START STOP 

FREQ/BIAS 

0 FSx2. 0 ...----------<) 

>
<::( 

-' 
0-LLJ 

-□ D 
......_ Cl.. 
u::::, 
........ 0 
-' Cl'.'. 

(.!J ......_ 

0 __________ _. 

START STOP 
FREQ/BIAS 

1so.----------n 

en 
OJ 

-c, oo 

-180,__ ________ __, 

START STOP 
FREQ/BIAS 

Note: FS Full Scale Value of the Range 

• -I-..- LL 
o UR ➔t 

0 

0 

Model 4192A 

7[ "" 

-c, 
0 QO s.. 

Q:) 

- 7[ _________ __, 

START STOP 
FREQ/BIAS 

FSxl . 3 r----------c"'\1 

-FSxl.3.._ ________ __,J 

START STOP 
FREQ/BIAS 

FSxl. 3 ----------( 1 

cc ......_ 
X 0 t 

-FSxl.3.__ ________ __, 

0 FSxl .3 
R/G 

Figure 3-41. Plot Areas of RECORDER OUTPUTS (sheet 1 of 2) 
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Figure 3-41. Plot Areas of RECORDER OUTPUTS (sheet 2 of 2) 
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Paragraphs 3-137 and 3-138 

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 1 mHz over the full 
frequency range, from 5 Hz to 13 MHz, 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. 

BNC(male) - BNC(male)Connector 

EXT REFERENCE 
Connector EXT VCO Connector 

Signal Output 
Connector 

1MHz/10MHz 
Reference 

Model 4192A 

( 40MHz"' 53MHz) Output Connector 

-~ -- --- r-i : ._7 _.., ._' j ._" 7 _ .... _.., 

~~E□ c:l 
= □ 0 □ 0 

EQUIPMENT: 

Synthesizer ........................................... HP3325A 

BNC (Male) - BNC (Male) Cable (2 ea). 

PROCEDURE: 

(1) Turn the 4192A and synthesizer off. 

(2) Remove the coaxial adapter, which connects the VCO OUTPUT terminal and EXT VCO terminal on the 4192A 
rear-panel. 

(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. External Synthesizer (Sheet 1 of 2) 
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Figure 3-42 

(4) Connect the 1 MHz (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 4 l 92A'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 40 MHz + 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 lmHz ( at 5Hz to 1 0kHz), 

J0mHz (at J0kHz to J00kHz), l00mHz (at J00kHz to 1MHz), and ]Hz (at 1MHz to 13MHz). 

However, when an external synthesizer is used, resolution is lmHz at all frequencies. Thus, to set a 

test frequency with a resolution higher than is normally possible (without external synthesizer), set 

the 4192A 's SPOT FREQ as near to the desired frequency as possible. For example, for a test signal 

frequency of 50.00000lkHz, set the external synthesizer to 50.00000lkHz +40MHz and set the 
4192A '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. 

2. Values displayed on the 4192A 's displays will fluctuate when measurement is made at frequencies 

set with lmHz resolution at l0kHz to 78.125kHz. 

Figure 3-42. External Synthesizer (Sheet 2 of 2) 
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Paragraphs 3-139 and 3-140 

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 bit-switch. Use the following pro
cedure to gain access to the internal control switch: 

( 1) Tum off the instrument and disconnect the 
power cable. 

(2) Remove the two plastic instrument-feet located at 
the upper comers of the rear-panel. 

(3) Fully loosen the top cover retaining screw located 
at the rear of the top cover. 

( 4) 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. 

AG Board 

04192-66506 

Model 4192A 

(5) With the top cover removed, the A7, AS, and AlO 
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. 

(6) Raise the mounting plate until it comes to rest at 
the rear of the instrument. Be sure that the safety 
catch locks in place. 

(7) 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 A6SJ. This 
switch is used for cable length compensa
tion. 

I u 9 r 
R5 

-----1) 

1u24 f 
I I R4 

Figure 3-43. A6S2 Internal Control Switch 
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Table 3-28 

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 

3 
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, 6 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, turn the instrument off and then back on. 
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CAUTIONS ON OPERATION 

EXTERNAL BIASING: PRECAUTIONS AND LIMITATIONS 

When measuring a device or circuit that is biased from an extern11l source, DO NOT 11llow 
the de voltage applied to the 4l92A's measurement terminals (Lruti, LPoT, HPOT, Hr:uti, 
CHANNEL A, and f:HANNEL B) to exceed the limits given in Figures A and B, below. 

If a de voltage exceeding the limits shown in Figure A is applied to the UNKNOWN 
termin11ls, 11n internal fuse, Al Fl, will blow to protect the 4192A's measurement circuits. 
The symptoms of and the replacement procedure for a blown Al Fl are given on the 
reverse side of this supplement. Note, however, that this problem will not occur if the 
419 2 A's built-in de bias source is used. 

Special caution should be ohserved when making gain-phase me11surements on active 
networks and circuits. If excessive voltage (>±35V) is applied to CHANNEL A or 
CHANNEL B, serious d11mage to the 4192A will result. 

GND LOW HIGH 

T f NKNOW~ ,311v ~ 
lcu• L,-OT ...... ""°T HCUlt CAIM..I 

&. OSC L.ENGTM 

OUJ:U' 1• 

1©~~~@-
~ ·--,-.l • 

"===l======-=-=·=-=,t-=· ·======= 

±0. 3V,,i.._:d'J', __ , 
MAX MAX ' 

± 10. 3V Mi-_. _j 

~ '-~ ~ ~ 

- .. ,,_a; 
-.0111-A, .. , g;L~l) 
,Q..,__ (l-!Q• 

<••-..- e,, .. ,o, 

@) 
L"°' .. ; "'"'°' 0SC Li=-T~ CHI>"' A CH,t.MIIEl. 

OU~PVT "-·; ·· ,::t\ ~
1
>t::,,.~ GAIN , 

r@ @ @ @ ij - ¥ (~:,~:~:~ ~I 

i 
1351 ,t3jV 

Do not apply a de voltaL i MA;, MAX 
to this terminal. 

Figure B. Externa Bias Limits for Gain-Phase fl/leasurem(·nt 

Instructions for increasing the external bi. v1 
are given in Figure 3-30 (see "CA UTIG " , 
Operation and Service Manual. 

:imits for imp~dirnee mensur.Jments 
' in para6i,.f,;, 3-107 of the ;1n2A 
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SYMPTOMS OF A BLOWN A 1 F 1 

I. No test signal at the HcuR terminal 

2. No internal de bias voltage at the HruR terminal 

3. Excessive display fluctuation during impedance measurements 

If the 4192A exhibits these symptoms, AlFl has blown and must be replaced. Two 
replacement fuses are furnished with the 4192A. Additional fuses are available from 
Hewlett-Packard. Order PN 2110-0650. 

HOW TO REPLACE A 1 F 1 

l. Turn the 4192A off and disconnect the power cable. 

2. Turn the 4192A upside down. 

3. Remove the two bottom feet from the rear panel and then fully loosen the bottom 
cover retaining screw. Refer to Figure C. 

4. Slide the bottom cover towards the rear of the instrument and lift it off. 

5. Remove A 1 Fl (indicated by arrow in Figure D) from its socket and carefully 
insert the new fuse (Figure E). 

6. Replace the bottom cover and instrument feet. 

If the 4192A continues to exhibit the above mentioned symptoms after Al Fl has been 
replaced, contact the nearest Hewlett-Packard Sales and Service Office. 

rr Rear 

lllmtll! -: -· ; · 
1111 :- • 

l!m JL - _aJf 

t t t 
Foot Bottom Cover Foot 

Retaining Screw 

Figure C. Rear Panel 

~ Fuse (Al Fl) 

~~ 
-- Fuse Socket 

Al 

Front 

Figure E. Al Fl Fuse Figure D. Botton View of 4192A 
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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 ill 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. lf 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
men ts and/ or troubleshooting. 

Notes: 1. To ensure proper test results and instrument 
operation, Hewlett-Packard suggest a 60 
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 419 2A 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 1 MHz 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 4 l 92A'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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Paragraphs 4-9 and 4-10 

PERFORMANCE TESTS 

4-9. MEASUREMENT SIGNAL FREQUENCY ACCURACY TEST 

4-10. This test verifies that test signal frequencies are within specifications. 

'm··.····:·:·,:······· ----WIMM Frequency Counter 

00 1° 00!1~ a □ a □ 

,. ' \ , ' , ~) 
l \ I , I \ , aJ 

Figure 4-1. Measurement Signal Frequency Accuracy Test Setup 

EQUIPMENT: 

Universal Counter 

BNC-to-BNC Cable 

PROCEDURE: 

HP5314A 

HP11170B 

Model 4192A 

a. Connect the input of the 5 314A to the OSC OUTPUT (HcuR) terminal of the 4192A as shown in Figure 4-1. 

b. Set the 4192A's controls as follows: 

SPOT FREQ. 1MHz 

Other Controls . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Initfal Settings 

c. Set the 5314A's controls for l0Hz resolution. Frequency readout must be between 0.99995 MHz 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 1 MHz 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 

1MHz OSC OUTPUT (HcuR) 0.99995 - 1.00005 MHz 

10MHz OSC OUTPUT (HcuR) 9.9995 - 10.0005MHz 

1 MHz OUTPUT 0.99995 - 1.00005 MHz 

4-2 
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Table 4-1 

Table 4-1. Recommended Test Equipment 

Equipment Critical Specifications Recommended Model Use 

1 pF ± 0.03% HP16381A P, A 
l0pF±0.03% HPI 6382A 

Capacitance Standards lO0pF ± 0.03% HP16383A 
l000pF ± 0.03% T-If)6384A 

Useable frequency: Up to 13MHz I 
I .. 

OD 
OS 

I 

100.Q ± 0.03% 
HP16074A 

Resistance Standards I k.Q ± 0.03% 
Standard Resistor Set 

P, A 
!0k.Q ±0.03% 

l00kD ± 0.03% 
Useable frequency: Upto 13MHz 

Maximum frequency:> 40MHz 
Universal Counter Resolution: l0Hz at 40MHz -HP5314A P, A 

Accuracy: 0.001 % (I X 10-s) flt"''··· 

Voltage range: lOmV to lO0V f.s. 

Digital DC Voltmeter 
Sensitivity: l00µV 

HP3465A P,A, T 
Accuracy: 0.05% ~: ( ' I l f 

Input impedance: > I0MQ I ~l ·1 

Voltage range: l0mV to lOV rms f.s. 

Digital RF Voltmeter Bandwidth: 5 Hz to 13MHz HP3403C P, A 
Accuracy: 2 % W /OPT 001 

Frequency range: I00Hz to 300kHz HP 141T DISPLAY 
Noise:> 70dB below SECTION 

reference 8556A LF SEC- A 
Spectrum analyzer TION 

8552B IF SEC-
TION 

Resistor lk.Q, !/SW A 

Oscilloscope 
Bandwidth: 100MHz 

A, T 
Vertical sensitivity: 0.005 Volt/DIV 

HPl 740A 
f I 

BNC (m)-to-BNC (m). 30cm, 2 ea. HP! 1170A P, A 

BNC (m)-to-BNC (m), 61 cm, 2 ea. HPl 1170B p 

BNC (m)-to-BNC (m), 10cm , 4 ea. p 

BNC (m)-to-BNC (m), I m P, A 
Cables 

BNC (m)-to-SMB 
' 

A 

Dual Banana Plug-to-Alligator Clip HPl 1002A I A, T 
' 

Alligator Clip-to-Alligator Clip lead I A 
' 

BNC (m)-to-Dual Banana Plug Cable HP! 1001 A. I A i 

4-A 
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Section IV 
Table 4-1 

Equipment 

Phase Standard 

Probe 

Coaxial Step 
Attenuator 

Test Fixture 

Adapter 

Table 4-1. Recommended Test Equipment (Continued) 

Critical Specifications Recommended Model 

1MHz HP16344A 

1 : 1 ,,, HP10007B 

10MHz, 10: 1 HP10006D 

Attenuation range: 0dB to -70dB 
Attenuation step: l0dB 

Calibration Accuracy HP355D 
at SOkHz, !MHz, and 10MHz: (Calibrated)* 

-!OdB ..... ±0.03dB 
-30dB ..... ±0.0SdB 
-SOdB ..... ±0.07dB 

I 

- 70dB ..... ±0.09dB 

I\ HP16047A 

BNC (m) (f) (f) Tee I hp P/N 1250-0781 
/ 

BNC (m)-to-Dual Banana Pluf:' hp P/N 1250-1264 

Model 4192A 

Use 

P!A 

A 

A, T 

p 

p 

P, A 

A 

Coaxial Termination SOD Feedthrough Termination HP! 1048C 
P. A 

4-B 

BNC (m)-to-BNC (f), 2 ea. I 

Desk top Computer HP9825A 

1/0 ROM's HP98210A 
HP98213A 

Interface, w/cable HP98034A p 

Sample Capacitor l000pF ~ l000nF 

Signature Analyzer HP5004A T 

Logic Test Box HP16343A 
T 

w/Test ROM's 

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, can be 
purchased as a special option : Order 355D option J09. 
For more information, contact the nearest Hewlett-Packard Sales Office. 
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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. 

--,··•--
"MfiM"-

, I ----■: . ·. .. RF Voltmeter 

0fJo DO 

<;;:,'OD ~ <JD 
®) 8rt:i> DO 0 

~ 

Feed Thru 

Figure 4-2_ Measurement Signal Level Accuracy Test Setup. 

EQUIPMENT: 

Section IV 
Paragraphs 4-11 and 4-12 

RF Voltmeter HP3403C W /OPT 001 

BNC-to-BNC Cable ..................................... HPI 1170A 

SOD Feedthrough Termination ............................ HPI 1048C 

Note: Warm up the voltmeter at least 1 hour. 

PROCEDURE: 

a. Connect the HcuR terminal of the 4 I 92A to the input of the 3403C through the 50 n termiation as shown 

in Figure 4-2. 

b. Set the 4 l 92A's controls as follows: 

DISPLAY A 

SPOT FREQ. 

OSC LEVEL 

B-A (dB) 

lOOHz 

SmV 

Other Controls . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Initial Settings 

c. Set the 3403C's controls as follows: 

FUNCTION ...................................... ACV 

RANGE ......................................... AUTO 

RESPONSE TIME ................................... SLOW (for 5Hz only) 

d. Readout on the 3403C must be between 2.75mV and 7.26mV. 

e. Set the 4 l 92A'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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Section IV Model 4192A 

Paragraphs 4-12 to 4-14 

PERFORMANCE TESTS 

Table 4-3. Measurement Signal Level Accuracy Test 

(a) (b) 

OSC LEVEL setting 5mV OSC LEVEL setting : !00mV 

Test frequency Test limits Test frequency Test limits 

l0OHz 2.75 - 7.26mV 5Hz 91.0 - 109.0mV 
!kHz 2.75 - 7.26mV l00Hz 92.9 - 107.l mV 
lOkHz 2.75 - 7.25mV lkHz 93.0 - 107.0mV 
!00kHz 2.75 - 7.25mV I0kHz 93.0 - 107.0mV 
1MHz 2.73 - 7.27mV I00kHz 93.0 - 107.0mV 

1MHz 93.0 - 107.0mV 

13MHz 74.5 - 125.5mV 

(c) (d) 

OSC LEVEL setting : 105mV OSC LEVEL setting : I.IV 

Test frequency Test limits Test frequency Test limits 

5Hz 87.7 - l 22.35mV 5Hz 1.013 - 1.187V 

IOOHz 89.7 - 120.3mV lO0Hz 1.034 - 1.166 V 

lkHz 89.8 - l 20.2mV lkHz 1.035 - 1.165V 

I0kHz 89.8 - 120.2mV l0kHz l.035-l.165V 

l00kHz 89.8 - 120.2mV I00kHz 1.035 - 1.165V 

1MHz 89.8 - 120.2mV 1MHz l.035-l.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 in strum en t 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. 

,-----------,-- "!'Av,---,-----------, CABLE 

~ o~f~T LE~:TH C'!!ft~i~~ C7t~t~EL B 

r(Q)@@@@~ ~t~ 

(b) 

UNKNOWN 
,.............. . ,,v ~ 

.. u H<uR CABLE 

8 o~!~JT LE~~TH 

1@@@@@ ~ 

II 

(c) 

Figure 4-3. Capacitance Accuracy Test Setups 

4-4 

Standard/ 
Capacitor 

C'!~f~15~c~ c7r~trl B 

~t~ 
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PERFORMANCE TESTS 

EQUIPMENT: 

Standard Capacitors 

Terminations 

I pF: HP16381A 

1 0pF : HPI 6382A 

l00pF: HP16383A 

lO00pF: HP16384A 

OPEN }HP16074A 
SHORT Standard 

Resistor Set 

PROCEDURE: 

a. Set the 4 l 92A's controls as follows: 

DISPLAY A .................................. C 

DISPLAY B .................................. D 

OSC LEVEL 

SPOT FREQ. 

300mV 

1MHz 

AVERAGE ......... · · · · · · · · · · · · · · · · · · · ·······ON 

Other Controls ................................ 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 band 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. 

b. Connect the OPEN termination directly to the UNKNOWN terminals as shown in Figure 4-3 (c). 

C. Press [Blue) and 0 to perform ZERO (OPEN) calibration (CAL will be displayed on DISPLAY A for a few 

seconds and the OPEN indicator lamp will come on). 

d. 

e. 

f. 

g. 

Connect the SHORT termination directly to the UNKNOWN terminals as shown in Figure 4-3 (c). 
~HORT 

Press [Blue] and 0 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 I pF Standard Capacitor directly to the UNKNOWN terminals as shown in Figure 4-3 (c). 

Set the 4 l 92A's SPOT FREQ. in accordance with Table 4-4 (a). Capacitance and dissipation factor readouts 

should be within the test limits given in the table. 

h. Using the l0pF, lO0pF, and l000pF standard capacitors, repeat step g for Table 4-4 (b) thru (d). 

4-5 
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PERFORMANCE TESTS 

Table 4-4. Capacitance Accuracy Test 

(a) (b) 

Standard capacitor lpF Standard capacitor IOpF 

Test frequency C test limits D test limits Test frequency C test limits D test limits 

IOOkHz C.V.±6fF 0±0.0191 IOkHz C.V. ± 0.06pF 0±0.0191 

500kHz C.V.±3fF 0 ± 0.0055 50kHz C.V. ± 0.03pF 0 ± 0.0055 

!MHz C.V. ± 2.6fF 0 ± 0.0038 IOOkHz C.V. ± 26fF 0 ± 0.0038 

5MHz C.V. ± 13fF 0±0.0113 500MHz C.V. ± 40tF 0 ± 0.0016 

10MHz C.V. ± 21.6fF 0 ± 0.0216 !KHz C.V. ± 13fF 0 ± 0.0012 

13MHz C.V. ± 28.0fF 0 ± 0.0279 5MHz C.V. ± l lOfF 0 ± 0.0092 

10MHz C.V. ± 163 fF 0±0.0174 

13MHz C.V. ± 211 fF 0 ± 0.0224 

(c) (d) 

Standard capacitor : IOOpF Standard capacitor IOOOpF 

Test frequency C test limist D test limits Test frequency C test limits D test limits 

!kHz C.V. ±0.6 pF 0±0.0191 IOOHz C.V. ± 13 pF 0 ± 0.025 

SkHz C.V. ± 0.3 pF 0 ± 0.0055 400Hz C.V. ± 3pF 0 ± 0.006 

!OkHz C.V. ±0.26 pF 0 ± 0.0038 !kHz C.V. ± 2.6 pF 0 ± 0.0038 

50kHz C.V. ± 0.4pF 0±0.0016 SkHz C.V. ± 4pF 0±0.0016 

IOOkHz C.V. ±0.13pF 0 ± 0.0012 IOkHz C.V. ± 1.3 pF 0±0.0012 

500kHz C.V. ± 0.4pF 0±0.0016 50kHz C.V. ± 4pF 0 ± 0.0016 

1MHz C.V. ±0.13 pF 0 ± 0.0012 IOOkHz C.V. ± l.3pF 0±0.0012 

5MHz C.V. ± 1.1 pF 0±0.0107 500kHz C.V. ± 4pF 0±0.0016 

10MHz C.V. ± 2.91 pF 0 ± 0.0354 1MHz C.V. ± 1.3 pF 0 ± 0.0012 

0 ± 0.0580 13MHz C.V. ± 4.74pF 
C.V. Calibrated Value 

4-15. RESISTANCE ACCURACY TEST 

4-16. This test checks the accuracy of full scale resistance measurements over the full frequency range (constant test 

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. 

4-6 

CABLE 
LENGTH 

[,--S ,-o-n-d o_r_d_R_e_s_i s-, o-,---, 
CHANNEL A CHA .. NELB 

Figure 4-4. Resistance Accuracy Test Setup 
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PERFORMANCE TESTS 

EQUIPMENT: 

Standard Resistors 

PROCEDURE: 

100.11 

lk.11 

lOkD 

lOOkD 
} 

HP16074A 

Standard Resistor Set 

Note: If the Capacitance Accuracy Test (paragraph 4-13) has not been performed, perform the ZERO (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 .................................. R/G 

OSC LEVEL .................................. 300mV 

CIRCUIT MODE ............................. · · o-D--W,-o (series mode) 
AVERAGE ................................. ON 

Other Controls . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Initial Settings 

b. Connect the 100.Q 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 I k.Q, lOk.Q, and lOOk.Q standard resistors. 

Table 4-5. Resistance Accuracy Test 

Test frequency Test limits 

100.Q 1 k.Q lOk.Q lOOk.Q 

SHz C.V. ± 1.29 .Q C.V. ± 22.6 .Q C.V. ± 0.206 k.Q C.V. ±2.43k.Q 

lOHz C.V.±0.71.Q C.V. ± 12.9 S1 C.V. ±0.119k.Q C.V. ± 1.38 k.Q 

SOHz C.V. ± 0.25 .Q C.V. ± 5.23 Q C.V. ± 0.050k.Q C.V. ±0.54k.Q 

lOOHz c.v. ±0.13 .Q c.v. ±4.2.Q C.V. ± 0.04lkS1 C.V. ±0.43k.Q 

SOOHz C.V. ± 0.15.Q C.V. ±3.5 .Q C.V. ± 0.033kS1 C.V. ± 0.33 k.Q 

lkHz C.V. ± 0.13.Q c.v. ± 3.3.Q C.V. ±0.033k.Q C.V. ±0.33k.Q 

SkHz C.V. ± 0.13.Q C.V. ± 3.3.Q C.V. ±0.033k.Q C.V. ±0.33k.Q 

lOkHz C.V. ± 0.13.Q C.V. ± 3.3.Q C.V. ± 0.033 k.Q C.V. ± 0.33 k.Q 

SOkHz c.v. ± 0.13.Q C.V. ± 3.3.Q C.V. ±0.033k.Q C.V. ± 0.33k.Q 

lOOkHz c.v. ± 0.13.Q C.V. ± 3.3.Q C.V. ± 0.033 k.Q C.V. ± 0.33k.Q 

SOOkHz C.V. ± 0.13.Q c.v. ± 3.3.Q C.V. ±0.033k.Q 

1MHz c.v. ± 0.13.Q c.v. ± 3.3.Q C.V. ±0.033kS1 ---

5MHz c.v. ± 0.41 S1 C.V.±I0.7S""l ---

10MHz C.V. ± 2.91.Q c.v. ± 31.0.Q 

13MHz C.V. ± 4.74.Q C.V. ± 49.3.Q 

C.V. Calibrated Value 

4-7 
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Paragraphs 4-1 7 and 4-18 

PERFORMANCE TESTS 

4-17. FREQUENCY/PHASE ACCURACY TEST 

4-18. This test verifies that vector measurements are made with optimum phase detection accuracy over the full 

frequency range. 

,----==='"0

'_'!~---===o_sc_,_~~8

-G\EH~ CHANNEL A CHANNEL 8 

[ Standard Resistor ~"-'~ 

Figure 4-5. Frequency/Phase Accuracy Test Setup 

EQUIPMENT: 

Resistor 10 S"l } HPl6074A 
10 S"l Standard Resistor Set 

PROCEDURE: 

4-8 

a. Set the 4 l 92A's controls as follows: 

DISPLAY A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . R/G 

SPOT FREQ. · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 1 MHz 
OSC LEVEL .................................. 300mV 

CIRCUIT MODE ............................... o-0-Wr<> (series mode) 

AVERAGE · · · · · · · · · · · · · · · · · · · · · · · · · · · ·······ON 
Other Controls ................................ Initial Settings 

b. Connect the OS"l standard resistor directly to the 4192A's UNKNOWN terminals as 
shown in Figure 4-5. 

~HORT 

c. Press(Blue ]and 0 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 c twice to 
invalidate the previous ZERO offset data. 

d. Connect the lOS"l standard resistor directly to the UNKNOWN terminals as shown in 
Figure 4-5. 

e. 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 

lOOHz C.V. ± 0.033.Q lOOkHz C.V. ± 0.026.Q 

400Hz C.V. ± 0.028.Q SOOkHz C.V. ± 0.026.Q 

lkHz C.V. ± 0.026.Q 1MHz c.v. ± 0.032S"l 

SkHz C.V. ± 0.026.Q 5MHz C.V. ± 0.127S"l 

IO kHz c.v. ± 0.026.Q 10MHz C.V. ± 0.399S"l 

SOkHz C.V. ± 0.026.Q 13MHz C.V. ± 0.644S"l 

C.V. Calibrated Value 
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PERFORMANCE TESTS 

4-19. AMPLITUDE/PHASE ACCURACY TEST 

Section IV 
Paragraphs 4-19 and 4-20 

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 O dB and 0°, respectively. 

C~!f~1i~tE C~r~irl B 

@)@) 
2VR.:.~?,i~t .. ,m 

Figure 4-6. Amplitude/Phase (OdB) Accuracy Test Setup 

EQUIPMENT: 

BNC-to-BNC Cable ..................................... HP! 1170A, 2 ea.* 

BNC Tee Adapter ...................................... hPP/N 1250-0781 

*Both cables must be of the same length. 

PROCEDURE: 

a. Interconnect OSC OUTPUT (HcuR ), CHANNEL A and CHANNEL B as shown in Figure 4-6. 

b. Set the 4192A's controls as follows: 

DISPLAY A 

DISPLAY B 

SPOT FREQ. 

OSC LEVEL 

B-A (dB) 

8 (deg) 

5Hz 

500mV 

Other Controls . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Initial Settings 

c. 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 4 l 92A's SPOT FREQ. in accordance with Table 4-7. Amplitude and Phase readouts should be 

within test limits given in the table. 

4-9 
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PERFORMANCE TESTS 

Table 4-7. Amplitude/Phase (OdB) Accuracy Test 

Test frequency Amplitude test limits Phase test limits 

5Hz 0 ± 0.096dB 0 ± 0.48 deg 

lOHz 0 ± 0.056dB 0 ± 0.28 deg 

50Hz 0 ± 0.024dB 0±0.12deg 

lOOHz 0 ± 0.020dB 0 ± 0.10 deg 

500Hz 0 ± 0.020dB 0±0.lOdeg 

lkHz 0 ± 0.020dB 0 ± 0.10 deg 

SkHz 0 ± 0.020dB 0±0.lOdeg 

lOkHz 0 ± 0.020dB 0 ± 0.10 deg 

SO kHz 0 ± 0.090dB 0 ± 0.16 deg. 

lOOkHz 0 ± 0.090dB 0 ± 0.16 deg 

500kHz 0 ± 0.090dB 0±0.16deg 

1MHz 0 ± 0.090dB 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 (- lOdB, -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 

□ 0 0 0 0 □ 

UNKNOWN 

,~~ "!~-- ~,o, o~?;T L~~~\EH 

1@ ®®@Hw ~ 

Cable A 

Cable B 

CHANNELACHANNELB 

~-1 .. PUTCf ,,.PUT 

~J~ 

EJ 50:;-J Feed Thru 

Figure 4-7. Amplitude Accuracy Test Setup. 
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PERFORMANCE TESTS 

EQUIPMENT: 
Attenuator ........................................... HP355D (calibrated) 

50.Q Feedthrough Termination ............................ HP l 1048C 

BNC-to-BNC Cable ..................................... HP! 1170A, 2 ea. 

BNC-to-BNC Cable · · · · · · · · · · · ·. · · · ·. · · · · · · · · · · · · · · ·. 10cm 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 50kllz, lMJiz and l0Mllz (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 

SPOT FREQ. 

OSC LEVEL 

Other Controls 

B-A (dB) 

50kHz 

IV 

Initial Settings 

c. Set the attenuator to OdB. The value displayed on DISPLAY A is the Insertion Loss of the attenuator. 
STORE li./ll% 

d. Press [Blue] and 
0~~j' keys to store the values displayed on D ISP LAY A. Press the GJ key of DISPLAY A. 

DISPLAY A indicates the effective value of the attenuator. 

e. Change the attenuator's setting to - lOdB. 

f. Check the readout on DISPLAY A. It should be within the attenuator's calibrated value ± 0.090 dB. 

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 4 l 92A's SPOT FREQ. to 1 MHz. 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 

-lOdB -30dB -50dB -70dB 

50kHz C.V. ± 0.09 dB C.V. ± 0.16dB C.V. ± 0.24 dB C. V. ± 2.04dB 

1 MHz C. V. ± 0.09 dB C.V. ± O.l 6dB C.V. ± 0.24dB C.V. ± 2.04dB 

10MHz C.V. ± 0.45 dB C.V. ± 0.88dB C.V. ± l.32dB C.V. ± l l.22dB 

C.V. = Calibrated Value 

4-11 
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PERFORMANCE TESTS 

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 son 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 
" 

w'fjo no 
wv/2 ~ (JD 

@) 
, .. ~-

80° □O 0 
',, ,, 

- ,_,,_,, 

--

Figure 4-8. Absolute Amplitude Accuracy Test Setup. 

EQUIPMENT: 

RF Voltmeter HP3403C W /OPT 001 

SOD Feedthrough Termination ........................... HP! 1048C 

BNC-to-BNC Cable ..................................... HP! 1170A, 2 ea. 

BNC Tee Adapter ...................................... hp P/N 1250-0781 

PROCEDURE: 

a. Connect the OSC OUTPUT (HcuR) 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 

OSC LEVEL 

SPOT FREQ. 

GAIN MODE 

A (dBm/dBV) 

SOOmV 

SHz 

dBV 

Other Controls . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Initial Settings 

c. Set the 3403C's controls as follows: 

FUNCTION ................................... AC 

RANGE ...................................... AUTO 

d. Translate the voltage reading on the 3403C to a dBV value using the following equation: 

4-12 

dBV value = 20 log 10 (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 dB V values, and no calculation is necessary. 
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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 4 l 92A'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 

SHz C.V. ± 0.60dBV 30kHz C. V. ± 0.40dBV 

I0Hz C.V. ± 0.S0dBV 75kHz C. V. ± 0.40dBV 

30Hz C.V. ± 0.43dBV I00kHz C.V. ± 0.40dBV 

l00Hz C. V. ± 0.40dBV 300Hz C.V. ± 0.40dBV 

300Hz C.V. ± 0.40dBV 1MHz C.V. ± 0.40dBV 

lkHz C.V. ± 0.40dBV 3MHz C.V. ± 0.64dBV 

3kHz C.V. ± 0.40dBV 10MHz C.V. ± l.20dBV 

I0kHz C.V. ± 0.40dBV 13MHz C.V. ± l.44dBV 

C.V. = dBV value (measured or calcurated 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. 

f-
::, 
o._ 
f-
::, 
0 

N 
::r::: 
::E: 

0 
Phase Standard +-> 

□ • El 8 

e 

Cable A 

Cable B 

to EXT REFERENCE 

--~ =--- i ;;;;- ►M+M enew ! ,--,.-,.1r1m ; . . .. 

Figure 4-9. Phase Accuracy Test Setup. 

4-13 



Scans by ArtekMedia © 2008

Section IV 
Paragraphs 4-26 

EQUIPMENT: 

PERFORMANCE TESTS 

1 MHz Phase Standard . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . HP 16344A 

Model 4192A 

BNC-to-BNC Cable ..................................... HPl 1170B, 2 ea. 

BNC-to-BNC Cable . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 meter 

Note: Cables A and B in Figure 4-9 should be the same length. 

PROCEDURE: 

a. Connect the 16344A Phase Standard to the 4192A as shown in Figure 4-9. 

b. Set the 4192A's controls as follows: 

DISPLAY A .................................. B-A (dB) 

DISPLAY B .................................. 0 (deg) 

SPOT FREQ. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 MHz 

Other Controls ................................ Initial Settings 

c. Press the RESET key on the 16344A. 

d. 
STORE 

QSPLA/B 

Press ~ , G keys to store the value displayed on DISPLAY B. Press the 

e. Observe DISPLAY B, the reading should be O degrees. 

f. Press the SET key on the 16344A. (Shifts the phase 22.5° .) 

g. The reading on DISPLAY B should be - 22. 5 ± 0.16 degrees 

till\.% 

G key of DISPLAY B. 

h. Repeatedly press the SET key and check that the measured phase is within the test limits given in Table 4-10. 

4-14 

Note: When the RESET key on the 16344A 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°±0.16deg 

-67 .5° -67.5°± 0.16 deg +112.5° 112.5° ± 0.16 deg 

-90.0° -90.0°± 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° ± 0.16 deg 

-157.5° -157.5°± 0.16 deg +22.5° 22.5° ± 0.16 deg 



Scans by ArtekMedia © 2008
Model 4192A 

PERFORMANCE TESTS 

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 

1!======11~ DODD□□ DDDDDD□ l:J 

r- - -----------__ ,,, ,, ... _ 
. LJ j 

/-\ ,:>, 
l "~; ', __ / Iii 

Figure 4-10. DC Bias Voltage Accuracy Test Setup 

EQUIPMENT: 

DC Voltmeter 

BNC-to-Dual Banana Plug Cable 

PRODUCRE: 

HP3465A 
HPl 1001A 

Section IV 
Paragraphs 4-27 and 4-28 

a. Connect the 3465A to the 4192A as shown in Figure 4-10. Set the 4192A's controls to Initial Settings. 
SPOT 

E8EQ/61AS MHz V 

b. Set the 4192A's SPOT BIAS to 0V (press~, G , G , 0 ). Other controls should be set to their 

Initial Settings. 

c. Set the 3465A for DCV measurements. Voltage readout should be 0V ± 5mV. 

d. Change the 4 l 92A's SPOT BIAS in accordance with Table 4-11. Check that the measured voltages are within 

the test limits given in the Table. 
B!AS 

e. Press [ Blue ] , cf} (BIAS on Indicator will go off). 

Table 4-11. DC Bias Voltage Accuracy Test 

Bias voltage setting Test limits 

ov 0V ± 5mV 
l0mV l0mV ± 5mV 
l00mV l00mV ± 5mV 
IV IV± lOmV 
IOV I0V ± 55mV 
35V 35V ± 180mV 
-I0mV -lOmV ± 5mV 
-I00mV -l00mV ± 5mV 
-IV IV± lOmV 
-l0V -I0V ± 55mV 
-35V -35V± I80mV 

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. 

DC Voltmeter 

to DISPLAY A/DISPLAY B 
on rear-panel 

Figure 4-11. Recorder Output Voltage Accuracy Test Setup. 

EQUIPMENT: 

DC Voltmeter 

BNC-to-Dual Banana Plug Cable 

PROCEDURE: 

HP3465A 
HPl lOOIA 

Model 4192A 

a. Connect the INPUT of the 3455A to the DISPLAY A terminal on the rear panel of the 4192A as shown in 

Figure 4-11. 

Press~ and 
I_ LL 

b. 0 . The readout on the 3465A should be OV ± 20mV. 

Press [ Blue J 
UB -, 

C. and 0 . The readout on the 3465A should be IV± SmV higher than the voltage measured in 

step b. 
:iElf 

d. Press[Bluel, 0 , and quickly (2] (SELF TEST 7). The readout on the 3265A should be IV± 5mV 

less than the voltage measured in step b. 

e. Connect the INPUT of the 3465A to the DISPLAY B terminal. 

f. Repeat steps b, c, and d. 
SELF 

g. Press ~ and 0 to release the SELF TEST function. 

Table 4-12. Recorder Output Voltage Accuracy Test 

Panel setting (Output Voltage) Test limits 

++- LL (OV) OV ± 20mV 

UR ➔t (+lV) 1 + (readout in step b.) ± 5 m V 

SELF TEST 7 (-1 V) -1 + (readout in step b.) ± SmV 

4-16 
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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 

....J,_J._,...., _, _, _, ..... ...., _, ....,_, ....,_, _, 
,.JL,...., ..... ..J ._J _,_,...., ....J ......,..J....,_, ..... 
...JJ....JJ....JJ~.J.J._JL..J...J ..J..J..Jo....J--.J 
.J...J..JJ...JJJ...J.....J<----J ..J...J.__J._j.._J 

._)...JJJJJ._JJL.J.._j.._J .._J..J._j._J.._J 

._J._J~~J~J~~~~ 

DESK TOP COMPUTER 

Figure 4-12. HP-1B Interface Test Setup. 

EQUIPMENT: 

Calculator HP9825A 

1/0 ROM's ........................................... HP98210A, 98213A 

Interface Cable ........................................ HP98034A 

Sample Capacitor 

Test Fixture 

PROCEDURE: 

a. Turn both the 4192A and the 9825A off. 

l000pF ~ lO00nF 

HPl6047A 

Section IV 
Paragraphs 4-31 and 4-32 

b. Connect the 98034A between the 9825A and 4192A as shown in Figure 4-12, and install the 1/0 ROM's 

in the ROM slots. 

c. Connect the 1604 7 A 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 (17 10 ) 

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 

4-18 

[PURPOSE] 

This test verifies that the 4192A has the following HP-IB capabilities: 

(I) Remote/Local Capability 

(2) Local Lockout 

(3) Talk Disable 

( 4) Listen Disable 

[PROGRAM LISTING] 

0: "PEMOTE/:...OCAL TEST": 
1, :Jim A$[1J 
2: OHi 

3: ri5(717)}S 
4: pd ''REMOTE/LOCAL TEST";spc_ 3 
5: rem 7 

6: wrt 717,"T1";er,t "LI'.:,TEH=1, :ALK=O, REWJTE'=l"Ji 
7: if A$="n";l}i'I 
8: cli 7;ent 'LISTEN=O, TALK=O, ::CEMOTE=1",A$ 
9: if A·~="n";l}N 
10: lcl 7;ent 'LISTE:,i=O, TAL'<=O REMfJTE=0",0:.$ 
11: if A$="n";lHI 
12: rem 7c7;ent ''LISTEN=l, TALK='), REMOTZ=1',/'.,$ 
13: if A$="n";l}N 
1..J: llc 7 

15: lcl 717;ent "LISTEN=1, TAL<=O, FEMGTE=O",AS 
16: if A$="n";l}N 
17: rem 7;•rt 717."Tl";ent "LlSTE~=l, TALK=O, REMOTE=l",AI 
18: if A$="n";1}N 
19: if N=l;prt 'REMOTE/LOCAL TEST FAIL";spc 3;jrnp 2 
20: prt "REMOTE/LOCAL TEST gASS";spc 3 
21: 0' N 

22: prt "LISTEN/TALK TEST",~pc 3 
23: red 717,A.B;ent "~ISTEN=O, TALK•l, REMCTE=1",A$ 
24: if A$="n":1.}H 

25: wrt 717,"Tl";ent "LISTEH=l, TALK=O, R~MJTE=l",~I 
26: if A$="n";1}N 
27: if N=l;~rt "LISTEN/TALV TEST FAIL" 1 spc 3;jmp 2 
28: prt "LISTEN/TALK TEST PASS":spc 3 
29: prt "END"1spc 3 
30: cl i ~ 

31: lcl 7 

32: end 
t5544 

Model 4192A 



Scans by ArtekMedia © 2008
Model 4192A 

PERFORMANCE TESTS 

Section IV 
Paragraph 4-32 

Table 4-13. 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 Indicators 

LISTEN= 0, TALK= 0, REMOTE= 1 
and Controller Display are the same, 

---------- press 8 , and C:::J. If not, press 

LISTEN= 0, TALK= 0, REMOTE= 0 0 and C:::J. 
--

LISTEN= 1, TALK = 0, REMOTE = 1 

LESTEN = 1, TALD = 0,REMOTE = 0 

LISTEN= 1, TALK= 0, REMOTE= 1 
~----

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 If the 4192A HP-IB Status Indicators 

- - and Controller Display are the same, 

LISTEN= 0, TALK= 0, REMOTE= 1 press 8 , and C:::J . If not, press 

0 and C:::J . 
-----

LISTEN/TALK TEST If both steps are correct, this messsage 

PASS is output. 

---- -- ---------------

LISTEN/TALK TEST If any step fails, this message is output. 

FAIL 

I END 
I 

* 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] 

0: "L:STEt1EP TEST-1": 
dim P$r10J 1: 

2: pr-t "LIST[t'.EF. TES7-1";sp~ 
3: 
4: 

5: 
6: 

rem 
·.:: l 1 

clr 
enp 

7 
7 
717 
"Display A 

7: i~ P$="e";jrnp 2 
? (1 ; hr,a 

8: •,ir t 71 7, ' A" , P $; j m;:, - 2 

9: .1rt 71 7 ,"Al" 

~· 

~)",:-'$;sp: 1 

10: enp "Display 8? (1 thru 2)",?$;spc 1 
1 i : if P $ = "e" ; J mp 2 
12: ..,,-t 717,'5",PS;jmp -2 

13: wrt 717."A3" 
14: erp "Displa/ B? C1 H-·ru 3'. ",P$,s::,c 1 

15: if P$="e";jmp 2 
16: wrt 717,"3",P$,jmr:, -2 

17: wrt 717,"A5" 
18: anp "Display B? (1 thru 3'",P$;spc 1 
'9, if PS="e";jmp 2 
20, wrt 717,"8",P$;jmp -2 
21: clr 717 

22: enp "Cir:u1t Mode? Cl ch-u 3)",P$,spc 1 
23: :.f P$="e" ;jmp 2 

24: wrt 717,"C",P$;jmp -2 

25, ecnp "Gai,n Mode? (1 t•-,-,,1 2'",P$,spc 1 
26: i~ Pl="e";jmp 2 
27: wrt 717,"A5N",P$;J~P -2 
28: enp •zy Pa~ge? ( 1 thru 8)",P$,spc 1 
29: if P$="e";jmp 2 
30: wrt 717,",~1C2R",P$;jmp -2 

31: enp "Tri39er Mode? r1 thru 31",Pl;~pc 
32: .f P$="e";,mp 2 
33: wrt 717,"T",P$;jmp -2 
34: prt "END";spc 3 
35: clr 717 
36: C 1 i 7 
37: lcl 7 

38: end 

*20186 

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 C:::J and verify that the 4192A is set to the appropriate function or mode. For example, 

when Display A ? (I thru 7) is displayed on the 9825A, inputting Q and C:::J will set the 4192A to 

impedance measurement, and the IZI/IYI indicator lamp on the front-panel will come one; inputting GJ 
and C:::J will set the 4192A to resistance measurement, and the R/G indicator lamp will come on. 

4-20 

Press 0 (end) and C:::J 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. 
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[PURPOSE] 

This test verifies that the 4192A has the following HP-IB capabilities: 

( 1) Listener 

(2) Device Clear 

[PROGRAM LISTING] 

0: "LISTENER TEST-2": 
1: dim P$[10J 

2: prt "Ll':TENER TEST-2" ;spc 3 
3: rem 7 
4: cli 7 
5: clr 717 
6: fxd 6 

7: ·snp "Spot Freq. (KHZ) ?",P$;spc . .. 
8: if P$ = • e •; j mp 2 
9: wrt 717,"FR",PS,"EN";jmp -2 
10: enp "Step Freq.CKHZ) ?",P$;5?C 1 
11: if P$="e";jmp 2 
12: wrt 717,"SF",P$,"EH";jmp -2 
13: e~p "St3rt Freq. CKHZ) ?",P$;spc 1 
14: if P$="e";jmp 2 
15, wrt 717,"TF",Pt,"EN";jmp -2 
16, enp "Stop Freq.CKHZ) ?",P$;spc 
17: if P$= 0 e" ;jmp 2 
18: wrt 717,"PF",PS,"EN";jmp -2 
19: enp "Spot Bias{V) ?",P$;spc 1 
20: if PS="e",jmp 2 
21: wrt 7!7,"8I",P$,"EN";jmp -2 

22: enp •step BiasCV)",P$;spc ~ 

23, if P$="e" ;jmp 2 
24: wrt 717,"SB",P$,"EH";jmp -2 
25, enp "Start Bies(Vl ?",P$;spc 1 
26 : if P $ = • e • ; j mp 2 
27: wrt 717,"TB",Pt,'EH";jmp -2 
28: enp "Stop BiasCV) ,",Pi;spc ~ 

29: if PS="e";jwp 2 
30: wrt 717,"PB",P$,"EH",jmp -2 
31: wrt 717,"I0" 
32: enp "DSC levelCV) ?",Pt;spc ~ 

33: if P $ = • e • ; j mp 2 

34, wrt 717,"OL",PS,"EH";jmr -2 
35: prt "EHD",spc 3 
36, clr 717 
37: cl i 7 
38: le l 7 
39: end 
lf.348 

Input a value for the indicated test parameter, and press C::::J . 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 0 and C::::J after each step. 

4-21 
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[PURPOSE] 

This test verifies that the 4192A has the following HP-IB capabilities: 

( 1) Talker 

(2) Device Trigger 

[PROGRAMMING] 

4-22 

0: "TALKEP TEST': 
1: ~rt "TALVER TEST"ispc 3 
2: ds~ 'In=ert sa~ple cap. into 16047A";stp 
3: prt "DATA OUTPUT TEST" 
4: dim A$[1J,D$[50J 
5: rdsC717)}S 
E,, rem 7 

cli 7 
cir 717 

7: 

8: 
9: 
10: 
11: 
12: 
13: 

wrt 717,"A4T3" 
trg 717 
red 717,A,B 
7lt 4 
prt A,B;spc 2 

14: ent "Is output data correct?(y or n)",A$ 
15: if A$="n";prt "DATA OUTPUT TEST FAIL";spc 3;jmp 2 
16: prt "DATA OUTPUT TEST PASS";spc 3 
17: prt "COMPLETE DATA OUTPUT TEST-1" 
18: trg 717 

19: red 717,0$ 
20: prt D$;spc 2 
21: ent "Is output data correct?Cy or n)",A$ 
22: if A$•"n";prt "COMPLETE 9ATA OUTPUT TEST-1 FAIL";spc 3;Jmp 2 
23: prt "COMPLETE DATA OUTPUT TEST-1 PASS";spc 3 
24: prt "COMPLETE DATA OUT 0 UT TEST-2" 
25: w~t 717,"FlFRR" 
26: trg 717 
27: red 717,D$ 
28: prt u$;spc 2 
29, ent "Is out~~t data correct?Cy ~r n)",A$ 
30: if A$="n":prt "COMPLETE DATA OUTPUT TEST-2 FAI~•;sp~ 3;jmp 2 
31, prt "COMPLETE DATA OUTPUT TEST-2 PASS"ispc 3 
32: prt "COMPLETE DATA OUTPUT T~ST-3" 
33: 
34: 

35: 
36: 
37: 

wrt 
tr9 
red 
wrt 
prt 

717,"0LR" 
717 
717,['$ 
717,"FO" 
D$;spc 2 

38: ent "Is cutput data correct?Cy or n)",A$ 
39: if A$='n";prt "COMPLETE DATA OUTPUT 7EST-3 FAIL";spc 31jmp 2 

40: prt "COMPLETE DATA OUTPUT TEST-3 PASS";spc 3 
41: prt "END";spc 3 

42: cir 717 
43: Ci i 7 

44: lcl 7 
45: end 
llE192S8 

Model 4192A 
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Table 4-14. Controller Instructions and Operator Responses for Test Program 4 

Controller Instructions 

Displays Printout 
Operator Response 

TALKER TEST 
--~--

Connect a capacitor to 1604 7 A Connect a capacitor (1 000pF ~ 1000 

nF) to 16047A Test Fixture. Then 

press~. 
----

DATA OUTPUT TEST 

l.0244e - 09 DISPLAY A and DISPLAY B meas-
l.0000e - 04 urement data is output to the 9825A's 

thermal printer. 

Is outpout data correct? (y or n) If the output data is the same as the 

DATA OUTPUT TEST 
values displayed on DISPLA Ys A and 

PASS B, press 8 and C:::J. If not, 

DATA OUTPUT TEST press 0 and C:::J. 
FAIL 

COMPLETE DATA 
OUTPUT TEST-I 

NCPN + l.0244E - 09, Complete data of DISPLAY A and 
NDFN + 0.000IE + 00 DISPLAY B is output. 

Is output data correct? (y or n) 1 If the output data is correct, press 

8 and C:::J. If not, press 

COMPLETE DATA 0 and C:::J. (See paragraph 3-

OUTPUT TEST - I PASS 125.) 
---

COMPLETE DATA 
OUTPUT TEST - 1 FAIL 

COMPLETE DATA 
OUTPUT TEST - 2 

---

NCPN + l.0245E - 09, Complete data of DISPLAY A, DIS-
NDFN + 0.000lE + 00, PLAY B, and SPOT FREQ. is output. 

K + 0100.0000 

Is output data correct? (y or n) If the output data is the same as the 

values displayed on DISPLA Y's A and 

B and DISPLAY C (Test Parameter 
COMPLETE DAT A data display), press GJ and~. 

OUTPUT TEST - 2 PASS 
If not, press 0 and C:::J. (See 

COMPLETE DATA 
paragraph 3-125.) 

OUTPUT TEST - 2 FAIL 

4-23 



Scans by ArtekMedia © 2008

Section IV 
Paragraphs 4-32 

PERFORMANCE TESTS 

Controller Instructions 

Displays Printout 

COMPLETE DAT A 
OUTPUT TEST - 3 
~ ---- --------- -

NCPN + l.0245E - 09, 
NDFN + 0.0000E + 00, 

V + 00001.000 
~------- ------------- -- ------- ----------

Is output data correct? (y or n) 

--------~ 

COMPLETE DATA 
OUTPUT TEST - 3 PASS 
~ ------

COMPLETE DATA 
OUTPUT TEST - 3 FAIL 

END 

TEST PROGRAM 5 

[PURPOSE] 

Model 4192A 

Operator Response 

Complete data of DISPLAY A, DIS-
PAY B, and OSC LEVEL is output. 

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 GJ and 

C:::J. If not, press G and 

C:::J. (See paragraph 3-125.) 

This test program verifies that the 4192A has the following HP-IB capabilities: 

(1) Service Request 

(2) Serial Poll 

[PROGRAM LISTING] 

4-24 

0: "SRO TEST": 
1: prt "SRQ TEST";spc 3 
2: fxd 0 
3: oni 7,"SRQ• 
4: rem 7 
5: cli 7 
6: clr 717 
7: O}S;prt "DATA READY";wrt 717,"D1T2",tr9 717;gsb "LOOP" 
8: O}S;prt "SYNTAX ERROR";wrt 7 17,"DO~B";gsb "LSOP" 
9: O}S;prt "PROG. ERROR";wrt 717,"FR14000EH";gsb "LO~P• 
10: O}S;prt "TRG. TOO FAST";tr9 717;wai~ SO;trg 717;9sb "LOOP" 
11: O}S;prt "BUSY" 
12: wrt 717,"T1W1W4";wait 1000 
13: rds(717)}5;prt S;spc ._; 

14: wrt 717,"AB" 
:s, prt "END";5pc 3 

16: Cl i 7 
17: lcl 7 
18: end 
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19: "LOOP":ei:- 7,128 
20: if bitCQ,S)=l;prt 
21: if bitCl,S)=l;prt 
22: if bit (2,5)=1 ;prt 
23: if bitC3,S)=l;prt 
24: 9to "LOOP" 
25, "SR0":rdsC717)}S 
26: if bit (6, S) = 1; j mp 
27: prt "OThER DEVICE 
28: "IRET":eir 7,128 
2.9: iret 
:«31908 

PERFORMANCE TESTS 

S;spc 3;ret 
S;spc ::i;ret 
S;spc 3, ret 
S;spc 3; r et 

? 
SRQ";spc 3 

Section IV 
Paragraph 4-32 

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 

~- 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 

4-25 
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Section VI 
paragraph 4-32 

Model 4192A 

4-26 

PERFORMANCE TESTS 

APPENDIX 

The following are HP-IB Interface Test for the 4192A that can be run on the HP85 
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 Computer •······························· HP85 

1/0 ROM .•.•......••••......•••.......••••.•......•..• hp P/N 00085-15003 

ROM DRAWER .....•....•......••........•...•.•... HP82936A 

HP-IB Interface Module .......................... HP82937 A 

Sample Capacitor ..••.......••..•..........••.......• lO00pF l000nF 

Test Fixture •·········································••HPl6047A 

Related Manual Pages: 

Manual Part No. 04192-90001 
Performance Tests Pages 4-17 thru 4-25, Paragraph 4-31 
Adjustments 

Replaceable Parts 

Component Location 

Schematic Diagram 
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PERFORMANCE TESTS 

TEST PROGRAM l 

[PROGRAM LISTING] 

10 ! REMOTE/LOCAL TEST 
20 OPTION BASE 1 
30 DIM 8$ [ZOJ ,C$ [25) 
40 A1 .. 717 @ A=7 
50 8$ •" REMOTE/LOCAL TEST " 
60 C$•"L!STENa TALK• REMOTE• 11 

70 N•O 
80 SzSPOLLt.Rl J 

90 PRitH 8$ 
100 REMOTER 
110 OUTPUT A1 
120 C1$= 11 1"@ 
130 GOSUB 460 
1 40 ABORTIO R 
150 C1$z 11 0 11 @ 
160 GOSUB 460 
170 LOCAL A 
1 8 0 C 1 $ = 11 0" @ 

190 GOSUB 460 
ZOO REMOTE A1 

; II T111 
C2$•"0" 

CZ$"" 0" 

CZ$ • 11 0 11 

@ C3 t: • 11 1 11 

@ C3 t: =" 1" 

@ C3i:•"0" 

210 C1$•"1 11 @ C2$•"0"@ C3t: ■ "1 11 

220 GOSUB 460 
230 LOCAL LOCKOUT A 
240 LOCAL A1 
250 C1$• 11 1 11 @ CZ$• 11 0 11 @ C3t:•"0" 
260 GOSUB 460 
270 REMOTE A 
280 OUTPUT A1 ;"T1 11 

290 C1$•"1"@ CZS•"0"@ C3$:•"1" 
300 GOSUB 460 
310 GOSUB 530 
320 N•O 
330 8$ •"LISTEN/TALK TEST 11 

340 PRINT 8$ 
350 ENTER A1 ; X,Y 
360 C1$•"0"@ CZ$• 11 1"@ C3$• 11 1" 
370 GOSUB 460 
380 OUTPUT A1 ; "T1" 
390 C1$•"1"@ C2$•"0"@ C3$•"1" 
400 GOSUB 460 
410 GOSUB 530 
420 ABORT! 0 A 
430 LOCAL A 
440 PRINT "END" 
450 END 
460 I ***** SUB A$***** 
470 C$(8,8J•C1$@ C$[15,15J•C2$ 
480 C$(24,24l•C3$ 
490 DISP cs; 
500 INPUT A$ 
510 IF A$• 11 N" THEN N•1 
520 RETUR~l 
530 I ***** SUB PRT ***** 
540 PRINT BS; 
550 IF N•1 THEN PRINT "FAIL." ELSE PRHH "PASS" 
560 RETURN 

Section VI 
paragraph 4-3 2 

4-27 
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Section VI 
paragraph 4-32 

Model 4192A 

PERFORMANCE TESTS 

Controller Instructions and Operator Responses for Test Program l 

Controller Ins true ti ons 
Operator Response 

Displays Printout 

REMOTE/LOCAL TEST 

LISTEN=l TALK=O REMOTE=l ? If the 4192A HP-IB Status 
LISTEN=O TALK=O REMOTE=l ? Indicators and Controller 
LISTEN=O TALK=O REMOTE=O ? Display are the same, 
LISTEN=l TALK=O REMOTE=l ? press (!), and I END LINE) • 

LISTEN=l TALK=O REMOTE=O ? If not, press ®· and 
LISTEN=l TALK =O REMOTE= l ? I END LINE) • 

REMOTE/LOCAL TEST PASS If all steps are correct, 
this message is output. 

REMOTE/LOCAL TEST FAIL If any step fails, this 
message is output. 

LISTEN/TALK TEST 

LISTEN=O TALK=l REMOTE=l ? If the 4192A HP-IB Status 
Indicators and Controller 

LISTEN=O TALK=O REMOTE=l ? Display are the same, 
press (y). and IEND LINE). 

If not, press ®· and 
IEND LINE). 

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 

4-28 
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PERFORMANCE TESTS 

TEST PROGRAM 2 

[PROGRAM LISTING] 

10 ! LISTENER TEST-1 
20 DIM P$[10l 
3 ,:J R 1 = 7 1 7 @ R = 7 
40 DISP "LISTEtffR TEST-1" 
5Ci REMOTE R 
E,O RBORTIO R 
70 CLEAR Al 
8C1 DISP "DISPLR'r' R(1 thru ,')"; 
90 I ~JPUT P$ 
11:JO IF P$ =" E" THEtl 120 
110 OU1PUT R1 ;"R",P$@ GOTO 80 
12 1:J OUTPUT R1 ;"R1" 
130 DISP "DISPLAY B(1 thru 2J"; 
140 INPUT P$ 
150 IF P$="E" THEt·J 170 
150 OUTPUT Al ; "B", P$ @ GOTO 130 
170 OUTPUT R1 ; "R3" 
180 DISP "DISPLR\' B(1 thru 3l"j 
1 '30 HJPUT P$ 
ZOO IF P$ =" E" THEN 220 
210 OUTPUT R1 ;"B",P$@ GOTO 180 
220 OUTPUT R1 ; "RS" 
230 DISP "DISPLAY 8(1 thru 3)"; 
240 INPUT P$ 

250 IF P$ •" E" THEN 270 
260 OUTPUT A1 ; "B", P$ @ GOTO 230 
270 CLEAR A1 
280 DISP "CIRCUIT MODE(1 thru 3)"; 
290 INPUT P$ 
300 IF P$ •" E" THEN 320 
310 OUTPUT Al ;"C",P$@ GOTO 280 
320 DISP "GAIH MODE(1 thru 2)"; 
330 INPUT P$ 
340 IF P$ •" E" THEN 360 
350 OUTPUT R1 ; "ASN", P$ @ GOTO 320 
360 DISP "ZY RAHGE(1 thru 8)"; 
370 INPUT P$ 
380 IF P$ "'" E" THEN 400 
390 OUTPUT A1 ; "A1 C2R", P$ @ GOTO 360 
400 DISP "TRIGGER MODE(1 thru 3J"; 
410 INPUT PS 
420 IF PS•" E" THEN 440 
430 OUTPUT A1 ; "T", PS @ GOTO 400 
440 DI SP "END" 
450 ABORT! 0 A 
460 LOCAL A 
470 END 

Input the numeric portion* (suffix) of the HP-18 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 IENDLINEJ and verify that the 4192A is set 
to the appropriate function or mode. For example, when Display A? (l thru 7) 
is displayed on the HP85, inputting GJ and IENo LINE) wi 11 set the 4192A to 
impedance measurement, and the IZI/IYI indicator lamp on the front-panel will 
come one; inputting 0 and IENDLINE) will set the 4192A to resistance 
measurement, and the R/G indicator lamp will come on. Press 0 (end) and 
(ENo LINE) 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 
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PERFORMANCE TESTS 

TEST PROGRAM 3 

[PROGRAM LISTING] 

10 ! LISTENER TEST-2 
20 DIM P$ (101 
30 A1=717@ R=7 
40 DISP "LISTENER TEST-2" 
50 REMOTER 
60 ABORT! 0 A 
70 CLEAR Al 
80 DISP "SPOT FREQ. (kHz)"; 
90 I t~PUT P$ 
100 IMAGE K,7A,K 
110 IF P$="E" THEN 130 
1 20 OUTPUT R1 USING 1 00 ; "FR", P$," EN" @ GOTO 80 
130 DISP "STEP FREO.<kHz)"; 
140 HJPUT P$ 
150 IF P$="E" THEN 170 
160 OUTPUT R1 USING 100; "SF",P$,"Etr@ GOTO 130 
170 DISP "START FREQ.(kHzJ"; 
180 INPUT P$ 
190 IF P$="E" THEN 210 
200 OUTPUT Rl USING 100; "TF",P$,''EN"@ GOTO 170 
210 DISP "STOP FREQ. (kHzJ"; 
22CJ INPUT P$ 
230 IF P$ =" E" THEN 250 
240 OUTPUT R1 USING 100; "PF",P$,"EN"@ GOTO 210 
250 DISP "SPOT BIRS(VJ"; 
260 INPUT P$ 
270 IF P$ =" E" THEN 290 
280 OUTPUT A1 USING 100; "BI",P$,''EW@ GOTO 250 
290 DISP "STEP BIAS(VJ"; 
300 INPUT P$ 
310 IF P$="E" THEN 330 
320 OUTPUT Rl US! NG 100 ; "SB", P$," EN" @ GOTO 290 
330 DISP "START BIAS(V)"; 
340 INPUT P$ 
350 IF P$="E" THEN 370 
360 OUTPUT R1 USING 100 ; "TB", P$, "EN" @ GOTO 330 
370 DISP "STOP BIRSCVJ"; 
380 INPUT P$ 
390 IF P$="E" THEN 410 
400 OUTPUT A1 USING 100 ; "PB", P$, "EN" @ GOTO 370 
410 OUTPUT R1 ;"IO" 
420 DISP "OSC LEVEL<VJ"; 
430 INPUT P$ 
440 IF P$ =" E" THEN 460 
450 OUTPUT A1 USING 100 ; "OL", P$," EW @ GOTO 420 
460 DISP "Um" 
4 70 ABORT! 0 A 
480 LOCAL A 
490 um 

Model 4192A 

Input a value for the indicated test parameter, and press !END LINE! • 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 0 and !END LINE I after each step. 

4-30 
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PERFORMANCE TESTS 

TEST PROGRAM 4 

[PROGRAM LISTING] 

11) ! TALKER TEST 
20 OPTI 011 BASE 1 
30 DIM D$ [50l, B$ [30l 
40 B$=" DRTR OUTPUT TEST " 
S(J R1 =717 @ R=7 
60 PRINT "TALKER TEST" 
70 DISP "COlitlECT R CRPRCITCIR TO 16047R" 
80 DISP TRB(15);"PRESS [COlffl KEY" 
90 PRUSE 
100 PRitH B$ 
110 S•SPOLLCRl l 

120 REMOTE R 
1 30 RBORTI O R 
140 CLEAR R1 
150 OUTPUT RI ;"R4T3" 
160 TRIGGER RI 
170 ENTER R1 ; X,Y 
180 IMAGE 2lD.4DE,5X) 
190 PRINT USING 180; X,Y 
200 GOSUB 470 
210 8$•"COMPLETE "&B$ 
220 8$ [26] =" -1 " 
230 PRINT 8$ 
240 TRIGGER RI 
250 ENTER R1 ; D$ 
260 PRINT D$ 
270 GOSUB 470 
280 8$ [26] =" -2 " 
290 PRINT 8$ 
300 OUTPUT R1 ;"F1FRR" 
310 TRIGGER Rl 
320 ENTER R1 ; D$ 
330 PRINT D$ 
340 GOSUB 470 
350 8$ [26] =" -J " 
360 PRI IH 8$ 
370 OUTPUT RI ; "OLR" 
.380 TRIGGER R 1 
390 rnTER R1 ; D$ 
400 OUTPUT R1 ; "FO" 
410 PRINT D$ 
420 GOSUB 470 
430 PRINT "Etm" 
440 RBORTI O R 
450 LOCAL R 
45tJ END 

470 ! *****SUB***** 
48(! DISP "IS OUTPUT DRTR CORRECTl'r or In"; 
4'3C1 INPUT A$ 
:,,:JO PRitH 8$; 
51 0 IF Fl$=" W THEN PRI tH "FRI L" ELSE PRI I-H "PASS" 
52CJ RETURN 

Section VI 
paragraph 4-32 

4-31 
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paragraph 4-32 

Model 4192A 

PERFORMANCE TESTS 

Controller Instructions and Operator Responses for Test Program 4 

Controller Ins true ti ons 
Operator Response 

Displays Printout 

TALKER TEST 

CONNECT A CAPACITOR TO 16047A Connect a capacitor 
PRESS [CONT] KEY ( lOOOpF -- lOOOnF) to 

16047A Test Fixture. 
Then press !CONT) • 

DATA OUTPUT TEST 

1.0ll?E-008 DISPLAY A and DISPLAY B 
1 . 2300E-002 measurement data is 

output to the HP85's 
printer. 

IS OUTPUT DATA CORRECT (Y or N) ? DATA OUTPUT TEST PASS If the output data is 
DATA OUTPUT TEST FAIL the same as the values 

displayed on DISPLAYS A 
and B, press (r) and 
IEND LINEI. If not, press 
(El and I END LINE). 

COMPLETE DATA OUTPUT 
TEST-1 

NCSN+ 10. 106E-09, Complete data of DISPLAY 
NDFC+0.0125E+OO A AND DISPLAY B is 

output. 

IS OUTPUT DATA CORRECT (Y or N) ? If the output data is 
correct, press (r) and 
(END UNEI • If not, press 

COMPLETE DATA OUTPUT (El and I END LINE). 

TEST-1 PASS 

COMPLETE DATA OUTPUT 
TEST-1 FAIL 

COMPLETE DATA OUTPUT 
TEST-2 Complete data of DISPLAY 

A, DISPLAY B and SPOT 
NCSN+ 10. lOOE-09, FREQ. is output. 
NDFN+0.0127E+OO, 
K+Ol00.0000 

4-32 
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PERFORMANCE TESTS 

Section VI 
paragraph 4-32 

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 [!) and [END LINE!. If 
COMPLETE DATA OUTPUT not, press @ and 

TEST-2 FAIL IEND LINE). 

COMPLETE DATA OUTPUT 
TEST-3 

NCSN+lO. lOOE-09, Complete data of DISPLAY 
NDFN+O.Ol27E+OO, A, DISPLAY B and osc 
V +0000 l . 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 OUTPUT Parameter data display), 
TEST-3 PASS press [!) and IEND LINE!. If 

not, press @ and 
COMPLETE DATA OUTPUT [END LINE). 

TEST-3 FAIL 

END 

4-33 
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PERFORMANCE TESTS 

TEST PROGRAM 5 

[PROGRAM LISTING] 

4-34 

10 ! SRO TEST 
20 A1•717@ A ■ 7 

30 PRINT "SRO TEST" 
40 ON INTR 7 GOSUB 430 
50 REMOTE A 
60 ABORTI O A 
70 CLEAR Al 
80 S•O 
90 PRI tH "DATA READY" 
100 OUTPUT A1 ;"D1T2" 
110 TRIGGER Al 
120 GOSUB 380 
130 S•O 
140 PRINT "SYl'HAX ERROR" 
150 OUTPUT A1 ;"DOA8" 
160 GOSUB 380 
170 S•O 
180 PRINT "PROG. ERROR" 
190 OUTPUT A1 ; "FR1 4000EN" 
200 GOSUB 380 
210 S•O 
220 PRINT "TRG. TOO FAST" 
230 TRIGGER Al 
240 WAIT 50 
250 TRIGGER Al 
260 GOSUB 380 
270 S•O 
280 PRINT "BUSY" 
290 OUTPUT R1 ; "T1 W1 W4" 
300 WAIT 1000 
310 S=SPOLLCA1) 
320 PRINTS 
330 OUTPUT A1 ; "AB" 
340 PRINT "Et-ID" 
350 RBORTI O A 
360 LOCAL A 
370 END 
380 ! ***** SUB LOOP***** 
390 ENABLE INTR 7;8 
400 B=BITCS,Ol OR BITCS,1 J OR BITCS,2l OR BITCS,3) 
410 IF 8 ■ 1 THEN PRINTS@ RETURN 
420 GOTO 380 
430 ! ***** SUB SRO***** 
440 S•SPOLL(Al l 
450 STATUS 7, 1 ; S1 
460 IF BIT(S,6)=0 THEN DISF' "OTHER DEVICE SRO" 
470 ENABLE INTR 7;8 
480 RETURN 

1Vlodel 4192A 
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'.Vlodel 4192A 

PERFORMANCE TESTS 

Section VI 
paragraph 4-3 2 

Controller Instruction and Operator Responses for Test Program 5 

Controller Ins true ti ons 
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 
( = 0 l 001000 ) . 

72 

BUSY SRQ Status Byte data should be 16 
(= 00010000). 

16 

END 

4-35 
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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 

1MHz (HcuR) 0.99995MHz 1.00005MHz 

10MHz (HcuR) 9.9995MHz 10.0005MHz 

1MHz (1 MHz ) 
Output 

0.99995MHz 1.00005MHz 

4-11 Measurement Signal Level 

Accuracy Test 

OSC Level: 5mV 5Hz 2.65mV 7.35mV 

l00Hz 2.75mV 7.26mV 

lkHz 2.75mV 7.26mV 

l0kHz 2.75mV 7.26mV 

l00kHz 2.75mV 7.26mV 

1MHz 2.75mV 7.26mV 

13MHz l.83mV 8.18mV 

OSC Level: l00mV 5Hz 91.0mV 109.0mV 

l00Hz 92.9mV 107.lmV 

lkHz 93.0mV 107.0mV 

l0kHz 93.0mV 107.0mV 

l00kHz 93.0mV 107.0mV 

1MHz 93.0mV 107.0mV 

13MHz 74.SmV 125.SmV 

OSC Level: 105mV 5Hz 87.7mV 122.35mV 

l00Hz 89.7mV 120.4mV 

lkHz 89.7mV 120.3mV 

l0kHz 89.7mV 120.3mV 

l00kHz 89.7mV 120.3mV 

1MHz 89.7mV 120.3mV 

13MHz 70.3mV 139.7mV 
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Paragraph Result 
Test 

Number Minimum Actual Maximum 

4-1 I Measurement Signal Level 

(continued) Accuracy Test 

OSC Level: 1.1 V 5Hz 1.013V 1.187V 

l00Hz 1.034V 1.166 V 

lkHz 1.035V 1.165V 

l0kHz 1.035V 1.165 V 

l00kHz 1.035V 1.165 V 

!MHz 1.035V 1.165 V 

13MHz 0.832V 1.369V 
----- - --

4-13 Capacitance Accuracy Test 

Standard Capacitor: lpF 

Capacitance JOO kHz C.V. - 5fF C.V.+5fF 

500kHz C.V. - 5fF C.V. + 5fF 

1MHz C.V. - 2.4fF c.v. + 2.4fF 

5MHz C.V. - !OfF C.V. + !OfF 

10MHz C.V. - 21.6fF c.v. + 21.6fF 

13MHz C.V. - 28.0fF c.v. + 28.0fF 

Dissipation JOO kHz - 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 : !0pF 

Capacitance l0kHz C.V. - 50fF C.V. + 50fF 

50kHz C.V. - 50fF C.V. + 50fF 

JOO kHz 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.-2llfF C.V.+2llfF 

Dissipation IO kHz - 0.0191 +0.0191 

50kHz - 0.0078 + 0.0078 

l00kHz - 0.0038 + 0.0038 

I 

500kHz - 0.0021 + 0.0021 

!MHz - 0.0013 + 0.0013 

5MHz - 0.0063 + 0.0063 

10MHz -0.0174 +0.0174 

13MHz - 0.0224 + 0.0224 

C.V. = Calibrated Value 
ii 
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Paragraph Result 

Number 
Test 

Minimum Actual Maximum 

4-13 Capacitance Accuracy Test 

( continued) Standard Capacitor : lOOpF 

Capacitance lkHz C.V. - 0.5pF C.V. + 0.5pF 

5kHz C.V. - 0.5pF C.V. + 0.5pF 

lOkHz C.V. - 0.24pF C.V. + 0.24pF 

50kHz C.V. - 0.4pF C.V. + 0.4pF 

lOOkHz C.V.- 0.14pF C.V. + 0.14pF 

500kHz C.V. - 0.4pF C.V. + 0.4pF 

!MHz C.V. - 0.14pF C.V. + 0.14pF 

5MHz C.V. - 0.7pF C.V. + 0.7pF 

10MHz C.V. - 2.9lpF C.V. + 2.9lpF 

13MHz C. V. - 4. 74pF C.V. + 4.74pF 

Dissipation lkHz - 0.0191 +0.0191 

5kHz - 0.0078 + 0.0078 

lOkHz - 0.0038 + 0.0038 

50kHz - 0.0021 + 0.0021 

lOOkHz - 0.0013 + 0.0013 

500kHz - 0.0021 + 0.0021 

1MHz - 0.0013 +0.0013 

5MHz - 0.0056 + 0.0056 

10MHz - 0.0354 + 0.0354 

13MHz - 0.0581 + 0.0581 

Standard Capacitor : lOOOpF 

Capacitance lOOHz C.V. - 50pF C.V. + 50pF 

400Hz C.V. - 40pF C.V. +40pF 

!kHz C.V. - 2.4pF C.V. + 2.4pF 

5kHz C.V. - 4pF C.V. + 4pF 

lOkHz C.V. - l.4pF C.V.+l.4pF 

50kHz C.V. - 4pF C.V. + 4pF 

lOOkHz C.V. - l.4pF C.V. + l.4pF 

500kHz C.V. - 4pF C.V. +4pF 

1MHz C.V. - l.4pF C.V. + l.4pF 

Dissipation lOOHz - 0.026 + 0.026 

400Hz - 0.009 + 0.009 

lkHz - 0.0038 + 0.0038 

5kHz - 0.0021 + 0.0021 

IO kHz - 0.0014 + 0.0014 

50kHz - 0.0021 + 0.0021 

JOO kHz - 0.0013 +0.0013 

500kHz - 0.0021 + 0.0021 

1MHz - 0.0013 + 0.0013 

C.V. Calibrated Value 
iii 
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Paragraph Result 
Test 

Number Minimum Actual Maximum 

4-15 Resistance Accuracy Test 

Standard Resistor : lO0Q SHz c.v. - uon -- c.v. + 1.30Q 

l0Hz c.v. - o.nn -- c.v. + o.nn 
S0Hz C.V. - 0.32D -- C.V. + 0.32Q 

l00Hz C.V. - 0.19D C.V. + 0.19Q 

400Hz c.v. - o.1sn C.V.+0.lSQ 

lkHz C.V. - 0.13Q C.V.+0.13Q 

SkHz C.V. - 0.13D c.v. +0.13Q 

l0kHz C.V. - 0.13D -- C.V. + 0.13Q 

S0kHz C.V. - 0.13D -- C.V. + 0.13Q 

l00kHz C.V. - 0.13D -- C.V.+0.13Q 

S00kHz C.V. - 0.13D -- C.V. + 0.13Q 

1MHz C.V. - 0.13D c.v. + 0.13Q 

5MHz C.V. - 0.41 Q -- C.V. + 0.41 Q 

10MHz C.V. - 2.91D C.V.+2.91Q 

13MHz C.V. - 4.74D C.V. +4.74Q 

Standard Resistor : 1 kQ SHz c.v. - 23.0Q -- C.V. + 23.0Q 

l0Hz C.V. - 14.0Q -- C.V. + 14.0Q 

S0Hz c.v.- 1.on -- C.V. + 7.0Q 

l00Hz c.v. - s.on -- c.v. + s.on 

400Hz c.v.- 4.on -- C.V. +4.0Q 

lkHz C.V. - 3.3Q -- C.V. + 3.3Q 

SkHz c.v. - 3.3n -- C.V. + 3.3D. 

l0kHz c.v. - 3.3n -- c.v. +3.3Q 

S0kHz C.V. - 3.3Q -- C.V. + 3.3Q 

l00kHz c.v. - 3.3n -- c.v. + 3.3n 

S00kHz c.v. - 3.3n -- c.v. + 3.3n 

1MHz c.v. - 3.3n -- c.v. + 3.3n 

5MHz c.v. - 6.2n -- c.v. + 6.2n 

10MHz c.v. - 31.0Q -- C.V. + 31.0Q 

13MHz C.V. - 49.3Q -- C.V. + 49.3Q 

iv 
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4-15 Resistance Accuracy Test 

(continued) Standard Resistor: !0kn 5Hz C.V. - 0.204kn -- C.V. + 0.204kn 

I0Hz C.V.-0.117kn -- C.V. +0.117kn 

50Hz C.V. - 0.059kn -- C.V. + 0.059kn 

I00Hz C. V. - 0.039 kn -- C.V. + 0.039kn 

400Hz C.V. - 0.034kn -- C.V. + 0.034kn 

!kHz C.V. - 0.031 kn -- C. V. + 0.031 kn 

5kHz C.V. - 0.03 I kn -- C.V. + 0.031 kn 

!0kHz C.V. - 0.031 kn -- C.V. +0.031kn 

50kHz C. V. - 0.031 kn -- C. V. + 0.031 kn 

l00kHz C. V. - 0.03 I kn -- C.V. + 0.031 kn 

500kHz C.V. - 0.031 kn -- C.V. + 0.031 kn 

1MHz C. V. - 0.031 kn -- C.V. + 0.031 kn 

Standard Resistor: l00kn 5Hz C.V. - 2.41 kn -- C.V. + 2.41 kn 

l0Hz C.V. - 1.36kn -- C.V. + l.36kn 

50Hz C.V. - 0.66kn -- C.V. + 0.66kn 

l00Hz C.V. - 0.42kn -- C.V. + 0.42kn 

400Hz C.V. - 0.35kn -- C.V. + 0.35kn 

]kHz C.V. - 0.31 kn -- C.V. + 0.31 kn 

5kHz C. V. - 0.31 kn -- C.V. + 0.31 kn 

l0kHz C. V. - 0.31 kn -- C.V. + 0.31 kn 

50kHz C.V. - 0.31 kn -- C.V. + 0.3 lkn 

lO0kHz C.V. - 0.31 kn -- C.V. + 0.31 kn 

4-17 Frequency Phase Accuracy Test 
l00Hz C. V. - 0.033 n -- C.V. + 0.033n 

400Hz C.V. - 0.029n -- C.V. + 0.029n 

lkHz c.v. - 0.026n -- C.V. + 0.026n 

5kHz C.V. - 0.026n -- C.V. + 0.026n 

l0kHz C.V. - 0.026n -- c.v. + 0.026n 

50kHz c.v. - 0.026n -- C.V. + 0.026n 

l00kHz c.v. - 0.026n -- C.V. + 0.026n 

500kHz C.V. - 0.026n -- C. V. + 0.026 n 

1MHz C.V. - 0.026n -- C.V. + 0.026n 

5MHz c.v. - o.067n -- C.V. + 0.067 n 

10MHz c.v. - o.4oon -- C.V. + 0.400n 

13MHz c.v. - o.645n -- C.V. + 0.645 n 

C.V. = Calibrated Value 

V 
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4-19 Amplitude/Phase (OdB) Accuracy Test 

Amplitude 5Hz - 0.096dB -- + 0.096dB 

IOHz - 0.056dB -- + 0.056dB 

50Hz - 0.029dB -- + 0.029dB 

JOO Hz - 0.020dB -- + 0.020dB 

500Hz - 0.020dB -- + 0.020dB 

!kHz - 0.020dB -- + 0.020dB 

5kHz - 0.020dB -- + 0.020dB 

!OkHz - 0.020dB -- + 0.020dB 

50kHz - 0.090dB -- + 0.090dB 

JOO kHz - 0.090dB -- + 0.090dB 

500kHz - 0.090dB -- I + 0.090dB 

!MHz - 0.090dB -- + 0.090dB 

5MHz - O. I 70dB -- +0.170dB 

10MHz - 0.450dB -- + 0.450dB 

13MHz - 0.570dB -- + 0.570dB 

Phase 5Hz - 0.48 deg -- + 0.48 deg 

IO Hz - 0.28 deg -- + 0.28 deg 

50Hz - 0.15 deg -- + 0.15 deg 

JOO Hz - 0.10 deg -- + 0.10 deg 

500Hz - 0.10 deg -- + 0.10 deg 

!kHz - 0.10 deg -- + 0.10 deg 

!OkHz - 0.10 deg -- + 0.10 deg 

50kHz - 0.16 deg -- + 0.16 deg 

JOO kHz - 0.16 deg -- + 0.16 deg 

500kHz - 0.16 deg -- + 0.16 deg 

!MHz - 0.16 deg -- + 0.16 deg 

5MHz - 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 setting: - !OdB lOkHz C.V. - 0.020dB -- C.V. + 0.020dB 

1MHz C.V. - 0.090dB -- C.V. + 0.090dB 

10MHz C.V. - 0.450dB -- I C.V. + 0.450dB 
I 

Attenuator setting : - 30dB lOkHz C.V. - 0.07dB -- C.V. + 0.07dB 

1MHz C.V. - 0.17 dB -- C.V. +0.17dB 

10MHz C.V. - 0.89dB -- C.V. + 0.89dB 

Attenuator setting : - 50 dB lOkHz C.V.-0.2ldB -- C.V.+0.2ldB 

1MHz C.V. - 0.24dB -- C.V. + 0.24dB 

10MHz C.V. - l.33dB -- C.V. + l.33dB 

vi 
C.V. = Calibrated Value 
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4-21 Amplitude Accuracy Test 
(continued) 

Attenuator setting : - 70 dB IO kHz C.V. - 2.01 dB -- C.V.+2.0ldB 

!MHz C.V. - 2.04dB -- C.V. + 2.04dB 

10MHz C.V.- ll.23dB -- C.V. + l l.23dB 

4-23 Absolute Amplitude Accuracy Test 

5Hz C.V. - 0.60dBV -- C.V. + 0.60dBV 

lOHz C.V. - 0.50dBV -- C.V. +0.50dBV 

30Hz C.V. - 0.43dBV 1 -- C.V. + 0.43dBV 

lOOHz C.V. - 0.40dBV i -- C.V. + 0.40dBV 

300Hz C.V. - 0.40dBV -- C.V. + 0.40dBV 

!kHz C.V. - 0.40dBV -- C.V. + 0.40dBV 

3kHz C.V. - 0.40dBV -- C.V. + 0.40dBV 

lOkHz C.V. - 0.40dBV -- C.V. + 0.40dBV 

30kHz C.V. - 0.40dBV -- C.V. + 0.40dBV 

75kHz C.V. - 0.40dBV -- C.V. + 0.40dBV 

lOOkHz C.V. - 0.40dBV -- C.V. + 0.40dBV 

300kHz C.V. - 0.40dBV -- C.V. + 0.40dBV 

1MHz C.V. - 0.40dBV -- C.V. + 0.40dBV 

' 
3MHz C.V. - 0.64dBV -- C.V. + 0.64dBV 

' 
i 10MHz ! C.V. - l.20dBV -- C.V. + l .20dBV 

13MHz C.V. - l.44dBV -- C.V. + l.44dBV 
I 

4-25 Phase Accuracy Test 

0 deg --

- 22.5 deg - 22.56 deg -- - 22.44 deg 
! - 45 deg - 45.06 deg - 44.94 deg --

-67.5deg - 67.56 deg 
' 
-- - 67.44 deg 

I 

- 90 deg - 90.06 deg -- - 89.94 deg 

- 112.5 deg - 112.56 deg -- - 112.44 deg 

- 135deg - 135.06 deg -- - 134.94 deg 

- 157.5 deg - 157.56deg -- - 157.44 deg 

- 180 deg - 179.94 deg -- + 179.94 deg 

+ 157.5 deg + 157.44deg -- + 157.56 deg 

+ 135 deg + 134.94 deg -- + 135.06 deg 

+ 112.5 deg + 112.44 deg -- +112.56deg 

+ 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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4-27 DC Bias Voltage Accuracy Test 

ov -SmV +SmV 

l0mV +SmV + 15mV 

l00mV +95mV + 105mV 

IV + 0.990V + l.0IOV 

IOV + 9.945V --- + 10.055V 

35V + 34.82V +35.18V 

- l0mV - 15mV -SmV 

- l00mV - 105mV --- - 95mV 

- IV - l.0IOV - 0.990V 

- I0V - 10.055V - 9.945V 

- 35V -35.18V - 34.82V 

4-29 Recorder Output Voltage Accuracy Test 

0V (LL) - 20mV + 20mV 

+IV (UR) + 0.995V + 0V* + 1.005V + 0V* 

- IV (SELFTEST 7) - l.00SV+0V* - 0.995V+0V* 

* D.C. OFFSET 

[ = Actual voltage of 0V (LL) ) 

4-31 HP-IB Test 

Remote/Local Test □ PASS D FAIL 

Listen/Talk Test D PASS D FAIL 

Listener Test - I D PASS --- D FAIL 

Listener Test - 2 D PASS --- D FAIL 

Talker Test D PASS --- D FAIL 

Data Output Test D PASS --- D FAIL 

Complete Data Output Test - 1 D PASS D FAIL 

Complete Data Output Test - 2 D PASS --- D FAIL 

Complete Data Output Test - 3 D PASS D FAIL 

SRQ Test D PASS D FAIL 

viii 
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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 VIII. 

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 I 
ADJUSTMENTS DESCRIBED IN THIS SECTION 
ARE PERFORMED WITH POWER SUPPLIED 
AND PROTECTIVE COVERS REMOVED. EN
ERGY EXISTING AT MANY POINTS MAY, IF 
CONT ACTED, 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. 

5-9. FACTORY SELECTED COMPONENTS 

5-10. Factory selected components are identifiable by 
an asterisk(*) adjacent to the reference designator on the 
schematic diagrams in Section VIII (only nominal values 
are given). Table .5-2 lists the reference designators of all 
factory selected components. 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 5-1 7, 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. 

5-1 
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Paragraphs 5-13 to 5-16 

5-13. ADJUSTMENT LOCATIONS 

5-14. To help locate the appropriate adjustment points, 
the 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. 

5-15. 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 4 l 92A'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 I 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. 

c. Slide the top cover towards the rear and lift off. 

5-2 

Model 4192A 

[BOARD ASSEMBL V ACCESS) 

The A6, A 7, 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. 

c. 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 shield-plate by loosening 
the three screws. 

WARNING I 
AS A SAFETY PRECAUTION AGAINST POS
SIBLE ELECTRICAL SHOCK HAZARDS AND 
RESULTANT INJURY, USE INSULATED TOOLS 
FOR ALL ADJUSTMENTS. 



Scans by ArtekMedia © 2008
Model 4192A Section V 

Table 5-1 

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. 

A7R62 V-ADJ 
Sets the power supply voltage by adjusting the 

(Para 5-17) switching duty cycle. 

A8R71 ZERO ADJ Sets the bias output voltage to zero. 
(Para 5-19) 

A8R54 GAIN ADJ Sets the gain of the bias amplifier. 
(Para 5-19) 

A3R49 
40M ADJ Sets the frequency of the 40 MHz VCXO. 

(Para 5-21) 

A4R79 VRJ 
R80 VR2 Minimize the level of the 3 kHz, 300Hz, and 

R83 VR4 3 Hz spurious' from the APL 

(Para 5-23) 

A4R31 YRS 
Minimizes the level of the I 00 kHz and 200 kHz 

(Para 5-25) spurious' from S/H. 

Al2R34 IV ADJ 
R28 105mV ADJ Set the Test Signal Oscillator level. 

(Para 5-27) 

Al 1 R67 MF TRACKING 
C32 HF¢ 
RI 19 LF TRACKING Set the trackability of the VRD. 
C52 HF MAG 

(Para 5-31) 

Al IR! 00 ATTI MAG 
C71 ATTJ ¢ 
RIOS ATT2 MAG 
C74 ATT2 ¢ Properly set the VRD attenuators. 
R81 ATT3 MAG 
C64 ATT3 ¢ 

(Para 5-33) 

Al 1R45 IF! GAIN 
Set the gain of the IF amplifier for two inter-R46 IF2 GAIN 

(Para 5-35) mediate frequencies. 

AIR!0l 
Eliminate DC offset voltage from the phase Rl04 

(Para 5-37) detector. 

A!Rl83 
Rl82 

(Para 5-39) 
Set the amplitude of LcuR amplifier. 

A!CS 
(Para 5-41) Minimizes residual phase offset. 

Al SI Sets the phase difference of the two phase de-
(Para 5-43) tectors to 90°. 

AJC20 ¢ADJ (!0k.Q) 
C22 ¢ADJ ( 1 k.Q) Range resistor compensation at IO MHz. 

(Para 5-45) 

5-3 
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Model 4192A 

Table 5-1 Adjustable Components (cont'd) 

Reference Designator Name of Control Adjustment Purpose 

A9R6 +2V ADJ Sets the analog output reference voltage. 
(Para 5- 7) 

A9R5 DISP A ADJ 
R24 DISP B ADJ Set the + 1 V 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 5-45 (Al) 
(P/N 04192-66501) ParaS-27 (A12) 

A2 Phase Detector/ A-D Converter Para 5-29 thru 5-35 (A 11) 
(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 (A 7) 
(P/N 04192-66507) Para 5-23 and 5-25 (A4) 

Para 5-4 7 (A9) 

AS Floating Power Supply/Bias Supply Para 5-19 (AS) 
(P/N 04192-66508) 

A9 Analog Recorder Output Para 5-47 (A9) 
(P/N 04192-66509) 

Al0 Battery and Charger None 
(P/N 04192-66510) 

Al 1 Process Amplifier Para 5-29 thru 5-35 (Al 1) 
(P/N 04192-66511) Para 5-3 7 thru 5-45 (Al) 

A12 Modulator Para 5-27 (A12) 
(P/N 04192-66512) Para 5-3 7 thru 5-45 (Al) 

5-4 
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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 anode to A7CR8 anode 

to GND to GND 

DC Voltmeter 

I II~ 
', 

,- , ,- , t," \ (-\ 

, I, I\ I\ ta 0000000 II~ 
Figure 5-1. A7 Power Supply Adjustment Setup. 

EQUIPMENT: 

Frequency Counter .................................... HP5314A 

DC Voltmeter ......................................... HP3465A 

Dual Banana Plug-to-Alligator Clip Cable ................... HP 11002A 

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 A 7CR2 or CR3 and connect the low lead to the chassis as 

shown in Figure 5-1. 

c. Adjust A7R66 (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 

RANGE 

Other Controls 

=v 
AUTO 

Any setting 

c. Connect the high lead to the anode of A 7CR8 and the low lead to the chassis. 

d Adjust A 7R62 (V-ADJ) until the reading on the 3465A is 5.00V ±0.01 V. 

5-5 
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ADJUSTMENT 

5-19. AB 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. 

to A8TP3/TP2/TP6 

to GNDF 

I 
►iWM Ai4M Mi=M#i◄ ··· . 

DC Voltmeter 

l!===JI =I =1=J1~ 
. □□□□□□ □□□□□□□ L~J 

Figure 5-2. AS DC Bias Check and Adjustment Setup. 

PURPOSE: 

This adjustment properly sets the DC Bias Supply output voltage. 

EQUIPMENT: 

DC Voltmeter 

Dual Banana Plug-to-Alligator Clip Cable 

HP3465A 

HP! 1002A 

PROCEDURE: 

5-6 

(I) ± 40 V Unregulated Bias Check 

a. Set the 3465A's controls as follows: 

FUNCTION 

RANGE 

Other Controls 

=v 
AUTO 

Any setting 

b. Connect the dual banana-to-alligator clip cable to the 3465A. 

c. Connect the high lead to A8TP3 and the low lead to "G N DF" next to A8TP3 as shown in 
Figure 5-2. 

cl Check that the reading on the 3465A is between +38V and +45V. 

e. 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 AS board. 

b. Connect the high lead to A8TP6. 
SPOT 

E8E0/61AS MHz V 

c. Set the 4 l 92A's SPOT BIAS to 0V ( (Blue] G G ENTER O ). 
d AdjustA8R71 (ZEROADJ)untilthereadingonthe3465Ais0V ±2mV. 

(3) Gain Adjustment 
SPOT 

E8E0/6JAS 

a. Set the 4 l 92A's SPOT BIAS to -1 0V ( (Blue] G G Ci] G ENTER 
connected to A8TP6. 

b. Adjust A8R54 (GAIN ADJ) until the reading on the 3465A is - JOY ±20mV. 

( 4) Full Scale Check 
SPOT 

E8E0/6JAS MHz V 

Section V 
Paragraph 5-20 

0 ). Leave the high lead 

a. Setthe4192A'sSPOTBIASto+35V( (Blue) G G] 0 ENTER O ). Leavethehighleadconnected 

to A8TP6. 

b. Check that the reading on the 3465A is +35.0V ±0. IV. 
SPOT MHz V 

,.::..::-) >BEQ/01/1S n r:7 r.;7 □ c. Setthe4192A'sSPOTBIASto-35V(~-G O ~ ~ ENTER ). 

d Check that the reading on the 3465A is -35.0V ±0.1 V. 

5-7 
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ADJUSTMENT 

5-21. A3 40MHz VCXO ADJUSTMENT/40MHz-lF 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 DC Voltmeter 

le' 'I I .S =t) 

00 \00011~ □ □ -□□- :=========1111~ 
□□□□□□ □□□□□□□ L:J 

Figure 5-3. A3 40MHz VCXO Adjustment/40MHz-l F VCO Adjustment Setup. 

EQUIPMENT: 

Frequency Counter .................................... HP5314A 

DC Voltmeter ........................................ HP3465A 

BNC-to-SMB Cable 

Dual Banana Plug-to-Alligator Clip Cable ................... HP 11002A 
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ADJUSTMENT 

PROCEDURE: 

(1) 40MHz VCXO Adjustment 

a. Disconnect the SMB cable from A3J9 (F). 

Section V 
Paragraph 5-22 

b. Connect A3J9 (F) to the input terminal of the 5314A with the BNC-to-SMB cable as shown in Figure 5-3. 

c. Set the 5314A to measure a 40MHz signal with 1 0Hz resolution. 

d. Adjust A3R49 (40M ADJ) until the reading on the 5314A is 40MHz ± l00Hz. 

e. 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. 

a. Remove the A3 board assembly, then remove the top and bottom shield covers that house the 40MHz-IF 

VCO. 

b. Remove the permalloy shield from A3Ll 2. 

c. Connect the dual banana plug-to-alligator clip cable to the 3465A. 

d. Set the 3465A's controls as follows: 
FUNCTION ................................... ;-;-: V 

RANGE ...................................... AUTO 

Other Controls ................................ Any setting 

e. Connect the high lead to A3TP6 (VCO CTL) and the low lead to the chassis as shown in Figure 5-3. 

f. Adjust A3Ll 2 until the reading on the 3465A is 0V ± l00mV. 

g. Replace the permalloy shield and check that the voltage measured in step f is still within limits. 
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Section V Model4192A 
Paragraphs 5-23 and 5-24 

ADJUSTMENTS 

5-23. A4 API ADJUSTMENT 

5-24. PURPOSE: To obtain appropriate API (Analog Phase Interpolator) output. 

Probe l kD 

Alligator Clip Lead 
to GND -- , ___ _ Spectrum Analyzer 

--

MMMM 
! 

EQUIPMENT: 

Spectrum Analyzer 

Display Section 

LF Section 

IF Section 

,-,,-,, ,1-, 
,_I,_,\. I,_, !,l_ 

Figure 5-4. A4 API Adjustment Setup. 

HP141T 

HP8556A 

HP8552B 

: 1 Probe ........................................... HP10007B 

Resistor .............................................. I kn l/8W 

Alligator Clip-to-Alligator Clip Lead 

PROCEDURE: 

a. Connect the high input of the Spectrum Analyzer to A4TP1 through the I kQ resistor and connect the low 

input to the chassis as shown in Figure 5-4. 
i:~; 

b. Press the [Blue), 0 , and 0 keys (SELF TEST 5) on the 4192A. 

5-10 
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ADJUSTMENT 

c. Se t the Spectrum Analyzer's controls as follows: 

8556A LF Section -

RANGE .......... . . . ........ . ....... . ...... . .... 0 - 30kHz 

INPUT ............. . ....... . .. . ... . ............. dBV 

CENTER FREQUENCY . ..... . ... .. . ............... 5 kHz 

BANDWIDTH . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100 Hz 

SCANWIDTH . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 kHz/DIV 

INPUT LEVEL . . . .. ..... . ............ . ........... -40dBV 

855 2B IF Section -

SCAN TIME .. . .... . .......... . ............. . . . .. 0.1 sec/ DIV 

LOG REF LEVEL .. .... ........... . .............. -40dBV LOG 

VIDEO FILTER ............ .......... . ..... . ..... !0kHz 

SCAN MODE ...... . . .................. . .. .. ..... INT 

SCAN TRIGGER ......... . ..... . ....... . ......... AUTO 

d. Set the 4192A 's SPOT FREQ. to 3 kHz. 

e. Adjust A4R79 (VRl) to minimize three peads as shown in Figure 5-5. 

Section V 
Paragraph 5-24 

f. Change the 4 I 92A's SPOT FREQ. to 300 Hz. Do not change the Spectrum Analyzer's control settings. 

g. Adjust A4R80 (VR2) to minimize three peaks. 

h. Change the 4 I 92A's SPOT FREQ. to 3 Hz. Do not change the Spectrum Analyzer's control settings. 
i. Adjust A4R83 (VR4) to minimize three peaks. 

(a) poorly adjusted (b) well adjusted 

Figure 5-5. Waveforms at A4 TP1 (1kHz/div., REF: -40dBV LOG ). 
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Section V Model 4192A 
Paragraphs 5-25 and 5-26 

ADJUSTMENT 

5-25. A4 S/H 100kHz SPURIOUS ADJUSTMENT 

5-26. PURPOSE: This adjustment minimizes the l00kHz switching noise generated by the S/H (Sample and Hold) 

Section. 

Spectrum Analyzer 

0 @ 0 
□□□□□□ o o@ 0 @ o 
oo 00°- 0 -··

0 

◊--- .. 0 

Probe 

to GND 

Figure 5-6. A4 S/H 100kHz Spurious Adjustment Setup. 

EQUIPMENT: 

5-12 

Spectrum Analyzer 

Display Section ..................................... . 

LF Section ....................................... - . -

IF Section 

1 : 1 Probe 

Resistor ............................... - - - - - - - • • • • • • • • 

Alligator Clip-to-Alligator Clip Lead 

HP141T 

HP8556A 

HP8552B 

HPl 0007B 

lkD 1/SW 

Alligator Clip Lead 
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PROCEDURE: 

ADJUSTMENT 

Section V 
Paragraph 5-26 

a. Connect the input of the Spectrum Analyzer to A4TP I through the I kn resistor as shown in Figure 5-6 . 

b. Set the 4 192A to its initial Control Settings. 

c. Set the Spectrum Analyzer's contro ls as follows: 

8556A LF Section -

RANGE .. . . . . .. .. .... . . . . ....... .. . .......... 0 - 300kHz 

INPUT . . ............... .. .. . ...... . ... ...... . dBV 

CENTER FREQUENCY . . .. . ............... . . .. . 120 kHz 

BANDWIDTH ..... . . ........ . ...... . .... . .. . . . 3 kHz 

SCANWIDTH .... ...... .......... . ..... . .. .... 20kHz/DIV. 

INPUT LEVEL . . ............ ... . ... . ... . ...... - S0dBV 

85528 IF Section -

SCAN TIME . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 msec/DIY. 

LOG REF LEVEL ... . . .. . ......... . . . . ..... .. . - I0dBV LOG 

VIDEO FILTER ............. ... .... . . .. ...... . OFF 

SCAN MODE . . .. . .... ...... . ...... . . . ... .. ... INT 

SCAN TRIGGER ............ .......... . .. ... . . AUTO 

d. Adjust A4R31 (YRS) until the peak of the I00kHz 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 

Figure5-7. WaveformsatA4TP1 (20kHz/div., REF: -lOdBV LOG). 
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Section V Model 4192A 
Paragraphs 5-27 and 5-28 

ADJUSTMENT 

5-27. A12 OSC LEVEL ADJUSTMENT 

5-28. PURPOSE: This adjustment precisely sets the output level of the Test Signal Oscillator. 

RF Voltmeter 

t;:;'00fb o(Q) 
,;:ivD ~ (JD 

®) 80() DO 0 

-

Feed Thru 

Figure 5-8. A 12 OSC Level Adjustment Setup. 

EQUIPMENT: 

RF Voltmeter ......................................... HP3403C W /OPT 00 I 

BNC-to-BNC Cable ..................................... HP! 1170A 

SOn Feedtrough Termination ............................ HP! 1048C 

PROCEDURE: 

a. Set the 4192A's controls as follows: 

DISPLAY A ..................................... B-A (dB) 

Other Controls . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Initial Settings 

b. Set the 3403C's controls as follows: 

FUNCTION ...................................... AC 

RANGE ......................................... AUTO 

c. Connect the son termination to the OSC OUTPUT son connector on the 4192A; connect the INPUT of the 

3403C to the son termination using the BNC-to-BNC cable as shown in Figure 5-8. 

d Adust Al 2R34 (IV ADJ) until the reading on the 3403C is 1 V ± 5 m V. 

e. Set the 4192A's OSC LEVEL to 105mV. 

f. Adjust Al 2R28 (I 05 m V ADJ) until the reading on the 3403C is 105 m V ± 5 m V. 

g. Set the OSC LEVEL to IV and repeat steps d thru f. 
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ADJUSTMENT 

5-29. A11 INPUT CHANNEL ISOLATION CHECK 

Section V 

Paragraphs 5-29and 5-30 

5-30. PURPOSE: This test checks that CHANNEL A and CHANNEL B are properly isolated. There are no adjust

able components. 

UNKNOWN 

LL~'~~ .. -~u~ CABLE 

6. o~f fJT LENGTH 

1@ @)@)@)@) ~ 

Figure 5-9. A 11 Input Channel Isolation Check Setup. 

Note: Connect a 50S'°2 feedthrough to each channel (CHANNEL A and CHANNEL B). 

EQUIPMENT: 

50Q Feedthrough Termination ........................... HPl 1048C, 2ea 

BNC-to-BNC Cable ..................................... HP! 1170A 

PROCEDURE: 

a. Set the 4192A's controls as follows: 

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

GAIN MODE .................................... dBm 

Other Controls Initial Settings 

b. Connect the two 50.11 terminations to CHANNEL A and CHANNEL B. 

c. Connect the OSC OUT (Heu R) terminal to the 50.11 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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Section V Model 4192A 
Paragraphs 5-31 and 5-32 

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. 

Figure 5-10. A 11 Input Channel Tracking AJjustment Setup. 

EQUIPMENT: 

BNC-to-BNC Cable ..................................... HPI 1170A, 2 ea.* 

BNC Tee Adapter ...................................... 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. 
SHF 

b. Press the(E), riJ , and G] keys (SELF TEST I). DISPLAY A and DISPLAY B will indicate nearly I 00.00 

and 0.00, respectively. 

c. Adjust Al I R67 (MF TRACKING) until the reading on DISPLAY A is 100.00 ± I count. DISPLAY B should 

be 0.00 ±2 counts. If not, adjust Al IC32 (HF¢). 

d Set the 4192A's SPOT FREQ. to 5Hz. 

e. Adjust Al I RI 19 (LF TRACKING) until the reading on DISPLAY Bis 0.00 ±3 counts. DISPLAY A should be 

100.00 ±35 counts. If not, adjust Al !RI 19 again - keeping DISPLAY Bat 0.00 ±3 count - until DIS

PLAY A is 100.00 ±35 counts. 

f. Set the 4192A's SPOT FREQ. to 10MHz. 

g. Adjust Al 1C52 (HF MAG TRACKING) and Al 1C32(HF ¢) until the readings on DISPLAY A and DISPLAY 

Bare 100.00 ± 10 counts and 0.00 ± IO 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. 

~~•ls•--r----. 
LCl!R lPOl .. u HPOT HCUR CABLE 

t,. OSC LENGTH 

ousb';}l1 
1m c~~~~1i~c~ c~£il\EL B 

r@ @)@)@)@ ~ 
0 

@@ 
2V A~~~,ii~~ 1m 

Figure 5-11. A 11 IF Attenuator Adjustment Setup. 

EQUIPMENT: 

BNC-to-BNC Cable ..................................... HP11170A 

PROCEDURE: 

a. Connect OSC OUT (HcuR) to CHANNEL B using the BNC-to-BNC cable as shown in Figure 5-11. 

b. Press the (Blue) , 0 ,, and 0 keys (SELF TEST 2). 

c. Adjust Al IRIO0 (ATT 1 MAG) and Al 1C71 (ATT 1 ¢) until the readings on DISPLAY A and DISPLAY Bare 

100.00 ±2 counts and 0.00 ±2 counts, respectively. 
SELF 

d Release the SELF TEST 2 function. Press the (Blue), 0 , and 0 keys (SELF TEST 3). 

e. Adjust Al !RIOS (ATT 2 MAG) and Al IC74 (ATT 2 ¢) until the readings on DISPLAY A and DISPLAY Bare 

100.00 ± 2 counts and 0.00 ± 2 counts, respectively. 

f. Release the SELF TEST 3 function. Press the ( Blue )1, 0 , and G] keys (SELF TEST 4 ). 

g. Adjust Al 1 R81 (ATT 3 MAG) and Al 1C64 (ATT 3 ¢) until the readings on DISPLAY A and DISPLAY Bare 

100.00 ±2 counts and 0.00 ±2 counts, respectively. 
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Section V Model 4192A 
Paragraphs 5-35 and 5-36 

ADJUSTMENT 

5-35. A11 IF AMPLIFIER ADJUSTMENT 

5-36. PURPOSE: To adjust the gain of the IF amplifier. 

m 

RF Voltmeter -!- N 

0'lJo DO 

,;JJ{b ~ <CD 
(®' 80 uo 0 j - - - -, ,, ', ,, ' 

~ '. I '., ' ' \ - f Q 

Figure 5-12. A 11 IF Amplifier Adjustmtne Setup. 

EQUIPMENT: 

RF Voltmeter ........................................ HP3403C W /OPT 001 

BNC-to-BNC Cable ..................................... HPl 1170A, 2 ea. 

ENC Tee Adapter ...................................... HPP/N: 1250-0781 

PROCEDURE: 

a. Connect the 3403C to the 4192A as shown in Figure 5-12. 

b. Set the 3403C's controls as follows: 

FUNCTION ...................................... AC 

RANGE ......................................... AUTO 
iiELF 

c. Press the (Blue) . 0 , and [2J keys (SELF TEST I) on the 4192A. OF- I will be displayed on DISPLAY A. 

d Press the TEST LEVEL MONITOR key. DISPLAY C will indicate approximately IV. 

e. Adjust A 11 R45 (IF I GAIN) until the reading on DISPLAY C is ± I count of the reading on the 3403C. 

f. Set the 4192A's SPOT FREQ. to 78kHz. 

g. Press the TEST LEVEL MONITOR key. 

h. Adjust A 11 R46 (IF 2 GAIN) until the reading on DISPLAY C is± I count of the reading on the 3403C. 

1. Set the 4 I 92A's SPOT FREQ. to I 00 kHz 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 

500mV ± 10 counts 

300mV ± 6 counts 

200mV ± 4 counts 

I00mV ± I counts 
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ADJUSTMENT 

5-37. A1 NULL DTECTOR DC OFFSET ADJUSTMENT 

Section V 
Paragraphs 5-37 and 5-38 

5-38. PURPOSE: To provide correct DC offset for the 0° and 90° Phase Detectors in the Null Detector. 

DC Voltmeter 

I I I 

I □□□□□□ □□□□□□□ 'W I 0 

to Al C 7 0 ( 0 ° ) 
C73 (90°) 

to GND 

',, ! 

____ ___J; 

Figure 5-13. A1 Null Detector DC Offset Adjustment Setup. 

EQUIPMENT: 

DC Voltmeter .......................................... HP3465A 

Dual Banana Plug-to-Alligator Clip Cable HPl 1002A 

PROCEDURE: 

a. Set the 4192A's controls as follows: 

ZY RANGE ..................................... 100.Q Full Scale 

Other Controls ................................... Initial Settings 

b. Set A I JI 0 and J 11 to "T" (TEST). 

c. Set the 3455A's controls as follows: 

FUNCTION ...................................... 

RANGE .................................. ······ 

;-c;v 
AUTO 

Other Controls . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Any setting 

d Connect the dual banana plug-to-alligator clip cable to the 3465A; connect the high lead to the one lead (0°) 

of Al C70 and the low lead to the chassis as shown in Figure 5-13. 

e. Adjust Al RIO! until the reading on the 3465A is 0V ±1 mV. 

f. Connect the high lead to the one lead (90°) of Al C73. 

g. Adjust AIR104 until the reading on the 3465A is 0V ± I mV. 

h. Replace A I JI 0 and J 11 to NORMAL. 
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Section V 
Paragraphs 5-39 and 5-40 

ADJUSTMENT 

5-39. A1 LcuR AMPLIFIER OUTPUT LEVEL ADJUSTMENT 

5-40. PURPOSE: To adjust the gain of the LcuR Power Amplifier. 

to All K2 
r------------e211= 2A 

Ground 

---==,, 

CB4 I 
n 

ill2] .... 
0 

-R99-
-RIOO-

RIOI 

E] 
C71 

C72 

C85 
QJJ] 

-RI02-
n .... 

-RI03- "' 
RI04 

jRl831 

• 

Model4192A 

/ 
-R87-

jR1a21 -R88-
-R89- -CRl5-

-CRl6-
- CR25· -CRl7-

028 
-CRIB-
-R74-.,,.. 

-R90- -C52-
-R91- -R75-

G 
-R92- :~;;= ....... -R93-

029 -R77-

-CR26- •CRl9· 
·CR20· 

-R94- •R78 -
-CR21- FRONT -R95- -CR22· 

-R96-

l Al 

,, I' 
~~~-J 

~ D 
c:::l 

l 
Fig. 5-14 A 1 LCUR Amplifier Output Level Adjustment Setup. 

EQUIPMENT: 

5-20 

Oscilloscope 

Probe 10: 1 

HPl 740A 

HP10006D 

BNC-to-BNC Cable ..................................... HPl 1170A 

Alligator Clip-to-Alligator Clip Lead 

FRONT 

All 
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ADJUSTMENT 

PROCEDURE: 

a. Set the 4 l 92A's controls as follows: 

SPOT FREQ. . ................................... 13 MHz 

OSC LEVEL .................................... 70mV 

Other Controls ................................... Initial Settings 

Section V 
Paragraph 544 

b. Connect the LPOT terminal to the HCUR terminal using the BNC-to-BNC cable, and connect the oscilloscope 
high input to pin 2A of Al 1K2 and low lead to the ground (G) pin as shown in Figure 5-14. 

c. Set 1740A's controls as follows: 

VOLTS/DIV ...................................... 1 

TIME/DIV ....................................... 05 µsec 

TRIGGER ...................................... INT 

SWEEP MODE ................................... AUTO 

d. Connect the Alligator Clip lead across (short) A 1 R 76. 

e. Adjust AIR182 until the amplitude of the waveform displayed on the 1740A is 4.0 ± 0.3 volts (div) peak

to-peak. 

f. Set bit 4 (MSB) of A 1 S 1 to OFF and observe that the waveform is at least 4.0 volts p-p. If not, adjust 

A 1 R 182 to maximize the waveform to 4.0 volt p-p. Leave the bit 4 of A 1 S 1 set to OFF. 

g. Disconnect the Alligator Clip lead and connect it across (short) AlR75. 

h. Adjust AlR183 until the waveform displayed on the l 740Ais 4.0 ± 0.3 volts p-p. 

1. Set bit 4 of Al S 1 to ON and observe that the waveform is at least 4.0 volts p-p. If not, adjust A IR 182 to 

maximize the waveform to 4.0 volts p-p. Leave the bit 4 of A IS 1 set to ON. 
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Paragraphs 5-41 and 5-42 

ADJUSTMENT 

5-41. A1 LcuR AMPLIFIER PHASE ADJUSTMENT 

5-42. PURPOSE: To minimize the residual phase offset that occurs at high frequency. 

1 : 1 Porbe 
,-------------ctl= c[J:l] 

Oscilloscope 

to GND 

Connect 
AlTP4 
and Al Ll [ 

J. _:: 
~ 

Figure 5-15. A 1 LCUR Amplifier Phase Adjustment Setup. 

EQUIPMENT: 

5-22 

Oscilloscope 

Probe 1 : 1 

50.Q Feedtrough Termination ........................... . 

Alligator Clip-to-Alligator Clip Lead 

HP1740A 

HP10007B 

HPI 1048C 

Model 4192A 

FRONT 

Al 1 
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ADJUSTMENT 

PROCEDURE : 

a. Set the 4 I 92A 's con trots as follows: 

SPOT F REQ. . ............ . .. .. .. ................ 10MHz 

ZY RANGE ................ ..... . ... .... . ........ I00kil 

Other Controls ... .. ..... .. .............. .. ....... Initial Settings 

b. Set AIJ 10 and J 11 to "T" (TEST). 

c. Connect the alligator clip lead between AITP4 and e ither lead of AI L I. 

Section V 
Paragraph 542 

d. Connect the son termination to the LcuR terminal on the 41 92A and connect oscilloscope input to the 

outer conduct or of the 50rl termination as shown in Figure 5-15. 

e. Set the 1740A's controls as follows: 

VOL TS/DIV . ... .. .................... . .. .. ....... 005 

TIME/DIV . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . l µ sec 

TRIGGER .................. . ........ .. ... . ...... INT 

SWEEP MODE . . . .. .. ......................... . .. Auto 

f. Adjust A I CS to minimize the amplitude of the IO MHz signal as shown in Figure 5-16. 

g. Replace Al J I 0 and J 11 to NORMAL. 

(a) poorly adjusted (b) well adjusted 

Figure 5-16. Waveforms at Outer Conductor of Feedthrough Termination 
(0.1 µsec/div., 0 .005 volt/ cl iv) 
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ADJUSTMENT 

5-43. A 1 PHASE TRACKING ADJUSTMENT 

5-44. PURPOSE: To adjust the phase difference between the 0° and 90° phase detectors to 90°. 

I OPEN STANOAR~ j 

Figure 5-17. A 1 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 ........................................ HP 16074A 

PROCEDURE: 

a. Directly connect the OPEN Standard to the UNKNOWN terminals of the 4192A as shown in Figure 5-1 7. 

b. Set all bit switches on A IS I (Phase Tracking Adjust Switch) to ON. 
\;!ELF 

c. Press the (Blue], 0 , and G] keys (SELF TEST 6). 

d Set the 4 l 92A's controls as follows: 

CIRCUIT MODE .................................. AUTO 

ZY RANGE ..................................... AUTO 

e. Repeatedly press the TRIGGER HOLD/MANUAL key. The value on DISPLAY C will increase by I each time 

the key is pressed. The count sequence is O I, 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 O ± 2 counts, make a note of the number displayed on 

DISPLAY C. 

g. Set A IS I 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, A!Sl should be set to 04 (0100); if the numbers noted in step fwere 15, 00, 01, and 02, 

A 1 S 1 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 AISI to 15. 

Note: Bit switches on AJSJ are labeled, on the switch, 1 through 4. Bit 4 is the MSB (Most Significant Bit). 

This means that to represent OJ, AlSJ must be set to 1000; to represent 02, 0100. 
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[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. 

b. Set the 4192A's DISPLAY A to R/G. 

c. Check that the readings on both DISPLAY A and DISPLAY B are within 0 ± 0.002µS. 

Section V 
Paragraph 5-42 

d. Add I to the number set on AISI in step g of the adjustment procedure; set AISI 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 

I 5 (1111), set it to 0 (0000). 

e. Set ZY RANGE to I mS ( in step i , I oon) full scale, and check that the readings are stable. 

f. Set ZY RANGE to l0mS (.in step i , I kD ) full scale, and check that the readings are stable. 
AUTO 

g. Press ZY RANGE G , and check that the readings are stable. 

h. Change the SPOT FREQ. to 5 Hz and 13 MHz, and repeat steps e thru g. 

1. Connect the SHORT Standard to the UNKNOWN terminals and repeat steps e thru h. 

j. Disconnect the SHORT Standard, and connect the OPEN Standard. 

k. Subtract 2 from the number set on A 1 SI in step d of this confirmation check. Set A 1 S 1 to this number. 

For example, if A IS I was set to 14 (1110) in step d, set it to 12 (1100); if it was set to 0 (0000), set it 

to 14 ( I I IO). 

Note: If readings are not stable in any step, try to adjust to set the middle number again. 

I. Reset A IS I to the number used in step g of the adjustment procedure (on page 5-24). 
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Sectio V Model 4192A 
Paragraphs 5-45 and 5-46 

ADJUSTMENT 

5-45. A1 10MHz PHASE ADJUSTMENT 

5-46. PURPOSE: 

To provide high frequency compensation for the Range Resistors. 

7 

C Standard 

Phase Adjustment 

Figure 5-18. 10MHz Phase Adjustment Setups 

EQUIPMENT: 

lpF Capacitance Standard ............................... HP16381A 

lOpF Capacitance Standard .............................. HP16382A 

5-26 
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ADJUSTMENT 

PROCEDURE: 

a. Set the 4 l 92A's controls as follows: 

DISPLAY A .................................. C 

DISPLAY B .................................. D 

SPOT FREQ. . ................................ 10MHz 

()ther Controls . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Initial Settings 

Section V 
Paragraph 5-46 

b. Directly connect the I pF C standard to the UNKNOWN terminals of the 4192A as shown in Figure 5-18 (a). 

c. Adjust A I C20<t> ADJ (10 Kn) until the D value displayed on DISPLAY B is O ± 10 counts. 

d Remove the I pF C standard and connect the I OpF C standard in its place. 

e. Adjust A I C22<t> ADJ (1 Kn) until the D value displayed on DISPLAY B is O ± 10 counts. 

Note: If the correct DISPLAY B values cannot be obtained, reperform the Al I Input Channel Tracking 

Adjustment (paragraph 5-31) and try this adjustment again. 

5-27 



Scans by ArtekMedia © 2008

Section V Model 4192A 
Paragraphs 5-47 and 5-48 

ADJUSTMENT 

5-47_ A9 ANALOG RECORDER OUTPUT CHECK AND ADJUSTMENT 

5-48. This check and adjustment is divided into four parts: (I) +2V D-A Converter Reference Voltage Adjustment, 

(2) 0V Reference Voltage Check, (3) +IV Analog Output Adjustment, and ( 4) -1 V Check. 

PURPOSE: 

To accurately adjust the O-A Converter Reference Voltage and Analog Output Voltage to +2V and +IV, 

respectively. 

to A9TP1 'v 4 

to A9TP5 

llJl•--

Fi#W ... I -

DC Voltmeter 

1\=======~1
1

~ 

□□□□□□ □□□□□□□ L:J 
Figure 5-19. A9 Analog Recorder Output Check and Adjustment Setup. 

EQUIPMENT: 

DC Voltmeter 

Dual Banana Plug-to-Alligator Clip Cable 

HP3465A 

HPl 1002A 

PROCEDURE: 

(I) +2 VD-A Converter Reference Voltage Adjustment 

a. Connect the high input of the 3465A to A9TPI and the low input to A9TP5 as shown in Figure 5-19. 

b. Set the 3465A's controls as follows: 

FUNCTION 

RANGE ......................................... AUTO 

Other Controls ................................... Any setting 
I_ LL 

c. Press the [Blue] and 0 keys on the 4192A. 

d Adjust A9R6 (+2V ADJ) until the reading on the 3465A is +2V ± !0mV. 

(2) 0V Reference Voltage Check 

5-28 

Successively connect the high lead to A9TP2, TP4, and TP3 and note the measured values a&_)'A, VB, and Ve, 

respectively. 
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ADJUSTMENTS 

(3) +IV Analog Output Adjustment 

a. Press the ! Blue J and [D keys on the 4192A. 

Section V 
Paragraph 5-48 

b. Connect the high lead to A9TP2 and adjust A9R5 (DISP A ADJ) until the reading on the 3465A is 

equal to VA+ IV ±lmV. 

c. Connect the high lead to A9TP4 and adjust A9R24 (DISP B ADJ) until the reading on the 3465A is 

equal to VB + IV ±lmV. 

d Connect the high lead to A9TP3 and adjust A9R25 (DISP C ADJ) until the reading on the 3465A is 

equal to Ve+ IV ±lmV. 

(4) - IV Check 

a. Press the [Blue) , 0 and (2] keys (SELF TEST 7) on the 4192A. 

b. Connect the high lead to A9TP2 and check that the voltage is equal to VA - IV± 2m V. 

c. Connect the high lead to A9TP4 and check that the voltage is equal to VB - IV ±2mV. 

[Analog Recorder Output Confirmation Check] 

The following procedure can be used to verify that the Analog Recorder Output is functioning properly. 

a. 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. 

b. Place paper on the platen of the X-Y Recorder. 

C. 

d 

e. 

UR-! 

Press the [Blue] and GJ keys on the 4192A and adjust the recorder controls to position the pen to the 

upper-right. 
!_ ~~ 

Press the ( Blue J and 0 keys on the 4192A and adjust the recorder controls to position the pen to the 

lower-center. 
SElF 
TEST 

Press the~, 0 , and 0 keys (SELF TEST 8) on the 4 I 92A; the Test Pattern shown below will be 

drawn on the X-Y Recorder. 

LL 
TEST PATTERN 

5-29 
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Table 54 

Key setting 

¥~;~ 

~ 0 8 
(SELF TEST 1) 

¥:~~ 

~ 0 0 
(SELF TEST 2) 

~ELF 
TEST 

[Blue] 0 0 
(SELF TEST 3) 

,:~; 
~ 0 GJ 
(SELF TEST 4) 

,~~~ 

~ 0 0 
(SELF TEST 5) 

¥:~~ 

~ 0 0 
(SELF TEST 6) 

¥n; 
(Blue) 0 .0 
(SELF TEST 7) 

,:~~ 
~ 0 0 
(SELF TEST 8) 

5-30 

Section V 

Table 5-4. Manual Operating Self-Test Item 

Item Para Adjustable component 

A 11 IF AMPLIFIER ADJUSTMENT 5-35 Al 1R45 
R46 

Al 1 INPUT CHANNEL TRACKING 5-31 A11R67 
ADJUSTMENT RI 19 

C32 
C52 

--- ----- f---- - r-

5-33 Al lRl00 
C71 

5-33 A11Rl05 

Al 1 IF ATTENUATOR ADJUSTMENT C74 

5-33 Al 1R81 
C64 

A4 API ADJUSTMENT 5-23 A4R79 
R80 
R83 

A 1 PHASE TRACKING ADJUSTMENT 5-43 Al SI 

5-47 None 

' 

A9 ANALOG RECORDER OUTPUT CHECK 
AND ADJUSTMENT 

5-47 None 
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® 

A8TP6 

A8TP2 

A8TP3 

A8R71 

GG 
EJ 

FRONT 

+ 

A7CR2 

A7CR8 
A8R54 

( ZERO ADJ) (GAIN ADJ) 

BOARD LOCAT ION 

A7R66 
(F-ADJ) 

• 

A7R62 

® 

Figure 5-20. Adjustment Locations. 

SIDE VIEW 

© 
I 

A5 

'@ 

A6S1 

Section V 
Figure 5-20 
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Section V 
Figure 5-20 

A9TP1 

A9TP2 

A9TP3 

A9TP4 

A9TP5 

© 

A9R24 
(DISP B ADJ) 

FRONT 

9 

5-32 

A9R6 A9R5 
( +2V ADJ) (DISP A ADJ) 

A3R49 A4TP1 

Figure 5-20. Adjustment Locations (cont'd). 

I 

I 

Model 41 92A 

A4R83 

- ~-A4R80 

A4R79 

A4R31 
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All Rl05 Al lC74 Al2R28 Al2R34 

@ (ATT 2 MAG) (ATT 2 <I> ) ( l 05mV ADJ) ( l V ADJ) 

All R8 l 
(ATT 3 MAG) 

AllC64 
(ATT 3 <P ) 

AllR46 
(IF 2 GAIN) 

All R45 
(IF l GAIN) 

All C71 
(ATT l <P ) 

A 11 Rl 00 
(ATT l MAG) 

AllR67 
(MF TRACKING) 

AllC32 
(HF ¢ ) 

AlC5 AlC20 
(qi ADJ lOKn) 

Figure 5-20. Adjustment Locations (cont'd). 

> .. _, 

• -~ 
:~ 

• 
• I 

Section V 
Figure 5-20 

Al Ll 

AlR183 

A1Rl04 

Al Sl 

AlC73 

AlRlOl 

AlC70 

A1Rl82 

FRONT 

Q 

5-33 
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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. 

d. 
Miscellaneous parts. 
Illustrated parts breakdowns, if appropriate. 

The information for each part includes: 

a. 
b. 
C. 

d. 

e. 

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. 
The manufacturer's number for the part. 

Table 6-1. List of Reference Designators and Abbreviations. 

REFERENCE DESIGNATORS 

A = assembly E = misc electronic part p = plug u -= integrated circuit 
B = motor F = fuse Q = transistor V = vacuum, tube, neon 
BT = battery FL = filter R = resistor bulb, photocell, etc. 
C = capacitor J = Jack RT = thermistor YR = voltage regulator 
CP = coupler K = relay s = 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 pornt 

ABBREVIATIONS 

A = amperes H = Qenr1es NPN = negative-positive- RWY = reverse work.mg 
A. F.C. = automatic frequency control HEX = hexagonal nebrative voltage 
AMPL = amplifier HG = mercury NRFR = not recommended for 

B. F.O. = beat frequency oscillator HR = hour(s) held replacement 
Hz = hertz NSR = not separately S-B = slow-blow 

BE CU = beryllium copper 
replaceable SCR " screw BH = binder head IF = intermediate freq. 

SE = selenium 
BP = bandpass !MPG = impregnated 

SECT = section(s) 
BRS = brass INCD = incandescent OBD = order by description 

SEMICON = semiconductor BWO = backward wave oscillator INCL = include(s) OH = oval head SI = silicon 
CCW = counter-clockwise INS = insulatwn(ed) ox = oxide SIL = silver 
CER = ceramic INT = internal 

SL = shde 
CMO = cabinet mount only k =kilo= 1000 p = peak 

SPG = spring 
COEF = coefficient 

LH = left hand PC = printed circuit 
SPL = special 

COM = common 
LIN = linear taper =pico= 10- 12 SST = stainless steel 

COMP = composition p SR = split ring 
COMPL = complete LK WASH lock washer PH BRZ = phosphor bronze STL = steel 
CONN = connector LOG = logarithmic taper PHL = Phillips 

CP = cadmium plate LPF --' low pass filter PIV = peak inverse voltage TA = tantalum 
CRT = cathode-ray tube PNP = positive-negative- TD = time delay 
CW = clockwise = milli = 10·' positive TGL = toggle 

M = meg = 10' p'O = part of THD = thread DEPC = deposited carbon MET FLM = metal him POLY --' polystyrene TI = titanium 
DR = drive MET OX - metallic oxide PORC = porcelain TOL = tolerance 
ELECT = electrolytic MFR --= manufacturer POS = position(s) TRIM = trimmer 
ENCAP = encapsulated MINAT = miniature POT = potentiometer TWT = traveling wave tube 
EXT = external MOM = momentary pp -= peak-to-peak 

MTG = mounting PT ~ point µ --' micro--= 10-6 
F = farads MY ·•mylar PWV --= peak working voltage 
f = femto = 10-15 

10-9 VAR = variable 
FH = flat head n = nano - VDCW = de workrng volts 
FIL H = hlllster head N 'C c: normally closed 

FXD = fixed NE - neon RECT = rectifier w --= with 
NI PL mckel plate RF = radio frequency w = watts 

G = gi1:,ra = 10' N 0 "" normally open RH = round head or WIV = working inverse 
GE = germanium NPO - negative positive zero right hand voltage 
GL = glass (zero temperature RMO = rack mount only WW = wirewound 
GRD = ground(ed) coefhc1ent) RMS - root-mean square w 0 = without 

0001-9700 

6-1 
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Section VI 
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. 

b. 

C. 

d. 

Direct ordering and shipment from the HP Parts 
Center in Mountain View, California. 

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). 

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 .---: I 17 
ND MANUF Al- TUR ER NAME:._ ADDR [ SS CUDE_ 

00000 ANY SATISFACTORY SUPPLirR 
0 0 03J NIPP\1N ELE-CTR [C co 
01121 A! LEN-r~RADU- 'r C .~ MIL WAUKEE Wf ':-::2(14 
0129~ TEXAS INSTR INC SEMICOND ('MPNT DIV f'JALLAS TX ..,5~22 
Olq2B RCA ~-OR!-' SOLID STATE DIV SOMER VILLF NJ 08876 
02114 FERRnXCUEIE CORP SAUGERTIES NY 12477 
o:i.sas KDI 0 YROi=-ILM roRP WHIPPANY N.l 07981 
04713 MOTOR DLA SEMICONDUCTOR PRODUCTS PHOENIX AZ 85 062 
Ot-383 PANDUIT CORP TINLEY PARI< IL C-0477 
06b6:; PRECISION HONOLITHICS INC SANTA CLARA CA 95050 
0?263 FAIRCHILD SEM [CONDUCTOR DIV MOUNTAIN VIEW CA Q4Q42 
Q77lb TRW INC BURL INGTON DIV f1URLINGTON IA 52601 
OU59C NO M/F DESCRIPTION FOR THIS MFG NUMBER 
14'>130 Gt:NERAL lNSTR CORP SEMIDON PROD GP HICKSVILLE NY 11802 
18324 SIGNETICS CORP SUNNYVALE CA 94086 
1Y701 MEPCOIELECTRA CORP MINERAL WELLS TX 76067 
24546 CORNING GLASS WORKS (BRADFORD) BRADFORD PA 16701 
2/014 NATIONAL SEMICONDUCTOR CORP SANTA CLARA CA 95051 
27777 VAR □ SEHICONDUCTOR INC GARLAND TX 75040 
2U480 HEWLElT-PACKARD CO CORPORATE HQ PALO ALTO CA 

, 
Q4304 

29832 TELEDYNE PHILBR !CK NEXUS DEDHAH MA 02026 
30161 AAV!D ENGINEER INC INC LACONIA NH 03246 
32293 !NTERSIL INC CUPERTINO CA 95014 
3;::_>997 BOURNS INC TR I MPOT PROD DIV RIVERSIDE CA 92507 
34335 ADVANCED MICRO DEVICES INC SUNNYVALE CA Q4086 
5~-?7b3 STETTNER-TRUSH INC CAZENOVIA NY 1303~, 
56289 SPRAGUE ELECTRIC co NORTH ADAMS HA 01?47 
72136 ELECl RO MOTIVE CORP SUB !EC WILLIMANTIC CT 06226 
74970 JOHNSON E F co WASECA MN 56093 
75042 TRW INC PHILADELPHIA DIV PHILADELPHIA PA 19108 
75915 LITTELFUSE INC DE'S PLAINES IL 60016 
8E175 BURR BROWN co HUNTSVILLE AL 35801 
98291 SEALECTRO CORP MAMARONECK NY 10544 

6-2 
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Reference HP Part C 

Designation Number D 

Al 0419Z~-66501 9 

Al Cl 0160 ·-3456 6 

A1C2 0 I 60-34!':i6 6 
Al C3 0160 ··-3456 6 
A1C4 0160-3456 6 
Al C5 01.21-0046 2 

A1C6 0160···.3456 6 
A1C7 0160-3456 6 
Al CS 0160 ·-3466 8 
A1C9 0160-3466 fl 
AlClO 0160·-0128 3 

A 1 CL.: 0"160-·2150 ., 
,; 1 Cl 4 0160-2234 6 
Al Cl 5 0150-0059 5 
A1C16 0160-2265 

AlCl7 II 180- l 08'.'; 5 
Al Cl lJ o 1 rJo--1 or:;; 
Al f~19 OlBll····lll85 
litt:20 01~.!1-·01~!7 
() l C2 l O l 60 01 ;,7 

Al C2~": 0121-0127 6 
Al C23 0160-4835 B 
AlC24 0160-2940 1 
t'I .l C2'.::i 0180·-1085 
A1C26 0180-1085 5 

A"J. C2'7 0180·-1085 '.::.i 

A1C20 0160-;~!236 ll 
r~·J C29 0180 ·-10'77 
Alr:311 0140-IIZ'l 0 
AJ.U·J 0160-4835 ll 

At CJ~~ 0160-3456 6 
A 1 C3~~ 0 1 80 1 085 5 
/\1C34 0160-4835 I) 

rYl C313 ll 160 ····2?38 0 
A1C3l> 0160--;.l238 ll 

A 1 C37 0160·3456 b 
A 1 C.30 016 0-·34::'ib 6 
f~l C3'/ 0 l 60····3456 b 
AlC40 IIHl0-1077 5 
Al C4 l 0 l 60 34'.':>6 6 

AJC4~~ 01b0-34~i6 6 
A 1 c4:·5 0160 ·-2:.?49 3 
A1C44 0160--3456 6 
{'d C4~i 0160 ··3456 b 
A1C46 0140-0191 B 

A1C4'7 li 160 0128 3 
AlC4U ll160-012El 3 
A"J. C4? 0160····2204 0 
r-i1C50 0160--0120 3 
A·J C51 lll60-·0L'8 3 

A1 C~)2 1116D-384'/ 'I 
Al C5-.) 0 '· 60 3B47 'i 
A1C54 0 l 60·-3466 ll 
Al C55 0160·3466 8 
AlC56 0180-1085 ~ 

AH:57 0Hl0·108c; 5 
Al C:'.,U Olfl0-107'7 5 
t1·J C59 OlB0·-1077 
AlC:60 IJ!B0-1077 5 
Al C6 l 11180-1077 

A1C6? OHIO-I 08'.l -> 
1\ l C63 0 l 80 ., 1 0 85 ,> 
A1L64 D1EI0-10B5 
A J. C6'':i 0180-1085 5 
AlC:06 0160-3466 ll 

t':i 1 C6'7 0180-1085 
A1C60 01130-lOBci ,> 

At C69 II 160-3456 6 
AlC7ll 0160-3501 ~~ 

Al C71 0180-1085 5 

Table 6-3. Replaceable Parts 

Oty Description Mfr 
Code 

RANGE RESISTOR/NULL DETECTOR 2B480 
(NOT INCLUDING THE SHIELD CASES) 

61 CAPACITOR-FXD 100 OPF +-101/. lKVDC CER 28480 

CAPACITOR-FXD lOOOPF +-1 01/. lKVDC CER <'8480 
CAPAC I TOR-FXD lOOOPF +·-1 01/. lKVDC GER 28480 
CAPACI TOR-FXD lOOOPF +-10% 1KVDC CER ;"8480 
CAPACITOR--V TRMR-CER 9·-35PF 200V Pf>MTG 5;?.763 

CAPAC ITOR-FXD lOOOPF +-10% lKVDC CE.R 28480 
CAPACITDR-FXD 1000PF +-10% lKVDC cm ,'8480 

2~) CAPAC I TOR-FXD lOOPF +-10¼ lKVDC CER 28480 
CAPACITOR-FXD lOOPF +-10/. lKVDC GER 28480 

::; CAPAC !TOR -FXD 2,2UF +-20'¼ 50VDC cm 28480 

7 CAPAC I TOR --FXD 33PF +--5% 300VDC MICA 2!3480 
4 CAPAC ITOR-FXD , 51PF +-,25PF 500VDC CER 28480 
5 CAPAC I TOl<-FXD 3. 3 PF 500VDC CER 

CAPAC ITOR-F XD 2 2 P 500VDC C ER 

a~:i CAPAC I TOR ·-FXD 4.7UF 16VDC TA 28480 
CAPACIHIR-FXD 4.7UF 16VDC TA 284811 
CAPACITOR-FXD 4.'7UF 16VDC TA 284811 
CAPACITOR-V TRMR·-AIR 2.l-l3.3PF 350V 74970 

21 CAPACITOR -FXD 1ur +··-20% 2~iVDC CER 28480 

2 CAPACITDR-V rRMR-AJR l.7-14. lP 350V PC-MTG 
CAPAC I TllR-FXD . lUF l O;, 50VDC C [R 

'7 CAPAC I TOR -·FXD 470PF +--5% 300VDC MICA ;:>[]480 
CAP AC I TOR-FXD 4.7UF 16VDC TA ,'8480 
CAPACIHlll-FXD 4.7UF l6VDC TA ?8480 

CAPACITOR-FXD 4.7UF 16VDC TA 28480 
l CAPACITOR-FXD 1PF +-,25PF 500VDC CFR 2B480 
'I CAPACITOR-FXD 10 UF 20VDC TA 28480 

11 CAPAClTllR-FXD 270PF +-·5/. ;iooVDC MICA '72136 
CAPAC I TOR--FXD . lUF l O ', 50VDC CER 

CAPAC ITOR-FXD lOOOPF +-10% lKVDC CE:R 28480 
CAPAC!. HJR-TXD 4.7UF 16VDC TA ?8480 
CAPAC !TOR-FXD . lUF l O;, 50VDC C ER 
CAP AC I TOR-+XD 1 , ~iPF +-·,25PF 500VDC CER 28480 
CAPACITOR-FXD 1, 5PF +-,25PF 500VDC CER 2ll480 

CAPACI TOI< ·-FXD 10 0 OPF +-·10% lKVDC cm 28480 
CAPACITOR--FXD 100 OPF +-10% lKVDC CU< ~~8480 
CAPAC I TOR--FXD 10 0 OPF +-·10% lKVDC cm 28480 
CAPAC ITIJR-FXD 1 0 LIF 20VDC TA 28480 
CAPAC I TOR--FXD 100 OPF -+ ·-1 O¼ lKVDC CER 28480 

CAPAC !TOR-FXD lOOOPF +-10% lKVDC CER ;~f:)480 
CAPACITOR--FXD 4.7PF t--,25PF 500VDC CER 28480 
CAPACITIJR-·FXD lOOOPF +-10% lKVDC CEil 28480 
CAPAC ITOR-FXD 100 OPF +-10% lKVDC CER 28480 

b CAPAC IT DR-FXD 56PF +-5% 300VDC MICA 72136 

CAPAC!. fOR-FXD 2,2UF +-20% 50VDC CER 28480 
CAPACITOR-FXD 2,2l.JF +-20% 50VDC cm ?8480 

17 CAPACITOR+XD 1 0 OPF +-:i% 300VDC MICA 28480 
CAPACITOR--FXD 2,2UF +-20% 50VDC CER 28480 
CAPACITOR-FXD 2, 2UF +-20% 50VDC CER 2B480 

'l ~~ CAPACITOR ·-FXD , 01 LIF +100-·01/. 50VDC C:ER ;'8480 
CAPAC I TOR -··FXD .OlUF +100-01/. 50VDC CER 20480 
CAPAC I HlR--FXD 1 0 OPF +-10% lKVDC CER ;~8480 
CAPAC ITOR-FXD lOOPF +-10% lKVDC: CER 2!3480 
CAPAC I HJR -··FXD 4.7UF 16VDC TA 28480 

CAPACITOR-FXD 4.7UF 16VDC TA 28480 
CAPACITDR-FXD 1 0 UF 20VDC TA 213480 
CAPACITOR-FXD 10 UF 20VDC TA 28480 
CAPACITOR-·FXD 1 0 UF 20VDC TA 28480 
CAPACITOR-FXD 1 II UF 20VDC TA 28480 

CAPAC ITL1R ·-FXD 4.7UF 16VDC TA 28480 
CAPAC I TOll-·FXD 4.7UF 16VDC TA 28480 
CAPACITOR-FXD 4,7UF 16VDC TA c'8480 
CAPACITOR·-FXD 4.7UF 16VDC TA ::1.8480 
CAPAC ITOR-FXD 1 0 OPF +-10% lKVDC CER ;!8480 

CAPAC ITOll-FXD 4.7UF 16VDC TA 28480 
CAPACITOR-FXD 4.7UF 16VDC TA 284811 
CAPACI10R-FXD lOOOPF +-1 Oo/. lKVDC CER 28480 

~~ CAPACITOR-FXD 4LIF +-101/. 50VDC MET-PDLYC ;!8480 
CAPACITOR-FXD 4.7UF 16VDC TA 28480 

See introduction to this section for ordering information 
*Indicates factory selected value 

Section VI 
Table 6-3 

Mfr Part Number 

04192-66'.'.rn 1 

0160-3456 

0160-3456 
0160-3456 
0160-3456 
304322 9/35PF N650 

0160-34:;6 
0 16 0-34:,6 
0160-3466 
0160-3466 
Olt)0-0128 

0160·-2150 
0 16 0-2::?34 

0180-1085 
0180-1085 
0180-1085 
tB<t-0505--028 
0160-0127 

0'160·-2940 
0180-1085 
0 tB0-108~, 

0 Hl0-1 OE!5 
0160-2236 
0180-1077 
DMl5F271J0300WV1CR 

0160-3456 
0180-1085 

0160-2238 
0 16 o-2;~3B 

0160-34~i6 
0160-3456 
0160-3456 
0180-1077 
0160-3456 

0160-3456 
0160-2249 
0160-3456 
0160-34~;6 
DM15E560J0300WV1CR 

0160-0128 
0160-0128 
0160-2204 
0160-0128 
0160-0128 

0160-3B47 
0160-3847 
0160-3466 
0160-3466 
0 HI0-1 Ofl5 

0180-1085 
0180-1077 
0180-1077 
0180-1077 
0180-1077 

O lB0-1085 
0180-1085 
0180-1085 
0180-1085 
0160-3466 

0180-1085 
0180-1085 
0160-34'.,6 
0160-3t'i01 
0180-1085 

6-3 
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Section VI 
Table 6-3 

Reference 
Designation 

A1C72 
AlC73 
A1C74 
A1C75 
A1C76 

Al C77 
A1C78 
Al C79 
AlCBO 
Al CBl 

A1C82 
Al CB3 
A1C84 
Al C85 
A1C86 

A1C87 
AlCBB 
Al CB'/ 
Al C: 110 
A·JC91 

A1C92 
Al C93 
A1C94 
Al C9'.> 
A1C96 

Al C97 
A1C98 
Al C99 
AlClOO 
A 1 Cl O 1 

A1C102 
Al Cl 03 
A1C104 
Al Cl 05 
A1C106 

A I Cl 07 
AlClOB 
A I Cl 09 
AlCllO 
Al Cl 11 

A1C112 
A !Cl 13 
A1C114 
AlC115 
A1C116 

Al Cl 17 
A1C118 
Al Cl 19 
AlC120 
A1Cl21 

A1C122 
A1Cl23 
A1C124 
A1 Cl 25 
AlC:126 

AlC!27 
A1C128 
Al Cl29 
AlC130 
Al Cl31 

Al Cl32 
Al Cl33 
A1C134 
A 1Cl35 
Al CR 1 
A1CR2 
Al CR3 
A1CR4 
Al CR5 

A1CR6 
Al CR7 
AlCRB 
Al CR9 
AlCRlO 

AlCRll 
A1CR12 
Al CR13 
A1CR14 
A"1CR15 

6-4 

HP Part 
Number 

0180--1085 
ll ! 60 -3:•;01 
0180-1077 
0 l B0··-1 077 
111n11--1085 

0 !BO -·J 085 
0160-3456 
0180-1085 
0180·-1085 
0160 -3456 

11 !B0-1 OBc; 
0180 ·1 085 
0160--2204 
0 ·160··-2204 
0160-3466 

0160····3466 
0180-1083 
0160·--2~:-~04 
OHI0-1079 
0180 -1 085 

0180-lOBc; 
0180 ·-1085 
0160-3847 
0160-31347 
0180-1 Ofl5 

0160··2150 
0160-2150 
0160-4835 
lllfJ0-1079 
0160··-3456 

0180-0374 
0180···0374 
orno-1 oa,; 
01130··-108,; 
0180-·1085 

0160···3B47 
0160-3847 
0160····2940 
0160-3847 
0160-2940 

0160-2249 
0160-2307 
0160-4835 
0160····3456 
0140-02111 

0160··-0l~:!.7 
0160-0300 
0160-··384'7 
0180-1085 
01 U0--0374 

lllEl0-0374 
0180·100'.l 
11160-3847 
0180····1 OB\'; 
0160-4835 

0160-4835 
0160-3466 
01811-··l 077 
0160-0127 
011,0--0;,99 

0160-0300 
0160---0299 
0180-1085 
0160-2204 
1901-··0050 
1901-0050 
1 '701 -0 050 
1901-0050 
1901 ····0050 

1901-0050 
1'701-0050 
1902-0041 
l(lOl·-0050 
1902-0041 

1902··· 3036 
1902-3036 
1901--0050 
1901-0050 
!901·-·0050 

C 
D 

5 
~: 
'-' 
,:J 

5 
b 

(, 

"' 5 

0 
ll 

8 
3 
u 
7 

"' 
5 

"' 9 
'l 

•:j 
5 
B 
7 
6 

" 3 
15 
5 
5 

9 
9 
1 
9 
1 

3 
3 
IJ 
6 

2 
3 
9 

"' 
3 

3 

9 
'j 

ll 

[I 

13 
5 

9 

3 
9 
,, 

3 
3 
3 
3 
3 

;3 
3 
4 
3 
4 

3 
3 
3 
3 
3 

Qty 

Ill 

4 

6 

2 

2 

11 

3 

Table 6-3. Replaceable Parts 

Description 

CAPACJTOR··FXD 4.7UF 16VDC IA 
CAPACITOR·FXD 4UF +-lOZ snvoc Mfl-P □LYC 
CAPACITOR-FXD 111 UF 20VDC TA 
CAPACJTOR-FXD 10 UF 20VDC TA 
CAPACITOR ·FXD 4.7UF 16VDC TA 

CAPACJTOR-FXD 4, '7\JF 16VDC lA 
CAPACITOR-FXD lOIIOPF +-10% lKVDC CCR 
CAPACITOR-FXD 4.7UF 16VDC TA 
CAPACITOR-FXD 4.7UF 16VDC TA 
CAPACITOll-·FXD IIIIIIIPF ➔ ·111% lKVDC t:IY 

CAPACITOR-FXD 4.7UF 16VDC IA 
CAPACITOR-FXD 4.7UF 16VDC IA 
CAPAC!TOR-FXD !DOPF +-5% 300VDC MICA 
CAPAClTOR-FXD lOOPF •-5% 311DUDC MJCA 
CAPAClTOR-FXD lOIIPF +-111% lKVDC CER 

CAPACITOR-FXD lOIIPF •-10% lKUDC CFR 
CAPACITOR-FXD 33UF 25VDC AL 
CAPACITOR-FXD lllOPF •-5% JOOVDC MICA 
CAPACITOR-FXD 2200UF 6.3V AL 
CAPACITOR-FXD 4 7UF 16VDC TA 

CAPAC[TUR-FXD 4.7UF 16VDC TA 
CAPACITOR-FXD 4.7UF 16VDC fA 
CAPACITIIR-FXD , 01\IF •100 OZ '.'iOVDC r.::ER 
CAPA<::ITOR·-FXD , OlUF +100-·0% 50UDC Cl'.ll 
CAPACITOR-FXD 4,7UF 16VDC TA 

CAPAC!TOR-FXD 33PF • 5Z 300VDC MICA 
CAPACJTOR-FXD 33PF •-5% 3011UDC MICA 
CAPACITOR-FXD ,lllF 10 SOVDC CER 
CAPACITOR-FXD 22110LJF 6.3V Al 
CAPAClfOl<··-FXD lOOOPF ➔ -lOZ lKVDC ITR 

CAPACil □ R-FXD !DUf+-10% 211VDC IA 
CAPACifOR-FXD lllUF+-lOX 20VDC TA 
CAPACITOR-FXD 4.7UF 16VDC TA 
CAPACITOR-FXD 4,7UF 16VDC TA 
CAPACITDR-·FXD 4, '71JF 16VDL I A 

CAPACITIJR·-FXD , O!UF tlOll -11% c,\l\!DC C:FR 
CAPACITOR-FXD ,lllUF +1110-0Z 50VDC CER 
CAPACITOR-FXD 41/0PF +-5% 300VDC MICA 
CAPACITDR-FXD , OlUF +100-11'% 50Vl>C Cl R 
CAPACITOR-FXD 470PF ~-5% 300VDC MICA 

CAPACITOR-FXD 4.7PF +-.25PF 500VDC CER 
CAPAC!TOR-FXD 47PF +-5" 300VDC ~!CA 
CAPACITOR-FXD .lUF 10 SOVDC CER 
CAPACITOR-FXD lllOOPF +-10% lKVDC CER 
CAPACITOR-FXD 270PF +-5% 31111VDC MICA 

CAPACITOR-FXD llJF +-20% 25VDC CER 
CAPACITOR-FXD 2700PF +-10% 21l0VDC PClLYE 
CAPACITOR-FXD ,OlUF ➔ 100-11% 50\)DC cm 
CAPACITOR-FXD 4,7UF 16VDC TA 
CAPACITOR-FXD lllUF+-111% 20VDC TA 

CAPACITDR-FXD lDUF+-10% 20VDC IA 
CAPACITOR-FXD 4,7UF 16VDC TA 
CAPACITDR-FXD , llllJF <1110···11% '.,OVDC cm 
CAPACITOR-FXD 4.7UF lGVDC TA 
CAPACITOR-FXD .lUF 10 50VDC LER 

CAPACITOR-"XD ,!UF 10 50VDC CER 
CAPACITOR-FXD !DOPF +-10% lKVDC CER 
CAPACITOR-FXD 10 UF 211VDC TA 
CAPACITOR-FXD lllF +-20Z 25VDC CER 
CAPACITOR-FXD lBOOPF +-·111%, 2l111UDC Pl.JUE 

CAPACITDR--FXD ,'701JPF •-10% 21111VDC Pfll.YE 
CAPACITOR-FXD 1800PF +-10% 21111VDC P □ CYE 
CAPACITOR-··FXD 4, 711F 16VDC TA 
CAPAC!TOR-FXD lOOPF 
DIODE-SWITCHING OOV 200MA 2NS D0-3~i 
DIDDE-SWITCHING BOU 2110MA 2NS DO-35 
DIODE-SWITCHING BOU 200MA 2NS D0-35 
DIODE-SWITCHING BOV 200MA 2NS D0-35 
DIODE-SWifCHING 80V 200MA 2NS D0-35 

DIODE-SWITCHING 80V 200MA 2NS DU-3~ 
DIODE-SWITCHING BOU 200MA 2NS D0-35 
DIODE-ZNR 5,11V 5% D □-35 PD=.4W 
DIODE-SWITCHING BOU 200MA 2NS D0-35 
DIODE-ZNR 5,11V 5% D0-35 PD•.4W 

DIODE-ZNR 3,16U 5% D0-7 PD•,4W TC=-,064% 
DIODE-ZNR 3,16V 5% D0-7 PD=,4W TC=-,064% 
DIODE-SWITCHING 80V 200MA 2NS D0-35 
DIODE-SWITCHING 80V 200MA 2NS D0-35 
DIODE-SWITCHING BOU 200MA 2NS D0-35 

Mfr 
Code 

?0480 
;:1 U4BO 
; .. :fl480 
:.'11480 
;:?U4B(I 

:.'ll4B 11 
;>H48(l 
;:.i.B48(1 
;:)H4BO 

2H4nO 

;::i84fl 0 
::.''3481\ 
~)n4no 
~!H4U0 
?H4H0 

;_:H4B0 
; 0 !14811 
;:~0480 
:.?B480 
::'fJ480 

?H48fl 
iU4B\\ 
?8480 
2U400 
,?848 0 

?H4UO 
;-ln4ao 

;_,>84BO 
~:H4HO 

'.'.i62H9 

~i6?H9 
::!84H 0 
Z.1.048 0 
?fl480 

2H480 
;_.1U4BO 
20480 
:"114811 
2U4BO 

::in480 
~~H4DO 

2U4HO 
'/2136 

?B480 
;>f)48(l 

2U'~fl0 
;?B4UO 
~.!6289 

•·:,62B? 

?.04B fl 
;}848() 
:'1'14011 

?i3480 
?H480 
:.'E14811 
2B480 

;?B480 
2114BII 
?84811 

21:1480 
::_'.8480 
2H480 
:.'IJ4l10 
21:14811 

:?8480 
2~B4B0 
i?U480 
2B480 
?E1480 

2[1480 
?84811 
::2B4130 
;•_>1]480 
2B480 

See introduction to this section for ordering information 
*Indicates factory selected value 

Model 4192A 

Mfr Part Number 

fJ l t> 0- 1 0 U~:, 
o I tJ li •··J'.:,o 1 
I.I l 011-1 ll'// 
o 1 no -1 0'7'7 
{J 1no-10B~J 

111 no-1 ou::=1 
0160-J4::i6 
Ol{l0-10i.:l~.', 
01 U0-1 OU'.·'; 
01(.)il··-.34'·',/J 

01l:J0·"1 OH'.·"> 
o 1 no-1 oni·.:i 
O"J.60-2Zl(l4 
0160 2~!04 
()")f.0-3466 

01 ,:)f) ···34(>6 
u 1 no-to f:lJ 
0 Ud)·-2i.l()4 
fJlB0-10'/9 
01 Ull-·· I ou," 

(ilUO-tow·, 
0 l. tl0·-1 OH:J 
Olf,(l-3U47 
0160··-3047 
0 J. 1\0-1 n H'.'.', 

0 l 6 0 - ;_~ 1 ~-, 0 
o 1 t, o-;:-i 11=·; o 

01 U0-1 (l'/9 
Ol/ifl·-34'.·:i6 

15flD106X90;~11t,1;·, 
1~:iOD106X90?0f.;;? 
0 l 80·- l. 005 
0 l nn-1 Oil~":! 
O \ C 0-1 f} U~.i 

II I /,0·-3U47 
OJ.f.,0-.5H47 
0160-2940 
0 Jt,O-,~U47 

0160-2940 

() "_l f_-, ()-;:-i;lf,~i 

0 160··-2:?{)~:i 

nt 1:ifl·-34!.'i6 
DMl c,1 ;·•71.11130 OW\! .I Cl! 

0160 ·01?'7 
o·.tbO-O:~Of) 
011,0-3047 
(1 l uo-1 on:·:1 
1 ~"iOD1 ll6X?020fl? 

1~· .. l)D106X902(J"f-.(;-'. 

o 1 Ho-1 on::i 
01 h(l-3H4'? 
0 11111-1 IIU'., 

0161)-34/,6 
1111111 -111'7'7 
o 160-0·, ;?? 
0 l (.)0·- o:.199 

IJ I 611-11 .l \l lJ 
0160-0i.HJY 
IIIBll-lllW; 

190 l-0 O'.~iO 
J. 1JO 1-0 0 '.~iO 
1901 0 O~:iO 
1 er O 1-0 0 '.~i 0 
l 1tO l·-00'.':iO 

190 1-0 (1 ;°JO 
1901-00'."iO 
1 c;o;_~-o o 4 l 
1901-011,;11 
190i?:-0041 

190:•-3036 
1 90 ;_~-3 0 36 
1901-00'.]0 
1901-00~.:iO 
19fll-OO'.~,o 
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Reference 
Designation 

AlCR16 
Al CR! 7 
AlC:RlB 
A 1 CR 1 9 
AlCR20 

Al CR21 
A·J CR2;_! 
AlCR23 
A1 CR24 
A1CR~~5 

A·J CR26 
Al CR27 
AlCR2B 
A·1 CR2("l 
AlC:R30 

A JCR31 
Al CR3~~ 
Al CR33 
AlCR34 
AHR:15 

A1CR36 
AlCR37 
AlCR38 
Al Fl 
AlJl 
1-i 1 J 2 
ALJ3 
A1J4 
A I JS 
AlJ6 
A 1 J7 
Al JB 
A 1 J9 
Al.JIii 

A 1 JI 1 
A1Jl2 
A 1 JI 3 
Al J14 
Al Jl 5 
Al J l 6 
Al J l 7 
A 1 K 1 
Al K2 
Al K3 
A 1 K4 
A1K5 
Al K6 

All! 
Al L2 
A1L3 
AlL4 
Al L'.i 

Al Lb 
All.7 
Al LB 
All.9 
A 1 LI 0 

AIL 11 

AlQl 
AlQ2 
A'J Q3 
AIQ4 
A lQS 

AtrJ6 
A'!Q7 
Al QB 
Al Q9 
AlQlO 

A 1 QI 1 
AlQ12 
AlQ13 
Atr)l 4 
A 1Q15 

AlQ16 
AlQ17 
AlQlB 
AlQ19 
Al 1120 

HP Part 
Number 

1901-0050 
190 1- 0 O'.';O 
19111--00~;11 
1901 .. ·0050 
1?01-0050 

1901--0 0511 
1901--00c,0 
1901-00511 
1901-0050 
1901-0050 

1 ?O 1-··0 050 
190?--0041 
1901--0050 
1?01-··00'50 
1901-0050 

19111·-00511 
1((01-0050 
1901--01150 
1 tf O 1-0 O'.'.'iO 
19111-0 O'.';(I 

19111-0050 
190?.-0041 
1901 -0050 
2110-0650 
1?~-!1--49,q) 
1;);:io o;<!7 
l25ll-02~'7 
121111-0607 
1;_'.00-· Oh O 7 
12~J0-02~"i7 
t?~J0--0?~:,7 
12:':10·-·02~i7 
1~--~51 ··3197 
12!':.,1-4B22 

1;:>~)1-··4B;:?.2 
12::°J0--0;:.~'i7 
1 ;:?.50-··02'.·.'i7 
12'."10-0257 
1 ;?50 ···O?.~.-i? 
1251-1636 
1251-1636 
0490-1269 
0490-0240 
0490-0240 
0490-0237 
0490-0237 
0490-1269 

9140 .. · Ill 14 
'1140 0114 
9140-11114 
9140· 0158 
?140--0129 

9 I 40 OL'9 
'l140-0091l 
9140 0131 
'11411-0114 
':?"l 00····1665 

9100-1665 

1053····0354 
1 s:_;4--0;:?.1 ~) 
1 054····0 ?.15 
1El:i3-·03~J4 
1 B::54 ··0?47 

H153-0012 
1 u54 ... o;,,47 
1 B~.-i4-·0215 
11153 0354 
1El::;3-·0036 

11:153 -o 036 
1854-0215 
1 U53°··0354 
18'54-·0247 
1U54····0:.:?.15 

1853-0036 
Hl53 .. ·01136 
1 o:i4-0247 
1054····0 l 29 
18:i4-0628 

C 
D 

3 
3 
3 
3 
3 

3 
4 
3 
3 
3 

3 
3 
3 
3 
3 

3 
4 

6 
6 

6 
1 

4 
9 
9 
4 
4 
4 

4 
4 
4 
6 
1 

l 
3 

4 
n 

IJ 

'7 
l 
l 
'7 

4 
', 

1 
'7 

7 
9 

2 .. , 
9 
/., 
II 

4f) 

20 

3 
·; 

34 

9 
16 

6 
l 

11 

17 

5 
9 

Table 6-3. Replaceable Parts 

Description 

DIODE-SWITCHING IJIIV 20IIMA 2NS D □-35 

DIODE-SWITCHING 811V 2110MA 2NS D0-3~ 
DIODE-SWITCHING 811V 2IIOMA 2NS D0-3~ 
DIODE-SWITCHING BIIV 20IIMA 2NS D0-35 
DIODE-SWITCHING 80V 211IIMA ?NS DU-35 

DIODE-SWITCHING 811V 200MA 2NS D0-35 
DIODE-SWITCHING BOU 2011MA 2NS D0-35 
DIODE-SWITCHING BOU 200MA 2NS D0-35 
DIODE-SWITCHING BOU 200MA 2NS D0-35 
DIODE-SWITCHING BOU 200MA 2NS D0-35 

DIOI)E-SWITCHING 80V 200MA 2NS D0-35 
DIODE-ZNR 5.!lU 5Z D0-35 PD~.4W 
DIODE-SWITCHING 80V 200MA 2NS D0-3~ 
DIODE-SWITCHING BOU 2110MA 2NS D0-35 
DIODE-SWITCHING BOV 200MA 2NS D0-3~ 

DI.ODE--SWITCHING 
DIODE-SWITCHING 
D IIJDE -SW ITCH ING 
DJOl)E-SW!l CHING 
DIODE-SWITCHING 

811V 
BIIU 
BfJU 
EIIIV 
BIIV 

200MA 
2011MA 
200MA 
2011MA 
200MA 

2NS DD-35 
2NS DD-3'.':i 
2NS D0·-35 
2NS D0-3~'-'i 
2NS DD--3~i 

DIODE-SWITCHING BOU 200MA 2NS D0-35 
DIODE-ZNR 5,11V 5% D0--35 PD=,4W 
DIODE-SWITCHING SOV 200MA 2NS D0-35 
,US[ . 125A 125V 
CUNN1'1:Tf1R 3-PTN M METRJC f'U:::T TYPE 
CUNN~ 1 T(l),! -RI:·· SMl1 M PC SO ··UHM 
LONNl·=CTOR ···l~F ~)M[l M PC ~iO ··OHM 
SOCKlT-1.C 16-·CONT D!P DlP--SLDR 
SOCKET-JC 16-CONT D[P DIP-SLDR 
CONNECTOR-RF SMB M PC 50-UHM 
CONNLCTOR-RF SMB M PC 50-0HM 
C:ONNE.C:TLIR-·RF SMB M PC 511-1.HIM 
CONNECTOR 12-PIN M POST TYPE 
CONNECTOR 3-PIN M POST TYPE 

CONNECTOR 3-PIN M POST TYPE 
C:ONNFCT □R-RF SMB M PC 50-- □ HM 

CONNECTOR-RE SMB M PC 50-0HM 
CONNEC:T □R-RF SMB M PC 50-OHM 
CONNECTOR-RF SMB M PC 50-0HM 
CONNECTnR-SGL CONT SKT .04-!N-BSC-SZ RNO 
CONNECTOR-SGL CONT SKT .04-IN-BSC-SZ RNO 
RELAY lC 12VDC-COIL .66A 30VOC 
RELAY-REED lA 
RELAY-REED lA 
RELAY-R[EO 2A 
RELAY-REED 2A 
R[LAY lC 12VOC-COIL .66A 30VDC 

INDUCTOR RF-CH-MLD IIIUH ill% ,166DX.385LG 
INDUCTOR RF-CH-MLD !DUH 10% .!66DX.385LG 
!NllUCl DR RF-CH--ML D 1 OUH 111% . l 66DX. 3851.C 
INDIJCTOR RF-Cl+-MI...D !UH 111% . l ll5DX. 261. .. G 
INDlJCl- □ R RF-CH-·Ml.D 220UH 5% ,166DX.385LG 

INDUCTOR RF--CH-MI_D 220UH 5% .166DX,3H5LG 
INDIICTCIR RF-CH--MLD 2. 20H 111% 
INDUCTOR RF-CH-MI...D 10MH 5% .25DX,751...C 
I NDLJCTCIR R F-CH-·ML D l II UH 1 0 % . 166DX. :.\851 .. C 
INDUCTOR Rf' .. ·CH·-MI D 3. 3MH 57.. . 23DX. ci7L.G 

IND\ICHIR RF--CH-MLD 3.3MH ,,% .2:-rnx.'.,7l.G 

TRANSISTOR PNP SI T0--92 PD=350MW 
TRANSISTOR NPN SI PD=35IIMW FT=30DMHZ 
TRANSISTOR NPN SI PD=350MW Fl=30DMHZ 
l"RANSISTOR PNP SI T0-92 PD=350MW 
TRANSISTOR NPN SJ T0-39 PD=!W FT=BOIIMHZ 

TRANSlSTClR PNP 2N2904A SI 1· □ -39 PD=·600MW 
TRANSISTOR NPN Sl T0-39 PD=lW FT=BOOMHZ 
TRANSJSlOR NPN SI PD=3511MW FT=300MHZ 
TRANSISTOR PNP SI TD-92 PD=350MW 
TRANSISTOR PNP SI PD=310MW FT=250M~iZ 

TRANSISTOR PNP ST PD=310MW FT=250MHZ 
TRANSISTOR NPN SI PD=350MW FT=300MHZ 
TRANSISTOR PNP SI TO-92 PD~350MW 
TRANSISTOR NPN SI T0-39 PD=lW FT~B00MHZ 
TRANSISTOR NPN SI PD=350MW FT=300MHZ 

TRANSISTOR PNP [;I PD=310MW FT=250MHZ 
TRANSISTOR PNP SI PD=310MW FT=250MHZ 
TRANSISTOR NPN SI T0-39 PD=1W FT=BOIIMHZ 
TRANSISTOR-NPN 2SC1636 
TRANSISTOR NPN SI 1· □ -92 PD=625MW 

Mfr 
Code 

28480 
204Bll 
;,.'84811 
2H480 
;.:.>8480 

;?_B480 
28480 
28480 
i.'84EIII 
2El4BII 

;?848 0 
; 0 041311 
;}84811 
2fl4BO 
:?848 0 

20480 
;?8480 
21341311 
?8480 
204130 

?84811 
2[14\lO 

i-'.8480 
284BO 
28480 
20480 
::.!848 0 
;:.)848 0 

211480 
i.'84811 
?.04811 
,.'84011 

2.B480 
;>84811 
;?134811 
; 0 84811 
;,>134811 

Z.!0480 
:?H480 
~?8480 
~"?848 0 
28480 
2fl4BO 

:.'[14811 
204811 
?B480 
2[J41l0 
;.:.1848 0 

21:141311 
,'1'14811 
;>f]41311 
;>[]4811 
204130 

284811 

28480 
11471 'l 
04713 
?84811 
2134811 

0 129'.'.'i 
2134l10 
047Ll 
2B4\l0 
284811 

21'14811 
04713 
;'1'1480 
:'.B480 
04'713 

~'134811 
2[14130 
;,!84811 
20480 
0471 ;3 

See introduction to this section for ordering information 
*Indicates factory selected valul' 

Section VI 
Table 6-3 

Mfr Part Number 

1901-0 (l~j() 

1901-0050 
1901-00~":.i(} 
190 l --0 050 
·1901-00'.iO 

1901-00'50 
1901-0110:;o 
1901-00~:iO 
19111-0llcdl 
1(;0·1-00~:;o 

19111-0 0'.i II 
190;,-01141 
'[91)1-011511 
19111 · .. 011511 
l 1;>01-0 01;-iO 

1 (f O 1 ·-0 O~·.)O 
10111-11110;0 
19111-011511 
19111-00 cill 
19111-00;:;I) 

1901-1111:';() 
19112-0041 

I 2~-d-493O 
12~.dl -02'."j7 
12~.:i0-0257 
·12110-0607 
12110-0607 
12'.'.'io-02::i? 
12~.'iO·-0?~J'J 
12~_';0-o:?'.':i'J 
12~:it-3197 
12'.':it-4O?;;~ 

12'.:i1 ·-4B;?(_l 
12~io-o;~!::=,'7 
t?~'i0•-0;257 
l 2~i0-02~~;·7 
12~:i0·-02'.)7 

0490-1269 
0490-0240 
0490-0240 
0490-0237 
0490-0237 
0490-1269 

'?140-0114 
91411--·Dll 4 
?140-0114 
91411-015fl 
9140-0129 

91411-01?9 
<J"}4()-{)()(il1:) 
9140·-0131 
?140-0114 
9100-166'.':i 

1 a:::;3--03'.54 
2N3904 
2N:~<f04 
1s:·:13-0354 
18~.'i4·-0247 

;_:_'. N ;_:_'. 9 0 4 A 
18'.~i4--0;?.47 
;?N3904 
18'.':'iJ-0354 
·.t 8:'.'i3-0 036 

10:,;,, -o 1136 
2N3904 
18'.':,3·-0354 
18'.'.'i4-(J;.:?.47 
2N~~9 04 

18:;3-II 1136 
18~i3-0036 
l Bc.:4-0247 
1B'54-0"l~7.9 
MPS-Hl '? 

6-5 
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Section VI 
Table 6-3 

Reference 
Designation 

A1Q21 
Al Q22 
A1Q23 
Al Q24 
A1Q25 

AlQ26 
A1Q27 
A1Q28 
Atr.29 
A 1Q30 

AlQ31 
Al Q3? 
A1Q33 
A1Q34 
AlQ35 

A1Q36 
A1Q37 
A1Q38 
A1Q39 
A'!Q40 

A1Q41 
Al Q4;, 
A1Q43 
Al Q44 
A1Q45 

AlRl 
Al RC! 
AlR3 
A1R4 
A1R5 

AlR6 
AlR7 
A1R8 
Al R 1f 
Al Ill 0 

A1Rl 1 
A1R12 
A1R13 
AlR14 
Al R1 '.':i 

A11<16 
AlR 17 
AlR 10 
A1R19 
A1R20 

AlR21 
A"l R2Z~ 
Al R23 
AlR~4 
A·1 R2~:·i 

A1R26 
A1R27 
AlR21l 
Al R29 
A1R30 

Al R 31 
All~3;.~ 
/HR33 
AlR34 
Al R35 

A1R36 
A I R3'/ 
A1R38 
AlR3? 
A1R411 

A1R41 
AlR42 
Arnn 
Alr144 
Al R4~i 

A1R46 
Al R4'7 
Al 114B 
r, \ R49 
A1R50 

6-6 

HP Part 
Number 

H154-0215 
1 B55···· 0 l ~:5 
1854-0247 
1B54····0?.47 
1854-0247 

1B54····0129 
1 s:,3-· 0354 
1 B55-··0406 
18~i5-·0406 
1B53····03~:i4 

1854-·0628 
1B54-··0?:15 
18:i5-0125 
1B55-··0125 
t 8:i5-0125 

1055-··01~~5 
1854-0628 
1H55···0125 
18:-:'i3-0354 
1 B54-··06~~8 

1 B,;4-11628 
1 n54···· o~:-~ 15 
1854-02l~'i 
1B55-.·0406 
1855-0406 

0'/57···1094 
0691J<l444 
0698-3444 
0 '/57··-0 ;_:?.79 
0757-0279 

0'7'S7-··0i~'79 
0757-0280 
06?fl-008;.:?. 
069H-· oos;:, 
0757-11401 

()'757 .... 0401 
0757-0397 
11'757· 11194 
0699-0559 
0699 ···O~'.i61 

0699--056:.? 
069ll·-342U 
117:;7-1094 
O'/'.o7 1140 I 
0757-1094 

0/.,98·3'160 
0698-3160 
06(/8····3162 
069B-0082 
0757-0280 

069f3-3155 
0'757- 04,\9 
07:::'i'7-02BO 
0698····2208 
0699-0560 

0'757· 0401 
117';'7--0401 
0 698···· 0 0 82 
o7:i7-0279 
l)'/57-· 11194 

1!69El-3428 
0'/57··-0i!79 
069B-342ll 
0'757 .. 1)441 
07~.'i7-04i.!1 

0'/57--0442 
07:'.:i7-··0442 
0'7'.:i7-·0?.79 
07~.'i7-0280 
0'757-·0417 

07~17-02El0 
0698··3444 
0698-4383 
069B-· 3444 
07:i?-0279 

C 
D 

1 
4 
9 
9 
9 

6 
7 
4 
4 
7 

1 
4 
4 
4 

4 
0 
4 
7 
0 

4 
4 

9 
1 
1 
0 
0 

0 
:i 
7 
7 
0 

0 
:1 
9 
:', 

9 

0 
1 
9 
II 
9 

[l 

8 
0 
7 
0 

4 
3 
3 
8 

0 
II 
7 
II 
'I 

l1 
4 

'? 
9 
0 
3 
8 

,3 
1 
9 
1 
0 

Qty 

n 

11 

~~;? 
31 

3~~ 

34 
17 

2'7 

13 

12 

7 

2 

27 
L3 

5 
1 II 

34 

2 

Table 6-3. Replaceable Parts 

Description 

TRANSISTOR NPN SI PD=350MW FT·=30 OMHZ 
TRANSISTOR-·FET 2SK185 
TRANSISTOR NPN f.ll TD-39 PD=lW FT=BIIOMHZ 
TRANSISfOR NPN SI Tl]-.. 39 PD=lW FT=8IIOMHZ 
TRANSISTOR NPN SI T0-39 PD=lW FT=EIIIIIMHZ 

TRANSISTOR-NPN 2SC1636 
rRANSISTCIR PNP SI T0·-92 PD=3~;0MW 
TRANSISTOR J-FET P·-CHAN D·-MODE SI 
TRANSISTOR J-FET P-·CHAN D-MODE SI 
TRANSISTOR PNP SI T0--92 Pl)::::350MW 

TRANSISHIR NPN SI T0-92 PD=625MW 
TRANSISTOR NPN SI PD=350MW FT=300MHZ 
1RANSISHlR-FET ;~SK 1 B5 
TRANSISTOR-FET 2SK185 
TRANSJ.STOR-FET 2SK 185 

TRANSISTOR-FET 2SK185 
TRANSISTOR NPN SI T0-92 PD=6,'5MW 
TR ANSI STOR-FET 2rn< 185 
TRANSISTOR PNP SI TD-92 PD,0 3:;0MW 
TRANSISTOR NPN SI T0-92 PD=625MW 

TRANSISTOR NPN ~; I T0-92 PD::::625MW 
TRANSISTOR NPN s:r PD=3511MW FT=-300MHZ 
TRANSISTCIR NPN SI PD=-350MW FT=3011MHZ 
TRANSISTOR J-FET P-CHAN D .. -MODE SI 
TRANSISTOR J-FET P-CHAN D-·MODE SI 

RESISTOR 1, 47K 1% , 125W F TC=0+-100 
RESISTOR 316 1% , 125W F TC=-0+-100 
RESISTOR 316 1% , 12~)W F TC=-11+-100 
RESISTOR 3, 16K 1% , 125W F TC=0+-100 
RESISTOR 3, 16K 1% . 125W F TC=0+-1110 

RESISTOR 3, 16K 1% , 125W F TC=0+-100 
RESISHIR lK 1% , 12~iW F TC=0+--100 
RESISTOR 464 1% , 125W F TC=0+-100 
RESISTOR 464 1% . 125W F Tl>0+-100 
RESISTOR 100 1% .12~iW F TC=ll+-100 

RESI\3TOR 1110 1Y.. , 125W F TC=-0+-100 
RESISTOR 68, 1 1% , 125W F TC=ll+-100 
RESISTOR 1, 471( 1% , 125W F TC=0+-100 
RESISTOR-··FXD 'll( OHM '0 ~:-~¼ 
RESISTOR-FXD 101 OHM . 01, 2/,, 

RESISTOR-FXD 211, 1 OHM . 05% 
RESISTOR 14,7 1%. , 125W F TC=0+·-100 
RESHiTOR 1, 47K 1% , 125W F TC=0+-1110 
RESISTOR IO 0 1% . 125W F Tl>0+-100 
RESISTOR 1, 47K 1% .125W F TC=0+-100 

RESISTOR 31 .6K 1% , 125W F TC=0+-100 
RESISTOR 31, 6K 1% , 12:,w F TC=0+-100 
RESJSTIJR 46, 4K 1% , 125W F TC=IJ+-100 
RESISTOR 464 1% , 12'.:'!W F TC=0+·-10 0 
RESISTOR l K l, , l 2 5W F TC•0+-100 

RESISTDR 4,64K '1% , 125W F TC=0+-100 
RESISTOR 6, 811( 1% .1;!5W F TC=0+-100 
RESISTOR 11( 1% , 12!':iW F TC=0+-1011 
RESISTOR:FXD lK OHM 0.05% 1/8W MF 
RESISTOR-FXD 9110 OHM . o:?z 

RESISTOR 100 1Z , 125W F TC=0+-·100 
RESISTOR 10 0 1% , 12:iw F TC=ll+ .. 1110 
RESISTOR 464 1% , 125W F TC~o+-100 
RESISTOR 3. 16K 1% , 125W F l'C=0+-100 
RESISTOR 1, 471( 1% , 125W F TC=0+-100 

RESISTOR 14,7 1% , 125W F TC=0+-100 
RESISTOR 3, 161( 1% , 125W F TC=0+-100 
RESISTOR 14,7 lo/. , 125W F TC=0+·-100 
RESISTOR 8.25K 1% . 125W F TC=0+-100 
RESISTOR 825 lo/. , 125W F TC=ll+--10 0 

RESISTOR 1 IIK 1% , 125W F TC=0+-·100 
RESJSTOR 1 IIK 1% . 12~:iw F fC=0+-100 
RESISTOR 3, 16K 1% , 125W F TC=0+-100 
RESISTOR lK 1% , 12~iW F TC=IJ+-100 
RESISTOR 562 1%. , 125W F Tl>0+-·100 

RESISTOR lK 1% , 125W F TC=0+-·10 0 
RESISTOR 316 1% , 125W F TC=-0+-·100 
RESISTOR 53.6 lo/. , 12:':iW F fC=-0+-100 
RESISTOR 316 1% , 12~:iW F TC=0+-100 
RESIST(JR 3, 16K '1% , 12:':iW F TC=0+-100 

Mfr 
Code 

04713 
2134BO 
::?8480 
284811 
28480 

2ll480 
28480 
32293 
32293 
2B480 

04713 
04713 
;•8480 
284130 
28480 

284(30 
04713 
28480 
::.~848 0 
04'713 

04713 
04713 
047'13 
32(!93 
32293 

24546 
24546 
24~.)46 
24546 
24546 

24546 
24~i46 
24546 
24546 
;:.~4546 

24546 
24~346 
24546 
,!D4B0 
21)480 

,•11480 
03888 
~?4546 
24:=:i46 
24~146 

24~.'!46 
24~.'i46 
24~i46 
24~:i46 

?4546 
24546 
24~.'i46 
284130 
,'84811 

24~546 
24546 
24~346 
(.)4'.':!46 
24::,46 

1138El8 
24546 
1138B8 
24546 
24546 

24~i46 
24~'i46 
24~546 
24~:i46 
24546 

24546 
24'.546 
24?546 
;~4~':;46 
24:':"i46 

See introduction to this section for ordering rnforrnation 
*Indicates factory selected value 

Model 4192A 

Mfr Part Number 

2N3904 
1W'.'i~:i-01 25 
l 8:'.:i4-0i.!47 
1854-0247 
1854-0i.~47 

113'.';4-0129 
l B~:i3-03:':i4 
ITl 10 
Ill 10 
18~:;3-0354 

MPS-Ht '7 
2N3904 
18~35-0 125 
18~i5-0125 
1B55-0125 

18~)~5-01;~5 
MPS-Ht 7 
1B~'-'i5-0125 
1853-0354 
MPS-Ht 7 

MPS-H17 
2N3904 
2N39 04 
ITllO 
!Tl 1 0 

C4-1/8-T0-1471-F 
C4-l/8-T0-316R-F 
C4-l/8-T0-316R-F 
C4-1/8-T0-3161-F 
C4-1/8-T0-3161-F 

C4-l/8-T0-3161-F 
C4-1/8-TIJ-1001-F 
C4-l/8-T0-4640-F 
C4-l/8-T0-4640-F 
C4-1/8--T0-101·F 

C4-1/8-T0-101-F 
C4-1/8-T0-68Rl-F 
C4-1/8-TIJ-1471-F 
0699-05~39 
0699-0561 

0699-0562 
PME55-l/8-T0-14R7 .. F 
C4-1/B-T0-1471-F 
C:4-l/8-T0-101-F 
C4-1/8-T0-147'1-F 

C4-l/8-T0-3162-F 
C4-1/8-T0-3162-F 
C4-l/8-T0-4642-F 
C4-1/8-T0-4640-F 

C4-1/8-T0-4641-F 
C4 .. l/8-T0-6811-F 
C4-1/8-T0-1001-F 
0698-2208 
11699-0'.'j61J 

C4·-l/8-Tll-1111-F 
C4-1/8-T0-10'1-F 
C4-1/8-T0-4640-F 
C4-l/8-T0-3161-F 
C4-l/8-T0-1471-F 

PME55-1/8-T0 .. 14R7-F 
C4-l/8-T0-3161-F 
PME55-1/8-l"0-14R7-F 
C4-1/8-T0-8251-F 
C4-l/8-Tll-825R-F 

C4-1/8-T0-11102-F 
C4-1/8-TIJ-1002-F 
C4-l/8-T0-3161-F 
C4-1/8-T0-1001-F 
C4-l/8-T0-562R-F 

C4-1/8-T0-1001-F 
C4-l/8-T0 .. 316R-F 
C4-1/8-TIJ-53R6-F 
C4-l/8-T0-316R-F 
C4-1/8-T0-3161-F 
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Reference HP Part C 

Designation Number D 

A!R51 0757-0276 7 
A1R52 0698-3334 8 
A1R53 0698-3334 8 
A!R54 0698-3260 9 
A1R55 0757-1094 9 

A1R56 0757-0465 6 
A!R57 0757-0465 6 
A1R58 0757-0419 0 
AtR59 0698-3156 2 
A!R60 0698-3156 2 

A!R61 0698-3438 3 
A1R62 0757-0439 4 
A!R63 0698-3156 2 
A!R64 0698-3444 1 
AIR65 0757-0395 I 

A!R66 0698-4037 0 
A!R67 0757-0279 0 
A!R68 0757-0465 6 
AIR69 0757-0395 1 
A!R70 0698-4037 0 

A!R71 0 '757·-· 1094 9 
A!R72 0757-0465 6 
A!R73 0698-3260 9 
A!R74 0757-0419 0 
Al R75 0698·-3260 9 

A!R76 0698-3260 9 
A1R77 0'757-0419 0 
A!R78 0698-3443 0 
A1R79 0'757-0442 9 
A!R80 0698-3428 1 

A1R81 0698-3428 1 
A1R82 0757-0465 6 
A!R83 0698-3428 I 
A!R84 0698-342l1 1 
A!R85 0698-3428 1 

A'IR86 0698-3428 1 
A!R87 0698-3443 0 
AIR88 0698-3444 1 
A!R89 0698-3156 2 
AIR90 0757-0442 -, 

A!R91 0757-0279 0 
A1R92 0'757·-0279 0 
A!R93 0757-0442 2 
AIR94 0698-3156 2 
A!R95 0757-0199 3 

AIR96 0698-3444 1 
A!R97 0698-3428 1 
A1R98 0698-3428 I 
A!R99 0757-0439 4 
A'IRlOO 0698-3260 9 

A!R!Ol 2100-3213 9 
A1R102 0'757·-0439 4 
A!R103 0698-3260 9 
A'IR104 2'100-3213 9 
A1R105 0757-0395 1 

A 'IR I 06 0757-0439 4 
A!R107 0698-3155 I 
AIR108 069ll-0082 7 
A!R109 0757-0397 3 
AlRl!O 0698-3438 3 

A!Rlll 0698-3438 3 
A1 R112 069B-0082 7 
A!R113 0698-0082 7 
AIR114 069B-3438 3 
AIR! 15 0698-3446 3 

A!R116 0757-1094 9 
A!R117 0698-3160 8 
Al RI 18 0'/57·-0439 4 
A!R119 0757-0279 0 
A1R120 0698-3155 1 

A!R121 0698-0084 9 
A1R122 0757-0180 2 
AIR123 0698-3260 9 
A1R124 0698-3260 9 
A1R125 0757-0180 2 

Table 6-3. Replaceable Parts 

Oty Description Mfr 
Code 

1 RESISTOR 61 .9 17. , 125W F TC=0+-100 i!4546 
2 RESISTOR 178 17. ,5W F TC=0+-100 28480 

RESISTOR 178 17. ,5W F TC=0+-100 28480 
17 RESISTOR 464K 1% , 125W F TC=0+-100 28480 

RESISTOR 1, 47K 1% , 125W F TC=0+-100 24546 

8 RESISTOR !OOK 1% .125W F TC=0+-100 24546 
RESISTOR !OOK 1% . !25W F TC=0+-100 24546 

15 RESISTOR 681 1% , 125W F TC=0+-100 24~j46 
11 RESISTOR 14, 7K n , 125W F TC=0+-100 24546 

RESISTOR 14,7K 1% , 125W F TC=0+-100 24546 

13 RESISTOR 147 1% .125W F TC=0+-100 24546 
RESISTOR 6.81K 1% , 125W F TC=0·>-100 24546 
RESISTOR 14.7K 1% , 125W F TC=0+-100 24546 
RESISTOR 316 1% , 12~iW F TC=0+-100 24546 

8 RESISTOR 56,2 1% , 125W F TC=0+-100 24546 

7 RESISTOR 46.4 1% , 125W F TC=0+-100 :~4546 
RESISTOR 3 .16K 1% , 125W F TC=0+-100 24546 
RESISTOR 1 OOK !)( , 12::'iW F TC=0+-100 24546 
RESISTOR 56,2 1% , 125W F TC=0+-100 24546 
RESISTOR 46,4 !¼ , 125W F TC=0+-100 24546 

RESISTOR 1, 47K 1¼ .125W F TC=0+-100 24546 
RESISTOR 1 OOK u: , 125W F TC=0+-100 24~'546 
RESISTOR 464K 1% , 125W F TC=0+-100 28480 
RESISTOR 681 17. , 125W F TC=0+-100 24546 
RESISTOR 464K 1% , 125W F TC=0+-100 28480 

RESISTOR 464K n , 125W F TC=0+-100 28480 
RESISTOR 681 1% , 125W F TC=0+·-100 24~j46 

3 RESISTOR 287 1% , 125W F TC=0+-100 24~;46 
RESISTOR 1 OK 1% , 125W F TC=0+-100 24546 
RESISTOR 14.7 17. .125W F TC=0+-100 038138 

RESISTOR 14.7 1% .125W F TC=0+-100 038138 
RESISTOR 1 0 OK 1% , 125W F TC=0+-100 :?4546 
RESISTOR 14 .7 !¼ .125W F TC=0+-100 0;31300 
RESISTOR 14.7 1% , 125W F TC=0+-100 03888 
RESISTOR 14.7 17. , 125W F TC=0+-100 03888 

RESISTOR 14. 7 1% , 125W F TC=0+-100 038138 
RESISTOR 287 17. , 125W F TC=0+-100 24546 
RESISTOR 316 1% , 125W F TC=0+-·100 24546 
RESISTOR 14.7K 1% , 125W F TC=0+-100 24:':i46 

RESISTOR l0K l % . 125W F TC=0+-100 24546 

RESISTOR 3. 16K 1% , t25W F TC=0+-100 ::!4546 
RESISTOR 3, 16K !)( , 125W F TC=0+-100 24546 
RESISTOR l0K 1% . 125W F TC=0+-100 24546 
RESISTOR 14.7K 1% , 125W F TC=0+-100 24546 

15 RESISTOR 21 ,SK 1% , 125W F TC=0+-100 24:'546 

RESISTOR 316 17. , 125W F TC=0+-100 24546 
RESISTOR 14.7 !)( .125W F TC=0+-100 038(18 
RESISTOR 14.7 17. .125W F TC=0+-100 0381313 
RESISTOR 6.81K 17. , 125W F TC=0+-100 24546 
RESISTOR 464K 1% , 125W F TC=0+-100 28480 

2 RESISTOR-TRMR 200K 107. C TOP-ADJ 1-TRN 28480 
RESISTOR 6.B!K 1% . 125W F TC=0+-100 24546 
RESISTOR 464K !)( , 125W F TC=0+-100 28480 
RESISTOR-TRMR 200K 1 07. C TOP-ADJ 1-TRN 28480 
RESISTOR 56.2 1)( , 125W F TC=0+-100 24546 

RESISTOR 6,81K 1% , 125W F TC=0+-100 24546 
RESISTOR 4.64K 17. . t25W F TC=0+-100 24546 
RESISTOR 464 17. , 125W F TC=0+-100 24546 
RESISTOR 68, 1 1% , 125W F TC=0+-100 24546 
RESISTOR 147 1¼ , 125W F TC=0+-100 24546 

RESISTOR 147 17. , 125W F TC=0+-100 24546 
RESISTOR 464 1% , 125W F TC=0+-100 24546 
RESISTOR 464 17. . 125W F TC=0+-100 24546 
RESISTOR 147 17. , 125W F TC=0+-100 24546 

3 RESISTOR 383 1'7. .125W F TC=0+-100 24~i46 

RESISTOR 1, 47K !)( , 125W F TC=0+-100 24546 
RESISTOR 31.6K 1% , 125W F TC=0+-100 24546 
RESISTOR 6.81K 1% , 125W F TC=0+-100 24546 
RESISTOR 3. 16K 1¼ , 125W F TC=0+-100 24546 
RESISTOR 4,64K 1¼ . t25W F TC=0+-100 24546 

34 RESISTOR 2, 151( 1% , t25W F TC=0+-100 24546 
9 RESISTOR 31.6 1% , 125W F TC=0+-100 28480 

RESISTOR 464K !)( , 125W F TC=0+-100 28480 
RESISTOR 464K 17. . 125W F TC=0+-100 28480 
RESISTOR 31 ,6 !¼ , 125W F TC=0+-100 28480 

See introduction to this section for ordering information 
*Indicates factory selected value 

Section VI 
Table 6-3 

Mfr Part Number 

C4-t/8-T0-6192-F 
0698-3334 
0698-3334 
0698-3260 
C4-1/8-T0-1471-F 

C4-1/8-T0-1003-F 
C4-1/8-T0-1003-F 
C4-1/8-T0-681R-F 
C4-1/8-T0-1472-F 
C4-1/8-T0-1472-F 

C4-1/8-T0-147R-F 
C4-1/8-T0-6811-F 
C4-1/8-T0-1472-F 
C4-1/8-T0-316R-F 
C4-1/8-T0-56R2-F 

C4-1/8-T0-46R4-F 
C4-1/8-T0-3161-F 
C4-1/8-T0-!003-F 
C4-1/8-T0-56R2-F 
C4-1/8-T0-46R4-F 

C4-1/8-T0-1471-F 
C4-1/8-T0-!003-F 
0698-3260 
C4-l/8-T0-681R-F 
0698-3260 

0698-3260 
C4-l/8-T0-681R-F 
C4-1/8-T0-287R-F 
C4-1/8-T0-1002-F 
PME55-1/8-T0-14R7-F 

PME55-1/B-T0-14R7-F 
C4-1/8-T0-1003-F 
PME55-1/8-T0-!4R7-F 
PME55-1/8-T0-14R7-F 
PME55-l/8-T0-14R7-F 

PME55-1/8-T0-!4R7-F 
C4-1/8-T0-287R-F 
C4-1/8-T0-316R-F 
C4-1/8-T0-1472-F 
C4-l/8-T0-1472-F 

C4-l/8-T0-3161-F 
C4-1/8-T0-316t-F 
C4-1/8-T0-1472-F 
C4-1/8-T0-1472-F 
c4--11a-·ro-21s2-F 

C4-1/8-T0-316R-F 
PME55-1/8-T0-14R7-F 
PME55-1/8-T0-!4R7-F 
C4-1/13-T0-6811-F 
06'?ll-3260 

::.~100-3:?13 
C4-!/8-T0-681!-F 
0698-3260 
2100-3213 
C4-1/8-1'0-56R2-F 

C4-1/8-T0-6811-F 
C4-1/8-T0-464t-F 
C4-l/8-T0-4640-F 
C4-1/8-T0-68Rl-F 
C4-1/8-T0-147R-F 

C4-1/8-T0-147R-F 
C4-1/8-T0-4640-F 
C4-1/8-T0-4640-F 
C4-1/8-T0-147R-F 
C4-1/8-T0-383R-F 

C4-1/8-T0-147!-F 
C4-1/8-T0-3162-F 
C4-l/8-T0-681!-F 
C4-1/8-T0-3161-F 
C4-1/8-T0-4641-F 

C4-1/8-T0-2!5!-F 
0757-0180 
0698-3260 
0 698-3260 
0757-0180 

6-7 
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Section VI 
Table 6-3 

Reference 
Designation 

A1 I~ 126 
AlR 127 
AlR128 
A1R1 ;~9 
A lR 130 

A1RD1 
Al R132 
A1R 133 
A·\R134 
A1R13S 

A 1 R 136 
AlR137 
AlRl:lB 
AIR 139 
AlR140 

A1R141 
AlR142 
A1R143 
A 1R 144 
Al R 14'.i 

AJ R l 46 

AlR14'7 

A lR 148 

A1R14'1 
A IR 1 ,;o 
A.I Rl 51 
Al Rt :i2 
A"l R15:3 

A IR Vi4 
Al R 15::, 
A I Rl 56 
AIR157 
AIRl'.58 

A1R159 
A1R160 
A1R 161 
f't 1R162 
A1R163 

AIR164 
A1R165 
Al Rl66 
A1R167 
Al Rl 68 

A1R16'1 
AIR170 
A1Rl71 
AlR172 
AlR 173 

AlR174 
A1Rl75 
A1R176 
A1R177 
A lR 178 

Al R 17'1 
A1 Rl 80 
A1R181 
Al Rl 32 
Al R l 83 
Al 51 
Al Tl 
Al T2 
A1T3 
Al T4 
A1T5 

Al T6 
A!T7 

AlUl 
A1U2 
A1U3 
A1U4 
A".lU5 

A1U6 
A1U7 
A1U8 
A lU9 
AlUlO 

6-8 

HP Part 
Number 

116913-<32611 
11698-3261) 
0698·-01184 
1)698-0084 
0698-0084 

0698-0084 
0690· 3444 
07'.'57-·041 11 
0690-·3444 
0757-0279 

0'/'.':!7·-02'79 
0'757-0442 
06913··32611 
0"/57-0439 
07'::i'7·-02B0 

0757~-0279 
069ll·· 0 084 
1)698-0084 
07'.o'7-0Hl0 
0757-0421 

069B-·OOB2 

07,;'/•··01130 

0698-00El4 
075'/·-0465 
0698-3155 
0 698···· 0 IJ 84 
07,,7-1094 

0698···3444 
0698-·0082 
07~57·-0279 
07'.:i7-0279 
07~:i7-0-39~:i 

07:':17--0442 
075'7··-1094 
1)698-3441 
0757···· 0421 
0690-3155 

075'7 ·-10</4 
0698-3444 
069B-·3444 
0757-0280 
07~:i7-0280 

on;7-04111 
075'7·-0279 
0757-0465 
0757--027'/ 
0698-3155 

11698-0084 
0698-3155 
075'7····041 <y 
ll7,;7-1094 
on;7-o 199 

0757-0199 
07~,'7-l 094 
0698-0084 
2100-33 54 
2100-3354 

3101--0i'99 
9100-0822 
91 OO···OD55 
9100-0855 
9100--0B55 
910 0-08{~2 

9100··•0[122 
9100-0822 

Hl26··0139 
19911-0577 
Hl20····1433 
1820-1433 
1990····05'77 

1820-1433 
1826-0188 
1826-0933 

1 B26·-0282 
1826-0043 

C 
D 

9 
'I 
'I 
9 
? 

9 
1 
II 

0 
'I 
9 
4 
3 

II 
9 
9 
2 
4 

7 

7 

2 

9 
6 
1 
'I 
9 

1 
7 
0 
0 
1 

'l 
9 
13 
4 
1 

9 
1 
1 
3 
3 

II 
0 
6 

9 

9 
3 

3 
9 
9 

8 
7 
6 
6 
6 
7 

7 
7 

9 
6 
6 
6 
b 

6 
1 
4 
3 
4 

Oty 

7 

1 
16 
15 

3 
2 

11 

15 
13 

7 

Table 6-3. Replaceable Parts 

Description 

RESISTOR 464K lZ ,125W F TC=0+-100 
RESISTOR 464K lZ ,125W F TC=0+-100 
RESISTOR 2,15K 1% ,125W F TC=0+-100 
RESISTOR 2,15K 1% ,125W F TC=0+-100 
RESI\3TOR 2,151< 1% ,125W F TC=0+-100 

RESISTOR 2,15K 1% .125W F TC=0+-100 
RESISTOR 316 17. ,125W F TC=0+-100 
RESISTOR 681 1% ,125W F TC=0+-100 
RESISTOR 316 1% .125W F TC=0+-100 
RESISTOR 3.16K 11 ,125W F TC=0+-100 

RESISTOR 3,16K IX .125W F TC•0+-100 
RESISTOR lOK IZ ,125W F TC=ll+-100 
RESISTOR 464K 17. .125W F TC=0+-100 
RESISTOR 6.81K IZ ,125W F TC=0+-100 
RESISTOR 1K 1% ,125W F TC=0+-100 

RESISTOR 3.16K 1Z ,125W F TC=O+-lllO 
RESISTOR 2,15K 17. ,125W F TC=0+-100 
RESISTOR 2.15K 1% ,125W F TC=0+-100 
RESISTOR 31, 6 17.. .125W F TC=0+·-100 
RESIS"fOR 825 1~ ,125W F TC=0+-100 

RESISTOR 464 1% ,125W F TC=0+-100 

RESISTOR 464 lZ .125W F TC•0+-100 

RESISTOR 31.6 lZ .125W F TC•0+-100 

RESISTOR 2.15K 1% ,125W F TC=0+-100 
RESISTOR lOOK lZ ,125W F TC=0+-100 
RESISTOR 4.64K lZ ,125W F TC•0+-100 
RESISTOR 2.15K lZ .125W F TC=0+-100 
RESISTOR 1,47K t% , 125W F TC=0+-100 

RESISTOR 316 1% ,125W F TC=0+-100 
RESISTOR 464 1% .125W F TC=0+-100 
RESISTOR 3.16K lZ .125W F TC=0+-100 
RESISTOR 3,16K 1Z .125W F TC•0+-100 
RESISTOR 56.2 1% .125W F TC=0~-100 

RESISTOR !OK lZ ,125W F TC•0+-100 
RESISTOR 1,47K lZ ,125W F TC=0+-100 
RESISTOR 215 1% .125W F TC=0+-100 
RESISTOR 825 1% ,125W F TC=0+-100 
RESISTOR 4.64K lZ ,125W F TC=0+-100 

RESISTOR 1,47K 1% .125W F TC=0+-100 
RESISTOR 316 lZ ,125W F TC=0+-100 
RESISTOR 316 lZ ,125W F TC=0+-100 
RESISTOR lK lZ ,125W F TC•0+-100 
RESISTOR lK 1Z ,125W F TC•0+-100 

RESISTOR 100 17. ,12c;w F TC=0+-100 
RESISTOR 3.16K 1% ,125W F TC=0+-100 
RESISTOR lOOK IZ .125W F TC=O+-lllO 
RESISTOR 3.16K lZ .125W F TC=0+-100 
RESISTOR 4.64K 1Z ,125W F TC=0+-100 

RESISTOR 2, 151< 1% ,125W F TC::::0+-100 
RESISTOR 4,64K lZ ,125W F TC=0+-100 
RESISTOR 6B1 lZ ,125W F TC•0+-100 
RESISTOR 1,47K 1% .125W F TC=0+-100 
RESISTOR 21,5K lZ ,125W F TC=0+-100 

RESISTOR 21.5K 1Z ,125W F TC=0+-100 
RESISTOR 1, 4'7K lZ , 125W F TC=0+-100 
RESISTOR 2.15K lZ .125W F TC=0+-100 
RESISTOR-TRMR 50K 101 C SIDE-ADJ 1-TRM 
RESISTOR-TRMR 50K lOZ C SIDE-ADJ l-TRN 
SWITCH-SLIDE 4-SPST 
TRANSFORMER1PULSEl1131l71 
TRANSFORMER-PULSE 113Gl 
TRANSFORMER-PULSE 113G1 
TRANSFORMER-PULSE 113Gl 
TRANSFORMER:PULSE1113071 

TRANSFORMER1PULSEl11307) 
TRANSFORMER1PULSEl1130'71 

IC OP AMP GP DUAL 8-DIP-P PKG 
□PTO-ISOLATOR LED-PDIO/XSTR IF•50MA-MAX 
IC SHF-RGTR TTL LS R-S SERIAL-IN PRL-OUT 
IC SHF-RGTR TTL LS R-S SERIAL-IN PRL-OUT 
OPTO-ISOLATOR LED-PDIO/XSTR IF=50MA-MAX 

IC SHF-RGTR TTL LS R-S SERIAL-IN PRL-OUT 
JC CONV 8-B-D/A 16-D!P-C 
IC NJM78Ll2A V RGLTR T0-92 
IC V RGLTR T0-92 
IC OP AMP GP T0-99 PKG 

Mfr 
Code 

28480 
::'!34811 
24~:i46 
24~.',46 
24~546 

24546 
24~)46 
i?.4~':i46 
24~i46 
24~:i46 

24546 
24~.)46 
213400 
i?.4546 
24546 

(.'.4546 
24~~J46 
24'.':i46 
284130 
24546 

24'.':i46 

~:?.4546 
24~i46 
24~:i46 
24546 
,.~4546 

24546 
24546 
24546 
24'546 
24~J46 

24:i46 
24~i46 
24~:i46 
:?.4546 
24'.H6 

24~:i46 
24:i46 
24546 
24:':i46 
24546 

24546 
24~J46 
24~:;46 
24546 
24546 

24546 
24546 
24546 
24546 
24546 

(.'.4~i46 
24546 
24546 

284(111 
,'84811 
28480 
284811 
213480 
28480 

284BO 
28480 

0192B 
L!848 0 
01295 
Ol295 
28480 

01295 
04713 

04'713 
0192B 

See introduction to this section for ordering information 
*Indicates factory selected value -

Model 4192A 

Mfr Part Number 

06'/B-3260 
0698-32611 
C4-l/8-T0-2151-F 
C4-1/8-T0-2151 F 
C4-1/8-T0-2151-F 

C4···1 /8-T0-2151 ···F 
C4-l/8-T0-316R-F 
C4-1/8-Tll-681R-F 
C4-1/8-T0-316R-F 
C4····1/8-l 0-3161 ··-F 

C4-1/8-T0-3161-F 
C4-1/8-T0-100::'-F 
0698-3260 
C4-l/8-T0-681l·F 
C4-1/8-T0-1001-F 

C4-l/8-T0-3161-F 
C4-l/8-Tll-2151-F 
C4-1/8--f0-2151-F 
07'.:;'7-01811 
C4-1/8-T0-825R-F 

C4-l/8-T0-4640-F 

C4-l/8-T0-4640-F 

C4-1/8--T0-2151-F 
C4-l/8-Tll-1003-F 
C4-1/8-Tll-4641-F 
C4-1/8-T0-2151-F 
C4-1/8-l0-1471-F 

C4-1/8-T0-316R-f 
C4-1/8-l0-4640-F 
C4-l/8-Tll-3161-F 
C4-1/8-T0-3161-F 
C4-1/8-T0-56R2-F 

C4-1/8-T0-1002-F 
C4-l/8-T0-1471-F 
C4-1/8-l"0-215R-F 
C4-1/8-T0-825R-F 
C4-1/8-T0-4641-F 

C4-1/8-T0-1471-F 
C4-1/8-T0-316R-F 
C4-1/8-T0-316R-F 
C4-1/8-Tll-1001-F 
C4-l/8-T0-1001-F 

C:4-·· l /8·- T 0-1 0 l ···F 
C4-l/8-T0-3161-F 
C4-1/8-T0-1003-F 
C4-1/8-T0-3161-F 
C4-1/8-T0-4641-F 

C4-1/8-T0-2151-F 
C4-1/8-T0-4641-F 
C4-l/8-T0-6B1R-F 
C4-1/8-T0-1471-F 
C4-1/B-T0-2152-F 

C4-1/8-T()-2152-F. 
C4-1/8-T0-1471-F 

3101 ·-0299 
9100-0B2i~ 
9100-0855 
9100-0B:iS 
9100-0855 
9100-0B22 

910 0-0822 
9100-0822 

CA1458G 
~;002-4:355 
SN74LS164N 
SN74LS164N 
5082-4355 

SN74LS164N 
MC1408L-6 
NJM78Ll2A 
MC'79U2ACP 
CA307T 
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Reference 
Designation 

Alli!! 
AllJ12 

Alllt:l 
A I Ul4 
A 1 l.l"I ':.", 

t1 I Ul {) 
AIU!'? 
A·l Ul U 
All.II 'I 
•~ 1 u~~o 

f-'t1\.IC!1 
td u2;, 
AlUi.!J 
A 1 UC4 
Al ll?~i 

ti l U26 
A!U:0 7 
r-'UU21J 
A1U29 
Al U3IJ 

AHl3I 
A·1 U3~.1 

t,:::c1 
Ai.~C2 
Ai?C3 
A?C4 
A;:_'.CS 

A;.?.C6 
Ai'C7 
A;:e,B 
A;l_CC) 
A2C: ID 

{~;:?Cl 1 
A2CJ:' 
A:.-)Cl 3 
A:.?.C14 
A;·'.Cl'.:i 

A2Cl6 
A,.'Cl 7 

A2C18 
A:::c1<; 
A2C~~ 0 

A2CR1 
A;.:?CR? 
A;.?.CR3 
A;.?.CR4 
A2CR'.5 

(12J 1 
A2J2 
A;.-_iJ .3 
A2J4 
A;2J5 

A:CL\ 
A;.~L2 
A2L3 

?)2Q1 
A:.~Q2 
A2Q3 
A;·2Q4 
A2Q5 

A;_:~Q6 
A2Q7 

HP Part 
Number 

1826-0282 
1s;?6-o 03~~ 

10?{)- 0 043 
1826-0933 
1 Bi.!6- 02U2 

1 H26 ···0;:?.82 
1826-0933 
1826-0933 
18?6-02B2 
1826-0600 

1826-0933 
1 U26····0?D2 
1826-003~; 
1B26····0035 
Hl21--0001 

·1 U26 ··· 0 '.'.'i22 
18:'0-1433 
1826···0~52:.~ 
1820-1197 
t U20····1112 

1820-11(/4 
1 tl20··· O<J 1 0 

0 34 0-0 ;0 211 
1205-·0095 
12:58--0141 
30~i0-0082 
11!390·-0006 

0180···10ll.S 
01 Elll-1 OEl3 
0180--1083 
01 B0--1 OB'.', 
0 1130- \ O'SO 

0160-4835 
0160-4835 
0160-4835 
0160-4830 
I! 18 0-1 OElc; 

111. BO·· I 085 
0160-'.'d39 
0 l 60· .3436 
0160-··3456 
0160-4835 

1)160-4835 
0 "J. 60··· ??!'.)7 
11 rno-1 on,; 
0180 ·l 11135 
OHI0-11185 

0 l 80 · 1 OEl5 

1902-3129 
190\ 0040 
1'101 -II 0411 
1 '111 \- \ 0 11 
1 1/Dl-0040 

1'?01-·0040 

"l 25 l ····0513 
1 i.~O 0-0541 
1 ;:?.SO-· 0257 
120 0 -·0607 
1251-65;:~7 

9100·-·1788 
9140-01'79 
t"/140·-·0179 

18:i5-0406 
1B55-··0406 
18~i5-0406 
1 B55··-0406 
t8~i5-0406 

l B55····0406 
1855-0406 

C 
D 

4 
4 
3 

3 
4 
4 
3 
4 

4 
3 
4 
4 
4 

4 
6 
4 
9 
8 

6 

8 
II 
8 
B 
3 

5 

4 

B 
8 
fl 
B 
5 

6 
6 
6 
8 

13 
3 
d 

5 

,.> 

1 
1 
8 
1 

4 
1 
1 
0 ,, 

6 
1 
1 

4 
4 
4 
4 
4 

4 
4 

Oty 

6 

9 
It 

9 

3 

113 

6 
19 

;i 

5 
6 

8 

Table 6-3. Replaceable Parts 

Description 

lC V RGLTR T0-92 
IC OP AMP LOW-DRIFT T0-99 PKG 

IC OP AMP GP T0-99 PKG 
IC NJM78Ll2A V RGLTR T0-92 
JC V RGLTR T0-92 

IC V RGLTR HJ-92 
IC NJM78Ll2A V RGLTR T0-92 
IC NJM78Ll2A V RGLTR T0-92 
lC V RGLTR T □-92 

IC OP AMP QUAD 14-DIP-P 

IC NJM78Ll2A V RGLTR T0-92 
IC V RCL.TR T0-92 
IC DP AMP LOW-DRIFT T0-99 PKG 
IC OP AMP LOW-DRIFT T0-99 PKG 
TRANSISTOR ARRAY 14-PIN PLs1·c DIP 

IC OP AMP QUAD 14-DIP-P PKG 
IC SHF-RGTR TTL LS R-S SERIAL-IN PNL-OUT 
IC OP AMP QUAD 14-DIP-P PKG 
lC GAlE TTL LS NANO QUAD 2-INP 
IC FF TTL LSD-TYPE POS-EDGE-TRIG 

IC C:NTR TTL LS BIN UP/DOWN SYNCHRO 
IC ADDR TTL LS BIN FULL ADDR 4-BIT 

Al MISCELLANEOUS PARTS 

HEAT SINK SGL T0-5/T0-39-CS 
JIJMPER·-REM 
WASHER-FL NM NO, 4 .116-IN-ID ,188-IN-OD 
TUBING-FLEX ,204-ID PVC ,112-WALL 

PHASE DETECTOR/A-D CONVERTER 

CAPACITOR-FXD 4,7IJF 16VDC TA 
CAPACITOR-FXD 33LIF 25VDC AL 
CAPACITOR-FXD 33UF 25VDC AL 
CAPACITOR-FXD 4,7UF 16VDC TA 
CAPACITOR-FXD lllOIJF 25VDC 

CAPACITOR-FXII . lUF l 0 50VDC 
CAPACITOR-FXD , lUF l O , 50VDC 
CAPAC ITDR-FXII , lllF l O , 50VDC 
CAPACITOR-FXD , l lJF 1 0 50VDC 
CAPAC I TDR-·FXD 4.7UF 16VDC TA 

CAP AC ITOR-FXD 4.'7UF 16VDC TA 

CER 
C ER 
CER 
CER 

CAPAC ITOR-FXD \llOOPF +-10% lKVDC CER 
CAPACITOR-FXD 1 OOOPF +-·111% 1I(VDC CE:R 
CAPACITOR-FXD , lUF IO _ 50VDC C ER 

CAPACITDR-·TXII , !LIF IO, 50VDC CER 
CAPACITOR-·FXD 1 lll'F +-5¼ 5 0 OVDC GER ll+·-60 
CAPAC I TDR-TXD 4.7UF 16VDC TA 
CAP AC ITOll·-FXD 4,7UF 16VDC TA 
CAPACITOR-·FXD 4,7UF 16VDC TA 

CAPACITOR-FXD 4.7UF \6VDC TA 

DIDDE·-ZNR 7, ~iV 2% D0-35 PD=.4W TC=+, 05% 
DIODE·-SWITCHING 30V 50MA 2NS DO·-·35 
DIODE-SWITCHING 30V ~'iOMA 2NS D0-35 
DIODE-ARllAY VF DIFF=5MV 
DIODE-SWITCHING 311V 50MA 2NS DD-35 

DIODE-SW ITCH ING 30V 50MA 2NS D0-35 

CONNECTOR 5-PIN M POST TYPE 
SOCKFT-·lC 24-C:ONT DIP DIP-SLDR 
CONNECTOR-RF SMB M PC 511·-0HM 
SOCKET-IC 16-CONT DIP DIP··-SLDR 
CONNECTOR 6-·P IN M METRIC POST TYPE 

CHOl(E-WIDE BAND ZMAX=680 □ J;M@ 180 MHZ 
INDUCTOR RF·-CH-MLD 22UH 1 Oi., , 166DX, 3B5LG 
INDUCTOR RF·-CH-MI .. D 22UH 1 07. , 166DX, 38'.SLG 

TRANSISTOR J-TET P-CHAN D-·MDDE SI 
TRANSISTOR J-FE:T P-CHAN D··-MODE SI 
TRANSISTOR J+ET P-·CHAN D-·MDDE SI 
TRANSISTOR J--FET P-CHAN D-MDDE SI 
TRANSISTOR J-TET P-·CHAN D-·MODE SI 

TRANSISTOR J-FE:T P-CHAN D·-HODE SI 
TRANSISTOR J-FET P-·CHAN D-·HODE SI 

Mfr 
Code 

04713 
;"7014 

0192B 

04713 

04'713 

04713 
0129'.':i 

04'/13 
27014 
27014 
01 c;i2B 

01295 
0129'.3 
0129~-:i 
0129~":i 
01295 

0129:i 
01295 

2ll4UO 
30161 
2841:10 
28480 
28480 

213480 

;,8480 
284811 
20480 
284811 
2841:lO 

(.!8480 

284130 
28480 
28480 
28480 

28480 
28480 
213480 
28480 

2.8480 

28480 
284811 
28480 
28480 
28480 

28480 

21:l480 
28480 
21:l480 
28480 
2134811 

0,'114 
28480 
28480 

32293 
32;~93 
32.293 
32293 
32293 

32293 
32293 

See introduction to this section for ordering information 
*Indicates factory selected value 

Section VI 
Table 6-3 

Mfr Part Number 

MC79L 12ACP 
LM308AH 

CA307T 
NJM78Ll2A 
MC79L12ACP 

HC79L12ACP 
NJM78L12A 
flJM78L l 2A 
MC'79L12ACP 
Tl.0'74CN 

NJM78L 12A 
MC79L 12ACI:) 
LM308AH 
LM308AH 
CA3046 

TL.074CN 
SN74LS164N 
TL074CN 
\;;N74LSOON 
SN74LS74AN 

SN74LS1 'i3N 
SN74L.S83AN 

0340-02;.:~o 
32~~5B 
125fJ·-0141 
3050-00B2 
08'70-0006 

041 <;>2-66:i02 

01130-1085 
0180-1083 
0180-1083 
OHIO-\ 08'.3 
0180··-1050 

0180-11185 

0180-1085 
0160-5139 
0160-3456 
0160-3456 

0160-2257 
01130-108'.l 
0180-1085 
11180-1085 

0180-1085 

1902-3129 
1901-0040 
1901-0040 
1901-1011 
1901-01140 

1901-0040 

1251-0513 
1200-0541 
1250-0257 
12110-0607 
1251-6527 

VK200 20/48 
9140-0179 
9140-0179 

IT\ 10 
Ill 10 
!Tl I 0 
ITl 10 
!Tl I 0 

IT110 
!Tl 10 

6-9 
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Section VI 
Table 6-3 

Reference 
Designation 

A2R1 
A::!R2 
A2R3 
A;.~R4 
A2R5 

A::!R6 
A2R7 
A2R8 
A2R9 
A;.!Rl 0 

A2Rll 
A::.~R 12 
A2R13 
A2R14 
A2Rl5 

A;2R16 
A2.Rl7 
A;2R1B 
A2R19 
A:.~R20 

A2R21 
A2R22 
A::!R23 
A2R24 
A:~R25 

A2R26 
A;2R27 
A2R28 
A;_~R29 
A2R30 

A2R31 
A2R32 
A;2R33 
A2R34 
A:.~R35 

A2R36 
A;2R37 
A2R38 
A::?.R39 
A2R40 

A;2R41 
A2R42 

A::!Ut 
A2U2 
A~-!U3 
A2U4 
A:.~U5 

A2U6 
A;2U7 
A2U8 
A;2U9 
A2U10 

A3 

A3Cl 
A3C2 
A3C3 
A3C4 
A3C5 

A3C6 
A3C7 
A3C8 
A3C9 
A3C10 

A3Cl 1 
A3C12 
A3C13 
A3C14 
A3C15 

6-10 

HP Part 
Number 

0683-1525 
0683 .. -6845 
0683-1525 
0698----3155 
0683-1525 

0 683·-· 1525 
0683-1525 
0683 .. -4725 
0683-4725 
0683---1525 

0683-4725 
0683-4725 
0698-3157 
0698·--3"155 
0698-3155 

0698-0084 
0757-0442 
0757-0199 
0757-0441 
0698---8649 

06913--2214 
0698-0084 
0'757-0465 
0698-3155 
0 698··-3 l 53 

0698-3153 
0 683---2225 
0683-2225 
0698--3155 
0757-0199 

0757--019', 
0757-0442 
0757---0442 
0757-0280 
0757-0280 

0757-0442 
0757---0442 
0757-0280 
0'757-0280 
0757-0280 

0'757-0280 
0757-0280 

1B26·-·0282 
1826-0933 
1 U26··-0522 
1826-0138 
1026--0013 

1826-0081 
1[!26-0043 
1820-1112 
IB20--1197 
1820-1112 

1020·-·1469 

0340-0220 
3050--00!32 

C 
D 

4 
1 
4 
1 
4 

4 
4 
2 
2 
4 

2 
2 
3 

9 
9 
3 
8 
8 

1 
9 
6 
1 
9 

9 
3 
3 
1 
3 

3 
9 
9 
3 
3 

9 
9 
3 
3 
3 

3 
3 

3 
4 
4 
8 
8 

0 
4 
8 
9 
8 

8 

8 
8 

04l 92-·66~j03 1 

0160-4835 8 
0160-4835 ll 
0180-1085 5 
0160-3847 9 
0160-384'7 9 

0160-4835 
0160-3847 
0180--0100 
0180-1050 
0180-0100 

0160-3847 
0180-2207 
0160-0134 
0180-2951 
0180-2207 

8 
9 
3 
4 
3 

9 
5 
1 
6 
5 

Oty 

12 

27 

3 

6 

14 

6 
1 

2 

3 
4 
3 

Table 6-3. Replaceable Parts 

Description 

RESISTOR 1 .5K 5% .25W FC TC=-400/+700 
RESISTOll 6llOK 5% ,25W FC TC=--800/+900 
RESISTOR 1,5K 5% .25W FC lC=-400/+70() 
RESISTOR 4,64K 1r. ,125W F TC=0+-100 
RESISTOR 1.5K 5,. .25W FC TC=-400/+700 

RESISTOR l ,51< 5% .25W FC TC=-400/+7011 
RESISTOR 1,5K 51 ,25W FC TC=-400/+7011 
RESISTOR 4,n. 5% ,25W FC TC=-400/+7011 
RESISTOR 4.7K 5,. ,25W FC TC=-400/+700 
RESISTOR 1,51< 5X, ,25W FC TC=-4110/+7011 

RESISTOR 4,7K 5,. ,25W FC TC=-4011/+700 
RESISTOR 4, 7K 5X, , 25W FC TC=-40 0 I +7 0 0 
RESISTOR 19,6K lZ ,125W F TC=0+-11111 
RESISTOR 4,64K Jr. ,125W F TC=0+-100 
RESISTOR 4,64K Ir. ,125W F TC=0+-100 

RESISTOR 2,15K 1% ,125W F TC=0+-100 
RESISTOR !OK lZ ,125W F TC=0+-1110 
RESISTOR 21.51( 1% ,125W F TC=0+-100 
RESISTOR 8,25K 17. .125W F TC=0+-100 
RESISTOR 1.28M ,1% ,25W F TC=0+-25 

RESISTOR:FXD 10,0K OHM 0.05Z 1/BW MF 
RESISTOR 2,15K 11 ,125W F TC=0+-100 
RESISTOR lOOK lZ .125W F TC=0+-100 
RESISTOR 4,64K 11 ,125W F TC=0+-100 
RESISTOR 3,83K lZ .125W F TC=0+-1011 

RESISTOR 3,83K lZ ,125W F TC=0+-100 
RESISTOR 2, 2K 5/4, , 25W FC TC=-4 0 0 /+7 0 0 
RESISTOR 2,2K 51 ,25W FC TC=-400/+71111 
RESISTOR 4,64K 11 .125W F TC=0+-100 
RESISTOR 21,5K 11 ,125W F TC=0+-1110 

RESISTOR 21,5K 11 .125W F TC=0+-100 
RESISTOR !OK 1Z ,125W F TC=0+-100 
RESISTOR !OK 1% ,125W F TC=0+-100 
RESISTOR lK 11 ,125W F TC=0+-100 
RESISTOR lK 11 ,125W F TC=0+-1110 

RESISTOR !OK 11 ,125W F TC=0+-100 
RESISTOR !OK lZ ,125W F TC=0+-100 
RESISTOR lK 11 ,125W F TC=0+-100 
RESISTOR lK 11 .125W F TC•0+-100 
RESISTOR lK lZ ,125W F TC=ll+-100 

RESISTOR lK 1% .125W F TC•0+-100 
RESISTOR lK 11 ,125W F TC=0+-1110 

IC V RGL TR T0--92 
IC NJM78Ll2A V RGLTR T0-92 
IC OP AMP QUAD 14-DIP-P PkG 
IC COMPARATOR GP QUAD 14-DIP-P PKG 
IC OP AMP LOW-NOISE T0-99 PKG 

IC OP AMP WB T0-99 PKG 
IC OP AMP GP T0-99 PKG 
IC FF TTL LSD-TYPE POS-EDGE-lRIG 
IC GATE TTL LS NAND QUAD 2-INP 
IC FF TTL LSD-TYPE POS-EDGE-TRIG 

IC FF TTL LS J-K NEG-EDGE-TRIG CLEAR 

A2 MISCELLANEOUS PARTS 

WASHER-FL NM NO, 4 .116-IN-ID ,188-IN-OD 

REFERENCE FREQUENCY GENERATOR BOARD ASSEMBLY 
(NOT INCLUDING THE SHIELD CASES) 

CAPACITOR-FXD ,!UF lOi 50VDC CER 
CAPACITOR-FXD ,lUF lOt 50VDC CER 
CAPACITDR-FXD 4,7UF 16VDC TA 
CAPACITOR-FXD ,OlUF +100-0% 50VDC CER 
CAPACITOR-FXD ,OlUF +100-0% 50VDC CER 

CAPACITOR-FXD ,lUF lOi 50VDC CER 
CAPACITOR-FXD ,OlUF +100-01 50VDC CER 
CAPACITOR-FXD 4,7UF+-101 35VDC TA 
CAPACITOR-FXD lOOUF 25VDC 
CAPACITOR-FXD 4,7UF+-10Z 35VDC TA 

CAPACITOR-FXD ,OlUF +100-0Z 50VDC CER 
CAPACITOR-FXD lOOUF+-101 lOVDC TA 
CAPACITOR-FXD 220PF +-51 300VDC MICA 
CAPACITDR-FXD 33UF+-201 16VDC AL 
CAPACITOR-FXD lOOUF+-lOZ lOVDC TA 

Mfr 
Code 

01121 
0112.1 
01121 
24546 
01121 

01121 
01121 
01121 
01121 
01121 

II 1121 
01121 
24546 
24~j46 
24~)46 

24546 
24'546 
24~j46 
24:':i46 
284BO 

284f:l0 
24546 
24546 
24~.)46 
24~j46 

~:4546 
01121 
II 1121 
24:':i46 
24'.'.)46 

24546 
24:':i46 
2.4546 
24546 
24546 

~:_!4546 
24546 
24~)46 
24~546 
24~":i46 

24~546 
24~546 

04'/13 

0 1295 
01 ;.?.95 
06665 

27014 
0192B 
01295 
01295 
0129::'i 

01295 

28480 
28480 

2B4811 

28480 
28480 
284130 

28480 
56289 
;,B4B 0 
56289 

,.'84fJO 
56289 
28480 
28480 
56289 

See introduction to this section for ordering information 
*Indicates factory selected value 

Model 4192A 

Mfr Part Number 

CB 1 ~)25 
CB6845 
CBl ~'.i25 
C4-l/8-Tll-4641-F 
CBl ~'-'i25 

CB1525 
CBl :_;25 
CB4'725 
CB47,.''.l 
CB1~525 

CB472~:i 
CB4725 
C4-1/8-T0-1962-F 
C4-l/8-T0-4641-F 
C4-l/8-TIJ-4641-F 

C4-1/8-Tll-2151-F 
C4-1/8-T0-1002-F 
C4-1/8-T0-2152-F 
C4-1/8-T0-8251-F 
06',13--8649 

06</B-2?14 
C4-1/8-T0-2151-F 
C4-l/8-T0-11103-F 
C4-l/8-T0-4641-F 
C4-l/8-T0-3ll31-F 

C4--1/8---10--383"1 -F 
CB;?:.?:25 
CB(.!~:.>~:-~5 
C4-l /8-Tll-4641 -F 
C4-1/8-T0-2152·-F 

C4-1/B-T0-2152-F 
C4-1/8-T0-100?-F 
C4-1/8-TO-l002-F 
C4-l/8-T0-1001-F 
C4-1/8-T0-11101-F 

C4-l/8-T0-10112-F 
C4-1/8-Tll-1002-F 
C4-l/8-TIJ-1001-F 
C4-l/8-Tll-111111-F 
C4-1/8-Tll-1001-F 

C4-l/8-Tll-l001-F 
C4-1/8-T0-1001-F 

Mt:79L12ACP 
NJM78L 121\ 
TLIJ74CN 
LM33'?N 
SS!J741CJ 

L.M3181--1 
CA30'7T 
SN74LS74AN 
SN74LSOON 
SN74LS74AN 

SN74L.S107AN 

0340 ···0220 
3050-0082 

04192-665113 

0180-108'., 
0160-3847 
01611-3847 

11160-3El47 
15 0 D475X9035B~~ 
0180--1050 
150D475X9035B? 

Ill 60-3847 
150DI07X9010R2 
01/,11-0134 
0180-2951 
150D107X9010R2 
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Reference HP Part C 

Designation Number D 

A3C16 0180--1050 4 
A3C17 0160--3847 9 
A3C lll 11160-3847 9 
A3C1'1 0160---01n 2 
A3C20 0160-4835 8 

A3C21 0160-4835 fl 
A3C22 0160-2264 -, 
A3C23 0160-384'7 9 
A3C24 11160-2307 4 
A,3C25 0140-0191 8 

A3C26 0160-0134 1 
A3C27 0160-·0134 1 
A3C28 0160-3847 9 
A3C29 0160--3847 9 
A3C30 0160-3456 6 

A3C31 0160-3456 6 
A3C32 0160-4835 8 
A3C33 0 160--·0 l 27 2 
A3C34 0160-0160 3 
A3C35 0160--0134 1 

A3C36 0160-0127 2 
A3C37 0 160---31347 9 
A3C38 II 1611--384'/ 9 
A3C39 0160-0194 3 
A3C40 0160-4835 8 

A3C41 0160-4835 8 
A3C42 0180--1005 5 
A3C43 11160-384'7 9 
A3C44 0160--2307 4 
A3C45 0160-2253 9 

A3C46 01611--384'7 9 
A3C47 0180-220'7 5 
A3C48 0160-3456 6 
A3C49 0160--3847 9 
A3C50 111611--384'7 9 

A3C51 0160-4835 8 
A3C52 0180-1085 5 
A3C53 0 l 60----31J47 9 
A3C54 0160-3847 9 
A3C55 0160--3456 6 

A3C56 0160-2264 2 
AilC57 0160---3847 9 
A3C58 0160-3847 9 
A3C5? 0160--3456 6 
A3C60 0160-3847 9 

A::lC61 0160--3456 6 
A3C62 0160-2261 9 
A3C63 0160--2150 5 
A3C64 0180-2951 6 
A3C6':J 0160-3847 9 

A3C66 0"180-1085 5 
A3C67 0160-4835 8 
A3C68 0 l 60··2(~53 9 
A3C69 0160-·226:1 1 
A3C70 ot60-34ei6 6 

A3C71 0 l 60-3!347 9 
A3C72 0160--2204 0 
A3C73 1)160-3456 6 
A3C74 0160--2307 4 
A3C75 0160--2150 5 

A3C'76 0160-3847 9 
A3C7'7 0160-0127 9 
A;3C78 0180-29~.'il 6 
A3C79 0160-3847 9 
A3CSO 0180-1050 
A3CR1 1901 ·-O:i18 8 
A3CR2 1901-05l8 8 
A3CR3 1901-0040 1 
A3CR4 1901-0040 1 
A3CR5 1'101-0040 1 

A3CR6 1901-0376 6 
A:lCR7 1901-0376 6 
A3CR8 l902-3059 0 
A3CR9 0122-0109 0 
A3CR10 0122-0109 0 

Table 6-3. Replaceable Parts 

Oty Description Mfr 
Code 

CAPAC ITOR-FXD 1110UF 25VDC 21J4UO 
CAPAC ITOR-FXD .01UF +l 00--·0% 50VDC cm 284130 
CAPACITUR--FXD .OllJF +100-11% 50VDC LER C!8480 
CAPAC ITOR-FXD !UF +-20'¼ 2:':iVDC CER 28480 
CAPAC l TOR--FXD . llJF l 0 50VDC C ER 

CAPACITDR-FXD , !IJF l O, 50VDC C ER 
-., CAPAC ITOR-FXD ~~ 0 p F +-5% 500VDC CER 0+-311 28480 

CAPAC ITOR-FXD .OlUF +100-0% 50VDC CER 28480 
7 CAPACITDR--·FXD 47PF +-5¼ 1300VDC MICA 284BO 

CAP AC ITOR-FXD 56PF +··-5'¼ 300VDC MICA 72136 

CAPACITDR-FXD ;:_~20PF +-5% 300VDC MICA 28480 
CAPACITOR-FXD 2Z~0PF +·-57.. 300VDC MICA 28480 
CAPACIHIR-FXD . 111UF +10 0-11% 50VDC CER ?8480 
CAPAC ITOR-FXD .O!UF +100--0% 50VDC CER 28480 
CAPACITDR-FXD 1000PF +--10% 1KVDC CER 28480 

CAP AC I TOR-FXD 100 OPF +-10% 1KVDC cm 213480 
CAPACITOR-FXD , !UF l 0 50VDC C ER 
CAPACITOR-FXD ti.IF +·-·20% 25VDC cm 28480 

1 CAPACITOR-FXD 820 OPF +-!OX 200VDC POL YE C~8480 
CAPACITOR-FXD 2?.0PF +·-5% 3ll0VDC MICA 28480 

CAPACITOR-FXD 1UF +-20/. 2:,VDC CE.R 28480 
CAPACITOR-FXD .OlUF +l 00-0o/.. 5IIVDC CE.R 28480 
CAPAC ITOR-FXD .O!IJF +100-07., 50VDC CER 2134ll0 

1 CAPACITOR-FXD ,015UF +-!OX 200VDC POL YE 28480 
CAPAC ITOR-FXD , 1UF l O, 50VOC CER 

CAPACITDR-FXD , !IJF l O :, 50VDC CER 
CAPAC ITOR-FXD 4, 7LIF 16VDC TA 21·!480 
CAPAC ITOR--FXD .O!LIF +l 00-ll7. 50VDC CER 2fl480 
CAPAC ITOR-FXD 47PF +-5¼ 300VDC MICA 28480 

6 CAPACITOR--FXD 6, SPF +-,25PF 500VDC CER 284811 

CAPACITOR-FXD .01UF +100-07. 50VDC CER 28480 
CAPACITOR-FXD lllOUF+-107. !OVDC TA 56;;!89 
CAPACITOR-FXD 1 OOOPF +-111% lKVDC CE R c'84ll0 
CAPAC I TOll-FXD ,OIi.iF +100-07. 50VDC CER 2B480 
CAPAC ITOR-FXD .01UF +100-07. 50VDC CER 284ll0 

CAPACITOR-FXD . llJF l O', 50VDC CER 
CAPACITOR-FXD 4.7UF 16VDC TA ?84BO 
CAPACITOR-FXD ,01UF +100-07. 50VDC CE.R 28480 
CAPACITOR-FX!) .Oll!F +100-07. 50VDC CER c'84BO 
CAPACITOR-FXD lOOOPF +--10% !KVDC CER 284fl0 

CAPAC ITOR--FXD 20PF +-5% ,,OOVDC CER O+- 30 <'8400 
CAPAC ITOR--FXD ,OlUF +101)-0% 50VDC CER 284BO 
CAPACITDR--FXD . OlUF +100-0% 50VDC !TR 28480 
CAPAC I TOll-FXD 10 II OPF +--111% !KVDC CER 28480 
CAPACITOR-FXD ,U!UF +100-0% 50VDC CER ?8480 

CAPAC ITOR-FXD 100 OPF +--10% lKVDC CEil 20480 
1 CAPACITOR-FXD 15PF +-5% cdl IIVDC CER 0+-30 c'848 o 

CAPAC ITOR-FXD 33PF +·-5% 300VDC MICA 28480 
CAPACITOR-FXD 33UF+-20l: 16VDC AL :,8480 
CAPACITOR-FXD .01UF + 100--07. 50VDC CER 28480 

CAPACITOR-FXD 4.7UF 16VDC TA 28480 
CAPACITOR -FXD . lUF l 0 50VDC C ER 
CAPACITOR-FXD 6.8PF +-,25PF 500VDC cm 2cl480 

1 CAPACITOR-FXD HlPF +·-57. 5ll0VDC CER 0+-30 284ll0 
CAPACITDR-FXD 100 OPF +-107. lKVDC CFR ?84BO 

CAPAC ITOR-FXD .O!UF +100---07. 50VDC cm 2H4BO 
CAPAC ITOR-FXD !OOPF +-5%. 3ll0VDC MICA 21:1480 
CAPACITOR- FXD !OOOPF +-10¼ 1KVDC CE R r.18480 
CAPACITOR-FXD 4'7PF +-·5% 3ll0VDC MICA 28480 
CAPAC ITOR-FXD 33PF +-5¼ 3ll0VDC MICA 284130 

CAPAC ITOR--FXD .OIUF +100-0% 50VDC cm 28480 
CAPACITOR-FXD l U F +-20" 25VDC CER :~848 0 
CAPACITOR-FXD 33UF+-20¼ 16VDC AL 213480 
CAPACITOR--FXD .OlllF +100-11% 5IIVDC CER 28480 
CAPACITOR-FXD lOOU F - l 0+5 O:. 

8 DIODE-SM SIG SCHOTTKY 28400 
DIODE-SM SIG SCHOTTKY 28480 
DIODE-SWITCHING 311V 50MA 2NS D0·-35 28480 
DIODE-SWITCHING 30V 50MA 2NS DO-35 20480 
DIODE-SW ITCH ING 30V 50MA 2NS Dll-35 28480 

8 DIODE-GEN PRP 3~;v 5DMA D0-·35 2I348ll 
DIODE-GEN PRP 35V SOMA DD-35 213480 

6 DIODE--ZNR 3,83V 5¼ DD-35 PD=,4W ;"El480 
2 DIODE-VVC 284130 

DIODE-VVC 28480 

See introduction to this section for ordering information 
*Indicates factory selected value 

Mfr 

0180--10~,0 
0160-3847 
0160-3U47 
0160·-0l27 

0160·-2;?.64 
011,0 -3847 
0160-2307 

Part 

Section VI 
Table 6-3 

Number 

DM15E560J0300WV!CR 

0160-0134 
0160-0134 
0160-3B47 
0160---31347 
0160-34:;6 

0160-3456 

0160·-012'7 
0160-0160 
0160-0134 

11160-012'7 
0160-3fl47 
0160-384'7 
0160-0194 

o 1011-100,0 
0160-3ll47 
0ll:i0-2307 
o 160-c.::.>5J 

01611 .. -3[347 
1511D107X901 OR,' 
11160-34:,6 
0160-31347 
0160-3847 

111 (10-1 085 
0160-31347 
11160-3[14'7 
0160-3456 

0160-?;?64 
0160-3847 
0160-384'7 
0160-3456 
Ol60-3B47 

0160-34~,6 
0160-2i.1 61 
0160-2150 
0180-2951 
0160-31347 

11180-1085 

0160-2253 
0160-2263 
0160-3456 

0160--3847 
0160-2204 
0160-3456 
0160--2307 
0160-2150 

0160-31347 
0!60-3B47 
OtB0·-2951 
!l 160-384'7 

19llI-0518 
19ll 1-0~il 8 
1'1ll1-0040 
1901-0040 
1901-0040 

1901-0376 
1901-0376 
1902-3059 
0122·-·0109 
0122-0109 

6-11 
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Section VI 
Table 6-3 

Reference 
Designation 

A3JI 
A3J2 
A3J3 
A:IJ4 
A3J5 

A3J6 
A3J7 
A3J8 
A3J9 
A3J10 

A3LI 
A3L2 
A3L3 
A;lL4 
A3L5 

A3L6 
A3L7 
A;lL8 
A3L9 
A3LI 0 

A3Ll 1 
A3L12 
A3L.13 
A3L14 
A3L.15 
A3L16 
A3L17 
A3L l 8 
A3Ll9 

A3QI 
A3Q2 
A3Q3 
A3Q4 

A3Q5 
A3Q6 
A3Q7 
A3Q8 
A3Q9 

A3Q!O 
A3Q11 
A3Q!2 
A3Ql3 
A;3Q!4 

A3Q15 
A3Q!6 
A3Ql7 
A3Q!B 

A3R! 
A;lR2 
A3R3 
A;3R4 
A3R5 

A;3R6 
A3R7 
A;3R8 
A3R9 
A;lR I 0 

A3R11 
A;3R12 
A3R13 
A3R!4 
A3R15 

A;3Rl 6 
A3Rl7 
A3RIB 
A3Rl9 
A3R20 

A3R21 
A3R22 
A3R23 
A:lR24 
A3R25 

A3R26 
A3R27 
A3R28 
A3R29 
A3R30 

6-12 

HP Part 
Number 

1 ;~51 ·-0'513 
1251-6527 
1250-0257 
1 ;.~50-0::'.57 
1250-0257 

1 ;.?50-•o;-,:57 
1250-0257 
1::?50···0(~57 
1250-0257 
1250-0~:57 

9100-1788 
9140··-0114 
9140-0179 
9140··-0179 
9140-0098 

'1140··-0179 
9140-11179 
9100--1661 
9100-1661 
9100-1618 

9100-1618 
9140··· 0466 
9100-2255 
9140·-0158 
9140-0158 
9140-0158 
9140-0158 
9100-2259 
9100-2259 

1854-0215 
1853-0036 
1853-0354 
1854-·0215 

1853-0036 
1B55-0119 
1854-0215 
t 054-0215 
1854-0215 

Hl53--0036 
1853-0036 
11154·-·0628 
1853-0354 
1 B53····0354 

1853-0354 
1854-0810 
1854-0628 
I B53-·0354 

0757-0397 
0'/57--0401 
0683-3305 
0683--4735 
0683-1035 

0 683-·· 1035 
0683-1025 
0683··1035 
0683-1025 
0683-·1025 

0683-1025 
0683··6B15 
0683-1035 
0683··1035 
0683-1045 

0757-0398 
0690-4037 
0757--0279 
0757-0199 
0'/57--0199 

0698-3444 
0683 .. -1 035 
0757-0279 
0 683··-2225 
0683-3325 

0757--0428 
0683-1045 
0683-4715 
0683-4715 
0683-·4715 

C 
D 

4 
2 

6 
4 
I 
l 
3 

1 
1 
4 
4 
1 

1 
9 
4 
6 
6 
6 
6 

I 
2 
7 
1 

2 
6 
l 
1 
1 

0 
7 
7 

7 
I 
0 
7 

3 
0 
2 
4 
1 

1 
9 
1 
9 
9 

9 
5 

1 
3 

4 
0 
0 
3 
3 

8 
1 
0 
3 
6 

1 
3 
0 
0 
0 

Oty 

2 

2 

2 

3 

5 
34 

39 

2 

11 

2 

17 

12 

Table 6-3. Replaceable Parts 

Description 

CONNECTOR 5-PIN M POST TYPE 
CONNECTOR 6-PIN M METRIC POST TYPE 
CONNECTOR-RF SMB M PC 50-UHM 
CONNECTOR-RF SMB M PC 50-0HM 
CONNECTOR-RF SMB M PC 50-0HM 

CONNECTOR-RF SMB M PC 50-0HM 
CONNECTOR-RF SMB M PC 50-0HM 
CONNECTOR-RF SMB M PC 50-0HM 
CONNECTOR-RF SMB M PC 50-□HM 
CONNECTOR-RF SMB M PC 50-0HM 

CHOKE-WIDE BAND ZMAX=680 OHM@ 180 MHZ 
INDUCTOR RF-CH-MLD JOUH 10% .166DX.385LG 
INDUCTOR RF-CH-MLD 22UH 10% ,!66DX.385LG 
INDUCTOR RF-CH-MLD 22UH !OZ .166DX.385LG 
INDUCTOR RF-CH-MLD 2.2UH 111% 

INDUCTOR RF-CH-MLD 22UH 10% .166DX.385LG 
INDUCTOR RF-CH-MLD 22UH !OZ .166DX.3B5LG 
INDUCTOR RF-CH-MLD 2.2MH 5% ,23DX,57LG 
INDUCTOR RF-CH-MLD 2.2MH 5% .23DX.57LG 
INDUCTOR RF-CH-MLD 5.6UH 1oz 

INDUCTOR RF-CH-MLD 5.6UH 10% 
COIL-VAR 475NH-525NH Q•80 PC-MTG 
INDUCTOR RF-CH-MLD 470NH 10% .1115DX.26LG 
INDUCTOR RF·-CH·-MLD !UH 10% ,!05DX.26LG 
INDUCTOR RF-CH-MLD !UH 1oz .105DX.26LG 
INDUCTOR RF-CH-MLD !UH 1oz .!OSDX.26LG 
INDUCTOR RF-CH-HLD 1UH 10% .J05DX.26LG 
INDUCTOR l .SUH 
INDUCTOR l.5UH 

TRANSISTOR NPN SI PD=3~0MW FT=300HHZ 
TRANSISTOR PNP SI PD=310MW FT=250HHZ 
TRANSISTOR PNP SI T0-92 PD=350MW 
TRANSISTOR NPN SI PD=350MW FT=300MHZ 

TRANSISTOR PNP SI PD=310MW FT=250MHZ 
TRANSISTOR-FET 2SK43 
TRANSISTOR NPN SI PD=350MW FT•300MHZ 
TRANSISTOR NPN SI PD•350MW FT•300MHZ 
TRANSISTOR NPN SI PD=350MW FT=300MHZ 

TRANSISTOR PNP SI PD=310MW FT•250HHZ 
TRANSISTOR PNP SI PD=310MW FT=250MHZ 
TRANSISTOR NPN SI T0-92 PD•625MW 
TRANSISTOR PNP SI T0-92 PD=350MW 
TRANSISTOR PNP SI T0-92 PD=350MW 

TRANSISTOR PNP SI T0-92 PD=350MW 
TRANSISTOR NPN SI P0=625MW FT=2DOMHZ 
TRANSISTOR NPN SI T0-92 PD=625MW 
TRANSISTOR PNP SI T0-92 PD=350MW 

RESISTOR 68.1 17. .125W F TC=0+-100 
RESISTOR 100 17. .125W F TC=0+-100 
RESISTOR 33 ::Ci% ,2::=iW FC TC=-400/+::'iOO 
RESISTOR 47K 5Z .25W FC TC•-400/+800 
RESISTOR !OK 57. .25W FC TC=-400/+700 

RESISTOR !OK 57. .25W FC TC•-400/+700 
RESISTOR 1K 57. .25W FC TC=-400/+600 
RESISTOR !OK 5Z .25W FC TC=-400/+700 
RESISTOR 1K 5% .25W FC TC=-400/+600 
RESISTOR 1K 57. .25W FC TC=-400/+600 

RESISTOR 1K 5Z .25W FC TC=-400/+600 
RESISTOR 680 5% ,25W FC TC=-400/+600 
RESISTOR !OK 57. .25W FC TC=-400/+700 
RESISTOR 1 OK 5¼ . 25W FC TC=-400/+700 
RESISTOR 100K 57. .25W FC TC=-400/+800 

RESISTOR 75 !% .125W F TC=0+-100 
RESISTOR 46.4 17. .125W F TC=0+-100 
RESISTOR 3.16K 17. .125W F TC=0+-100 
RESISTOR 21.5K 17. .125W F TC=0+-100 
RESISTOR 21.5K IZ ,125W F TC=0+-100 

RESISTOR 316 17. .125W F TC=0+-100 
RESISTOR !OK 5Z .25W FC TC=-400/+700 
RESISTOR 3.16K 1% .125W F TC=0+-100 
RESISTOR 2, 2K 5% , 251..J FC TC=-400/+700 
RESISTOR 3.3K 57. .25W FC TC=-400/+700 

RESISTOR 1.62K 1Z .125W F TC=0+-100 
RESISTOR 100K 57. .25W FC TC=-400/+800 
RESISTOR 470 5% .25W FC TC=-400/+600 
RESISTOR 470 5Z .25W FC TC=-400/+600 
RESISTOR 470 5% . 25W FC TC=·-40 0/+60 0 

Mfr 
Code 

2D480 
284ll0 
<'84EI II 
284110 
i.~848 0 

2B480 
?8480 
2ll480 
?.848 0 
i.!f.3480 

02114 
28480 
284811 
2134!30 
?f1480 

284130 
2B480 
28480 
284811 
20480 

284811 
2B480 
<'84811 
284BO 
2.8480 
28480 
28480 

04713 
284811 
?8480 
04713 

21:14811 
284BO 
04713 
04713 
04713 

284130 
28480 
04713 
204811 
284130 

28480 
04713 
04713 
28480 

24546 
24546 
0 112~ 1 
01121 
01121 

01121 
01121 
01121 
0 1121 
01121 

01121 
01121 
01121 
01121 
01121 

24546 
24546 
24546 
24546 
24546 

24546 
01121 
,!4546 
01121 
01121 

24546 
111121 
01121 
01121 
01121 

See introduction to this section for ordering information 
*Indicates factory selected value' 

Model 4192A 

Mfr Part Number 

1;?~~i1·-0513 
1251-6527 
1 ;_~50-02:'.'i7 
1250·-·0?57 
1250-0i?~i7 

1250-0257 
1 ;_?50-0:,:i:17 
12~.'i0-0257 
1 ;~50-02.57 
12~i0-02~)7 

VK<'DO 20/48 
91411-0114 
9140-017', 
9140·-·0179 
9140-0ll9B 

9140-0179 
'1140-11179 
91011-1661 
91110-1661 
9100-1618 

911J0-161B 
9140-0466 
<y10 0-2:?5'.'.J 
9140-0158 
'?140-11158 
9140-0158 
9140-0158 

2N3904 
1853-0036 
1053-0354 
2N39114 

1853-0036 
18:.':i~')-01 ·1 9 
,.'N3904 
2N3904 
2N39114 

18:"d·-0036 
1853-0036 
MPG····H17 
18:i3-0354 
1853-0354 

11353-0:.t;54 
2N3904 
MPS-HJ 7 
HY~i3-0J~.'i4 

C4-1/8-T0-68R1-F 
C4-1/8-T0-101 ·-F 
CE!330~i 
CB4'735 
CB11135 

CB1035 
CB102~3 
CB1035 
CB1025 
CBI 025 

CB1025 
CB6815 
CB1035 
CB1035 
CBI 1145 

C4-1/8-T0-75RO-F 
C4-1/8-T0-46R4-F 
C4-1/8-T0-3161-F 
C4·-1/8-l.0-2152-·F 
C4-1/8-T0-2152·-F 

CB1035 
C4-1/8-T0-3161-F 

CB3325 

C4· !/8-Tll-1621-F 
CB1045 
CB4715 
CB4715 
CB4715 
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Reference 
Designation 

A3R33 
A:i\134 
A3R35 

(,."31~3(.) 
A3R37 
A·:lR3tl 
A3R39 
A:lR4 0 

A3R41 
A.5R4~: 
A3R43 
A3R44 
A3R45 

A3R46 
A3R47 
A:lR4cl 
A31l49 
A3R50 

A3R51 
AJR5:2 
A3R53 
A3R54 
A3R55 

A3R56 
A3R57 
A3R58 
A3R5't 
/UR6ll 

A3R61 
AJR6~: 
A3R63 
A .. lR64 
A3R6'.':i 

A31166 
A3R67 
A3RUl 
A3R69 
A31<70 

A3R71 
A.lR72 
A3R73 
A:JR74 
A3R75 

A~1R76 
A3R77 
A3R7U 
A3R79 
A.3RBO 

A3R81 
A3R82 
A3R83 
A:lll84 
A3R85 

A:lRB6 
A3R87 
A3lll 
A~1>U2 
A3U3 
A··,u4 
A3U5 

A,3U6 
A:IU7 
A3:J8 
A3ll9 
A 3Ul IJ 

A3Ul l 
A3Ul:0 

A3UL3 
A.lU14 
A3LJ1~ 

A lU16 
A3U17 
A·1u1u 
A3U19 

HP Part 
Number 

1161l3-1 03'., 
0683-·A'/;~5 
0683-4715 

0683··4'725 
11683·-1035 
0 683 27;_:_~5 
0698-3444 
06B3 ··2?~:5 

0683-1 03:'i 
0683 l 025 
0683·-1525 
0683 ···1 ~j~:5 
11683·-4715 

0'757-·0199 
07~i7-0280 
0698-0082 
2100-3210 
0 683 --2;?25 

0683-1025 
0 683··· 1025 
0683-2225 
0 683-··· 1025 
0683-4715 

0 b83-·· l O ~:5 
0683-272::'i 
0 698·· 3444 
ll7c,7-041ll 
0 {.)98···-0 0 82 

11698-0082 
0'/57-·0439 
07,,7-0439 
0 683····6815 
11698-3132 

0683-·562~'.'i 
07,;7-0199 
0'/57···0290 
on,7-0401 
0757····0199 

11698-31 ,;4 
0698 3444 
0757-0279 
0707-0403 
0683-i.'.205 

0'/57-0:278 
07~i7-0280 
0'757····0280 
07~i7-0280 
0'757--·0280 

0757-039'7 
0"/57-0:.?80 
11698-0084 
0(>98-··3155 
075'7-0200 

0'757-0442 
0707-0401 
1820-11(/9 
1U20 11 97 
1820-1430 
1U20···1074 
18,'.0--1431 

1 Fl20- 0630 
18i.~6-0522 
Hl20··14,31 
1820-12!::i1 
1 H20····14;:_~5 

1820-1144 
1020-··0693 
1820-0693 
1 H20····0B02 
1826-0043 

1 B26-··02B2 
1826-0933 
1020··-1924 
1826-0933 

C 
D 

2 

B 
B 
3 

1 
9 
4 
4 
II 

3 
3 
3 
6 
3 

'1 
9 
3 
9 
0 

9 
8 
1 
0 
7 

7 
4 
4 

4 

3 
3 
5 

3 

1 
0 
0 
9 

9 
3 
3 
3 
3 

3 
3 
9 
1 
7 

9 

'I 
3 
l 
4 

3 
4 
4 
6 
6 

6 
8 
8 
1 
4 

3 
4 
0 
4 

Qty 

2 

2 

2 

4 

4 

B 

2 ,, 

4 

2 

Table 6-3. Replaceable Parts 

Description 

RESISTOR lOK 5%. .25W re TC=-400/+700 
RESISTOR 4.7K 5% .25W FC TC=-400/+700 
RESISTOR 470 :ii.:: .2:':,W FC TC=--400/+600 

RESISTOR 4,71<. 5/., ,25W FC TC=-400/+700 
RESISTOR lOK 5% ,25W FC 1·c=-400/+700 
RESISTOR 2, 7K 51.. , 25W FC TC=-400/+'71111 
RESISTOR 316 lZ .125W F TC=0+-1011 
RESISTOR 2.2K 5% .25W FC TC=-400/+700 

RESISTOR 10K 5% .25W FC TC=-400/+70() 
RESISTOR 1K 5% .25W FC TC=-4110/+600 
RESISTOR J.5K 5Z .25W FC TC=-4011/+7011 
RESISTOR J ,51< 5% ,25W FC TC=-4110/+700 
RESISTOR 470 5% .25W FC TC=-400/+600 

RESISTOR 21,5K 1%. ,125W F TC:::=0+·-100 
RESISTOR 1K 1% ,125W F TC=0+-100 
RESISTOR 464 1% ,125W F TC=0+-100 
RESISTOR-TRMR JOK 1oz C TOP-ADJ 1-TRN 
RESISTOR 2.2K 5% .25W FC TC=-400/+700 

RESISTOR lK 5Z ,25W FC TC•-4011/+600 
RESISTOR 1K 5Z ,25W FC TC=-4110/+600 
RESISTOR 2,2K 5% .25W FC TC=-400/+700 
RESISTOR lK 5% ,25W FC TC=-400/+600 
RESISTOR 470 5Z .25W FC TC=-400/+6110 

RESISTOR 11( 5% . ;~5w FC TC=-400/+600 
RESHl fOR 2,7K 5% .25W FC TC=-400/+7110 
RESISTOR 316 11.. , 125W F TC 0•0+·-100 
RESISTOR 1110 ·1 Z , 12:':1W F TC=0+-100 
RESISTOR 464 11.. , 125W F Tl>0+-1 II 0 

RESISTOR 464 lZ , 12:':iW F TC=ll+-·l 011 
RESISTOR 6, 811( lZ , 125W F TC=0+-100 
RESISTOR 6, 81K 1Z , 12:':iW F TC=0+-100 
RESISTOR 6130 5% .25W FC TC=·-400/+600 
RESISTOR 261 lo/. .12::;w F TC=0+-100 

RESISTOR 5 ,61<. 5/., ,25W FC TC=-400/+7011 
RESISTOR 21 , ~)K lZ , 125W F TC=0+-100 
RESISTOR 6, 19K 17. . 125W F TC=0+·-100 
RESISlOR 1 II 0 1% . 12:iw F TC=0+-100 
RESISTOR 21 .5K 1% , 125W F TC=0+-100 

RESISTOR 4,2?K 1% , 125W F TC•0+-1011 
RESISTOR 316 17. . 125W F Tl>0+-·100 
RESISTOR 3, 16K 1% , 125W F TC=0+-1011 
RESISTOR I 21 1 . l 2 5 l•J F 1 C • 0 +- I 00 
RESISTOR 22 ~)% ,25W FC TC=-400/+500 

RESISTOR 1, 781( 1% . 12::;w F TC=0+-100 
RESISTllR lK 1% , 12::,w F TC=0+-100 
RESISTOR 1 K. 1% . 125W F TC=0+-100 
RESISTOR lK lZ , 12::'iW F TC=0+-100 
RESISTOR JK 1Z , 125W F TC=0>-100 

RESISTOR 68, 1 17. . 125W F TC=0+-100 
RESISTOR JI( 1% , 125W F Tl>=0+-100 
RESISTOR 2. 1:':iK 1% , 12:':iW F TC=O+-·l 00 
RESISTOR 4.64K lo/. , 125W F fC=0+-100 
RESISTOR 5,62K 1% , 125W F TC=0+-100 

RESJSTOR JOK 11.. , 125W F TC=0+·-100 
RcSISTOR 100 l . 125W 
IC INV TTL LS HFX 1-INP 
IC GATE TTL LS NAND QUAD 2-INP 
IC CNTR TTL LS BIN SYNCHRO POS-EDGE-lRIG 
IC DRVR TTL NOR QUAD 2-INP 
IC CNTR TTL LS DECD SYNCHRO 

IC MISC TTL 
IC OP AMP QUAD 14-DIP-P PKG 
IC CNTR TTL LS DECD SYNCHNO 
IC CNlR TlL LS DECD ASYNCHRO 
IC SCHMITT-TRIG TTL LS NAND QUAD 2-INP 

IC CATE lTL LS NOR QUAD 2-INP 
IC FF TTL SD-TYPE POS-EDGE-TRIC 
IC FF TTL SD-TYPE POS-EDGE-TRlG 
IC GATE ECL NOR QUAD 2-INP 
IC DP AMP GP T0-99 PKG 

IC V RCLTR TO-n 
IC NJM78Ll2A V RGLTR T0-92 
IC INV TTL S HEX 
IC RGLTR-FXU-POS 11 .4/12V 

Mfr 
Code 

01121 
01121 
01121 

01121 
111121 
01121 

01121 

111121 
01121 
01121 
Oll 2.1 
011 ,'1 

24546 
::::!4!546 

,'[➔ 480 

01121 

01121 
01121 
01121 
01121 
01121 

01121 
01121 
24546 
24~546 
24546 

~~4546 
24546 
~?4546 
01121 
i.!4546 

01121 
24~546 
19701 
24546 
24546 

24546 
24546 
;_:~4'.546 

111121 

24546 
i.~4546 
24546 
24546 
24546 

24546 
24546 
24546 
24~546 
~?.4546 

24546 

01 (~95 
01295 
01295 
01295 
01295 

047 l 3 
012!95 
01295 
01;.:?.95 
01295 

0129:'i 
01295 
01295 
04713 
01 rt;:>.B 

04'713 
0471:l 

See introduction to this section for ordering in formation 
*Indicates factory selected value 

Section VI 
Table 6-3 

Mfr Part Number 

CB1035 
CB4725 
CB4'715 

CB4725 
CB1035 
CB;?'725 

CBl 03c; 
CB1025 
CBl 525 
CB1525 
CB471!o 

C4-1/8-T0-2152-F 
C4-l/8-T0-100l-F 

2'l 0 0-321 0 

CBl 02'."j 
CB1025 
CB2225 
CB1025 
CB47t 5 

CB1025 
CB2725 
C4-l/8-T0-316R-F 
C4-1/8-T0-101 · F 
C4-J/8-T0-4640-F 

C4-1/8-T0-4640 F 
C4-l/8-T0-6811-F 
C4-l/8-T0-6811-F 
CB6lll 5 
C4-1/8-T0-2610-F 

CB~~i625 
C4-1/8-Tll-2152-F 
MF4C1/8-T0-6191-F 
C4-··l/8-l 0-101-+ 
C4-1/8-T0-2152-F 

C4-1/8-T0-4221-F 
C4-l/8-TD-316R-F 
C4-l/8-T0-3161-F 

CB2205 

C4-1/8-T0-1781-F 
C4-1/8-T0-1001-F 
C4-1/8-TD-1001-F 
C4-1/8-T0-1001-F 
C4-J/8-T0-1001-F 

C4-1/8-T0-68R1-F 
C4-1/8-T0-1001-F 
C4-J/8-T0-2151-F 
C4-1/8-T0-4641-F 
C4-l/8-T0-5621-F 

C4-1/8-T0-1002-F 

~)N74LS04N 
SN74L.S00N 
SN'74L.S161AN 
SN74128N 
SN74LS16,'AN 

MC40 44P 
TL074CN 
SN74LS162AN 
SN'/4LS196N 
SN74LS132N 

SN74LS02N 
SN74S74N 
SN'74S74N 
MClll102P 
CA3077 

MC'79L12ACP 
NJM78Ll2A 

6-13 
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I 
l 

Section VI 
Table 6-3 

Reference 
Designation 

A:lY! 

A4 

A41.:I 
A4C2 
A4C3 
A4C4 
A4C5 

A4C6 
A4C7 
A4CU 
A4C9 
A4C10 

A4Cl 1 
A4C1? 
/\4[13 
A4C14 
A4C1 ~, 

A4C16 
f,4C20 
A4C21 
A4C2~~ 
A4C23 

A4C24 
A4C2~) 

A4C~:.!7 
A4C2U 

A4C30 
A4C31 
A4C3~?. 
A4C33 

A4C34 
A4C3~i 
A4C3l, 
A4C37 
A4C38 

A4C39 
,a4C4U 
A4C41 
A4C42 
A4C43 

A4C44 
A4C45 
A4C4l, 
A4C47 
A4C4B 

A4C:':i0 
A4C51 
A4C52 
A4C53 

A4C56 
A4C57 
A4C58 
A4C59 

A4C60 
A4C61 
A4C62 
A4C63 
A4C64 

A4C65 
A4C66 
A4C67 
A4C68 
A4C69 

A4C73 "' C79 
A4C80, C82 
A4 C8 l , cs 3 
A4C84 
A4C85 

6-14 

HP Part C 

Number D 

0410-12El7 El 

0340--0220 8 
l 400· 0249 0 
3050-0082 B 
9170·-00~~9 3 
04192-00651 2 

0419~-?-66504 •:) 

0160·-2204 0 
11180-0376 5 
0160····2:?.20 0 
01611-29411 1 
0 160 ·31:147 9 

11160-3847 'I 
0 l 60····2204 0 
0160-·2204 0 
0160-4835 [l 

0180-02~~8 6 

II 160--·3ll4'7 'I 
0180-0229 7 
0 160--·3!347 9 
0160-3847 9 
II 160··3ll47 9 

0160-4835 El 
11160 3!347 9 
0160-3847 9 
0160---3847 9 
0160-22~i1 7 

0 160.-2940 1 
0160-2208 4 

0180-1083 8 
0180--·1'746 5 

11160---4640 2 
11160-3847 9 
0 160··-2~~50 6 
01611-3847 9 

0 160--2;2.22 2 
0160-4835 B 
U 160---4461 5 
0160-22::',7 :1 
0 160--3047 9 

0160-3847 9 
0 180-·· 0 ~:?29 7 
0160-3847 9 
0140--01 '11 8 
11140-0191 8 

0160----31347 'i 
01B0-022<T 7 
0 l 80--0 ~:-~28 6 
0160-11127 2 
0160-4835 u 

OlEl0-0228 6 
0160·•-2;=04 0 
0160-2204 0 
0 I 60--3U47 9 

0160-3847 9 
0140-0206 6 
0160-3847 'I 
0160-3847 9 

0160-3847 9 
0160-3847 9 
0160-3847 9 
0160-3847 9 
0140-0191 8 

0160-3847 9 
0160-3847 9 
0160-4835 8 
0160-3847 9 
0160-3847 9 

0180-1083 
0180-l 050 
0180-1085 
0160-0127 
0160-4832 

Table 6-3. Replaceable Parts 

Qty Description Mfr 
Code 

1 CRY~lTAL 4 0, 0 MHZ 284EIO 
A:l MISCELLANEOUS PARTS 

?84EI0 

1 CABLE TIE , 062-, 625··-DIA ,091-WD NYL 06:383 
WASHER··+L NM ND, 4 , 116-·JN-·Il) , I 88-· IN-·DD 2B480 
CORE·-SHIEI.D!NG BF.AD 284BO 

''.) SHIFLD ;:>8480 

1 FRACTIONAL N L.DOP BIJARD ASGEHBLY 28480 
(NOT INCLUDING THE SHIELD CASES) 
CAPACITOR-FXD IIIOPF +·-5% 311IIVDC MICA 284BII 

1 CAPACITOR-FXD ,47LJF+-!II% 3'.lVDC TA ~:i62B9 
I CAPACITOR-FXD 1 :'.O OPF +-5% 300VDC MICA 28480 

CAPAC ITOR-·FXD 470PF +-5Z 3ll0VDC MICA i,'84811 
CAPACITOR-FXD .OlUF +100-·07. 50VDC CER 28480 

CAPACITDR-·FXD , 01 LIF +100-·117. ~iOVDC CER 28480 
CAPAC I TOil ·-FXD 100PF +·-5% 3ll0VDC MICA 28480 
CAPACITOR-FXD 1 OOPF +-~:,:::: 30IIVDC MICA 284EIO 
CAPAC ITOll·-FXD . lUF lo;; 50VDC C ER 

:1 CAPAC I TDR-·FXD 22UF+-10i:: 1 ~;voe TA ~i62B9 

CAPAC I TOR ·-FXD ,OlUF +100-0% 50VDC CER 28480 
5 CAPAC I TOR--FXD 33IJF+-107. 10VDC TA ~'i62B9 

CAPACITOR-FXD ,OlUF +1011-07. 50VDC C!C:R 284811 
CAPACITOR-FXD , 0 l LIF +! 0 0-·117. 50VDC CER 28480 
CAPACITOR-FXD ,OlUF +100-0% 50VDC CE.R 28480 

CAPACITOR--FXD , lUF lo, .. 50 VD C C ER 
CAPACITOR·-FXD .OlUF +100·-07. 50VDC cm 28480 
CAPACITOR-FXD , II 1 LIF +100-117. 50VDC CER 284811 
CAPACITOR-FXD ,OlUF +100·-07. 50VDC cm 284811 

I CAPACTTDR-FXD 5,6PF +-.2~iPF 500VDC CER 28480 

CAPAC ITOll-FXD 470PF +-5% 3ll0VDC MICA 28480 
I CAPACITIJR-·FXD 330PF +-5¼ 300VDC MICA <'84EIO 

CAPAC ITDR-FXD 3 3 U - l O +5 O; 
3 CAPACITOR-FXD 15UF+-10i:: 2IIVDC TA 56289 

1 CAPACITOR-FXD . lUF +-107. lllOVDC 28480 
CAPACITOR-·FXD .O!UF +10 0-07. 50VDC CTR 28480 

1 CAPAC ITOR-FXD 5, 1PF +-,25PF 5ll0VDC CEfl 28480 
CAPACITOR-FXD , OlUF +100-·07. 50VDC CER 28480 

2 CAPACITOR-FXD 1500PF +-5'7., 300VDC MICA 28480 
CAPACITOR-·FXD , lUF l 0>, 50VDC CER 

1 CAPACITOR-FXD 150PF +·-2, 5% 160VDC POLYP 28480 
CAPACITOR-FXD 10PF +-5:::: 500VDC CER 0+-60 £?8480 
CAPACITOR·-FXD .OlUF +100--·07. 50VDC CER 28480 

CAPACITOR-FXD .lllUF +100-·117. 50VDC CER ,!8480 
CAPAC ITOR-FXD 3:lUF+-107. lOVDC TA 56289 
CAPACITDR-FXD , 0 ILJF +! 0 0-·07. 50VDC CER 284[10 
CAPACITOR-FXD 56PF +-5% 311IIVDC MICA 72136 
CAPACITOR-FXD 56PF +-5:::: 300VDC MICA 72136 

CAPACITOR-FXD .OlUF +100·-117., 50VDC CER 28480 
CAPAC ITOR-·FXD 33IJF+-107. JOVDC TA !.'i62B9 
CAPAC ITOR-FXD 2;?UF+-10% 15VDC TA 56289 
CAPACITDR-FXD lUF +-20:::: 25VDC CER ~:?848 0 
CAPAC ITOR-FXD , IUF l 07> 50VDC C ER 

CAPACITOR-FXD ~12UF+-10% 15VDC TA ~j62!19 
CAPAC ITOR-FXD 100PF +-5Z 300VDC MICA 28480 
CAPAC ITDR-FXD I OOPF +-·5¼ 300VDC MICA 28480 
CAPACITOR-FXD ,01UF +100-07. 50VDC CER 28480 

CAPACITDR-FXD , OIUF +100-01: 50VDC CER 28480 
1 CAPACITOR-FXD 270PF +-5% 500VDC MICA 72136 

CAPACITOR-FXD , OIUF +100-01: 50VDC CER 28480 
CAPACITOR-FXD ,0lUF +100-07. S0VDC CER 28480 

CAPACITOR-FXD ,0lUF +100-0,:: S0VDC CER 28480 
CAPAC ITOR-FXD , OlUF +100-01: S0VDC CER 28480 
CAPACITDR-FXD ,0lUF +100-0% 50VDC CER 28480 
CAPACITOR-FXD ,0lUF +100-07' 50VDC CER 28480 
CAPACITDR-FXD 56PF +-5% 300VDC MICA 72136 

CAPAC ITOR-FXD ,0lUF +100-07. 50VDC CER 28480 
CAPACITOR-FXD .0lUF +100-0% 50VDC CER 28480 
CAPACITOR-FXD , lUF l 07{ 50VDC CER 
CAPACITOR-FXD ,0lUF +100-01: 50VDC CER 28480 
CAPACITOR-FXD ,0lUF +100-0X S0VDC CER 28480 

CAPACITOR-FXD 33U -10+50% 
CAPAC !TOR- F XD lOOU -l0+5o:; 
CAPACITOR-FXD 4.7U +- 2 o,: 
CAPACITOR-FXD l U F +80-20\ 50VDC C ER 
CAPACITOR-FXD O.OlUF 

See introduction to this section for ordering information 
*Indicates factory selected value 

Model 4192A 

Mfr Part Number 

041 0-1 c!87 

0340-0;.:~20 
PL T1 M-8 
3050-0082 
'II 70 --00,'9 
04192-00651 

0419;=-66504 

0160-2:?.04 
150D474X903~iA2 
0160·-2220 
0160-?940 
0160·-3847 

11160-3847 
0160·-2204 
11160-2204 

150D~=?26X901 ~:'iB2 

0160-3847 
1c;on336X90111B2 
0160-3847 
0160-3847 
0160-3847 

0160·-3847 
11160-3847 
01611-3847 
0160-2251 

0160-2 1740 
11160-2208 

150D156X9020B2 

0160-4640 
11160-3847 
0160-2250 
0160-3847 

0160·-2222 

0!60·-4461 
0160-2257 
0160-3847 

0160-3847 
1511D336X9010B2 
0160-3847 
DM15E560J0300WV1CR 
DM15E560Jll300WV1CR 

0160·-3847 
!50D336X901IIB2 
150D226X9015B2 
0160-·0127 

150D.C?26X901 ~iB2 
0160·-2204 
0160-2204 
0160-3847 

0160-3847 
DM15F271J0500WV1CR 
0160-3847 
0160-3847 

0160-3847 
0160-3847 
0160-3847 
0160-3847 
DH!5E560J0300WV1CR 

0160-3847 
0160-3847 

0160-3847 
0160-3847 
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Reference HP Part C 

Designation Number D 

A4CR1 1901-0518 B 
A4CR2 0122·-0 072 6 
A4CR3 0122-0072 6 
A4CR4 1'?01--0040 1 
A4CR10 1901-0040 1 

A4CR11 1902-3036 3 
A4CR12 1901-0040 1 
A4CR13 1901-0535 9 
A4CR14 1901-0535 9 
A4CR15 1901-·053~:i 9 

A4CR16 1901-0040 1 
A4CR17 1901-0535 9 
A4CR18 1901-0040 1 
A4CR19 1901-0040 1 
A4CR20 1901-0040 1 

A4CR21 1902-0041 4 

A4CR23 1901-0040 1 
A4CR24 1901-0040 1 
A4CR30 1901-0025 7 
A4CR3l 1902-3059 
A4Jl 1250-0257 1 
A4J2 1~~50-0257 1 
A4J3 1251-0513 4 
A4J4 1 ;;!51-4822 6 
A4J5 1250-0257 1 

A4J6 1 ;?:50-0257 1 
A4J7 1200-0607 0 
A4J8 1 ;,:.~50-·0257 1 
A4J9 1250-0257 1 
A4J l 0 1200-0567 
A4ll 9140--0137 1 
A4L2 9140-0137 1 
A4L3 9140-0466 9 
A4L4 9140-0114 4 
A4L5 9100-1788 6 

A4L6 9140-0210 6 
A4L7 9140-0210 6 
A4L8 9100-3559 3 
A4L9 9100-1788 
A4L l O 9100-3139 

A4Ql I 854-0296 8 
A4Q2 1855-0122 1 
A4Q3 1854-0296 8 
A4Q4 1855-0119 6 
A4Q5 I 855-0 I 19 6 

A4Q6 1854-0296 8 
A4Q7 1854-0296 8 
A4Q8 1854-0296 8 
A4Q9 1854-0296 8 
A4QIO 1853-0089 5 

A4QII 1853-0089 5 
A4Ql2 1853-0089 5 
A4Q13 1853-0089 5 
A4Q14 1854-0215 8 
A4Ql5 1854-0215 8 

A4Q16 1853-0089 5 
A4Q17 1854-029& 8 
A4Q18 I 853-0 089 5 
A4Q19 1854-0296 8 
A4Q20 1854-0296 8 
A4Q21 1855-0308 5 
A4Q22 1855-0082 2 
A4Q23 1854-0221 9 
A4Q25 1854-0215 1 

A4Q26 1B54-0215 1 
A4Q27 1855-0081 1 
A4Q28 11355--0081 1 
A4Q29 1854-0215 1 
A4Q30 lf353--0448 0 

A4Q31 1853-0448 0 
A4Q32 11353-0448 0 
A4Q33 1854-0345 8 

A4Q35 1853-0089 5 

A4Q36 11353-0089 5 
A4Q37 1853-0089 5 
A4Q38 11353-0448 0 
A4Q39 1854-0296 8 
A4Q40 1854-0296 8 

Table 6-3. Replaceable Parts 

Oty Description Mfr 
Code 

DIODE-SM SIG SCHOTTKY 28480 
2 DIODE-VVC 2, 2PF 5% C3/C25··-MIN::::4, 5 04713 

DIODE-VVC 2, 2PF 5:X. C3/C25- MI N:::'4, ~':i 114'713 
DIODE-SWITCHING 30V 50MA 2NS D0-35 20400 
DIODE-SWITCHING 311V ~iOMA 2NS l)[)---35 L'.84BO 

DIODE-ZNR 3, 16V 5% Dll·-7 PD:=, 4W TC=·-, 0647. 2[14110 
DIODE-SWITCHING 30V 50MA i~NS DD-·35 c'.84EI 0 

4 DIODE-SM SIG SCHIJTTKY 2!3480 
DIODE-SM SIG SCHOTTKY c'84EI 11 
DIODE·-SM SIG SCHOTTKY 2B480 

DIODE-SWITCHING 30V 50MA (.~NS DD·-35 20480 
DIODE-SM SIG SCHOTTKY 2D480 
D !ODE-SWITCH I NG 30V 50MA 2NS DCJ-35 ~~B4H 0 
DIODE-SWITCHING 311V SOMA 2NS Dll-3c, 2U480 
DIODE-SWITCHING 30V 50MA 2NS D0-35 2B4Elll 

DIODE-ZNR 5, 11V 5¼ D0-35 PD= .4W 2B4811 

DIODE-SWITCHING 311V 50MA 2NS DIJ-3'.', 21l41lll 
DIODE-SWITCHING 30V SOMA 2NS DU-35 ?8480 

1 DIODE 
DIODE-ZNR 3.83V 
CONNECTOR-·RF SMB M PC :iO-OHM .?84E.l 0 

CONNECTOR-RF SMB M PC 50·-0HM (~fl480 
CONNECTOR 5-PIN M POST TYPE 28480 
CONNECTOR 3-PIN M POST TYPF 213480 
CONNECTOR-·R F SMB M PC 50-·DHM ?B480 

CONNECTOR-RF SMB M PC 50-0HM ;.?.0480 
SOCKET-IC 16-CONT DIP DIP-SL.DR 2fl48ll 
CONNECTOR-RF SHI< M PC 50-0HM 28480 
CONNECTOR-RF SMB H PC 50-0HM 2134811 
S KT - IC 28-CONT 

2 INDUCTOR RF-CH-MLD lMH 5% .2DX.45LG Q::,60 284flll 
INDUCTOR RF-CH-ML.D lMH :i% .2DX.45LG Q=6U :,B4811 
COIL-VAR 475NH·-525NH Q=80 PC-MTG 2l14811 
INDUCTOR RF-CH-·ML.D !OUH 10¼ , 166DX. 38~iLG <'84BO 
CHOKE·-WIDE BAND ZMAX=6811 OHM~ 180 MHZ 02114 

TRANSFORMER 
TRANSFORMER 

1 INDUCTOR RF-CH-··ML.D 5, !UH 5% , 166DX, 3Ei5L.G ?8480 
CHOKE-WIDE 
INDUCTOR 75UH l 5 '.', 

13 TRANSISTOR NPN SI T0-92 PD=310MW 28480 
1 TRANSISTOR-FET 2SK43-1 28480 

TRANSISTOR NPN SI T0-92 PD=31011W 28480 
TRANSISTOR-FET 2SK43 28480 
TRANSISTOR-FET 2SK43 28480 

TRANSISTOR NPN SI T0-92 PD=310HW 28480 
TRANSISTOR NPN SI T0-92 PD=310MW 28480 
TRANSISTOR NPN SI T0-92 PD=31011W 28480 
TRANSISTOR NPN SI T0-92 PD=31011W 28480 

9 TRANSISTOR PNP 2N4917 SI PD=200HW 07263 

TRANSISTOR PNP 2N4917 SI PD=200MW 07263 
TRANSISTOR PNP 2N4917 SI PD=200MW 07263 
TRANSISTOR PNP 2N4917 SI PD=200HW 07263 
TRANSISTOR NPN SI 
TRANSISTOR NPN SI 

TRANSISTOR PNP 2N4917 SI PD=200HW 07263 
TRANSISTOR NPN SI T0-92 PD=310HW 28480 
TRANSISTOR PNP 2N4917 SI PD=200HW 07263 
TRANSISTOR NPN SI T0-92 PD=310HW 28480 
TRANSISTOR NPN SI T0-92 PD=31 OMW 28480 

1 TRANSISTOR-JFET DUAL N-CHAN D-HODE SI ;;.~848 0 

2 TRANSISTOR J-FET P-CHAN D-HODE SI 28480 
1 TRANSISTOR-DUAL NPN PD=75011W 28480 

TRANSISTOR NPN SI PD=350MW FT=300MHZ 04713 

TRANSISTOR NPN SI PD=350MW FT=3UOMHZ 04713 
2 TRANSISTOR J-·FET N-CHAN D-MODE SI 2El4Elll 

TRANSISTOR J-FET N-CHAN D ·-MODE SI 2841311 
TRANSISTOR NPN SI PD=350MW FT=300HHZ 047LI 

4 TRANSISTOR PNP SI T0·-92 PD=625MW 04713 

TRANSISTOR PNP SI T0-92 PD=62c;Mw 04713 
TRANSISTOR PNP SI TO-92 PD,=625MW 04713 

1 TRANSISTOR NPN 2N5179 SI T0-72 flD:::200MW 04713 

TRANSISTOR PNP 2N4917 SI PD=20 OMW 07263 

TRANSISTOR PNP 2N4917 SI PD,=20 OMW 07263 
TRANSISTOR PNP 2N4917 SI PD=200HW 07263 
TRANSISTOR PNP SI T0·-92 PD=625MW 04713 
TRANSISTOR NPN SI TO-92 PD=310MW c'B4B o 
TRANSISTOR NPN SI T0-92 PD=310MW 28480 

See introduction to this section for ordering information 
*Indicates factory selected value 

Section VI 
Table 6-3 

Mfr Part Number 

1901-ll'.:;J B 
BB105B 
BB10~.'iB 
1901-0040 
1901-0040 

190:2-3036 
1901-0040 
1901 ·-0~i3~:i 
1c;o1-o::Oi3'.'.'j 
1901-0~:i3'.:i 

1'101-011411 
t 9 o 1-os:;i::., 
1?111-011411 
19111·-0040 
1'?111-011411 

1902-0041 

1901-01140 
1'101-0040 

12'."J0-0i?'.:'i'l 
1?50-025'7 
1;:?51-0513 
1 ?.51 ·-482.:.:! 
1250-0C?:i7 

12~~0·-0257 
1 ;.?o o-obo·; 
12~''.i () ·-· O i.~:'.:i 7 
·1250-0:::.!5'? 

9140-0137 
'?140-0 L,7 
9140·-0466 
9140-0114 
Vl(,'ll 0 20/413 

9100-3559 

1854-0296 
1855-0122 
1854-0296 
1855-0119 
1855-0119 

1854-0296 
1854-0296 
1854-0296 
1854-0296 
2N4917 

2N4917 
2N4917 
2N4917 

2N4917 
1854-0296 
2N4917 
1854-0296 
1854-0296 
1855-0308 
1855-0082 
1854-0221 
?N3904 

2N:3904 
18~55-0081 
185~)·-0081 
2N3904 
MPSH81 

MP SHU! 
MPSH81 
2N5179 

2N4917 

2N4917 
2N4917 
MPS\-181 
"1854-0296 
1854-0296 

6-15 
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Section VI 
Table 6-3 

Reference 
Designation 

A41ll 
A4R2 
A4R3 
A4R4 
A4RS 

A4R6 
A4R7 
A4R8 
A4R9 
A4R10 

A4Rl 1 
A4R12 
A4RL, 
A4R14 
A4R1 ~i 

A4R16 
A4R17 
A4R!EI 
A4R20 
A4R21 

A4R22 
A4R23 
A4R24 
A4R25 
A41~26 

A4R27 
A4R28 
A4R29 
A4R30 
A4R31 

A4R32 
A4R33 
A4R34 
A4R35 
A4R36 

A4R37 
A4R38 
A4R39 
A4R40 
A4R41 

A4P42 

A4R44 
A4R4~ 
A4R46 

A4R47 
A4R49 
A4R50 
A4R5 l 
A4R52 

A4R53 
A4R54 
A4R5~-~ 
A4R56 
A4R57 

A4R~i8 
A4R5?1 

A4R60 
A4R6 I 
A4R62 

A4R63 
A4R64 
A4R6~i 
A4R66 
A4R67 

A4R68 
A4R69 
A4R70 
A4R71 
A4R72 

A4R73 
A4R74 
A4R75 
A4R76 
A4R77 

6-16 

HP Part 
Number 

075'/·· 0403 
o?c;7-0441 
0698·3136 
0683-4705 
0'757···0442 

0683-1035 
0'757··0442 
0683-470~5 
O'l57····0442 
068:5-221 ~'j 

0698-3155 
0757-1045 
01.,98··0 084 
0683-1525 
0 683···· 1 0 25 

0683-3315 
0(>83····3-315 
0683--4705 
0 t:>83···· 1045 
0683-3935 

0 f.>83····3?35 
0683-1045 
0683 ·· 1035 
0683--1025 
0698-·3155 

07,,7-1094 
0683··'4705 
0683-~~235 
0 l'.)83··-1035 
2100-056'7 

0·1s7-o;;.'.so 
0683-<~215 
Oh83·-2:~!15 
0'7:"j'J--0421 
0'/57··0416 

0T:"i'l-0416 
0 683··-2;.:: 15 
117,,7-02110 
0'757 .. •0;?.'79 
D757··112El8 

0'75'7·-0274 

0'757·-·0i!80 
0683-1025 
0683····2i.~15 

0683-221 ~J 
0698··3155 
0683-22::.:~~ 
0 683 ·-22.25 
0698-31::.'ib 

0·1s7•·•0;?.oo 
06B3-4705 
0'/57····0441 
0683-4705 
0'/57····0422 

0691J-0084 
0'/57-··0444 
06913-00B3 
D'757··11444 
117'.;'7-11444 

() b98····3 l 62 
0683-· 1 025 
0 683 ·-2;?.05 
D6B3-471 '.i 
0683---4705 

o,,;7-0401 
0'/57·-0401 
0683-4705 
0698···0D84 
0683-4705 

11698 ·3443 
0757-0418 
0683·-4'705 
1810-0294 
0'757-·0442 

C 
D 

8 
8 
ll 
'I 

9 
I] 

9 

3 
9 
9 
4 
'I 

4 
4 
fl 
3 
4 

4 
3 
1 
9 
1 

'I 
B 
5 

3 
1 
1 
4 
7 

7 
1 
7 

3 
9 
1 

1 
1 
3 
3 

7 
B 
Fl 
B 

9 

B 

0 
9 
'I 
0 
8 

II 
I) 

8 
9 
8 

'I 
8 
4 
9 

Qty 

16 

3 

2 

3 

Table 6-3. Replaceable Parts 

Description 

RESISTOR J;cl U , 125W F H>D•·IOO 
RESISTOR 8.25K 1% ,125W F rc~o+-100 
RE:SISTOll 17,BK 1% ,1:c5W F Tl>0+-1011 
RESISTOR 47 5% .25W FC TC=-400/+5()0 
RE'.iISTOR !OK 1% ,1,'.5W F H>=0+-1011 

RESISTOR 10K ~% ,25W F~C TC=-·400/+700 
RESISTOR 10K 1% ,!25W F TCm0+-100 
RESISTOR 47 5% .25W FC ·rc=-400/i·SOO 
l~ESISTOR 10K 1% ,125W F TC:=0+-·100 
RESISTOR 220 5% ,251,,J FC TC=-400/+600 

RESISTOR 4.64K l . 125W r TC=0+-100 
RESISTOR lOOK I .25W F TC•0+-100 
RESISTOR 2,15K 1% ,125W F TC=0 ► -100 

RESISTOR 1 ,5K 5% ,25W FC TC=-4007+700 
RESISTOR 1K 5% .25W FC TC= 400/+600 

RESIS"fOR 330 5% ,25W FC TC~•-400/·► 600 

RESISTOR 330 5Z ,25W FC TC=-400/+600 
RESISTOR 47 5% ,25W FC TC=-400/ ► 500 

RESISTOR 100K 5% ,25W FC TC=-400/ ►800 
RESISTOR 39K ~% .25W re: TL:=-400/+800 

RESISTOR 39K 5% .25W FC TC=-400/+800 
RESISTOR 100K 5% ,25W FC TC=-400/+8011 
RESISTOR 10K 5% .25W FC Tr=-400/+'700 
RESISTOR 1K 5% ,25W FC TC=-400/+600 
RE~HfJTOR 4,641< 1% ,1;25w F TC=0+·-100 

RESHJTDR 1, 4'/K 1 % , 1 ~~!"iW F TC::c.()+·-·100 
RESISTOR 47 5% .25W FC TC=-400/+500 
RESISTOR 22K 5% ,25W FC TC=-400/+800 
RESISTOR !IIK 5Z .25W FC TC=-4007•7011 
RESlSTOR-lRMR ?K !OZ C TOP-ADJ 1-lRN 

RESISTOR !K 1% ,125W F TC=0•-100 
RESISTOR 220 ~% ,25W FC rc:=-400/+600 
RESISTOR 2;~0 5/., , 25W FC rc,;;:•-40 [)/ ► 60 0 
RESISTOR 825 1% ,12~W F TC~o+-100 
RESISTOR 511 1% .125W F TC·=0+-·100 

RESIHTOR 511 1% .125W F lC=0 ► -100 

RESISTOR 220 5% .25W FC TC=-400/+600 
RESISTOR 5.62K 1% ,125W F TC=0+-100 
RESISTOR 3.16K 1% .125W F TC=0+-100 
RESISTOR 9,09K 1% .12~W F TC=0+-100 

RESISTOR .21K 1% .125W F rc~o ► -100 

RESISTOR 1K 1% ,125W F TC=0+-100 
RESISTOR lK 5% .25W re T~=-400/ ➔ 600 

RESISTOR 2;~0 5% .25W FC TC=~0 ·--400/+600 

RESISTOR 220 5% .25W FC TC=-400/+600 
RESISTOR 4.64K 1% .125W F TC=0+-100 
RESISTOR 2.2K ~% ,25W FC TC:=-400/·► 700 

RESISTOR 2.2K 5% .25W F"C 1·c=-400/+700 
RESISTOR 14.7K 1% , 125W F TC=0+-100 

RESISTOR 5.62K 1% ,125W F TC=0+-100 
RESISTOR 47 SZ .2SW FC TC=-400/+~IIO 
RESISTOR 8,25K 1Z .125W F TC=0+-1110 
RESISTOR 47 5% .25W FC rc~-400/i500 
RESISTOR 909 1% .125W F TC=0 ►-100 

RESISTOR 2,15K 1% .125W r ,·c:~o+-10() 
RESISTOR 12,1K 1% .125W F rc~o+-100 
RESHlTDR 1,96K t% .12'.~JW F TC=·0+·-·100 
RESISTOR 12.1K 1% .125W F fC=Oi 100 
RESISTOR 12,1K 1% .125W F TC~0-► -·100 

RESISTOR 46.4K 1% .125W F TC=0+-100 
RESISTOR 1K 5% .2~W FC TC=-·40()/+600 
RESISTOR 22 5% .25W FC TC=-400/+500 
RESISTOR 470 ~% .25W FC TC=-400/i600 
RESISTOR 47 5% .25W FC TC=-400/+500 

RESISTOR 100 lZ .125W F TC•0+-100 
RESISTOR 100 1% .125W F TC=~0+-100 
RESIGTOR 47 5% ,25W FC 1·c:=-40!1/ ➔ 500 

RESISTOR 2,15K 1% ,125W F TC=0+-100 
RESISTOR 47 5% .25W FC rr:=-·400/ ➔-~()0 

RESISTOR 287 !Z .125W F TC•0+-100 
RESISTOR 619 1% .125W F TC~0+-100 
RESISTOR 47 5Z ,25W FC TC=-4007•500 
NETWORK-RESISTOR 16 PIN DIP; RES 
RESISTOR !OK 1Z .125W F TC=0+-100 

Mfr 
Code 

:.:!4~i46 
~.l4'.'.'i46 
24'.-:i46 
01121 
;~4;"i46 

011::'.1 
24;:;46 
01121 
;?4'.:i46 
0 "1121 

;::4:i46 
111121 
llll?l 

()"J 121 
0 I L.'1 
0 "J. 121 
0 1 l ~~ 1 
0 l .I :!1 

01 L~1 
01121 
011 ?1 
011::.)1 
?4~:i46 

;_:;4~_'i46 
011 ;?.·1 
01121 
011:?1 
:::841111 

;.:4~:i46 
0 ·.11 ::'. 1 
01121 
:.'.'4~46 
~-!4'.=;46 

24'.".'i46 
111 t:,1 
?4~j4fi 
24'.':i46 
1(1701 

2454(J 

;_~4~i 46 
II 1121 
0 1 1 ;:'. 1 

01121 
24546 
D 1121 
0 1121 
; 1 4546 

:!4'.~)46 
!J l 121 
i!4~)46 
() 1121 
i~4546 

~!.4'.':i46 
;?4~546 
?4:i46 
24:':i46 
24~:i46 

~~4:i46 
lJ 1121 
01 t;~1 
01 l 21 
01 L.~1 

()4546 
24~:i46 
011i.!1 
?4~)46 
01 ·.121 

:.:?.4546 
24~)46 
01121 
?84011 
24'.546 

See rntrocluctiun to this section for ordering information 
*Indicates factory s<:lected value 

Model 4192A 

Mfr Part Number 

C4-1/8-T0-121R-F 
C4··· l /H·-· 1 0-··82~:i"l-· F 
C4 !/S-TD-1782-F 
CH4'70'.'.'i 
C4-1/8-T0-1002·F 

CF<l 03'.':i 
C4 !/8-TD-111112-F 
Cl 1,4'70~.! 
C4-1/8-TO 1Dll?·F 
CI.i::.i;:.~1 '.5 

l:4···· l /8- f O · <.> t '.':it -·F 
CB1'.'J2'.·) 
CB1025 

CB3'.-~ J. ~.-; 
CB3.jl5 
CB47 O'.'.'i 
CB·J 04'.'":i 
CB393'.':i 

CK1>\.:i3:=; 
CBl 0 4~.) 
Cf.ll 0,:'i:i 
CBI O:C':'; 
C4-l/8-T0-4h41-F 

C4-1/8-T0-14'll F 
CB47o,; 

CBl0:35 
21 00·-0:':i6'7 

C4····l/8·-TO 111111 ·F 
cn;_:i21 ~-i 
CB221'5 
C4-l/8-T0-82~R r 
C4 ·l /8-10 ···cd 1 ll ·T 

C4·1/B-rll···51111· 
CB?.?.15 
C4-·1/B···TO -5(JZ?1 -r 
C4···1/8-Tll ·Jl/,l-F 
MF·IC!/8·" 10-909l··F 

C4·1/8· TO··llllll -F 
CD102~:; 
Cl<<'.15 

C4-1/B-r0-4641-F 
CD?~·.!2':.'i 
c1:1;:1 :.:.:;:.:::=.; 
C4-·1/tl····10--14"i';:.>-r--

C4·-1/8-T0-5t121-F 
Cl-.1470'.':i 
C4-·1 /B--TO ··•8;·1 '.:i 1 ·-F 
CJ:.t470~:! 
C4··-l/8·-Tll-90{/P -F 

C4-1/8-T0-21~l F 
C4··1/8-·T0-1;?12-F 
C4··1/8-rn- 191,1 F 
C4·-1/8-T0-1212·-F 
C4 1/8-·T()-1212· F 

C4-t/8-f0-464~l.-F 
r:nt 02:i 
cr-::;?;?o5 
CB47 I~:; 
Cf:14705 

C4-1 /U··TO··l I! J-F 
C4 ·· 1 /8 - T II··· I II l ·T 
C£l470'.'J 
r,4 1 /8·- ro <·'.l:·.11 -F 
Cfi4705 

C4 l/8-T0-2U'7R-F 
C4118-111·61'1R-F. 
CB4705 
1810-0::.'94 
C4-1/8-T0··!002-F 
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Reference HP Part C 

Designation Number D 

A4R78 0683-4705 l 
A4R79 2100··3096 6 
A4R80 2"1 00-3211 7 
A4RB! 0757-0488 3 
A4R82 0683-1065 7 
A4R83 2100-3383 4 

A4R84 0'157-0401 0 
A4R85 0683-1035 1 
A4R86 0683-5625 3 
A4R87 0683-2225 3 
A4R88 0757-0421 3 

A4R89 0757-0421 3 
A4R90 0698-0083 8 
A4R91 0757-0401 0 
A4R92 0683-2215 1 
A4R93 0698-3150 6 

A4R94 0698-3150 6 
A4R95 0698-0083 8 
A4R96 0757-0279 7 
A4R97 0683-4705 8 

A4R98 0757-0419 3 
A4R99 0698····3150 6 
A4R 100 11698-0083 8 
A4Rl01 07~j'7•-0395 1 
A4R102 07:':i7-0274 5 

A•IR103 075'7····0274 5· 
A4Rl04 0683-4705 8 
A4R105 075'7·-0395 l 
A4R106 07,;7-0419 0 
A4R10'7 075'/····04 l 9 0 

A4Rl 118 068:3-47115 8 
A4R107 0 683· .. ·3325 6 
A4R110 11683-4715 0 
A4Rlll 0683--4705 8 
A41ll 12 11757---0419 0 

A41ll13 068,3---4'71 :,; 0 
A4R114 068:)-470~i B 
A4R115 0698··-3155 'I 
A4R116 0698-3441 cl 
A4R 117 0683-2205 9 

A4Rl18 0 698··-3155 l 
A4fll 19 0757--1143? 4 
A4R120 075'7--0419 0 
A4R121 117',7-04411 '7 
A4R1?1 0'/57--0440 7 

A4k122 075'/·-0279 0 
A4lx 123 069B·-·315ti 2 
A4R124 0698-0085 0 
A4R125 0683··-4705 8 
A4R "126 0757--031 '7 7 
A4Rl27 0757-0419 
A41< 128 0683··-182.~:i 7 
A4Rl311 0683-3325 6 
A4R131 0 683--·~-~225 3 
A4R132 0683-2225 6 
A4R 133 11683--1035 1 

A4R134 0683-1035 1 
A4R 13c; 0757-0420 3 
A41ll 36 0683--103!'; 1 
A4R137 0683-1 0:15 1 
A4Rl3il 0683·-1035 1 

A41ll39 11757---0441 8 
A4R140 06913-3155 1 
A4R141 0683··-1015 '7 
~14R 142 0683-1035 1 
A4R 143 0683--1035 1 

A4R 144 0683-1035 1 
A4R14:, 0'757--0398 4 
A4R 146 0698-4037 0 
A4R147 0683--·1035 1 
A4R148 069B-3444 1 

A4Rl49 0683---470!5 8 
A4R150 0757-0439 4 
A4R151 0698--3155 1 
A4R152 0757-0417 8 
A4R 153 0683-470!:, 8 

Table 6-3. Replaceable Parts 

Oty Description Mfr 
Code 

RESISTOR 47 5'1/. .2':!W FC TC=•-·400/+5011 01121 
1 RESISTOR-TRMR 501< l 07. C TOP-ADJ 17-Tr!N 32997 
6 RESISTOR-TRMR 1K 10¼ C TOP-ADJ 1-TRN 28480 
1 RESISTOR 9091( 17. , 12:':'iW F TC=0+-100 28480 
2 RESISTOR 10M 5% ,25W cc TC=-900/+1100 01121 
2 RESISTOR-TR MR 50 1 07. C TOP-ADJ 1-TRN 284EIO 

RESISTOR 100 17. ,125W F TC=0+-100 24546 
RESISTOR !OK 5% .25W FC TC=-400/+700 01121 
RESISTOR 5,6K 5¼ ,25W FC TC=-400/+700 01121 
RESISTOR 2.2K 5;( .25W FC TC=-400/+700 01121 
RESISTOR 825 1 u . 125W F TC=0+-100 

RESISTOR 825 1'' . 125W F TC=0+-100 
RESISTOR 1, 96K 17. , 125W F TC=0+-100 24546 
RESISTOR 100 17. .125W F TC=0+-100 24546 
RESISTOR 220 5¼ ,25W FC TC=-400/+600 01121 

3 RESISTOR 2,37K 17. , 125W F TC=0+-100 24546 

RESISTOR 2.37K 17. . t25W F TC=0+-100 24546 
RESISTOR 1, 96K 17. , 12:':'iW F TC=0+-100 24546 
RESISTOR 3. 1 6 K 17. . 125W F TC=0+-100 
RESISTOR 47 5/. ,25W FC TC=-400/+500 01121 

RESISTOR 681 1·; . 125W F TC=0+-100 
RESISTOR 2, 371( 1% , 125W F TC=0+-100 24546 
RESISTOR 1, 961( 17. .12::'iW F TC=0+-1110 (.~4546 
RESISTOR 56,2 1X. , 125W F TC=0+-100 24:':i46 
RESISTOR 1, 21 K 17. , 125W F TC>O+-·l 00 24546 

RESISTOR 1 .211( 1% , 125W F TC=0+-100 24546 
RESISTOR 47 5¼ , 2:':iW FC TC=-400/+500 01121 
RESISTOR 56,2 1% , 125W F TC=0+·-100 24546 
RESISTOR 681 17. , 12~iW F TC=0+-·100 24~.)46 
RESISTOR 6131 1X. , 125W F TC•=0+·-1110 24546 

RESIGTOR 47 5% ,25W FC TC=--4011/+'.;QO 01 l21 
RESISTOR 3, 31( 5% ,25W FC TC=-400/+7011 01121 
RESISTOR 4711 ~)% , 2::'iW FC TC=·-400/+600 01121 
RESISTOR 47 5/4 ,25W FC TC=-400/+500 01121 
RESISTOR 681 1% , 125W F TC=0+-·100 24546 

RESISTOR 4'70 5/4, .25W FC TC=-400/+6011 01121 
RESISTOR 47 ::i% .25W FC TC=-400/+500 0 l 121 
RESISTOR 4, 641( 17. , 125W F TC=0+·-100 24546 
RESISTOR 215 17., , 125W F TC=0+-100 24546 
RESISTOR ':}".) ~j/4 ,25W FC TC=-4011/+500 01121 

RES I STOil 4, 641( 1% , 125W F TC=0+-100 24546 
RESISTOR 6,81K 17. , 125W F TC=0+-100 24546 
RESISTOR 6131 17. , 125W F TC•=0+-100 24546 ,, 
RESISTOR 7. eiK 17. , 125W F TC=0+-100 24546 
RESISTOR 7 ,51( 1% . 125W F TC•=0+-100 24546 

RESISTOR 3, 161( 1% .125W F TC=0+-100 24546 
RESISTOR 14, 71( 1% , 125W F TC=0+-100 24546 
RESISTOR 2. 61 K 17. .12::'iW F TC=0+-100 
RESISTOR 47 5% ,25W FC TC=-400/+500 01121 

1 RESISTOR l, 33K 1% , 125W F TC=0+·-100 24546 
RESISTOR 6 81 1 ._, RESISTOR 1, 81( 5% .25W FC TC=-400/+700 01121 
RESISTOR 3,3K ~j/4 . 2~;w FC TC=-400/+700 01121 
RESISTOR 2 ,21( 5i.', ,25W FC TC=-400/+700 01121 
RESISTOR 2. 2 K :=.'1% ,25W FC TC=-400/+700 
RESISTOR 1 OK 5% ,25W FC TC=-400/+700 01121 

RE~;ISTOR 111K 5% ,25W FC TC=-400/+700 01121 
RESISTOR 7 5011 5% ,25W FC TC=-400/+700 
RESISTOR 1 OK 5/4, ,25W FC TC=-400/+'700 01121 
RESISTOR !OK 5% ,25W FC TC=-400/+700 01121 
RESISTOR l OK 5i.', ,25W FC TC=-400/+700 01121 

RESISTOR 8, 251( 1% , 125W F TC=0+-100 24546 
RESISTOR 4,641< 17. , 125W F TC=0+-100 24546 

9 RESISTOR 100 5% .25W FC TC=-400/+500 01121 
RESISTOR !OK 5% .2::iw FC TC=-400/+700 01121 
RESISTOR 1 OK 5% ,25W FC TC=-400/+700 01121 

RESISTOR 1 IIK ::i% ,25W FC TC=-400/+700 01121 
RESISTOR 75 17. , 125W F TC=0+-100 24546 
RESISTOR 46,4 17. .12~jW F TC=0+-100 24546 
RESISTOR 1 OK 5% ,25W FC TC=-400/+700 01121 
RESISTOR 316 17. , 125W F TC=0+-100 24546 

RESISTOR 47 5% ,25W FC TC=-400/+500 01121 
RESISTOR 6,81K 17. .12~;w F TC=0+-100 24546 
RESISTOR 4.64K 17. , 125W F TC=0+-100 24546 
RESISTOR 562 17. . 12::;w F TC=0+-100 24!"j46 
RESISTOR 47 5% .25W FC TC=-400/+500 01121 

See introduction to this section for ordering information 
*Indicates factory selected value 

Section VI 
Table 6-3 

Mfr Part Number 

CB47115 
3292W-1-503 
2100-3211 
0757-0488 
CB1065 
2100-3383 

C4-1/8-T0-101-F 
CB1035 
CB5625 
CB2225 

C4-l/8-T0-1961-F 
C4-l /8-T0-101 ·· F 
CB2215 
C4-l/8-T0-2371-F 

C4-l/8-T0-2371-F 
C4-1/8-T0-1961-F 

CB4705 

C4-1/8-T0-2371-F 
C4-1/8-TD-1961-F 
C4-1/8-T0-56R2-F 
C4-l/8-T □-1211-F 

C4-1/8-T0-1211-F 
CB4705 
C4-1/8-T0-56R2-F 
C4-l/8-T0-691R-F 
C4-l/8-T0-681R-F 

CB4705 
CB3325 
CB4715 
CB4705 
C4-1/8-T0-681R-F 

C[,4'715 
CB4705 
C4-l/8-T0-4641-F 
C4-1/8-T0-215R-F 
CB2205 

C4-l/8-T0-4641-F 
C4-1/8-T0-6811-F 
C4-l/8-T0-681R-F 
C4-l/8-T0-750l-F 
C4-1/8-T0-750l-F 

C4-1/8-T0-3161-F 
C4-1/8-T0-1472-F 

CB4'705 
C4-1/8-T0-1331-F 

CB1B25 
CB3325 
CB;-:.>.225 

CB\035 

CB1035 

CB\035 
CB! 11:35 
CB\035 

C4·-·1/8-T0-8251-F 
C4-l/8-T0-4641-F 
CB1015 
CB1035 
CB1035 

CB1035 
C4-1/8-T0-75RO-F 
C4-l/8-T0-46R4-F 
CB1035 
C4-1/8-T0-316R-F 

CB4705 
C4-l/8-T0-6811-F 
C4-l/8-T0-4641-F 
C4-1/8-T0-562R--F 
CB4705 

6-17 
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Section VI 
Table 6-3 

Reference 
Designation 

A4R154 
A4Rl55 
A4Ul 
A4U2 
A4U3 
A4U4 
A4U5 

A4ll7 
t-14U8 
A4U9 
A4Ul 0 

A4lll l 
A4U12 

A4U14 
A4U1 ~j 

A4U16 
A4U17 
A4U18 
A41.119 
A41J20 

A4U21 
A4U22 
A4U23 
A4U24 
A4l.l2~, 

A4U26 
A4U27 
A41J2EI 
A4U29 
A41J30 

A4ll31 
A4U3~? 
A4UJ3 
A4U34 
A4Wl 
A4W2 

A5 

A,;c1 
A1.~jC2 
A~)C3 
A5C4 
A5C5 

A'.5C6 
A5C7 
A~.'iCB 
A~)C9 
A'.jCl 0 

A5Cl 1 
A'.'.)C12 
A,;c13 
A5C14 
A5C15 

A~.'iC3 0 
A'";C31 
A5C36 

A5DS1 
A'.:'iDS2 
A5D53 
A5D54 
A~JDS:i 

A~:iDS6 
A5DS7 
A5DS8 
A~'.:iDS9 
A5DS10 

6-18 

HP Part 
Number 

068,3-4705 
0757-0279 
1B20-··0t302 
1826-0139 
IB26-··00:,1 
1826-0099 
1826-0918 

1820-1196 
11:121··-0001 
1820-0817 
Hl20·-·1 l 12 

1820-1169;3 
1 U20-··0629 

1B20-··0629 
1820-1144 

1 B20·-0629 
1820-2004 
1 B20··-0629 
1820-0693 
1 B20-0629 

1820-06El3 
Hl20-··0681 
1820-06Bl 
lll20·-1196 
1820··1196 

·1820-·l32;:?. 
1820-0629 
1B20-··1~~79 
1820-1279 
1020--0681 

1820-06~~9 
1 H20····0629 
IU20-116B3 
1826-0275 
8l'.':i9-··0005 
8159-0005 

C 
D 

ll 

1 
9 
8 :, 
4 

8 
4 
8 
8 

El 
0 

0 
6 

0 
9 
0 
8 
0 

6 
4 
4 
8 
B 

2 
0 
B 
El 
4 

0 
0 
6 

0 
I) 

0 
04192-61681 6 
04192--61682 7 

0340-0220 8 
12~58-0141 8 
3050-0082 8 
9170-110,'9 3 
04192-00651 2 

0419~:-6650~5 3 

0180-1061 7 
0160-·2055 9 
OJU0-1061 7 
0100-;~05:5 9 
0180-·1085 5 

01130-1 OB5 
0180-1085 
0180-1085 
0180-1061 
0160-20~)5 

0180-1085 
0180--1005 
0180-1085 
11160···4298 
0160-0362 

0180-1085 
0180--1085 
0180-108'., 

1990-0486 
1990 ·-0540 
199 0-0 54 0 
1990-11540 
1 (?90-0540 

1990-0540 
1990·-0517 
1990-0517 
1990-·0517 
1990-0517 

5 
5 
5 
7 
9 

5 
5 
5 
6 
7 

5 
5 
5 

6 
3 
3 
3 
3 

3 
4 
4 
4 
4 

Oty 

'7 

B 

3 

2 

6 

3 
11 

2 
10 

25 

Table 6-3. Replaceable Parts 

Description 

RES.[STOR 47 5% ,25W FC TC=-400/+500 
RESISTOR lOK lt .l25W 
IC GATE ECL NOR QUAD 2-INP 
IC DP AMP GP DUAL 8-DIP-P PKG 
IC OP AMP GP T0-99 PKG 
IC V RGLTR POS ll .5/l2,5V 
IC V RGLTR NEG l2.4/ll,6V 

IC FF TTL LSD-TYPE POS-E~GE-TRIG COM 
TRANSISTOR ARRAY 14-PIN PLSTC DIP 
IC FF ECL D-M/S DUAL 
IC FF TTL LSD-TYPE POS-EDGE-TRIG 

IC FF TTL SD-TYPE POS-EDGE-TRIG 
IC FF TTL S J-K NEG-EDGE-TRIG 

IC FF TTL S J-K NEG-EDGE-TRIG 
IC GATE TTL LS NOR QUAD 2-INP 

IC FF TfL S J-K NEG-EDGE-TRIG 
IC MISC NMOS 
IC FF TTL S J-K NEG-EDGE-TRIG 
IC FF TTL SD-TYPE POS-EDGE-TRIG 
IC FF TTL S J-K NEG-EDGE-TRIG 

IC INV TTL S HEX 1-INP 
IC GATE TTL S NAND QUAD 2-INP 
IC GATE TTL S NAND QUAD 2-INP 
IC FF TTL LSD-TYPE POS-EDGE-TRIG COM 
IC FF TTL LSD-TYPE POS-EDGE-TRIG COM 

IC GATE TfL S NOR QUAD 2-INP 
IC FF TTL S J-K NEG-EDGE-TRIG 
IC CNTR fTL LS DECD UP/DOWN SYNCHRO 
IC CNTR TTL LS DECD UP/DOWN SYNCHRO 
IC GATE TTL S NAND QUAD 2-INP 

IC FF TTL S J-K NEG-EDGE-TRIG 
IC FF TTL S J-K NEG-EDGE-TRIG 
IC INV TTL S HEX 1-INP 
IC 78Ll2A V RGLTR T0-92 
WIRE 22AWG W PVC 1X22 BOC 
WIRF 22AWG W PVC 1X22 BOC 

CABLE ASSEHBLY-TRD 320MM WHT 
CABLE ASSEMBLY l65MM RED 

JUMPER-REH 
WASHER-FL NM NO, 4 ,116-IN-ID ,188-IN-OD 
CORE-SHIELDING BEAD 
SHIELD 

KEYBOARD~ DISPLAY ASSEMBLY 
(NOT INCLUDING THE SHIELD CASES) 
CAPACITOR-FXD 220 UF 16VDC H 
CAPACITOR-FXD ,OlUF +80-20% lOOVDC CER 
CAPACITOR-FXD 220 UF 16VDC H 
CAPACITOR-FXD ,OlUF +80-207. lOOVDC CER 
CAPACITDR-FXD 4,7UF 16VDC TA 

CAPACITOR-FXD 4,7UF 16VDC TA 
CAPACITOR-FXD 4,7UF 16VDC TA 
CAPACITOR-FXD 4,7UF 16VDC TA 
CAPACITOR-FXD 220 UF 16VDC H 
CAPACITOR-FXD ,OlUF +80-20% lOOVDC CER 

CAPACITOR-FXD 4,7UF 16VDC TA 
CAPACITOR-FXD 4,7UF 16VDC TA 
CAPACITOR-FXD 4,7LJF 16VDC TA 
CAPACITOR-FXD 4700PF +-20% 250VDC CER 
CAPACITOR-FXD 510PF +-5Z 300VDC MICA 

CAPACITDR-FXD 4,7UF 16VDC TA 
CAPACITOR-FXD 4,7UF 16VDC TA 
CAPACITOR-FXD 4,7UF 16VDC TA 

LED-VISIBLE LUM-INT=lHCD IF=20MA-MAX 
DISPLAY-NUM-SEG 1-CHAR ,43-H 
DISPLAY-NUM-SEG 1-CHAR ,43-H 
DISPLAY-NUM-SEG 1-CHAR ,43-H 
DISPLAY-NUM-SEG 1-CHAR ,43-H 

DISPLAY-NUM-SEG 1-CHAR ,43-H 
LED-VISIBLE LUM-INT=3MCD IF•20MA-MAX 
LED-·VISIBLE LLIM-INT=3MCD IF=20MA-HAX 
LED-VISIBLE LUM-INT=3MCD IF=20HA-MAX 
LED-VISIBLE LUM·-INT=3MCD IF=20MA-MAX 

Mfr 
Code 

111121 

04713 
0192[1 
27014 

111295 
0192B 
04713 
01295 

01295 
01295 

01295 
01295 

01295 
284El0 
01295 
01295 
ll1295 

01 ~-~ 115 
01295 
01295 
01295 
01295 

01295 
01295 
01295 
01295 
01295 

Ol295 
01295 
01295 

284B0 
284'.lll 

,.'8480 
28480 

284BO 
28480 
28480 
28480 
284BO 

28480 

28480 
28480 
28480 
28480 
£~8480 

28480 
28480 
2B480 
28480 
28480 

28480 
28480 
28480 
56289 
28480 

28480 
2B480 
28480 

28480 
28480 
28480 
28480 
28480 

28480 
28480 
28480 
28480 
28480 

See introduction to this section for ordering information 
*Indicates factory selected value 

Model 4192A 

Mfr Part Number 

CB4705 

MC-10102P 
CA145BG 
LM31 OH 

SN74LS174N 
CA3046 
MC10L11P 
SN74LS74AN 

SN74S74N 
SN74S112N 

SN74S112N 
SN74LSO?N 

SN74S112N 
1820-20 04 
SN74S112N 
BN74S74N 
SN74S112N 

SN74S04N 
SN74SOON 
SN74SII ON 
SN74LS174N 
SN74LS174N 

SN74S02N 
SN74S112N 
SN'/4LS190N 
SN74LS190N 
SN74SOON 

BN74S112N 
SN74S112N 
SN74504N 

8159-0005 
8159-0005 

04"1(?2-61681 
04192-61682 

0340-0220 
1258--0141 
3050-0082 
9170-0029 
04192-00651 

04192-66505 

OlEl0-1061 
0160-2055 
0180-1061 
0160-2055 
0180-1085 

0180-1085 
0180-1085 
0180-1085 
0180-1061 
0160-2055 

0180-1085 
0180-1085 
0180-1085 
C067F251H472MS22-CDH 
0160-0362 

0180-1085 
0180-1085 
0180-1085 

5082-4684 
5082-7650 
5082-7650 
5082-7650 
5082-7650 

5082-7650 
5082-4655 
5082-4655 
5082-4655 
5082-4655 
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Reference 
Designation 

A5DS11 
A5DS12 
A'.";DS13 
A5DS14 
A~5DS15 

A5DS16 
A'.lDSl 7 
A5DS18 
A'.lDS19 
A~5DS20 

A5DS21 
A~':iDS22 
A5DS23 
A5DS24 
A::iDS2'.'.', 

A5DS26 
A5DS27 
A5DS28 
A~:iDS29 
A5DS30 

A:rns31 
A5DS3::~ 
A:rns:13 
A:':WS34 
A1:JDS35 

A5DS36 
A'.';DS37 
A'.',D538 
A5DS39 
A5DS40 

A5DS41 
A5DS42 
A~.'iD.S43 
A5DS44 
A~:iDS4:i 

A~JDS46 
A5DS47 
A:·';DS48 
A::iDS49 
A::iDS50 

A1::iDS51 
A'.3DS52 
A~'iDS53 
A~5DS54 
A5DS5~3 

A'..'.iDS56 
A5DS57 
A5DS58 
A~'.:iDS59 
Ac;DS60 

A5l)S61 
A5DS62 
A'.'JDS63 
A~,I>S64 
A~:iDS65 

A~',DS66 
A'.':iDSh7 
A~,DS68 
A'.::.iDS69 
A~1DS70 

A!.':iDS71 
A~Ds7;~ 
A":iDS73 
A~d)S74 
A'.'.'!0S75 

A'.:,DS76 
A1.'.iDS77 
A,;DS7fl 
A5DS79 
A::msso 

A'.JDSB 1 
A5DS82 
A:,DS83 
A:'';DSEJ4 
A5l)SR~J 

HP Part 
Number 

1990-0517 
1990-11517 
1990--0517 
1990-0517 
t 990·-·051 '/ 

1990-0517 
1990-0517 
1990-0517 
1'/90-0670 
1990-0540 

1990·-0540 
1990-0540 
1990·-05411 
1990-0540 
1990·-0517 

19911-·051'7 
1990-051'7 
1990-0517 
1990-0517 
1990-0517 

1?90---0~:i17 
1990-0517 
1'/90--0517 
1990-0517 
1990····0~~17 

1990-0517 
1990·-06'70 
1 '190 ·0~331 
19911-·1153 I 
1990- 0531 

l 990··-0531 
1990-0531 
1990····0!531 
1990-05:11 
l ?90 ···0531 

1990·-1148'1 
1990-0487 
1?90-0517 
19911-048'7 
1990-114B7 

1 '?90-·041l'7 
1'190-·048'7 
19911-0487 
1990--04137 
1990-04El7 

1990-0487 
1990·· 048'7 
1990-0487 
1990-0487 
1990-048'? 

I 990-0487 
1990-0487 
19'10-·0487 
1990-04El7 
19'10-·0487 

19'10-0487 
1990-04ll'7 
1 '190-04El7 
19911-04fl7 
1990-11487 

19911-·048'1 
1990-0670 
1990-··0670 
l990-04El7 
1990-·04ll7 

1990-0487 
1?(T0-··0b70 
1990-0670 
l 990·-048'7 
1990--0670 

1 '190-· 0670 
1990 ··048'7 
1990-0670 
1'190-0670 
1990-0670 

C 
D 

4 
4 
4 
4 
4 

4 
4 
4 
0 
3 

3 
3 
3 
3 
4 

4 
4 
4 
4 
4 

4 
4 
4 
4 
4 

4 
0 
2 
2 
2 

2 
2 
2 
2 
2 

7 
7 
4 
7 
7 

7 
7 
7 
7 
7 

7 
7 
7 
7 
7 

'7 
7 
7 
7 
7 

7 
'7 
7 
7 
7 

7 
II 
0 
7 
7 

7 

7 
II 

0 
'7 
0 
0 
0 

Table 6-3. Replaceable Parts 

Oty Description 

LED-VIS IBLE LUM·-! NT,=3MCD IF=20MA-MAX 
LED-·VISIBLE LUM-· I NT=3MCD TF=,20MA-MAX 
LED·-V!SIBLE LUM ·-I NT=3MCD !F=20MA-MAX 
LED-VISIBLE LUM-INT=3MCD 1F=20MA-·MAX 
LED-VISIBLE LUM--IN T=3MCD ff=20MA·-MAX 

LED-·VISIBLE LUM- INT=3MCD J:F::-~20MA-MAX 
LED·-V IS IBLE LUM-·· I NT=3MCD JF,=211MA·-MAX 
LED-·VISIBLE LUM- INT=3MCD IF=211MA-·MAX 

19 LED-VISIBLE LUM·-INT=IMCD IF=211MA·-MAX 
DISPLAY-NUM·-SEG 1-CHAR , 43-·H 

DI SP I_AY -NUM·-SEG 1 -CHAR ,43-H 
DISPL.AY-NUM-SEG 1 -CHAil .4T-·H 
DISPLAY-NUM·-SEG \ ·-CHAR , 4;1•-H 
DI SP LAY-·NUM-SEG 1-THAll .43-H 
LED·-VISIBLE LUM·-INT=3MCD !F=211MA-MAX 

LED-VISIBLE LUM·-INT=3MCD IF=20MA-MAX 
LED-VISIBLE LUM··-INT=JMCD IF=20MA·-MAX 
LED-VISIBLE LUM-·INT=3MCD IF=20MA-MAX 
LED-VISIBLE LUM-INT=3MCD ff=20MA-MAX 
LED-·VISIBL E LUM-·INT=3MCD IF=,211MA-MAX 

LED·-VISIBLE LUM·- I NT=3MCD IF=211MA·-MAX 
LED-VISIBLE LUM-·INT=3MCD IF=20MA-MAX 
LED-VISIBLE LUM···INT=3MCD ff,=20MA·-MAX 
LED-VIS IBLE LUM-IN1=3MCD 1F=20MA-MAX 
LED-VISIBLE LUM·-INT=3MCD IF=20MA·-MAX 

LED-VISIBLE LUM-INT=3MCD JF=211MA-MAX 
LED·-VISIBLE UJM··-INT=1MCD IF=20MA-MAX 

8 DISPLAY-NUM-SEG 1 -CHAR ,3-H 
DI SP LAY-NUM·-SEG \·-CHAR , 3····H 
DISPLAY-NUM·-SEG \ -CHAR , 3·-·H 

DISPLAY-NUM-SEG 1··-CHAR .3-H 
D ISP L AY-·NIJM-SEG 1-CHAR , 3-H 
DISPLAY-·NUM -·SEG \ ·-CHAR , 3·-H 
DI SP L. AY-·NUM-SEG 1-CHAR , :l-H 
DISPLAY-NUM-SEG 1-CHAR ,3-H 

30 LED·-VISIBLE LUM-INT=1MCD IL=211MA-MAX 
LED-VISIBLE UIM-<[ Nl = 1 MCD IF =20MA-MAX 
LED·-VISIBLE LUM·-INT=3MCD IF"=20MA-MAX 
LED·-VISIBLE LUM·-INT=l MCD I F=2 0 MA·-MAX 
LED-VISIBLE LUM-·INT=1MCD IF=20MA-MAX 

LED·-VISIBLE LUM··· I NT= 1 MCD ff=211MA-MAX 
LED·-V IS IBLE LUM··· INT= 1 MCD IF=20MA-·MAX 
LED-VISIBLE LUM-·INT=1 MCD IF=20MA-MAX 
LED-VISIBLE LUM·- I NT= 1 MCD IF=20MA-MAX 
LE.D-·Vl SIBLE LLIM-·INT=1MCD JF<'0MA-MAX 

l.ED·-VISIBLE LUM·-INT= 1 MCD IF=211MA-MAX 
LED-Vlc>IBLE. LUM-INT=1MCD IF=211MA·-MAX 
LE"D-VISIBLE LUM-INT=1MCD 1F=20MA-MAX 
LED-VI SIBLE LUM-INT=lMCD IF=20MA·-MAX 
LED·-VISIBLE LUM··-INT=1MCD IF=211MA-MAX 

l.ED-VISIBLE LUM·· I NT= 1 MCD IF=20MA·-MAX 
LED-VISIBLE LUM-INT=1MCD IF=20MA-·MAX 
LED -VIS IBLE LUM··- I NT= 1 MCD ff=20 MA -MAX 
LED-VISIBLE LUM-I NT=, 1 MCD IF=20MA-MAX 
LED-VISIBLE LUM-INT=1MCD H=20MA-Ml>X 

LE D-Vni!BLE LI.IM-· I NT= 1 MCD IF=2 OMA-MAX 
LED-VIS IBLE LUM··-INT=1MCD IF·=20MA·-MAX 
LED-VISIBLE LUM-INT=1MCD lF=211MA-MAX 
LED·-V IS IBLE LUM·-INT= 1 MCD IF=211MA-MAX 
LED-·VISIBLE LIJM-·INT=l MCD IF=20MA-MAX 

LED-VISIBLE LUM·- INT= 1 MCD IF=20MA-MAX 
LED-VISIBLE LUM-· I NT= 1 MCD lF=20MA-MAX 
LED·-VISIBLE LUM·-INT=lMCD IF=211MA-MAX 
LED-·VJSIBLE LUM-·INT=1 MCD T.F=20MA-·MAX 
LED·-VISIBLE LUM·-INT=1 MCD IF=20MA·-MAX 

LED-·VISIBLE LIJM-·INT=lMCD IF=211MA-MAX 
LED-VISIBLE LUM··- INT= 1 MCD IF=20MA·-MAX 
l.ED·-·VISIBLE LUM··-INT=1MCD IF=20MA·-MAX 
l.ED-VISIBLE LUM·-INT= 1 MCD IF=20MA·-MAX 
LED-·VISIBLE LUM-·INT=1 MCD H =20MA-MAX 

LED·-V!SIBLE LUM·-I NT=\ MCD IF=20MA-MAX 
LED-VISIBLE LUM·- INT= 1 MCD IF=20MA·-MAX 
LED-·VI SIBLE LLJM-·INT=1MCD IF=20MA-·MAX 
L.ED-VISIBLE LUM·- INT= 1 MCD IF=20MA·-MAX 
LED-·VISIBLE LLJM-·INT=1 MCD IF=20MA-MAX 

Mfr 
Code 

2U4ll0 
284EIO 
2B4B0 
,!84811 
20480 

21l4EIII 
2ll4B0 
2fl480 
2B480 
21H80 

20480 
20480 
2B480 
284811 
28480 

284811 
2B4811 
C~B48 0 
28480 
,'84fl0 

::~H48 0 
(.~848 0 
28480 
2fl480 
20480 

284811 
21l4B0 
;,'13480 
284130 
28480 

2B480 
(.'.84B 0 
:=B490 
(.!8480 
204130 

2B4811 
204811 
20480 
21l480 
(.!8480 

2B480 
2[14B0 
:.:.~848 0 
20480 
:0134811 

2t3480 
2114B0 
(.!8480 
28480 
2B4ll0 

2fJ480 
,;84flll 
213400 
28480 
2D4B0 

28480 
20480 
<'84811 
284ll0 
,'84811 

213480 
Z,'84EI 0 
213480 
Z'84EIO 
2B480 

2fJ4811 
213480 
213480 
2134811 
284811 

2B4BO 
2B480 
284BII 
28480 
28480 

See introduction to this section for ordering information 
*Indicates factory selected value 

Section VI 
Table 6-3 

Mfr Part Number 

50B2·-4655 
~-'i o s;~-46:i~3 
50H?.·-4655 
~i082-4h5~) 
snB;!-4655 

:i 082-4655 
50B?-4655 
~; 082-465:'i 
19'111-0670 
508?-7650 

~)0B;=•-7650 
50B2-7650 
5on;~-7650 
~.'i!l82-7650 
508;=-4655 

50B~~-4655 
5on;.~-4655 
~-iOB2-46:i5 
5002-4655 
:i082-4655 

5 o n;.~-4655 
~i082-46:_;5 
5082--4655 
:i082-4655 
5on;~-4655 

~', 082-4655 
1 '7'10-0670 
50132-7610 
50B2-761 0 
50 a2-761 o 

50B2-7610 
~.'i O 82-7 61 0 
50B2-7610 
~":i082-7610 
son;.~-761 o 

5082·-4584 
~.'i082-4~.)84 
5082-4655 
50H2·-4584 
'.:) 082-4~j84 

5082-4584 
5082-4~'i84 
~:)082-4t'i84 
5082-4584 
:':i082-4~.'i84 

5002--4584 
5082-4584 
:=:; 0 82-4~i84 
5082-4584 
50B2-4:i84 

50B2-4~:i84 
~i082-4~.)84 
500~~-4584 
:=:; 0 82-4'.:.'84 
50El2-4584 

~':i082-4~i84 
~:; 0 B2·-4584 
:i O 82-4'.'584 
5 o n;~-4~iB4 
~j 082-4~i84 

5082-4~184 
1990-0670 
1990-0670 
~:'i0D2-4~'i84 
51182-4584 

~:i082-4~i84 
1 \,HfQ·-Q67(} 
1990--0670 
501:3~~·-4584 
1990-0670 

19'10·-0670 
5082•-4:i84 
1990-06711 
1990-0670 
1990-0670 

6-19 
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Section VI 
Table 6-3 

Reference 
Designation 

A'.';DS86 
A5DS87 
A~:iDS88 
A'.lDS89 
A5DS90 

A5DS91 
A5DS92 
A'.';DS93 

A'.lJl-1B 
A5J19 

A51<1 
A5R2 
A5R3 
A'.5R4 
A5R5 

A~.'iR6 
A5R7 
A5R8 
A5R9 

A!"iR 10 
A5R11 
A~5R12 

A~R13 
A'.5R14 
A5R15 
A'.';Rt6 
A5Rl7 

A~5S1--45 
A5S46 

A~':iU1 
A~'lU2 
A'.5U3 
A5U4 
A~:iU5 

A5U6 
A'.'iU7 
A5ll8 
A~'.rn9 
A5U10 

A!'.\Ul 1 
A5U12 
A'.5U13 
A5U14 
A~'5Ut 5 

A5Ul6 
A'.lUl 7 
A5Ul8 

6-20 

HP Part 
Number 

1 ''90--0670 
1990-0670 
1'790-··0670 
1990·-0670 
"1990-0670 

l 990-0670 
1990-0670 
1 '?90--0670 

1200-063B 
0360-·1705 

0 683·-5615 
0683-·331\'j 
0683-1035 
0683--4725 
1B10-0269 

!H!0-··0247 
1810-0269 
7870-0269 
1810-0269 

1 Bl 0····0247 
1810-0269 
lBlOM-0275 

1810-0275 
1!310····0301 
1810-0269 
lBt0--0269 
1810-0301 

1B10-· 0269 

5 0 60····9436 
3101-2046 

rn:,0--0030 
1858-0038 
1820"-0495 
1820-1416 
1!320-··0668 

1858-0038 
1U58--0038 
1820-1200 
1B20--1200 
1820-1200 

1B20--12'78 
1820-14t8 
1U58--0033 
1858-0033 
11358-·0033 

1858--0033 
1B20--1202 
1820-1851 

C 
D 

0 
0 
0 

7 
8 

1 
4 
1 
2 
3 

7 
3 
3 
3 

7 
3 
1 

1 
4 
3 
3 
4 

3 

7 
7 

4 
4 
8 
5 

4 
4 
5 
5 
5 

7 
7 
9 
9 
9 

9 
7 
2 

04192-61634 9 

1251-1998 
'.l041-0ic76 
5041-0342 
~5 041-0351 
5041-0375 

c;o41-0384 
5041-0441 
~j 041-0<"(22 
5041-1755 
5041-1756 

~':!041-1'7~57 
5041-1758 
~'>041-1759 
~i041-1760 
5041-1761 

6 
7 
5 

6 
6 
8 
7 
8 

5 

5041-·1762 6 
5041-1763 7 
0;041-1764 0 
~j041-1770 6 
04140-40002 9 

04191-40003 1 
04262-25003 5 
04262-40001 5 
04274-40003 1 

Oty 

24 
1 

l3 

2 

3 

45 
1 

4 

1 
4 
1 

4 

4 

3 
1 

4 
15 

1 

4 
1 
7 
1 
1 

2 

2 

2 
1 
1 
3 

Table 6-3. Replaceable Parts 

Description 

LED-VISIBLE LUM-INT•lMCD IF•20MA-MAX 
LED-VISIBLE LLJM-INT•lMCD IF•20MA-MAX 
LED-VISIBLE LUM-INT•lMCD IF•20MA-MAX 
LED-VISIBLE LUM-INT•lMCD IF•20MA-MAX 
LED-VISIBLE LUM-INT•lMCD IF•20MA-MAX 

LED-VISIBLE LUM-INT•lMCD IF•20MA-MAX 
LED-VISIBLE LLJM-INT•lMCD IF•20MA-MAX 
LED-VISIBLE LUM-INT•lMCD IF•20MA-MAX 

SOCKET-IC 14-CONT DIP DIP-SLDR 
CABLE TRANSITION 40-TERM INSUL DSPL TYPE 

RESISTOR 560 5% ,25W FC TC=-400/+600 
RESISTOR 330 5% .25W FC TC•-400/+600 
RESISTOR !OK 5Z .25W FC TC•-400/+700 
RESISTOR 4,7K 5;<, ,25W FC TC•-400/+700 
NETWORK-RES 9-SIP!O.OK OHM X 8 

NETWORK-RES 16-DIP220,0 OHM X 8 
NETWORK-RES 9-SIP!O.OK OHM X 8 
NETWORK-RES 9-SIP70.0K OHM X 8 
NETWORK-RES 9-SIP!O.DK OHM X 8 

NETWORK-RES 16-DIP220,0 OHM X 8 
NETWORK-RES 9-SIP!O,OK OHM X 8 
NETWORK-RES 10-SIP!.OK OHM X 9 

NETWORK-·RES 10-S!Pl, OK OHM X 9 
NETWORK-RES 16-DIP51,0 OHM X 8 
NETWORK-RES 9-SIP!O,OK OHM X 8 
NETWORK-RES 9-SIP!O,OK OHM X 8 
NETWORK-RES 16-DIP51,0 OHM X 8 

NETWORK-RES 9-SIP!O,OK OHM X 8 

PUSHBUTTON SWITCH P.C. MOUNT 
SWITCH-SL DPDT SlD 1,5A 250VAC PC 

TRANSISTOR ARRAY 14-PIN PLSTC DIP 
TRANSISTOR ARRAY 14-PIN PLSTC DIP 
IC DCDR TTL 4-T0-16-LINE 4-INP 
IC SCHMITT-TRIG TTL LS INV HEX 1-INP 
lC BFR TTL NON-INV HEX 1-INP 

TRANSISTOR ARRAY 14-PIN PLSTC DIP 
TRANSISTOR ARRAY 14-PIN PLSTC DIP 
IC INV TTL LS HEX 
IC INV TfL LS HEX 
IC INV TTL LS HEX 

IC CNTR TTL LS BIN UP/DOWN SYNCHRO 
IC DCDR TTL LS BCD-TO-DEC 4-T0-10-LINE 
TR ANS IS TOil 
TRANSISTOR 
TRANSISTOR 

TRANSISTOR 
IC GATE TTL LS NANO TPL 3-INP 
IC FNCDR TTL LS 

CABLE ASSEMBLY-FLAT 

CONNECTOR-SGL CONT SKT .025-IN-BSC-SZ 
KEY CAP-PEARL GRAY 
KEY CAP 
KEY CAP 
KEY CAP-QUARTER, SMOKE 

KEY CAP-SMOKE GRAY 
KEY CAP-SMOKE BLUE 
KEY CAP-EBY PEARL 
KEY CAP (,) 
KEY CAP-QUARTER (0) 

KEY CAP-QUARTER (1) 
KEY CAP-QUARTER (2) 
KEY CAP-QUARTER (3) 
KEY CAP-QUARTER (4) 
KEY CAP-QUARTER <51 

KEY CAP QUARTER (6) 
KEY CAP- (7) 
KEY CAP-QUARTER (8) 
KEY CAP-QUARTER (-) 
INSULATOR 

LAMP HOUSE 
INSULATOR 
INSULATOR 
INSULATOR 

Mfr 
Code 

2ll480 
28480 
284130 
28480 
284BO 

2B480 
2'84EI 0 
28480 

28480 
28480 

01121 
01121 
01121 
01121 
28480 

01121 
284811 
28480 
2B480 

111121 
2fJ480 
01121 

0112.1 
01121 
28480 
2B480 
111121 

28480 

2U480 
211480 

28480 
284BII 
01295 
01295 
01295 

28480 
28480 
01295 
01295 
0129~i 

01:?.95 
0 l 29~; 
284HO 
;_!84El0 
284BO 

2El480 
01295 
:H33c; 

284BO 

; 0 8480 
28480 
2'848 0 
2!l4UO 
2El480 

28480 
28480 
20480 
28480 
2'8480 

28480 
28480 
;:!8480 
28480 
28480 

28480 
28480 
28480 
28480 
284811 

28480 
,!8480 
28480 
28480 

See introduction to this section for ordering information 
*Indicates factory selected value 

Model 4192A 

Mfr Part Number 

1990-0670 
1990-06711 
1990--06'70 
1990·-0670 
1990··-0670 

19',ll·-0670 
1990-06711 
1990-0670 

12011-0638 
0360·-1705 

CB5li15 
CB3315 
CB1035 
CB4'725 
101 o-o;::69 

316B?21 
181 o-o;c_,69 
7870-0269 
181 0-•o;:.~69 

316B;:.1.21 
1810-02'69 
21 OA! o;= 

210A102 
316B'.510 
181 O-lli?.69 
181 ll·-0269 
316B51 II 

1s1 o-0;269 

50611·-9436 
31111-2046 

rnc;1J-0113a 
113~,8-0031l 
SN'74154N 
SN74LS14N 
SN'/407N 

1U58-11038 
18:"iB-0038 
EN74LS05N 
SN741...S0!5N 
f:)N74LS05N 

SN'74LS191N 
SN74LS4~:.>N 
185B····0033 
1858-0033 
1858·-·0033 

1fl58-0033 
SN74L.S1 ON 
AM'74LS148N 

11419;.,-61634 

L''..',1-1991'1 
:'.'i041 ... 0276 
~i041-034;.? 
504l ·-03'.'H 
~dl41-037!> 

5041-0384 
:',1141-0441 
5041-092;~ 
~i041····1755 
::'i041-1756 

5041····1757 
~":i041 ···17~j8 
:iD41-t 7::i9 
ci041-1760 
cill41-1761 

5041·-1762 
51141-1763 
~i041-1764 
~i04t·-.. 1770 
114140-40002 

114191-40003 
04;.:?.62-25003 
04262·-401101 
04i?.74-40003 



Scans by ArtekMedia © 2008Model 4192A 

Reference HP Part C 

Designation Number D 

A6 0 419;~-6650 6 4 

A6CI 0180-1085 5 
A6C2 0180-10!35 5 
A6C3 0180-0291 3 
A6C4 0180-·1085 5 
A6C10 11160-0153 4 

A6Cl 1 0180·-1085 :'_'j 

A6Cl 2 0160-.. 0153 4 
A6C20 0180-1057 1 
A6C21 o 160--34,;6 6 
A6C22 11180-·17114 5 

A6C23 0180-1085 5 
A6C24 0180-1085 5 
A6C2S 0180--1085 5 
A6C32 0140-0197 4 
A6C33 0180--1704 5 

A6C34 0160-2150 5 
AbC3~'i o 100-.. 0::!91 3 
A6C37 0160-2150 ~5 
A6C38 0180--·0,.'91 3 

A6CRI 1902-0041 4 
A6CR2 l'/01--01140 I 
A6CR3 1901-0040 I 
A6CR4 1901-.. 0518 8 
A6CR~ 19111-0518 El 

A6CR6 1901-·0518 8 

A6DS1 1990-04El6 6 

A6J1 1 ;?51--3025 9 
A6J2 1200-0607 II 
A6J3 1;_:_~00-··0607 0 
A6J4 1200-0541 
A6J5 1:.~00···0541 

A6J6 12~il-·3196 _, 
A6J7 12~31···3004 4 
A6.T8 12:.rn-0257 I 
A6J9 1 ;.:.ioo--•0654 7 
A6JIO 1200-06117 0 

A6J11 1::'.00-0638 7 
A6J12 12110-0639 8 
A6J13 1;>110-.. 0638 7 
A6J14 12011-0638 7 
A6J15 J;,'00-.. 060'7 

A6Jl6 1200-0638 '7 
A6J17 1 ;_:l.00--0639 8 
A6Jl8 1200-0639 B 
A6Jl9 L'-'.00-.. 0639 8 
A6J20 1200-0607 II 

A6J21 1;_?.00-0639 8 
A6J22 1200-0539 7 
A6J23 1;:~00--0~:;39 7 
A6J24 1200-0539 7 
A6J25 1?00-0539 7 

A6J26 1200-0541 
A6J27 1'2.00-··0~:i41 
A6J28 1200-0541 
A6J29 1200--0541 
A6J30 1200-0541 

A6J31 1:?.00-0541 
A6.T32 1200-0541 
A6J33 1;_:~00-0~;41 
A6J34 1200-0541 
A6J35 1;_:_~00-0::141 

A6J36 1200-0541 
A6J37 1;:?.00--0541 
A6.T38 1200-0541 
A6J39 l~~00-·0541 I 
A6J40 1200-0607 0 

A6J41 12011-0607 0 
A6J42 1200-0607 0 
A6J43 1;:>00--060'7 0 
A6J44 12110-0607 II 
A6J45 1;?.00--0654 7 

A6LI 9140-0401 2 

Table 6-3. Replaceable Parts 

Qty Description Mfr 
Code 

CONTROi_ LOGIC BUARD ASSEMBLY ;:?.0480 

CAPACITDR--FXD 4, 71.JF 16VDC TA ?8480 
CAPAC ITOR-FXD 4,71./F 16VDC TA 213480 

5 CAPACITDR-.. FXD 11./F+-·10% 35VDC TA '.':i62B9 
CAPACITOR-FXD 4,7IJF 16VDC TA 21]480 ., CAPACITDR-·FXD lOOOPF +-10¼ 2110VDC PDLYE 28480 

CAPACITDR--·FXD 4,7UF 16VDC TA ,.'84EI 0 
CAPACITOR-FXD 11111 OPF +--·10% 2110VDC PULYE 2.B4BO 
CAPACITOR: FXD ~~2 0 0 UF 16VDCW AL ELECT 21]480 
CAPACITOR-FXD 10 ll OPF +-107., ll<VDC cm 2B481l 

4 CAPACITDR-FXD 471.JF+-·10% 6VDC TA '.:'i6;3.09 

CAPAC ITOR-·FXD 4.7UF 16VDC TA 20480 
CAPAC I TDR-·FXD 4,7UF 16VDC TA ?84EIO 
CAPACITOR--·FXD 4,7IJF 16VDC TA ~:!:0480 
CAPACITDR--FXD 180PF +-:':ii:: 31111VDC MICA 72136 
CAPACITOR-FXD 47I.IF+-·l 07. 6VDC TA 56;.~89 

CAPACITDR--FXD 33PF +-:':i/. 31111Vl)C MICA :"84EIO 
CAPAC I TOR ·-FXD IUF+--10% 3'.'iVDC TA 56~~89 
CAPACITDR--FXD 3~PF +-:':i¼ 3011VDC MICA :'.'.841'10 
CAPAC ITOR-FXD IUF+-10% 3!:iVDC TA 56~~89 

DIODE--ZNR 5. I 1V ;)¼ Dll-35 PD=.4W :.'84BO 
DIODE--SWITCHING 311V 50MA 2NS DIJ-35 2B4B0 
DIODE--SWITCHING 311V ciOMA 2NS !)IJ--35 2El480 
DIODE-SM SIG SCHIJTTKY 2l14UO 
DIDDE-··SM SIG 1,CHOTTKY ,;fl48 II 

DIODE-SM SIG SCHOTTKY 2ll4UO 

LED-VISIBLE UJM-·INT=lMCD IF=20MA-MAX 2~8480 

CONNECTOR 34-PIN M RECTANGIJI_AR 2B480 
SOCKET-IC l 6-CONT DIP DIP-· SL.DR ?84EIO 
SOCKET--IC 16-CONT DIP DIP--SLDR 204811 
SOCKET-lC 24--CONT I>IP DIP-SL.DR 28480 
SOCKET-IC 24--CONT DIP DHL-SLDR 2.13480 

2 CONNECTOR 8-PIN M PDf.iT TYPE 21:1480 
CONNECTOR 40--PIN M RECTANGIJI...Af! 28480 
CONNECTC!R--RF SMB M PC 50-··DHM 2fl4811 
SOCKET-IC 40--CONT DIP DIP·-SL..DR 213480 
SUCK ET-IC 16--CONT I>IP DIP .. SL.DR 2B4811 

SOCKET--IC 14-CONT DIP DIP-SL.DR 213480 
d SDCK[T-IC 20-·CONT DIP DIP-.. SLDR <'84Elll 

SOCKET-IC 14-CON'l DIP DIP·-SLDR 2B480 
SOCKET-IC 14--CONT DIP DIP .. ·SLDR :'048 0 
SDCKET·-IC 16-CONT DIP DIP··-SL.DR 28480 

SOCKET-IC 14-CDNT DIP DIP--SL.liR £~84El 0 
SOCKET--IC 20-CONT DIP DIP··-Sl...DR 28480 
SUCKE.T-IC 20-CONT DIP DIP -SL DR ,'134811 
SOCl(ET-IC 20-CONT DIP DIP--SL.Dll 28480 
SOCKET-IC 16--CONT DIP DIP-SL DR 2fJ4811 

SOCl<ET--IC 211-CONT DIP DIP--Sl..DR 20480 
4 SDCKET--IC 18--CONT DIP DIP·'.',LDR 28480 

SOCKET·-IC 18-Cf.lNT DIP DIP·-SLDR 2fl480 
SOCKLT--IC 18--CIJNT DIP DIP--SL..DR i.~8480 
SOCKET--IC 18--CIJNT DIP DIP·-SI..DR 28480 

SOCKET-TC 24-CONT DIP DIP-SL.DR ?f.14811 
SOCKET-IC 24-CONT DIP DIP .. ·SI .. DR 2B480 
SOCKET-IC 24-.. CONT DIP DIP-·SLDR <'84EI II 
SOCKET-IC 24-·CON T DIP DIP·-·SLDR 284flll 
SOCKET-IC 24--CONT DIP DIP-SLDR ,.!84811 

SOCKET--IC 24-CONT DIP DIP·-SI .. DR 28480 
SOCl<ET-IC 24--CONT DIP DIP-Sl.DR 28480 
SOCKET--IC 24-CfJNT DIP DIP--·SI .. Dll 2B480 
SOCKET-IC 24--CONT DIP DTP--SLDR <'84EI II 
SOCKET-IC 24-CONT DIP DIP--SLDR 28480 

SOCKET-IC 24--CONT DTP DIP--Sl.DR 213480 
SOCKET--IC 24--CONT DIP DIP .. ·SL.Df! 2B480 
SOCKET--IC 24--CONT DIP DIP-··SL.DR 28480 
SOCl<ET·-IC 24--CONT DIP DIP--SLDR ~!.8480 
SOCKET-IC 16-C:ONT DIP DIP-··SL.DR 284811 

SOCl<ET--IC 16-CONT DIP DIP--SLDR 2ll480 
SOCKET-IC 16--CONT DIP DIP--Sl. DR 2El4811 
SOCKET-IC 16-CONT DIP DIP--SI_DR 28480 
SOCKET-IC 16--CONT DIP DIP-·SL.DR 284811 
SOCKET-IC 40-CON'T DIP DIP .. ·SI...DR 28480 

COIL--FXD 64 UH 28480 

See introduction to this section for ordering information 
*Indicates factory selected value 

Mfr Part 

041(72-66506 

OIDO-IOEl'.'i 
01130·-1085 
1501)1115X903c'A2 
011311·-1085 
11160-01~i3 

0 .180-1085 
0160·-0153 
OHJ0-1057 
01611·-3456 
1'.50D476X900 6B;3. 

0 lll0·-1085 
II 1 Bil-I IIEl5 
lllll0--1085 

Section VI 
Table 6-3 

Number 

DM15F181J0300WV1CR 
1511D476X90116Il2 

0160·-·2~150 
150D105X903~SA2 
0160-··2150 
150Dl 05X903~iA? 

1902--·0 041 
19111--0040 
l'/01-011411 
1911·I-o,,1s 
1901-0,;rn 

19111-0518 

~.'i 0El~=-4684 

125'1-3025 
1:.'00-0607 
12110--0607 
1;:~00-0541 
1200·-0541 

12::'il-3196 
12.~il-3004 
1 :::.50-02::'i7 
1200·-0654 
120 0-060'7 

12.011--06313 
l :.0 0 0-0639 
121111--0638 
1,'00-063fJ 
1 ;en o--0607 

1200-0638 
1;'011-0639 
1200-0639 
12011-0639 
1200-0607 

12llll-0639 
1;.?.00-0~139 
120 0·-0539 
120 0-0~)39 
1200·-0539 

120 O-O:i41 
1200·-0':i41 
1200-0541 
1200-0541 
1;_:!00-0541 

12011--0541 
1 ;~o 0-0~,;41 
1200--0541 
120 0-0541 
1200--0541 

lL~00-0541 
1200-0541 
120 0-11541 
1200-0541 
1200-060'7 

121111--0607 
120 0-0607 
1200--0607 
1,,'00-0607 
1:'110-0654 

?140-0401 

6-21 
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Section VI 
Table 6-3 

Reference 
Designation 

A6Ql 
A6Q2 
A6Q3 

A6R1 
A6R2 
A6R3 
A6R4 
A6R5 

A6R7 
A6RB 
A6R10 
AbRl 1 
A6R20 

A6R21 
A6R22 
A6R30 
A6R31 
A6R32 

A6R33 
A6R34 
A6R35 
A6R36 
A6R37 

A6R38 
A6R39 
A6R40 
A6R41 
A6R42 

A6R43 
A6R44 
A6R45 
A6R46 
A6S1 
A6S2 
A6S4 
A6S5 
A6S6 

A6Ul 
A6U2 
A6U3 
A6U4 
A6U5 

A6U6 
A6ll7 
A6U8 
A6U9 
A6Ul 0 

A6Ul 1 
A6U13 
A6ll14 
A6U15 
A6U16 

A6U17 
A6U18 
A6U19 
A6U20 
A6U21 

A6ll23 
A6U24 
A6U30 
A6U31 
A6ll32 

A6U33 
A6ll34 
A6U35 
A6U36 
A6U37 

A6U38 
A6U39 
A6ll40 
A6U41 
A6LJ42 

A6U43 
A6U44 
A6U45 
A6U46 
A6U47 

6-22 

HP Part C 

Number D 

11354-0019 3 
1853-0015 7 
1853--0015 7 

181 0-0269 3 
0683--4725 2 
0683-4725 2 
Hl 10-· 0269 3 
1810-0269 3 

0683-4725 2 
0683-'4725 2 
0683-4735 4 
0683-4735 4 
0683-1045 3 

0683-1045 3 
0683-·1045 3 
0683-4725 2 
0683-4725 2 
0683-4725 2 

1810-0269 3 
0683-1015 7 
0683-1025 9 
0683-4725 2 
0683-3325 6 

0683-3325 6 
0683-3325 6 
0683-1 O~i5 5 
0683-1065 7 
0683-1025 9 

0683-1025 9 
0683-4725 2 
0683-4705 8 
0698-0082 
3101-1856 5 
3101-1856 5 
1251 ·-4822 6 
1251-4822 6 
1251--4822 6 

1820-2058 3 
1H20--2058 3 
1820-2058 3 
1 B20-2058 3 
l820-1199 1 

1020-17~59 9 
1820-2549 5 
1B20-·1216 3 
1820-1759 9 
Hl20-··1759 9 

1820-1196 8 
1020--1 ;?.78 7 
1820-1201 6 
lll20-··1416 5 
1820-1197 9 

1 B20-·1112 8 
1820-1478 9 
11320-1199 1 
1820-1490 5 
1 B;?.O- 07~:11 9 

1820-1430 3 
1B20--1197 9 
1820-1730 6 
11320--1730 6 
1820-1759 9 

11320--1730 6 
1820-1199 1 
1B20-1201 6 
1820-1197 9 
11320-· 1278 7 

1820-1278 7 
1B20-·1('!78 7 
1820-1423 4 
1B20-··1112 8 
1820-1112 8 

1B20-·1112 8 
1820-·1216 3 
1 B20--t 1 t:y7 9 
1820-1278 7 
11320-1112 8 

Table 6-3. Replaceable Parts 

Oty Description Mfr 
Code 

,, TRANSISTOR NPN SI T0-·18 PD=360MW 28480 
2 TRANSISTOR PNP SI PD=200MW FT=500MHZ 28480 

TRANSISTOR PNP SI PD=200MW FT=500MHZ 28480 

NETWORK-·RES 9-SIPlO,OK OHM X 8 28480 
RESISTOR 4,7K 5% ,25W FC TC=-400/+700 01121 
RESISTOR 4,7K ~j¼ .2~jW FC TC=-400/+700 01121 
NETWORK-RES 9-SIP 10, OI< OHM X 8 28480 
NETWORK-RES 9-SIPlO,OK OHM X 8 28480 

RESISTOR 4,7K 5¼ ,25W FC TC=-400/+7011 01121 
RESISTOR 4,7K 5% ,251.J FC TC=-4110/+700 01121 
RESISTOR 47K ~ii:: ,25W FC TC=-400/+800 01121 
RESISTOR 47K 5% ,25W FC TC=-400/+800 01121 
RESISTOR 1 0 OK 5¼ .2~;w FC TC=-400/+800 0 1121 

RESISTOR 10 OK 5¼ .25W FC TC=-400/+800 01121 
RESISTOR 100K ~)¼ .25W FC TC=-400/+800 0 l 121 
RESISTOR 4, 71( 57. .25W FC TC=-400/+700 01121 
RESISTOR 4,7K ::'i¼ ,25W FC TC=-400/+700 II 1121 
RESISTOR 4,7K 5/.. ,25W FC TC=-400/+700 01121 

NETWORK-RES 9-SIPlO,OK OHM X 8 :.:~848 0 
RESISTOR 100 5% ,25W FC TC=-400/+500 01121 
RESISTOR lK 5¼ , 25W FC TC=-AO 0/+60 0 01121 
RESISTOR 4,7K 5% .25W FC TC~-400/+700 01121 
RESISTOR 3,3K 5¼ ,25W FC TC=-400/+700 01121 

RESISTOR 3, 3K 5% ,25W FC TC,=-400/+700 01121 
RESISTOR 3,3K 5i:: ,25W FC TC=-400/+700 01121 

1 RESISTOR lM 5¼ ,25W FC TC=·-800/+900 01121 
RESISTOR 10M 5¼ ,25W cc TC=-900/+llllll 01121 
RESISTOR lK 5% .25W FC TC=-400/+600 01121 

RESISTOR 1K ~,¼ ,25W FC TC=-400/+600 01121 
RESISTOR 4,7K 5% ,25W FC TC=-400/+700 01121 
RESISTOR 47 5% ,25W FC TC=--400/+500 01121 
RESISTOR 464 l'' 

3 SWITCH-SL 8-lA DIP-SLIDE·-ASSY . IA 50VDC 28480 
SWITCH-SL 8-lA DIP-SLIDE-ASSY , 1A 50VDC 28480 
CONNECTOR 3-PIN M POST TYPE 28480 
CONNECTOR 3-PIN M POST TYPE '-~8480 
CONNECTOR 3-PIN M POST TYPE 2B480 

4 IC MISC TTL s QUAD 28480 
IC MISC TTL s QUAD 28480 
IC MISC TTL s QUAD 28480 
IC MISC TTL s QUAD 28480 
IC INV TTL LS HEX 1-·INP 01295 

8 IC BFR TTL LS NON-INV OCTL 27014 
1 IC-8291A 28480 
6 IC DCDR TTL LS 3-T0-8-LINF 3·-INP 01295 

IC BFR TTL LS NON-·INV CICTL. 27014 
IC BFR TTL LS NON·-INV OCTL 27014 

IC FF TTL LS D-TYPE POS-EDGE-·TRIG COM 01295 
IC CNTR TTL LS BIN UP/DOWN SYNCHRO 01295 

3 IC GATE TTL LS AND QUAD 2-INP 01295 
IC SCHMITT·-TRIG TTL LS INV HEX 1-INP 01295 
IC GATE TTL LS NAND QUAD 2-·INP 01295 

IC FF TTL LS D·-TYPE POS-EDGE-TRIG 01295 
1 IC CNTR TTL LS BIN ASYNCHRO 01295 

IC INV TTL LS HEX 1-INP 012(?5 
1 IC CNTR TTL LS DECD ASYNCHRO 01295 
1 IC CNTR TTL DECD NEG-EDGE·-TrlIG PRESET 01295 

IC CNTR TTL LS E<IN SYNCHRO POS-EDGE-·TRIG 01;=95 
IC GATE TTL LS NAND QUAD 2·-INP 01295 

5 IC FF TTL LS D-TYPE PDS-[DGE-TRIG COM 01295 
IC FF TTL LS D-TYPE POS-EDGE-TRIG COM 01295 
IC BF R TTL LS NON-·INV DCTL 27014 

IC FF TTL LS D-TYPE POS-EDGE-TRIG COM 01295 
IC INV TTL LS HE.X 1-INP 0129::i 
IC GATE TTL LS AND QUAD 2-INP 01295 
IC [;ATE TTL L.S NAND QUAD 2-INP 01295 
IC CNTR TTL LS BIN UP/DOWN SYNCHRO 01295 

IC CNTR TTL LS BIN UP/DOWN SYNCHRO 01295 
IC CNTR TTL LS BIN UP/DOWN SYNCHRO 01295 

1 IC MV TTL LS MONOSTBL RETR JG DUAL 01295 
IC FF TTL LS D-TYPE POS-EDGE-TRIG 01295 
IC FF TTL LS D-·TYPE POS-E.DGE-TRIG 01295 

IC FF TTL LS D·-TYPE POS-EDGE-TRIG 01295 
IC l)CDR TTL LS 3-T0-·8-LINE 3-INP 01295 
IC GATE TTL L.S NAND QUAD 2--INP 01295 
IC CNTR TTL L.S BIN UP/DOWN SYNCHRO 01295 
IC FF TTL LS D-TYPE POS-EDGE-TR IG 01295 

See introductioo to this sectioo for ordering informatioo 
*Indicates factory selected value 

Model 4192A 

Mfr Part Number 

1854-0019 
1853-0015 
1853-0015 

181 0-0269 
CB4725 
CB47,'5 
1810-0269 
1810-0269 

CB4725 
CB4725 
CB4735 
CB4735 
CB1045 

CB1045 
CB1045 
CB4725 
CB4725 
CB4725 

1810-0269 
CB1015 
CB1025 
CB4725 
CB33K~5 

CB3325 
CB3325 
CB1055 
CB1065 
CB1025 

CB1025 
CB4725 
CB4705 

3101·-1856 
3101-1856 
1251-4822 
1251-4B2~~ 
1251-4822 

1820-2058 
1820····2058 
1020-2058 
1820·-·2058 
SN74LS04N 

DM81LS97N 

SN74LS138N 
DM81LS97N 
DM81LS97N 

SN'74LS174N 
SN74LS191N 
SN74LS08N 
SN74LS14N 
SN74LSOON 

SN74LS74AN 
SN74LS93N 
SN74LS04N 
SN74LS90N 
SN74196N 

SN74LS161AN 
SN74LSOON 
SN74LS273N 
SN'74LS273N 
DM81LS97N 

SN74LS273N 
SN74LS04N 
SN74LS08N 
SN74LSOON 
SN74LS191N 

SN74LS191N 
SN74LS191N 
SN74LS123N 
SN'74LS74AN 
SN74LS74AN 

SN74LS74AN 
SN74LS138N 
SN74LSOON 
SN74LS191N 
SN74LS74AN 
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Reference HP Part C 

Designation Number D 

A6U48 1820-1278 7 
A6U49 1 n20~- t 278 7 
A6U50 1820-1278 7 
A6U51 1B20-12'78 7 
A6U52 1820-1278 7 

A6U53 1B20--1278 7 
A6U54 1820-1759 9 
A6U55 1fl20--1278 7 
A6ll56 1820-17~)9 9 
A6U57 1B20-·1278 7 

A6LJ58 1820-1759 9 
A6U60 1820-·1240 3 
A6ll61 1820-1199 1 
A6U62 1 B20--1195 7 
A6ll63 1820-1975 1 

A6U64 1820-·1278 7 
A6ll65 1820-1196 8 
A6U66 11320--1197 9 
A6U67 1820-1199 1 
A6U68 1B20-2075 4 

A6ll69 1820-1202 7 
A/-,U7 0 11318-··1330 7 
A6U71 1818-1330 7 
A6U72 11318·-·1330 7 
A6ll73 1818-1330 7 

A6U74 04192-85001 9 
A6ll75 04192-85002 9 
A6U76 04192-85103 6 
A6U77 04192-85004 8 
A6U78 04192-85005 5 

A6U79 04192-85006 7 
A6UBO 04192-85007 2 
A6U81 04192-85008 6 
A6U82 04192-85009 1 
A6U83 04192-85010 5 

A6U84 04192-851 ll 0 
A6U85 04192-85012 4 
A6U86 04192-85113 8 
A6U87 04192-85114 7 
A6U90 1820-·06;;.~8 9 

A6U91 l820-0628 9 
A6U92 1 n20~--0545 9 
A6U93 1820-0628 9 
A6U94 1El20-··0628 9 
A6U95 1820-1074 1 

A6U96 1020~~1202 7 
A6U97 1820-1199 1 
Ai,U98 11')20-1416 5 
A6ll99 1820-1112 8 
A6U100 10;;~0-1201 6 

A6U101 1820-1759 9 
A6U1 02 1820-1112 8 
A6U103 '1820-1200 5 
A6U104 1820·-1491 6 
A6U105 1820-1216 3 

A6Ul 06 1820-1207 2 
A6U107 1820-1216 3 
A6Ul 08 1820-1199 1 
A6U109 1820-1491 6 
A6U110 1820-1216 3 

A6Ulll 1820-1216 3 
A6U112 1820-2024 3 
A6ll113 1820-2024 3 
A6U114 1820--2358 6 
A6U115 1820-1416 5 

A6Ul 16 1820-1197 9 
A6U117 1820-0661 0 

A6Wl 8159-0005 0 
A6W2 8159-0005 0 
A6W3 12.51-4787 2 
A6W5 8159-0005 0 

0160-51 B6 3 
0340-0220 8 
1258-0141 8 
3050-0082 8 
B150-0143 9 

Table 6-3. Replaceable Parts 

Oty Description Mfr 
Code 

IC CNTR TTL LS BIN UP/DO\JN SYNCHRO 01295 
IC CNTR TTL LS BIN UP/DOWN SYNCHRO 01295 
IC CNTR TTL LS BIN UP/DO\JN SYNCHRO 01295 
IC CNTR TTL LS BIN UP/DOWN SYNCHRO 01295 
IC CNTR TTL LS BIN UP/DD\JN SYNCHRO 01295 

IC CNTR TTL LS BIN UP/DOWN SYNCHRO 01295 
IC BFR TTL LS NON-INV OCTL 27014 
IC CNTR TTI. LS BIN UP/DOWN SYNCHRO 01295 
IC BFR TTL LS NON-INV OCTL 27014 
IC CNTR TTL LS BIN UP /DO\JN SYNCHRO 01295 

IC BFR TTL LS NON-INV OCTL 27014 
1 IC DCDll TTL s 3·-·T0-8-UNE 3-INP 01295 

IC INV TTL LS HEX 1-·INP 01295 
1 IC FF TTL LSD-TYPE POS-EDGE-TRIG COM 01295 
1 IC SHF-RGTR TTL LS NEG-EDGE-TRIG PRL-IN 01295 

IC CNTR TTL LS BIN UP/DOWN SYNCHRO 01295 
IC FF TTL LS D-TYPE POS-EDGE-TRIG COM 01295 
IC GATE TTL LS NAND QUAD 2-INP 01295 
IC INV TTL LS HEX 1-INP 01295 

1 IC MISC TTL LS 01295 

IC GATE TTL LS NAND TPL 3-·INP 01295 
4 IC CMOS 4096 <4K) RAM STAT 300-NS 3-S 0003J 

IC CMOS 4096 (4K) RAM STAT 300-NS 3-S o oo:1J 
IC CMOS 4096 (4K) RAM STAT 300-NS 3-S 0003J 
IC CMOS 4096 (4K) RAM STAT 300-·NS 3-S 0 003J 

1 IC-PROM PROGRAMMED 28480 
1 IC-PROM PROGRAMMED 28480 
1 IC-PROM PROGRAMMED 28480 
1 IC-PROM PROGRAMMED 28480 
1 IC-PROM PROGRAMMED 284130 

1 IC-PROM PROGRAMMED :''.8480 
1 IC-PROM PROGRAMMED 2848{) 
1 IC-PROM PROGRAMMED ~.>8480 
1 IC-PROM PROGRAMMED 28480 
1 IC-PROM PROGRAMMED 28480 

1 IC-PROM PROGRAMMED 28480 
1 IC-PROM PRDGRAMMED 28480 
1 IC-PROM PROGRAMMED 28480 
1 IC-PROM PROGRAMMED ,'8480 
4 IC TTL 64-BIT RAM STAT 60-NS o-c 01295 

IC TTL 64-BIT RAM STAT 60-NS o-c 01295 
1 IC CNTR TTL BIN UP/DOWN SYNCHRO 01295 

IC TTL 64-BIT RAM STAT 60-NS o-c 01~~95 
IC TTL 64-BIT RAM STAT 60·-NS o-c 01295 
IC DRVR TTL NOR QUAD 2-INP 01295 

IC GATE TTL LS NAND TPL 3-INP 01295 
IC INV TTL LS HEX 1-INP 01295 
IC SCHMITT-TRIG TTL LS INV HEX 1-INP 01295 
IC FF TTL LS D-TYPE POS-EDGE-TRIG 01295 
IC GATE TTL LS AND QUAD 2-INP 01295 

IC BFR TTL LS NON-INV DCTL 27014 
IC FF TTL LSD-TYPE POS-EDGE-TRIG 01295 
IC INV TTL LB HEX 01295 

2 IC BFR TTL LS NON-INV HEX 1-INP 01295 
IC DCDR TTL LS 3-T0-8-LINE 3-INP 01295 

1 IC GATE TTL LS NAND 8-INP 012<"/5 
IC DCDR TTL LS 3-T0-8-LINE 3-INP 01295 
IC INV TTL LS HEX 1-INP 01295 
IC BFR TTL LS NON-INV HEX 1-INP 01295 
IC DCDR TTL LS 3-T0·-8-LINE 3-INP 01295 

IC DCDR TTL LS 3-·T0-8-LINE 3-INP 01295 
2 IC DRVR TTL LS LINE DRVR OCTL 01295 

IC DRVR TTL LS LINE DRVR OCTL 01295 
1 IC-68BOO 28480 

IC SCHMITT-TRIG TTL LS INV HEX 1-INP 01295 

IC GATE TTL LS NAND QUAD 2·-INP 01295 
1 IC GATE TTL OR QUAD 2-INP 01295 

WIRE 22AWG W PVC 1X22 sue 28480 
WIRE 22AWG w PVC 1X22 BOC 28480 

2 SHUNT-DIP 8-POSITION 284BO 
WIRE 22AWG w P'JC 1X22 BOC 28480 

5 NETWORK-CAPACITOR 284f.l0 
BEADS 28480 
JUMPER-REM 28480 
WASHER-FL NM NO. 4 , 116-IN-·ID . 188-· IN-OD 28480 
WIRE 22AWG W/V 300V PVC 7X30 105C 28480 

See introduction to this section for ordering information 
*Indicates factory selected value 

Section VI 
Table 6-3 

Mfr Part Number 

SN74LS191N 
SN74LS191N 
SN74LS191N 
SN74LS191N 
SN74LS191N 

SN74LS191N 
DM81LS97N 
SN74LS191N 
DM81LS97N 
SN74LS191N 

DM81LS97N 
SN74S138N 
SN74LS04N 
SN74LS175N 
SN74LS165N 

SN74LS191N 
SN74LS174N 
SN74LSOON 
SN74LS04N 
SN74LS245N 

SN74LS10N 
UPD444C-1 
LJPD444C-1 
UPD444C-1 
LJPD444C-1 

0419,"-85001 
04192-85002 
0419:.'.'-85103 
04192-85004 
0419:C'.-85005 

04192-85006 
0419:.'.'-85007 
04192-85008 
0419:"-85009 
04192-85010 

0419:C'-85 l l l 
04192-85012 
0419:.'.'-85113 
04192-85114 
SN7489N 

SN74fl9N 
SN74191N 
SN7489N 
SN7489N 
SN74128N 

SN74LS10N 
SN74LS04N 
SN74LS14N 
SN74LS74AN 
SN74LS08N 

DM81LS97N 
SN74LS74AN 
SN74LS05N 
SN74LS367AN 
SN74LS138N 

SN74LS30N 
SN74LS138N 
SN74LS04N 
SN74LS367AN 
SN74LS138N 

SN74LS138N 
SN74LS244N 
SN74LS244N 
1820--2358 
SN74LS14N 

SN74LSOON 
SN7432N 

B159-0005 
B159-0005 
1251--4787 
8159-0005 

0160·-5186 
0340-0220 
1258-0141 
3050-0082 
8150-0143 

6-23 
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Section VI 
Table 6-3 

Reference 
Designation 

A7 

A7C1 
A7C2 
A'/C3 
A7C4 
A'7C5 

A7C6 
A7C7 
A7C8 
A7C9 
A7CI 0 

A7Cl I 
A7C12 
A7Cl3 
A7Cl4 
A'7Ct5 

A7C!6 
A7Cl7 
A'lC18 
A7C!9 
A'lC20 

A7C2I 
A'7C22 
A7C23 
A7C24 
A7C25 

A'7C2~1 
A7C27 
A'7C28 
A7C29 
A'7C30 

A7C31 
A'lC32 
A7C33 
A7C34 
A7C35 

A7C36 
A7C37 
A'7C38 
A7C39 
A'7C40 

A7C41 
A'7C42 
A7C43 

A'7CRI 
A7CR2 
A7CR3 
A7CR4 
A'7CR5 

A7CR6 
A7CR7 
A7CR8 
A7CR9 
A7CRIO 

A7CRI I 
A7CRl2 
A7CR I 3 
A7CR 14 
A'7CR15 

A7CR 16 
A'7CR 17 
A7CR!8 
A'7CR!9 
A7CR20 

A'7CR21 
A7CR22 
A'7CR23 
A7CR24 
A7CR25 

A7CR26 
A7CR27 
A7CR28 
A7CR29 
A7CR30 

6-24 

HP Part C 

Number D 

04192-66507 5 

0180-·1075 3 
0180-1075 3 
0160--20~55 9 
0180-1050 4 
0180-1075 3 

0180-11291 3 
0180·-•0:229 7 
0180-2980 I 
0180-3036 0 
0180-3036 0 

0180-3036 0 
0180-3036 0 
0180-1050 4 
0180-2980 1 
0180-0197 B 

0160-396', 6 
0160-3456 6 
0160-3456 6 
0760-4834 2 
0160--0127 2 

0180-2980 1 
0180--1050 4 
0180-1050 4 
0160-3969 6 
0160-3969 6 

0180-3035 9 
0180-3035 9 
0180--3035 9 
0180-3035 9 
0160-0127 2 

11160-3094 El 
0180···1704 _, 
11160-3914 1 
0180·-1'746 5 
0180-1050 4 

0160··~2055 9 
0180-2980 I 
0160--0127 2 
0160-3094 B 
0160-0945 2 

0160-0157 8 
0160··3694 4 
0180-17!)4 5 

1906-0 080 9 
1901-1095 8 
I 901--1095 8 
1902-1217 8 
1902-3059 0 

1901-0028 5 
I '102·-01141 4 
1902-1232 7 
1'101-1086 7 
1901-1086 7 

1901-0685 7 
1901-0685 7 
1901···0685 7 
1901-0685 7 
1901-0662 3 

1901-0662 3 
1901·-1065 2 
1901-0025 2 
1901·-0025 2 
1901-0025 2 

1901-0025 2 
1902-0041 4 
1902-0041 4 
1901-0025 2 
1901-002~) 2 

1901-0025 2 
1902-·3256 9 
1901-0025 2 
1901··-002:'; 2 
1901-1065 2 

Table 6-3. Replaceable Parts 

Oty Description Mfr 
Code 

1 POWER SUPPLY BOARD ASSEMBLY 2B480 
(NOT INCLUDING THE SHIELD CASES) 

3 CAPACITOR-FXD 2::?.0 0 I.IF 16VDC AL 28480 
CAPACITDR-FXD ;;l2Q 0 LIF l<WDC AL. 284811 
CAPAC ITOR-FXD .ll!UF +80-20:X, !OOVDC cm 284BO 
CAPACITDR-TXD IOIIUF 2~iVDC 284811 
CAPACITOR-FXD 2200 UF I6VDC Al. 28480 

CAPAC ITOR-FXD 11.IF+-·l 0% 3~iVDC TA ~36(.'.F.l9 
CAPACITOR-FXD 3,lUF+-10% IIIVDC TA 56289 

4 CAPACITOR-FXD lOOOUF+-20¼ 35VDC AL ;,?.84BO 
4 CAPAC I TO fl ·-FXD 2?0UF+I00-I0% 200VDC Al... 28480 

CAPACITOR-FXD 2:,'0UF+l 00-·111% 200VDC Al.. 2B4BO 

CAPACITOR-FXD 2,'0UF+I00-10% 200VDC AL. 213480 
CAPACITDR-FXD 220UF+100-10% 200VDC AL :284BO 
CAPAC ITOR-FXD 100UF 25VDC 28400 
CAPACITOR-FXD lOOOUF+-20¼ 35VDC AL 2fl4811 

2 CAPACITOR-FXD 2.2UF+-10¼ 20VDC TA 56;=89 

3 CAPACITOR-FXD , 015UF +·-20PF zc;OVAC<RMSl 28480 
CAPACITDR-FXD 1110 OPF +-10% lKVDC C[R 284EIII 
CAPACITOR-FXD I II II OPF +-111% lKVDC CER 284811 
CAPACITOR-FXD .047UF +- l O'.'. lOOVDC CER 284811 
CAPACITOR ··FXD 1UF +-20% 2~'iVDC CER 28480 

CAPACITOR-FXD !OOOUF+-207. 3~JVDC AL 28480 
CAPACIT □ rl·-FXD lOOUF 25VDC 284130 
CAPAC ITOR-·FXD IOOUF 25VDC ,~84811 
CAPAC ITOR-FXD .015IJF +·-20PF 2::'iOVAC(RMS) 28480 
CAPACITOR-FXD . 01 c,I.IF +-·20PF 250VAC(RMS) 28480 

4 CAPAC I TOR-FXD I OUF+l 00·-111% 3'.:,0VDC AL. 2B480 
CAPACITDR-TXD 1 OUF+l 011-111% 3~i0VDC AL 284811 
CAl'ACITOR-FXD lOUF+I00-10% 3'.>0VDC Al.. 28480 
CAPACITOR-·FXD 1 OIJF+I O 0-10% 350VDC AL 284811 
CAPACITOR-FXD It.IF +-20% 2~iVDC CER 284BO 

2 CAPACITOR-·FXD .lLJF +-10% lOOVDC cm 2fl480 
CAPACITOR-FXD 4'7LIF+-10% 6VDC TA 56289 

1 CAPACITOR-FXD . 0 II.IF +-·I 117. IOIIVDC CER 284ll0 
CAPACITOR-FXD 1~'5UF+-'l 0% 20VDC TA 56:.~89 
CAPAC ITDR-FXD 10 OUF 25VDC ,'84BO 

CAPAC ITOR-FXD .O!UF +80-20% IOOVDC Clef! 28480 
CAPACITOR-FXD 1000UF+-20% 35VDC AL 284B0 
CAPAC I r □ R-FXD lUF +-207.. 25VDC CER 28480 
CAPACITDR-·FXD , II.IF +-10% lOOVDC CER ::!8480 

I CAPAC I TOR·-FXD 9I0\'F +-·5Z lUOVDC MICA 2ll480 

1 CAPACITOR-·FXD 4700f'F +-10¼ 200VDC PDLYE 28480 
1 CAPAC ITOR-FXD 330PF +·-10% lllOVDC CER 28480 

CAPACITDR-FXD 471.JF+-·10% 6VDC TA ~.'i62f:l9 

I DIODE-FW BRDG 600V 10A 2[J480 
:.:: DIODE-·PWR RECT 40V 15A D0-4 04713 

DIODE-PWR RECT 40V 15A DCl···4 04713 
1 DIODE-ZNR 6.2V '.':)% D0-4 Pl)=! OW TC=+. 035% 2B480 

DIODE·-ZNR 3.8W 5% D0-3!5 PD=.4W 28480 

3 DIODE··PWR RECT 400V 7:':i0MA DO-29 284BO 
DIODE-ZNR 5, 11V 5% D!J-35 PD=.4W 28480 

1 DIDDE-ZNR IN3997RA 5,6V 5% D0-4 PD=•l OW 047'13 
6 DIODE-PWR RECT 50V 5A 200NS 04713 

DIODE-PWR RECT 50V 5A 200NS 04713 

DIODE-PW[! RECT 200V 5A 200NS 
DIODE-PWR RECT 200V 5A 200NS 
DIODE-PWR RECT 200 V 5A 200NS 
DIODE-PWR RECT 200V 5A 200NS 

2 DIODE-PWR RECT IOOV 6A 04'713 

DIODE-PWR RECT IOOV 6A 04713 
4 DIODE-PWR RECT 1N4936 400V IA 200NS 14936 

12 l)IODE-·GEN PRP IOIIV 200MA D0-7 28480 
DIODE-GEN PRP I OOV 200MA DD·-7 28480 
DIODE···GEN PRP IO OV 200MA D0-·'7 284B0 

DIODE-GEN PRP 100V 200MA DD--7 28480 
DIODE-ZNR 5, 11V 5¼ DO-35 PD=,4W 2El4EIO 
DIODE-ZNR 5 .1 lV 5% D0·-35 PD=,4W 28480 
DIODE-GEN PRP 1 oov 200MA D0-7 28480 
DIODE-GEN PRP IOOV 200MA D0-7 28480 

DIODE-·GEN PRP !OOV 2011MA D0-7 28480 
I DIODE-ZNR 23.7V 5¼ DO·-35 PD=.4W 28480 

DIODE-GEN PRP IOOV 200MA D0-7 28480 
DIODE-GEN PRP 100V 200MA DD·-7 28480 
DIODE-·PWR RECT 1N4936 400V IA 200NS 14936 

See introduction to this section for ordering information 
*Indicates factory selected value 

Model 4192A 

Mfr Part Number 

04"192-66507 

01130·-I 07'.5 
01 BO-I 07~; 
0160·-2055 
11180-1 Ocill 
11180·-I 1175 

1 ~50D1 05X903~.'iA2 
I511DTl6X901 OB2 
0180-·2(180 
0180·-3036 
01!311-3036 

0100·-3036 
0180-3036 
01811···1050 
111 fl0-29BII 
150D225X9020A2 

0160·-3969 
11160-3456 
0160·-3456 
0160-012'7 
0160-0127 

0180-2980 
01811·-IO'.,O 
11180-10511 
0160·-3969 
0160-3969 

0180·-3035 
0180-3035 
OlBll·-3035 
11180-31135 
01611·-0127 

0'160-3094 
I50D476X9006B2. 
0160-3914 
150D156X9020B2 
0180-··11150 

0160--2055 
II 180-2'?811 
0160·-0127 
11160-31194 
0160--0945 

0160-0157 
Oll,0·-3694 
1~':IOD476X9006B2 

19!)6-00BO 
MBfH540 
MBR!540 
1902-1217 
190(~-3059 

'1901-0028 
1902-0041 
1N3997RA 
MR820 
HR8<'0 

MW751 

HR751 
1N4936 
1901-0025 
1901·-0025 
"1901-0025 

1901-0025 
1902-0041 
190;~-0041 
1901-002~) 
1901·-0025 

1901-0025 
190(!-3256 
1901-0025 
1901·-0025 
I N4936 
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Reference HP Part C 

Designation Number D 

A7CR31 1901-1065 2 
A7CR32 1901·-1065 2 
A7CR33 1906-0006 9 
A'7CR34 1901·-002~.'j 2 
A7CR35 1901-0025 2 

A'7CR36 1902-3171 7 
A7CR37 1902-0064 I 
A7CR38 1901-00C~~') 2 
A7CR39 1901-0025 
A7FI 2110-0304 4 
A'7F2 2.l !0»•0360 2 
A7F3 2110-0012 I 
A 7 F 4 2110-0651 
A'7JI 1251 -3837 1 
A7J2 1251-4246 8 
A7J3 I ;,!51 ·-3196 5 
A7J4 1251-3197 6 
A'7J5 I ;"51 ··3198 7 

A7KI 0490-1312 9 

A7LI 9100•»3139 5 
A7L2 9140-0462 5 
A7L3 9100-·Tl39 5 
A7L4 9140-0464 7 
A'7L5 9140·-0465 8 

A7L6 9100-3139 5 
A7L7 9100-3139 5 
A7L8 9140-0463 6 
A7L9 9140 .. ·0210 I 
A7LIO 9140-0171 3 

A'7Ll 1 9140 .. ·0l 71 3 

A7QI 1854-0215 I 
A7Q2 l B53··-0012 4 
A7Q3 1854-0215 I 
A7Q4 11353···0344 5 
A7Q5 1853-0012 4 

A'7Q6 I U54 .. ·0624 6 
A7Q7 1854-0624 6 
A'7Q8 1B53-0012 4 
A7Q9 1854·-0013 7 
A'7QI 0 11354-0389 0 

A7QII 1854-0215 I 
A'7Q12 1 B54•H•0215 1 
A7Q13 1854-0215 I 
A'7Q14 Hl53··0036 2 
A7Q15 1853-0012 4 

A7Q16 IB54-·0013 7 
A7Q17 1854-0215 I 

A7Rl 0690-1541 9 
A7R2 0690-1541 9 
A7R3 OB13· .. 0029 8 
A7R4 0699-1058 4 
A7R5 0699-1058 4 

A7R6 0683-·1015 7 
A7R7 0683-.,1015 7 
A7R8 0683-·1025 9 
A7R9 0683-4705 8 
A'7R10 0683-4705 8 

A7R11 0757-0399 5 
A7R12 01,83-4735 4 
A7R13 0683-1025 9 
A'7R14 0'757--0401 0 
A7R15 0757-0442 9 

A'7R16 0'757-0442 9 
A7R17 0683-2225 I 
A7R18 0683-·1025 9 
A7R19 0683-3325 6 
A'7R20 0683-·2225 3 

A7R21 0683-·1035 1 
A7R22 0683-1035 I 
A7R23 0683-4715 0 
A7R24 0690-1541 9 
A'7R2::':i 0690--1541 9 

A7R26 0683-1025 9 
A7R27 0683-1005 5 
A7R28 0683-2215 I 
A7R29 0683-2215 1 
A7R30 0757-0401 0 

Table 6-3. Replaceable Parts 

Qty Description Mfr 
Code 

DIODE.-PWR RECT 1N4936 400V IA (.!00NE 14936 
DIODE··l'WR RECT 1N49M, 400V IA 200NS 14936 

1 DIODE-FW BRDG 400V IA ,!7777 
DIODE>-GEN PRP !OOV 2110MA Dll·-7 2134811 
DIODE-·GEN Pf!P 1110V 200MA D0-·7 204BII 

I DIDDE-ZNR ! IV '.:i¼ Dll-35 PD~.4W re~-~+, oti;~% 2134811 
;i DIODE-ZNR 7, ~)V ,,% l)0-35 Pn~.4W TC=+,05% 2B4BII 

DHJDE·-GEN PRP 10 IIV 2110MA Dll .. 7 2B4ll0 
DIODE-GEN PRP lOOV 200MA 00-7 28480 

1 FUSE 1 , ~iA 250V TD 1, 25X, 25 LIL 28480 
1 FUSE .75A 250V TD 1, 25X, 2~:i UL. 75915 
l FUSE ,5A 2~iOV NTD 1, 25X, 25 LIL 284Bll 

FUSE .5A 
1 CONNECTOll 4-P IN M UTILITY 2D4UO 
1 CONNECTOR 3-·P IN M POST TYPE ?8480 

CONNECTOR 8-PIN M POST TYPE 20480 
CONNECTOR 12-·P IN M POST lYPE 2ll4BII 

1 CONNECTOR 15-·PIN M POST TYPE ,'U4811 

I RELAY IC 6VDC-·COIL 1A l l!.'1'v1AC 

4 INDUCTOR 75UH 15% . 5DX, 8'7cjLG ;eB4811 
1 INDUCTOR 3~i~5UH ,'1]4811 

INDUCTOR '75UH 15% .5DX,El75LG ,'[14811 
I INDUCTOR 446UH 284flll 
1 INDUCTOR 833UH ,'13480 

INDUCTOR 7~,UH 15% , 5DX, 87~:iLG 284EIII 
INDUCTOR 75UH 15% ,5DX,875LG '-~H48 0 

1 INDUCTOR !IIMH 6% <'84BII 
6 INDUCTOR RF-CH-ML.D lOOUH 5/4, , 166DX, 385LG 2.84BII 
2 INDUCTOR RF-CH·MLD 40UH 10% ,296DX.968l..G 2134EIII 

INDUCTOR RF·-CH-MLD 401.JH 10;.. ,296DX,968LG 28480 

TRANSISTOR NPN SI PD=3c,OMW FT=300MH7. 04713 
TRANSISTOR PNP 2N2904A SJ T0·-3'1 PD•=6110MW 01 ;;!95 
TRANSISTOR NPN SI PD=350MW FT=300MHZ 04713 

I TRANSISTOR PNP (.iN5876 SI TD·-3 PD=150W 04713 
TRANSISTOR PNP 2N2904A SI T0-39 PD=6110MW 01 ~?95 

2 TRANSISTOR NPN 2N6308 SI T0·-3 PD=:::12~/W 04713 
TRANSISTOR NPN 2N630B SI T0-3 PD=12~'iW 114713 
Tl<ANSISTOR PNIJ 2N2904A SI To-3ry PD•=6110MW 01;_?.95 

2 TRANSISTOR NPN 2N2218A SI T0-5 PD=BOOMW 04'713 
1 TRANSISTOR NPN 2N4922 SI PD••30W FT•=3MHZ 04713 

TRANSISTOR NPN BI PD=3~;0MW FT=300MHZ 114713 
TRANSISTDfl NPN SI PD=350MW Ff=300MHZ 114713 
TRANSISTOR NPN SI PD=3c;OMW FT=3011MHZ 04713 
TRANSISTOR PNP SI PD•=31 OMW FT=250MHZ 284811 
TRANSISTOR PNP 2N2904A Sl T0-·39 PD=600MW 0129~; 

TRANSISTOR NPN 2N2218A SI T0-5 PD=BOIIMW 04713 
TRANSISTOR NPN SI PD=3c;OMW FT=:l011MHZ 04713 

6 RESISTOR 150K 107. !W cc TC=0+882 01 l :~t 
RESISTOR 150K 10% !W cc TC;;;:Q+BB(.! II 1121 

1 RESISTOR 1 3% 3W PW TC=0+·-511 2U480 
2 RESISTOR 22 ~1% ;,w PW TC=IJ+-400 

RESISTOR 22 5¼ 2W PW TC=ll+·-4011 

RESISTOR IO II 5% .25W FC TC=-4011/+5011 01121 
RESISTOR 100 5:%', .25W FC TC=-4110/+500 111121 
RESISTOR IK 5% .25W FC TC=-41111/+600 111121 
RESISTOR 47 5% .25W FC TC=-AO 0/+50 0 01121 
RESISTOR 47 5% ,25W FC TC=-400/+500 01121 

3 RESISTOR 82,5 1% .125W F TC=0+-100 ?4'.:.)46 
RESISTOR 4'7K 5% ,:;sw FC TC=-400/+800 0 I 121 
RESISTOR !K 5% .25W FC TC=-4011/+600 OU21 
RESISTOR 100 ];., , 125W F TC=0+-·100 24546 
RESISTOR !OK 1% . 12~,w F TC=0+-100 24546 

RESISTOR I OK 1% .125W F TC=O+···!OO 24546 
RESISTOR 2.2K 51; . 2 5W FC TC=-400/+700 
RESISTOR 1K 5% ,25W FC TC=-4110/+600 01121 
RESISTOR 3, :lK 5¼ ,25W FC TC=-4011/+7011 01121 
RESISTOR 2, 2K 5% ,25W FC TC=-400/+'700 01121 

RESISTOR !OK 5% ,25W FC TC=-400/+700 01121 
RESISTOR I IIK 5% .25W FC TC=-400/+700 01121 
RESISTOR 470 5% .25W FC TC=-400/+600 111121 
RESISTOR 150K 10% IW cc TC=0+882 01121 
RESISTOR 150K 10% !W cc TC=0+882 01121 

RESISTOR 1K 5X .25W FC TC=-400/+6011 111121 
11 RESISTOR I 0 5¼ ,25W FC TC=-400/+500 01121 

RESISTOR 220 ~i¼ .25W FC TC=-400/+600 01121 
RESISTOR 220 5,: .25W FC TC=-400/+600 01121 
RESISTOR IO 0 I): . 12=iw F TC=0+-100 £.~4546 

See introduction to this section for orderin~ information 
*Indicates factory selected value 

Section VI 
Table 6-3 

Mfr Part Number 

IN4936 
IN4'136 
VE4D 
1 r,io 1·-·0025 
1<101-002~.'j 

l 911?-3171 
190~>0064 
1901 -·O 02~) 
1901-0025 
,'l l 0-113114 
313.'750 
2~110-·001 ~:~ 

12:it ·-383'7 
-i;._!51-4:.:.~46 
1251--3196 
1 :?51-3197 
12~i1 ·-31'"lB 

91 llll·-3139 
9140-046? 
91 II 11-313'1 
'1140-0464 
9140-0465 

'?100-3139 
91011-313'1 
'1140-0463 
91411-0,'10 
?140-11171 

91411-0171 

;c>N3904 
2N;:~9 0 4A 
2N39ll4 
2N~:iff76 
2N2904A 

2N6:1118 
2N6:ll1ll 
2N;.?.904A 
2N22"i8A 
2N49~?.2 

2N3904 
2N3904 
2N3904 
18'.B-0036 
2N2904,~ 

~~N;l218A 
2N39114 

GB1541 
GBl ~;i41 
0813-0029 

CBt015 
CB1015 
CB1025 
CB470:':i 
CB4'705 

C4-1/8-Tll-82R~-F 
CB4'735 
CBI II;,,\, 
C4-1/8-T0-101-F 
C4-l/8-10-1002-F 

C4-1/8-T0-11102-F 

CB10;;5 
CB3325 
CB22;;5 

CBI035 
CBIIJ35 
CB4'715 
GBl'.';41 
GB1541 

CB1025 
CB1005 
CB2215 
CB;~215 
C4-1 /8-T0-1111-·F 

6-25 
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Section VI 
Table 6-3 

Reference 
Designation 

A7R31 

A7R32 
A71133 
A7R34 
A'7R35 

A7R36 
A7R37 
A7R38 
A7R39 
A'7R40 

A7R41 
A7R42 
A71!43 
A7R44 
A'/R4~i 

A7R46 
A'7R47 
A7R48 
A'7R49 
A71!50 

A7R51 
A7R52 
A7R53 
A7R54 
A7R55 

A7R56 
A'7R57 
A7R58 
A'7R59 
A7R60 

A'/R61 
A7R62 
A7R63 
A7R64 
A'/R6:; 

A7R66 
A'lR67 
A7R68 
A7R69 
A'/R70 

A71!71 
A7R72 
A'7R73 
A7R74 
A7R75 

A7R76 
A7R77 
A7R78 
A7R79 
A7R80 

A 7 RTl 

A7RV1 
A7RV2 

A7Tl 
A7T2 
A7T3 
A7T4 
A7T5 

A7Ul 
A7U2 
A7U3 
A7U4 
A7U5 

A7U6 

A7Z20 

6-26 

HP Part 
Number 

0757-0401 

0764··001'.l 
0683·-·0275 
06B3-0275 
0683--0~~75 

0683-2205 
06133-1525 
0 683·-· 152~~; 
0683-2215 
0683-1215 

0690-1541 
0690-1541 
0683-·1 oo:•; 
0683-033;:; 
0683-··1005 

0683-0335 
0698···4435 
0698-0083 
0683 .. -4745 
0683-102'.':i 

0683-·102'.:; 
0683·-·1 025 
0683-1025 
0683-1025 
0683··1 025 

0683-1025 
0 683···· 1025 
0683-4725 
0683-0;-~75 
0683-1025 

0683·-·1025 
2.100-3211 
0757-0402 
0683-1025 
0'757···0401 

2100-0567 
0757--0273 
0683··472:'; 
0683-4735 
0683-·1 035 

0683-··t 025 
0683-1025 
0698--0085 
0757-0439 
06l33-·2225 

0683-4725 
0()83--4725 
0683-1025 
0811-1674 
0683-1025 

0839-0247 

C 
D 

7 
9 
9 
9 

9 
4 
4 
1 
0 

9 
9 
5 
2 
s 

8 
6 
9 

9 
9 
'l 
3 
9 

9 
9 
2 
9 
9 

9 
7 
1 
9 

7 
4 
2 
4 

9 
9 
0 
4 
3 

9 

0837-01 06 2 
0837-0106 2 

9100-0889 6 
04192-61803 4 
04192-61804 5 
04192-61803 4 
04192-61804 5 

1826-0138 
1826-0276 
1820-0493 
1990-0663 
1826-0428 

I 820-0196 

0340-0220 
0380-0744 
0590-0025 
1205-0310 
1400-0482 

2110-0269 
2190-0008 
2360-0121 
2740-0003 
3050-0378 

8 
5 
6 
1 
9 

6 

8 
5 
0 
2 
3 

0 
3 
2 
5 
5 

Qty 

1 
4 

2 

2 
2 

4 
7 
3 
2 

6 
7 
7 
4 
2 

Table 6-3. Replaceable Parts 

Description 

RESISTOR 100 1% .125W F TC=0+-100 

RESISTOR 560 5% 2W MO TC=0+-200 
RESISTOR 2.7 5% ,25W FC T~=-400/+500 
RESISTOR 2,7 5% .25W FC TC=-400/+500 
RESISTOR 2.7 ~i% ,25W FC TC=-400/+500 

RESISTOR 22 5¼ .25W FC TC=-400/+500 
RESISTOR 1,5K 5% .25W FC TC=-400/+700 
RESISTOR 1.5K 5% .25W FC TC=-400/+700 
RESISTOR 220 SZ .25W FC TC=-400/+600 
RESISTOR 120 5~ .25W FC TC=-400/+600 

RESISTOR 150K 10% lW CC TC•0+882 
RESISTOR 150K !OZ 1W CC fC=0+882 
RESISTOR 10 5Z .25W FC TC=-400/+500 
RESISTOR 3,3 5% .25W re TC=-400/+500 
RESISTOR 10 5% ,25W FC TC•-400/+500 

RESISTOR 3,3 5% ,25W FC TC=-400/+500 
RESISTOR 2,49K 1% .125W F TC•0+-100 
RESISTOR 1, 96K l % , 12:':iW F fC=0+·-·10 0 
RESISTOR 470K 5Z .25W FC TC•-800/+900 
RESISTOR lK 5% ,25W FC TC=-400/+600 

RESISTOR lK 5% .25W FC TC=-400/+600 
RESISTOR 1K 5Z ,25W FC TC•-400/+600 
RESISTOR lK 5% .25W FC TC•-400/+600 
RESISTOR lK 5: .25W FC TC=-400/+700 
RESISTOR 1K 5% ,25W FC TC=-400/+600 

RESISTOR lK 5% .25W FC TC=-400/+600 
RESISTOR 1K 5Z ,25W FC T!>=·-4ll0/+61111 
RESISTOR 4.7K 5% .25W FC TC=-400/+700 
RESISTOR 2,7 5% .25W FC TC=-400/+500 
RESISTOR 1K 5Z ,25W FC lC•-400/+60II 

RESISTOR lK 5Z .25W FC TC=-4110/+600 
RESISTOR-TRMR IK !OZ C TOP-ADJ 1-TRN 
RESISTOR 110 lZ ,125W F TC=0•-·11111 
RESISTOR lK 5X .25W FC TC=-400/+600 
RESISTOR 100 1% ,125W F TC=:::0+·-100 

RESISTDR-TRMR 2K 10% C TOP-ADJ 1-TRN 
RESISTOR 3.0lK lZ ,125W F TC•0+-100 
RESISTOR 4.7K 5Z .25W FC TC•-400/+70II 
RESISTOR 47K 5¼ ,25W FC TC=-400/+800 
RESISTOR 111K 5% ,25W FC rc•-400/+700 

RESISTOR 1K 5Z ,25W FC TC=-400/+600 
RESISTOR 1K 5X .25W FC TC=-400/+600 
RESISTOR 2.61K 1Z ,125W F TC•0+-100 
RESISTOR 6.81K 1% ,125W F TC=0+-100 
RESISTOR 2.2K 5% .25W FC TC=-400/+700 

RESISTOR 4,7K 5¼ ,25W FC TC=-400/+700 
RESISTOR 4,7K 5Z .25W FC TC•-400/>700 
RESISTOR lK 5% ,25W FC TC=-·400/+600 
RESISTOR 4.7 2W 
RESISTOR l K 

THERMISTOR l OQ 

VARISTOR 
VARISTOR 

TRANSFORMER-PULSE 
TRANSFORMER-PULSE 
TRANSFORMER-PULSE 
TRANSFORMER-PULSE 

IC COMPARATOR GP QUAD 14-DIP-P PKG 
IC 78L05A V RGLTR T0-92 
IC OP AMP GP 8-DIP-P PKG 
□PTO-ISOLATOR LED-PXSTR IF•40MA-MAX 
IC 3524 MODULATOR 16-DIP-C 

IC 723 V RGLTR TO~lOO 

BEADS 
SPACER-RND ,093 LG 
NUT-HEX-PLSTC LKG 6-32-THD ,172-IN-THK 
HEAT SINK SGL T0-3-CS 
CABLE TIE ,062-3-DIA .14-WD NYL 

FUSEHOLDER-CLIP TYPE,25D-FUSE 
WASHER-LK EXT T NO, 6 .141-IN-ID 
SCREW-MACH 6-32 ,5-IN-LG PAN-HD-POZI 
NUT-HEX-W/LKWR 10-32-THD ,125-IN-THK 
WASHER-FL NM NO, 10 .2-IN-ID ,438-IN-OD 

Mfr 
Code 

24'546 

28480 
01121 
01121 
111121 

01121 
01121 
01121 
011 ;,1 
011 ;21 

II 1121 
0112.1 
01121 
01121 
0 1121 

II 11 ;,1 
24546 
?4546 
01121 
01121 

01121 
01121 
01121 

01121 

0 1121 
01121 
II 1121 
011 ;~1 
0 l 121 

0 11 ;::i: 1 
284EIO 
24546 
01121 
24546 

24546 
01121 
0 1121 
01121 

01 ·i;::i:1 
111121 
24546 
24~.'i46 
01121 

II 1121 
011 i'l 
01121 

28480 
28480 

2848 0 
28480 
28480 
284BO 
28480 

01295 
04713 
27014 
28480 
01295 

04713 

28480 
28480 
28480 
28480 
28480 

28480 
28480 
00000 
00000 
28480 

See introduction to this section for ordering information 
*Indicates factory selected value 

Model 4192A 

Mfr Part Number 

0764-0015 
CB;?7G5 
CB27G5 
CB~?7G5 

CB2i.!05 
CB 1 ~525 
CB1~~i25 
CBi.):.:!15 
CB4'715 

GB! \\41 
GBl'.541 
CB1005 
CB33G5 
CBI 11115 

CB3"3G5 
C4-1/8-Tll-2491-F 
C4- l /8-HJ-1961 ··-F 
CB4'745 
CB10?5 

CB1 o;?.5 
CB10?5 
CB1 o;?.5 

CB1025 

CBl (l:~5 
CB1 o;::i:5 
CB4'/?5 
CB?.7G5 
CBl o;.~5 

CB10~~5 
;=.100-32.11 
C4·-1/8-T0-111-F 
CB 102~i 
C4··l/8-T0-1111-F 

C4-1/8-T0-3011-F 
CB4725 
CB4735 
CBI 03~\ 

CBl025 
CB102!5 
C4-l/8-T0-2611-F 
C4-l/8-T0-6811-F 

CB4 7~?~'i 
CB47;.~5 
CBI 11,'.'.5 

0837·-0 l 06 
0837-0106 

9100-0889 
04192-61803 
04192-61804 
04192-61803 
04192-61804 

LM339N 
HC'78L05ACP 
LH307N 
1990-0663 
SG3524J 

MCI 723CG 

0340-0220 
0380·-0744 
0590-0025 
12 05-031 0 
1400-0482 

2110-0269 
2190-0008 
ORDER BY DESCRIPTION 
ORDER BY DESCRIPTION 
3050-0378 
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Reference HP Part C 

Designation Number D 

8150-0451 2 
04192-01207 6 
04192-01208 7 

AB 04192-66~:i 08 6 

A8C1 0180·1083 3 
ABC2 OlEI0-1083 3 
AUC3 0 l 80··11183 3 
A8C4 II 1811···1083 3 
ABC5 0180-1083 3 

ADC6 0180··11183 3 
A8C7 11180-1083 3 
AOC8 0180-1003 3 
A8C9 0180-1083 3 
ADCIO 01 80···1 0 B3 3 

ABC11 0180-1083 3 
ADC12 0160···0127 2 
AllCl 3 0100-1003 3 
A8C14 0160~ .. 4~~99 7 
AHCl :'."J 11180-1 00:1 :1 

AUC16 0150····0121 5 
A8C17 0180-1083 3 
ABl.:18 111811 · I 083 3 
ABC! 'i 0180-1083 3 
AIJC20 0180-10133 3 

A8C21 11180-1083 3 
ABC2? 0180·1083 3 
AllC23 0160--34~':i6 6 
A8C24 016 0 <345~:i 5 
A8C25 016 0-34~'j5 d 

ABC2b 0 l 60--2055 '? 
Al!C27 0180-10B3 3 
AIJC28 0180-1083 3 
A8C29 11180-10B3 3 
ABC30 0 l 60···3454 4 

A8C31 0160-0127 2 
AUC32 0180···1083 3 
A8C33 0160-4299 7 
A!JC34 0180··1083 3 
A8C35 0150-0121 ,, 

AIJC36 0180-1083 3 
ABC37 11180-1083 3 
AUC38 0180··1 083 3 
A8[:39 0180 ·1 OB:l 3 
AEIC40 11180-1083 3 

ADC41 0180··1083 3 
ABC42 0160-3456 6 
Al3C43 0 l 60-- 3455 5 
ABC44 0160-34:i5 5 
AIJC45 0160--2055 9 

ABC46 0180-1083 :i 
ADC47 0180··1083 3 
A8C48 OlfJ0·-1083 3 
AIJC49 0 l 60··3454 4 
ABC50 ll160-0127 2 

ABC51 0180··1 083 3 
ABC52 0160--429',,) 7 
A8C53 OIE!0-1083 3 
ABC54 0150--0121 ~.'i 
A8C55 0180-1083 3 

AUC56 018ll-·1083 3 
A8C'.57 11180···1083 3 
A8C58 0180-1083 3 
AUC59 0180-1083 3 
A8C60 0180-1083 3 

AUC61 0160··3456 6 
ABC62 0160-3454 4 
AUC63 0160-3455 " ABC64 0160-3455 5 
AUC65 0 l 60--2055 9 

A8C66 ll180-1083 3 
AUC6'7 0180-1083 3 
A8C68 0180-"1081 1 
ABC69 0160···3466 8 
A8C70 ll180-1083 3 

Table 6-3. Replaceable Parts 

Qty Description Mfr 
Code 

WIRE 24AWG y 3110V PVC 7X32 BOC 28480 
1 HEAT SINK :'8480 
1 HEAT SINK 284BO 

1 FLOATING POWER SUPPLY /BIAS SUPPLY BOARD 28480 
(NOT INCLUDING THE SHIELD CASES) 

CAPACITOR-FXD 3:lllF 25VDC Al 2D480 
CAPACITOR-·FXD 33LIF 25VDC AL 28480 
CAPACITOR-FXD 3:lUF 25VDC AL. 213480 
CAPACITOR·-FXD 3:lUF 25VDC AL. 2(3480 
CAPAC I TDR-·FXD 33UF 25VDC AL 2B480 

CAPACITOR-FXD TlUF 25VDC AL 284ll0 
CAPAC ITOR-·FXD 33I.IF 25VDC AL 2E!480 
CAPAC ITOR-FXD 3.lUF 25VDC AL 2B480 
CAPACITOR-FXD 33UF 2~-iVDC AL 28480 
CAPACIHJR-FXD 33UF 25VDC AL 20480 

CAPACITOR-·FXD 33UF 25VDC AL 28480 
CAPACITOR-FXD IUF +·-20% 2~iVDC CER 284130 
CAPACITOR-FXD TIIJF 2.5VDC Al .. 2.13480 

4 CAPACITOR-FXD 2.(?.0 OPF +-20% 250VDC CE:R 56289 
CAPACITOR-FXD 3:lUF 25VDC AL (!.B480 

6 CAPACITOR-FXD , lUF +80-207. 50VDC CER 28480 
CAPAC ITOR-FXD TlUF 25VDC AL 20480 
CAPACITOll-FXD 33UF 25VDC AL 2B480 
CAPAC I TOR-·FXD 33UF 25VDC AL 2FJ480 
CAPACITOR·-FXD :BUF 25VDC AL 20480 

CAPACITOR- FXD 33UF 25VDC AL 28480 
CAPACITOR-FXD TlUF 25VDC AL 213480 
CAPACITllR-FXD lllOOPF +-10% lKVDC CER 28480 

1 0 CAPACITOR-FXD 470PF +-107. 1KVDC CER 28480 
CAPACITOR-·FXD 470PF +-·1 0% IKVDC cm 284BO 

CAPACITOR-FXD ,OlUF +80-20% lOOVDC CER 28480 
CAPACITOR-·FXD 33UF 25VDC AL 28480 
CAPACITOR-FXD 3:lUF 25VDC Al. 20480 
CAPACITOR- FXD 33I.IF 2~'iVDC AL 28480 

5 CAPACITOR-FXD 2~-~0PF +·-111% lKVDC CER 28480 

CAPAC ITOR-FXD II.IF +-20¼ 25VDC CER 28480 
CAPAC ITOR-FXD 3:3UF 25VDC AL. 28480 
CAPAC I TOR-·FXD ~?:200PF +--~~ 0 :r. 250VDC CER 56289 
CAPAC1TOR-FXD TlUF 2~SVDC Al. 21)480 
CAPACITOR-·FXD , lUF +80-20¼ :':iOVDC CER 28480 

CAPAC !TOR-FXD TlUF 25VDC Al 213480 
CAPAC I TOR-·FXD 33UF 2~/VDC AL 28480 
CAPACITOR-FXD 3:lUF 25VDC AL 28480 
CAPACITOR·-FXD T3UF 25VDC AL 213480 
CAPACITOR-FXD 33LIF 2~.'iVDC AL '-!848() 

CAPACITOR-FXD 3,lUF 25VDC AL. 2B480 
CAPAC ITOR-·FXD 100 OPF +-10% lKVDC CER 284811 
CAPACITOR-FXD 470PF +·-1 07.. lKVDC CER 28480 
CAPACITOR-FXD 470PF +-107. IKVDC CER 28480 
CAPACITDR-FXD ,OlUF +80·-2.0/,, lOOVDC CE.R 28480 

CAPACITDR-FXD 33UF 25VDC AL 28480 
CAPAC ITOR-FXD 3:ll.lF 2~5VDC AL 28480 
CAPACIHIR-FXD 33LIF 25VDC AL 28480 
CAPACITOR-FXD 2;_:0PF +-10% lKVDC CER 28480 
CAPAC ITOR-FXD IIJF +-20:7. 2~iVDC CER 28480 

CAPAC I TOR ·-FXD 3:3UF 25VDC AL 21'!480 
CAPAC ITOR-FXD 2?0 OPF +-20'¼ 250VDC CER 56289 
CAPACITOR-FXD 33UF 25VDC AL 28480 
CAPACITOR-FXD , lUF +80-20% 50VDC cm 28480 
CAPAC I TOR-·FXD 33UF 25VDC AL 28480 

CAPACITDR-FXD 3:3UF 25VDC AL 213480 
CAPACITOR-FXD 33IJF 25VDC Al. 213480 
CAPAC ITOR-FXD 33UF 25VDC AL 28480 
CAPACITOR ·-FXD 33IJF 25VDC AL 2ll480 
CAPACITOR-FXD 3:lUF 2~.':iVDC AL 28480 

CAPAC ITOR-FXD 10 II OPF +-10% lKVDC CER 28480 
CAPACITOR-·FXD 220PF +-·1 ll% 1KVDC CER 28480 
CAPAC!TOR-FXD 470PF +-111% !KVDC CER 2848ll 
CAPACITDR-·FXD 470f'F +-·1 oz IKVDC CER 28480 
CAPACITOR-FXD .OlUF +80-20'¼ lOOVDC CER 28480 

CAPACITOR-FXD 331.!F 25VDC AL 28480 
CAPACITOR-FXD 33UF 25VDC AL 20480 

12 CAPACITDR-FXD 47LIF 50VDC AL 2848ll 
CAPACITOR-FXD 111 OPF +-111% !KVDC CER 28480 
CAPAC!TOR-·FXD 33LIF 25VDC AL 28480 

See introduction to this section for ordering information 
*Indicates factory selecte>d value 

Section VI 
Table 6-3 

Mfr Part Number 

8150-0451 
04192-01207 
0419i'-01208 

04192-66508 

0180-1083 
0180-1083 
0180·-1 Oll3 
0180·-1083 
OlB0-1083 

0180-1083 
0180-1083 
0180-1083 
11180-1083 
01!311-1083 

0180-1083 
0160-0127 
0180·-1083 
C067F251F222MS22-CDH 
0180-·1083 

0150-0121 
0180-1083 
0180-1083 
0180-1083 
0180-1083 

0180-1083 
0180·-1083 
0160-3456 
0160-3455 
0'160-3455 

0160-2055 
0180-1083 
0180-1083 
0180-1083 
0160-3454 

0160-0127 
0100-1083 
C067F251F222MS22-·CD~i 
0180-108:3 
0150-0121 

0180-1083 
0180-1083 
0180·-1083 
0180-1083 
0180-1083 

0180-1083 
0160-3456 
0160·-3455 
0160-345~i 
0160·-2055 

0180-1083 
01130-1083 
0180-1083 
0160-3454 
0160-0'127 

01130·-1083 
C067F251F222MS22-CDH 
ll180-1083 
0150-0121 
0180-1083 

0180·-1083 
0180-1083 
0180-1ll8:3 
0180-1083 
0180-1083 

0160·-3456 
0160-3454 
0160-3455 
()160-3455 
0160·-205!"j 

0180-1083 
0180-1083 
0180-1081 
0160-3466 
0180-1083 

6-27 
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Section VI 
Table 6-3 

Reference 
Designation 

ABC?! 
AUC7? 
ABL73 
MJC74 
A8C7~:i 

ABC76 
ABC:77 
AUC78 
A8C79 
AUC80 

i 
A8C81 
ABCB? 

I 
ABC:813 
AUC84 
AflC85 

I ABC86 
I AE!CEl7 

I 
,,UC8EJ 
AllCB9 

I AUC90 

AllC:91 
AUC9? 
AEIC93 
AUC94 
ABC95 

AUC96 
AllC97 
AHC9[1 
ABC99 
AUC100 

AllCl 01 
AUC102 
AllC103 
AUC! 04 
AllC105 

AUCl 06 
ABC! 07 
AllCt08 
A8C!09 
AUC!lO 

ABClll 
{~UC112 
AllCl 13 
ADCl 14 
ABC115 

AUC116 
ABC:117 
AUCl 18 
ABC! 19 
,~BC1?0 

A8C121 
AOC12'? 
AS Cl 2 3 
A8CR1 
AUCR2 
A8C'R3 
AOCR4 
A8CR5 
ABCR5 

AllCR6 
AUCR7 
ABCR7 
AIJCR8 
A8CR9 

A fl CR 1 0 
ABCRl 1 
ADCR12 
AllCR13 
AFJCR! 4 

A8CR15 
Al,ICR16 
ABCR17 
AUCR 18 
ABCR 19 

AllCR20 
A8CR21 
ABCR22 
ABCR23 
Al3CR24 

6-28 

HP Part C 

Number D 

0140-0196 l 
11180««108! 1 
0180-1081 1 
0 l 80 · I 081 l 
0180-·l OBI 1 

0180 · I 1181 1 
OlEIIJ-l lJBl 1 
0180 .. -·11181 j 

0160-34~'i5 5 
0180--11181 l 

0160-20~~.'i 9 
0 160•«4;>99 7 
111811-1 OEl3 3 
0160««11127 2 
0150-0121 ~j 

0150-0121 '.'":, 

0160·-0127 2 
0160··-2055 9 
01811·-1 OEll l 
0 l 60-.. 3466 El 

0150-01 (.'. 1 ,, 
0180«-1083 3 
0180-10El3 3 
0180«]083 3 
0180-'1083 3 

0180«•1083 :; 
0180-1083 3 
11180«1083 3 
II JEI0-1 083 3 
01811--1083 3 

0180-1083 3 
0160--34~3~5 5 
0180-1083 3 
0180««1083 3 
0160-3455 ,, 

0160--34~":i'.5 5 
OlB0-1083 3 
OtfJ0-1 IJIB 3 
0160-2055 9 
0180-1083 3 

11180-1083 3 
111611-4344 3 
0180-1083 3 
0160-·?307 4 
0180-lOEll 1 

0180«1081 j 

11170-0040 'I 
0160 -·2204 0 
0160-22114 II 
016 0 ·-2'-~ 0 4 0 

0180-'!1183 3 
0180-1083 3 
0180-1052 
1901-0050 3 
1901··-0050 3 
1901-11050 3 
1901·-0050 3 
1901-0050 3 
1 (?01·-0050 3 

1901-11050 3 
1 </01·-0050 3 
1901-00c,O 3 
t<Y01····0050 3 
1901-0050 3 

1901-0050 3 
19111-0050 3 
1901-00511 3 
1902-3234 3 
1902-·3234 3 

1902-3234 3 
190 ;~--~3234 3 
1901-0028 5 
1901-·002,1 5 
1901-11050 3 

1901·-00511 3 
1901-0050 3 
1901-0050 3 
1901-0050 3 
1901-0050 3 

Table 6-3. Replaceable Parts 

Qty Description Mfr 
Code 

1 CAPAC I TDR-·FXD l50PF +-5% 300VDC MICA 
CAPAC ITOR-FXD 4'7UF 50VDC AL 20480 
CAPACITOR ·-·FXD 47UF 50VDC AL 21J480 
CAPACITOR-FXD 4'7lff 50VDC AL. 2!3480 
CAPACJTOR-FXD 47LIF 50VDC AL 2FJ480 

CAPACITOR·-FXD 4'7UF 50VDC AL 20480 
CAPACITOR-FXD 471.JF 50VDC AL :

0 EJ4811 
CAPAC I TOil ·-FXD 4'7UF 50VDC AL 28480 
CAPACITOR-TX!) 471JPF +-·1117. !KVDC CER 284BO 
CAPACITOR·-FXD 47UF 511VDC AL 20480 

CAPAC:ITCIR-·FXD ,OlUF +80-·20i.: !OOVDC CER :.>84811 
CAPACITOR-FXD 2:.~o OPF +·-2.0¼ 250VDC CER 56?89 
CAPACIHIR-·FXD 33LIF 25VDC AL 2El480 
CAPACITOR-FXD !UF +-·20% 2~1VDC CER 28480 
CAPACITOR-TXD , 1l!F +80-20/. c,IJVDC CER 2B4811 

CAPACITOR-FXD , !UF +80-20% 50VDC CER 28480 
CAPACITOR-TX!) lUF +-20% 2'::iVDC cm 28480 
CAPAC I TOR ·--FXD .OtUF +80·-20% !OOVDC CER 28480 
CAPACITDR-FXD 47UF ,dlVDC AL 284811 
CAPACITOR-FXD !OOPF +-10% !KVDC CER 28480 

CAPACITOR-TX!) , ti.IF +80-·20% 50VDC CE!< 28480 
CAPACITOR-FXD 31lUF 2~-SVDC AL. 2U480 
CAPACITOR-FXD 33LIF 25VDC AL 28480 
CAPACITOR-FXD 33IJF 2~5VDC AL. 2U480 
CAPACITDR-FXD 331.IF 25VDC AL ,'8480 

CAPAC I TOll--FXD 3:llJF 2:5VDC AL 2U480 
CAPAC:ITOR-FXD :l:llJF 25VDC AL 2El480 
CAPACITOR·-FXD 313IJF 25VDC AL 20480 
CAPACITOR-FXD 33UF 25VDC AL 2f.14EIIJ 
CAPAC I Hlll ·-FXD 3.:lUF 25VDC AL 2B480 

CAPAC ITOR-·FXD 33UF 25VDC AL 2FJ480 
CAPACITOR-FXD 470PF +-1 II¾ tKVDC CER 28480 
CAPACITOR-·FXD 33l!F ?.5VDC AL 284EIO 
CAPACITOR-FXD 3,3UF 25VDC AL 20480 
CAPACITDR-FXD 470PF +-1 or. lKVDC CER ,!84811 

CAPACITOR-FXD 470PF +·-1 0% tl<VDG CER 28480 
CAPACITDR-FXD 33LIF 2~:iVDC AL ,!8480 
CAPACITOR-FXD 3,lUF 2~:iVDC Al._ 28480 
CAPACI TOR-FXD ,O!LIF +80-20¼ !OOVDC CER 28480 
CAPAC I TOR ·-FXD 33IJF 25VDC AL 20480 

CAPACITOR-·FXD 33UF 2~5VDC t1L 28480 
1 CAPACITOR-FXD 6IJF +-20¼ 75VDC MET-POL.YC 28480 

CAPAC:ITOR-FXD 33LIF 25VDC AL 28480 
CAPAC I TOR ·-FXD 47PF +·-5% 300VDC MICA 28480 
CAPACITOR-FXD 47UF 50VDC AL 28480 

CAPAC ITOR-FXD 47IJF 50VDC AL 213480 
1 CAPACITDR-FXD ,0471.JF +-1117. 200VDC POL.YE 56289 

CAPACITOR-FXD !IIOPF +-5¼ 301JVDC MICA 28480 
CAPACITOR-FXD 1 0 OPF +-5¼ :lOOVDC MICA 28480 
CAPACITDr!-FXD 100PF +-~j ✓- 300VDC MICA 28480 

CAPACITOR-FXD 33UF 25VDC AL 284El0 
CAPACITOR-FXD 33UF 25VDC AL. 20480 
CAPAC ITOR-FXD 220UF 6.3V 
DIODE-SWITCHING EIOV 200MA ~~NS DD-3~i 28480 
DIODE·-SWITCHING 80V 200MA 2NS D0·-35 28480 
DI()J)E-SWITCUING 80V 200MA 2.NS Dll-35 2El4BO 
DIODE-SWITCH I NG 811V 200MA 2NS D0-35 213480 
DIODE-SWITCHING 80V 200MA 2NS Dll-35 284EIO 
DIODE-SWITCHING 80V 200MA 2NS D0-35 28480 

DIODE-SWITCHING 80V 200MA ?NS D0-35 28480 
DIODE·-SWITCHING 80V 200MA 2NS D0--3~5 28480 
DIODE-SWITCHING 80V 200MA ?.NS D0-35 284811 
DIODE-SWITCHING 811V 200MA 2NS D0-3cj 28480 
DIOl)E-SWITCHING 80V 200MA 2NS D0-35 28480 

DIODE-SWITCHING 80V 200MA 2NS D0-35 28480 
DIODE-SWITCHING 80V 200MA 2NS D0-35 28480 
DIODE·-SWITCHING 80V 200MA 2NS D0·-35 28480 

4 DIODE-ZNR 19.6V 5¼ DD-35 PU=,4W 28480 
DIODE·-ZNR 19,6V 5% D0-35 PD=,4W 28480 

DIDDE-ZNR 19,6V 5% D0-35 PD=,4W 28480 
DIODE-ZNR 19,6V 5¼ D0·-3::i PD=,4W 28480 
DIODE-·PWR RECT 400V 7~i0MA D0-29 28480 
DIODE-PWR RECT 400V 750MA D0-29 28480 
DIODE-SWITCHING 80V 200MA 2NS D0-35 28480 

DIODE-SWITCHING 80V 200MA 2NS D0-35 28480 
DIODE-SWITCHING 80V 200MA 2NS D0-35 28480 
DIODE-SWITCHING 80V 200MA 2NS D0-35 28480 
DIODE-SWITCHING 80V 200MA 2NS D0-35 28480 
DIODE-SWITCHING 80V 200MA 2NS l)0-35 28480 

See introduction to this section for ordering information 
*Indicates factory selected value 

Model 4192A 

Mfr Part Number 

O!B0-1081 
0180-1081 
0 JB0-1081 
II 1811-1118'1 

01811-!0Bl 
0180-1081 
0180·-1 OBI 
0160-3455 
11180-1081 

0160-2055 
C067F251F222MS22-CDH 
0180-1083 
01611·-0127 
0150-0121 

0150·-0121 
11160-0127 
0160-2055 
11180-11181 
0160-3466 

0150-0121 
0180-1083 
0180-108:l 
II 1811-1083 
0180-1083 

0180-1083 
0180-11183 
0180-10ll3 
0180-1083 
0180-1083 

0180-11183 
0160-345~j 
0180-1083 
01ll0·-1083 
0160-3455 

0160-3455 
0180-1083 
01130-1083 
0160-20~'1!.'i 
0180-1083 

0180-11183 
0160-4344 
0180-1083 
0160-2307 
0180-1081 

0180-!0fJt 
292P47392 
0160-2204 
0160-2'-~04 
0160·-2204 

11180-11183 
01130-1083 

1901-0050 
1901·-0050 
1901-0050 
1901·-0050 
1901-01150 
1901-0050 

1901-01150 
1901-0050 
1901-0050 
1901·-0050 
1901-0050 

1901-0050 
1901-0050 
1901-0050 
1902-3234 
1902-3234 

1902-3234 
1902-3234 
1901-0028 
1901-0028 
1901-0050 

1901-0050 
1901-0050 
1901-0050 
1901-0050 
1901-0050 
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Reference HP Part C 

Designation Number D 

A8CR25 1901-0050 3 
Al1CR26 1901-00SO 3 
ABCR27 1901-0050 3 
ABCR28 1901-0050 3 
A8CR29 1901-0050 3 
A8CR30 1901-0050 3 
A8CR31 1901-0050 3 
AElCR32 1901-0050 3 
A8CR33 1902-0041 
A8CR34 1902-0041 
~,8CR37 1902-3036 
ASCR38 1901-0050 
A8CR39 1901-0050 

AElJl 1200-0607 0 
ABJ2 1251-0513 4 
Al3J3 1251-3197 6 
A8J4 1250-0257 1 
A8J'5 1251-1636 4 
A8.J6 12:11-·1636 4 
AUJ7 1;.:?.00····0'.':i41 1 

AOKI 0490-1269 4 

MJL! 'll40··0114 4 
ABLi' 9140-0098 4 
A>JL3 9140-0098 4 
AEIL4 '11411-0114 4 
AHL:i '1140 .... 0114 4 

ABL6 ?100-1629 4 
AHL? 9100····1629 4 
Alll8 91411-0210 1 
AllL9 9140 .. ·0114 4 
ABL.10 9140-0114 4 

AULi I 9140 .. 0114 4 
ABL12 f,'100-1629 4 
AUL13 f/100-··1629 4 
Alll.14 91411-11210 I 
AULt~i '1140--0 114 4 

A8L.16 9140-0114 4 
AULi 7 '1140··0114 4 
A8l18 9'100-1629 4 
AUL19 9100· .. 1629 4 
ABL.20 9140-0210 1 

AHL21 91. 40· .. 0 114 4 
AHL. :::~2 '11411-11114 4 

I 
AHL23 9100····1629 4 
AEIL24 9100-1629 4 
r~HL2~'i 9140--0;"10 I 

~8L26 '1140-0114 4 
AUL2'7 '1140··0114 4 
ABL.28 9100-·1629 4 
AUL29 9100··-1629 4 
~8L30 9140-11210 I 

AUL3l 9140--0114 4 
A8L32 'II O 0-08BO 7 

AUQI 1 B54--0~:.i47 2 
A8Q2 1854-0547 2 
f'1BQ3 l B54·-0 019 3 
A8Q4 1853-00111 ;~ 
AUQ5 1U54····0~:i47 2 

A8W6 1854-0547 2 
AUQ7 Hl54 .. •0019 3 
A8QfJ 185:l-OOI 0 2 
AUQ9 t B54--0~:i47 2 
ABO! II 1854-0547 2 

AHQl 1 lU54 .. ·01119 3 
ABQ12 1853-0010 2 
AHIH 3 1 B53 ·-0 010 2 
/18014 1054-0547 2 
ABQ15 1 U54·-0547 '·' 
ABQ16 18c;4--0 0 I 9 3 
AHQ17 1 U5T--O 1110 ., 
A8Q18 1853--0281 9 
AUQ!9 !U53 .. 0,'32 0 
ABQ20 1853-0232 0 

AUQ2 l I 1'154 .... 0474 4 
A8Q22 1854-0271 9 
AOQ23 1054--o:~71 9 
A8Q24 1853-0080 6 
A81J25 1854-0474 4 

Table 6-3. Replaceable Parts 

Qty Description Mfr 
Code 

DIODE-SWITCHING 80V 200MA 2NS D0-35 28480 
DIODE-SWITCHING 80V 200MA 2NS DO-35 28480 
DIODE-SWITCHING 80V 200MA 2NS DO-35 28480 
DIODE-SWITCHING 80V 200MA 2NS DO-35 28480 
DIODE-SWITCHING 80V 200MA 2NS D0-35 28480 
DIODE-SWITCHING 80V 200MA 2NS DO-35 28480 
DIODE-SWITCHING 80V 200MA 2NS DO-35 28480 
DIODE-SWITCHING 80V 200MA 2NS DO-35 28480 
DIODE-SWITCHING 50V 500MA 30NS DO- 7 
DIODE-SWITCHING 50V 500MA 30NS 00-7 
DIODE-ZNR 3. 16 V 5 ;, 
DIODE-SWITCH ING 
DIODE-SWITCHING 

SOCKET-IC 16-CONT DIP DIP-SLDR 28480 
CONNECTOR 5-PIN M POST TYPE 28480 
CONNECTOR 12-PIN M POST TYPE 28480 
CONNECTOR-RF SMB M PC 50-OHM 20480 

2 CONNECTOR-SGL CONT SKT ,04-IN-BSC-SZ RND 28480 
CONNECTDR-SGL CONT SKT , 04-·IN-Bf:iC-SZ RND 28480 
SOCKET·-IC 24-CONT DIP Dll'··SLDR 2B480 

RELAY 1C 12VDC·COIL .66A 30VDC 28480 

INDUCTOR RF··CH ··MI.D !DUH 10% . 166DX, 385LG 28480 
INDUCTOR RF-CH--MLD 2.ZUH l O , . 166DX.385LG 
INDUCTOR RF··CH·MI.D 2. 2 UH lo : .166DX. 385LG 
INDUCTOR RF··CH--MLD 101.JH 10% , 166DX, 385L.G 28400 
INDUCTOll RF··CH··ML.D lOUH 10% . 166DX, 38'5LG 2B4811 

10 INDUCTOR RF·CH··MLD 47LIH 5¼ . 166DX. 385LG 20480 
INDUCTOR RF··Cl+·MLD 47UH 5/4, , 166DX, 3B5LG 28480 
INDUCTOR RF-CH--ML D lOOUH ~)¼ , 166DX, :lB~;LG 2~8480 
INDUCTOR RF·-CH··Ml.D !DUH 10% , 166DX, 3851.G 2B480 
INDUCTOR RF·CH··MLD 10UH I 11% , 166DX. 385LG 2B480 

INDUCTOR RF··CH··MLD !OUH 111% , 166DX, 385LG 21l480 
INDUCTOR RF-CH··MLD 47UH 5¼ , ! 66DX, 385LG 28480 
INDUCTOll RF··CH··MLD 47UH 5% , ! 66DX, 385LG 28480 
INDUCTOR RF·CH·MLD !IJOUH ~:.i'.Y. . 166DX, :385LG 28480 
INDUCTOR RF-CH-MLD !IIUH 111% , 166DX. 3851.G 28480 

INDUCTOR RF· .. CH·MLD lllUH 111% , 166DX, 385LG 28480 
INDUCTOI! RF-CH··MI..D !IIUH 10% , ! 66DX. 385LG 28480 
INDUCTOR RF-CH·MLD 47UH :':ii:: , 166DX. 385LG 28480 
INDUCHJR RF·CH··ML.D 47UH 5/., , 166DX, 385LG 284811 
INDUCTOR RF·TH· .. Ml D 100UH ~)%. . 166DX, 3851..G 2fl480 

INDUCTOR RF··CH··ML.D !OUH 111% , 166DX, 385LG 28480 
INDUCTOR RF-CH··MLD !DUH 10% , ! 66DX. 385LG ;'8480 
l.NDUCTOR llF--CH-MLD 47UH 5% , 166DX, 385LG 28480 
INDUCTOR RF·CH··MLD 47UH 5% . 166DX, 38~;LG 28480 
INDUCT□ [! RF··CH··MLD !OOUH 5% . 166DX, 385LG 28480 

INDUCTOR RF ··CH-·MLD 10UH 10% , 166DX, 3B:=:iLG 28480 
INDUCTOR R F-CH··MI .. D 1 OUH 1117. . 166DX, 385LG 28480 
INDUCTOR RF-CH· .. Ml D 47UH 5% , 166DX, 385LG 28480 
INDUCTOR RF··Cl+·ML.D 47UH 5% . 166DX. 3[15LG 28480 
INDUCTOR RF·CH--MLD !OOLIH 5% , 166DX, 385LG 28480 

INDUCTOR RF··CH-MLD !OUH !Oo/. , 166DX. 385LG 28480 
1 C0IL-2;.~ UH 5/. 2El480 

8 fRANSISTDR NPN 2N3725 SI TO··-5 PD=BIIOMW 0129~ 
'TRANSISTOR NPN 2N3725 SI TO-·:'.:"i PD~BOOMIJ 01295 
TRANSISTOR NPN SI T0-18 PD,=360MW 28480 

~j TRANSISTOR PNP SI TD-18 f'D=360MIJ 28480 
TRANSISTOR NlJN 2N3725 SI T0·-5 PD=800MW 01295 

TRANSISTOR NPN 2N3725 SI T0-5 PD=800MW 01295 
TRANSISTOR NPN SI TD-18 PD·=360MIJ 28480 
TRANSISTOR PNP SI TD-HI PD=360MW 2El480 
TRANSISTOR NPN 2N3725 SI T0·-5 PD=800MW 01295 
TRANSISTOR NPN L'.N3725 SI T0-5 PD=800MIJ 01295 

TllANSISTOR NPN SI T0--18 PD=360MW 28480 
TRANSlSTOR PNP SI TD-18 PD=360MW 2B480 
TRANSISTOR PNP SI T0·-18 PD,=360MW 28480 
TRANSISTOR NPN ~~N372~i SI T0-·5 PD=BOOMW 01295 
TRANSISTOR NPN 2N3725 SI T0-5 PD=800MW 01295 

TRANSISTOR NPN SI T0-18 f'D=360MW 2fJ480 
TRANSISTOR PNP SI T0-·18 p]),=360MW 28480 

I TRANSISTOR PNP 2N2907A SI T0-18 PD=400MIJ 04713 
2 TRANSISTOR PNP s:r T0-39 PD=IW FT=200MHZ 28480 

TRANSISTOR PNP SI T0-39 f'D=!W FT=200MHZ ~~8480 

2 TRANSISTOR NPN SI PD=310MIJ FT=lOOMHZ 04713 
2 TRANSISTOR NPN SI T0-39 PD=lW FT=l ~;OMHZ 28480 

TRANSISTOR NPN SI T0-39 PD=lW FT=150MHZ 28480 
2 TRANSISTOR PNP SI PD=300MIJ FT=30MHZ 28480 

TRANSISTOR NPN SI PD=310MW FT=lOOMHZ 04713 

See introduction to this section for ordering information 
*Indicates factory selected value 

Mfr 

1901-0050 
1901-0050 
1901-0050 
1901-0050 
1901-0050 
1901-0050 
1901-0050 
1901-0050 

1200-0607 
1251-0513 
1251-3197 
1250-0257 
1251-1636 
1;~51-1636 
1200--0541 

0490-1269 

9140-0114 

9140-0114 
9140-0114 

9100-1629 
9100··!629 
9140-0210 
9140·-0l 14 
9140-0114 

9140··0114 
9100-1629 
9100··!629 
9140-0210 
9140-0114 

9140-0114 
9140-0114 
9100-1629 
9100··1629 
9140-0210 

9140-0114 
9140-0114 
9100·-1629 
9100-1629 
91411-0210 

9140-0114 
9140-0114 
9100-1629 
910 0··1629 
9140-0210 

9140-0114 
9100-0880 

2N:5725 
2N3725 
19~;4•-0019 
1853-0010 
2N:5725 

2N3725 
1854-0019 
!B53-0010 
2N3725 
2N3725 

18~;4-0019 
!853-0010 
1853-0010 
2N3725 
2N3725 

1854-0019 
185:l-0010 
2N2907A 
1853-0232 
1853-0232 

2N5551 
1854-0271 
1854-0271 
1 B53-0080 
2N5551 

Part 

Section VI 
Table 6-3 

Number 

6-29 
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Section VI 
Table 6-3 

Reference 
Designation 

A8Q26 
A8Q27 
ABQ28 
A8Q29 
A8Q3 0 
A8Q33, Q34 
ABR1 
ABR2 
AUR3 
A8R4 
A8R5 
A8R6 
A8R7 
AOR8 
A8R9 
AHR10 

A8R11 
ABR12 
A8R13 
ABR14 
A8R15 

ABR16 
A8Rl7 
ABR18 
A8R19 
AllR20 

ABR21 
A8R22 
A8R23 
A8R24 
A8R25 

AllR26 
ABR27 
ABR28 
A8R29 
AllR30 

A8R31 
ABR32 
A8R33 
AOR34 
A8R35 

ABR36 
A8R37 
A8R38 
A8R39 
ABR40 

A8R41 
AHR42 
A8R43 
AOR44 
A8R45 

A8R46 
A8R47 
ABR48 
A8R49 
ABR50 

A8R51 
A8R52 
A8R53 
A8R54 
ABR55 
ABR56 
A8R57 
A8R58 
A8R59 
AOR60 
A8R61 
A8R62 
A8R63 
A8Rb4 
A8Rb5 
A8R66 
A8R67 
AOR68 
A8R69 
A8R70 

A8R71 
A8R72 
ABR73 
ABR74 
AB R 76 
AB R 77, R78 
A8R79 
ASRBO 

6-30 

HP Part C 

Number D 

1853-0080 6 
1855-0091 3 
1855-0091 3 
1854-0215 
1853-0036 
1854-0477 
0683-2215 1 
0683-3325 6 
0683-4725 2 
068:3-472:':i 2 
11683-1 OOc, 5 
06813-100!;; 5 
0683-3325 6 
0 683··<~215 1 
0683-3325 6 
0 683··-4 725 2 

0683-4725 2 
0 683·--1005 5 
0683-1005 _, 
0 683·-3325 6 
0683-2215 1 

0683--·3325 6 
0683-4725 2 
0683-4725 2 
0683-1005 5 
0683·-1035 1 

0683-1035 1 
0683-·11105 5 
0683-3325 6 
0683-1015 7 
0683-4715 0 

0683···2215 1 
0683-3325 6 
0683---2215 1 
0683-1005 5 
0683-1005 5 

0683-3325 6 
0683--4725 2 
0683-3325 6 
0683--1825 7 
0683-2215 1 

0683--1 035 1 
0683-1015 7 
0683--1525 4 
0683-4705 8 
0683-0475 1 

0683-6805 3 
0683-6805 3 
0683-1015 7 
0683-1215 9 
0698-4431 8 

0683--4705 8 
0757-0280 3 
0683-2235 5 
0683-6805 3 
0683·-6005 3 

0683-1045 3 
0683--1215 9 
0683-1045 3 
2100-3211 8 
0698-6943 1 
0698-4431 8 
0757-0280 3 
0683-2235 5 
01,83-1045 3 
0698-6320 8 
0757-0346 4 
0683-1025 9 
0698-3156 2 
0683-1025 9 
0698-3156 2 
0698-6320 8 
0698-6320 8 
0698-6320 0 
0683-1015 7 
0683-1535 6 

2100-3212 8 
0683-1045 3 
0683-1015 7 
0683-1535 6 
0683-4735 
0683-1015 
0683-1025 
0683-3335 

Table 6-3. Replaceable Parts 

Qty Description Mfr 
Code 

TRANSISTOR PNP SI PD=30011W FT=3011HZ 28480 
6 TRANSISTOR J-FET N-CHAN D-MODE SI 28480 

TRANSISTOR J-FET N-CHAN D-MODE SI 28480 
TRANSISTOR NPN SI PD=350MW FT=300MHZ 
TRANSISTOR PNP SI PD=310MW FT=250MHZ 
TRANSISTOR NPN SI 2N2222A 
RESISTOR 2;~0 5% ,25W FC TC=-400/+600 01121 

RESISTOR 3,3K ~:;z . 2~iW FC TC=-400/+?nll 01121 

RESISTOR 4.7K 5% .25W FC TC=-400/+700 01121 

RESISTOR 4.7K 5% .25W FC TC=-400/+7011 01121 

RESISTOR I 0 5% .25W FC TC=-400/+500 01121 
RESISTOR 1 0 5/. , ::!5W FC TC•=-4110/+500 01121 
RESISTOR 3, :IK ::-;:::: ,25W FC TC=-4011/+'7110 111121 
RESIST□ rl 220 5% ,25W FC TC=-4110/+6011 111121 
RESISlDR 3.3K ~:.,z , 2~iW FC TC=-4011/+700 01121 
RESISTOR 4. 71( 5i.', .25W FC TC=·-4110 / +'7 0 0 0 l l ;;! 1 

RESISTOR 4.7K ~;,:: .25W FC H>-4011/+700 011 ;~1 
RESISTOR 111 5% ,25W FC TC=-4110/+500 01121 
RESISTOR 1 0 5% .25W FC TC=-4011/+500 01121 
RESISTOR 3.3K 5% .25W FC TC=-400/+7011 01 Lcl 
RESISTOR 220 ~1¼ , 2!":iLJ FC TC=-400/+6011 01121 

RESISTOR 3. 31( 5'.r.. ,25W FC TC=·-4110/+'7011 01 t;~1 
RESISTOR 4.7K ~":,'i:: '2~)LJ FC TC=-400/+7:JO 01121 
RESISTOR 4.7K 5% .25W FC TC=-400/+700 0 1121 
RESISTOR 1 0 ~:ii.: .25W FC TC=-4011/+~;o II II 1121 
RESISTOR 1 01( 5% .25W FC Tl>=-4110/+700 011 ;21 

RESISTOR !OK ~:i¼ . 25LJ FC H>-4011/+71111 01121 
RESISTOR 10 57.: .25W FC TC>-4110/+500 011:.?.1 
RESISTOR 3, 3K !':i% ,25W FC TC=-400/+7110 1111 i"l 
RESISTOR 100 5% .25W FC Tl>=·-400/+500 01121 
RESISTOR 470 5% ,25W FC TC=-4011/+6011 01 "121 

RESISTOR 220 5% .25W FC TC=-41111/+6110 01 l 21 
RESISTOR 3,3K 5¼ ,25W FC TC=,-4011/+700 01121 
RESISTOR 220 5% .25W FC TC=-400/+600 01121 
RESISTOR 1 0 5i.: ,25W FC TC=-400/+500 0 ·1121 
RESISTOR 111 57.. , 2.5W FC TC·=-400/+500 0112.1 

RESISTOR 3,3K :':ii:: ,25W FC: Tl>-4011/+7110 01121 
RESISTOR 4,7K 5% .25W FC Tc,=-400/+?oo 011;21 
RESISTOR 3.3K ~.>% ,25W FC TC:=-4011/+7011 01121 
RESISTOR 1 .BK 5% ,25W FC TC=-400/+700 01121 
RESISTOR 220 ~i% .25W FC TC=-400/+600 01121 

RESISTOR 1 OK Si.: .25W FC TC=-400/+700 01121 
RESISTOR 100 5% .25W FC TC=-400/+500 01121 
RESISTOR 1, 51<. 5% ,25W FC TC=-400/+'700 01121 
RESISTOR 47 :':,% .25W FC TC=-400/+500 01121 

1 RESISTOR 4.7 51.. ,25W FC Tl:,C-400/+5110 01121 

4 RESISTOR 68 5¼ .25W FC TC=-4011/+5011 01121 
RESISTOR 68 5¼ ,25W FC TC=-400/+500 01121 
RESISTOR 100 5i.: .25W FC TC=-400/+5011 01121 

2 RESISTOR 120 5% ,25W FC TC=-4110/+600 01121 
2 RESISTOR 2, O:':iK 1% . 12~,w F TC=0+-100 ~~4546 

RESISTOR 47 5% .25W FC TC=-41111/+500 111121 
RESISTOR lK 1% . 12:;w F TC=,0+-100 24546 
RESISTOR 2;~K 5% .25W FC TC=-4110/+800 01121 
RESISTOR 68 5i.: ,25W FC TC=-400/+500 0"1121 
RESISTOR 68 Si.: .25W FC TC=-400/+500 01121 

RESISTOR 1011K ~j% ,25W FC TC=-400/+800 111121 
RESISTOR 120 5% ,25W FC TC=-400/+600 01121 
RESISTOR 1 0 OK :=:ii.: ,25W FC TC=-400/+800 01121 

2 RESISTOR-TR MR l K l 0% C TOP-ADJ l - T RN 
1 RESISTOR 20K '1% , 125W F TC=0+-50 28480 

RESISTOR 2. 05K IX . 125W F TC=0+-100 24546 
RESISTOR 1K IX , 125W F TC=0+-100 24546 
RESISTOR 22K 5% .25W FC TC=-400/+800 01121 
RESISTOR IOOK 5% ,25W FC TC=-400/+800 01121 

4 RESISTOR 5K .n: .125W F TC=0+-25 03808 

1 RESISTOR l 0 l" lo . 125W F TC=0+-100 
RESISTOR lK 5)'; .2'5W FC TC=-400/+600 01121 
RESISTOR 14,7K 1)'; .125W F TC=0+-100 24546 
RESISTOR IK 5% .25W FC TC=-400/+600 01121 
RESISTOR 14.7K 1)'; .125W F TC=0+-100 24546 
RESISTOR 5K .IX .125W F TC=0+-25 03888 
RESISTOR SK ,\)'; . 125W F TC=0+-25 03888 
RESISTOR SK ,IX , !25W F TC:;:0+-25 03888 
RESISTOR 100 5)'; ,25W FC TC=-400/+500 01121 

2 RESISTOR !SK 5)'; ,25W FC TC=-400/+800 01121 

RESISTOR-TR MR 200 10)'; C TOP-ADJ 1-TRN 28480 
RESISTOR 100K 5)'; .25W FC TC=-400/+800 01121 
RESISTOR 100 5)'; .25W FC TC=-400/+500 0 I 121 
RESISTOR 15K 5;,.: .25W FC TC=-400/+800 01121 
RESISTOR 47K 5t .25W FC TC=-400/+800 
RESISTOR 100 5'" .25W 
RESISTOR l K 50• 

h .25W 
RESISTOR 33K 5" .25W 

See introduction to this section for ordering information 
*Indicates factory selected value 

Model 4192A 

Mfr Part Number 

1853-0080 
1855-0091 
1855-0091 

CB:?215 
CB3~~25 
CB4725 
CB4725 
CB1005 
CB10115 
CB3::t;;;.'.'::i 
CB?;:~15 
CB33:.=.'.'.:'1 
CB4'725 

CB4'/25 
CB1005 
CB! II 05 
CB-?>"325 
CB22·15 

CBJ,325 
CB47i.'.~) 
CB4'725 
CB! 11115 
CB1035 

CB! 113'.i 
CB!OO~ 
CB33?5 
CB1015 
CB471'.i 

CK?;.•?.15 
CB33;?.5 
CB~~215 
CB! 11115 
CB1005 

CB3:l25 
CB4'725 
CB3,~i.'.5 
CB1825 
CB2215 

CB1035 
CB! 015 
CB1 5;;~5 
CB4'705 
CB47G5 

CB6BO'.i 
CB6805 
CB1015 
CB1215 
C4-1/8-·T0-2051-F 

CB4'705 
C:4-1/8-T0-10111-F 
CB??.35 
CBW ll 5 
CB6B05 

CB! 114c, 
CB1~~15 
CB11145 

11698-6943 
C4-1/8-T0-2051-F 
C4-1/8-T0-1001-F 
CB2235 
CB1045 
PME55-l/8-T9-5001-B 

CB\025 
C4-l/8-T0-1472-F 
CB1025 
C4-l/8-T0-1472-F 
PHE55-1/8-T9-5001-B 
PME55-1/8-T9-5001-B 
PME55-1/8-T9-5001-B 
CB1015 
CB1535 

2100-3212 
CB1045 
CBl 015 
CB1535 
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Reference 
Designation 

ABT! 
ABT;~ 
ABT3 
AUT4 
ABT5 

A8T6 
ABT7 
ABTS 
ABT9 
ABTIO 

ABT! I 
ABT12 
ABT13 
Al3T14 
A8T15 

ABT16 
A8T17 
AUTIB 
A8f19 
A8T20 

ABT21 
ABT22 
ADT23 
ABT24 

AllUl 
AElU2 
AllU3 
A8U4 
A8U5 

A8U6 
Al3U7 
A8U8 
AUU9 
A8U10 

A8Ul 1 
AUU12 
A8U13 
Al'IU14 
A8U15 

AUU16 

A9 

A9Cl 
A9C2 
A9C3 
A</C4 
A9C5 

A9C6 
A9C7 
A9C8 
A9C9 
A9C10 

A9Cl l 
A9C12 
A9C13 
A9C14 

A9CR1 
A9CR2 

A9Jl 
A9J2 
A9.T3 

A9Ll 
A9L2 
A9L3 

A9Rl 
A<JR2 
A9R3 
A9R4 
A9R5 

A9R6 
A9R7 
A9R8 
A9R9 
A9Rl0 

HP Part c 
Number o 

9100-082;;.>. 7 
9100--082;~ 7 
9100-0857 8 
9100-0857 8 
9100-·082:~~ 7 

0411;>2--61B01 2 
<Jl00-·085~') 6 
9100-0855 6 
9100-0822 7 
04192-61801 2 

9100-0855 6 
(n 00--0855 6 
9100-0822 7 
114192-61801 2 
(,100·-·085~':i 6 

trl00·-·085~5 6 
9100-0855 6 
9100-0855 6 
9100·-·085~:i 6 
9100-0822 7 

0419:2-61802 3 
9100-0B~iS 6 
9100-0855 6 
9100-0855 6 

11320-··0567 
1826-0274 
1826-0281 
1826-0122 
1820-1433 

1820-1433 
11J20-· 1 l 96 
1820-·1196 
11326--0161 
1826-0161 

1826-0161 
lf.!26-·0161 
1813-0105 
11326--0035 
1826-0035 

3050-0082 

5 
3 
2 
0 
6 

6 
8 
8 
7 
7 

7 
7 
2 
4 
4 

4 

8 

04192-66'.009 7 

01811·-l 050 
0180-1066 
0180-1066 
0160-0127 
0160-0127 

0160-0127 
0160-3847 
0160-20119 
11160-3847 
0160-3847 

0160-31347 
0160-2009 
0160-3847 
0 l 60-3ll47 

1902-0777 
1902·-·0041 

1200-0607 
1251-0513 
1251-6527 

'11411·-0114 
9140-0129 
9140-0129 

0683-1025 
0683-1025 
0698-3153 
0757-0279 
2100-3211 

2100-0554 
0757-0274 
0683-·1025 
07~i7-0421 
0 698--~5453 

4 

2 
9 
9 

9 
9 
3 
9 
9 

9 
3 
9 
9 

3 
4 

0 
4 
2 

4 
1 
1 

9 
9 
9 
0 
7 

5 
5 
9 
4 
6 

Oty 

2 

3 

4 

2 

3 

5 

Table 6-3. Replaceable Parts 

Description 

TRANSFORMER:PULSEl11307l 
TRANSFORMER:PULSEl11307l 
TRANSFORMER-PULSE 114Hl 
TRANSFORMER-PULSE 114Hl 
TRANSFORMER:PULSEl11307l 

TRANSFORMER-PULSE 
TRANSFORMER-PULSE 113Gl 
TRANSFORMER-PULSE 113Gl 
TRANSFORMER:PULSEl11307l 
TRANSFORMER-PULSE 

TRANSFORMER-PUL.SE 113G1 
TRANSFORMER-PULSE 113Gl 
TRANSFORMER:PULSEl11307l 
TRANSFORMER-PULSE 
TRANSFORMER-PULSE 113Gl 

TRANSFORMER-PULSE 113Gl 
TRANSrORMER-~ULSE 113Gl 
TRANSFORMER-PULSE 113Gl 
TRANSFORMER-PULSE 113Gl 
TRANSFORMER:PULSEl11307l 

TRANSFORMER-PULSE 
TRANSFORMER-PULSE 113Gl 
TRANSFORMER-PULSE 113Gl 
TRANSFORMER-PULSE 113Gl 

IC MV TTL DUAL 
IC 78Ll5A V RGLTR T0-92 
IC V RGL H T0-92 
IC 7805 V RGLTR T0-220 
IC SHF-RGTR TTL LS R-S SERIAL-IN PRL-OUT 

IC SHF-RGTR TTL LS R-S SERIAL-IN PRL-OUT 
IC FF TTL LSD-TYPE POS-EDGE-TRIG CUM 
IC FF TTL LSD-TYPE POS-EDGE-lRIG COM 
IC OP AMP GP QUAD 14-DIP-P PKG 
IC OP AMP GP QUAD 14-DIP-P PKG 

IC OP AMP GP WUAD 14-DIP-P PKG 
IC OP AMP GP QUAD 14-DIP-P PKG 
IC CONV 12-B-D/A 24-DIP-C PKG 
IC OP AMP LOW-DRIFT T0-99 PKG 
IC DP AMP LOW-DRIFT T0-99 PKG 

IC OP AMP LOW-DRIFT T0-99 PKG 

WASHER-FL NM NO. 4 .116-IN-ID ,188-IN-OD 

ANALOG RECORDER OUTPUT BOARD ASSEMBLY 

CAPACITOR-FXD lOOUF 25VDC 
CAPACITOR, FXD 47 MF AL 
CAPACITOR, FXD 47 MF AL 
CAPACITOR-FXD 1U 20~ 50VOC CER 
CAPACITOR-FXD 1U 201 50VDC CER 

CAPACITOR-FXD 1U 201 50VDC CER 
CAPACITOR-FXD .OlUF +100-0Z 50VDC CER 
CAPACITOR-FXD 820PF +-5Z 300VDC MICA 
CAPACITOR-FXD ,OlUF +100-0Z 50VDC CER 
CAPACITOR-FXD .OlUF +100-0Z 50VDC crR 

CAPACITOR-FXD .OlUF +100-0Z 511VDC CER 
CAPACITOR-FXD 820PF +-5Z 300VDC MICA 
CAPACITOR-FXD .01UF +100-0Z 50VDC CER 
CAPACITOR-FXD .O!UF +100-0Z 50VDC CER 

DIODE-ZNR 1NB25 6.2V 5Z D0-7 PD=.4W 
DIODE-ZNR 5.11V 5% D0-35 PD=.4W 

SOCKET-IC 16-CONT DIP DIP-SLDR 
CONNECTOR 5-PIN M POST TYPE 
CONNECTOR-6-PIN MALE 

INDUCTOR RF-CH-MLD lOUH !OZ ,166DX.385LG 
INDUCTOR RF-CH-MLD 220UH 5Z .166DX.385LG 
INDUCTOR RF-CH-MLD 220UH 5Z ,166DX.385LG 

RESISTOR lK 5Z .25W FC TC=-400/+600 
RESISTOR lK 5Z .25W FC TC=-400/+600 
RESISTOR 3,83K lZ .125W F TC=0+-100 
RESISTOR 3.16K lZ .125W F TC=0+-100 
RESISTOR-TRMR lK !OZ C TOP-ADJ 1-lRN 

RESISTOR-TRMR 500 !OZ C TOP-ADJ 1-TRN 
RESISTOR 1,21K lZ .125W F TC=0+-100 
RESISTOR lK 5Z ,25W FC TC=-400/+600 
RESISTOR 825 1% .125W F TC=0+-100 
RESISTOR 900 .lZ .125W F TC=0+-50 

Mfr 
Code 

213400 
28400 
(~84B0 
2H4B0 
2ll400 

2fl480 
2ll4130 
284BO 
213400 
;,U480 

2[!480 
21l4BO 
28480 
21l480 
2134130 

2134130 
,'84f.10 
2B480 
284130 
28480 

2fl4UO 
28480 
2ll4130 
21'1480 

04713 
04713 
04713 
07263 
01 ;~95 

01295 
01 :=95 
01295 
04713 
04713 

04713 
0471 .3 
nE175 
27014 
27014 

27014 

28480 

21:1480 

2ll4HO 
2ll480 
2B480 

28481) 
28480 
28480 
2f)480 

28480 
2.13480 
2ll480 
284BO 

04713 
28480 

2fl480 
21:1480 
2841:10 

28480 
2B480 
28480 

01121 
01121 
24546 
24546 
(_l848() 

28480 
24546 
01121 
24546 
031388 

See introduction to this section for ordering information 
*Indicates factory selected value 

Section VI 
Table 6-3 

Mfr Part Number 

910 0-08;:.~;:_i 
910 (l-0822 
91 00-0B:i7 
9100-00~;7 
911111-0822. 

04192-61801 
9100-0855 
191 00-0B5~5 
911111-08;02 
04192-61801 

1/10 0-005~5 
910 0-08~55 
(,'100-0fJ~~;.: 
04192-61801 
9111ll-OW55 

91 0 (1-00~55 
9100-0B5:S 
9100--08~'55 
9100-085~:i 
9100-0f.!22 

04192-61802 
9'1 n o-oa5~'.', 
91 0 O-OW55 
9100-0f.l5~:i 

MC4lli'.4P 
MC7BL l ~;ACP 
MC79L 15ACP 
7H05UC 
SN'/4Uil64N 

SN74LS164N 
SN'/4LS1'74N 
SN74LS174N 
MLM-:l24P 
MLM:.124P 

MLM3C.~4P 
MLM:124P 
DAC80-CBI-V 
LM30fJAH 
LM30flAH 

LM:lll8AH 

30~,ll-O 082 

04192-66509 

Olllll-1050 
01U0·-1066 
0180-1066 

0160-3B47 
0160·-20ll9 
0160·-3847 
O l 60-3El47 

01611-3847 
0160--2009 
0160-3847 
016ll-31l47 

"1NB25 
1902-0041 

1 ~~o 0-0607 
1~~51-0513 
12~.'i 1-6527 

9140-0114 
</140-0129 
9140-0129 

CB1025 
CB1025 
C4-l/8-T0-3831-F 
C4-1/8-T0-3161-F 
2100-3211 

2100-05~.54 
C4-l/8-T0-1211-F 
CB1025 
C4-l/8-T0-825R-F 
PME55 T-2-900R-B 

6-31 
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Section VI 
Table 6-3 

Reference 
Designation 

A91;,,. t 1 
A9R12 
A?R 13 
A9R14 
A?R15 

A9Rl6 
A?R1'7 
A9R18 
A9R19 
A'?R20 

A9R21 
A9R22 
A9R23 
A?R24 
A9R25 

A?R26 
A9R::!7 
Al.i>R28 
A9R29 

A'?Ul 
A91.12 
A9U3 
A1lU4 
A9U5 

A9U6 
A'lll7 
A9UB 
A9U9 
A'IU1 0 

A9U11 
A9U12 

Al II 

Al OBT1 
A10BT2 

AlORl 

All 

All Cl 
Al 1C2 
Al 1C3 
Al 1C4 
A11C5 

A J 1C6 
A11C7 
Al JCEI 
A11C9 
AllClO 

All Cl l 
A11C12 
Allc-!3 
A11C14 
Al 1C15 

Al 1Cl6 
Al1Cl7 
A11C18 
A11C19 
Al 1C20 

A11C21 
A11C22 
A11C23 
A11C24 
A11C25 

Al 1C26 
Al1C27 
A11C28 
A11C29 
Al 1C30 

A!!C31 
Al1C32 
Al!C33 
Al!C34 
A11C35 

6-32 

HP Part 
Number 

0698····~)453 
o?c;-1-0270 
0'757-o;:!9o 
0683-1035 
0683-.. 1 035 

0683-·J 035 
0683··1035 
075'7··-0421 
1169B-54c,3 
0698····5453 

1169B--54ci3 
06 118-·3153 
07:':'i7-0279 
2"100-·3211 
2100-3211 

0'/57--o;:~79 
11698-3153 
0'757·-·04vn 
07:':'17-0279 

rn:.0 0-1433 
1820-·143:l 
1820-17311 
1 B26··-0462 
1826-0502 

C 
D 

6 
9 
5 

1 
1 
4 
6 
6 

6 
9 
0 
7 
'7 

1 B26 ···0522 4 
1820-1433 6 
1!126·-·0138 8 
1820-1433 6 
Hl20···1730 6 

1826-0462 1 
1826·-0462 1 

"1420-·0126 
1420-0126 

1400-0493 

4 
4 

9 

6 

041 112-66511 1 

0180-1083 3 
0180-1083 3 
0180-0291 3 
0160-4835 8 
0160-4835 8 

0180--1085 
0180-1083 
01B0-1005 
11180-1085 
0180·-1085 

0160-2241 
OIEI0·-·1085 
0160-4835 
0160-4835 
0160-2234 

0160-4835 
0160-4835 
0160-2265 
0160-5138 
0160-2241 

0160-4835 
0180-·1083 
0180-1083 
0160-4835 
0160-4835 

0160-2253 
0160-22:i3 
0160-2265 
0160-2234 
0160-2222 

0160-0161 
0121··-0131 
0150-0059 
0180-1085 
0160-3466 

5 
3 
5 
5 
5 

5 
5 
8 
8 
6 

8 
8 
3 
5 
5 

8 
3 
3 
8 
8 

9 
9 
3 
6 
2 

4 
6 
8 
5 
8 

Table 6-3. Replaceable Parts 

Oty Description 

3 
3 

2 

2 

4 

7 

RESISTOR 900 .1% .125W F TC•0+-50 
RESISTOR 1.78K 1¼ .125W F TC=0+-100 
RESISTOR 6.19K 1% .125W F TC=0+-100 
RESISTOR 10K 5% ,25W FC TC=-400/+700 
RESISTOR 10K 5% .25W FC TC=-41111/+700 

RESISTOR 10K 5% .25W FC TC=-400/+700 
RESISTOR lOK 5% .25W FC TC=-4110/+700 
RESISTOR 825 1% .125W F TC=0+-100 
RESISTOR 900 ,1% ,125W F TC=0+--50 
RESISTOR 900 ,1% .125W F TC=0+-50 

RESISTOR 900 .1% ,125W F TC=0+-50 
RESISTOR 3.83K 1Z .125W F TC=0+-100 
RESISTOR 3,16K 1% .125W F TC=0+-100 
RESISTOR-TRMR 1K 1oz C TOP-ADJ 1-TRN 
RESISTOR-TRMR 1K 1oz C TOP-ADJ 1-TRN 

RESISTOR 3.16K !Z .125W F TC=0+-100 
RESISTOR 3,83K 1% ,125W F TC=0+-100 

RESISTOR 6.81K 1Z ,125W F TC=0+-100 
RESISTOR 3,16K 1Z ,125W F TC=0+-100 

IC SHF-RGTR TTL LS R-S SERIAL-IN PRL-OUT 
IC SHF-RGTR TTL LS R-S SERIAL-IN PRL-OUT 
IC FF TTL LSD-TYPE POS-FDGE-lRIG COM 
IC CONV 10-B-D/A 16-DIP-C PKG 
IC SWITCH ANLG QUAD 14-DIP-P PKG 

IC OP AMP QUAD 14-DIP-P PKG 
IC SHF-RGTR TTL LS R-S SERIAL-IN PRL-DUT 
IC COMPARATOR GP QUAD 14-DIP-P PKG 
IC SHF-RGTR TTL LS R-S SERIAL-IN PRL-OUT 
IC FF TTL LSD-TYPE POS-EDGE-TRIG COM 

IC CONV 10-B-D/A 16-DIP-C PKG 
IC CONV 10-B-D/A 16-DIP-C PKG 

BATTERY AND CHARGER BOARD ASSEMBLY 

BATTERY-NI-CD 
BATTERY-·NI-CD 

RESISTOR 1K 57. ,25W FC TC=-400/+600 

CABLE TIE 

PROCESS AMPLIFIER BOARD ASSEMBLY 
(NOT INCLUDING THE SHIELD CASES) 
CAPACITDR-FXD 33UF 25VDC AL 
CAPACITOR-FXD 33UF 25VDC ~ 
CAPACITOR-FXD lllF+-lOZ 3SVDC TA 
CAPACITOR-FXD .lUF 10: 50VDC CER 
CAPACITOR-FXD ,JI.IF 10\ 50VDC CER 

CAPACITOR-FXD 4,7UF 16VDC TA 
CAPACITOR-FXD 33LJF 25VDC AL 
CAPACITOR-FXD 4,7UF 16VDC TA 
CAPACITOR-FXD 4.7UF 16VDC TA 
CAPACITOR-FXD 4.7UF 16VDC TA 

CAPACITOR-FXD 2.2PF +-,25PF 500VDC CER 
CAPACITOR-FXD 4,7UF 16VDC TA 
CAPACITOR-FXD .lLJF 10. 50VDC CER 
CAPACITOR-FXD , lUF 10\ 50VDC CER 
CAPACITOR-FXD ,51PF +-,25PF 5011VDC CER 

CAPACITDR-FXD .lUF 101 50VDC CER 
CAPACITOR-FXD .1UF 10\ 50VDC CER 
CAPACITOR-FXD 22PF +-5Z 500VDC CER 0+-30 
CAPACITOR-FXD 0,022UF 
CAPACITOR-FXD 2.2PF +-,25PF 500VDC CER 

CAPACITDR-FXD .1UF 101 50VDC CER 
CAPACITOR·-FXD 33UF 25VDC Al.. 
CAPACITOR-FXD 33UF 25VDC AL 
CAPACITOR-FXD ,!UF 10~ 50VDC CER 
CAPACITOR-FXD ,!LIF 10\ 50VDC CER 

CAPACITOR-FXD 6,8PF +-,25PF 500VDC CER 
CAPACITOR-FXD 6.BPF +-,25PF 500VDC CER 
CAPACITOR-FXD 22PF +-5Z 500VDC CER 0+-30 
CAPACITOR-FXD ,51PF +-,25PF 500VDC CER 
CAPACITOR-FXD 1500PF +-5Z 300VDC MICA 

CAPACITOR-FXD .O!LJF +-!OZ 200VDC POLYE 
CAPACITOR-V TRMR-AIR 1.5-4PF 350V PC-MTG 
CAPACITOR-FXD 3,3PF +-,25PF 500VDC CER 
CAPACITOR-FXD 4.7UF 16VDC TA 
CAPACITOR-FXD 100PF +-10Z lKVDC CER 

Mfr 
Code 

0313813 
24'.'546 
19701 
01121 
011 :,1 

111121 
01121 
24546 
113B88 
038138 

113fl8ll 
24546 
24546 
284ll0 
£~f.l4El 0 

24546 
24546 

24546 
24~546 

012c;5 
01295 
01295 
04713 
04713 

0129~5 
01295 
01295 
01295 
01295 

04713 
04713 

2B480 

284BO 
28480 

01121 

2B480 

28480 

,'8480 
2ll480 
562B9 

2B480 
28480 
28480 
28480 
284811 

28480 
213480 

28480 

28480 
28480 
28480 

20480 
20480 

28480 
28480 
28480 
28480 
28480 

28480 
74970 
20480 
28480 
28480 

See introduction to this section for ordering information 
*Indicates factory selected value 

Model 4192A 

Mfr Part Number 

PME55 T-2-900R-B 
C4-1/8-T0-1781-F 
MF4C1/8-T0-6191-F 
CB"l 035 
CB1035 

CB1 03~j 
CB11135 
C4-1/8-T0-825R-F 
PME55 T-2-900R-B 
PME55 T-2-900R-B 

PME55 T-2-900R-B 
C4-1/8-T0-3831-F 
C4-1/8-T0-3161-F 
2100-3211 
2100-3211 

C4-1/8-Tll-3161-F 
C4-1/8-T0-3831-F 

C4-1/8-T0-6811-F 
C4-1/8-T0-3161-F 

SN7 4L.S164N 
SN74l..Sl 64N 
SN74LS273N 
HC3410CL 
MC14066BCP 

TL.074CN 
SN74LS164N 
LM339N 
SN74LS164N 
SN'74L.S273N 

MC3410CL 
MC3410CL 

04192-66510 

1420-01;~6 
1420-0126 

1400-0493 

04192-66511 

0180-1083 
0180-1083 
150D105X903:"iA2 

0180·-1085 
0180-1083 
01811·-1085 
0180-1085 
0180·-1085 

0160-2241 
0180·-1085 

0160-2234 

0160-2265 
0160-5138 
0160·-2241 

0180-1083 
0180-1083 

0160--2253 
0160-2253 
0160·-2265 
0160-2234 
0160-2222 

0160-0161 
189-0501-028 
01:;;0-0059 
0180-1085 
0160-3466 
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Reference HP Part C 

Designation Number D 

Al!C36 0160-3456 6 
AllC37 'Jl60-4835 8 
A11C38 0180-1083 3 
A11C39 0160·-2234 6 
A11C40 0150-0059 8 

A11C41 0160-0161 4 
A11C42 0180-1083 3 
Al 1C43 0160-4835 8 
AllC44 0160-4835 8 
AllC45 0150--0059 8 
Al 1C46 0160-3454 4 

A11C47 0160-34:04 4 
A11C48 0180- 1 08'.'i "' A11C49 0160-3094 8 
Al 1C50 0160-0127 2 
A11C51 01611-5140 9 

Al'lC52 0121·-·016;:• 3 
A11C5"3 0160-4835 B 
AllC54 0160-4835 8 
A11C55 0160-22~i3 9 
Al 1C56 0160-·2253 9 

Al 1 C~,7 0160-2265 3 
Al1C58 0160·-·2265 3 
A11C59 0160-2218 6 
Al 1C60 0140·-01 '10 7 
A11C61 0160-4835 B 

Al 1C62 0760-4835 8 
A11C63 11180-1083 3 
Al 1C64 0121-0061 1 

I 

Al 1 C6~; 

I 
0180·-l 085 ,, 

Al 1C66 0160-2241 5 

A11C67 111811-1085 5 
Al1C6B 0160-4835 8 
AllC69 0160-4835 8 
Al 1C70 01811-108:'; 5 
Al!C71 0121-0061 1 

Al 1C72 0150--0059 8 
A11C73 111611-0161 4 
Al 1C74 0121·-0061 l 
A11C7'.'.'i 0150-0059 8 

I A11C76 0160-5138 5 

i 01 :':10·-0059 1 AllC77 8 

I 
Al 1C78 0160 ... 2241 5 
Al1C79 0160-4835 8 
A11C80 0150·-005? 8 

I A11C81 lllElll-1085 5 

Al 1C82 0160·-3466 8 
AllC83 016 0-34~',6 6 
Pd 1CB4 0760-4835 8 
A1 l CEl~i Ol80-10El3 3 
Al 1CD6 01[10··1083 3 

Al!C8'7 11160-23116 3 
{\l 1 C[J8 01411-11191 8 
r,11 CB9 0760-4835 8 
A 11C<'JQ 0160-4835 8 
A11C91 0160-4835 B 

td 1C92 0160-4835 8 
AllC93 0160-0161 4 
Al 1C94 0180 100:_,, ., 
Al 1C9~.:'i 0160-3094 B 
Al 1C96 0160-·012'7 2 

A11C97 111611-·'.il 40 9 
(U 1C98 0160-4835 8 
All C9'1 0180-1085 d 

AllCJOO OHI0·-·0197 8 
MlClOl lllB0-1083 3 

?'1 J 1 C 1 0 i~ 0 1130 ·-l 0133 3 
A 11 Cl 03 11180-1 OEl3 3 
Al1Cl04 0180-1083 3 
A11C105 01611-3466 [I 

A I !Cl 06 0160-3466 8 

Al I Cl 11'7 11160-3466 l1 
A I !Cl 013 0160-3466 8 
Al I Cl 119 0160-3466 8 
A11Cll0 0160-3466 8 
Al lll 11 0160-3466 8 

Table 6-3. Replaceable Parts 

Oty Description Mfr 
Code 

CAPACITDR-FXD 10 0 OPF +-107. lKVDC CER 28480 
CAPACITOR-FXD , lUF I 0 50VDC C ER 
CAPACITDR-FXD 33UF 25VDC AL 28480 
CAPACITOR-FXD , 51PF +-,2SPF 500VDC CER 28480 
CAPACITOR-FXD 3,3PF +-,25PF 500VDC CER 28480 

CAPAC ITOR-FXD . OlUF +-107. 200VDC POLYE 28480 
CAPACITDR-FXD 33UF 25VDC AL 28480 
CAPACITOR-FXD . lUF I 0 50VDC CER 
CAPACITOR·-FXD . lUF IO,: 50VDC C ER 
CAPACITOR-·FXD 3.3PF +-,25PF 500VDC CER 28480 
CAPAC I TOR ·-FXD 2?0PF +-107. lKVDC CER 28480 

CAPACITOR-·FXD 220PF +-1117. lKVDC CER 284BO 
CAPAC I TOR-FXD 4.7UF 16VDC TA 213480 
CAPAC ITOR-FXD . lLIF ±IO; 50VDC CE R 
CAPACITOR-FXD lUF +-20¼ 25VDC CER 28480 -, CAPAC ITDR-FXD 2.2 UF 2¼ 2!3480 

1 CAPACITOR-V TR MR-AIR 1.2-3,SPF 350V 0859C 
CAPACITOR-·FXD , llJF IO'., 50VDC C ER 
CAPACITOR-FXD , lUF 10; 50VDC C ER 
CAPACITOR-·FXD 6.8PF +-, 2:':iP F 500VDC CER 28480 
CAPAC I TOR-FXD 6.8PF +-.25PF 500VDC CER 28480 

CAPACITOR-FXD 22PF +-5¼ :':iO OVDC CER 0+-30 28480 
CAPAC ITOR-FXD 2:.:?.PF +·-·5% 500VDC CER 0+·-30 28480 

1 CAPACITOR-FXD lOOOPF +-5¼ 300VDC MICA 28480 
1 CAPACITOR ·-FXD 3'tPF +·-5% 3011VDC MICA 72136 

CAPAC I TOR-·FXD . !UF IO;; 50VDC C ER 

CAPAC ITOR-FXD , !UF IO , 50 V DC C ER 
CAPACITDR-FXD 33LIF 25VDC AL 28480 

3 CAPACITDR-V TRMR-CER 5, 5·-tBPF 350V 52763 
CAPACITDR-·FXD 4,71./F 16VDC TA 2B480 
CAPAC I TOR -FXD 2,2PF +-.25PF 500VDC CER 28480 

CAPACITOR-·FXD 4,7LIF 16VDC TA 284811 
CAPACITOR-FXD , lUF IO'; 50VDC C ER 
CAPAC ITOR-FXD , lllF 7 0 ;; 50VDC CER 
CAPAC ITOR-FXD 4.7LIF 16VDC TA 2l1480 
CAPACITOR-V TRMR-CER 5,5-18PF 350V 52763 

CAP A CI TOR-FXD 3,3PF +·-. 25PF 500VDC crn 28480 
CAPAC I TOR-·FXD ,OJI.IF +-107. ;!OOVDC PDL.YE 28480 
CAPACITOR-V TllMR-CER 5, 5··-18PF 350V 52763 
CAPACITDR-·FXD 3.3PF +-,25PF 500VDC CER 28480 
CAPACITOR-FXD 0,022UF 28480 

CAPACITOR-FXD 3,3PF +-,2:':iPF 500VDC CER 284811 
CAPACITOR-FXD 2.2PF +·-, 25PF 500VDC CER 28480 
CAPACITOR-·FXD , II.IF IO: 50VDC CER 
CAPAC ITOR-FXD 3.3PF +-,25PF 500VDC CER 28480 
CAPACITOR-FXD 4,71.JF 16VDC lA 2El480 

CAPAC ITDR-FXD lllOPF +-107. ll<VDC CER 28480 
CAPACITOR--FXD 100 OPF +-10¼ lKVDC CER 284811 
CAPACITOR-FXD , lUF IO' 50VDC CER 
CAPACITOR-FXD 33LIF 2~5VDC AL 28480 
CAPAC ITO!l-FXD 33IJF 25VDC Al 28480 

1 CAPAC ITOR-FXD 2'?PF +-5% 3011VDC MICA 28480 
CAPACITOR-FXD 56PF +··-5% 3110VDC MICA 72136 
CAPAC I TOR-FXD , II.IF 7 0 ·,; 50VDC CER 
CAPACITOR·-FXD , lLIF 7 0 50VDC CER 
CAPACITOR-FXD , II.IF IO'; 50VDC CER 

CAPACITDR-FXD . lUF Io:. 50 V DC CER 
CAPACITOR-FXD , 011.JF +-·! 07. 2011VDC POL.YE 28480 
CAPACITOR-FXD 4,71.JF 16VDC TA 213480 
CAPACITOR-FXD , II.IF :1' l O'S 50 V DC CER 
CAPAC I TOR -FXD 11./F +-20% 2:iVDC cm 28480 

CAPACITDR-FXD 2.2 UF :?.¼ 2[148 0 
CAPAC I TOil ·-FXD , !UF IOI 50VDC CER 
CAPACITOR-FXD 4,7IJF 16VDC TA 284EIO 
CAPACITOR-FXD 2.2UF+-10% 20VDC TA 56289 
CAPACITDR-FXD 331.JF 2~5VDC AL :?8480 

CAPAC ITOR-FXD 33UF 25VDC Al .. 20480 
CAPAC I TOR-·FXD 33UF 2~5VDC AL ,!84EIO 
CAPACITOR-FXD 3;\UF 25VDC Al. 213480 
CAPACITDR--FXD lOOPF +--1 or. lKVDC CER 28480 
CAPAC ITOR-FXD !DOPF +-107. ll(VDC CER 28480 

CAPACIHIR-·FXD 100PF +-10% lKVDC CER 28480 
CAPACITOR-FXD lOOPF +-10% ll(VDC CER 28480 
CAPACITDR-·FXD 100PF +-·10% lKVDC cm 2El480 
CAPAC ITOR-FXD lllOPF +-10¼ lKVDC CER 28480 
CAPACITOR-·FXD lOOPF +-107. lKVDC CER 28480 

See introduction to this scc:tion for ordering information 
*Indicates factory selected value 

Section VI 
Table 6-3 

Mfr Part Number 

0160-3456 

0180-1083 
0160-2234 
0150-0059 

0160-0161 
0180-1083 

0150-0059 
0160--34'.H 

0160-3454 
0180-1085 

0160·-0127 
0160-5140 

10-1326-25004-910 

0160-2253 
0160·-2253 

0160-2265 
0160-2265 
0160-2218 
DM15E390J0300WV1CR 

0180-1083 
304322 5,5/18PF NPO 
0180-1085 
0160·-2241 

0180-1085 

01811-10B5 
30 4322 5,5/18PF NPO 

0150·-0059 
0160-0161 
304:322 5,5/18PF NPO 
0150-··0059 
0160-5138 

0150-0059 
0160--2241 

0150·-0059 
0180-1085 

0160-3466 
0160-3456 

0180-1083 
11180-1083 

0160-2306 
DM15E560J0300WVICR 

0160-0161 
01130·-1085 

0160·-0127 

0160-5140 

0"180-1085 
150D225X9020A2 
0180-1083 

0180-1083 
0"180-1083 
0180-11183 
11160-3466 
0160--3466 

0160-3466 
0160·-3466 
0160-3466 
0160-3466 
11160-3466 

6-33 
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Section VI 
Table 6-3 

Reference 
Designation 

Al lCRl 
Al 1CR2 
A11CR3 
Al!CR4 
A11CR5 

Al 1CR6 
Al 1CR7 
A11CR8 
A11CR9 
Al lCR 10 

A11CR11 
A11CR12 
Al 1CR13 
Al 1CR14 
A11CR15 

A11CR16 
A11CR17 
Al1CR18 
A11CR!9 
Al 1CR20 

A11CR21 
A11CR22 
A11CR23 
Al 1CR24 
A11CR25 

A11CR26 
Al 1CR27 
AllCR28"-CR3l 
Al!Jl 
A11J2 
A11J3 
A11J4 
Al 1J6 

A11J7 
Al !J8 
A11J9 
Al!Jll 
A11J12 

Al!J13 
A11J14 
A11J15 
Al!J16 
A11J17 

AllKl 
A11K2 

Al Ill 
A11L2 
A11L3 
A11L4 
A11L5 

A11L6 
A11L7 
A11L8 
Al1L9 
Al lll 0 

Al lll 1 
Al 1L12 
Al 1 L13 
A11L14 
Al 1 L15 

Al 1L16 
Al 1L17 
A11L18 

Al lQl 
Al 1Q2 
Al 1Q3 
A11Q4 
A11Q5 

A11Q6 
A11Q7 
Al!Q8 
A11Q9 
Al!Ql0 

AllQ!l 
A11Q12 
Al!Q13 
A'l1Q14 
A11Q15 

6-34 

HP Part C 

Number D 

1901-0050 3 
190;.'>.-0064 1 
1902-0064 l 
1902·-3059 0 
1901-0050 3 

1901 ··-0050 3 
1901-0376 6 
1901-0050 3 
1902-3037 4 
1901-0376 6 

1901-0376 6 
1901-0050 3 
1902-3059 0 
1901-·0050 3 
1901-0050 :i 

1901-0050 3 
1902-3059 0 
1901-0050 3 
1901-0050 3 
1901-0376 6 

1901-0050 3 
1902-3037 4 
1901-0376 6 
1901-0376 6 
1901-0050 3 

1902-3059 0 
1901-0050 3 
1901-0050 
1 ~:~51--4822 6 
1251-0513 4 
1 ;:!50-0 :?.57 1 
1200-0607 0 
1;:.~50-0257 1 

1200-0607 0 
1 ;:!00--0541 1 
1251-5066 2 
1251-4938 5 
1250-0257 1 

1200-0607 0 
1200-0796 8 
1200-0638 7 
1200-0796 8 
1200-0638 7 

0490-1268 3 
0490-1268 3 

9140-0129 1 
9140--0129 1 
9140-0129 1 
9140-0098 3 
9140-0098 3 

9140-·0098 3 
9140-0098 3 
9140·-0129 1 
9140-0129 1 
9140--0129 1 

9140-0129 1 
9140-012'l 1 
9140-·0!29 1 
9140-0112 2 
9140-·0! 1;~ 2 

9140-0129 1 
9140-0129 1 
9140-0129 1 

1854-0215 1 
1853-0036 2 
1853-0354 7 
1853-·0354 7 
1855·-0091 3 

1853·-· 0 036 2 
1855-0125 4 
1854HH0129 6 
1854-0129 6 
1854-·0129 6 

1855-0125 4 
1853-0354 7 
1855-0091 3 
1855·-0125 4 
1853-0036 2 

Table 6-3. Replaceable Parts 

Oty Description Mfr 
Code 

DIODE-SWITCHING 80V 200MA 2NS DD-35 284EIO 
DIIJDE-ZNR 7.5V 5¼ DD--35 pl),=, 4W TC;:::+,05% 28480 
DIODE-·ZNR 7 ,:':iV 5¼ D0-35 f'D=,4W TC=+, 05¼ ?8480 
DIODE-ZNR 3,83V 5¼ D0·-35 PD=,4W 28480 
DIODE-SWITCHING 80V 200MA 2NS D0-35 ,'ll481l 

DIODE-SWITCHING 80V 200MA 2NS D0·-35 2ll480 
DIODE-GEN PRP 3::;v 50MA D[J-·35 28481) 
DIODE-SWITCHING 81lV 200MA 2NS D0·-35 28480 

2 DIODE-ZNR 3, 16V 2.% D[)-7 PD=,4W TC=-,0647. 28481) 
DIODE-GEN PRP 3:':iV 50MA D0·--35 2ll480 

DIODE-GEN PRP 35V 50MA DD-·35 2B480 
DIODE·-SWITCHING 80V 200MA 2NS D0--35 28480 
DIODE-·ZNR 3,83V 5% D0-35 PD=.4W 28480 
DIODE-SW ITCH ING 80V 200MA 2NS D0-35 28480 
DIODE-SWITCHING 80V 200MA 2NS 1)0-35 284EIO 

DIODE-SWITCHING 80V 200MA 2NS D0·-35 284fl0 
DIODE-ZNR 3, 0:.iv 5Z D0-·35 PD=.4W 2848() 
DIODE-SWITCHING 80V 200MA 2NS D0·-35 28480 
DIODE-SWITCHING BOV 2llOMA 2NS D0-·35 28480 
DIODE-GEN PRP 35V 50MA D0·-35 ;,'13480 

DIODE-SWITCHING 80V 200MA 2NS 1)()-3~-j 28480 
DIODE·-ZNR 3, 16V 2% D0-7 PD~.4W TC~·-, 0647. 28480 
DIODE-·GEN PRP 3~jV ~iOMA DD-·35 ;;.!8480 
DIODE-GEN PRP 35V SOMA D0-35 213480 
DIODE-SWITCHING 80V 200MA 2NS DD-·35 284Elll 

DIODE-ZNR 3,83V 5'¼ D0·-35 PD=,4W 28480 
DIODE-SWITCHING 80V 200MA 2NS D0-35 284811 
DIODE-SWITCHING 80V ZOOMA 2NS 00-35 28480 
CONNECTOR 3-PIN M POST TYPE 20480 
CONNECTOR 5-·PJ.N M POST TYPE 284El0 
CONNECTOR-RF SMB M PC 50-0HM i!.13481) 
SOCKET-IC 16-·CONT DIP DIP-·SLDR 284811 
CONNECTOR-RF SMB M PC 50-OHM 213480 

SDCKET-·!C 16-·CONT DIP DJP-SLDR 2El480 
SOCKET·-IC 24-CONT DIP DIP .. ·SLDR 28480 

1 CONNECTOR 2-·P TN M METRIC POST TYPE 28480 
CONNECTOR 3-PIN M METRIC POST TYPE 28480 
CONNECTOR-RF SMB M PC 50-·0HM 2B4811 

SOCKET·-IC 16-CONT DIP DIP-SL.DR 28480 
;~ SOCl<ET-IC 8-CONT DIP DIP-SL.DR 28480 

SOCKET-IC 14-CONT DIP DlP·-SLDR 213480 
SOCKET-IC 8-·CONT DIP DIP-·SL.DR 28480 
SOCKET-IC 14-CONT DIP DIP-SLDR 28480 

2 RELAY-·REED 2C lOOMA 213VDC 12VDC-·COII_. 4VA 28480 
RELAY-REED 2C lOOMA 28VDC 12VDC-COIL 4VA 28480 

INDUCTOR RF-CH-.. ML.D 220UH 5% , ! 66DX, :l85L.G 28480 
INDUCTOR RF-CH·-MLD 220UH 5% , 166DX, 385LG 28480 
INDUCTOR RF-CH-·MLD 220UH 5'¼ , 166DX, 385LG 28480 
INDUCTOR RF-CH-MLD 2, 2UH 10% 213480 
INDUCTOR RF-CH-·ML.D 2,2UH 1 07. 28480 

INDUCTOR RF-CH-MLD 2,2UH 1oz 28480 
INDUCTOR RF-CH-·Ml..D 2,2\JH 1 07. 2fJ480 
INDUCTOR RF-CH·-MLD 220UH 51,, , 166DX, 385LG 28480 
INDUCTOR RF-CH-.. MLD 220UH :=::;x , 166DX, 385L.G 28480 
INDUCTOR RF·-CH·-MLD 220UH 5% , 166DX, 385LG 28480 

INDUCTOR RF-CH-MLD 220UH 5% , 166DX , 385LG 2.8480 
INDUCTOR RF-CH-MLD 220UH 57. , 166DX, 385LG 28480 
INDUCTOR RF-CH-MLD 220UH 5¼ , 166DX, 385LG 28480 

2 INDUCTOR RF-CH-MLD 4.7UH 1oz 213480 
INDUCTOR RF-CH-MLD 4,7UH 1oz 28480 

INDUCTOR RF-CH-MLD 220UH 5% , 166DX, 385LG 28480 
INDUCTOR R F-·CH-·ML.D 220UH :'.:i'¼ , 166DX, 385LG 2El480 
INDUCTOR RF·-CH-MLD 220UH 5¼ , 166DX, 385LG 28480 

TRANSISTOR NPN SI PD=350MW FT=30 OMHZ 04713 
TRANSISTOR PNP SI PD=310MW FT=250MHZ 28480 
TRANSISTOR PNP SI T0-92 PD=350MW 28480 
TRANSISTOR PNP SI T0-92 PD=350MW 28480 
TRANSISTOR J·-FET N-CHAN D·-MODE SI 28480 

TRANSISTOR PNP SI PD=310MW FT=250MHZ 28480 
TRANSISTOR-FET 2SK 185 28480 
TRANSISTOR-NPN 2BC1636 28480 
TRANSISTOR-NPN 2SC1636 28480 
TRANSISTOR-NPN 2SC1636 28480 

TRANSISTOR-·FET 2SK185 28480 
TRANSISTOR PNP SI TO-92 PD=350MW 28480 
TRANSISTOR J-FET N-·CHAN D-MODE SI ;;.!8480 
TRANSISTOR-FET 2SK185 28480 
TRANSISTOR PNP SI PD=310MW FT=2ciOMHZ 28480 

See introduction to this section for ordering information 
*Indicates factory selected value 

Model 4192A 

Mfr Part Number 

1901-00:':,0 
19{);;!-0064 
1 1_.io2-o 064 
1902-3059 
1901-00~'iO 

1901-0050 
1'/01-03'76 
19111·-0050 
1902-3037 
1901-0376 

1 '101-0376 
1901·-0050 
lf/02-3059 
1901·-0050 
1901-0ll~ill 

1901 ·-0050 
1902-3059 
1901·-0050 
l901-00:'i0 
19111·-0376 

1901-01150 
1902-3037 
1901-0376 
1901·-0376 
1901-oo~rn 

190;~--3059 
1901-0050 
1901-0050 
12~i 1-482:~ 
1251-0513 
12'.50·-0257 
li'00-0607 
12.50·-0257 

1200-0607 
1200·-0541 
1251-~i06l~ 
1251-4938 
1250-0257 

1200-0607 
1200-0796 
1200-0638 
120 0-0796 
1200-0638 

0490-1268 
0490·-1268 

9140-0129 
914{}·-0129 
9140-0129 
9140-0098 
9140-0098 

9140-0098 
9140-0098 
9140-0129 
9140-0129 
9140-0129 

9140-0129 
9140·-0129 
9140·-0129 
9140·-0112 
9140-0112 

9140--0129 
9140-0129 
9140-0129 

2N3904 
1853-0036 
1853-0354 
1853-0354 
1855-0091 

1853-0036 
1855-0125 
11354-0129 
1854-0129 
18~_:;4-0129 

'1855-0125 
1853-0354 
"1855-0091 
18~':j5-0125 
1853-0 036 
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Reference HP Part C 

Designation Number D 

A11Q16 1855-0125 ~ 
Al1Q17 1853--0354 7 
Al 1Q18 1853-0354 7 
A11Q19 1855·-0091 3 
A11Q20 1855-0125 4 

A11Q21 1853-03~;4 7 
A11Q22 18~i5-D091 3 
Al 1Q23 1853-003(:> 2 
A11Q24 1853-0036 2 
Al 1Q25 185~'5-0125 4 

A11Q26 1855-0125 4 

Al lRl 0698·-3438 3 
A11R2 0698-3440 7 
Al!R3 0757-0442 9 
A11R4 0757-0199 3 
A11R5 0 698--0 084 9 

A11R6 0757-0419 0 
Al1R7 0'757··-0419 0 
A11R8 1810-0207 9 
Al!R9 0'757·-1094 9 
A11R10 0698-0084 9 

Al 1R11 0757-0442 9 
A1 IR12 07~i7-0279 0 
A11R13 1810-0231 9 
A11R14 0698-0084 9 
Al 1R15 0757·-0401 0 

Al!R16 0698-6624 5 
Al!R17 0698-6624 5 
A11R18 0698-3440 7 
Al 1R19 0757-0442 9 
A11R20 0757-0278 9 

A11R21 0757-1094 9 
A11R22 0757-0487 2 
Al1R23 0757·-0487 2 
A11R24 0698-3161 9 
Al 1R25 069B-315:'5 1 

A11R26 0757-0442 9 
A11R27 0698-3440 7 
A11R28 0698-6362 8 
A11R29 069fl-6624 5 
A1 IR30 0698-6624 5 

A11R31 0698-·3440 7 
A11R32 0698-6362 8 
A11R33 0757····0401 0 
A11R34 0698-3260 9 
Al 1R35 0698-3260 9 

A11R36 0757-0487 2 
A11R37 0757-048'7 2 
A11R38 0698-3155 1 
Al1R39 0698-315:5 1 
A11R40 0698-3155 1 

Al!R41 0757-0459 8 
A11R42 0698-3160 8 
A11R43 06913-3157 3 
A11R44 0757-0443 0 
Al1R45 2100-0554 5 

A11R46 2100-0554 5 
A11R47 0757-0442 9 
A11R48 0698-8827 4 
Al1R49 06913-0084 9 
Al 1R50 0698-3444 1 

Al1R51 0698-3155 1 
A11R52 0757-0199 3 
Al1R53 0698-3161 9 
A11R54 0698-3155 1 
Al1R55 075'7-0279 0 

A11R56 0757-0442 9 
A11R57 069B-·3153 9 
A11R58 0698-0084 9 
A11R59 0757-044~~ 9 
A11R60 1810-0205 7 

A11R61 0698-0084 9 
A11R62 0698-8827 4 
A11R63 0698-0084 9 
A11R64 0757-0442 9 
Al 1R65 0757-0442 9 

Table 6-3. Replaceable Parts 

Oty Description Mfr 
Code 

TRANSISTOR-FET 2SK 185 2B480 
TRANSISTOR PNP SI T0-92 PD=350MW 284130 
TRANSISTOR PNP SI TO-92 PD=350MW 28480 
TRANSISTOR J-FET N-CHAN D--MODE SI 28480 
TRANS I STOR-·FET 2SK 185 28480 

TRANSISTOR PNP SI TO-92 PD=350MW 28480 
TRANSISTOR J-·FET N-CHAN D-·MODE SI 28480 
TRANSISTOR PNP SI PD=310MW FT=250MHZ 28480 
TRANSISTOR PNP SI PD=310MW FT=250MHZ 28480 
TRANSISTOR-FET 2SK185 28480 

TRANSISTOR-FET 2SK 185 28480 

RESISTOR 147 1% , 125W F TC,=0+-100 24546 
7 RESISTOR 196 1% , 12~iW F TC=0+-100 24546 

RESISTOR 101( 1% , 125W F TC=0+-100 24546 
RESISTOR 21 .5K 1% , 125W F TC=0+-100 24~546 
RESISTOR 2, 151( 1% , 125W F TC=0+-100 24546 

RESISTOR 681 1¼ , 125W F TC=0+-100 24546 
RESISTOR 681 1% , 125W F TC=0+-100 24546 

1 NETWORK-RES 8-SIP22, OK OHM X 7 01121 
RESISTOR 1 ,47K 1% , 125W F TC=0+-100 24546 
RESISTOR 2, 1~jK 1% , 125W F TC=0+-100 24546 

RESISTOR 1 OK 1% , 125W F TC=O+-lOO 24546 
RESISTOR 3.16K 1% , 125W F TC=0+-100 24546 

1 NETWORl(-RES 8-SIP2.2K OHM X 7 01121 
RESISTOR 2.15K 1¼ , 125W F TC=0+-100 24546 
RESISTOR 100 1% , 125W F TC=0+-100 24546 

8 RESISTOR 2K , 1% , 12~;w F TC=0+-25 .(.~8480 
RESISTOR 2K .1% . 125W F TC=0+-25 28480 
RESISTOR 196 1% , 125W F TC=0+-100 24546 
RESISTOR 1 OK 1% . 125W F TC=0+-100 24546 
RESISTOR 1, 78K 1% .125W F TC=0+-100 24~i46 

RESISTOR 1. 47K 1¼ , 125W F TC=0+-100 24546 
20 RESISTOR 825K 1% . 125W F TC=0+-100 28480 

RESISTOR s;~SK 1% , 125W F TC=0+-100 28480 
2 RESISTOR 38,3K 1% , 125W F TC=0+-100 2454b 

RESISTOR 4,64K 1% , 125W F TC=0+-100 24546 

RESISTOR 1 OK 1% . 12~iW F TC=0+-100 ?4546 
RESISTOR 196 1¼ . 125W F TC=0+-100 24546 

4 RESISTOR lK .1% . 12~iW F TC=0+-25 28480 
RESISTOR 2K .1% , 125W F TC=0+-25 28480 
RESISTOR 2K .1% . 12:::iw F TC=0+-·25 28480 

RESISTOR 196 1% , 125W F TC=0+·-100 24546 
RESISTOR 1K .1% , 125W F TC=0+-25 ?8480 
RESISTOR 100 1¼ , 125W F TC=0+-100 24546 
RESISTOR 464K 1% , 12:::iW F TC=0+-·100 ;'8480 
RESISTOR 464K 1% , 125W F TC=0+-100 28480 

RESISTOR 825K 1% , 125W F TC=0+-100 28480 
RESISTOR 825K 1¼ , 125W F TC=0+-100 28480 
RESISTOR 4.64K 1% , 12::'iW F TC=0+-100 24546 
RESISTOR 4.64K 1% , 125W F TC=0+-100 24546 
RESISTOR 4.64K 1% , 125W F TC=0+-100 24546 

2 RESISTOR 56.2K 1% , 125W F TC=0+-100 24546 
RESISTOR 31,6K 1% , 125W F TC=0+-100 24546 
RESISTOR 19,6K 1% , 125W F TC=0+-100 24546 

2 RESISTOR 11K 1% . 12:::iw F TC=0+-100 24546 
RESISTOR-TRMR 500 10% C TOP-ADJ 1·-TRN 28480 

RESISTDR-TRMR 500 10% C TOP-·ADJ 1-TRN 28480 
RESISTOR 1 OK 1% , 125W F TC=0+-100 24546 

3 RESISTOR 1M 1¼ . 12:::iw F TC=0+-100 28480 
RESISTOR 2, 15K 1¼ , 125W F TC=0+-100 24546 
RESISTOR 316 1% . 12:iw F TC=0+-100 24546 

RESISTOR 4. 64K 1% , 125W F TC=0+-100 24546 
RESISTOR 21 .5K 1¼ , 125W F TC=0+-100 24546 
RESISTOR 31l,3K 1% , 125W F TC=0+-100 24546 
RESISTOR 4.64K 1% .125W F TC=0+-100 24546 
RESISTOR 3, 16K 1¼ , 125W F TC=0+-100 24546 

RESISTOR 10K 1% , 12~iW F TC=0+-100 24::'}46 
RESISTOR 3, 83K 1% , 125W F TC=0+-100 24546 
RESISTOR 2, 1:;1( 1% . 12:iw F TC=0+-100 24546 
RESISTOR 1 OK 1% , 125W F TC=0+-100 24546 

1 NETWORK-RES 8-SIP4,7K OHM X 7 01121 

RESISTOR 2, 15K 1% , 125W F TC=0+-100 24546 
RESISTOR 1M 1¼ .12:iw F TC=0+-100 28480 
RESISTOR 2, 15K 1% , 125W F TC=0+-100 24546 
RESISTOR 1 OK 1% , 125W F TC=0+-·100 24546 
RESISTOR 1 OK 1% , 125W F TC=0+-100 24546 

See introduction to this section for ordering information 
*Indicates factory selected value 

Section VI 
Table 6-3 

Mfr Part Number 

1855-0125 
1853-0354 
1853-0354 
1855-0091 
1855-0125 

1853-0354 
1855-0091 
1853-0036 
1853-0036 
18~.'i5·-0125 

1B55-0125 

C4-1/8-T0-147R-F 
C4-!/8-T0-196R-F 
C4-1/8-T0-1002-F 
C4-1/8-T0-2152-F 
C4-1/8-T0-2151-F 

C4-1/8-T0-681R-F 
C4-1/8-T0-681R-F 
208A223 
C4-1/8-T0-1471-F 
C4-1/8-T0-2151-F 

C4-1/8-T0-1002-F 
C4-1/8-T0-3161-F 
208A222 
C4-l/8-T0-2151-F 
C4·-1/8-T0-10l·-F 

0698-6624 
06(}8-6624 
C4-1/8-T0-196R-F 
C4-1/8-T0-1002-F 
C4-1/8-T0-1781-F 

C4-1/8-T0-1471-F 
0757-0487 
0757·-0487 
C4-1/8-T0-3832-F 
C4-1/8-T0-4641-F 

C4-1/8-T0-1002-F 
C4-1/8-T0-196R-F 
0698-6362 
0698-6624 
0698-6624 

C4-1/8-T0-196R-F 
0698-6~562 
C4·-1/8-T0-101-F 
0698-3260 
06CJ8-3260 

0757-0487 
0757-0487 
C4-1/8-T0-4641-F 
C4-1/8-T0-4641-F 
C4-1/8-T0-4641-F 

C4-1/8-T0-5622-F 
C4-1/8-T0-3162-F 
C4-1/8-T0-1962-F 
C4-1/8-T0-1102-F 
2100-0554 

210 0-0~554 
C4-1/8-T0-1002-F 
0698-8827 
C4-l/8-T0-2151-F 
C4-1/8-T0-316R-F 

C4-1/8-T0-4641-F 
C4-1/8-T0-2152-F 
C4-1/8-T0-3832-F 
C4-1/8-T0-4641-F 
C4-1/8-T0-3161-F 

C4-1/8-T0-1002-F 
C4-1/8-T0-3831-F 
C4-1/8-T0-2151-F 
C4-1/8-T0-1002-F 
208A472 

C4-1/8-T0-2151-F 
0698-8827 
C4-1/8-T0-2151-F 
C4-1/8-T0-1002-F 
C4-1/8-T0-1002-F 

6-35 
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Section VI 
Table 6-3 

Reference 
Designation 

AllR66 
Al 1R67 
A11R68 
A11R69 
Al!R70 

Al !R71 
A11R72 
A! '1R73 
A11R74 
Al!R75 

Al 1R76 
AllR77 
A11R78 
Al!R79 
A11R80 

Al !RBI 
A11R82 
A11R83 
Al1R84 
A11R85 

A'l1R86 
A11RB7 
A11R88 
AllR89 
A11R90 

A11R91 
A"11R92 
A11R93 
A11R94 
A11R95 

Al 1R96 
A11R97 
A11R98 
A11R99 
AllR!OO 

AllR!Ol 
Al1R102 
A11R103 
A11R104 
A11R105 

A'l1R106 
Al!R107 
A11R108 
A11R109 
A11R110 

A11R111 
A11R112 
A11Rl13 
A11R114 
A11R115 

A11R116 
AllR117 
A11R118 
A11Rt19 
Al!R120 

A11R121 
A"l1R122 
A11R"123 
A11R124 
A11R125 

A11R126 
A11R127 
Al!R128 
A11Rl29 
A11R130 

A11R131 
A11R132 
AllR133 
Al!R!34 
A11R135 

A11R136 
A11R137 
AllR138 
A11R139 
Al 1R140 

6-36 

HP Part C 

Number D 

0757-044~~ 9 
2100-3383 5 
0698-3155 1 
0757-0459 8 
1)698-·3160 8 

0698-3157 3 
0757·-0443 0 
0757-0442 9 
0683-~~255 9 
0757-0487 2 

0757-0487 2 
0757-0487 2 
075'7·-0487 2 
0698-3444 1 
0699-0535 7 

2100-3345 8 
069B-·2297 0 
0698-0084 9 
0757·-0401 0 
0698-6624 5 

06913-6624 5 
0698-3440 7 
0757-0442 9 
0757-0278 9 
0757-1094 9 

0698-3444 1 
0698-34313 3 
0698-3438 3 
0757-0487 2 
0757-0487 2 

0757-0442 9 
0757-0438 3 
0698-3444 1 
0698-3438 3 
2100-3345 8 

0698-2297 0 
0683-2255 9 
069B-0084 9 
0'757-0199 3 
2100-3345 8 

0699-0535 7 
0683-2255 9 
0698-0084 9 
0757-0199 3 
0698-3440 7 

0757-0401 0 
0698-3260 9 
069B-3260 9 
0757·-0487 2 
0757-0487 

,, 

0698-3155 1 
0698-3260 9 
0698-7962 6 
2100-3253 7 
0698-6362 8 

0698-6624 5 
0698-6624 5 
0698-3440 7 
0698-6362 B 
0698-0084 9 

0698-·3444 1 
0698-3444 1 
0757-0421 4 
0698-3444 1 
0698-3438 3 

0757-0280 3 
0699-0535 7 
0757-0487 2 
0757-0487 2 
0757-0487 2 

0757-0487 2 
0698-2297 0 
0757-0487 2 
0757-0487 2 
0757-0487 2 

Table 6-3. Replaceable Parts 

Oty Description Mfr 
Code 

RESISTOR 1 OK 1¼ , 125W F TC=0+·-100 24546 
1 RESISTOR-TR MR 50 11)7. C TCIP··ADJ 1-·TRN 

RESISTOR 4,64K 1% , 125W F TC=0+-100 24546 
RESISTOR 56.2K 17. , 12~iW F TC=O+-·l Oil 24~546 
RESISTOR 31,6K 17. , 125W F TC=0+-100 24~i46 

RESISTOR 19, 6K 17. , 12!:'iW F TC=0+-100 24~346 
RESISTOR 11K 17. .125W F TC=0+-100 24546 
RESISTOR !OK 17. , 12!:'iW F TC=0+-100 24:='..i46 

3 RESISTOR 2.2M 5¼ .25W FC TC=-900/+1100 01121 
RESISTOR 825K 17. , 12!:'iW F TC=0+-100 2?8480 

RESISTOR 825K 1¼ , 125W F TC=0+·-10 0 28480 
RESISTOR 82!:'iK 17. , 12!:'iW F TC=0+-·100 284B0 
RESISTOR 825K 1¼ , 125W F TC=0+-100 28480 
RESISTOR 316 17. , 12~'iW F TC=0+-100 24546 

3 RESISTOR-FXD 330 OHM 0 .1 % 284BO 

3 RESISTOR-TR MR 1 0 107. C TOP-·ADJ 1-TRN 2El481l 
3 RESISTOR-FXD 3, 01K OHM ' 0~)% 2B480 

RESISTOR 2, 1~..iK 17. , 125W F TC=0+-100 £~4546 
RESISTOR 100 1% , 125W F TC=0+-100 24546 
RESISTOR 2K .17. , 125W F TC=0+-·25 28480 

RESISTOR 21( '17. , 125W F TC=0+·-25 28480 
RESISTOR 196 17. , 12~-iW F TC=0+-·10 0 24546 
RESISTOR 1 OK 17. , 125W F TC=0+·-100 24546 
RESISTOR 1. 78K 17. , 125W F TC=0+-100 24546 
RESISTOR 1 ,471( 17. , 125W F TC=0+-100 24~J46 

RESISTOR 316 17. , 125W F TC=0+-100 ;:4546 
RESISTOR 147 17. , 125W F TC=0+-100 24546 
RESISTOR 147 '17. , 125W F TC=O+-·l 00 ;~4546 
RESISTOR 8251( 17. , 125W F TC=0+-100 28480 
RESISTOR 825K 17. , 125W F TC=0+-100 284EIO 

RESISTOR 1 OK 1% .125W F TC=0+·-100 24546 
1 RESISTOR 5, 11K 17. , 125W F TC=0+-100 24546 

RESISTOR 316 1% , 125W F TC=0+-100 24546 
RESISTOR 147 17. , 125W F TC=0+-100 24546 
RESISTOR-TRMR 10 107. C TOP-ADJ 1-TRN 28480 

RESISTOR-FXD 3, 01 K OHM ,05% 28480 
RESISTOR 2,2M 5'¼ .25W FC TC=-9ll0/+1100 01121 
RESISTOR 2, 15K 17. , 125W F TC=O+-·l O 0 24546 
RESISTOR 21 .SK 1% , 125W F TC=0+-100 24546 
RESISTOR-TRMR 1 0 1 07. C TOP-ADJ 1-·TRN 28480 

RESISTOR-FXD 330 OHM 0' 1¼ 2B4UO 
RESISTOR 2,2M 5'¼ ,25W FC TC=-9ll0/+1100 01121 
RESISTOR 2 .15K 17. , 125W F TC=0+-100 24546 
RESISTOR 21 .5K 17. .12::',W F TC=O+-·l O 0 .(.~4546 
RESISTOR 196 1% , 125W F TC=0+·-100 24546 

RESISTOR 100 1% . 12:=.:;w F TC=O+-·l 00 24546 
RESISTOR 464K 1¼ , 125W F TC=0+·-100 28480 
RESISTOR 464K 17. . 12:::;w F TC=0+-100 28480 
RESISTOR 825K 1¼ , 125W F TC=0+-100 28480 
RESISTOR 825K 17. , 125W F TC=0+-·100 <'848 0 

RESISTOR 4.64K 1¼ , 125W F TC=0+-100 24546 
RESISTOR 464K 17. .125W F TC=0+-·10 0 2fl480 

1 RESISTOR 976K 17. , 125W F TC=0+-100 0'7716 
1 RESISTOR-TRMR 50K 107. C TOP-·ADJ 1-TRN 28480 

RESISTOR lK '1¼ , 125W F TC=0+-25 28480 

RESISTOR 2K '17. , 12::iw F TC=0+-25 284EIII 
RESISTOR 2K '1¼ , 125W F TC=0+-25 28480 
RESISTOR 196 17. . 12:=:iw F TC=0+-100 ~~4546 
RESISTOR !K '1¼ , 125W F TC=0+-25 28480 
RESISTOR 2, 15K 17. , 125W F TC=0+-100 24::i46 

RESISTOR 316 1¼ . 125W F Tc,0 0+-1 o o 24546 
RESISTOR 316 1% , 125W F TC=0+-100 24546 
RESISTOR 825 17. , 125W F TC=0+-100 24546 
RESISTOR 316 17. , 12~:jW F TC=0+-·100 24~546 
RESISTOR 147 17. . 125W F TC=0+-100 24546 

RESISTOR 1K 17. .12::'iW F TC=0+-100 24~)46 
RESISTOR·-FXD 330 OHM 0 .1 % 28400 
RESISTOR 825K 17. , 12~iW F TC=O+-·l 00 2B481l 
RESISTOR 825K 17' , 125W F TC=0+·-100 28480 
RESISTOR 825K 17' , 12:'.:iW F TC=0+-100 28480 

RESISTOR 825K 17. , 125W F TC=0+-100 28480 
RESISTDR-·FXD 3, 01K OHM , 05¼ 284BO 
RESISTOR 825K 17. , 125W F TC=0+·-100 28480 
RESISTOR 825K 17. , 125W F TC=0+-100 28480 
RESISTOR 825K 1% .125W F TC=0+-100 28480 

See introduction to this section for ordering information 
*Indicates factory selected value 

Model 4192A 

Mfr Part Number 

C4-l/8-T0-1002-F 

C4-l/8-T0-4641-F 
C4-1/8-T0-5622-F 
C4-l/8-T0-3162-F 

C4-1/8-T0-1962-F 
C4-1/8-Tll-1102-F 
C4-1/8-T0-1002-F 
CB;?.255 
0757-0487 

07ci7-0487 
0757-0487 
0757-0487 
C4-1/8-T0-3!6R-F 
0699-05:55 

2100-3345 
069B-2297 
C4-1/8-Tll-2151-F 
C4-l/8-T 0-1 ll 1 ·-F 
1)698-6624 

0698-6624 
C4-'l/8-T0-!96R-F 
C4-1/8-T0-1002-F 
C4-l/8-T0-1781-F 
C4-1/8-T0-1471-F 

C4-1/8-Tll-316R-F 
C4-1/8-T0-147R-F 
C4-1/8-T0-147R-F 
0757·-0487 
0757-0487 

C4-l/8-T0-1002-F 
C4-1/8-Tll-5111-F 
C4-1/8-T0-316R-F 
C4-1/8-T0-147R-F 
2100·-3345 

0 698-(.~.(.~97 
CB2255 
C4-l/8-T0-2151-F 
C4-1/8-T0-2152-F 
2100-3345 

0699-0535 
CB2255 
C4-1/8-T0-2151-F 
C4-1/8-T0-2152-F 
C4-1/8-T0-196R-F 

C4-1 /ll-T0-1 ll 1 ··F 
06913-3260 
0698-3(.~60 
07\57···0487 
0757-04El7 

C4-1/8-T0-4641-F 
II 698-3260 
CEA-l/8-T0-9763-F 
2100-32::i3 
06'/B-6362 

0698-6624 
06',8·-6624 
C4-1/8-Tll-196R-F 
0698-6362 
C4-1/EI-Tll-2151-F 

C4-1/8-T0-316R-F 
C4-1/8-T0-316R-F 
C4-1/8-T0-825R-F 
C4-1/8-Tll-316R-F 
C4-l/8-T0-147R-F 

C4-1/8-T0-1001-F 
0699'-053~:i 
1)757-0487 
0757-0487 
0757-048'7 

075'7·-0487 
0698-2297 
0757-0487 
0757-0487 
0757-0487 
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Table 6-3 

Table 6-3. Replaceable Parts 

Reference HP Part C Oty Description Mfr Mfr Part Number Designation Number D Code 

A11R141 0757-0487 2 RESISTOR 825K 17. , 125W F TC=0+-100 28480 0757-0487 
A11R142 0698-0084 9 RESISTOR 2, 15K 17. , 125W F TC=0+-100 24546 C4-l/8-T0-2151-F 
A11R143 0698-8827 4 RESISTOR lM n: , 125W F TC=0+-100 28480 0698-8827 
AllR144 0698-0084 9 RESISTOR 2, 15K 1¼ , 125W F TC=0+-100 24546 C4-1/8-T0-2151-F 
A11R145 0757-0442 9 RESISTOR 1 OK 17. , 125W F TC=0+-100 24546 C4-1/8-T0-1002-F 

A11R146 0757-0442 9 RESISTOR I OK 17. , 125W F TC=0+-100 24546 C4-l/8-TO-I002-F 
A11R147 0757-0442 9 RESISTOR I OK 17. , 125W F TC=0+-100 24546 C4-1/8-T0-1002-F 
A11R148 1810-0301 4 NETWORK-RES 16-DIP51, 0 OHM X 8 0 112 1 316B510 
All R l 4 9 0757-0280 RESISTOR l K 
All Rl 5 0 0757-0280 RESISTOR l K 
Al lSl 3101-1856 5 SWITCH-SL B-lA DIP-SLIDE-ASSY , lA c;(IVDC £!El4H0 :1101-Hl:";6 

AllUl 1026--0138 8 IC COMPARATOR GP QUAD 14·-DIP·-P PKG 01:2?5 LM:l:'ll'N 
A11U2 1820-1433 6 IC SHF-RGTR TTL LS R-S SE"RIAL.-·IN PRL.--·OUT 0 J 29~":j !3N74LS164N 
A11U3 11326-0138 8 IC COMPARATOR GP QUAD 14·-DJP-P Pl<G 0 1 ;?.(l~:i LMS:l'IN 
A11U4 1826-0933 4 IC NJM78L l 2A V RGL TR T 0-9 2 NJM78L72A 
Al1U5 1[126-0089 8 '7 IC OP AMP WB f0·-99 Pl<G 2tJU32 13;-1 ;.?. 

A11U6 1826-0502 0 IC SWITCH ANLG l,LIAD 14-DT.P-P PKG 047Ll MC14066l!CP 
Al 1U7 11326-0089 8 IC OP AMP WB T0·-99 PKG 2?ff32 13;.:,~;-~ 
Al lUB 1826-0043 4 IC OP AMP GP TIJ-·99 PKG 11192B CA3117T 
A11U9 1B26-0035 4 IC OP AMI:> LOW .. -DR IFT T0-99 Pl<G 27014 LM . .lllllAH 
AllUlO 1826-0282 3 IC V RGL 1R TO-<"/2 04713 MC79L1?ACP 

AllUll l826-00B9 8 IC or AMP WB T0--9'1 PKG 29B32 u;;?2 
A11U12 1826-0502 0 IC SWITCH ANLG QUAD 14-DIP--P PKG 04713 '1C14066l<CP 
A11U13 1826-0089 8 IC OP AMP WB T0·-9'1 PKG C.!9B32 1,3 ; ... ~ ;:? 

A11U14 1826-00El9 8 IC OP AMP WB T(J-99 PKG ~~98:);:~ 13;_:);_~ 
Al 1U15 7826-0933 4 IC NJM78Ll2A V RGL TR T0-92 NJM78Ll2A 

A11U16 1821-0001 4 TRANSISTOR ARRAY 14-PIN PLSTC DIP 01921-:l CA31!46 
AllU17 5080-3077 B IC OP AMP HA 2525 S EL 
A11U18 5080-3077 8 IC OP AMP HA 2525 S EL 
AllU19 1826-00413 4 IC OP AMP GP T0-99 Pl<G 019;2B CAllll7T 
A!1U20 1826-0035 4 IC OP AMP LOW-DRIFT T0-99 PKG 271114 LM311UAH 

AllU21 1826-0282 3 IC V RCLTR T0--9;?. 114'713 MC: '79L. l 2ACP 
Al1U22 1826-0138 8 IC COMPARATOR GP QUAD 14-DIP-P PKG 11129'.", L M339N 

AllWl 'l :.:>51-4787 2 SHUNT-DIP 8-POSITION 2IJ4130 1:''.';J-4'707 

0340-0060 4 4 TERMINAL-·STUD SP CL-.. FDTHR LI PRESS-·MTC 9f:l:'.9"l 01 ·1 -6BO 9 0 00 :.:?09 
II 34 II-· 0 22 0 8 BEADS 213400 0340·-02C!0 
1258-0141 8 JUMP LR-REM i.'El480 1 :?58-0 ·1 41 
3050-01182 8 WASHER-Fl_ NM Nil, 4 , 116-IN-ID , 180-- IN·-IJD 2114130 3 0 '.':, 0-0 0 82 
3050-0082 8 WASHER-FL NM ND. 4 , 116-· IN-· II) , 188-·JN-OD 2!8480 :3050-0082 

9170-0029 3 CORE·-SH IEI_D INC BEAD 2.13400 9170-·00;?r; 

Al2 04192-66512 2 1 MODULATOR BOARD ASSEMBLY ?B4B0 0419;?- 66':il? 
(NOT INCLUDING THE SHIELD CASES) 

A12C1 0180--1085 5 CAPACITOR-FXD 4,7UF 16VDC TA 2ll48ll 011311-1 Oil:, 
A12C2 0160-3456 6 CAPACITOR-·FXD 1110 OPF +-10% lKVDC CER 284EIII 11160-3456 
Al 2C3 0'160--0127 2 CAPACITOR-FXD lUF +·-20:%. 2~:iVDC cm 2B480 01611-012'7 
A12C4 0760-4835 8 CAPACITOR-FXD , 11.JF l O ,; 50VDC CER 
At2C5 0160-2204 0 CAPAC ITOR-FXD lllOPF +-5% 3110VDC MICA 2fl4811 0160•-2;::1.04 

A12C6 0160-3847 9 CAPACITOR-·FXD .OlllF +1011-·07. 50VDC CfR 21:1480 111611-3U4'7 
Al 2C7 11160-3456 6 CAPACITOR-FXD lOOOPF +·-1117. lKVDC CER ~~84B0 0 1611--·34'.56 
A12C8 0160-3456 6 CAPACITOR-FXD 1 OOOPF +-107. lKVDC CER 2El48 0 0"160-34:-'.16 
A12C9 0160-3456 6 CAPACITOR-FXD lOOOPF +-10% lKVDC CER 2134811 0160·-34~56 
A12C10 0160-3456 6 CAPACITOR-·FXD 100 OPF +-10% lKVDC cm ,'ll4811 0 "l 60-3456 

A12C11 0160-3456 6 CAPACITOR-FXD 1110 OPF +·-1 0% ll<VDC cm 21l4EIO 016 0·-3456 
A12C12 0160-3847 9 CAPACITOR-·FXD ,OlUF +l O ll-Ol: 511VDC cm 2El4BII II 1611-3[147 
A12Cl3 0160-3466 8 CAPAC ITOR-FXD lOOPF +-1117. lKVDC CER 2B480 0 l 60··-3466 
A12C14 0160-3466 8 CAPACITOR-FXD 1 0 OPF +--1 or. lKVDC CER ,'El4BII 0 ·J 60-3466 
At2C15 0180-1085 5 CAPACITOR-FXD 4,7UF 16VDC TA 2134811 0 IU0·-1085 

A12C16 0160-3847 9 CAPACITOR-·FXD ,01UF +1011-0% 511VDC [TR 2134811 I! 160-3[]47 
A12C17 0160-3466 8 CAPACITOR-FXD lOOPF +--1 or. lKVDC CER 21l4811 01611-3466 
A12C1B 0160-3466 8 CAPACITOR-·FXD lOOPF +-107. lKVDC CER 2[14811 111611-3466 
A12Cl9 0140-0210 2 CAPACITOR-FXD 270PF +·-5% 3ll11VDC MICA 72136 DM15F271J0300WV1CR 
A12C20 0140-0210 2 CAPACITOR-FXD 270PF +-·5¼ 300VDC MICA 72136 DM15F271J0300WV1CR 

A12C21 0160-3456 6 CAPAC ITOR-FXD lOOOPF +·-10% lKVDC CER 28480 01611--3456 
A12C22 0160-3847 9 CAPACITOR-·FXD ,OlllF +100-0l: 50VDC CE.R ;!1)4811 01611-3El47 
A12C23 0160-3847 9 CAPACITOR-FXD ,OlUF +100-07. 50VDC CEJl 2841311 01611-3B47 
A12C24 0180-1085 5 CAPACITOR-FXD 4,7LIF 16VDC TA 2[14811 01811-1 00,; 
Al 2C25 0160-3847 9 CAPACITOR-FXD ,OlUF +l 00·-07. 50VDC CER 28480 0160·-3847 

A12C27 0180-1085 5 CAPAC ITDR-FXD 4,7LIF 16VDC TA 284811 11180-11185 
A12C28 0160-3847 9 CAPACITOR-FXD ,OlUF +100-07. 50VDC CER 28480 01611-31347 
A12C29 0140-0192 9 6 CAPACITOR-FXD 68PF +-5¼ 300VDC MICA 72136 DM15E680J0300WV1CR 
Al 2C30 0160-2207 3 3 CAPACITOR-FXD 300PF +·-5'¼ 300VDC MICA 28480 01611-2207 
A12C31 0140-0210 2 CAPACITDR-FXD 270PF +-5¼ 300VDC MICA 72136 DM15F271Jll300WV1CR 

A12C32 0160-2207 3 CAPACITOR-FXD 300PF +-5¼ 3110VDC MICA 28480 016{)-2207 
A12C33 0160-3456 6 CAPACITOR-FXD IO O OP F +-107. lKVDC CER :~B4811 0160-340;6 
A12C34 0160-3456 6 CAPACITOR-FXD lOOOPF +-107. 1KVDC CER 28480 0160·-3456 
A12C35 0160-3847 9 CAPACITOR-·FXD ,OlUF +100-07. c;ovDc CER 28480 11160-3847 
A12C36 0160-3456 6 CAPACITOR-FXD lOOOPF +-10:r. lKVDC CER 28480 01611-3456 

See introduction to this section for ordering information 
*Indicates factory selected value 
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Al;"C37 
A12C38 
A12c:19 
A12C40 
A12C41 

Al2C4:~ 
Al 2C43 
Al2C44 
A12C45 
Al2C46 

Al 2C47 
Al2C48 
A 12C49 
Al2C50 
A12C~i1 

A12C52 
A 12C53 
A12C54 
Al 2C~i5 
A12C56 

A12C57 
A12C58 
Al2C59 
Al2C60 
A12C61 

A12C62 
A12C63 
A12C64 
Al2C65 
A12C66 

Al 2C67 
Al2C6B 
Al 2C69 
A12C70 
Al2C71 

A12C72 
Al 2C73 
Al2C74 
Al 2C75 
Al2C76 

A12C77 
Al2C78 
A 12C79 
Al i'C:80 
Al2C81 

Al2C82 
Al 2C83 
A12CB4 
Al2C85 
Al2C86 

A12CB7 
Al2C88 
Al 2C89 
Al2C911 
Al 2C91 

A12C92 
Al 2C93 
A12C94 
Al 2C95 

A12CR1 
Al 2CR2 
Al2CR3 
Al 2CR 4 
Al 2CR5 

Al 2CR6 
A12CR7 
A 12CR8 
Al2CR9 
Al 2CR 1 0 

Al2CR11 

Al2El 
A12E2 
A12E3 

6-38 

HP Part 
Number 

11140-·019? 
111411-0192 
11160-230'7 
0160-3847 
01611-3456 

0160-3847 
01811-1085 
11180-1085 
0140····021 0 
0140-11192 

0160·-·34~)6 
01611-3456 
111611···384'7 
0160-<'9411 
0160-34'.56 

0140-11210 
01411·-0210 
11160·-3847 
11160-?30'/ 
0180-1085 

0140-0210 
0160-34~)(; 
111611-384'1 
111611-3847 
0160-··3847 

0160-4835 
0160 ···2307 
0!611-340;6 
0140 ·0192 
111411-0192 

0160····220'7 
0160-3456 
0160-384'7 
01611-3466 
0160·-·3466 

0160·-384'7 
01811·-·l 085 
11140-112111 
0160 -·3456 
0160-3847 

0160···11127 
0160-4835 
111611-·3847 
0180-108'.i 
111411-0210 

0160-2204 
0160-·?204 
0160-c'9411 
111611-3456 
0160-2204 

()160·-1112'7 
0160-4835 
01611-3456 
0160-3456 
01611·-34;j6 

0160-3456 
0160··-225'7 
0160-4835 
11160--3847 

1901-0518 
l901·-·051H 
1901-0639 
1901-0639 
1'101-0639 

190 l ····0639 
1901-0639 
1901·-·063</ 
1901-0639 
1901-0639 

1901-0639 

1906---o;.:35 
1906-0235 
1906-0235 

C 
D 

9 
9 
4 
9 
6 

9 
5 
5 
2 
9 

6 
6 
9 
1 
6 

2 
2 
9 
4 
5 

2 
6 
9 
9 
9 

8 
4 
6 
9 
9 

3 
6 
9 
B 
8 

9 

6 
9 

2 
8 
9 
5 
2 

i, 

0 

8 
6 
6 
6 

6 
3 
8 
9 

8 
8 
4 
4 
4 

4 
4 
4 
4 
4 

4 

6 
6 
6 

Table 6-3. Replaceable Parts 

Qty Description 

'I 

3 

CAPACITOR-FXD 68PF +-51 31JOVDC MICA 
CAPACITOR-FXD 60PF +-5Z 3DIIVDC MICA 
CAPACIIOR-FXD 47PF +-5% 31JIIVDC MICA 
CAPACITOR-FXD .lllLJF +100-0Z 50VDC rER 
CAPACITOR-FXD 1DOOPF +-10% lKVDC CER 

CAPACITOR-FXD ,OlLJF +100-0Z 50VDC CER 
CAPACITOR-FXD 4,7UF 16VDC TA 
CAPACITOR-FXD 4,7UF 16VDC TA 
CAPACITOR-FXD 270PF +-5Z 31JOVDC MICA 
CAPACITOR-FXD 68PF +-5Z 3110VDC MICA 

CAPACITOR-FXD lODOPF +-lOZ lKVDC CER 
CAPACITOR-FXD lOOOPF +-lOZ lKVDC CEA 
CAPACITOR-FXD .OlUF +100-0Z 50VDC CCR 
CAPACITOR-FXD 470PF +-5% 3110VDC MICA 
CAPACITOR-FXD lOOOPF +-10% lKVDC CEA 

CAPACITOR-FXD 27DPF +-51 3DIIVDC MICA 
CAPACITOR-FXD 27DPF +-5Z 3110VDC MICA 
CAPACITOR-FXD ,lllUF +100-0Z 50VDC FER 
CAPACITOR-FXD 47PF +-5Z 3011VDC MICA 
CAPACITDR-TXD 4, 711F 16VDC TA 

CAPACITOR-FXD 270PF +-5Z 31JOVDC MICA 
CAPACITOR-FXD lllOOPF +-lOZ lKVDC CER 
CAPACITOR-FXD .OlUF +1011-DZ 50VDC CER 
CAPACITOR-FXD ,OlUF +1011-IIZ 50VDC CER 
CAPACITOR·-FXD ,OllJF +100-11% 50VDC cm 

CAPACITOR-·FXD , lllF l O, 50VDC CER 
CAPACITOR-FXD 47PF +-5% 300VDC MICA 
CAPAC!TOR-FXD llllJDPF +-lOZ lKVDC CEA 
CAPACITOR-FXD 68PF +-5Z 31JOVDC MICA 
CAPACITOR-FXD 68PF +-5¼ 300VDC MICA 

CAPACITOR-FXD 31JOPF +-5% 31JOVDC MICA 
CAPACIT □R-FXD llJOOPF +-lOZ lKVDC [ER 
CAPACITOR-FXD ,OlOF +100-0% 50VDC CCR 
CAPACIT□R-FXD llJOPF +-llJZ IKVDC CER 
CAPACITOR-FXD lllOPF +-10% lKVDC CER 

CAPACJTOR-FXD .lllLJF +100-0Z 50VDC CER 
CAPACITOR-FXD 4.7UF 16VDC IA 
CAPACITDR-FXD 270PF +-5Z 301JVDC MICA 
CAPACITOR-FXD lODOPF +-10¼ lKVDC CEA 
CAPACITOR-FXD .OlLJF +1011-DZ 50VDC CER 

CAPACITOR-FXD 11JF +-20% 25VDC CER 
CAPACITOR-FXD .lUF 10 50VDC CER 
CAPACITOR-FXD .OlUF +100-IJZ 511VDC CFR 
CAPACJTOR-FXD 4,7UF 16VDC TA 
CAPACITOR-FXD 270PF +-5Z 300VDC MICA 

CAPACITOR-FXD llJOPF +-5Z 300VDC MICA 
CAPACITOR-FXD lllOPF +-5Z 31JOVDC MICA 
CAPACITOR-FXD 47DPF +-5Z 3DIIVDC MICA 
CAPAC!TOR-FXD lllODPF +-10% lKVDC CER 
CAPACITOR-FXD JIIOPF +-5% 3DIJVDC MICA 

CAPAC!TOR-FXD 1UF +-211¼ 25VDC CER 
CAPACITOR-FXD , lUF 10:,. 50VOC CER 
CAPACITOR-FXD lOOOPF +-10% lKVDC CEA 
CAPACITOR-FXD lOOOPF +-lOZ lKVDC CER 
CAPAC!TOR-FXD lOODPF +-10% lKVDC CEA 

CAPACITDR-FXD lDIIOPF t-lllZ 1KVDC CER 
CAPACITOR-FXD lOPF +-5Z 51JOVDC CER 0+-611 
CAPAr:JTDR-·FXD , lUF l O, 50VDC CER 
CAPAC!TOR-FXD .lllUC +100-0% 50VDC CER 

DIODE-SM SIG SCHOll'KY 
DIODE-SM SIG SCHOTTKY 
DIODE-PlN 
DIODE-PIN 
DIODE-PIN 

DIODE·-PIN 
DIODE-PIN 
DIODE·-P IN 
DIODE-PIN 
DIODfc-PIN 

DIODE-PIN 

DIODE 
DlllDE 
DIODE 

Mfr 
Code 

72136 
72136 
213480 
i'fl4EIIJ 
2'34BO 

28480 
i'll48ll 
i'El4811 
72136 
72136 

28480 
:OEl4811 
2134EIO 
2B4EIIJ 
284BO 

72136 
72136 
2B4BO 
;'ll4llll 
21'14811 

72136 
284EJIJ 
2841311 
20480 
2B41JO 

2.134811 
,.'84EI II 
72136 
72136 

,0 84(111 
?~J4BO 
28480 
,'El4811 
284l111 

2El4EIO 
;313490 
7213() 
2841'10 
,'84Bll 

28400 

28480 
,'1'1480 
72136 

2B4DO 
284flll 
,'B4811 
2841311 
~)f.14f.l [) 

28480 

2841311 
:.OEl48 II 
,'11480 

i'fl4EI II 
:'.ll4HO 

28480 

284EIII 
2tl4BO 
,'8411 II 
2841'111 
i!IJ4EI II 

2841]0 
2[14811 
28400 
21J4[lll 
2El4BO 

284811 

2134[10 
;.0 B4Elll 
2ll4UO 

See introduction to this SP<'tion for ordering in formation 
*Indicates factory selected valuP 

Model 4192A 

Mfr Part Number 

DM15L680J0301JWV1CR 
DM15E6EIOJll30DWV1CR 
0160--;~30'7 
01611-31147 
0160--3456 

n l 611-3fl4'7 
o 1 llo-1 on:; 
orno-1 os:·, 
DM15r271J031JOWV1CR 
DM15E680J031JIJWV1~R 

016 0 ·-34~56 
0160-34'..,6 
0160·-3847 
II l 611-29411 
01 (,() -34~56 

DM15F271J031)0WV1CR 
DM15F271J031JIJWV1CR 
0160-3847 
0160-2307 
orno-1 OBc, 

DM15F271J0300WV1CR 
(1160 ···34~,6 
01611-3047 
111611-3€14'7 
11160-3847 

01/:i0·-2307 
{l l 60-34:'.)6 
DM15F680J030IJWV1CR 
]lMlc,[ 680Jll3DOWV1 Cl, 

0160·-2?07 
0 '.\ 6 0-34:i6 
0160-3847 
Olb0-3466 
016ll -3466 

II 160-31147 
011311-10fl5 
DM1SF271Jll300WV1CR 
01611-34!06 
0160-384'7 

0160-0127 

0160-3047 
111811-10115 
DM1~F271J031JOWV1CR 

Olcdl·-2204 
0 l 60•-2:.:04 
0160-~~940 
0160--3456 
016()-~)2()4 

0160·-0127 

0 160·· .. 34'.56 
0160-34:-:'ib 
0160-3456 

016 0-3456 
0 160--2;:->.~j'? 

0160-31l47 

1901-0~:i'lf:l 
1901·-0~~il8 
::Ci082--30DO 
~:i08?.·· .. 30BO 
:1082-30 BO 

'.''.i Os; .. ) -·· 3 0 H 0 
:=:ino;.~-30AO 
~:i08? .. ··30f.l0 
:,0B2-30B0 
~.'i082.·"3080 

':::iil82-3080 

1901-i-0~~35 
1906-0?3~', 
1906-023'.5 
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Reference HP Part C 

Designation Number D 

A12Jl 1250-0257 1 
Al 2J2 1;_=.!50-0257 1 
A12J3 1250-0257 1 
A12J4 1 ;~50-0257 1 
A12J5 1250-0257 1 

A12J6 1;~50-0257 1 
A12J7 1250-0257 1 
A12JB 1250-0257 1 
A12J9 1250-0257 1 
A12Jt0 1250-0257 1 

A12J11 1200-0607 0 
A12J12 1250-0257 1 

A12Ll 9140-0114 4 
Al2L2 9140--0114 4 
A12L3 9140-0114 4 
A12L4 9100-2259 8 
A12L5 9100-2259 8 

At;~L6 9140-0114 4 
A12L7 9100-2259 8 
A12L8 9140--0141 7 
A12L9 9140-015B 6 
A12L10 9100-2259 8 

Al 2Lt 1 9140--0141 7 
A12L12 9100-2258 7 
Al 2L 13 9100~~2258 7 
A12L14 9140-0141 7 
Al 2L 15 9100-2258 7 

A12L16 9140-0158 6 
Al 2Lt 7 9140-0158 6 
A12L18 9140-0114 4 
Al 2Ll 9 91011-·2251 0 
A12L20 9100-2258 7 

A12L21 9100-·2249 6 
A12L22 9100-2259 8 
A12L23 9100-2247 4 
A12L24 9140-0141 7 
A"i2L25 9140-0158 6 

A12L26 9100-2249 6 
Al 2L27 9100-2251 0 
A12L28 9140-0141 7 
Al 2L29 9100--2258 7 
A12L30 9100-2258 7 

A12L31 9140-0141 7 
A12L32 9100-2249 6 
A12L33 9100-2249 6 
A12L34 9100-2247 4 
A12L35 9100-2249 6 

A12L36 9100-2247 4 
Al 2L37 9140-0114 4 
A12L38 9140-0114 4 
A12L39 9100-2251 0 
A12L40 9100-0368 6 

A12L41 9140-·0114 4 
A12L42 9140-0114 4 
A12L43 9140-0114 4 
A12L44 9140-0114 4 

Al 2Qt 1 B53-0354 7 
A12Q2 1854-0215 1 
A12Q3 1854-0215 1 
A12Q4 1854-0628 0 
A12Q5 1 B54-0215 1 

A12Q6 1853-0036 2 
A12Q7 1B54··0247 9 
A12Q8 1854-0215 1 
Al 2Q9 1 B54-0628 0 
A12Q10 1853-0036 2 

A12Q11 1854-0215 1 
A12Q12 1854-0247 9 
A12Q13 1854-0247 9 
A12Q14 1854-0247 9 
Al 2Ql 5 1854-0215 1 

A12Rt 0757-0280 3 
Al 2R2 0698-0082 7 
A12R3 0698-3438 3 
Al 2R4 0757-0397 3 
A12R5 0757-0280 3 

Table 6-3. Replaceable Parts 

Oty Description Mfr 
Code 

CONNECTOR-RF 5MB M PC ~;O-·OHM 28480 
CONNECTOR-RF 5MB M PC 50-0HM 28480 
CONNECTOR-RF 5MB M PC 50-0HM 28480 
CONNECTOR-RF 5MB M PC 50·-0HM 28480 
CONNECTOR-RF SMB M PC 50-OHM 28480 

CONNECTOR-RF 5MB M PC 50-0HM 28480 
CONNECTOR-RF SMB M PC 50-0HM 28480 
CONNECTOR-RF SMB M PC 50-OHM 28480 
CONNECTOR-RF SMB M PC 50-DHM 28480 
CONNECTOR-RF 5MB M PC 50-OHM 28480 

SOCKET-IC 16-CONT DIP DIP-SL.DR 28480 
CONNECTOR-RF 5MB M PC 50-0HM 213480 

INDUCTOR RF-CH-·ML.D lOUH 1 07. , 166DX, 385LG 28480 
INDUCTOR RF-CH-MLD !OUH 107. , 166DX, 385LG 28480 
INDUCTOR RF-CH-ML.D 1 llUH 1 07. , t 66DX, 385LG 28480 

5 INDUCTOR RF-CH-MLD 1 .SUH 10% . 105DX, 26LG 28480 
INDUCTOR RF-CH··Ml..D 1, 5UH 1 07. ,105DX.26LG 28480 

INDUCTOR RF-CH-MLD !OUH 107. , 166DX, 385LG 28480 
INDUCTOR RF-CH-ML.D 1,5UH 107. , 105DX, 26LG 28480 

6 INDUCTOR RF-CH-MLD 680NH 107. .105DX,26LG 28480 
INDUCTOR RF-CH·-MLD !UH 10% , 105DX, 26l.G 28480 
INDUCTOR RF-CH-ML.D 1, 5UH "!07. ,105DX.26LG 28480 

INDUCTOR RF-CH·-MLD 680NH 107. .105DX.26LG 28480 
6 INDUCTOR RF-CH-ML.D t.2UH 1 07. ,105DX,26L.G 28480 

INDUCTOR RF-CH·-MLD 1 .2UH 107. .105DX.26LG 28480 
INDUCTOR RF-CH-ML.D 680NH 1 07. .105DX.26LG 28480 
INDUCTOR RF-CH-MLD 1,2UH 1 07. , 1 05DX, 26LG 28480 

INDUCTOR RF-CH-·ML.D !UH 107. , 1 OSDX, 26LG 28480 
INDUCTOR RF-CH-MLD !UH 107. ,105DX.26LG 28480 
INDUCTOR RF-CH-·ML.D !OUH 107. , 166DX, 385LG 28480 

3 INDUCTOR RF-CH-Ml.D 220NH 10% .105DX.26LG 28480 
INDUCTOR RF-CH-·ML.D 1,2UH 107. .105DX.26LG 28480 

5 INDUCTOR RF-CH-MLD 150NH 10¼ ,105DX.26LG 28480 
INDUCTOR RF-·CH-·ML.D 1,5UH 1 07. .t05DX.26LG 28480 

3 INDUCTOR RF-CH-MLD lOONH 107. .105DX,26LG 28480 
INDUCTOR RF-CH-·ML.D 680NH 1 07. , 1 05DX, 26L.G 28480 
INDUCTOR RF-CH-MLD !UH 107. .t05DX.26LG 28480 

INDUCTOR RF-CH-·ML.D 150NH 1 07. .105DX.26LG 28480 
INDUCTOR RF-CH-MLD 220NH 10% .105DX.26LG 28480 
INDUCTOR RF-CH-·ML.D 680NH 1 07. .105DX,26LG 284811 
INDUCTOR RF-CH-MLD 1 .2UH 107. .105DX,26LG 28480 
INDUCTOR RF-CH-·ML.D 1, 2UH 1 07. .105DX,26LG 28480 

INDUCTOR RF-CH·-MLD 680NH 10:r. , 105DX, 26LG 28480 
INDUCTOR RF-CH-ML.D 150NH 1 07. .t05DX,26LG 28480 
INDUCTOR RF-CH-ML.D 150NH 107. ,105DX.26LG 28480 
INDUCTOR RF-CH-ML.D !OONH 107. .105DX,26LG 28480 
INDUCTOR RF-CH-MLD 150NH 10¼ ,105DX,26LG 28480 

INDUCTOR RF-CH-MLD !OONH 1 07. .105DX,26LG 28480 
INDUCTOR RF-CH-MLD tOUH 111% , 166DX, 385LG 28480 
INDUCTOR RF-CH-ML.D !OUH 1 07. , 166DX. 385LG 28480 
INDUCTOR RF-CH-MLD 220NH !OZ ,105DX.26LG 28480 

1 INDUCTOR RF-CH-·ML.D 330NH 1 07. , 1 05DX, 26L.G 28480 

INDUCTOR RF-CH-MLD lOUH 10:r. , 166DX, 385LG 28480 
INDUCTOR RF-CH-MLD !OUH 1 07. , t 66DX, 385LG 28480 
INDUCTOR RF-CH·-MLD !OUH 107. , 166DX, 3851.G 28480 
INDUCTOR R F-CH···ML.D lOUH 1 07. , t 66DX, 385LG 28480 

TRANSISTOR PNP 5I T0-92 PD=350MW 28480 
TRANSISTOR NPN SI PD=350MW FT=300MHZ 04713 
TRANSISTOR NPN 5I PD=350MW FT=300MHZ 04713 
TRANSISTOR NPN 5I TO-92 PD=625MW 04713 
TRANSISTOR NPN 5I PD=350MW FT=300MHZ 04713 

TRANSISTOR PNP 5I PD=310MW FT=250MHZ 28480 
TRANSISTOR NPN 51 T0-39 PD=lW FT=800MHZ 28480 
TRANSISTOR NPN SI PD=350MW FT=300MHZ 04713 
TRANSISTOR NPN SI T0-92 PD=625MW 04713 
TRANSISTOR PNP 5I PD=310MW FT=250MHZ 28480 

TRANSISTOR NPN 51 PD=350MW FT=300MHZ 04713 
TRANSISTOR NPN 5I T0-·39 PD=lW FT=800MHZ 28480 
TRANSISTOR NPN 5I T0-39 PD=lW FT=800MHZ 28480 
TRANSISTOR NPN SI T0-39 PD=lW FT=8011MHZ 28480 
TRANSISTOR NPN 5I PD=350MW FT=300MHZ 04713 

RESISTOR lK 17. , 125W F TC=0+-·10 0 24546 
RESISTOR 464 1% , 125W F TC=0+-100 24546 
RESISTOR 147 1¼ , 125W F TC=0+-100 24546 
RESISTOR 68.1 17. , 125W F TC=0+-100 24546 
RESISTOR lK 17. , 125W F TC=0+-100 24546 

See introduction to this section for ordering information 
*Indicates factory selected value 

Section VI 
Table 6-3 

Mfr Part Number 

1250-0257 
1250-0257 
1250-0257 
1250-0257 
1250-0257 

1250-0257 
1250-0257 
1250--0257 
1250-0257 
1250-0257 

1200-0607 
1250--0257 

9140-0114 
9140-0114 
9140-0114 
9100-2259 
9100-2259 

9140-0114 
9100-2259 
9140-0141 
9140-0158 
9100-2259 

9140-0141 
9100-2258 
9100-2258 
9140-0141 
9100-2258 

9140-0158 
9140-0158 
9140-0114 
9100-2251 
9100-2258 

9100-2249 
9100-2259 
9100-2247 
9140-0141 
9140-0158 

9100-2249 
9100-2251 
9140-0141 
9100·-2258 
9100-2258 

9140-0141 
9100-2249 
9100-2249 
9100-2247 
910 0·-2249 

9100-2247 
9140-0114 
9140-0114 
9100·-2251 
9100-0368 

9140-0114 
9140-0114 
9140-0114 
9140-0114 

1853-0354 
2N3904 
2N3904 
MPS-·Hl 7 
2N3904 

1853-0036 
1854-0247 
2N3904 
MP5-H17 
1853-0 036 

2N3904 
1854-0247 
1854-0247 
1854-0247 
2N3904 

C4-1/8-T0-1001-F 
C4-1/8-T0-4640-F 
C4-1/8-T0-147R-F 
C4-1/8-T0-68Rt-F 
C4-1/8-T0-1001-F 

6-39 
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Section VI 
Table 6-3 

Reference 
Designation 

A12R6 
A12R7 
A12R8 
A12R9 
Al2RIO 

A12Rl 1 
A12R12 
A'l2R13 
A12R14 
A'l2R15 

A12R16 
Al 2R 17 
A12R18 
Al 2R19 
A12R20 

A·l2R21 
A12R22 
Al 2R23 
A12R24 
A12R25 

A12R26 
Al 2R27 
A12R28 
A12R29 
A12R30 

A12R31 
A12R32 
A12R33 
A12R34 
Al 2R35 

A12R36 
A12R37 
A12R38 
A12R39 
A12R40 

A12R41 
A12R42 
Al 2R43 
A12R44 
A12R45 

A12R46 
Al 2R47 
A12R48 
Al 2R49 
A12R50 

A12R51 
A12R52 
A12R53 
A12R54 
A12R55 

A12R56 
A'l 2R57 
A12R58 
Al 2R59 
A12R60 

Al 2R61 
A12R62 
Al 2R63 
A12R64 
A12R65 

A12R66 
Al 2R67 
A12R68 
A 12R69 
A12R70 

A12R71 
A12R72 
A12R73 
A12R74 
A12R75 

A12R76 
A12R77 
A12R78 
Al 2R79 
A12R80 

6-40 

HP Part C 

Number D 

0757-0395 1 
0757-1094 9 
0698-3438 3 
0698-0084 9 
0757-0279 0 

0757-0401 0 
0757-0280 3 
0757-0421 4 
0757-0280 3 
0698-3160 8 

0698-0084 9 
0757-0397 3 
0698-3444 1 
0698-3438 3 
0698-3438 3 

0757-1094 9 
0757-0442 9 
0757-0419 0 
0757-0421 4 
0757-0397 3 

0698-0084 9 
0698-3160 8 
2100-0580 7 
0698-3260 9 
0757-0280 3 

0698-4037 0 
0757-0419 0 
0757-0395 1 
2100-3383 4 
0698-·0082 7 

0757-0419 0 
0698-3444 1 
0757-1094 9 
0757-0421 4 
0757-0401 0 

0698-3441 8 
0698-3444 1 
0757-0397 3 
0757-0280 3 
0698-3444 1 

0757-0401 0 
0757-039'7 3 
0698-3441 8 
0698-0082 7 
0698-3444 1 

0698-3439 4 
0698-3444 1 
0757-0419 0 
0698-3428 1 
0698-3439 4 

0698-0082 7 
0757-0397 3 
0757-0180 2 
0698-4037 0 
0757-0397 3 

0757·-0401 0 
0757-0180 2 
0698-4037 0 
0698-3439 4 
0698-3444 1 

0757-0397 3 
0757-0401 0 
0757-0180 2 
0698-343'? 4 
0698-3444 1 

0757-0399 5 
0757-0180 2 
0757-0401 0 
0698-3439 4 
0698-0082 7 

0757-0399 5 
0757-0397 3 
0698-3439 4 
0698-3444 1 
0757-0180 2 

Table 6-3. Replaceable Parts 

Oty Description Mfr 
Code 

RESISTOR 56,2 17. , 12~iW F TC=0+-100 ~~4546 
RESISTOR 1,47K 1% , 125W F TC=0+·-100 24546 
RESISTOR 147 1¼ , t2eiW F TC=0+-100 24546 
RESISTOR 2, 15K I¼ , 125W F TC=0+-100 24546 
RESISTOR 3 .11,K 1% , 125W F TC=0+-100 24546 

RESISTOR 100 1¼ , 125W F TC=0+-100 24546 
RESISTOR lK 17. , 125W F TC=0+-·100 24546 
RESISTOR 825 1% , 125W F TC=0+-100 24546 
RESISTOR IK 1¼ , 125W F TC=0+-1110 24546 
RESISTOR 31 .6K 17. , 125W F TC=0+-100 24546 

RESISTOR 2, 15K 17. , 125W F TC=0+-·100 24546 
RESISTOR 68.1 17. , 125W F TC=0+-100 24546 
RESISTOR 316 I¼ , t2eiW F TC=0+-100 24546 
RESISTOR 147 1% , 125W F TC=0+-100 24546 
RESISTOR 147 17. . 12eiw F TC=0+-100 24546 

RESISTOR 1 .47K 17. , 125W F TC=0+-100 24546 
RESISTOR 1 OK 17. , 125W F TC=0+-100 24,,46 
RESISTOR 681 17. .125W F TC•=0+-100 24546 
RESISTOR 825 17. .125W F TC=0+-·100 24546 
RESISTOR 68, 1 17. , 125W F TC=0+-100 24546 

RESISTOR 2, 15K 17. , 125W F TC=0+-100 24546 
RESISTOR 31 .6K 1% , 125W F TC=0+-100 24546 

1 RESISTOR-TRMR 500K 10::( C TOP-·ADJ 1-TRN 28480 
RESISTOR 464K 17. , 125W F TC=0+-100 28480 
RESISTOR 1K 17. , 125W F TC=0+-·100 24546 

RESISTOR 46.4 1% , 125W F TC=0+-100 24546 
RESISTOR 681 1?:: , 125W F TC=0+-100 24546 
RESISTOR 56.2 17. , 125W F TC=0+-100 24546 
RESISTOR-TR MR 50 1117. C TOP-·ADJ 1-TRN 28480 
RESISTOR 464 1::( . 125W F TC=0+-100 24546 

RESISTOR 681 17. , 125W F TC=0+-100 24546 
RESISTOR 316 1::( , 125W F TC=0+-100 24546 
RESISTOR 1, 47K I¼ , 125W F TC=0+-100 24546 
RESISTOR 825 1% , 125W F TC=0+-100 24546 
RESISTOR 100 17. , 125W F TC=0+-100 24546 

RESISTOR 215 17. , 125W F TC=0+-100 24546 
RESISTOR 316 17. , 125W F TC=0+-100 24:'546 
RESISTOR 68 .1 1% , 125W F TC=0+-100 24546 
RESISTOR lK 17. . 12t'iW F TC=0+-100 24546 
RESISTOR 316 17. .125W F Tl>=0+-100 24546 

RESISTOR 100 17. , 12~iW F TC=0+-100 24546 
RESISTOR 68.1 17. , 125W F TC=0+-100 24546 
RESISTOR 215 17. . 125W F TC=0+-100 24546 
RESISTOR 464 17. , 125W F TC=0+-100 24546 
RESISTOR 316 1¼ , 125W F TC=0+-100 24546 

6 RESISTOR 178 1% , 125W F TC=0+-100 24546 
RESISTOR 316 17. , 125W F TC=0+-·10 0 24~;46 
RESISTOR 681 17. , 125W F TC•=0+-100 24546 
RESISTOR 14.7 17. , 125W F TC=,0+-·10 0 113BEl8 
RESISTOR 178 17. , 125W F TC=0+-100 24546 

RESISTOR 464 D: , 125W F TC=0+-100 ;~4~)46 
RESISTOR 68 .1 17. .125W F TC=0+-100 24546 
RESISTOR 31.6 17. . 125W F TC=0+-·100 28480 
RESISTOR 46,4 1% , 125W F TC=0+-100 24546 
RESISTOR 68, 1 17. , 125W F TC=0+-·100 24546 

RESISTOR 100 17. , 125W F TC=0+-100 24546 
RESISTOR 31,6 17. , 125W F TC=0+-100 284811 
RESISTOR 46.4 1% , 125W F TC=0+-100 24546 
RESISTOR 178 17. , 125W F TC=0+-100 24546 
RESISTOR 316 17. , 125W F TC=0+-100 24546 

RESISTOR 68, 1 17. , 125W F TC=0+-100 24546 
RESISTOR 100 17. , 125W F TC=0+-100 24546 
RESISTOR 31. 6 17. , 125W F TC=0+-100 28480 
RESISTOR 178 17. , 125W F TC=0+-100 24546 
RESISTOR 316 1% , 125W F TC=0+-100 24546 

RESISTOR 82,5 17. .125W F TC=0+-100 24546 
RESISTOR 31. 6 ll: , 125W F TC=0+-100 28480 
RESISTOR 100 17. , 125W F TC=0+-100 24546 
RESISTOR 178 1¼ , 125W F TC=0+-100 24~546 
RESISTOR 464 17. , 125W F TC=0+-100 24546 

RESISTOR 82,5 17. . 12~;w F TC=0+-100 24546 
RESISTOR 68,1 17. , 125W F TC=0+-100 24546 
RESISTOR 178 17. .125W F TC=0+-100 24!"j46 
RESISTOR 316 17. , 125W F TC,=0+-100 24546 
RESISTOR 31.6 1% , 125W F TC=0+-100 28480 

See introduction to this section for ordering information 
*Indicates factory selected value 

Model 4192A 

Mfr Part Number 

C4-1/8-T0-56R2-F 
C4-1/8-T0-1471-F 
C4-1/8-T0-147R-F 
C4-1/8-T0-2151-F 
C4-1/8-T0-3161-F 

C4·-1 /8-T 0-101 -F 
C4-1/8-TO-I001-F 
C4-1/8-T0-825R-F 
C4-1/8-TO-I001-F 
C4-1/8-T0-3162-F 

C4-1/8-T0-2151-F 
C4-1/8-T0-68Rl-F 
C4-1/8-T0-316R-F 
C4-1/8-T0-147R-F 
C4-1/8-T0-147R-F 

C4-1/8-T0-1471-F 
C4-1/8-T0-1002-F 
C4-1/8-T0-681R-F 
C4-1/8-T0-825R-F 
C4-1/8-T0-68Rl-F 

C4-1/8-T0-2151-F 
C4-1/8-T0-3'162-F 
2100-0580 
0698-3260 
C4-1/8-T0-1001-F 

C4-1/8-T0-46R4-F 
C4-1/8-T0-681R-F 
C4-1/8-T0-56R2-F 
2'1011-3383 
C4-1/8-T0-4640-F 

C4-1/8-T0-681R-F 
C4-1/B-T0-316R-F 
C4-1/8-Tll-1471-F 
C4-l/8-T0-825R-F 
C4-·1/8-T0-101-·F 

C4-1/8-T0-215R-F 
C4-1/8-T0-316R-F 
C4-1/8-T0-68Rl-F 
C4-1/8-T0-1001-F 
C4-1/8-T0-316R-F 

C4-1/8-T0-101 .. ·F 
C4-1/8-T0-68Rl-F 
C4-1/8-T0-215R-F 
C4-1/8-T0-4640-F 
C4-1/8-T0-316R-F 

C4-1/8-T0-178R-F 
C4-l/8-T0-316R-F 
C4-1/8-T0-681R-F 
PME55-1/8-T0-14R7-F 
C4-1/8-T0-178R-F 

C4-1/8-T0-46411-F 
C4-1/8-Tll-b8Rl-F 
07'.';7-01811 
C4-1/8-T0-46R4-F 
C4-1/8-T0-68Rl-F 

C4·-1 /8-T0-1 0 I ·-F 
0757-0180 
C4-1/8-T0-46R4-F 
C4-l/8-T0-178R-F 
C4-1/8-T0-316R-F 

C4-1/8-T0-68Rl-F 
C4-1/8-T0-101-F 
11757-0'!80 
C4-l/8-T0-178R-F 
C4-1/8-T0-316R-F 

C4-l/8-T0-82R5-F 
0757-0180 
C4-1/8-T0-101-F 
C4-1/B-T0-17BR-F 
C4-1/8-T0-4640-F 

C4-1/8-T0-82R5-F 
C4-1/8-T0-68Rl-F 
C4-1/8-T0-178R-F 
C4-1/8-T0-316R-F 
07~;7-0lfJO 
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Reference HP Part C 

Designation Number D 

A12T1 9100-08(.~2 7 
Al 2T2 91 00--0l:122 7 
I'll 2T:~ 9100-0822 7 
Al 2f 4 9100-·0822 7 
A12T5 9100-0822 7 

Al2T6 9100····0822 7 

Al2Ul 1826-0933 4 
A 12U~~ 1U26···0139 9 
A12U3 1826-0282 3 
Al2U4 1826-0933 4 
A12U5 1826-0933 4 

Al2U6 1826-0933 4 
A12Ll7 1826-()282 3 

04192.-61683 8 
04192-61684 'I 

0340·-0i.!20 B 
3050-0082 B 
9170-01129 3 
04192-00671 6 
04192-·00672 7 

A13 04262-66503 

I 
I 

Table 6-3. Replaceable Parts 

Oty Description Mfr 
Code 

TRANSFORMER: PULSE ( 11307) 2H480 
TRANSFORMER:PULSE(11307) 213480 
TRANSFORMER:PULSEC11307) 2f.l4811 
TRANSFORMER:PULSE(11307) 2B4BO 
TRANSFORMER:PULSE(11307) 2fl4BO 

TRANSFORMER:PULSE(11307) 284BO 

IC NJM78Ll2A V RGL TR T0-9 2 
IC OP AMP GP DUAL 8-DIP·-P Pl<G 0192B 
IC V RGL TR TO-92 04713 
IC NJM78L12A V RGL TR T0-92 
IC NJM78Ll2A V RGL TR T0-92 

IC NJM78L12A V RGL TR T0-92 
IC V RGL TR T0·-92 04713 

1 CABLE ASSEMBLY 240MM WHT 2B480 
1 CABLE ASSEMBLY-C:DAX 180MM RED i.'8480 

BEADS 284BO 
WASHE.R-·FL NM NO, 4 , 116-IN-ID , 188-· IN-OD 284BO 
CORE-SHIELDING BEAD 28480 

1 SHIELD ,'8480 
1 SHIELD 2841'!0 

1 HP-1B CONNECTOR BOARD ASSEMBLY 

See introduction to this section for ordering information 
*Indicates factory selected value 

Section VI 
Table 6-3 

Mfr Part Number 

9100-0l:!22 
9101)-0822 
9100-0El22 
91011-0822 
9100-0822 

91110-0822 

NJM78L12A 
CA1458G 
MC79LI 2ACP 
NJM78L12A 
NJM78L12A 

NJM78Ll2A 
MC79L12ACP 

04192.-61683 
0419:~--61684 

034 0-0220 
3050-0082 
9170 ···0029 
04192-00671 
04192-00672 

6-41 
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Section VI 
Table 6-4 

Al 

A3 

A4 

AS 

A7 

A8 

6-42 

Board Name 

Range Resistor/Null 
Detector Board 
Assembly 
(04192-6650 I) 

Reference Frequency 
Generator Board 
(04192-66503) 

Fractional N Loop 
Board Assembly 
(04192-66504) 

Display and Keyboard 
Control Board 
Assembly 
(04192-fi6505) 

Power Supply Board 
Assembly 
(04192-66507) 

Floating Power Supply/ 
Bias Supply Board 
Assembly 
(04192-66508) 

Model 4192A 

Table 6-4. Board Mounted Hardware 

Part Number Q'ty Description Location 

04192-00691 I SHIELD CASE (Al-1) 
04192-00693 1 SHIELD CASE (Al-2) 
04192-00613 I SHIELD CASE (Al-3) 
04192-00694 I SHIELD CASE (A 1-4) 

Component Side 
04192-00692 I SHIELD CASE (Al-5) 
04 I 92-00611 I SHIELD CASE (Al-6) 

1400-0115 24 SCREW 
1400-0866 I CABLE CLAMP 

04192-00612 2 SHIELD CASE 
04192-0069 5 2 SHIELD CASE 
04 I 92-00696 2 SHIELD CASE Pattern Side 

2360-0121 16 SCREW 
2360-0123 8 SCREW 

04192-006 l 7 2 SHIELD CASE 
Component Side 

2360-0115 8 SCREW 

04192-00618 2 SHIELD CASE 
2360-0123 8 SCREW 

Pattern Side 

04192-20001 I SHIELD 
04192-00604 I SHIELD PLATE 

Component Side 
2200-0123 4 SCREW 
2190-0226 4 WASHER 

04192-20002 1 SHIELD 
Pattern Side 

0624-0077 2 SCREW 

04192-00642 1 SHIELD 
2360-0123 6 SCREW 

Pattern Side 

04192-0062 l I SHIELD CASE 
Component Side 

2360-0115 4 SCREW 

04192-00622 1 SHIELD CASE 
2360-0202 4 SCREW 

Pattern Side 

04192-00623 I SHIELD CASE (OUTER) 
04192-00625 1 SHIELD CASE (INNER) 
04192-00627 I SHIELD CASE Component Side 

2360-0115 10 SCREW 
1400-0866 I CABLE CLAMP 

04192-00624 1 SHIELD CASE (OUTER) 
04192-00626 I SHIELD CASE (INNER) 
04192-00628 I SHIELD CASE 

2360-0200 4 SCREW Pattern Side 
2360-0202 4 SCREW 
2360-0121 2 SCREW 
6960-0016 I PLUG HOLE 
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Model 4192A Table 6-4 

Table 6-4. Board Mounting Hardware (cont'd) 

Board Name Part Number O'ty Description Location 

04192-006 l 5 l SHIELD CASE (Al 1-1) 
04192-00614 1 SHIELD CASE (Al 1-2) 

Al 1 Process Amplifier 04192-00616 1 SHIELD CASE (Al 1-3) Component Side 

Board Assembly 04192-00619 1 SHIELD CASE (A 11-4) 

(04192-66511) 2360-0115 16 SCREW 

04192-006 l 2 4 SHIELD CASE 
Pattern Side 

2360-0121 6 SCREW 

04192-00667 1 SHIELD CASE (Al2-1) 
04192-00666 1 SHIELD CASE (A12-2) 
04192-00661 1 SHEILD CASE (A12-3) 
04192-00668 1 SHIELD CASE (A 12-4) Component Side 

Al2 Modulator Board 04192-00669 l SHIELD CASE (A12-5) 

Assembly 2360-0115 14 SCREW 

(04192-66512) 1400-0866 2 CABLE CLAMP 

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 PLUGHOLE 

2360-0115 57 SCREW-MOUNTING 
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Section VI 
Table 6-5 

Part Number 

04192-61601 

04192-61602 

04192-6 I 603 

04192-61604 

04192-61611 

04192-6 I 612 

04192-6 I 613 

04192-6)614 

04192-6 I 621 

04192-61631 

04192-61632 

04192-61633 

04192-61633 

04192-61633 

04192-61635 

04192-61635 

04192-61641 

04192-61642 

04192-6 I 643 

04192-61644 

04192-61651 

04192-61652 

04192-61653 

04192-61654 

04192-61657 

04192-61658 

04192-61659 

04192-61660 

04192-61661 

04192-61662 

04192-61663 

04192-61664 

04 I 92-6 I 665 

04192-61666 

04192-61667 

04192-61668 

04192-61671 

04192-61672 

04 I 92-61691 

04192-61609 

6-44 

Table 6-5. Interconnecting Cable Assemblies 

Description From 

A413/Al 112/A8J2 

A2Jl/A3Jl/A9J2 
6 WIRES A6J7 

AIJ9 

A2J5 
5 WIRES RECORDER OUTPUT 
2 WIRES EXT TRIGGER 

3 WIRES AIJI 

POWER LINE CABLE 3 WIRES LINE MODULE 

FLAT CABLE A2J2 
FLAT CABLE A6J4 

FLAT CABLE A2J4 

FLAT CABLE A613 
FLAT CABLE A612 

FLAT CABLE AIJ4 
FLAT CABLE AIJ5 

COAXIAL CABLE LcuR 
COAXIAL CABLE HPoT 
COAXIAL CABLE HcuR 
COAXIAL CABLE LpOT 
COAXIAL CABLE CHANNEL A 
COAXIAL CABLE CHANNEL B 

COAXIAL CABLE H (SHORT) EXTVCO 
COAXIAL CABLE H (LONG) VCOOUTPUT 
COAXIAL CABLE L AIJ8 
COAXIAL CABLE M AIJ6 
COAXIAL CABLE N AIIJ12 
COAXIAL CAB LE o AlJ13 
COAXIAL CABLE A A2J3 
COAXIAL CABLE B AIJ15 
COAXIAL CABLE c AIJ14 
COAXIAL CABLE o AlJ3 
COAXIAL CABLE E A318 

COAXIAL CABLE F A3J9 
COAXIAL CABLE G A3J4 
COAXIAL CABLE I A3Jl0 
COAXIAL CABLE K EXT REFERENCE 
COAXIAL CABLE J 1MHz OUTPUT 

1 WIRE GND TERMINAL 
FRONT PANEL CONTROL CABLE AS 

HP-IB CABLE A13 
TRANSFORMER CABLE TRANSFORMER 

Model 4192A 

To 

A7J5 

A7J4 

A7J3 

A8J3 

A3J2 

A913 

Al 119 

Al!Jll 

A7Jl 

A6J5 

Al 118 

A4J7 

A8Jl 

A9Jl 

AllJ12 

Al 211 I 

AIJ7 

Al 116 

AIJ2 

AIJl2 

AIIJI0 

Al 115 

Al 211 

A4Jl 

Al2J5 

Al2J4 

Al2J7 

Al2J6 

Al 113 

A315 

A3J6 

A8J4 

A4J5 

A12J3 

A6J8 

A12J8 

A3J7 

A313 

AlGND 

A6J7 

A6Jl 

A7J2 
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Model 4192A 

Reference HP Part No. 

l 5060-9836 
2 5040-7202 
3 1460-1345 
4 5060-9848 
5 5001-0441 
6 5040-7201 
7 5060-9948 
8 5040-7219 
9 5060-9805 

10 5040-7220 
11 2680-0172 
12 5040-7221 
13 2360-0195 

Figure 6-1. 

Qty Description 

l TOP COVER 
l TOP TRIM 
2 STAND 
l BOTTOM COVER 
2 SIDE TRIM 
4 FOOT (BOTTOM) 
2 SIDE COVER 
2 STRAP HANDLE CAP ( FRONT) 
2 STRAP HANDLE 
2 STRAP HANDLE CAP ( REAR) 
4 SCREW 
4 FOOT ( REAR) 
4 SCREW 

Major Mechanical Parts on the Instrument Exterior 
- Exploded View. 

Section VI 
Figure 6-1 

a, 
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Section VI Model 4192A 
Table 6-6 

Reference 
Designation 

l 0 
ll 

l 2 
l 3 
14 

l 5 

16 
l 7 

18 
l 9 

20 

21 
22 
23 

24 
25 
26 
27 
28 

29 
30 
31 

32 
33 

34 

35 
36 
37 
38 
39 

40 

41 

42 
43 
44 
45 
46 

47 
48 
49 
50 
51 

52 
53 
54 
55 
56 

57 

6-46 

HP Part Number 

5040-7219 
2680-0172 
5060-9805 
1400-1051 
2510-0192 

5020-8838 
04192-60002 
5060-9948 
04192-00605 
04192-08000 

04192-40002 
3101-2216 
3050-0235 
2910-0025 
0515-0150 

5040-7220 
04192-01203 
2110-0564 
2110-0569 
2110-0305 
2110-0016 

2110-0565 
1250-0118 
1250-0252 
0360-1190 
2190-0016 

2950-0043 
2950-0035 
3160-0311 
1250-1499 
9100-4223 

04192-00205 
2360-0l l 3 
1400-0611 
5020-8808 
1400-0866 

1390-0281 
l 390-0l 04 
04192-60004 
2360-0115 
6960-0016 

04192-60003 
04192-00641 
1400-0611 
2360-0113 
5060-9836 

04192-60001 
2360-0333 
5020-8807 
04192-00203 
04192-00201 
04192-00202 

04192-25002 
04192-85 l 01 
04192-85102 
7120-1254 
7120-0478 

04192-40001 
1250-0252 
04271-50025 
04271-50024 
2950-0035 

1510-0038 
04192-40001 
3050-0028 
04192-61691 
2190-0084 

2950-0006 
5060-9848 
5041-0564 
5040-7201 
1460-1345 

04192-25003 

Table 6-6. Parts Identification 

Oty 

2 
4 
2 
4 

16 

4 
l 
2 
l 
l 

l 
l 
2 
2 
2 

l 
7 
2 
3 

l 0 

7 
2 
l 
l 
l 

l 
l 7 

3 
l 

24 

Description 

STRAP HANDLE CAP (FRONT) 
SCREW 
STRAP HANDLE 
CABLE CLAMP 
SCREW 

STRUT 
SIDE PLATE (L) 
SIDE COVER 
HOOK 
SPRING 

COUPLER 
LINE SWITCH 
WASHER 
WASHER 
SCREW 

STRAP HANDLE CAP (REAR) 
ANGLE 
FUSEHOLDER BODY 
FUSEHOLDER NUT 
FUSE 1.25A 250V (198 ~ 250V) 
FUSE 0.6A 250V (90 ~ 126V) 

FUSEHOLOER CAP 
CONNECTOR-BNC 
CONNECTOR-BNC 
SOLDER TERMINAL 
WASHER 

NUT 
NUT 
FAN 
ADAPTER-COAXAL 
TRANSFORMER 

REAR PANEL 
SCREW 
CABLE CLAMP 
REAR rRAME 
CABLE CLAMP 

FASTENER-PLUNGER 
FASTENER-GROMMET 
SUB CHASSIS 
SCREW 
PLUG HOLE 

MAIN CHASSIS 
SHIELD 
CABLE CLAMP 
SCREW 
TOP COVER 

SIDE PLATE (R) 
SCREW 
FRONT FRAME 
SUB PANEL 
FRONT PANEL (HP) 
FRONT PANEL (YHP) 

WINDOW 
UNIT FILM (DISPLAY A) 
UNIT FILM (DISPLAY B) 
NAME PLATE (HP) 
NAME PLATE (YHP) 

GU IDE 
CONNECTOR-BNC 
JNSULATOR-BNC 
INSULATOR-BNC 
NUT 

BINDING POST 
INSULATOR 
WASHER 
TERMINAL (CABLE ASSY) 
WASHER 

NUT 
BOTTOM COVER 
KEY CAP 
FOOT (BOTTOM) 
STAND 

ROD 

See introduction to this section for ordering information 

Mfr 
Code 

Mfr Part Number 
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Model 4192A 

SECTION VII 

MANUAL CHANGES 

Section VII 
Paragraphs 7 -I to 7-5 

7-1. INTRODUCTION. Table 7-1. Manual Changes by Serial Number. 

7-2. This section contains information for adapting 
this manual to instruments to which the contents do not 
directly apply. The following paragraphs explain how to 
adapt this manual to apply to older instruments with a 
lower serial prefix. 

7-3. MANUAL CHANGES. 

7-4. To adapt this manual to your particular instru
ment, refer to Table 7-1 and make all of the manual 
changes listed opposite your instrument serial number. 
Perform these changes in the summary by assembly. 

7-5. If your instrument serial number is not listed on 
the title page of this manual or in Table 7-1 to the right, 
it may be documented in a yellow MANUAL CHANGES 
supplement. For additional information about serial 
number coverage, refer to INSTRUMENT COVERED BY 
MANUAL in Section I. 

Serial Prefix 
or Number 

2045J00253 and 
below 

'2045J00272 and 
below 

2045J00307 and 
below 

2045J00317 and 
below 

2045J00325 and 
below 

2045J00337 and 
below 

2045J00363 and 
below 

2045J00422 and 
below 

2045J004 72 and 
below 

2045J00522 and 
below 

2045J00547 and 
below 

2 045J005 72 and 
below 

2150J00733 and 
below 

2150J00772 and 
below 

2150J01572 and 
below 

2150J01673 and 
below 

Make Manual Changes 

1, 2, 3, 4, 5, 6, 7, 
9, 10, 12, 13, 15, 16 

2, 3, 4, 5, 6, 7, 9, 
10, 12, 13, 15, 16 

3, 4, 5, 6, 7, 8, 9, 
10, 12, 13, 15, 16 

4, 5' 6, 7, 8' 9, 10, 
12, 13, 15, 16 

5, 6, 7' 8, 9, 10, 12, 
13, 15, 16 

6, 7' 8, 9, 10, 12, 
13, 15, 16 

7, 8, 9, 10, 12, 13 
15, 16 

8, 9, 10, 12, 13, 15, 
16 

9, 10, 12, 13, 15, 16 

10, 11, 12, 13, 15, 16 

11, 12, 13, 14, 15, 16 

12, 13, 14, 15, 16 

13, 14, 15, 16 

14, 15, 16 

15, 16 

16 

7-1 
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SECTION VII 

7-2 

CHANGEl 

Page 8-127, Figure 8-80, A7 Board Schematic Diagram: 
Change the value of A7R66 to lkS"l 

Page 8-129, Figure 8-82, AS Board Schematic Diagram: 
Change the value of A8C7 l to 11 0pF 

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: 

DA C 

R'3 
:3.IGK 

Page 8-78 and Page 8-84, Page 8-90, Figure 8-43, Al Board Component Locations: 
Partially change the component locations as shown below: 

C!O c; 

B Iii (:25 

!!! C26 
I. I 

CZ, 

Ull U9 U8 r 
Page 6-4, Table 6-3, Replaceable Parts: 

See Table 7-2, Parts Information. 

Model 4192A 
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Model 4192A 

CHANGE3 

Page 8-113, Figure 8-6 9, A4 Board Schematic Diagram: 
Change tha values of A4Rll and Rl2 as follows: 

Rl 1: 383~ 
Rl 2: 147k~ 

Partially change the schematic as shown below: 

A4 FRACTIONAL N LOOP (P/N 04192-66504) 1 OF 2 

PHASE 
,---coMPARAfOR-----------

"" 

'>------i;::, :,'; 
,> --t r· , 
>---~~t· 
, & e,!f:,, .l .,. 

s r O "c 

' 0 ~" "" 

• X ' • - 0, I 
J b < k 

PHASE 
r---coMPARATOR~ 

•No 

--=c 

,o ~--,. - - - : 

0< ',,,, ;oo, ' 
" f g 

" - ------; >--- I '. OS • :,·. 

' t 2 

-~ >----- -• -~-- --.,;.- i 

:•,:_;_•oo -_]:·: 

~~Q,., , 0/ L 

>
>----
)---- ---

--=----· _ _2__, >----

L __ -"°' 
'---------- SUMMING ____/ 

AMPL1F•ER 

~.,Jd --~ 
•~~ho' 

-------+-------, ~;' I ~,f ,\ 
J~ .. ' 

,~;,k~ 
'-----"' '"''"' :"" ___ --_,,_ - - ,,,,:. 

SECTION VII 

r 
l 

7-3 
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SECTION VII Model 4192A 

Page 8-112 and Page 8-115, Figure 8-68, A4 Board Component Locations: 
Partially change the component locations as shown below: 

(D 

~B 
-Rll2- -Rl09-

:::::: ::::~: 

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 A 7R54 to 2.2k\2 

Page 8-137, Figure 8-87, A9 Board Schematic Diagram: 
Change the values of A9C4, A9C5 and A9C6 to 0.01 µF. 

Pages 6-11, 6-13, 6-14, 6-15, 6-16, 6-1 7, 6-18, 6-26 and 6-31, Table 6-3 Replaceable Parts: 
See Table 7-2, Parts Information. 

7-4 
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Model 4192A 

CHANGE 4 

Page 8-133, Figure 8-84, A8 Board Schematic Diagram: 
Change the value of A8R6 l to 422St 

Change the value of A8R54 to 200St 

Page 6-30, Table 6-3, Replaceable Parts: 
See Table 7-2, Parts, Information. 

CHANGE 5 

Page 8-91, Figure 8-49, Al Board Schematic Diagram: 
Change the values of AIC15, Cl6 and C22 as follows: 

Cl5: 2.2pF 
Cl6: 8.2pF 
C22: l.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 Locations: 
Partially change the component location as shown below: 

G 
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: 

R50 R49 
68 68 

Kl 

T J'<J r~ -

R42 R41 r 68 68 

Cll5 

·~ 

SECTION VII 

7-5 
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SECTION VII 

7-6 

CHANGES 

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 A4R 11 and R 12 as follows: 

Rll: 383r2 
Rl 2: 147krt 

Partially change the schematic 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. 

,Q, 

+ISV 

---- - -- ------ --- ------ -1 
L'O 
s.s I 

+12V2 / 

I 

I 

I 
I 

I 
I 

I 
I 
I 
I 

C68 I 
6-8P I 

---+-------l t--------1--
R78 

" 
1 
I 
I 

I 
I 
I 

------------------~ 

Figure 7-1. 

Model 4192A 
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Model 4192A SECTION VII 

1 OF 2 

PHASE r- COMPARATOR~ 

PHASE r-- COMPARATOR ~ 

u~es,~-----'NTEGRATOR---
''0"' 

f:"i,.--'f '. l 
I 

"--------API CURRENT SOURCE _____ _,, 

Figure 7-2. 

Figure 7-3. 

Figure 7-4. 

7-7 
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SECTION VII 

7-8 

--------------------------------------------, 
(D 

-L5-

-RI05-
C43 

-RI06· 
-RI07-
-Rl08-

-RIOI-
C42 

- RI02-
-RI03-
-Rl04-

¥□ 
-Rll2- -Rl09-
-Rll3- -RIIO-
-Rll4- -RIii-

031 030 

-Rll6· - Rll5-
-CR24· -CR23· 

(§) 032 
-Rll7-

-C45-

-C46-

014 
-C33-

-W2-
-R65-
-R66-

013 

-C31-
-R70- -R54-

-R71- -R55-

016 

-R72-

015 

-R56-
C32 

-R73-
·C34 -
-R74 -
-C35-

-CRl5-
CRl7 

027 

018 017 -R57 -

-R67- -R5B-
-R68- -R59-
-R69- -R60-

020 019 
-R61-

8 -R62-
-R63-
-R64-

-C36-

-CRl3-
·CRl4- 022 

J4 

028 -CRl6- -R?5 _ 

~ C37 

-R24- -C20-
-R25- a-R20-
-R26- U 2 -R21-
-R27- -R22-

-W 1- -R23-
·R28- -R29-

-R44 -
-R45-

08 

-R46-

09 

-R47-
-R4B-

06 
- R32-
-R33-

07 
-R34 -
-R35-
-R36-
-R37-
-CRI I-
-R38-

-Rll8-
-Rll9-

035 

-Rl20· 

029 ~ ~ 18 012 

-R49-
-R50-

010 
-R39-

-Rl21-
- Rl22-

036 

-Rl23· 
-Rl24-

037 

034 

-R96-
-R97-
-C47-
-R98-
-R99-
-RIOO-

- C39-
·CR20-
-R91-
·CR21-
-R92-
·CR22-

·CRIS· 
-CRl9-

I I I 
() :0 :0 
"" 0)(1> 

0 
I\) 

o, N-
2 I I I 

"' "' 
-R8B- -R84-

-R93- -R89- -R85-

=~~;: -R90- :m: 

-C41-

-R51 -
-R78 - -CRl2-

024 -R52-

0 
00 

-R53-
-C27-
-C2B-

U4 

-C29-

U5 

0I I 

-R40-
·R41-
-R42-
·C26 -

~ ® ~ 
to ~ 

-C50-

Ul3 

·CR30· 
-R43-I -Rl39-

-C59-

038 
-Rl40- - Rl32-

ill 0 8_ 
C 

-Rl47-
- C65 -

~ 0 0 0 tJ~0 
- LB - -C62- -Rl42- C57 -Rl34-
-C66- - Rl41- - Rl35-

-Rl48-

039 
·Rl49· 
-C67-
-C68- ITJ 0 0 [I] [I] 
-Rl50-
-Rl51- -Rl37- -Rl36· 

-C70-

-L7-
-C54-

-C55-

040 
-Rl52-

-C69-
-Rl53 -
-Rl54-

0 0 0 0t00 
• R144 - - R143 - - C58 -
-C63 - -C61-

Figure 7-5. 

-C56-

' ' 
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Model 4192A SECTION VII 

CHANGE 9 

Page 8-133, Figure 8-84, A8 Board Schematic 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. 

7-9 
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SECTION VII 

7-10 

Page 8-129 and Page 8-132, Figure 8-81, A8 Board Component Locations : 
Change the component locations as shown below : 

• 

□ ... ,_-'-J-"'2 _ _., □ GEi L32 

r-----------------------------, 
: C4 B C3 CZ 

·Ci4• 
-R2 -
-R3 -
-R4-

C33 
- R9 -
-RIO -
- RI I -

C52 
-Rl6-
-Rl7-
-Rl8 -

() 
A 
<D 

() 

-R20· ~ 
-R21-

8$ 
C74 C75 

I 

I Cl I 
I 

I Cl3 

C32 

B 
C48 

C51 

B 
C68 

B 

CJO C9 ca =~ ~= C7 C6 C5 

o-L6- • CRI- -L3- - L5- -L4-

LJ -L 7 _ - CR2-o-Cl2- -R I -

-LS- Cl8 Cl7 0 1 - Cl6- Cl5 
A C22 T& -R5-
:;l C2I C20 Q 03 

Ci9 02 c::J 
C28 C27 C25 C24 

·R7- C26 -L9- -R6- 04 

0 -u2- :~~~: 

8 
_01:_1 1- -LIO-

□ -u3- -R8-
-u4- C37 C36 05 - C35- C34 

~ c41 T 10 • R 12 -

"' C40 C39 C38 06 g 07 

C47 C46 C44 C43 W 
·Rl4 - C45 - Ll5- -R l3• 08 

□ =~II:-= :rn~: o -C50L_l7- .;;;-5:16-

LJ -L20- C56 C55 °9 -C54- C!Sl 
n T 14 -Rl9-
~ cs0 

C59 Q 011 
C58 C57 0 10 ~ 

C67 C66 C64 C63 
-R23- C65 -L 2 1- -Rl.!- 012 

- L23- - L22-B -L24-
-L25 -

C72 C7 I QI:!! C70 

C82 CBI o 
-RZI - CBO .: C78 

- CR7• 
•CRB
· CR9- G • R24 • 

· R25-
·R26· 

Di;:: B LJo I T23 
I 

C98 C97 I 
I C96 

(cl I 
~ Cl04t 

I CI03 

@ Cloe: 

I 
Cll0 I 

I 

C77 
CBg C76 •CRIQ-

6 CBB -CB5· 
·CB6· 

- L28- ·CRl l• o87• ·CRl2· 
C9!! -L29-

-L30 - C94 
o . T21 

2 C101 CIOO C99 

C,07 CI06 Cl05 
•R3 1- Cl09 

- L27-
•C84-

-L26-
•R2B-

C92 0 14 -C91 - C83 
-R29• 

Q 0141 
C9l 01, a 
- L31 - •R30- 0 17 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

:111 
I 
I 
I 
I 
I 
I 

:111 
I 
I 
I 
I 

: I I 
I 

@ ~ L_ -------- -------- - ---- --~-----J 
J5 

'/'~ 
J6 ·R32- Cl 

r---- - ----- - --- , =~~: 
B 

CII 
--C112--- ·CR20- G · CRl3- 029 -R33-

•CRl4-8 018 -R34-
·CRl5· K I 030 •CRl7• ·CRl6 • -R37-

D B •CRIB-•CR21- •CR33• 

Cll5 •R40- Cll4 ·R39• ·CR34• 

·CR22· •R75- •CRl9• 
0 19 ·R41- •R38• 

• R44- 020 •R42• Cl l3 
·CR23· •R43• 
-R45- ·CR24• B B B B ·CR25· 021 ·R46-•R47• 022 ·CR26· -R48· -R49• 
•CR27• Cl l6 • R5 0 • 
•R52 · 

0 23 ·R51• 
·CR28-

~ 
·CR29-

EB -R56- 024 -853-
-11!17- -1155 - • CR30· 
• R5B- -R59-

-Cll7--R61- • Rt<>- 0 ~ 

7 

-R62- 025 ·CR31• e "' -R63• e C& .... 
·R64- -CR32• 

026 --- • R66- e!-7~ -RM• · RU-

Cl22 
-1172-

El ·CJl9· • CJ21 Cl20 -1173• ·R69-
L _ _ _ _ _ _ _ _ _ - R74 - •R70-

Model 4192A 
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Model 4192A 

CHANGE IO 

Page 8-112 and Page 8-115, Figure 8-68, A4 Board Component Locations: 
Partially change the component locations as shown below: 

r ..,, 
I 
- CR30-

Page 8-115, Figure 8-71, A4 Board Schematic Diagram: 
Partially change the schematic as shown below: 

S+-5V ,, 
Rl30 +SV •SV 
3-3K 

----< Rl35 
2.2K 

Rl32 
3.3K 

,,--- FRACTIONAL 
,, N CONTROL -----.. 

+-15V -12V 

" ( ~CR30 Rl39 
~;,orv 8-25K 

.. ~ +sv ~7cs9 
T22 21 ]g 1,4.64~ To.01 
\7 +-12V -4V 12 7 "v 

PULSf l'lfMOVE t=----+-+-+-+-+-+-,f-+-

7 " .-+---2---<Ac111P CLc;c:HC~~:RLO: r,,----, 
CYCLE START SIASt,;;,o..._ _____ ,_. 

24 

26 

Page 6-15, Table 6-3, Replaceable Parts: 
See Table 7-2, Parts Information. 

AP I S f-'6'----4--,i-+---' 
API 4 r''----+-~-----' 

U I 7 ::: ~ r;c----+-+-1---' 
API I r 2~--t-+-t---~ 

oe &____, 

SECTION VII 

7-11 
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SECTION VII 

7-12 

CHANGE 11 

Page 8-129 and Page 8-132, Figure 8-81, A8 Board Component Locations: 
Partially change the component locations as shown below: 

J 3 

r-- - -- - -- ---- -- - --- -- -- -- - ----7 

: C4 Q C3 C2 : 

I LJ I 

: CII CIO C9 ca -LI- C7 CG C5 : 
I -L2- ll 

-C14· 
-RZ -
-R3-
-R4-

I 

~I 
01 

Cl3 G-L6- -CRI- -L3- -L5- -L4-

-L 7- -CR2-o-Cl2- -RI- I r;;l -LS- CIB Cl7 QI -Cl6- Cl5 I 

LJ n C22 T6 -R5- I 
~ C2t C20 r::7 03 I 

C29 Cl 9 az l.::J 
C.33 l 

- R9 - I C32 
-RIO- I 
-RI I - J 

~I 
«>I G 

I C48 
C52 I 

=::~= : C51 

-RIB- I B 
~ I Tl6 

-R20- tv I 
-R2 I- I 

C28 

B 
£ C41 

C27 C25 C24 
-R7- C26 -L9-

~~:!~ =!:}= 8-~~L_' ': 
T 10 

C40 C39 C38 06 

C47 C46 C44 C43 
-Rl4- C45 -L15-

LJ -Ll9-

-RG- Q4 

-LIO-
-R 8-

C34 
-C35-

- Rl2-

B 01 

- RI 3- QB 

-LIG-
-RI 5-

C53 

□ -LIB-:~~~= o-C5o:l7-
-LZO- C56 C55 09 

~C60 C59 Tl
4 

011 
CSB C57 010 B 

-C54-
-Rl9-

C67 C66 C64 C63 
-R23- C65 - L2 I- -R22- 012 

□~: C68 

LJ«>1 

C74 C75: BB -L23-

-L24-

-L25-

C72 C73 
-L22-

C7 I 
013 C70 

G - R24-
C82 

-R27-

□ ~: LJ O I 
I 

C98 C97 I 

CBO 

I C96 

/qN I \t::j Cl041 
I CI03 

@ c1oe [ 
I 

c110 I 
I 

n -CR7-
--,i C78 -CRB-
ID C77 -CR9-

6 
ceg C76 -CRlO-

CBB -CB5-
-CB6-

-L2B- =~=i1~~ 887-
C95 -L29-

-L30 - C94 
n T21 

2 CIOI CIOO C99 

CI07 CI06 CI05 
-R31- CI09 

-R25-
-R26-

-L27- -L26-
-C84-

C92 

C93 

-R28-

014 - C91 - C83 

-R29-

Ql5 
~ 016 a 

- L31 - -R30- 017 

§ ~ L - - - - - - - - - - - - - - - -RTT:: - - - - - - - - - - - - J 
J5 

-R78- 033 
Cl23 -CR3?-

J6 - R79-=~i~-= 034 r--------------, ==~~= 
I -- Cl12 --- I -CR20-
l -CRl3- I 029 

I -CRl4- 8 QIB I : =~::g: K I -RJ 7 _ I 030 
-CR21- I -CR33-

I
[ Cll5 - R4 o- Cll4 -R39- I =~~3;~ 

-CR22- l 

I -R44- Ol
9 

020 ==:~= I Cll3 
I -CR23- -R43- I 
I -R45- -CR24- I 

I =~~5.:- 021 022 ~~266: I 
I -R4B- -R49- I 
l -CR27- Cl 16 - R50- I 

: :ci~t- 023 -R51- I 

I ::g~: 024 -R55- 8 
I - R5B-

-Cll7 ---:RGI- -RGO-

-CR29-
-R53-

-CR30-
-R59-

-R62- 025 -CR31- 8 ==~~= ~ -CR32- U 15 
-R65- 026 '-;_:;) -R68-

Cl22 Cl21 Cl20 ==~~:_ : ~ 
L _ _ _ _ _ _ _ _ _ - R74 - J 

-R66-
-R67-

-Cl19· 
-R69-
-R70-

Cll l 

-R33-
-R34-

-CR17-
·CRIB-

-CRl9-
- R3B-

-CR38-

Model 4192A 
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Model 4192A SECTION VII 

Page 8-133, Figure 8-84, A8 Board Schematic Diagram: 
Partially change the schematic as shown below: 

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: 

"-'LINE 
VOLTAGE FUSE SELECTOR 

O' I 
l OOV"-' l AT 
l 2OV"-' 25OV"-' I_J 
7 e 
22OV"-' 6OOmAT 
24OV"-' 25OV"-' 

0 I I 

7-13 
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SECTION VII 

7-14 

Page 8-127, Figure 8-80, A7 Board Schematic Diagram: 
Partially change the schematic as shown below: 

" 

S3 

220-.2•ov l 
+!!¾,-10•,1,\ 

198V~250V 
901/"-'l26V 

SI 

8Ll</R£D 

BLK/YEL 

CHANGE 13 

Page 8-85, Figure 8-47, Al Board Schematic Diagram: 
Change the value of A1Rl82 and AlR183 to 20k~ 

See Table 7-2, Parts Information. 

CHANGE 14 

n 
I 

[
'>-f-
1 : 

I 

,r+-

Page 8-112 and Page 8-115, Figure 8-68 A4 Board Component Locations: 
Partially change the component locations as shown below: 

Glr LJ -CR30- -CR31-

Model 4192A 
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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: 

Page 8-133, Figure 8-84, A8 Board Schematic Diagram: 
Partially change the figure as shown below: 

l --

CHANGE 16 

Table 6-3, Replaceable Parts: 
See Table 7-2, Parts Information. 

CHI 

-R33-
-R34-

•CRi7-
•CRl8• 

•CRII~• 
•R38• 

SECTION VII 

7-15 
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r 

SECTION VII Model 4192A 

Table 7-2. Parts Information (Sheet 1 of 2) 

CHANGE Page Note Reference HP Part Description Designation Number 

1 6-26 C A7R66 2100-3211 RESISTOR-TR1'1R lK 10% 1 TRN 
6-28 C A8C71 0140-0194 CAPACITOR-FXD llOpF 

2 6-4 C A1Cl35 0160-2204 CAPACITOR-FXD lOOpF 

3 6-14 A A4C26 0160-0127 CAPACITOR-FXD lµF 50VDC 

and C A4C27 0160-4571 CAPACITOR-FXD .lµF 50VDC 
C A4C28 0180-1746 CAPACITOR-FXD 15µF 20VDC 

8 A A4C29 0180-1746 CAPACITOR-FXD 15µF 20VDC 
A A4C54 0160-3847 CAPACITOR-FXD .OlµF 50VDC 
A A4C55 0180-0229 CAPACITOR-FXD 33µF lOVDC 
A A4C70 0160-0127 CAPACITOR-FXD lµF 50VDC 
D A4C74 0180-1083 CAPACITOR-FXD 33µF 
D A4C75 0180-1083 
D A4C76 0180-1083 
D A4C77 0180-1083 
D A4C78 0180-1083 
D A4C79 0180-1083 
D A4C80 0180-1050 CAPACITOR-FXD lOOµF 
D A4C81 0180-1085 CAPACITOR-FXD 4.7µF 
D A4C82 0180-1050 CAPACITOR-FXD lOOµF 
D A4C83 0180-1085 CAPACITOR-FXD 4.7µF 
D A4C84 0160-0127 
D A4C85 0160-4832 

6-15 A A4CR22 1902-0041 DIODE-ZNR 5.llV 5% 
C A4L7 9100-1788 CHOKE-WIDE BAND rnAX=600 
D A4L9 9100-1788 CHOKE-WIDE BAND Z1'li\X=600 
D A4Ll0 9100-3139 INDVCTOR 75µA 15% 
A A4Q24 1855-0082 TRANSISTORJ-FET P-CHAN 
A A4Q34 1854-0215 TRAI\SISTOR NPN 

6-16 C A4Rll 0698-3446 RESISTOR 383 1% 
C A4Rl2 0757-1094 RESISTOR 1.4 7K 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 A4Ul3 5080-3070 IC DRUR TTL LS 
A A4W3 8159-0005 WIRE 22AWG 

3 6-26 C A7R54 0683-2225 RESISTOR 2.2K 5% 

6-31 C A9C4 0160-3847 CAPACITOR-FXD .OlµF 50VDC 
C A9C5 0160-3847 CAPACITOR-FXD .OlµF SOVDC 
C A9C6 0160-3847 CAPACITOR-FXD .OlµF SOVDC 

3 6-11 D A3C80 0180-1050 CAPACITOR-FXD lOOµF 
and 6-13 C A3R74 0698-3401 RESISTOR 215 Po .SW 

8 A A3R87 0757-0401 RESISTOR 100 Po 

4 6-30 C A8R54 2100-3212 RESISTOR-TR1'1R 200 10% 
C A8R61 0698-3447 RESISTOR 422 196 

5 6-3 C AlClS 0160-2241 CAPACITOR-FXD 2.2pF SOOVDC 
C A1Cl6 0160-2265 CAPACITOR-FXD 8.2pF 500VDC 
C AlC22 0121-0127 CAPACITOR-V TR1'1R-AIR l .5-4pF 

6 6-15 D A4Jl0 1200-0567 SKT-IC 28-CONT 

8 6-14 A A4C71 0180-0374 CAPACITOR-FXD lOOµF 20V 
A A4C72 0180-0374 CAPACITOR-FXD lOOµF 20V 

7-16 
A: Add D: Delet C: Change 
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Model 4192A SECTION VII 

Tagle 7-2. Parts Information (Sheet 2 of 2) 

CHANGE Page Note 
Reference !IP Part Description 

Designation Number 

9 6-28 D A8Cl23 0180-1052 CAPACITOR-FXD 220µF 6.3V 

6-29 D A8CR37 1902-3036 DIODE-ZNR 3.16V 5% 

6-30 D A8Q33 1854-04 77 TRANSISTOR NPN 2N2222A 
D A8Q34 1854-04 77 TRANSISTOR NPN 2N2222A 
D A8R77 0683-1015 RESISTOR 100 5% .25W 
D A8R78 0683-1015 RESISTOR 100 5% .25W 
D A8R79 0683-1025 RESISTOR lK 5% .25W 
D A8R80 0683-3835 RESISTOR 33K 5% .25W 

10 6-15 C A4CR30 1902-3030 DIODE-ZNR 3. 01 V 5% 
D A4CR31 1902-3059 DIODE-ZNR 3. 83V 

11 6-29 D A8CR38 1901-0050 DIOD-SWITCl!ING 
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-TR~IR 20K 
C A1Rl83 2100-3353 RESISTOR-TRMR 20K 

15 6-28 A A8Cll8 0160-2204 CAPACITOR-FXD lOOpF 
A A8Cll9 0160-2204 CAPACITOR-FXS lOOpF 

6-31 C A8Ul4 1826-0035 IC OP MIP 
C A8Ul5 1826-0035 IC OP MIP 

16 6-20 A AS M/P 1251-1998 CONNECTOR-SGL CONT SKT 
D AS WP 5040-3323 INSULATOR 

A: Add D: Delete C: Change 

7-17 
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MANUAL CHANGES 

4192A 
- MANUAL IDENTIFICATION -

Model Number: 4192A 

LF IMPEDANCE ANALYZER Date Printed: MAR. 1983 
Part Number: 04192-90001 

This supplement contains important information for correcting manual errors and for adapting the manual to instruments containing 

improvements made after the printing of the manual. 

To use this supplement· 

Make all ERRATA corrections. 

Make all ,ppropriate serial number related changes indicated in the tables below. 

SERIAL PREFIX OR NUMBER MAKE MANUAL CHANGES SERIAL PREFIX OR NUMBER MAKE MANUAL CHANGES 

ALL ERRATA 
2150J01733 

and above 4 

ALL 
2150J01798 

and above 5 
2150J01323 2 2150J01978 

and above and above 6 
2150J01537 

3 

► NEW ITEM 

and above 

ERRATA 

► Page l-19, Table l-4. Accessories Available, Model HP 16076A: 
Change the part number of the contact insert for the radial 
short lead components G) from 16047-60001 to 16047-65001. 

► Page 3-20, Table 3-6. Test Parameters: 
Change the Range for STEP BIAS to lOmV ~ 35V. 

Page 3-59, Figure 3-30, Operating Instructions for Impedance 
Measurement: 

Add the following "CAUTION": 

CAUTION 

DO NOT APPLY A VOLTAGE TO THE LcuR OR LPOT TERMINALS. TO DO 
SO MAY DAMAGE THE INSTRUMENT. 

NOTE 
Manual change supplements are revised as often as necessary to keep manuals as current and accurate as possible. Hewlett-Packard 
recommends that you periodically request the latest edition of this supplement Free copies are available from all HP offices. When 
requesting copies quote the manual identification information from your supplement. or the model number and print date from the title 
page of the manual. 

Date/Div: NOV. 1 , 1983/33 
Page 1 of 11 

Printed m Japan 

F/,p"I HEWLETT 
~~ PACKARD 
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Page 3-76, Figure 3-38, Sample Program l: 

Add the fol lowing statements to the head r)f the 9825A and 9835A 
programs, respectively: 

9825A Program: 
9835A Program: 

Clr 717 
CLEAR 717 

► Page 3-51, Figure 3-25. Equivalent Circuits Including Residual 
Impedance: 

Change the equations for jXm, Grn and jBrn to read as follow: 

·{ X(1-wCoX) - wCoR 2 
} 

jXm = J ( 1-1,iCoX + RGo) 2 + ( wRCo + GoX) 2 +inLo 

= G(1+ GRo) + RoB 2 

Gm ( 1-1,iloB + GRo) 2 + ( 11iGLo + RoB) + Go 

.7
.Bm ={J· B(1-1,1L0B) - 1uloG

2 
+wco} 

- ( 1-iuLoB + GRo) 2 + (iuGLo + RoB) 2 

► Page 3-54, Table 3-19. Measurement Time for Impedance 
Measurement: 

Partially change the measurement times as follows: 

Measurement Measurement Measurement Frequency (Hz) 
Function Mode 150 ~ 400 I 400 ~ 116K 116K ~ 13M 

IZI/IYI - 8 NORMAL 159 ~ 172 No change 

L/C - D/Q/R/G HIGH SPEED No change 70 ~ 74 

► Page 3-56, Table 3-21. Typical Characteristics of Test Fixtures 
and Leads: 

Partially change the Residual Parameter Values as follows: 

Residual Parameter 
Model No. Value 

16048( L < 200nH 

16034B L < 30nH 

16095A L ~ 40nH 

16096A L ~ (100+0.5f 2 )nH 

- 2 -
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► Page 3-77, Figure 3-39. Sample Program 2 Using 9825A/9835A: 
(f1ange line 4 and 5 of the 9825A Program as follow: 

4: 0 ➔ I 
5: I + l ➔ I 

► Page 4-26, APPENDIX: 
Delete the Table of Related Manual Pages. 

► Page 8-129, Figure 8-82, A8 Floating Power Supply/Bias Supply 
Board Assembly Schematic Diagram (sheet l of 2): 

Partially change the diagram as shown below: 

U I 

+5V 

J3 +5v-

GNO---{ 12 
T4 LI RB 

J2 T3 2.lm 10 220 
♦ ,v---< 4 + 5V 

J2 I CIO •c, 
GNO---( , " ~" I L3 

+1,v---{ J3Z 
2.2 

+1,v 

I • C7 

- 1:; V ---( J/ f" 
-1,v 

1 
ca ca 

GNO ---{ ~~ ( i35 ;" 

► CHANGE l 

Page 2-2, Paragraph 2-12: 
Change the part number of the three prong to two prong 
adapter to 1251-8196. 

Page 2-3, Figure 2-2. Power Cables Supplied: 
Delete the following note: 

* In the U.S.A. a 230-volt mains might 
not include a neutral conductor. In 
this case it is recommended that the 
blue conductor of the standard power 
cord be connected to the terminal 
normally used for neutral (line 1). 

Page 6-13, Table 6-3. Replaceable Parts: 
See Table l. Parts Information. 

Page 6-15, Table 6-3, Replaceable Parts: 
See Table l. Parts Information. 

Page 6-46, Table 6-6, Parts Identification: 
See Table l. Parts Information. 

- 3 -
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► CHANGE 2 

Page 6-5 , 6-8, 6-9 and 6- 10, Table 6-3 Replaceable Parts : 
See Tabl e 1. Parts Information. 

Page 8-78, 8-84 and 8-90, Figure 8-43 . Al Range Res i stor/Null 
Detector Board Assembly Component Locations: 

Part i ally change the component Locations as shown in Figure 
1. 

Page 8-96 , Figure 8-54 . A2 Phase Detector/A-D Converter Board 
Assembly Component Locations : 

Partially change the Component Locat ions as shown below: 

0 
N 

C C 
N 

on 
0 

JI 

0 
(>I 

t 
:0 

\ 
r 

\ 

0 

0 .,. 

I I 
:on 
• :0 
(>I..,. 

I 

0 
(>I 

I 

:u 
0 N 
(JI 0 '[TI'' O C o :O, 

oi OI ai ~!:? 0 
I I I ~ en 

0 ..,. 
I 

I I I 

~ r.:-\. i!l ~ 
ID \!!!_/ 0 -
I I I 

I I I I I 
:u :u :0 :0 :0 
(>I (>I "" • .,. 
a, ID O N 
I I I I I 

- 4 -

• 

0
0 
I 

C 
I I 

~~ en ..,. 
I I 

8 
I I 

:u :0 
NN ..,. a, 

0 
N 
0 

I I I 
:0 0 :::0 
N :U N 

:0 N UI (>I 
N I I I 

I I I 
0 :::0 ::0 
:0 NN 
01 CJI OI 
I I I 

I I 
::0 ::0 
(>I (>I 
.,. (JI 

I I 

I I 
::0 ::0 

~~ 
I I 
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' I 

-CR31-
-CR32-
-Rl59-

L-----------:_ __ _ 

Cl28 
042 

-Rl67-
-Rl68- 043 

-Rl46- 032 -Rl06-

·Rl47- =~:g~:: 
- CI02 - -Rl09-

-Rl69- -CI03-

C86 
C87 C54 

C50 

C88 
C46 Q23••• ::;j 
-R64- jf Q 014 1 I In 

@ -L4- '!'~ ~ -R34- Cl7 ~~;;; -Cl21- -Rll0-
Cl29 -Cl22- 036 033 -RIii -

Cll6 -C99- -Rll2-
-Rl48-

-Rl70- -RJ49-
-R17 I - -RIW-

:~:~g~ -Cll7 -

B 

- Rt33- - RI 13-

Cl04 ~ 
CI05 L_:....::___J 

-Rl34- -Rll4-
·Rl35- -Rlt5-
-Rl36- -Rll6-

L---------
- Rl51 - CIOG C96 
-Rl52 -
-Rl53-

·Rl73-
-R174-
·Rl75-
-Rl76-

045 -CR33-
·CR34-, -Cll8-

C97 
-L7-
C98 

-c131-

-L10- -Rll7-
·R137-

-Cl32 - -Rl38- -CR27-

-LII-
- Cl07- -RHB -
-CR30- -Rl19-

-Cl33- B C93 
-Rl77-

044 

-Rl78- -Rl54- -Rl39- -Rl20-
·Rl40- - Rl21-
·R141 -

-Rl79- -CR35-

' ~· \Jij : 

' 

' I 
! 
' ' 

EJ\ 
I 

' I 
' 

·CR36-

------------7 
-Rl55- ::¾i :i, I 
-CR37- ii,: N I 

l'IJ I 0) I I 

I~. I i~ 
~ I l 

Cl23 , n 

r-=7 ~£ ~ 
~ ~~ 

-Rl30- -Rt56- 6 ';' 
-RISI - -Rl57- Q 
-Cl 24- -Cll9- , ~ 

B '' I 
DD I 
NN I i"~: 

B 
I 

Bi 
Cl20 - L9-

I 
I 

' ' _J 

-RB0- :::~= 024 C28 I l 

-RBI- :_,4R76?- -R56- 016~ QI0 05 

I 
C5 
I 

C64 UIG : -C48-a c, ~ 
I - R68- U 12 C40 l.>I ~ C29 

CS5 Ul7 : C4g o, Q2 EJ L _____________________________ R .~· 

I 
_ _J 

~i ---------------------~ -R3-

9~ f QII I :~t:: 
-R82-@: 025 017 -Rl8-C18: -R4-

C79 C58 11 - R70- 018 ~ I I 
C78 C66 ' -R69- 06 / ]RUSI-, 

ceo i • : - R7 I - ; : ~~~: l 
;u;u : E] I I I I I -CR6- : -R 6-~g: C59 I ~ i: ~ 1 - Rl9 - 1 _ R 7 _ 
I I : <;'7t~ ~ : EJ 

C67 

QC68 
L:_JC69 

'' "" 

: , I I I I I I j Or Cl9 : I 

C60 1 ~ l;Q~~ ii -R20- 1 n n ~ 
IN -o--l- O)IJI I 0)1.>1 

:,1,1111~1'°•, 

1 KI t n 

'~ .., Ll ' @ " 
g;:~ C61 
1 

~ CR4r-
C81 -Rl86-
C82 

C83LJ 

LJ 
i -·R:2 ~~¥□ i 6N 8 A 

U 18 t I O tJ 
: -R53-- j,D: '0 

Ul9 ! -CR9- -CR7- ~ K 3 l -
I -CRI0- -CR 8- 1 1 

~:: i -R7

~~6 -::- 012 OB i © 
D I _.J 

~ <"> -RB7 - ~------r~-s-fff~~ffu• I~~ 
(I@] ci =::= -CRl5--R99-

·RI00-

RIOI 

EJ 
CBS 
[Lill 

-R102-
·Rl03-

R!04 

·CRl6-

- CR2S- =~1r: 
028 -R74-

·C52-
-R75-

-R90-
C7 l -R91-

C72 G 
I -R92- -R76-

-R93- -C53-

~ 029 ~~;179~ 
1.>1 -CR26- -CR20-
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Page 8-85, Figure 8-47. Al Range Resistor/Null Detector Board 
Assembly Schematic Diagram: 

Partially change the diagram as shown below: 

A 1 RANGE RESISTOR/NULL DETECTOR (P/N 04192-66501) 2 OF 3 

L, 
+~\IM 

~o' '9 

~ 
•Ic120 •lc134 

Ve 

., f" ~·' J'' 
0 + 121,1 

... 12v 

C26 

d f" 
0 

"' J5-1,2,3 ·r' To Al I J5 

A I - 6 PHASE TRACKING CKT 

''"m ;i, 3 ~ 0 >---------------------------------------

,---------- PHASE TRACKING CKT 

- 6 -
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Page 8-91, Figure 8-49. Al Range Resistor/Null Detector Board 
Assembly Schematic Diagram: 

Partially change the diagram as shown below: 

T7 

L 

T6 

CD 

KO~ .l.c33 ® .lc29 

i47 

3.16K 

i220 
R66 R67 C28 

46,4 3.16K 
IP 

0 T3 

-C67 C65 
4.7 4.7 

REGULATOR 

© C69 

JIOOOP 
Ul6 

+ 12 VHC 

R85 
14,7 

R83 
14.7 

• C61 • C58 / 

i220 i22
1
o1/ 

,---------- _______ _/ 

1 

I 

CBI 

JIOOOP 

0 L* 

+l2VHC R86 
14.7 

-12VHC 

~--e---,REGULATOR'----- - 12VHc 

-15VHC U!9 

- 7 -

R56 

I00K 

C47 ~ 
R68 
I00K 

A I - 3 HcuR r--- -

I. 
I 

I 

I 

P/>WER 
I 

R44 
IK 

\. 

R 71 
J.4 7K 

RB4' 
14-7 '\ 

\. 
C59 \. 

220i ' 

AMP, (OUT) 

\ 

' 

R70 
46.4 

\. 

L' 
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R33 
IOK 

Page 8-97, Figure 8-55. A2 Phase Detector/A-D Converter Board 
Assembly Schematic Diagram: 

R32 
IOK 

Partially change the diagram as shown below: 

,--------------------+-117
'-< ( HPSFT From A6 J5 -16 

I 

~------------------+-
11

~
5 ~ From A6 J5-20 

I 

~-----------------+l-'--14< (UNLOCK To AG JS _ 2 2 

JI 

,-----+I-<( f-- G ND 

LI~ : 
CHOKE 

+ sv -------<.!,_c_4___.+!,-c-, 9-----<+!._c_.J2 ~-!.,...;c-,--;--<( f-- + 5 v 

.r.: :-f~7 f 4.7 f 4.7 
Y·cR1 ' 

I ,, 8,06V-. ~~6' 
' 

1---.rrn.,___C2---'--~ f-- --l5V 

JJ3 

► CHANGE 3 

Page 6-28 and 6-31, Table 6-3 Replaceable Parts: 
See Table l. Parts Information. 

Page 8-133, Figure 8-84, AS Floating Power Supply/Bias Supply 
Board Assembly Schematic Diagram: 

Delete Cll8 and Cl 19. 

► CHANGE 4 

Page 6-17, Table 6-3. Replaceable Parts: 
See Table l. Parts Information. 

- 8 -
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Page 8-115, figure 8-71. A4 Fractional N Loop Board Assembly 
Schematic Diagram: 

Partially change the diagram as shown below: 

Rl35 
750 

Rl32 
2.2K 

-1-----7
'-lCHIP CLOCK 7NCLK l'-I?'-----~ 

._ __ ._.__, ?A S/ HCONTROL l-'l-'-1------.e-+--' 
CYCLE START BIAS t-l~ll __ ....,.,._....., 

APl51-"-6 ----+-+-....__---' 

--7 
0 

d' 
:x:I 
u 
I
<( 
...J 

----4-+----=2'-'-<4 API 4 J-"-5 ----+-+-....__ _ __, 
Ul7 C52 

t'IOOP 

26 
API I t-=-2------.e-+---------' 

) 6 

20 C3 
21 C 2 

22 CI 

---------+-....__ ___ ~2~3 co 

081'-l-"-3 __ 

04~ 
15 

02>---
01 ~ 

I I ,~--------+-' 
► CHANGE 5 

C85 
0.01 

8 

9 

U22 
B 7P54 U15 • 

2 

~~ 

PULSE 
REMOVE 
GATING 

Page 6-21, Table 6-3. Replaceable Parts: 
See Table 1. Parts Information. 

2 
3 U15A 

. 

Page 8-118, 8-120 and 8-122, Figure 8-74. A6 Microprocessor 
Digital Control Board Assembly Component Locations: 

Delete J27 through J36, J38 and J39. 

- 9 -

Rl36 
I OK 

-
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► CHANGE 6 

Page 8-127, Figure 8-80. A7 Power Supply Board and AlO Battery 
and Charger Board Assembly Schematic Diagram: 

Partially change the diagram as shown below: 

BRN 

SLU FILTER SLU 
N ~-• ~~ f--------0--

51 

GRY 
220V 
240V 

GRY ht-t-0'1: WHT/ORG/GRY l20V 

- 10 -

tOOV 
120V 

IOOV 

ov 

BLK 

J 2 
I 

~ 
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I 
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I 
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Tab 1 e 1. Parts Information 

CHANGE Page Note Reference HP Part Description Designation Number 

1 6-13 ► C A3U6 5080-3822 IC MISC TTL 

6-15 ► C A4CR2 0122-0109 DIODE-VVC 
► C A4CR3 0122-0109 DIODE-VVC 
► C A4Q23 1854-0830 TRANSISTOR-DUAL NPN 

6-46 ► C 20 2950-0001 NUT 

2 6-5 ► A A1CR39 1902-3136 DIODE-ZNR 8. 06V 12.5MA D0-35 
► A A1CR40 1902-3136 DIODE-ZNR 8.06V 12.5MA D0-35 
► A A1CR41 1902-3136 DIODE-ZNR 8.06V 12.5MA D0-35 
► A A 1 CR42 1902-3136 DIODE-ZNR 8.06V 12.5MA D0-35 

6-8 ► A A1R184 0683-3315 RESISTOR 330D 5% .25W TC=0-400 
► A A1R185 0683-3315 RESISTOR 330D 5% .25W TC=0-400 
► A A1R186 0683-3315 RESISTOR 330D 5% .25W TC=0-400 
► A A1R187 0683-3315 RESISTOR 330D 5% .25W TC=0-400 

6-9 ► A A2CR7 1902-3136 DIODE-ZNR 8.06V 12.5MA D0-35 

6-10 ► A A2R43 0683-3315 RESISTOR 330D 5% .25W TC=6-400 

3 6-28 ► D A8C118 0160-2204 
► D A8C119 0160-2204 

6-31 ► C A8U14 1826-0266 IC OP AMP LOW-DRIFT T0-99 PKG 
► C A8U15 1826-0266 IC OP AMP LOW-DRIFT T0-99 PKG 

4 6-17 ► C A4R139 0698-3152 RESISTOR 3.48K 1% .125W 
► C A4R140 0757-0317 RESISTOR 1.33K 1% .125W 

5 6-21 ► D A6J27 1200-0541 
► D A6J28 1200-0541 
► D A6J29 1200-0541 
► D A6J30 1200-0541 
► D A6J31 1200-0541 
► D A6J32 1200-0541 
► D A6J33 1200-0541 
► D A6J34 1200-0541 
► D A6J35 1200-0541 
► D A6J36 1200-0541 
► D A6J38 1200-0541 
► D A6J39 1200-0541 

► : New Item A: Add C: Change D: Delete 

- 11 -
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Model 4192A Section VIII 
Paragraphs 8-1 to 8-12 

SECTION VIII 

SERVICE 

8-1. INTRODUCTION 

8-2. This section provides the information and 
instructions required to service the Model 4192A 
LF Impedance Analyzer. Included are the Theory 
of Operation and Troubleshooting Guide with 
Circuit Schematics. The Theory of Operation 
describes fundamental principles and circuit 
operating theory of the 419 2A with block 
diagrams. Circuit schematics, locator 
illustrations, troubleshooting guide, circuit 
analysis and other technical data necessary for 
repairs are integrated into the service sheet 
foldouts. An illustration of the instrument 
interior is shown in Figure 8-40. 

8-3. SAFETY CONSIDERATIONS 

8-4. This section contains warnings and 
cautions that must be followed for your 
protection and to avoid damage to the equipment. 

WARNING 

MAINTENANCE DESCRIBED HEREIN IS PER
FORMED WITH POWER SUPPLIED TO THE 
INSTRUMENT AND PROTECTIVE COVERS RE
MOVED. SUCH MAINTENANCE SHOULD BE 
PERFORMED ONLY BY SERVICE-TRAINED 
PERSONNEL AWARE OF THE HAZARDS 
INVOLVED (FOR EXAMPLE, FIRE AND 
ELECTRICAL SHOCK). WHERE MAINTENANCE 
CAN BE PERFORMED WITHOUT POWER AP
PLIED, THE POWER SHOULD BE REMOVED. 
BEFORE ANY REPAIR IS COMPLETED, EN
SURE THAT ALL SAFETY FEATURES ARE 
INTACT AND FUNCTIONING AND THAT ALL 
NECESSARY PARTS ARE CONNECTED TO 
THEIR MEANS OF PROTECTIVE GROUNDING. 

8-5. THEORY OF OPERATION 

8-6. The theory of operation discussion is 
organized into three sections: basic theory, 
block diagram discussion, and circuit analysis. 
The basic theory, beginning with paragraph 8-13, 
explains the concepts and fundamental theory of 
the 4192A instrument technique adapted for 
accurately measuring the DUT and for fully 
achieving automated measurement 
performance. The block diagram discussion 
describes the overall circuit operating theory of 
the 419 2A with block-to-block signal flow. 

Included are block and timing diagrams. The 
circuit analysis provides a detailed description of 
how the circuit on each board functions. For 
reference convenience when servicing the 
instrument, a circuit description is included on 
the service sheets. 

8-7. RECOMMENDED TEST EQUIPMENT 

8-8. The test equipment required to perform 
operations outlined in this section is listed in 
Table 4-1. The table includes type of 
instrument required, critical specifications, use, 
and recommended model. If the recommended 
model is not available, equipment which meets 
or exceeds the critical specifications listed may 
be substituted. 

8-9. TROUBLESHOOTING 

8-10. This troubleshooting guide provides 
instructions and information for locating a faulty 
circuit component. All instructions consider the 
safety of service personnel performing the 
procedures. These diagnostic guides are in the 
form of step-by-step procedures with flow 
diagrams. The board level troubleshooting 
diagrams are used to isolate failures to an 
individual malfunctioning circuit board 
assembly. The guides for locating a defective 
component are given on the individual board 
service-sheets and integrate service support data 
-- test point locations, waveform illustrations, 
voltage data, timing diagrams, and other 
technical information in addition to providing 
schematic diagrams for each board. To 
facilitate easy troubleshooting of the 419 2A 
Digital Section, the troubleshooting guide for the 
logic circuit employs signature analysis, 
incorporating the concept of data stream 
analysis. A guideline to signature analysis is 
provided in Figure 8-34. 

8-11. REP AIR 

8-12. Repair explanations tell how to replace 
defective circuit components. The 
re com mended replacement procedures for 
components and parts which require special 
repair, replacement tools, or test equipment 
should be observed. Correct disassembly and the 
exchange procedures for such special parts are 
outlined in Paragraphs 8-115 through 8-123. To 
prevent damage resulting from improper repair 
procedure, refer to the appropriate manual 
section before proceeding with repair. 

8-1 
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Section VIII 
Paragraphs 8-13 to 8-17 

8-13. BASIC OPERA TING THEORY 

8-14. The descriptions starting with this 
paragraph explain the measurement principles of 
the 4192A LF Impedance Analyzer. The design 
goals of the 4192A are accomplished using 
state-of-the-art technologies found in existing 
automatic LCR measurement instruments and 
high grade signal generators. It is, therefore, 
important to be familiar with these basic 
concepts and operating principles before reading 
the circuit operating theory of the 4192A. The 
basic operating theory described in the following 
paragraphs helps you understand the circuit 
operating theory of the 4192A, in detail. 

8-15. Auto-Balance Bridge Measurement 
Circuit 

8-16. The impedance measurement function of 
the 4192A is based on the vector-voltage-current 
ratio measurement method. In this method, the 
impedance (or admittance) of the DUT is 
determined by measuring the vector ratio 
between the applied test signal voltage and the 
current flowing through the DUT. In low 
frequency applications of the vector-voltage
current method, a voltage-to-current (I-V) 
converter amplifier which has a range resistor 
feedback circuit is employed to detect the DUT 
vector current. See Figure 8-1. The I-V 
converter causes a current to flow through the 
range resistor equal to the current through the 
DUT. Thus, the output voltage of the I-V 
converter is equal to the product of DUT current 

Test 
Signal 

Source 

,----------------0 es 
Lx -

i.x = ~ = 
Zx 

LOW 

er 
Rr 

Lr -

1-V Converter 

Zx = Rr ~ er 

Figure 8-1. Vector-Voltage-Current-Ratio 
Measurement Method Using the 
Range Resistor Amplifier. 

8-2 

Model 4192A 

and the range resistor value. Accordingly, the 
DUT impedance is determined from the test 
signal voltage, the output voltage of the I-V 
converter, and the range resistor value. The 
potential at the LOW terminal is approximately 
zero (virtual ground at the feedback node); 
therefore, the range resistor value has no effect 
on the current through the DUT. Additionally, 
the actual test signal level applied to the DUT is 
constant, regardless of the range resistor value. 
The frequency bandwidth of the I-V converter 
amplifier, where the flat gain-phase 
characteristic is achieved, determines the 
frequency limitations of this method. Because 
of the difficulty involved in achieving a broad 
bandwidth for an amplifier with a high open-loop 
gain, this method does not lend itself well to 
high frequency impedance measurements. 

8-17. The auto-balance bridge circuit employed 
in the 4192A permits the vector voltage across 
the range resistor to be accurately proportional 
to DUT current, from low frequencies up to the 
10 MHz region. Thereby, it is possible to extend 
the useable range of the vector-voltage
current-ra tio (VVCR) measurement method to 
frequencies up to 13MHz. It is possible to 
explain the principle of the auto-balance bridge 
in two or three different ways regarding the 
basic concepts. To simplify the discussion, 
consider the auto-balance bridge in terms of the 
two-oscillator model illustrated in Figure 8-2. 

Test 
Signal 

Source 

Figure 8-2. 

l X - Lr -
Rr 

Ld 

Nul I 

( 
fr = f s 

Variable 

Amplitude

Phase 

Osei Ila tor 

Two Oscillator Model of 
the Auto-Balance Bridge. 



Scans by ArtekMedia © 2008
Model 4192A 

8-18. Figure 8-2 shows the basic configuration 
of the auto-balance bridge circuit. The test 
signal source applies a test signal, es, to the 
DUT and causes a current, ix, to flow through 
the DUT. This yields the current, ir, which flows 
through the range resistor, Rr. The Variable 
Amplitude-Phase Oscillator applies a signal, er, 
of the same frequency as the test signal to the 
range resistor. Currents ix and ir can be 
balanced by controlling the output of the 
Variable Amplitude-Phase Oscillator. The Null 
Detector detects the difference, id, between ix 
and ir (that is, id = ix - ir). When the Variable 
Amplitude-Phase Oscillator is adjusted for id = 
0, the impedance, Zx, of the DUT is calculated 
from the vector voltages, es and er, as follows: 

es ir 
er i X ir lx Zx Rr 

Thus, 
es er Zx Rr es 
Zx Rr = er 

Accordingly, the impedance of the DUT is known 
by measuring the ratio between the vector 
voltages, es and er. 

8-19. The unbalance current, i<l, has the 
information required to balance the bridge. 
Thus, the feedback control of the Variable 

Lx Lr 

Section VIII 
Paragraphs 8-18 to 8-20 

Amplitude-Phase Oscillator from the null 
detector output automatically balances the 
bridge. See Figure 8-3. Here, the balance 
stability is related to the noise level of the er 
signal. Especially, unavoidable phase noise (FM 
noise) generated by the Variable 
Amplitude-Phase Oscillator, referenced to the 
phase of the test signal, will cause some 
instability in the balancing of the bridge. 

8-20. To improve stability, the er signal is 
controlled by a Modulator circuit in place of the 
Variable Amplitude-Phase Oscillator. The test 
signal is routed to the \1odulator where it is 
transformed into the er signal controlled by the 
output from the null detector. See Figure 8-4. 
Because the frequency of the modulator output, 
er, is exactly equal to that of the test signal 
(even if the test frequency fluctuates), the 
balance instability problem, inherent in the 
two-oscillator method, is eliminated. To 
produce the er signal, the Modulator varies the 
amplitude and phase of the es input signal in 
response to the null detector output. In 
comparison with the range resistor amplifier 
method, the combination of the Null Detector 
and the Modulator may be considered an ideal 
feedback amplifier with a realized 13MHz 
bandwidth. A brief description of the basic 
1\!lodulator circuit is provided in Figure 8-5. 

Lx Lr - - -
Test 

Signal 

Source 

Figure 8-3. 

Vario ble 

Amplitude

Phase 

Osei Ila tor 

Principle of the Auto-Balance 
Control. 

HIGH LOW Rr 

Test 
Signal 

Source 

Figure 8-4. 

Zx 

1-<r----..AN--~e r 

ld 

Nul I 
Detector 

fs 

Actual Auto-Balance Bridge 
Circuit. 

8-3 
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8-4 

MODULATOR CIRCUIT OPERATING PRINCIPLE 

The Modulator of the auto-balance bridge 
operates to develop the vector signal of the 
range resistor current required to balance it 
to DUT current. Figure A shows the basic 
circuit configuration of the Modulator. 
When the Bridge circuit is unbalanced, the 
Null Detector picks up the unbalance 
current through the UNKNOWN "L" (Lpot) 
terminal. The null detector output vector 
indicates how the bridge is unbalanced for 
the real and imaginary vector components 
of the range resistor current (or DUT 
current). To control the Modulator 
according to the vector information of the 
detected unbalance current, the null 
detector output is phase detected for its 
orthogonal phase components. The positive 
or negative de levels of the phase detector 
outputs are proportional to the magnitudes 
of these phase components. Reverse-phase 
components yield reverse-polarity voltage 
outputs from the phase detectors. The 
vector modulators vary the amplitudes of 
the four phase orthogonal vector signals, 
which are produced from test frequency 

H 

fs 

Lx 

input signal, in response to the null detector 
output vector components. The O O /180 ° 
vector modulator provides an amplitude
controlled output which is in-phase with the 
test frequency input when the O O phase 
detector output is a positive voltage and, 
conversely, provides a reverse phase output 
for a negative phase detector output 
voltage. Thus, the O O /180 ° vector 
modulator output signal is represented by a 
vector on the real axis of the coordinates as 
shown in Figure B. The 90 ° /-90 ° vector 
modulator operates similarly to the 
O O /180 ° vector modulator with respect to 
the 90 ° phase shifted input signal. The 
90 ° /-90 ° vector modulator output signal is 
represented by a vector on the imaginary 
axis (see Figure B). In theory, it is possible 
to make all the required vectors by adding 
orthogonal vectors. As a result of this 
vector modulation, the magnitudes of the 
real and imaginary vector components of 
the null detector output are transferred to 
the orthogonal vectors of the vector 
modulator outputs. The summing amplifier 

Lr - -L 

I ld 

Nu 11 
De tee tor 

I lL I 
,-----4----, 

Rr 

Range 

Resistor 

Phase 
Tracking 
Circuit 

: 
00 
6 Phase 

____ I ____ 9~ Detector 

0°A 
--~Ld i d{Z_c __ 

I , I 
' de I 

Lo0 

: 

..------'-------;.----i 

90° 
Phase 

Shifter 

00/ 180° 
Vector 

Modula tor 

Vector Modulator 

Figure A. Modulator Operating Principle 

Figure 8-5. Principle of The Modulator. 
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sums the signals output from the 0 O /180 ° 
and 90 ° /-90 ° vector modulators and, 
simultaneously, reverses the phase of the 
resultant vector signal (the summing 
amplifier performs an inverting 
amplification). Consequently, the summing 
amplifier output, er, is a reverse directional 
vector for the unbalance current. The er 
signal responds to the unbalance current so 
as to suppress an increase in the unbalance 
current. Thus, the unbalance current 
approaches zero. Because the er signal is 
controlled with respect to the individual 
magnitudes of the real and imaginary 
components of the unbalance current, the 
bridge can reach accurate balance even if 
the balance control loop (the Null Detector 
and the Modulator circuits) has a phase 
error related to frequency. 

If the phase shift in the balance control loop 
is so large that the bridge cannot be 
automatically balanced, the phase 
characteristic of the balance control loop 
can be compensated by properly changing 
the phase of both the 0 O and 90 ° reference 
phase signals for the phase detectors (in 
reference to the test frequency signal) 
maintaining their 90 ° phase relationship. 
The phase tracking circuit shifts the 
reference phases depending on the 
frequency and ensures the bridge being 
automatically balanced over a broad 
frequency range. 

0° I 180° Vector Modulator 

Output Vector 

Modulator 

Output Vector 

Figure B . Vector Representation 
of the Vector Modulator 

Outputs. 

Section VIII 
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8-21. Vector Voltage Ratio Detector 

8-22. The Vector Voltage Ratio Detector 
(VRD) detects the individual real and imaginary 
vector components of the two input vector 
signals--the test signal applied to the DUT and 
the voltage across the range resistor-and 
provides the A-D conversion outputs which 
represent the magnitudes of the four vector 
components. Detection of the vector component 
voltages is performed through three major 
processes: 1) Signal selection in the process 
amplifier, 2) phase detection, and 3) A-D 
conversion. The basic theory of the vector 
voltage ratio measurement is described as 
follows. 

8-23. When the bridge is balanced, the 
impedance, Zx, (or admittance Yx) of the DUT, 
the test signal applied to the DUT, and the 
voltage across the range resistor are related to 
each other by the equation : 

Zx Rr es 
er 

or 

Yx l er 
Rr es 

where, Rr is range resistor value, 
es is the voltage applied to the DUT 
(that is, the test signal voltage), 
er is voltage across the range resistor. 

Auto- Balance Bridge Section 

~---,----I 
! es 

Signal 

L __ _ 

Model 4192A 

Figure 8-6 shows the basic circuit configuration 
of the VRD section. For accurate measurement 
of the vector voltages, the Process Amplifier 
detects the es and er signals with differential 
inputs. The Process Amplifier alternately 
selects and sequentially feeds the es and er 
signals to the Phase Detector. To derive the 
vector ratio of the es and er signals, the Phase 
Detector separates then into their orthogonal 
phase components using a set of detection phase 
signals which are exactly 90 degrees out of phase 
with each other. Figure 8-7 is a graphic 
representation of the relationship between the 
measurement signals (es and er) and the 
detection phase signals (VDl and VD2). With 
these detection phases, the es and er signals are 
divided into the phase components ea, eb, ec, 
and ed. The impedance or admittance value of 
the DUT is calculated from the four phase 
components in accordance with the following 
equations: 

Zx 

Yx 

Rr es = Rr 
er 

ec + jed 
ea + j eb 

eaec + ebed + j (eaed - ebec) Rr -------~.,--~__.,_-=;,,._::....:... __ :...___:::_~ 

l er 
Rr es 

ea + eb 2 

l ea + j eb 
Rr ec + j ed 

l ea ec + ebed + j (ebec - eaed) 
Rr ec 2 + ed 2 

Phase 

Detector 

A-0 
Converter 

0° /90° Detect ion 

Phase Siona I 

To 
Counter 

Figure 8-6. Vector Voltage Ratio Detector Basic Block Diagram. 
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er 

es 

VOi 

ea ec 

Figure 8-7. Phase Detection Vector 
Diagram. 

Note 

In the basic vector ratio detection of 
low-frequency impedance measuring 
instruments, either the es or er signal 
is separated into orthogonal vector 
components using a detection phase 
signal which is referenced to the phase 
of the other measurement signal (er or 
es). For example, the es signal is 
taken as the reference for the phase 
angle of the er signal and, the er 
signal is divided into its real and 
imaginary components: 

er = ea + jeb je,0:,e: 
ea es 

The ea and et vector components are 
obtained by using detection phase 
signals which are in-phase or 90 ° out 
of phase with the es signal. The 
vector ratios ea/es and et/es 
represent the real and imaginary 
components of the DUT admittance; 
that is, the conductance and 
susceptance values, respectively. In a 
typical voltage ratio measurement 
which uses a dual slope integration 
technique, an integrator charges and 
discharges with the ea (or et) and es 
signals as illustrated below: 

I 
I 
I --,---

!---T1+T2--l 

Paragraph 8-2 3 

Tl : Constant charge period by ea 
signal 

T2 : Discharge period by es signal 

The charge and discharge relationship is 
represented by the following equations: 

kie1r1 + k2e2r2 

ea T2 
k - = - vi Gx es Tl 

0 

(k constant) 

As the charge time Tl is fixed, the 
ea/es value (conductance) can be 
derived by measuring time T2. Since 
the propagation delays in the 
amplifiers, lines, and other circuits 
related to the phase detection cause a 
slight phase shift in the detection 
phase signal at high frequencies, this 
method cannot avoid an increase in 
vector ratio measurement error at 
high frequencies. 

In this four component vector detection method 
for the es and er signals, the calculated Zx and 
Yx values are constant for rotation of the 
coordinate axis around the origin. Therefore, 
the phase relationships of the detection phase 
signals and the measurement signals have no 
effect on the calculation results if the relative 
phase angle of the detection phase signals is 
exactly 90 degrees. 

Since any possible phase shift in the circuits 
rotates both the VDl and VD2 detection 
phases by the same angle, an exact orthogonal 
phase relationship is maintained. Resistance and 
reactance (conductance and susceptance) values 
of the DUT are calculated as follows : 

Rx Zxlreal = Rr 
ea ec + eb e<l 

ea 2 + eb 2 

Xx Zx I imaginary = Rr 
ea ed - eb ec 

ea2 + eb 2 

1 ea ec + e b e<l 
Gx Yxlreal = Rr ec 2 ed2 + 

Bx Yx I imaginary 
1 ebe c - ea ed 

Rr ec2 
+ ed2 
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8-24. To measure the magnitude of each vector 
component (ea, eb, ec, and ed), the 
phase-detected vector voltages are sequentially 
converted into time periods. The A-D converter 
performs this conversion in four cycles (one 
cycle for each vector component) per OUT 
measurement as follows : 

In the first conversion cycle, for example, the ec 
signal charges an integrator for a constant time 
Tl. Then, the integrator is discharged with a de 
reference voltage (Es or -Es) until the decay 
slope of the output reaches zero level. Because 
the amount of the charge and discharge 
quantities is zero, relation between the 
integrator input voltages and time periods is: 

I k1 ecT1 = k2 EsT2 
ec !, Es 

ec = k Es 1:1_ , E c 111 T2 
T1 :-r, + T2 --I 

where, constant k is the product of (process 
amplifier gain) x (phase detector efficiency) x 
(integrator time constant). The magnitude of ec 
is known by measuring time T2. The other 
vector components are measured in the same 
manner. 

The timing of the vector voltage ratio detector 
input/output signals is illustrated in Figure 8-8. 
To facilitate understanding the VRD operating 
sequence, Figure 8-8 shows the A-D converter 
output in the form of the dual slope integration 
method. Actual waveform of the multi-slope 
A-D converter employed in the 4192A is 
different from the figure, but follows the same 
vector component measurement sequence. 

A-D Converter 
Output 

Vector Si11nal 
Selection 

Detection 
Phase 

off set 
meas. 

------t~--es 

ec meas. 

-------er 

'Vlodel 4192A 

8-25. The A-D conversion sequence includes an 
auto offset cycle to eliminate the effects of 
residual de offset voltages in the VRD section. 
The auto offset cycle precedes the four vector 
component measurement cycles each time a 
OUT measurement is taken. During the offset 
measurement period, the process amplifier's (es 
and er) signal selector switches are opened to 
accept no input. The A-D converter yields an 
output proportional to the comprehensive 
residual offset voltage of the Phase Detector 
and the A-D converter itself. 

The measured de offset voltage, 
arithmetically subtracted from each 
measured vector component voltages as: 

ea'= ea - Eo 
eb' = eb - Eo 
ec' = ec - Eo 
ed' = ed - Eo 

Eo, is 
of the 

where the prime mark (') indicates compensated 
values. 

8-26. The basic measurement parameter of the 
4192A differs depending on the impedance of the 
OUT. When the DUT's impedance value is 
measured on a range below 100~, the 4192A 
basically calculates the vector impedance 
component values Rx and Xx. For DUTs which 
have higher impedance values, the 4192A 
calculates the vector admittance component 
values Gx and Bx. Other measurement 
parameter values are subsequently calculated 
from the measured Rx and Xx (Gx and Bx) values 
using the stored parameter conversion formulas. 

ea meas. ed meas e b meas. 

1..-rc T4 -j 

-----------es ------ er 

90° 

A- D Converter 
Input -Eo ------,i-es(0°)--;.-- Es ----er(0°)--t-Es-----es(90")-t-Es.s-t~-+-,-er(90°)+-Es -+--

Es 

Figure 8-8. Vector Voltage Ratio Detection Timing. 
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Lx Constant 
Current 

IOOSl 

Constant 
Voltac;ie 

es 

f,-er Constant ---t-- es Constant --i 

Figure 8-9. Test Signal Voltage and Current 
Relationship to DUT's Impedance. 

8-27. When a high impedance DUT is measured, 
the test signal applied to the DUT is constant 
regardless the DUT's value. Therefore, the es 
voltage is constant and the voltage across range 
resistor 1er) is inversely proportional to the 
DUT's impedance (that is, er is directly 
proportional to the admittance). On the other 
hand, when a low impedance DUT is measured, a 
100~ source resistor (test signal source output 
resistance) causes a constant test signal current 
to flow through the DUT. In this case, the range 
resistor voltage, er, is constant and the voltage 
across the DUT 1es) is proportional to the DUT's 
impedance. The relation between the test signal 
voltage/current and the DUT's impedance value 
is given in Figure 8-9. At test frequencies below 
38kHz, the source resistance is set to lk~ at the 
lOk~ measurement range and to l0k~ on the lO0k~ 
and l 1vrn ranges. 

8-28. Range resistor value is selected as either 
100~, lk~ and lOk~ in the middle resistance value 
range where the inherent residuals of the 
resistors do not deteriorate the resistance 
accuracy up to the 10MHz region. To magnify 
measurement range capabilities, the gain of the 
process amplifier can be increased by 10 or 100. 
This permits development of vector voltage 
ratios equivalent to those obtained when lower 
or higher range resistor values are used. For 
example, when the process amplifier gain is 
increased by 10 during specific A-D converter 
operating cycles, the calculated Rx and Xx 
values are 10 times that measured without the 
amplification process. 

Section VIII 
Paragraphs 8-26 to 8-29 

Note 

When ec and ed signals are amplified 
by 10 in the Process Amplifier, 
calculated resistance value Rx is 
magnified and is given by the equation 
below: 

Rx' = 
10 ea ec + 10 eb ed 

Rr ea2 + eb2 

lORr ea ec + eb ed 
ea 2 

+ eb 2 lORx 

8-29. The Zero Offset Adjustment (Open and 
Short) function measures the residual impedance 
of the test fixture under short-circuit conditions 
and the stray admittance under open-circuit 
conditions. Correction calculations in the 
subsequent DUT measurements are made using 
the following equations and equivalent circuit 
model for the residuals. 

Test Fixture 

He 
,--Zo 7 

Hp 

Zm,Ym 

I 
Le 

Lp 

where, Zc 
Ye 
Zo 
Yo 
Zm 
Ym 

Zc 

Ye 

Ze, Ye 

I 

[) ', I 
Yo < ...J... 

<> T 
f 

Zm - Zo 
1 - YoZm 

(YoZo «l) 

Ym - Yo 
1 - ZoYm 

Corrected impedance value 
Corrected admittance value 
Residual impedance value 
Stray admittance value 
Measured DUT impedance value 
Measured DUT admittance value 
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8-30. Amplitude-Phase Measurement Circuit 

8-31. Generally, instruments that have 
amplitude-phase measurement capabilities for 
four-terminal network analysis are constructed 
of two independent voltmeter sections in order 
to simultaneously accept two channel inputs and 
a phase meter to detect the relative phase 
difference between the two signals, as shown in 
Figure 8-10. This configuration has a great 
advantage in measurement speed because both 
inputs are measured simultaneously. The 
amplitude-phase measurement of the 4192A is 
accomplished using a single channel vector 
voltage ratio detector which also operates to 
measure the vector signals from the 
auto-balance bridge in impedance measure
ments. Figure 8-11 shows the block diagram of 
the measurement circuits related to the 
amplitude-phase measurement function. The 

AT T 
Si9nal 

Source 

ATT 

Model 4192A 

signal source, the source resistor circuit, and the 
VRD section are part of the impedance 
measurement circuit, also. Regarding the analog 
measurement circuit, the amplitude-phase 
measurement function is made possible by 
merely adding two input terminals (CHANNEL A 
and CHANNEL B) and the input selector switches 
to the VRD. 

8-32. When the function of the 4192A is set to 
B-A mode (relative gain), the VRD alternately 
accepts the CHANNEL A and CHANNEL B inputs 
and separately detects their individual vector 
component magnitudes. The process amplifier 
signal selector switches sequentially select the 
input signals in a manner similar to the 
impedance measurement. The timing of the 
vector component measurement is illustrated in 
Figure 8-12. 

LOG Ampl. A 

Amp 

Phase Phase e Display 

Comparator Control 

LOG Ampl. B 

Amp 

Figure 8-10. Typical Network Analyzer Construction. 

8-10 

Si9nol 
Source 

OSC OUTPUT 
(HCUR) 

son 

Source 
Resistor 

CH.A 
Si9nal 

Si9nals from df, p A t·t· ____J .__ rocess mp 1 1er 
Auto- Balance 

Brid9e 

Phase 

A-0 
Converter 

Figure 8-11. Amplitude-Phase Measurement Circuit Basic Block Diagram. 
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When the input signals are separated into Va, Vb, 
Ve, and Yd vector components, the amplitude 
ratio is calculated from the following equation: 

B - A (in dB) VB= Jvc 2 + Vd 2 
20log_ 20logJ 2 2 VA Va + Vb 

where, VA = Va + jVb 
Vs= Ve+ jVd 

The phase angle of the CHANNEL B input signal, 
measured in reference to CHANNEL A input, is 
calculated as : 

8 _ -1 VbVc - VaVd 
- tan VaVc + VbVd 

The gain of the process amplifier is controlled in 
accurate 20dB steps for the respective inputs so 
that the detected vector components have 
appropriate magnitudes for the A-D converter 

A-D Converter 
Output 

offset 
meas 

l---Tc 
To Vector Signal ______ _ 

Selection 

Detection 
Phase 

A-D Converter ---t-- Eo 
Input Es 

Vo meas. 

o"'\ 

1--Tc T1 ..J 

VA Ve 

VA (0°)+-Es 

Section VIII 
Paragraphs 8-3 2 and 8-3 3 

input. The gain control increases the process 
amplifier gain not only by factors of 10 and 100 
(used in impedance measurements), but also by a 
maximum factor of 1000 for the input signal 
amplitude below approximately -60dBm. 
Thereby, the dynamic range of the measurement 
is extended to lOOdB. Because both input signals 
are measured with the same VRD circuit, an 
extremely high accuracy amplitude-ratio 
measurement is realized, eliminating the channel 
balance tracking errors (at the sacrifice of 
measurement speed). 

8-33. When the 4191A is set to amplitude A or B 
(absolute) measurement mode, the VRD 
exclusively measures either the CHANNEL A or 
the CHANNEL B input. To measure the absolute 
amplitude of the input, the gain of the process 
amplifier is accurately calibrated with respect 
to standard input voltages. The VRD gain is 
appropriately controlled to select the input 
sensitivity similarly to ranging of voltmeters. 

Ve meas. Vb meas. Vd meas. 

o' 
'-0 

"4q, 
o'I ,•on -.II'-

i--Tc T2.J 1.-Tc i--Tc T4 ....j 
T3 

VA Ve 

oo 90° 

Ve (0°)-+-Es •I ~ VA(90°) Ve(90">+-Es ~ 
Es 

Figure 8-12. Amplitude-Phase Measurement Timing. 
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8-34. BLOCK DIAGRAM DISCUSSION 

8-35. Analog Measurement Section 

8-36. The measurement circuit of the 4192A is 
conceptually divided into three subsections: (1) 
the signal source, composed of the A3 Reference 
Frequency Generator and the A4 Fractional N 
Loop; (2) the auto-balance bridge, composed of 
the Al Range Resistor /Null Detector and the Al2 
Modulator; and (3) the vector ratio detector 
(VRD), composed of the A2 Phase Detector/A-D 
Converter and All Process Amplifier. The block 
diagram of the 4192A measurement circuit is 
shown in Figure 8-22. For simplicity, the block 
diagram is drawn for function and signal flow 
and does not, therefore, show complete details. 
The bold lines in the block diagram show the 
main test signal flow and the dashed lines show 
the balance control loop of the bridge circuit. 

CH.A 

<
-----C}-

r ,.--, CH,B 
I -<DUTt--{"-
1 L.. __ J -

I 
I 

SIGNAL 
r- SOURCE' 

Hp I 
I 
I 
I 5Hz "'13MHz 

--, 

~-,---MODULATOR 

'-- AUTO- BALANCE BRI OGE ......./ 

Model 4192A 

8-37. Signal Source 

8-38. The test signal is a 5 Hz to 13 MHz sine 
wave, synthesized from the output of the 40MHz 
crystal oscillator on the A3 board and the 
tunable 40.00000500 - 53MHz VCO on the A4 
board. To control the frequency of the VCO so 
that the test frequency can be set with minimum 
Im Hz resolution, fractional N synthesis is 
employed in the frequency control PLL. The 
fractional N method enhances the frequency 
resolution of the test signal, permitting fast 
response to transient frequency changes. 

In a conventional frequency synthesis PLL, 
because the output frequency is given as the 
product of the reference frequency and the 
divisor (integer) of the down-counter, a multi
stage PLL system is required to realize the 
conflicting goals of a high resolving power, fast 
loop response, and low phase-noise demanded for 
the test signal source. Using a low reference 
frequency to improve the resolution necessitates 
a loop filter with a large time constant. This, 
however, deprecates transient response, i.e., 
increases the time required to settle the loop. 

---- Vector Voltage Ratio Detector 

,,,-- Process Amplifier ~ PHASE 

MICROPROCESSOR BASED 

DIGITAL CONTROL SECTION 

MEASUREMENT CONTROLPROGRAM 

HP- IB INTERFACE 

DETECTOR 

A- D 

CONVERTER 

DISPLAY 

KEYBOARD 

HP-IB EQUIPMENT 

Figure 8-13. 4192A Block Diagram. 
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The fractional N frequency synthesis technique 
ensures that the output frequency can be stepped 
up or down in small increments by dividing down 
the VCO frequency with fractional divisors. The 
+ NI+ N+l counter (A4 board), called Fractional 
Down Counter, can divide down the VCO 
frequency using an integer divisor (N) or a 
fractional divisor (N.F). The + N/+N+l counter is 
preset to the integer part, N, of the fractional 
divisor (actually, the preset number is a nine's 
complement of N), and temporarily changes to 
N+l on the timing found by the Phase 
Accumulator. Consequently, the averaged 
divisor is coincident with the number (fractional) 
required to settle the VCO output to the desired 
frequency for the full digits. 

The block diagram of the + N/+ N+l counter is 
shown in Figure 8-14. The cascaded program
mable counters divide down the VCO output 
frequency in the steps of the loop reference 
frequency (l00kHz) in accordance with the 
integer number of the programmed divisor. The 
+ 2/+3 down counter, preceding the 
programmable counters, temporarily changes to 
+ 3 mode (from + 2 mode) during one output cycle 
period when a command called Pulse Swallow is 
input. Thus, the + N/+N+l counter can delay the 
timing of the output for one cycle of the input 
each time a Pulse Swallow command is received. 

Pulse 
Swallow 

Command 

vco 

-;. N3 Divider 

Figure 8-14. +N/+N+l Counter Block Diagram. 

Section VIII 
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This allows control of minimal shifts in the 
divided frequency without relation to the 
reference frequency which determines the 
resolution of the ordinary PLL frequency 
synthesizer circuit. When the Pulse Swallow 
operation is made, the phase difference between 
the phase detector inputs continuously expands 
(owing to the frequency difference) causing 
changes in the duty cycle of the output. See 
Figure 8-16. The level of the phase detector 
output increases in proportion to this phase 
difference and returns to a minimum each time 
the difference becomes (or exceeds) a multiple 
of 360 degrees. The cycle of the variance 
coincides with the frequency difference between 
the + N/+N+l counter output and the lO0kHz loop 
reference . signal. This is also equal to the 
number of pulse swallow operations per second. 
Because the phase detector output controls the 
VCO frequency, if such output is directly applied 
to the control input of the VCO, the VCO 
frequency is modulated. To eliminate the 
modulation, as well as to settle the VCO to the 
frequency determined by the average divisor, the 
Analog Phase Interpolator (API) circuit 
generates a reverse current signal which cancels 
the variance in the VCO control signal, and adds 
to the phase detector output. See the block 
diagram of the API circuit given in Figure 8-15. 

Pulse 

IOOkHz 

Integer 
Divisor 

r 
I 
I 

I 

vco 

-:-N/-;-N+I 

r--- -----, 
I I 
I I 
I I 

'~--~ I _J I 

API 5 I 

I 
I 

PHASE ~ API 
ACCUMULA· I CONTROL 

TOR I IC I 
I I 
L __ _ _________ J 

Fractiona I 
Divisor Data 

API Circuit 

Figure 8-15. API Circuit Block Diagram. 
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As the phase difference between the phase 
detector inputs can be calculated for each cycle 
period from the frequency difference caused by 
the pulse swallow operation (and the number of 
input signal cycles counted from a given initial 
condition), the API circuit can develop the 
appropriate compensation current output on the 
basis of the arithmetically estimated magnitudes 
of the phase detector output. Here, it is 
important to note that the output of the phase 
detector is originally determined by the 
fractional part of the divisor (for the fractional 

down counter) which controls the VCO in 
frequency steps lower than the loop reference 
frequency. Therefore, the fractional part of the 
divisor determines the required compensation 
output of the API circuit. 

8-14 

Fractional part of divisor 

Development of the API current 

Causality of the fractional N 
frequency control 

Fractional part of divisor 

Pulse swallow operation 

Variance in the Phase Detector Output 

Compensation 

Constant VCO control voltage 

0 10 20 30 40 50 

cN [lOi 
Di vi<ler 
Output 

Reference 
Clock 

Phase 
Detector 
Output 

11111111111111111111111111111111111 I I I I I I I I I I I I I I I I I I I I 

n n D □ □ 
The above figure shows the phase detector output waveform observed when 
the VCO frequency is forceably shifted by ~f. 

vco 
Output 

sN ( 10) 
Divider 
Output 

Reference 
Clock 

Phase 
Detector 
Output 

0123456789101112 20 30 40 50 

111111111111111111111111111111 I I I I I I I I I I I I I I I I I I I I I 

ls t ~nd / ' 3rd 
Pulse Pulse Pulse 

Swal lm, Swallow Swallow 

~ ~ n □ □ 
Pulse removing (swallow) operation. 
Notice the similarity between the phase detector output waveform 
and the above figure. 

Figure 8-16. Phase Relationship of the Phase Detector Inputs. 
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8-39. For more details, the function of the 
Analog Phase Interpolater is described as follows: 

The divisor data of the fractional down counter 
consists of two digit groups. For example, when 
the desired test frequency is 12.3lllllMHz, the 
VCO must generate 52.3lllllMHz (40MHz is 
subtracted from 52.3lllllMHz to produce the test 
frequency), which is 523.lllll times the lO0kHz 
loop reference frequency. The divisor, there
fore, is 523.lllll, and consists of an integer part 
523 and a fractional part 0.lllll. 

The integer 523 is converted into its nine's 
complement, 476, and set in the programmable 
counters of the Fractional Down Counter. The 
fractional part 0 .lllll is loaded into the 
Accumulator. The accumulator repeatedly adds 
the input number (fractional) to the result of the 
previous addition synchronously with the 
fractional down counter output. The increment 
of the number (accumulated number) stored in 
the Phase Register corresponds to the increment 
of the phase difference between the phase 
detector inputs. Let's look at the relationship 
between the accumulated numbers and the phase 
difference using the illustration in Figure 8-17. 

When the VCO is settled at the frequency given 
as (integer part of divisor x lO0kHz reference 
frequency), and when the Accumulator starts 
with the decimal input number 0.lllll, the phase 
of the fractional down counter output shifts 

Pulse 

Section VIII 
Paragraph 8-3 9 

39.9996 ° from that of the reference signal after 
one cycle period. After two cycle periods, the 
phase difference becomes double, that is 
79.9992 °, and the content of the Phase Register 
is 0.22222. The phase difference coincides with 
(360 ° x accumulated number). When the 
accumulated number exceeds 1 (the phase 
difference exceeds 360 ° ), the Adder outputs the 
carry signal as the Pulse Swallow command, 
causing the fractional down counter to delay 
counting the VCO signal for one cycle period. 
Accordingly, the number of pulse swallow 
operations per second is (the fractional part of 
divisor x lO0kHz reference frequency). Because 
the phase detector output controls the VCO 
frequency so that the fractional down counter 
output approaches the reference frequency, the 
VCO frequency must shift by the number of pulse 
swallow operations from the frequency given as 
(integer part of divisor x lO0kHz reference 
frequency). Consequently, the VCO frequency is 
given as: 

f vco = (Integer part of divisor) 
x l00kHz + (Number of pulse 
swallow operations per 1 
second) 

= (Integer part of divisor) 
x lO0kHz + (decimal number 
of divisor) x lO0kHz 

= (Full fractional di visor) 
x lO0kHz 

Swallow Fractional Counter Output (Cycle Start) 

Fractional Divisor 

0.11111 

Fractiona I Counter 
Output Cycle Period 

1 
2 
3 

8 
9 

10 
11 

~Bi---• Ph: .. ""'"" 
Accumulation Loop 

Accumulated Number 
(Content ot the Phase Rec;iister) 

0.11111 
0.22222 
0.33333 

0.88888 
0.99999 

i -----{j). 111 1 0 
I 0. 22221 
t 

Pulse Swallow 

i----- To API Current Source 

( AP I I .,, AP I 5) 

Phase Difference 

39.9996° (= 360° X 0.11111) 
79.9992° 

119.9988° 

319.9968° 
359.9964° 
39.9960° (= 399.996° - 360°) 
79.9956° 

Figure 8-17. Phase Accumulator Operating Principle. 
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Actually, if not properly compensated, the f vco 

is modulated in response to the ripple of the 
phase detector output, caused by the pulse 
swallow operation. The API current source is a 
D-A converter which outputs a current to cancel 
the ripple on the basis of the phase register 
output data. Figure 8-18 shows the basic block 
diagram of the API current source. To perform 
the compensation with high speed as well as to 
ensure fast loop response, the loop filter 
(integrator) has a very small time constant. The 
compensation is made for each cycle of the 
phase detector output (lO0kHz) by means similar 
to dual slope integration. 

Initially, a bias current (Ibias) starts charging the 
integrator simultaneously with the Cycle Start 
signal and continues for a constant time T. 
Then, an API output current (I API ) flows in 
addition to the bias current (thus, the charge 
current is Ibias - I API ) for period T2. The 
magnitude of the API current and the period T2 
are determined by the control inputs of the API 
current source (API 1 to API 5 phase register 
output data). After a hold time, provided until 
the phase detector yields an output, the 
integrator discharges with the phase detector 
output current for the period T4 corresponding 
to the detected phase difference. The sample 
hold circuit retains the resultant VCO control 
voltage after the API operating periods. 
Thereby, the VCO continues stable oscillation for 
all the selected frequencies. 

API 
CURRENT 
SOURCE 

:\fodel 4192A 

8-40. Reference Signal 

8-41. The lO0kH,-: reference signal for the 
fractional N loop is divided down from the output 
of the 40MHz crystal oscillator on the A3 board. 
Therefore, the fractional synthesizer necessarily 
syncs with the 40MHz output. The 40MHz 
oscillator can be locked to an external 1MHz or 
10MHz reference frequency to enhance the 
frequency accuracy of the test signal. The 
sampler compares the external reference 
frequency with the 10MHz divided from the 
internal 40MHz and brings the 401\ilHz crystal 
oscillator frequency to an accurate 40MHz. If 
the external reference signal is outside the 
capture range of the frequency lock control, the 
Unlock Detector signals the Microprocessor. 

8-42. Test Signal Output 

8-43. The fractional N synthesizer output, 
40.000005000MHz to 53.000000MHz, is mixed 
with the 40MHz crystal oscillator signal on the 
Al2 board to generate the 5.000Hz to 
13.000000l\/lHz test signal. The level of the 
40MHz signal is variable at the input of the 
mixer to permit setting the test signal to the 
desired amplitude. The test signal level setting 
data determines the de current of the D-A 
converter output fed to the PIN diode attenuator 
which controls the amplitude of the 40MHz 
signal. The test signal is fed from a power 
amplifier that has low output impedance and is 
applied to the DUT through the source resistor 
on the Al board. 

Sample/ Hold ckt 

8-16 

Phase Register 

Output Doto 

-Vee 

~ VCO Control Voltage 

T HOid 

\7 Capacitor 

r-, Phase Detector 
_________ _,! L_ Output 

Loop Filter 

Output 

Figure 8-18. API Current Source Basic Block Diagram. 
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8-44. Auto-Balance Bridge 

8-45. The Null Detector and the :\1odulator 
circuits compose the balance control loop of the 
bridge. To ensure that the auto-balance 
operation is accomplished at all test frequencies 
between 5Hz and 13MHz, the 4192A employs a 
unique vector IF technique and two frequency 
conversion mixers. One is located in the Null 
Detector and the other is in the modulator 
output circuit. The unbalance current which 
results when the bridge is not completely 
balanced is detected by the high sensitivity I-V 
converter through the LPOT terminal. The 
unbalance (vector) signal is mixed with the local 
oscillator signal which has a frequency equal to 
the test signal frequency plus IF. By this 
frequency mixing, the frequency of the 
unbalance signal is converted into an IF 
(constant) signal. The gain of the IF amplifiers 
following the mixer is controlled to maintain the 
sensitivity of the balance control loop almost 
constant against changes in the test signal level 
and DUT impedance. The unbalance vector IF 
signal is then phase detected and separated into 
its orthogonal vector (phase) components. The 
IF conversion obviates the need for different 
detection phase signals for various test 
frequencies. The phase detectors output de 
voltages proportional to the magnitudes of the 
respective vector components. This vector 
information is transferred to the 40MHz signal 
fed from the A3 board in the following manner : 

The de voltage representing the O O phase 
component actuates the O O /180 ° Modulator to 
control the amplitude and phase (in-phase or 
reverse phase) of the 40 MHz signal. The de 
voltage representing the 90 ° vector component 
controls the amplitude and phase of the 40MHz 
signal which is shifted 90 ° in reference to the 
source. The modulator outputs for both channels 
are summed and, consequently, an opposite 
(direction) vector of the unbalance signal is 
developed. The second mixer, following the 
Modula tors, re-converts the frequency of this 
vector to the test frequency by mixing with the 
fractional N loop output signal. Finally, the 
signal from this mixer is applied to the range 
resistor to counter-balance the bridge circuit. If 
the bridge cannot be balanced with the given 
measurement conditions, the Unbalance 
Detector on the Al board detects an unbalance 
vector IF signal with an abnormarily large 
amplitude. 
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8-46. Phase Tracking of the Bridge 
Control Loop 

8-47. A unique phase tracking circuit on the Al 
board permits digital rotation of both the O O and 
90 ° detection phase angles in accurate 22.5 ° 
steps. This enables compensation of the phase 
characteristic of the balance control loop so that 
the balancing is completely performed at all the 
test frequencies. The compensation adjustment 
is made manually at low frequencies. Phase 
tracking control for the full frequency range is 
automatic. The Phase Tracking Adjustment 
switches provide the 22.5 ° step phase shift by 
the 16 possible states of a 4-bit switch. The 
phase tracking control rotates the detection 
phases, set by the switch, in accordance with the 
step control program based on the typical 
frequency-phase characteristic of the balance 
control loop at high frequencies. 

8-48. IF Signal Source 

8-49. The local oscillator frequency used for 
the IF conversion is supplied by a stable PLL 
oscillator on the A3 board which generates a 
40MHz minus IF. This source frequency is mixed 
with the output of the fractional N loop and is 
dropped to the requisite frequency corresponding 
to the test frequency plus IF. The frequency of 
the IF signal is selected as either 69.444kHz or 
78.125kHz to prevent spurious interference which 
arises when the test frequency and the IF signal 
frequency are close (and the relationship of their 
harmonics). The automatic selection of the IF 
signal maintains the frequency difference 
between the IF signal and the test signal (and 
their harmonics up to the fifth order) at more 
than lkHz. The relation between the test 
frequency and the selected IF signal frequency is 
summarized in Table 8-1. 

8-50. Floating Measurement Circuit 
Configuration 

8-51. The principle of four-terminal pair 
measurements demands that the test signal 
current be exactly equal at all points in the 
closed loop measuring circuit. Accordingly, 
leakage current flowing to ground must be kept 
extremely low. To meet this condition, the 
measurement circuit around the UNKNOWN 
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terminals is isolated from the circuit common of 
other circuits. That is, the outer conductors of 
the test cables, the range resistors, the source 
resistors, the null detector input circuit, and the 
process amplifier input circuit are floating above 
instrument ground. The floating measurement 
circuit configuration is shown in the schematic 
in Figure 8-23. This floating configuration 
allows the four terminal method to be used at 
low frequencies instead of the transform er 
isolation generally used. Additionally, because 
the test signal current does not flow outside if 
an arbitrary point in the measurement circuit is 
grounded (no return pa th exists), measuring 
DUTs which have a grounded terminal is 
possible. Actually, a portion of the test signal 
current leaks through the grounded terminal and 
returns to another point in the measurement 
circuit through the impedances between the 
floating circuit and ground which are provided to 
lower the sensitivity to external noises, so the 
measurement accuracy is affected only slightly. 

8-52. Process Amplifier Stage 

8-53. The switch circuit at the input stage of 
the process amplifier changes the measurement 
circuit for either impedance parameter 
measurements or amplitude-phase measure
ments. When making an amplitude-phase 
measurement, all of these switches are set to 
opposite positions from those shown in the block 
diagram (Figure 8-22). Then, the process 
amplifier accepts the inputs for CHANNEL A and 
CHANNEL B to be measured in place of the 
signals obtained from the bridge circuit. In B-A 

Model 4192A 

measurements and all the impedance parameter 
measurements, two channel inputs are 
alternately selected by the switches at the 
output stage of the input buffer amplifiers to 
independently measure those vectors in sequence 
(the parameter values are calculated from the 
measured vectors). For absolute amplitude A or 
B, the input for either CHANNEL A or CHANNEL 
B is measured. In all cases, the selected input 
signal is converted into an IF signal to achieve 
high accuracy attenuation, amplification, and 
phase detection at all test frequencies. The gain 
of the mixer is increased from OdB to a 
maximum of 18dB in 4.5dB steps when the test 
signal level is decreased. Since the vector ratio 
is constant as long as the same amplification (or 
attenuation) is applied to both vectors, the 
variable gain mixer improves the accuracy of 
measurements performed with a low test signal 
level. 

The IF signal is cleaned with the IF filter (LPF), 
eliminating spurious signals, harmonics, and 
noise outside the 90kHz pass band. To expand the 
measurable vector ranges, attenuators in the 
three IF amplifier stages are controlled. When 
measuring a low level vector, the attenuators 
are so controlled that the amplified signal has 
sufficient level for accurate phase detection. 
Conversely, when the input level is high, the 
attenuators decrease the amplitude to avoid 
saturating the circuit. In addition to expanding 
the measurement range capability, gain control 
for the IF amplifiers is also performed in 
conjunction with the setting of the test signal 
level. 

Table 8-1. Test Frequency and IF Signal Frequency Relationship. 

IF Test Frequency 

frF = 78.l 25kHz •- •-

fIF = 69.444kHz 

5Hz 38kHz 40kHz 5lkHz 53kHz 74kHz 83kHz l l 6kHz l 18kHz 153kHz 

f 11 = 78.l 25kHz 

f rr = 69.444kHz 

l 53kHz 159kHz 233kHz 236kHz 3llkHz 314kHz 389kHz 392kHz 13MHz 
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8-54. Phase Detection 

8-5 5. The phase detector separates the 0 O or 
90 ° phase vector component in reference to the 
0 O or 90 ° detection phase signal (phase 
detector drive signal output from the phase 
shifter) from the process amplifier output. 
Phase detection is performed in turn for each 
vector component of the two vector measure
ment signals which are alternately selected in 
the process amplifier. The detection phase is 
thus shifted by 90 degrees in accordance with 
the measurement control program. The phase 
detector output is averaged for conversion into a 
de signal proportional to the magnitude of the 
detected vector component. 

8-56. A-D Conversion 

8-57. The integration A-D converter trans
forms the analog vector voltage measurement 
data into time interval data which is counted 
with the number of clock pulses by the counter 
in the digital control section. The integrator 
charge time is automatically controlled to be a 
multiple of the test signal period, between 20ms 
and 200ms (normal speed mode). Thereby, the 
effect of the test frequency components 
remaining in the de signal does not appear at the 
output of the A-D converter because the 
characteristic of the normal mode rejection 
(NMR) effectively reduces the sensitivity to 
them. The line frequency noise superposed on 
the test signal is also eliminated by the charge 
time control. As a result of this charge time 
control, the charge quantity of the A-D 
converter varies in proportion to its time as well 
as to the input current. To achieve a wide 
dynamic range, adaptable for large variations in 

.I: 
Charge period 
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the charge quantity, and to enhance conversion 
speed, a multi-slope integration technique is 
incorporated in the A-D converter. The basic 
concepts of the multi-slope integration 
technique are outlined as follows : 

The maximum voltage of the dual slope A-D 
converter output is limited by the saturation of 
the integrator. Therefore, expanding the 
dynamic range requires that a high de source 
voltage be applied to the A-D converter. 
However, if the integrator is discharged at a 
constant rate before it is saturated and if it is 
subsequently charged until the constant charge 
period terminates, as shown in Figure 8-19, a 
high level input can be accepted without 
increasing the de supply voltage. Because the 
discharge quantity subtracted in the charge 
period is known, the magnitude of the input can 
be calculated from the measured discharge time, 
as in dual slope A-D conversion. Proceeding on 
this discussion, the discharge in the integrator 
charge period may be performed many times to 
prevent saturation even by a greater input. This 
multi-slope (type) A-D converter is constructed 
using a comparison of the integrator output 
voltage to a reference threshold level and a 
discharge time control as shown in Figure 8-20. 

When the integrator charge voltage reaches the 
threshold level, the FLVL level comparator 
causes the current source switch at the input of 
the integrator to close. The integrator 
discharges for a constant time Td with an input 
current, -Is, applied from the current source (the 
sum of the input current is Iin - Is). Then the 
current source switch is opened and the 
integrator restarts charging with the input 
current, Iin. Hence, the waveform in the charge 

- Saturation level 

slope integration 

integration 

Discharge time 
.J 

Figure 8-19. Principle of the Multi-Slope A-D Convertion. 
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period becomes a periodic sawtooth whose 
amplitude rises and falls between two levels. As 
a greater input speeds charging and decreases 
the voltage drop during the Td period, the 
number of sawtooth cycles automatically 
increases with the input level. A low level 
charge input which does not reach the threshold 
level produces a straight charge waveform as in 
ordinary dual slope A-D converters. The 
magnitude of the input is, thus, calculated from 
the number of sawtooth cycles and the discharge 
time. 

Discharge is fast until the voltage reaches the 
SLVL threshold level of the vernier region where 
it slows down to improve the resolution of the 
time count. The SLVL comparator detects the 
discharge ramp voltage as it approaches the zero 
base level (exceeding the SL VL threshold level) 
and decreases the discharge current Is to 1/128. 
The counting in the vernier region is made by a 
different counter than that operating in the fast 
discharge period. Thereby, the slow discharge in 
the vernier region enhances the resolution of the 
A-D conversion corresponding to the discharge 
current ratio. The A-D converter is operated 
five times per measurement; an offset 
compensation cycle is initially performed to 
eliminate the effect of the residual de offset 
voltages from the results of the subsequent 
operating cycles and then the magnitudes of the 
O O and 90 ° components of the selected vectors 
are individually measured. 

8-58. Internal de Bias Source 

8-59. The internal de bias source produces an 
accurate de voltage from the digital input data 
using the D-A conversion technique and applies 
the output (de bias voltage) to the DUT through 

Discharge 

time 

'Vlodel 4192A 

the closed circuit loop of the four-terminal pair 
measurement circuit. Figure 8-21 is a simplified 
schematic showing the internal de bias circuit 
configuration. The bias source is floating above 
the circuit common of other circuits in order to 
supply the bias voltage output to the floating 
measurement circuit. The bias network, 
consisting of a balan transformer and a 
capacitor, allows connection of the de bias 
source in the test signal current loop of the 
measurement circuit with a low additive (series) 
impedance. The bias voltage is applied between 
the outer conductor of the four-terminal pair 
measurement cable (inside the instrument) and 
the floating circuit common of the test signal 
source output circuit through the bias network. 
This yields the bias voltage between the HCUR 
and LCUR of the UNKNOWN terminals. Because 
the floating measurement circuit construction 
demands isolation of the bias circuit from 
ground, an external de bias input circuit is not 
provided. 

Siona I 
Source Rs 

HCUR LCUR 

Internal 

'--------1 Bias Source 

Rr 

Modula tor 

Output 

Figure 8-21. DC Bias Circuit Simplified 
Schematic. 

Integrator 

I Cha roe period ~ Vernier region 

-.,----------------,--,
1r-:7"'"-- Zero base I eve I li.n 
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(+BV) 

"'-slow level (SLVL) 

Td: constant discharge time 

Reference threshold level (FLVLl 

Saturation level 

Is 

Figure 8-20. A-D Converter Charge/Discharge Control. 
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8-60. Digital Control Section 

8-61. Figures 8-29 and 8-30 are the block 
diagrams of the 4192A digital control section. 
The digital control section consists of the A6 
Microprocessor Digital Control board and A5 
Display and Keyboard Control board assemblies. 

8-62. A6 Microprocessor Digital Control 

8-63. The A6 board contains the following 
circuits: MPU (Micro-Processor Unit), Memory, 
HP-IB, VRD Control, Serial Port, and 
Front-Panel Control. The MPU section is the 
heart of the A6 board. It controls the timing of 
the digital circuits, the process of programmed 
measurements, and the response to input 
commands. An outline of the MPU circuit 
operating theory follows. 

8-64. The Ql Turn-On Reset Circuit initializes 
the Microprocessor after a 1 second (0.5 to 1.5 
second) delay when the instrument is turned on. 
The Microprocessor then accesses the program 
ROM to read the stored data. The program is 
run one step at a time, synchronized with two 
complementary 1.25MHz clock signals (CLK¢1 
and CLK¢2) supplied by the ¢11¢2 Driver. The 
relationship between the high and low periods of 
each signal is shown in Figure 8-24. The source 
of the clock signals is a 20MHz signal, output 
from the A3 board. 

8-65. I/O Signals 

8-66. The Ull4 microprocessor handles all 
digital data processing as well as providing 
timing control for the analog measurement 
circuit. The microprocessor is interfaced with 
other devices via the Data Bus Line, Address Bus 
Line, and several control lines. These I/O 
(Input/Output) lines have the following functions : 

Data Bus Line (8 bit): 
Bidirectional bus line for transfer of 
program and measurement data to and from 
the Microprocessor. 

Address Bus Line (16 bit): 

8-24 

Unidirectional bus line from the 
Microprocessor for addressing program 
ROM's and data RAM's. Additionally, sets 
HP-IB Interface Adapter, or one of the data 
registers to enable data transfer to and 
from the Microprocessor via the Data Bus 
Line. 

Model 4192A 

Control lines (B-VMA, B· R/W, ¢ 2) : 
The B·VMA (Bus . Valid Memory Address) 
line controls synchronous access timing of 
RAMs, ROMs, and the HP-IB Interface 
Adapter. Additionally, this line controls the 
timing of the Device Selector outputs in 
conjunction with the ¢ 1 clock signal. The 
B·R/W (Bus/Read/Write) control line sets 
the RAMs, ROMs, HP-IB Interface Adapter, 
and I/O Data Buffer to "Read" or "Write" 
operating mode to control the direction of 
data transfer (time sharing) on the Data Bus 
Line to or from the Microprocessor. (B· R/W 
control logic is described further in 
paragraph 8-72.) The ¢ 2 clock signal line 
provides a 1.25MHz clock pulse for timing 
control in the digital control circuit. 

8-67. The IOBE( 1/0 Bus Enable) line causes the 
I/O Data Buffer (u68) to link the Microprocessor 
to the transmitter/receiver device through the 
Data Bus line on the appropriate synchronous 
timing for a data transfer (see Figure 8-24). The 
1/0 Data Buffer takes the required direction for 
the microprocessor to read or to write data via 
the Data Bus line. The B·R/W control signal 
determines the direction of the 1/0 Data Buffer. 

8-68. Memory 

8-69. The Program Control ROM has a 28K byte 
capacity and contains the analog section control 
programs and digital data processing routines 
(counting, calculation, data transfer, and 
storage). To accept the measurement control 
instructions from the Program ROM, the 
Microprocessor sequentially addresses the ROM 
through the Address Bus line. The Ull0 and Ulll 

1'---...J 
r+-!200~300ns 1 

I 
B·VMA ---'I I 

-
1
r- - - - - ..1 - - - - -- Read 

B · R / W ___ ...1 , ---~1 ______ _ 
- Write 

Address ABCA ABCD; 
data ---'----'---~-=--+---

I+-- Address 

IOBE 
----J~~--2:.-l-- ~ imino 

accessible time 

Figure 8-24. Address Timing Control. 
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ROM Chip Selector decodes address bits 11 
through 15 to the 14 bit chip select signals (RS0 
to RS12 and RS15) which cause the appropriate 
ROM to write out stored data onto the Data Bus 
line. The measurement control instructions, 
output from the ROM, are stored in the Serial 
Register (U63) of the Serial Port circuit or the 
Measurement Control Register (U31 and U33). 

8-70. The Microprocessor also addresses the 2 
killobyte Data RAM and bus line control devices 
(address registers and HP-IB Interface Adapter) 
to sequentially execute microprocessor program 
steps in accordance with the program stored in 
the ROM. The Data RAM is used to 
momentarily store front-panel control setting 
data, measurement results, and temporary data 
yielded from calculations. The state of the 
address bit 10 designates a set of two RAM's 
(each RAM has 4 bit input) to store or write out 
8 bit data. The RAME (RAM Enable) signal 
causes the RA:VI to be accessible on the 
appropriate timing for complete memorization 
of input data. The Standby Battery on the A 7 
board preserves the data stored in the RAM 
when there is an ac power-loss. Simultaneously, 
the protective circuit on the A 7 board outputs 
the Power Fail signal and disables addressing of 
the RA'Vl to prevent storage of random data at 
the instant power is lost. During normal 
operation, the battery is recharged from a +5V 
de voltage source. 

8-71. Read/Write Control 

8-72. The Read/Write (B·R/W) timing control 
signal is sent to the various storage devices, 
registers, decoders and the HP-IB interface 
adapter to control the transfer of data as follows: 

Read: 

Write: 

Causes a selected register or 
storage device to output stored 
data, or sets bus driver or HP-IB 
Interface Adapter to the drive 
mode. Microprocessor accesses 
(Reads) the data sent from the 
addressed device. 

Enables a selected register or 
RAM to store data, or sets 
decoder or HP-IB Interface 
Adapter to the receiver mode. 
Microprocessor sends (writes) 
data to the enabled device. 

Read/Write control is performed in conjunction 
with the appropriate address signals to enable 
the correct device for the data transfer. 

Section VIII 
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8-7 3. The outputs of the Ul07 Device Selector 
enables/disables the individual function blocks to 
link with the Microprocessor. The selected 
(enabled) circuit block has access to the 
Microprocessor through the Data Bus line. 

8-7 4. The U8 and Ul05 1/0 Address Decoders 
decode address bits 0 through 3 to the 12 bit 
timing control signals which control the 
operation of the various digital devices 
(registers, counters, drivers and flip-flops) in the 
VRD Control, Serial Port, Status Buffer and 
Interrupt Control circuits. These timing control 
signals are functionally similar to the R/W 
control signal; that is, they enable/disable 
individual devices in each circuit section in 
accordance with the programmed sequence. 

8-75. IRQ Circuit 

8-7 6. The Ul 03 IRQ gate signals the input of an 
IRQ (Interrupt Request) to the Microprocessor. 
The five IRQ control lines (KBP, HINTEG, 
ADEND 488IRQ and ENPFI) transmit the request 
to the function control input from the keyboard, 
A-D Converter (A2 board) or the HP-IB control 
line. When a 4192A function is selected or 
changed, the IRQ line goes LOW. Normal 
measurement sequence control of the 
Microprocessor immediately pauses, except 
during integrator operating periods (multi-slope 
A-D conversion operation), to determine the 
nature of the control input from the contents of 
the Ul04 Interrupt Status Register (Serial 
Polling). Program address then jumps to the IRQ 
service routine to control the function control 
prior to program processing. The IRQ control 
line is always active to allow servicing of 
interrupt requests. 

8-7 7. Serial Port 

8-7 8. The U63 Serial Register in the Serial Port 
circuit momentarily stores the (static) control 
data to initiate the test signal, measurement 
range, and de bias voltage entered from the 
keyboard or via HP-IB remote control. The 
Serial Register also stores data for setting the 
analog recorder output voltages. This control 
data designates the states of the analog switches 
to be set for the given measurement condition 
and provides input data for programmable 
devices in the de bias supply and analog recorder 
output circuits. The stored data is transferred 
to the latches in the analog measurement section 
(and the A8 DC Bias Supply and A9 Analog 
Recorder Output) through the SRD 1, SRD 2, or 
SRD 3 Serial Data Line. This data transfer is 
made to the appropriate latch in the following 
manner: 

8-25 



Scans by ArtekMedia © 2008

Section VIII 
Paragraphs 8-7 8 to 8-8 0 

First, the control data is sent to the U63 Serial 
Register and the S-PE (Serial Pole Enable) signal 
is set to store the input data in the register. 
Next, address bi ts 0 to 3, given by the program 
data, are stored in the U65 register. The U60 
Serial Data Clock Decoder decodes this address 
data to the 6 bit analog control clock signals 
(SC0 - SC4; FREQ CLK, RNG CLK, TST CLK, 
VRD CLK, DC BIAS CLK, ANALOG OUT CLK) 
synchronously with the ¢ 2 signal divided by 8. 
These clock signals cause specific latch(es) to 
store the data and to output the control signals 
to individual analog switches. The U64 octal 
counter drives the SRD Clock Register in periods 
of 8 cycles of the ¢2 signal with which the Serial 
Register syncs. Thus, the Serial Register 
serially outputs an 8 bit data stream onto the 
Serial Data Line during one period of the analog 
control clock signal. 

8-79. VRD Control 

8-80. The VRD Control circuit controls the 
measurement functions in the A2 Phase 
Detector/ A-D Converter to measure the vector 
ratio of the IF vector signals. Additionally, this 
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circuit counts 4MHz clock during the discharge 
period of the integrator, and stops counting when 
the ZERO signal is received from the A-D 
converter. As A-D conversion requires accurate 
timing control for correct circuit operation, the 
sequential time periods of the control signals are 
developed from the integration time counters 
and delay genera tors which operate in sequence, 
independent from the programmed control by the 
microprocessor. The microprocessor provides 
the timing for the VRD Control to start control 
of the A-D Converter. The VRD Control directs 
the multi-slope integration operation of the A-D 
Converter as follows : 

The block diagram of the VRD Control circuit in 
Figure 8-25 is referred to throughout the follow
ing discussion. To determine the period of the 
integrator charge time, the Microprocessor sets 
a data (number) N to the program input of the 20 
bit Preset Counter (Ul3, U46, U48, U50 and 
U52). Then, the HSTITG signal sets the U47 Flip 
Flop causing the HINTG control line to go LOW. 
The HINTG signal closes the integrator input 
switch to charge the integrator (with the phase 
detector output). Simultaneously, the Preset 

10 20p. s DELAY 12 11 
1------iGENERATOR 

U408 R 

HZERO 4MHz 
CLK 

Carry from 
7bit Counter 

0 
Q: 
LLJ 
N 
:I: 

I 

ADEND 

9 

LSCDN 

ADEND 

To 7 bit 
Counter 

To 12 bit 
Counter 

Figure 8-25. VRD Control Circuit Block Diagram. 
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Counter starts counting the 1.25MHz clock signal 
to provide the charge time determined as the 
programmed number N x 800us (period of the 
1.25MHz signal). When the integrator reaches 
the FLVL threshold level, the FLVL comparator 
on the A2 board pulls down the LFLVL line to 
LOW. The U43 Flip Flop synchronously activates 
the 512us Integration Time Generator with the 
4MHz clock signal. The LFCDN line goes LOW 
and causes the integrator to discharge during the 
512us period obtained by counting 2048 cycles of 
the 4MHz signal. The discharge in the charge 
period is repeated each time the LFLVL line 
goes LOW before the Preset Counter terminates 
the charge period. When the total number of 
1.25MHz input pulses reaches N, the Preset 
Counter resets the U47 Flip Flop. The HINTG 
control line returns to HIGH causing the 
integrator input switch to open. 

The 20us Delay Generator (U40A) sets the U42 
Flip-Flops 20 us after the charge period is 
terminated. The integrator holds the charged 
input during this time. Then, LFCDN line goes 
LOW to discharge the integrator simultaneously 
with opening of the Ul6 counter input gate. The 
12 bit Counter (U49, U51 and U53) starts count
ing the 4MHz clock pulses supplied through the 
input gate. When the discharge slope of the 
integrator reaches the SL VL threshold level, 

Section VIII 
Paragraph 8-80 

the SLVL comparator on the A2 board resets the 
U42 Flip Flops. Simultaneously, the LFCDN 
signal returns to HIGH and the counter input 
gate blocks the 4MHz signal (to stop counting). 
The 20 us Delay Genera tor (V 4 OB) following the 
U42 Flip Flops provides a 20us hold time for the 
integrator. Thereafter, the Delay Generator 
sets the U41 Flip Flops to pull down the LSCDN 
line to LOW. The integrator starts discharging 
slowly the rest of the input with a low discharge 
current. In place of the 12 bit Counter, the 7 bit 
Counter (U55 and U57) counts the 4MHz pulses 
to detect the slow discharge period. A 
simplified schematic of the 12 bit and 7 bit 
counter circuits is shown in Figure 8-26. The 7 
bit Counter transfers a carry pulse to add 1 count 
to the content of the 12 bit Counter each time 
the total number of 4MHz input pulses exceeds 
the full count. When the decay slope of the 
integrator output reaches zero, the HZERO 
signal from the Zero Detector (A2 board) resets 
the U41 Flip Flops. The LSCDN line returns to 
HIGH causing the 7 bit Counter to stop 
counting. The U41 Flip Flops concurrently drive 
the ADEND line, which is an input of the IRQ 
circuit, with the LSCDN line to signal completion 
of an A-D converter operating cycle to the 
Microprocessor. The Microprocessor 
sequentially accesses the Data Register (U54, 
U56 and U58) to read the stored counter outputs. 

To MPU 

(NMI) 
,---------------------------- DATA BUS 
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-------~ --------------- ---__,J LINE 

REGISTER 
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Figure 8-26. A-D Conversion Data Counter Simplified Schematic. 
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Section VIII 
Paragraphs 8-81 to 8-88 

8-81. Measurement Control Register 

8-82. Analog measurement sequence control 
signals which do not require accurate control 
timing (such as A-D conversion) are set in the 
U31 and U33 Measurement Control Register from 
the Program RO Ms. The stored data is replaced 
each time the states of the individual analog 
switches in the All Process Amplifier or the Al2 
Phase Detector/ A-D Converter are to be 
changed. 

8-83. Fractional N Control Register 

8-84. The U30 Fractional N Control Register 
receives the fractional divisor data through the 
Data Bus line and transfers it to the Fractional N 
Control Chip (A4 board) in 4 bit parallel-data 
serial fashion. The INV (Instruction Valid) and 
ECLK signals cause the Fractional N Control 
Chip to store the transferred data. 

8-85. Status Buffer 

8-86. The Status Buffer (U9, Ul0, Ull and U32) 
outputs the data for the states of the Sl Cable 
Length Selector and S2 Special Function Selector 
DIP switches onto the Data Bus Line by a 
request from the Microprocessor. The 
Microprocessor accesses the Status Buff er to 
read the selected functions and the data (set by 
the switches) after the instrument is turned on. 
Also, the U 32 buff er accepts an external trigger 
input, Cable Length switch setting data (from 
the front panel) and the status annunciation 
signals (VCOH, VCOL, UNLOCK and TRDSAT) 
from the analog measurement section. The 

DB 7 - ,_ ____ .. ,......__ 

DB 6 - ,_ ____ -•~-

DB 5 .,..,.,___., - -- --- _,,......__ 

DB 4 --•-----., ..... - - - - .. .,.,___ 

.. 

.. 
.. 
,. 

DB 3 - ...._ _____ .. ,,. __ ,. 

D 8 2 ◄•1---•► .... - - - - ◄41--- ,. 

DB I - ,._ ____ ◄""'~-.. 
DB O - ,._ ____ .. ,_ __ ,. 

1\!lodel 4192A 

Microprocessor monitors these signals each time 
a measurement starts and manages measure
ments in response to them. If the TRDSAT 
signal goes LOW, for instance, the measurement 
sequence initializes when the auto-offset cycle 
of the A-D Converter is completed. 
Additionally, UCL error message is displayed on 
the front-panel. 

8-87. HP-IB Interface 

8-88. All HP-IB interface functions are handled 
by the U7 HP-IB Interface Adapter. The 
Interface Adapter controls the "handshake" 
between the Microprocessor and external HP-IB 
equipment on an HP-IB program basis. The 
architecture of the Interface Adapter is shown in 
Figure 8-27. The 8 pairs of registers in the 
Interface Adapter store data transferred to/from 
peripherals as directed by asynchronous 
operation of the Control Bus signals. Each 
register pair stores one bit of data on the 8 bit 
data bus line. When the instrument is turned on, 
the 103 control line is set to LOW. The 
Microprocessor accesses the HP-IB address data 
in the U6 Register to display the instrument 
address number on the front-panel. The 
1\1icroprocessor accesses the Interface Adapter 
by causing the 488E control line to go LOW. 
Address bits 0, 1, and 2 select the internal 
register of the Interface Adapter which is to 
store or write out the data. An interrupt control 
request from the external HP-IB controller pulls 
down the 488IRQ output line of the Interface 
Adapter causing the 488IRQ input of the IRQ 
gate (Ul03) to go LOW. Thus, the 
Microprocessor is requested to respond to the 
interrupt input. 

DIO 8 

DIO 7 

DI 0 6 

DIO 5 

DIO 4 

DIO 3 

DIO 2 

DIO I 

~ ~__R_._".!' __ v Do'° from"'· HP-1B ,q,lpmooL 

[ Write J 
L-.:..;_;_..;...;.;:;,_-1 ,..__Data to ext. HP-I B equipment. 

Figure 8-27. HP-IB Interface Adapter Internal Register Configuration. 
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8-89. Front-Panel Control 

8-90. The Front-Panel Control section mediates 
the data transferred to/from the A5 Display and 
Keyboard Control. When a control key on the 
front-panel is pressed, the KBP interrupt signal 
resets the U99 Flip-Flop causing the IRQ line to 
go LOW. Thereby, the interrupt request from 
the keyboard is input to the Microprocessor. 
While a keyboard switch is on, the state of the 
KBD bus line (KB0 - KB7) represents the address 
of the key actuated. The KBRD signal then 
enables the Ul0l Keyboard Status Buffer so that 
the 'Vlicroprocessor accesses the KB signals via 
the Data Bus Line. 

8-91. The Display Data RAM (U90 through U94) 
stores a complete set of the on-off combinations 
of all the display elements on the A5 board. 
When the LWRT signal is HIGH, the U90 and U91 
RA Ms store parallel 8 bit display data from the 
Microprocessor. Similarly, the UWRT signal 
actuates U93 and U94 RAMs. Before beginning 
transfer of the measurement display data, the 
address data, which determines the initial state 
of the Display Scan Counter output (SAO - SA3), 
is sent to the Display Data RAM. This selects 
the RA:Vl address for initial storage of the 
transferred display data. Successively, the 
display data is sent to the Display Data RAM 
through the Data Bus Line. The U92 Display 
Scan Counter simultaneously advances the RAM 
address from the preceding address for every set 
of incoming display data. The 8 bit display data 
is previously coded by the Microprocessor as 
appropriate for driving the seven-segment 
displays (or indicator lamps) when the data is, in 
turn, written out from the RAM. The 4-bit 
RAMs store the 8 bit display data in the 
following manner : 

U90 and U91 : Stores 7-segment numeric 
display data for DISPLAY A and 
DISPLAY B along with display 
data for multiplier lamp and unit 
lamp indicators (includes BIAS 
and X-Y recorder output 
indicators). 

U92 and U93: Stores 7--segment numeric 
display data for FREQ/BIAS 
display along with display data 
for lamp indicators in the 
function control keys. 

Since the Display Scan Counter starts counting 
from the desired address number, it is possible to 
change part of the memory in the RAM to new 
display data. 

Section VIII 
Paragraphs 8-89 to 8-92 

8-92. Each set of two display data RAMs stores 
16 sets of 8 bit display data. When the LWRT 
and UWRT signals are LOW, the Display Data 
RAM writes out the stored data onto the CA 
(CAO - CA7) and CB (CB0 - CB7) bus lines, as 
addressed by the Display Scan Counter. To 
display numeric data, the RAM outputs the 
display segment signals which illuminate the 
numeric figure of each count digit of the 
displays. The RAM address signals (SAO - SA3) 
are simultaneously decoded by the Anode Scan 
Decoder (A5 board) to periodic anode scan 
signals which activate, in sequence, each digit. 
Synchronous operation of the Display Data RAM 
and the Anode Scan Decoder accomplishes 
matrix drive of the display. The lamp indicators 
are also controlled in the same manner. 
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Section VIII 
Paragraphs 8-93 to 8-95 

8-93. A5 Display and Keyboard Control 

8-94. The A5 board is divided into two sections: 
The Display section and Keyboard Control 
section. The Display Section consists of Display 
Drivers and various numeric displays and 
indicators. The display data signals from the 
Display Data RAM (A6 board) gain the power to 
drive the display elements by the Cathode 
Drivers (Ul3, Ul4, Ul5 and Ul6). The CA and CB 
output bus lines (CAO - CA 7 and CB0 - CB7) 
deliver the display data signals to all the display 
elements connected to the respective bus lines. 
The display elements on each bus line are 
subdivided into 16 groups corresponding to the 
address numbers of data written out from the 
Display Data RAM. The U3 Anode Scan Decoder 
decodes the 4 bit address signals (SAO - SA3) to 
16 bit anode drive signals (ANO - AN15), which 
activate each group of display elements in the 
address order assigned to the display data. 
Accordingly, the display elements are 
sequentially lit for the periods of 1/16 display 
cycle time O2811s). 

8-95. The Ull Key Scan Counter outputs 
periodic KB signals (KB3 - KB5) synchronized 
with the 7 .8kHz DSCLK input signals. These 3 
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bit output signals are decoded by the Ul2 Key 
Scan Decoder to keyboard scan signals (YO - Y5 ), 
which, in turn, enable the individual keys of 
eight key groups (descriminated by X line 
numbers). Each control key in the key group is 
enabled, in sequence, to perform its specific 
function. When a key (for example, "SPOT" key) 
is pressed, one of the keyboard output lines XO 
through X7 goes LOW at the moment the 
pushbutton switch input is pulled down (set LOW) 
by the keyboard scan signals. In this example, 
the X3 line goes LOW when the Ul2 Decoder sets 
its YO control output line to LOW. The Ul8 
Priority Encoder converts the 8 bit output 
signals of the keyboard into 4 bit signals (KB0, 
KBl, KB2 and KB6) as well as pulling down the 
KBP line to LOW. The gate input of the Ull Key 
Scan Counter goes HIGH and subsequently the 
Key Scan Counter stops. The states of the Key 
Scan Counter output (KB3 - KB5) and the 
keyboard output given by the KB0, KBl, KB2, and 
KB6 signals are coordinated with the address of 
the key pressed. The KBP line goes LOW causing 
the IRQ gate on the A6 board to issue an 
interrupt request. The Microprocessor reads the 
key scan counter and the keyboard output data 
to identify the pushbutton function actuated. 

SPOT 

xo xi x2 x3 x4 x5 x6 x7 

Figure 8-28. Matrix Keyboard Operating Principle. 
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Figure 8-29. Digital Control Section Block Diagram - A6 Microprocessor Digital Control. 
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8-96. TIMING DIAGRAM DISCUSSION 

8-97. Figure 8-31 shows the waveforms and 
timing relationships of the measurement control 
signals in the basic measurement sequence. An 
explanation of the function and timing of the 
individual control signals is summarized in the 
Timing Diagram Notes. A brief discussion of the 
timing diagram is described below : When the 
instrument is triggered (internally or externally), 
the offset measurement period of the A-D 
Converter is initiated. To initiate the offset 
measurement cycle, the IRST, HINTG, LFCDN, 
HOLD 1, HOLD 2, and LSCDN signals from the 
digital control section actuate the A-D 
Converter on the timings shown in the diagram. 
During this period, the A-D Converter outputs 
the LFLVL, HSLVL, and HZERO signals required 
by the digital control section to manage the 
control sequence and to count the magnitude of 
the measured (residual offset) input. The periods 
when the 4MHz CLOCK GATE signal is HIGH are 
counted to determine the discharge quantity of 
the A-D Converter (equal to the magnitude of 
the input). After completion of the offset 
measurement cycle, the A-D Converter is 
operated four cycles to measure the orthogonal 
phase component voltages of the measurement 

vectors selected in accordance with the HEXB 
and HERA control signals. The HEXB and HERA 
signals control the timing to alternately select 
the two measurement vectors of the 
auto-balance bridge or of the amplitude-phase 
measurement inputs. Charge/discharge control 
for the A-D Converter is performed in the same 
manner for the five operating cycles, inclusive 
of the offset measurement. When the charge 
period of the Err (0 ° )/CH.B (0 °) measurement 
cycle ends, the HPSFT signal actuates the phase 
shifter (on the A2 board) and delays the phase 
detector drive signal by 90 °. By selecting the 
measurement vectors four times in one 
measurement, the detection of the four phase 
components is accomplished with only one phase 
shift operation. 

The analog measurement control shown in the 
diagram completes in 32ms, 120ms or 1020ms for 
high speed, normal or average measurement 
mode, respectively. Thereafter, the digital 
control section performs the necessary 
calculations to derive the parameter values and 
converts the data format into the display data. 
Typical data processing time for each 
measurement parameter is shown in Table 8-2. 

Table 8-2. Digital Data Processing Time 

Measurement Parameter Time 

R-X, G-B 23 to 2Sms 

I z I - 8 so to 52ms 

L-R/Q, C-D 30 to 34ms 

(B-A) - 8 74 to 76ms 

A, B 55 to 57ms 
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TIMING DIAGRAM NOTES 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

HS YNC : Sets the phase angle of the 
phase detector to 0 degrees each time a 
measurement starts. The output timing 
of this signal is asynchronously controlled 
by the measurement program with other 
measurement sequence control signals. If 
this signal is not output, even though 
SELF TEST for the program memory 
(ROMs and RAMs) passes, A6U33 is 
probably faulty. 

HSYNC signal pulse width 
Approximately 50µs. 

IRST : Goes HIGH approximately l00µs 
after the IISYNC signal is provided and 
goes LOW 500µs to reset the Multi-Slope 
A-D Converter after the offset 
measurement period is completed. 

HINTG : When HIGH, this signal closes 
the multi-slope A-D converter input 
switch and controls the charge period of 
the A-D Converter. 

HPSFT : SHifts the detection phase of 
the phase detector 90 degrees. 

LFLVL Output from the 
comparator of the Multi-Slope 
Converter when the charge voltage 
reaches the reference threshold 
(-8V). 

level 
A-D 

slope 
level 

LFCDN Goes LOW for 512µs to 
discharge the A-D Converter when the 
L FL VL signal is provided. This signal 
stays LOW during the fast discharge 
period of the A-D Converter. 

HOLD 1 : Temporarily opens the A-D 
Converter input switch to prevent the 
A-D Converter from charging with the 
transient signal incident to change of the 
input signal. 

HSLVL Output from the level 
comparator of the Multi-Slope A-D 
Converter when the fast discharge voltage 
slope reaches the Slow Level (+7 .83V). 

1 0. HOLD 2 : Provides the second hold time 
to avoid transient input of the A-D 
Converter. 

8-36 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

LSCDN Causes the A-D Converter 
discharge current to decrease to 1 /128 
during the Slow Discharge period. This 
improves the resolution of the time 
counted to determine the discharge 
period, corresponding to the discharge 
current ratio. 

HZERO Output from the Zero 
Comparator of the Multi-Slope A-D 
Converter when the discharge voltage 
slope crosses the zero base level (+8V). 

HEXR and HERA : Controls the signal 
selector switch of the Process Amplifier 
to alternately select the vector voltage 
across the DUT and across the range 
resistor in impedance measurements. In 
Amplitude-Phase measurements, the 
selection is made for the CHANNEL A and 
CHANNEL B input signals. 

4M CLOCK GATE : When HIGH, this 
signal causes the data counter to count 
the number of the 4MHz clock pulses. 
The counted number determines the 
discharge period of the A-D Converter. 

TRD SAT DETECT : The microprocessor 
reads the state of the TRDSAT signal 
(A6U32 pin 18) at the timing of this signal 
to verify that the Auto-Balance Bridge 
circuit is balanced. If the TR DSA T line is 
LOW, "UCL" is displayed and the A-D 
Converter repeats the offset 
measurement cycle only. 

VRD SAT DETECT : Output when the 
HZERO signal is generated during the 
A-D Converter charge period. The 
measurement sequence is reset to the 
initial condition. 

Interim During this period, the 
microprocessor performs the necessary 
calculations for the measured data 
obtained from the A-D Converter; 
approximately 2ms. 
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Figure 8-31. Measurement Control Timing Diagram. 
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Section VIII 
Paragraphs 8-98 and 8-99 

8-98. TROUBLESHOOTING 

8-99. The instructions and information for 
troubleshooting the 4192A are provided in the 
following paragraphs. Figure 8-32 "How to Use 
Troubleshooting Guides" is helpful when starting 
to troubleshoot the 4192A. The troubleshooting 
guides comprise four major steps, different for 
each level of the troubleshooting procedure. 
First, the troubleshooting guides describe the 
procedure to isolate a failure to the analog, 
digital or power supply circuit sections. In the 
subsequent steps, the troubleshooting guides 
proceed to the board assembly level and 
component level isolation. The instructions and 
diagrams provided as troubleshooting aids in 
each step are shown in the figure. An outline for 
how to perform troubleshooting is explained 
below: 

1) Brief Checks for Symptom Verification. 

First, verify the symptom on the 
instrument. If the display or control 
settings in the initial operating sequence do 
not occur just after the instrument is turned 
on, measure de power supply voltages and, if 

,---------7 
I Table 8-3. [rror I 
1 ~less age ~leanings. I 
I I 
I I 
'-- - - - -1- - - - --' 

' \'er i fy the symptom 
and check the de 
power supply 
voltages. ~ 

l 
Refer to Service 
Sheet Foldout of the 

r---------7 
1 

Pages 8-4 7 and 8-48, I 

I 16343A Diagnostic 
Test Flow Diagram 

I Notes and Figure 
I 8-35, Connecting 
I the 16343A. I 
L - - - -1- - - _ _J 

I 

• 
Refer to Figure 
8-36 for Analog 
and lligital Section 
Isolation Procedure. 

1 DIGITAL 

Refer to Figure 
8-37 for Signature 

ANALOG 

2) 

Model 4192A 

an abnormality is found, troubleshoot the 
power supply section. If an error message 
display occurs, refer to Table 8-3 for the 
meaning of the message. If the power 
supply section is normal, proceed to step 2. 

Analog and Digital Section Isolation 
Procedure. 

Refer to "l 6343A Diagnostic Test Flow 
Diagram Notes" to understand usage of the 
16343A Logic Test Box. To determine 
whether the failure is in the analog 
measurement section or in the digital 
control section, use Figure 8-36 "Diagnostic 
Test Flow Diagram". 

Using various settings of the front-panel 
controls, check whether the control 
functions and displays are normal. The 
"Front-Panel Troubleshooting Guide," given 
in Table 8-4, lists the probable causes of 
failures related to typical symptoms on the 
front-panel controls and displays. This 
Guide is helpful in finding the location of 
failures at the level of the analog and 
digital section isolation. 

r- - - - - - - - - 7 
Primary 

I Trouble shooting 
1Guide (Para. 8-104 I 
I through 8-114). I 
L ___ -, ____ _j 

I 

• Refer to Figure 
8-33 for Analog 
Measurement Section 
Troubleshooting to 
Assembly Level. 

,-----------, 
I I 

Refer to Service 
Sheet Foldout of the 
board assembly for 
troubleshooting to 
component level. 

D Troubleshooting 
Procedure 

A7 Power Supply Analysis Trouble-
I Flow Diagram Notes. I 

1-4--7 I 
board for trouble- shooting to L ________ J r--, Helpful 

I I shooting to component Component Level. L __ .J Instructions 
level. 

Figure 8-3 2. How to Use Troubleshooting Guides. 
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3) Troubleshooting Procedure to Assembly 
Level. 

If the failure is in the analog section, first, 
use paragraphs 8-104 through 8-114 
"Primary Troubleshooting Guide," which 
describes the key procedures to identify the 
defective circuit section. Next, proceed to 
Figure 8-33 "Analog Measurement Section 
Troubleshooting to Assembly Level." If the 
failure is identified in the digital control 
section, perform the procedure in step 4. 

4) Troubleshooting Procedure to Component 
Level. 

Section VIII 
Paragraphs 8-99 and Table 8-3 

Perform troubleshooting for component 
level on each board. The troubleshooting 
guides for the analog circuit boards are 
provided on the Service Sheet foldouts for 
each individual board assembly. 

If the failure is in the digital section, 
proceed to signature analysis trouble
shooting. A brief description of the 
signature analysis method and usage of the 
16343A Logic Test Box for the signature 
analysis test is provided on pages 8-4 7 and 
8-48. The signature analysis troubleshooting 
procedure for overall digital control section 
(to component level) is given in Figures 8-36 
and 8-37. 

Table 8-3. 4192A Error Message Meanings 

Error 
Indicated Condition Operating 

Code 1'lode 

E-20 A6U72 or U73 RAM failure. 

E- 21 A6U70 or U7 l RAM failure. 

ROM failure. 

E-30: A6U85 E-37: A6U82 
E-30 E-31: U83 E-38: USO 

l E-32: U81 E-39: U78 
E-41 E-33: U79 E-40: U76 

E-34: U77 E-41: U87 Measurement 
E-35: U75 E-42: U86 Mode 
E-36: U84 E-43: U74 or 

Self Test 

E-50 The line frequency detection Mode 
interrupt command is not output. 

E-51 
Detected line frequency is outside 
the normal frequency range (45Hz to 
70!-lz). 

E-61 
The Multi-slope A-D Converter (A2) is 
saturated. 

The Multi-slope A-D Converter (A2) 
E-62 malfunctions or the charge time 

counter is not operating normally. 

The Fractional N Frequency 
E-70 Synthesizer is malfunctioning Self Test 

(VCOH signal is HIGH). Mode only 

E-71 
The Fractional N Frequency Synthesizer 
is malfunctioning (VCOL signal is LOW). 

The 40MHz vcxo signal is not locked to 
E-73 the frequency of the external reference 

signal. 
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Section VIII 
Table 8-4 

8-40 

Model 4192A 

Table 8-4. Front-Panel Troubleshooting Guide 

Symptom Faulty Board 

Numeric displays do not appear and pushbutton A3, A6, A7 
indicator ramps do not light. 

Meaningless figures are displayed on the A6 
numeric displays. 

A numeric display segment does not light or AS 
always lights. 

Trigger ramp on DISPLAY A does not flash. A3, A6 

The functions of the control keys are not AS, A6 
executed. 

Incorrect initial control settings. A6 

The function indicator lamps on the keys come A6 
on and off at random. 

Impedance measurements are not made normally Al, AS, Al2 
but Amplitude-Phase measurement functions 
are normal. 

Test signal level is too low. Al, A3, A4, Al2 

Test signal level is too high. Al, Al2 

Measurement error increases on specific Al 
impedance range(s). 

In impedance measurement, UCL is displayed Al 
at specific test frequency range(s). 

Fluctuation of the measurement display output A4, All, A3 
is abnormally large. 

In Amplitude-Phase measurement, OF is always A6 
displayed regardless of the input signal level 
and measurement range. 

Internal DC bias voltage is not applied to AS, Al (Fl) 
OUT. 

Internal bias voltage is different from the A8 
entered value. 

Analog recorder output voltage is incorrect. A9 

E-SO is displayed. A7 

E-61 or E-62 is displayed. A2, A6 

E-70 or E-71 is displayed. A4 

E-73 is displayed. A3 
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8-100. WARNINGS and CAUTIONS 

8-101. For safety of service personnel who 
perform troubleshooting and for protection of 
the instrument against possible damage, 
attention should be given to all WARNINGS and 
CAUTIONS given throughout the troubleshooting 
and repair procedures. 

CAUTION 

The opening of covers or removal of 
parts, except those to which access can 
be gained by hand, is likely to expose 
live parts; in addition, accessible 
terminals may be live. 

The instrument should be disconnected 
from all voltage sources before 
performing any adjustment, parts 
replacement or maintenance/repair for 
which the instrument must be opened. 

If adjustment, maintenance, or repair 
must be performed with voltage 
applied, it should be performed by 
qualified service personnel aware of the 
hazards involved. 

WARNING 

WHENEVER IT IS LIKELY THAT THE 
PROTECTION PROVIDED BY THE 
FUSES HAS BEEN IMPAIRED, THE 
INSTRUMENT MUST BE MADE 
INOPERATIVE AND MUST BE 
SECURED AGAINST ANY UNINTENDED 
OPERATION. 

CAUTION 

Capacitors inside the instrument may 
maintain a charge even if the 
instrument has been disconnected from 
all voltage sources for an extended 
period. Be sure that only fuses of the 
required rated current and of the 
specified type are used for 
replacement. The use of mended fuses 
or short-circuiting of fuse holders must 
be avoided. 

Section VIII 
Paragraphs 8-100 to 8-108 

8-102. ANALOG SECTION TROUBLE-
SHOOTING TO ASSEMBLY LEVEL 

8-103. Flow diagram in Figure 8-33 shows the 
basic procedure used to troubleshoot the analog 
measurement section. The troubleshooting guide 
included in this diagram facilitates successful 
isolation of troubles to board assembly level, 
with simple, short procedures. When it is 
determined that the trouble is in the analog 
measurement section, follow the troubleshooting 
instructions given in the figure. The Primary 
Troubleshooting Guide, beginning in paragraph 
8-104 and continuing through 8-114, explains the 
important methods which are keys to isolation of 
the trouble. After isolating the board assembly 
causing the trouble, refer to the foldout 
troubleshooting guide for the particular board 
assembly. 

8-104. Primary Troubleshooting Guide 

8-105. Trouble in the analog measurement 
section causes distinctive symptoms related to 
the function of the failing circuit. Paragraphs 
8-106 through 8-114 describe the procedures to 
isolate the trouble by means of inspecting the 
symptom using various front-panel controls 
settings and observing the test signal, without 
removing the instrument top cover. These 
procedures are also used in the "Analog 
Measurement Section Troubleshooting to 
Assembly Level" to facilitate identification of 
the defective board assembly. 

8-106. Isolation of the Signal Source 

8-107. The clock signal required for timing 
control in the Digital Control Section is supplied 
from the A3 Reference Generator. If the initial 
control sequence and display do not occur and if 
the de power supply voltages are normal, first 
check the 20MHz clock signal generated on the 
A3 board. A failure in the clock signal source 
makes it impossible to perform the analog and 
digital section isolation procedure using the 
16343A Logic Test Box. 

8-108. To verify whether the test signal source 
and the associated circuits are normal, perform 
as follows: 

1) Connect the probe of an oscilloscope to the 
UNKNOWN HcuR terminal to observe the test 
signal. 
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Section VIII 
Paragraphs 8-108 to 8-110 

2) Set the SPOT frequency and test signal level 
in accordance with the table below. Verify 
that the trace on the CRT is a stable 
sinusoidal and exhibits amplitude equal to 
the values given in the table. 

Frequency Amplitude 

I Level lV 0 .1 V SOmV 

9 911z 

9.99k!-lz 
2. 8Vp-p 0.28Vp-p o. 14 vp-p 

999kllz 2. 6Vp-p 0. 26Vp-p 0. 13Vp-p 

3) If the test signal is unstable or has an 
amplitude different by more than ±10% 
from the normal value given in the table, 
check the A 1, A3, A4 and Al 2 boards. 

If the frequency of the test signal seems to 
be periodically modulated (FM), check the 
A4 board. 

Note 

If the test signal level is extremely low, 
check the amplitude of the VCO 
OUTPUT (40M - 53MHz) on the rear 
panel. If the VCO OUTPUT level is 
about 0.5Vp-p(0.25Vp-p when termi
nated with 50r2), troubleshoot the A 1 
and A 1 2 boards. 

Note 

If the test signal level is incorrect in 
either the impedance or amplitude
phase measurement, check Al Kl and 
its peripheral circuits. 

If the test signal level is incorrect only 
when the setting is greater than 70mV 
or lower than 70mV, check A I K6 and 
its peripheral circuits. 

4) Connect an 8-digit frequency counter to the 
IletJR terminal in place of the input probe of 
the oscilloscope. 

5) Set the test signal level to 1 V and frequency 

8-42 

to 1 :\1 Hz. The counter should display 
ll\1Hz±50Hz. Change the l0kHz, lkHz, 
l00Hz, l0Hz, and 1 Hz digits by one count 
and verify that the display readouts of the 
counter change correspondingly. If the 
display readouts of the counter do not 
correctly correspond to the changes in the 
SPOT frequency setting, troubleshoot the 
A4 board. 

Model 4192A 

Note 

When the test signal frequency is 
unstable, check the frequency of the 
l MHz OUTPUT on the rear-panel. If 
stable, troubleshoot the A4 board. 
Otherwise, check the A3 board. 

Note 

It is also important to consider that the 
abnormality in the test signal caused by 
the A3 board is not related to the test 
frequency setting, whereas that caused 
by the A4 board tends to depend on the 
test frequency. For example, if the 
test signal is normal when the digits to 
the right of the 1 00kHz digit are zero, 
troubleshoot the A4 board. 

8-109. Isolation of Trouble Causing UCL Display 

8-110. In impedance measurements, if UCL 
display always occurs on DISPLAY A under 
appropriate control settings, the auto-balance 
bridge section is not operating normally. The 
cause of the trouble is in the balance control 
loop of the auto-balance bridge or in the circuit 
associated with the balance control. 

Initially check the following: 

1) Try to measure using another test fixture or 
test leads. Otherwise, connect a standard 
capacitor or a standard resistor as the 
DUT. If measurements are then made 
normally, check the test fixture or the test 
leads which caused the symptom. 

2) Verify that the test signal level and 
frequency are normal. For the test signal 
test procedure, refer to the Isolation of the 
Signal Source described in paragraph 8-108. 

3) Try to measure DUTs on the lk~, l0k~ and 
l00k~ impedance ranges. If the symptom 
appears on specific range(s), refer to 
paragraph 8-112 Isolation of the Range 
Control Circuit. 

4) Check whether the symptom is related to 
the test frequency settings. If the 
measurements can be made normally at 
specific frequency ranges, check the Phase 
Tracking Circuit on the Al board. 

When the instrument does not exhibit the 
symptoms described in steps 1, 2, 3 and 4, 
troubleshoot the A 1 and the A 12 boards using the 
Analog Section Isolation Procedure to Assembly 
Level (Figure 8-33). 
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8-111. Isolation of the Range Control Circuit 

8-112. The relationship of the symptom to 
settings of the measurement range provides hints 
helpful in troubleshooting. When the trouble 
occurs at specific ranges only, the failure is in 
the circuits related to the range control 
function. Check the following circuits: 

1) Range Resistor circuit on the A 1 board. 

2) Source Resistor circuit on the Al board. 

3) Two stage gain control attenuators in the 
Null Detector circuit on the Al board. 

4) Gain control attenuators 
Amplifiers (AGl0, AGl00, 
Amplifiers) on the Al 1 boar·d. 

in 
and 

the IF 
A(;JQ00 

Trouble caused by a failure on the A 11 board can 
be distinguished from others by performing the 
procedure described in "Isolation of the YR D 
Section" (paragraph 8-113). A gain control error 
in the IF Amplifiers exhibits measurement 
display outputs which are 10 times (or 1/10) the 
correct values at specific ranges. 

A failure in the Range Resistor, the Source 
Resistor, or the Null Detector circuit on the Al 
board exhibits symptoms peculiar to the 
respective circuits and can be discriminated 
from others as outlined below : 

1) If selection of the range resistor is not 
performed correctly, the measured values 
are normal only at the ranges where either 
the 10012, 1 krl or 1 0k\"2 range resistor is used. 
On the other hand, if the leakage by-pass 
circuit which eliminates the effect of the 
stray capacitance of an open circuited range 
resistor selection relay is faulty, 
measurement error on a specific range 
resistor setting increases at high 
frequencies. To check for this symptom, 
connect an appropriate standard resistor, 
useable over a broad frequency range, as the 
DUT and perform a swept frequency 
measurement on the range where the 
trouble was found. If measurement error 
increases (to the extent of 20%, maximum) 
with the increase in the test frequency, 
check the range resistor circuit for the 
above possibility. For detailed procedures, 
refer to the service sheet foldout for the A 1 
board. 

Section VIII 
Paragraphs 8-111 and 8-112 

2) Usually, a failure in the source resistor 
circuit causes an abnormality in the test 
sig·nal level when a DUT is connected to the 
UNKNO\-\'N terminals. As a unique 
symptom, it is possible that the 
measurements for small capacitor DUTs can 
not be accomplished at low frequencies 
(below about lkH7;). 

To check the source resistors, short-circuit 
the UNKNOWN terminals and compare the 
test .c:ignal current (use the TEST LEVEL 
\TONITOR mA function) with the typical 
v,:1Jues given in the table below. Use the 
following eontrol settings : 

SPOT FllEQ 
OSC LEVEL 
7:Y RANGE 

I z I Range 

lkrl 

lOkrl 

lOOkS-:: 

.......... lkHz 
•••••••••• 1 V 
...•...... MANUAL 

Test Current 

lOmA 

lmA 

0. lmA 

If the readouts for the test signal eurrent do 
not meet the above table, cheek the Souree 
Resistor circuit. 

3) The gain eontrol attenuators in the Null 
Detector influence the balaneing aeeuracy 
and the time required to automatically 
balance the bridge. If the attenuators are 
not controlled normally and the gain of the 
balance control loop beeomes insufficient, 
accuracy of the measurement is somewhat 
affeeted. Depending on the measurement 
range, the additional measurement errors 
increase to the extent of 1 % • As a 
peculiarity of the symptom, the 
measurement error does not exhibit an 
obvious dependency on the test frequency. 
Conversely, if the loop has excessive gain, 
there is the possibility of self-oseillation in 
the loop. 
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Section VIII 
Paragraphs 8-113 and 8-114 

8-113. Isolation of the VRD Section (All and 
A2 Boards) 

8-114. In amplitude-phase measurements, the 
A 11 Process Amplifier and the A2 Phase 
Detector/ A-D Converter perform the vector 
voltage ratio measurements for the input signals 
from the CHANNEL A and CHANNEL B INPUT 
terminals, instead of the signals from the 
auto-balance bridge circuit used in impedance 
measurements. Thus, the functions of the A 11 
and A2 boards can be tested using the 
amplitude--phase (B-A) measurement mode. 
Perform as follows : 

1) Connect the power splitter, the 1 OdB step 
attenuator, and the 50!J feed-through 
terminations as shown in the schematic 
below: 

8-44 

OSC OUTPUT 
( HCUR) 

son 
Power 
Splitter 

2) 

3) 

Model 4192A 

Set the test signal to 1 Vat lkHz. Measure 
the amplitude ratios for each attenuator 
setting from OdB to 80dB. Also, try to 
measure at 1 MHz. 

If the 
correct, 
operating 
and Al 2 
section). 

measured amplitude ratios are 
the A 11 and A2 boards are 
normally. Troubleshoot the A 1 
boards (the auto-balance bridge 

Note 

If the measured amplitude ratios differ 
20dB (or 40dB) from the correct values 
at specific attenuator settings, check 
the IF Amplifier on the Al 1 board. 
If this test fails on all the attenuator 
settings, try to measure a single 
channel input in A and, then, B mode. 
If measurement is normal in either A or 
B mode, check the Buffer Amplifier on 
the A 11 board. 

CHANNEL A 
INPUT 

IOdB step 
ATT 

f 5On Feed - throughs 

CHANNEL 8 
INPUT 0- BOdB 
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Does the frequency of the L START YF.S 1-----i Is the test signal normal at aJI i--Y_Es ___________________ Perform the tests for B-A meas- ____ .,. Is B-A measurement function 1-Y_E_s ___ Perform setup for impedance ____ .,. Is UCL displayed on appro- i--Y_E_s _________________ ---1~ Does the symptom appear at i--Y_E_s __ .,. LOAD signal at A3u 2 pin 8 
Initially, check the test signal frequency and OSC LEVEL urement. Use the procedure normal? measurements. priate impedance ranges? specific test frequencies? change as shown in the table 

Troubleshoot Al board (Phase 
1---..-1 

Tracking circuit). Refer to 

using the instructions given in settings? described in para 8-1 I 4. helow? Service Sheet A I. 

paragraph 8-I 08. NO NO NO NO t-SP_O_T_F_R_E_Q---,--U-2-p-in-8-----1 

Is the VCO OUTPUT signal at 

the rear panel normal (0.7Vp-p)? 

Reconnect the VCO OUTPUT-

EXT VCO connector before 

proceeding to the next step. 

NO 

Is the signal at the collector of 

A3Q3 a 1 00kHz differentiated 

pulse as shown be low? 
*See Note 

Troubleshoot the A3 board. 

Refer to the Service Sheet A3. 

YES Is amplitude of the test signal YF.S Troubleshoot the Al board 
____ .,. at the base of Al Q25 as given 1----... (Hc1rn Power Amp). Refer to 

YES 

in the table below? Service Sheet Al. 

OSC LEVEL Level at J4 

JV 120mVp-p 

0.2V 25mVp-p 

NO 

Is the de voltage at AlTP2 as 

given in the table below? 

OSCLEVEL AlTP2 

IV 3V ±0.3V 

0.2V 0.6V ±0.06V 

NO 

Troubleshoot Al board (D-A 

Converter). Refer to Servi(;e 

Sheet Al. 

Troubleshoot A4 board. Refer 

to Service Sheet A4. 

YES 
Troubleshoot the Al 2 board. ,----.. 
Refer to Service Sheet A 12. 

Are the displayed values 20dB YES Troubleshoot the Al I board 

greater or lower than the cor- 1-----i(IF Amp). Refer to Service 
rect values? Sheet A 11. 

NO 

Troubleshoot the Al I board Disconnect input from channel YES 
A or channel B. Is either A or i-----"'I (Buffer Amp). Refer to Ser-

B measurement normal? ._v_i_ce_ sh_e_e_t_A_1_1_. _____ _, 

NO 

Connect the test signal to 

CHANNEL A input. Set the 

controls as follows: 

Function .... . . . . ... ... A 

OSC LEVEL ..... . . . ... 1 V 
Is the waveform at Al I TPl as 

shown below~ 

SPOT FREQ Period of IF 

100 kHz l.28µs 
78 kHz !4.4µs 

NO 

Go to@ in this flow diagram. 

YES Troubleshoot the A2 board. ----"'I Refer to Service Sheet A2. 

Troubleshoot the A I board 
Does the symptom occur at YES 

i-----.,. (Range Resistors, NuJJ De
specific range(s)? Refer to the 

tector and Source Resistor Cir
instructions given in para 8-112. 

cuits). Refer to Service Sheet 

NO 

Troubleshoot the Al board 

(Null Detector). Refer to Ser

vice Sheet Al. 

cp 
Is the signal at Al lU 16 pin 2 

a I Vp-p sinusoidal waveform 

at the frequency equal to (test 

freq +*IF)? 

NO 

Is the signal at A3 JI 0 (Ll 7) a 

J.2Vp-p sinusoidal waveform 

at the frequency equal to 

(40M-IF)? 

NO 

Troubleshoot the A3 board 

(Summing Loop). Refer to 

Service Sheet A3. 

Al. 

YES Troubleshoot the Al I board 
(Mixer and IF Amp). Refer to 

Service Sheet Al I. 

*IF = 78. 125 kHz or 69.444 kH z. 

YES Troubleshoot the Al 2 board 

(LCL Mixer Circuit). Refer to 

Service Sheet Al 2. 

Set the ZY RANGE to l0051. 

Connect a IO0!i resistor be

tween the HcuR and LpoT 

terminals (HPoT and LcuR 

terminals are open). Set the 
test signal to 1 kHz and IV. 

69 kHz 78. 125 kHz 

78 kHz 

{12.8µs) 

69.444 kHz 
(14.4µs 

NO 

Troubleshoot the A3 board. 

Refer to Service Sheet A3. 

Repeat disconnecting and re- Connect a IµF capacitor in 

4VJJ"-=u=-
OV lµs 

U2 pin 8 

connecting the resistor. Does f l0051 · YFS place o the res,5tor. YES Troubleshoot the Al 2 board 
the de voltage at A 1 U20 pin 1 1-----i Manually sweep the test fre- 1-----i (Modulator and Mixer). Refer 
change approx. -l.6V (when f 500H t J SkH quency rom z o · z to Service Sheet Al 2. 
connected)' in 100 Hz steps. Docs the de 

NO 

Are the signals at A I U3 l pin 5 

and U29 pin 1 2 as shown in 

the figure below? 

U31 
pin 5 

U29 
pin 12 

-~-~..,,........ 
mmm 
'I "!I'"" tHtt!t ti Ht · ____ ,_ 

,. 
2V /DIV 2~s/OIV 

Troubleshoot the A3 board. 

Refer to Service Sheet A3. 

voltage at Al U20 pin 14 

change between ±1.SV? 

NO 

YES Troubleshoot the Al board 
---.-i (Phase Detector and Phase 

Tracking circuit). Refer to 

Service Sheet A I. 

Figure 8-33. Analog Measurement Section Troubleshooting to Assembly Level. 
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-------------- FIOW DIAGRAM NOTES---------------

16343A Diagnostic Test Flow Diagram Notes 

The Diagnostic Test Flow Diagram given in Figure 8-36 provides component-level 
diagnosis of failures in the 4192A's Digital Section (A5 Display and Keyboard Control 
Board and A6 Digital Control Board). It also provides isolation of instrument failures to 
the Analog Section or the Digital Section, and, thus, should be the first step in 
troubleshooting any instrument failure. 

To perform the Diagnostic Test, connect the 16343A to the 4192A as described in Figure 
8-35 and proceed to the Diagnostic Test Flow Diagram. Follow the instructions given in 
the flow diagram. If a failure exists in the Digital Section, an error will be displayed on 
DISPLAY C and the test will stop. The flow diagram will then instruct you to: 

(1) Replace Component 

Replace the indicated component. 

(2) Check Component 

Check the indicated component and the adjacent circuitry. 

(3) Go to Flow Diagram 

Proceed to the indicated Signature Analysis Flow Diagram. Leave all switch 
settings and connections as they are. 

(4) Return to START and if ..... 

After replacing or checking a component, it is necessary to perform a 
confirmation check. To do this, return to START and perform the test again. If 
the same error occurs, go to the indicated flow diagram. 

If no error messages appear and P-77 is displayed at the end of the test, the Digital 
Section is functioning normally. Hence, the failure is in the Analog Section. Disconnect 
the 16343A, reconnect all cables, remove the Test Program ROM's, reinstall U74 and U85, 
and return all switches to their initial settings. Then proceed to the Analog Section 
Troubleshooting Flow Diagrams. 

Note: For normal operation, all bits of A6S2 are set to O; S4, S5, and S6 are 
set to N; and the setting for A6Sl is determined by the cable length 
adjustment in paragraph 5-45. 

Note: Before performing the test, note the setting of A6Sl. This switch is 
used for cable length compensation; if the setting is lost, perform the 
cable length adjustment given in paragraph 5-45. 

There are two optional functions in the diagnostic test: Error Skip and Display Test. 

Error Skip: 
There may be cases where the same error persists after you have performed 
component replacement or troubleshooting as instructed in the flow diagram. If this 
occurs, use the Error Skip function when it is made available in the flow diagram. 
(This function is only accessible at a point midway through the flow diagram. It is 
not available for the first half of the flow diagram. With the Error Skip function set 
to on, the test does not stop when an error is detected, it displays the detected error 
for approximately 0.5 seconds, then proceeds to the next step. This allows you to 
observe all errors from E-22 to E-61. 

8-47 
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Display Test: 

Like the Error Skip function, the Display Test function is accessible at a point 
midway through the flow diagram. With the Display Test function set to on, all 
front-panel lamps and display segments repeatedly flash until the bit switch that 
controls this function is set to off. 

The Diagnostic Test can be initiated only from START. Also, if an error occurs for any 
reason--actual or as a result of mis-operation-the test will stop, it cannot be continued 
from that point. You must return to START. 

SIGNATURE ANALYSIS TEST 

Signature Analysis is used to troubleshoot the Digital Section of the 4192A. (If you are not 
familiar with Signature Analysis, refer to Figure 8-34. It gives a brief description of the 
technique.) There are twenty-one signature analysis flow diagrams, numbered 1 through 21, 
diverging from the 16343A Diagnostic Test Flow Diagram. These flow diagrams contain 
the instructions, signature analyzer control settings, and signature analyzer probe and 
connection points necessary for component-level troubleshooting of failures found by the 
Diagnostic Test Flow Diagram. 

To perform signature analysis, first use the 16343A Diagnostic Test Flow Diagram. If an 
error occurs during this test, you will be instructed either to replace a component or to go 
to one of the signature analysis flow diagrams. If you are instructed to do the latter, 
leave all switch settings and connections as they are, proceed directly to the indicated 
flow diagram, and continue from there. 

Some of the signature flow diagrams can be accessed directly; that is, without using the 
16343A Diagnostic Test Flow Diagram. Flow diagrams that are directly accessible are 
indicated by an asterisk in the list given on page 8-51. To use any of these flow diagrams, 
you must: 

1. Turn the 4192A off, 

2. Set A6S2 to the setting shown at the start of the flow diagram, 

3. Turn the 4192A on (P-01 followed by E-15 will be displayed), and 

4. Briefly connect pin 6 of A6Ull4 (NMI) to ground. 

The signature analysis test number will appear on DISPLAY C in the form of SA-followed 
by a two-digit number. If not, try again from step 1. 
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Signature Analysis 

Signature Analysis is a unique technique for component-level troubleshooting. The 
signature analyzer detects and displays the unique digital signature of the data at a given 
node in the circuit under test. By comparing the actual signature to the correct one, the 
service technician can quickly back-trace to the faulty node, and, ultimately, to the 
faulty component. To represent the signature, a nonstandard character set (123456789 
ACFHPU) was chosen for easy readability and compatibility with 7-segment displays. 

Stated simply, the signature analyzer displays a compressed four-digit "fingerprint" of the 
data stream present at a node. This "fingerprint" is unique for a good node. Any fault 
associated with a device on that node will force a change in the data stream and, 
consequently, result in an incorrect signature. If, for examdple, the signature at the input 
of a device is correct but the signature at the output is not, the device is regarded as 
faulty and should be replaced. 

This technique is especially useful in troubleshooting microprocessor based instruments 
like the 4192A, where data streams are long and complex and where there are no 
conventional means to efficiently troubleshoot to the component level. 

Signature Analysis for the 4192A requires the Model 16343A Logic Test Box and two test 
program ROM's (furnished with the 16343A). With the 16343A connected to the 4192A and 
the test ROM's installed, the signature analyzer's active logic probe and active pod detect 
and develop the signature for display on the signature analyzer. The logic probe is applied 
to the desired node in the circuit under test and transfers the data to the signature 
analyzer. The four leads on the active pod are connected to appropriate points on the 
4192A, and provide the necessary START, STOP, and CLOCK signals and GND reference. 
The START signal opens the measurement "window" and instructs the signature analyzer 
to prepare to receive data from the logic probe; the STOP signal closes the "window." The 
CLOCK signal provides the appropriate measurement timing pulses. Probe points; 
connection locations for START, STOP, and CLOCK; and control settings for the signature 
analyzer are given in the troubleshooting flow diagrams. 

M EASUREv1ENT (;ATIN(, EXAMPLE, POSITIVE EDGE START, STOP, ANO CLOCK 

CLOCK 

START 

STOP---------'------

DATA 

DAT A ENTERED 

I 
I 
I 

0 

I 
I 
I 

0 

Figure 8-34. Signature Analysis 
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CD 
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Signature Analysis Flow Diagram Notes 

Signature Analrzer 
Setting: {]) 

START _/}u114 pin 25 

STOP'\.__ --------@ 
CLOCK_/ Ullo pin 4 

WINDOW ( +5\'): 0001 

l loi,, LJ.iagr;_im C). l ,__ _____ __,IT 
I 
I 
I 
I 
I 

• I sss~ssss __ _J 

(D Set the Signature Analyzer1s START, STOP, and 
CLOCK controls to positive-going ( .f: A OUT) or 
negative-going("\_: ..1111ZLIN), as indicated. 

0 

Connect both the START and STOP input leads on the 
Signature Analyzer's active pod to A6Ull4 pin 25. 

Connect the CLOCK input lead on the Signature 
Analyzer1s active pod to A6Ull6 pin 4. 

This is the signature for the window test (+5V). It 
should be displayed on the signature analyzer. If the 
correct signature is not displayed, press the RESET 
button on the probe. If it is still incorrect, check the 
component from which the window signal or clock 
signal is taken. In this example, Ull4 and Ull6. 

Check the signatures in accordance with the table titled 
Signature Set 1-2. The table is included in the flow 
diagram. 

Check that the signature at Ul09 pin 3 is 0001. 

Check that the logic level at U47 pin 6 is LOW. 

At the start of some flow diagrams, a setting for A6S2 is 
given, as shown here. This switch setting is to be used 
only when initiating the flow diagram directly, not when 
coming from the Diagnostic Test Flow Diagram. Refer 
to page 8-48 for the direct access procedure. 
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Signature Analysis Flow Diagrams 

Name Purpose 

Flow Diagram (D Checks all ROM's 

Flow Diagram G) Checks the Display and Buffered Data Busses 

Flow Diagram G) Checks that switch settings are read correctly 

Flow Diagram CD Checks display RAM's 

Flow Diagram ® Checks display RAM's 

Flow Diagram ® Checks Display 

* Flow Diagram Ci) Checks signals to RAM's 

* Flow Diagram ® Checks the IRQ signal from the Keyboard 

Flow Diagram ® Checks the Keyboard 

* Flow Diagram @) Checks the HP-IB address 

* Flow Diagram ® Checks Measurement Control Register (U31) 

* Flow Diagram @ Checks Fractional N Control Register (U30) 

* Flow Diagram @ Checks Measurement Control Register (U33) 

* Flow Diagram @ Serial Port Check 

* Flow Diagram @ Checks Status Buffer (U32) 

* Flow Diagram @ Checks all CNTR's for the Process Amplifier 

* Flow Diagram @ Checks the HINTG and ADEND signals 

* Flow Diagram @ Checks controls for the Process Amplifier 

* Flow Diagram @) Checks the EXT. TRIGGER 

* Flow Diagram @ Checks Data Registor (U54) 

* Flow Diagram ® Checks the LF signal 

Note: * indicates that this flow diagram can be initiated without using the 
Diagnostic Test Flow Diagram. 
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Connecting the 16343A 

PROCEDURE 

a. Turn the 4192A off. 

b. Remove the top cover. 

c. Raise the t op mounting plate. Refer to paragraph 5-15 for the procedure. 

d. Di sconnec t the cables from A6Jl, J2, J3, J4, J5, and J8. Do not disconnect 
the cable from A6J7. 

e. Place the 16343A across the 4192A, as shown in the figure below. 

f. Connect the cables of the I6343A to A6Jl, J2,J3, J4, J5, and J8 in 
accordance with the instructions labeled on the 16343A. 

g . Connect the coaxial cable (from A3J4) that was disconnected from A6J8 in 
step d to J9 on the 16343A. 

h. Remove A6U74 and U85. 

i . Install the two furnished test program RO M's into the U7 4 and U85 sockets. 

(D P/N 16343-85001 into U74 
@ PIN 16343-85002 into U85 

CAUTION 

I MPROPER HANDLING OR INCORRECT INSTALLATION OF THE TEST 
PROGRAM ROM'S MAY DESTROY THE STORED PROGRAMS. 

@16343- 85002 

Figure 8-35. 16343A Connection 



Diagnostic Test Flow Diagram 

START 

Preliminary 
Check 

YES 

8 

Turn the 4192A off. 
Connect t he 16343A and 
inst a 11 the TEST ROM' s as 
shoi,;n in Figure 8-35. 
Set S6 to the T position 
and connect A6T44 to UIS 
pin 1 I. Turn the 4192A 
on . 

Go t o F l ow Oiagr;;m (D 
and®· 

YES 

@------< YES 

NO 

Turn tile 4192A off. 
Connect the 16343A and 
install the TEST ROH' s 
as sho~~ in Figure 
8-35. 

A6S2 

Turn the 4192A off. 
Connect t he 167,43A and 
ins tall the TEST ROM' s 
a.s shm•:11 in f' j gure 8- 35 . 
Sd Sb to the T posi 
pc..isit.. i on antl connec t 
A6T44 to UIS pin 11. 
Turn the H92A on. 

Go t o Flow Oiagram (D 
and (0. 

Set bit 2 of Sl to 0. 

YES 
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Set A6S1, S2 and S6 as 
shown below. Connect 
AtiT44 to Ul S pin I I. 
Turn Lhe 4192A on and 
observe DISPLAY C. 

1F-':i:7 S6 
~ 

T N 

S5 l·BI 

Go lo START. 

Check U l, U2, U6, U7, 
Ul3, Ul4 , UI S , and Ul6 . 

\'ES 

YES 

Cio t n I~ Low Diagrams Q) 
and®· 

Set bit 2 of 51 to l. 

Replace faulty i ndicat or 
or display. 

YES 

YES 

Which error is 
displayeu'! 

YES 

Check that a ll bits of 
A6S l and S2 :ire set to 
0, t hen return to START. 
I f E-1 5 sti ll occurs 
go t o Floh' Oiag r a m @. 

~-Ill Replace USS (TEST ROM) 

F.-02 Replace U83 

E-03 Replace U81 

J---E-·-_0_4_+-_R_ep=---1 a_c_e_ll79~-- - - --1 
E- 05 Replace U77 

E-06 Replace U75 

E- 07 Repl ace U84 

E- 08 Replace U82 

E- 09 Replace USO 

E-1 0 Replace U78 

E-11 Replace U76 

E- 12 Repl ace U87 

1--E_- _13_ +-R_e....:p_l ace US 6 

E- 1•1 Replace U74 (TEST ROM) 

Set bit 1 of SI t o U and 1---< 
observe DlSPLAY C. 

YES 

lfoich error is dis
played? 

E-20 Rep laCt; U71 

YES Set all bits of SI an<l 52 
>----<1-ito 1, as shown below. 1----< 

8 8 

YES Replace Ul l6 and UllS . 

T7-4,\11 lz 

1'20-1. 25MHz 

Check U20 , U21, U23, 
and U•13. 

Ret urn to START. If t he 
s ame erro r occurs a~n , 
go t o Flo•· Diagram ~. 

r---ROOnsec---j 

'1'33 ~ 

-, r-BUnsec 

T35~ 

NO 

Go to Flow Diagram (}). 

Pres~ YES Press DISPLAY A @l key 
on the front-pane 1. 

Return tu START. If t he 

KO 

E- 30, go to r low 
Diagrar.1 ® · 

E- 21 Repl ace U70 
_ _,_ ___ ...:_...J.._..-i same e r r or occurs u,c,a i ;1, 

go to Flow Diagram ~. E- 22 Replace U73 

E- 2-i Replace U72 

YES Set SI to 01 01 0101 and S2 
t o 11010 10 1. Then set 
bi t 8 of S2 to 0. 

Sl . 
~B~B~S~S 1 

0 

8 

S2 

OOBgB~B~B 
. 

1 
0 

8 

Note: Bit 8 of S2 must 
be set last. 

YES 

NO 

Go to Flow IJiagram ® . 

Figure 8-36. D iagnostic Test Flow Diagram. 

1'0 

Set all bi t s of Sl to I, 
>-Y_Es_---4 and S2 to 01111111. 

Then set bit 8 of S2 to 
1. 

Sl S2 

I iB~B~~sB·I~ 
8 8 

YF.S Return to START. If E-15 
>---,-is t il l occurs , go to Flow 

Diagram (D. 

NO 

Go to Flow Diagram 0. 

Press the CIRCUIT MODE = G key on the front -
panel and obser ve 
DISPLAY C. 

Which error is displayed'! 

TEST END. 
Section is 
nonnally . 

E-40 Go 

E- ~ l Go 

E-42 Go 

E-43 Go 

E-44 Go 

1;- 45 f,o 

E-50 Go 

E- 51 Go 

E-52 Go 

E-53 Go 

Set bit 7 of Sl to 0. 1-----@ 

NO 

I BBe~'~sssrr 

The Digital 
operating 

to Flow Diagram 

to Flow Diagram 

to Flow Di agram 

t o Fl ow Diagram 

to Plow Diagram 

to Flow Diagram 

t o flow Diagram 

t u Flow Diagram 

to Flow Diagram 

to Flow Diagram 

Error Skip 
L Display Test 

Notes: 

l , ~rror Ski p and Display Test 
are described in the 
Diagnotic Test Flow Di a gr am 
Note on page 8- 01. 

2 . For error s E- 22 through E- 60, 
t he t est wi ll not stop if 
the Err or Skip bit, bit 7 
of Sl, is set t o ON (0) . 
The test will, however , 
display the error for about 
0.5 seconds and pr oceed to 
the next step. 

1:- 54 Check U99 and UI 02 

E-60 Go to Flow Diagram 

E-61 Go t o Flow Diagram 

(Analog and Digital Section Isolation Procedure) 
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Flow Diagram G) 
Flow Diagram (D 

NO 

NO 

Check U43, UIS , U21 
UIS and WS, or 
r eplace Ul6 and Ul 7 
on the 16343A. 

YES 

YES 

f----800nsec --1 
..._340__. I 
1 nsec 1 1 

T33 

NO 

Check Ql, CRS 
and UllS. 

Check Q2, Q3, CR4, 
CR6, Ull6 and Ul lS. 

-t,25nsec~Oasec 

T35 ,.__ _ __.I .__I'_ 
-SOOnsec--. 

T20 

YES 
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Turn the 4192A off. 
Remove W3 and connect 
W4. Turn the 4192A 
on . 

Signature Analyzer 
Setting: 

START..f}u112 pin 3 
STOP\_ 

CLOCK..f Ull6 pin 4 

WINDOW (+SV) : 0001 

Signature Set 1-1. 

Test Point Si gnature 

Ull2 pin 5 7SSU 

pin 7 3827 

pin 9 3C96 

pin 12 HAP? 

pin 14 1293 

pin 16 HPPO 

pin 18 2H70 

Signature Set 1- 2. 

Tes t Poi nt Signature 

Ull4 pin 9 555S 

pin 10 cccc 
pin 11 7F7? 

pin 12 SH21 

pin 13 OAFA 

pin 14 UPFH 

pi n 15 52 F8 

pin 16 HC89 

pi n 17 2H70 

pin 18 HPPO 

pin 19 1293 

pin 20 HAP? 

pin 22 3C96 

pin 23 3827 

pin 24 7SSU 

NO 

Signature Analyzer 
Setting: 

START J } Ull4 pin 25 
STOP\_ 

CLOCK..f Ul l6 pin 4 

ll'INOOW ( +SV) : 0001 

NO 

Replace Ull4 

Si gnature Set 1- 3 . 

Test Point Si gnatur e 

U113 pin 3 HC89 

pi n s 52F8 

pi n 7 UPFII 

pin 9 OAFA 

pin 12 SH21 

pin 14 7F7F 

pin 16 cccc 
pin 18 ssss 

YES 

YES 
Replace Ull2 

NO 

Signature Analyzer 
Sett i ng: 

START../}u114 pin 25 
STOP\_ 

CLOCK./ Ull6 pin 4 

WI NDOW ( +SV) : 0001 

NO 

Replace Ull4 

YES 

YES 
Replace :.111 3 

Replace Ul.i4 

Signature Set 1- , . 

Test Point Signature 

Ul II pi n 7 546U 

pi n y 96 F8 

pin 10 57HH 

pin 11 CFHH 

pin 12 04UH 

pin 13 JoOU 

p111 1-1 ;<,:;J 

pin 15 383A. 

YES 

YES 
Replac e Ul 11 

YtS 
Replace Ul08 

YES 
Replace Ul09 

Signat ure Set 1-5 . 

Test Point Signature 

Ul l O pin 7 826U 

pin \) o03C 

pin iO S4F5 

pin 11 A711 

p in :2 AA6A 

pin 13 A3UJI 

pi n j ~ ,r.-,~ 
pi:1 :s CAll 

YCS 

Yl:S 

Rep lace Ul08 

Signature 1- 0 Set ,o. 

RO~! ~\o . U74 Pin No . 

pin 9 7UM 

pin 10 Y/\0.\ 

pin 11 Pl17l1 

pin 13 1'6UO 

pin 14 lSPJI 

pin 15 8FCF 

p;n 16 8.\59 

p; :; 1 - c~-c 

I - 7 

L 7S 

Yi\l!C 

14S8 

l llolJ 

P72F 

ABB<, 

822 F 

35SI~> 

! ' ( .. 

Remove Test 
ROMs anJ 
re-install 
U74 and USS . 

Rcp:acc u:10 

~ - 8 J-9 

U76* U77 

9260 1P95 

7115 ,\987 

31'511 431'0 

,\SC~ OP!f-

41'2C A3U8 

69PU bllllJ 

5-l P,\ 2FC9 

I - , -
i S~'J'. ~ 

l -10 

U78 

P811U 

U91F 

2453 

FCI 7 

48117 

21CU 

UOPI 

~.\ .~ ! 

Sigi,aturc Aaaly:cr 
Setting: 

ST Alff\_} p I II I~ of the 
HO,t to hl' 

STOP ../ tested 

CLOCK ..f UJ lo pin -1 

KI~DOK (•SVJ : BluP 

1- ll I - . ? 1- 13 1- 14 

l.!79 1180 US! U82 

ClllP 557P 47:,4 l7b0 

9197 OFU<, uSi\U 8 7S7 

1·959 UlCu Fl l7P 9324 

4~~7 9?88 24CU 52US 

5PC9 ,\lJ49 C.113 3FPII 

UU28 890 7 l',13C l'F49 

l'Oi\ -1 935(.: 111(1Y i'32P 

! -~~ .\ - ~ !'Pi \:,.1.-.. 11 ' ! 1' 

I - JS 

U83 

01811 

0!127 

70110 

uCC7 

1110\l 

118-15 

60(<> 

I s~ t :=: 

Figure 8-37. Signature Analysis T roubleshooting Flow D iagram - sheet 1 of 13. 
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l - J \> 

Uo4• 

Ull% 

9o37 

7039 

P95C 

19~'2 

~ll93 

os:;s 

I 
'. !"C ~ 

Remove lJ6S and 
try a.gain . 

Chech 
llut" Bus 

1-17 I- JS I 

us~ Uob* 

8IUI 491'1 

411UF l'CIIS 

2884 3FFP 

Ai'i!F 0560 

8UPC 9C3l 

F291 1 At,:U 

us1·:, U42,\ 

l'l'c - S!! 1 '. . 

1- 19 

U87* 

2A7U 

llCF8 

H47A 

84CO 

2:.H4 

9F03 

115AA 

-1c~ 

YES 

YES Rep! ace U68 

* If me part number of U76 , 1.,84, IJ86 , or Uil7 is 04192-,<> lXX , 
use the sig~ature sets from the following tahl c i nstc.iu of 
t hose in the muin signature set table. 

Signature 
1-8 I 

'.-16 l - 18 1-19 Set Ko. 

~ U7u U84 Ul!6 1)87 . 

pin g OCU9 38U5 FU38 C995 

pin 10 FF!P P46o C679 0473 
pin 11 8F74 C4A7 U30P O?&A 
pin ! 3 CO2S OSP8 FOU4 93Fl 
p i n !4 ~o8A 1P3P A099 70P2 
pin 13 1168P C3PS C713 473U 
p in l b PC 11 Of-FU J,104 4643 

l 
!' i n 1-: C~!I(: 3"T2 -:' ~(, 7 ;\~)7!1 



Flow Diagram 

Flow Diagram G) 

®---

NO 

NO 

Check ll20 and U23 

Turn the 4192A 
off and reinstal l 
W3 and remove 11'4. 
Set a ll bit~ of 
A6S2 to 1. Turn 
the 4192A on. 

YES 

YES 

NO 

Check U92, U97, 
and ASU3 . 

Check S4, U98 and Ul l 7 

YES 

:-----130µsec~ 

T26 

T6 

AS U3 pin 1 - pin 
pin 13 - pin 

11 ~2. 0Smsec----1 

17 --j ~ r
---L._j-0. 13msec LJ 

Signatur e Analyzer 
Setting : 

START 
) } U93 pi n 3 

STOP 

CLOCK _/ Ull6 pin 4 

lVINDOW ( +SV) : Any 
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Turn the 4192A 
off and remove 
U90, U91, U93 
and U94 . Turn 
the 4192A on . 

Bri efly connect 
Ull4 pin 6 (NMT) 
to ground. WI NDOW 
should become 0001 . 

NO 

Repl ace any IC listed in 
Table 1 or 2 that did not 
respond correctly. 

Note 

1 . All ! C' s l isted i n Tables l 
and 2 are on· t he AS board. 

2. Point s l isted in t he left 
most col umn of Table 2 mus t 
be gr ounded to obtain t he 
correct logic l evels . No 
ground connections are 
necessary f or t he points 
l i sted i n Tabl e 1. 

3. HIGH in Tabl e 2 i s appr ox
i matel y IV. 

NO 

Replace UlO , and 
return t o START. 
I f sti l l come here, 
che ck Buffered Data 
Bus. 

YES 

YES 

Turn t he 4192A of f and 
reinst al l U90, U91, U93 
and U94. Remove W3 and 
connec t W4 . Turn the 
4192A on. 

Table 1 Table 2 

HIGH (SV) LOW Connect 

Ul3 pin 1 u 8 pin 4 

Ul3 pin 7 U 8 pin 6 

Ul3 pin 8 u 8 pin 8 

Ul 3 pin 14 Li 8 pin 10 

Ul4 pin l Li 8 pi n 12 

Ul4 pi n 7 Li 9 pi n 2 

Ul 4 pi n 8 u 9 pi n 4 

UL4 pin 14 Li 9 pin 6 

UlS pin 1 u 9 pin S 

Ul S pi n 7 u 9 pin 10 

to Gr ound 

us pi n 3 

us pi n 5 

UR pin 9 

U8 pin 11 

ua pin 13 

U9 pin 1 

U9 pin 3 

U9 pi n 5 

U9 pi ng 

UlS pin 8 u 9 pin 12 

UlS pi n 14 UlO pi n 4 

Ul6 pin 1 UlO pin 6 

U9 pin 11 

U9 pin 13 

Ul O pi n 3 

Ul6 vin 7 UlO pin 8 

Ul 6 pin 8 Ul O pin 10 

Ul 6 pin 14 UlO pi n 12 

Ul O pin 5 

UlO pin 9 

UlO pi n 11 

Ul O pi n 13 

Signa t ure Ana l yzer 
Setting: 

)} START U93 pin 3 
STOP 

CLOCK J Ul l 6 pin 4 

WI NDOW (+SV): 0001 

Signat ur e Anal yzer 
Setting: 

START \_ } Ull2 pin .3 
STOP _/ 

CLOCK _/ Ull6 pin 4 

WI NDOW (+SV}: 0001 

HIGH (I V) LOW 

us pin 4 Ul 3 pin l 

us pin 6 Ul 4 pi n 1 

us pin 8 Ul 4 pi n 7 

us pi n 10 Ul 3 pi n 14 

us pi n 12 Ul 3 pin 7 

U9 pi n 2 Ul S pin 1 

U9 pi n 4 Ul S pin 7 

U9 pin 6 Ul 4 pin 14 

U9 pin S UI S pi n S 

U9 pin 10 Ul 3 pin S 

U9 pi n 12 Ul 4 pin S 

Ul O pi n 4 Ul5 pi n 14 

UlO pin 6 Ul 6 pin 7 

Ul O pin 8 Ul 6 pi n 14 

Ul O pin l_O Ul6 pin s 
Ul O pin 12 Ul 6 pi n 1 

NO 

Replace U68 , and r et urn 
t o START of t he Di ag
nost ic Test Flow Diagram. 
I f Signatur e Set 2- ~ or 
2- 5 i s sti l l i ncorrect , 
check the Buff ered Data 
Bus. 

YES 

YES YES >-YE_S __________ ® 

NO NO 

Check Ul 09 and Ull4 

YES 
Cheek U96 and U9 7 

YES 
Check Ul 08 and Ul06 

NO 

Replace Ul 07 Replace UlOi 

Sign ature Analyzer 
Set ting : 

START \_ } U90 pin 3 
STOP _/ 

YES Ret ur n to 
Flow Diagr am @) . 

CLOCK _/ Ull6 pi n 4 

WINDOli ( +SV) : 0001 NO Si gna tur e Set 2-2 . Si gnat ur e Set 2- 3. Signat ur e Set 2-4 . Signat ure Set 2- 5. 

Test Poi nt Signature Test Point Signat ur e Test Point Signature Test Point Si gnat ure 

Ul07 pin 7 P25S UlO p.i.n 3 0001 U68 pin 2 0000 U68 pin 2 0001 

Signatur e Set 2- 1. pin 9 U3HS pin 5 0001 pi n 3 0001 pin 2 0000 

pin 10 0996 pin 7 0001 pi n 4 0000 pin 4 0001 
Test Poi nt Si gnature 

U96 pin 6 3AlF 

pin S 28PP 

pin 11 6H49 

pin 12 F2A6 

pin 13 PCOl 

pin 9 0001 

pin 11 0001 

pin 13 0001 

pi n 5 0001 

pi n 6 0000 

pin 7 0001 

pin 5 0000 

pin 6 000 1 

pin 7 0000 

pin 14 12U3 pi n 15 0001 pi n 8 0000 pin 8 0001 

pi n 15 4POA pin 17 0001 pin 9 0001 pin 9 0000 

Figure 8-37. Signature Analysis Troubleshooting Flow Diagram - sheet 2 of 13. 

Scans by ArtekMedia © 2008 8-55 



Flow Diagram @ 
Fl ow Di agram G) 

Flow Diagram @ 
Flow Diagram@. 

Turn t he 4192A off. 
Remove W3 and 
connect W4, then 
turn the 4192A on. 

Turn the 4192A of f. 
Connect A6J7 to J7 
of the 16343A. 
Connect Ul 07 pin 5 
to T33 . Set S2 
and S4 as shown 
below. Turn the 
41 92A on. 

A6S2 . 
BB~~BBB~ 

A6S4 

rn: 

Signature Analyzer 
i-----~Setti ng: 

START \_} 
STOP J Ull2 pin 3 

CLOCK J U116 pin 4 

WINDOW (+SV): 0001 

Signature Set 3-1. 

Test Point Signat ure 

U8 pin 7 9HUC 

pin 9 77P8 

pin 10 HUAS 

pi n 11 7P93 

pin 12 UA4A 

pin 13 P92P 

pin 14 A4CU 

pin 15 92UA 

Signat ur e Analyzer 
Setting : 

START \_ } Ul l pin 15 
STOP J 
CLOCK J Ull6 pi n 4 

WINDOW ( +S V) : Any 

Scans by ArtekMedia © 2008 

YES 

NO 

YES YES 

NO NO 

Repl ace Ul07 Replace U19 

Briefly connect WINDOW ( +5) YES Ul 14 pin 6 (NITT) UC70? t o ground. 

NO 

Which WINDOW 
is displayed 
on the Signature 
Analyzer? 

~ 3865 Rep l ace U93 ,__ 
C7SU Repl ace U94 f--

,__ 1SU3 Replace U90 ---,__ PHHH Replace U91 -......_ OTHER Replace Ull 

Signature Analyzer 
Setting: 

START )} us pin 7 
STOP 

CLOCK J Ul16 pin 4 

WINDOW ( +SV) : 0003 

Replace U8 

Return to Flow 
Diagram@. 

Return to START of 
the Diagnost ic Test 
Flow Diagr am . I f 
the WINDOW is still 
incorrect , leave a l l 
connecti ons and switch 
setting as they are 
now, and @ to Flow 
Diagram S . 

Return t o the start of 
this Fl ow Diagram. 

NO 

Replace UlO, and 
return to START of 
the Diagnostic Test 
Flow Di agram. I f 
Signature Set 3- 2 
is still i ncorrect, 
check the Buffered 
Data Bus. 

Signature Set 3- 2. 

Test Point 

UlO pin 3 A6S2 bit 

pin s bit 

pi n 7 bit 

pin 9 bit 

pin 11 bit 

pin 13 bit 

pin 15 bit 

pin 17 bit 

1 

2 

3 

4 

5 

6 

7 

8 

YES 
Signature Analyzer 
Setting: 

START 
) } U8 pin 9 

STOP 

CLOCK J Ul16 pin 4 

WINDOW ( +SV) : 0003 

Signature 

When each bit of A6Sl 
is set t o 0, t he 
signature is 0000; 
when set t o 1, 0003. 

NO 

Replace U9, and 
r eturn to START 
of the Diagnostic 
Test Flow Diagr am. 
If Signature Set 
3-3 is stil l in
correct, check t he 
Buffered Data Bus . 

YES 

Si gnat ure Set 3-3. 

Test Point Si gnat ure 

U9 pin 3 A6Sl bit 

pin s bit 2 

pin 7 bit 3 When each 
pin 9 bit 4 is set t o 

bit of A6S2 
0, the 

pin 11 bit 5 
si gnature is 0000 ; 
when set to 1, 0003. 

pin 13 bit 6 

pin 15 bit 7 

pi n 17 bit 8 

END 

Figure 8-37. Signature A nalysis Troubleshooting Flow Diagram - sheet 3 of 13 . 
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Flow Diagram @ 
Fl ow Diagram (D. 

Fl ow 1agram ® 
Fl ow Diagram@ . 

Turn t he 4192A of f . 
Set A6S2 as shown 
below. Tur n t he 
4192A on . 

A6S2 

Perf o11n 
Flow Q). 

Briefly connect 
Ull4 pi n 6 t o 
ground . 

Perform 
Flow © , 

Scans by ArtekMedia © 2008 

Signat ure Anal vzer 
----Set ting: · 

START\._} Ul l pi n 15 
STOP _/ 

CLOCK ../ Ull6 pi n 4 

WINDOW (+5V) : FP6A 

Signature Set 5-1. 

Test Poi nt Signatur e 

Ul05 pin 11 FU63 

pin 13 P5F9 

Si gnat ur e Set 5-2. 

Test Poi nt Si gnature 

U62 pi n 3 OOU8 

pi n 6 Al Ol 

pin 10 6U6C 

Remove the connection 
between Ul 07 pi n 5 and 
T33. 

NO 

Repl ace Ul05 

Si gnature Set 5- 3. 

Test Point Si gnature 

UlOl pin 3 FACU 

pin 5 579U 

pi n 7 HF49 

pin 9 9H6P 

pin 11 ACAO 

pi n 13 7426 

pin 15 UHHF 

pin 17 2AJ-15 

Signatur e Set 5- 4. 

Test Point Signature 

UlOl pin 2 FACU 

pin 4 579U 

pin 6 HP49 

pin 8 9H6P 

pi n 12 ACAO 

pin 14 7426 

pin 16 UHHF 

pi n 18 2AH5 

Return t o START of 
t he Di agnostic Test 
Fl ow Diagr am and 
proceed unt il P- 04 
i s displ ayed (regard-
l ess of whet her P-01, 
P-02 , or P- 03 i s dis - . 
played or not ) 

YES 

NO 

Repl a ce U62 

Signature Set 5- 5. 

Test Poi nt Signat ure 

U93 pi n 5 54F3 

pin 7 677H 

pin 9 7931 

pin 11 18CA 

U94 pin 5 OCCl 

pin 7 Cl59 

pi n 9 F8A2 

pi n 11 4FUC 

Signat ure Set 5- 6. 

Test Point Si gnat ure 

U90 pi n 5 2HH8 

pi n 7 F96U 

pl n 9 5PH9 

pi n 11 POH4 

U91 pi n 5 FSll 

pin 7 3PHP 

pin 9 FFU3 

pi n 11 H58A 

END 

Si gnature Anal yzer 
>-Y~E_S ______ Setting: 

START \._ } Ull pin 15 
STOP ..f 
CLOCK ../ UlOl pin 

WI NDOW (+5V) : 1658 

Signature Set 5-7. 

Test Point Signat ure 

on t he 16343A 

U3 pi n 13 AH6F 

pin 14 P8UA 

NO 

NO 

Check Display Dat a 
Bus line s CBO - CB7. 

YES 

YES 

YES 

Rep l ace UlOl 

Check Di splay Data 
Bus l i ne s CAO - CA7. 

YES 

NO 

Replace Ul09. 

YES Return t o t he be~nning 
of Flow Di agram~ -

YES Replace Ul and U2 on t he 
>--------1~ 16343A 

Replace U3 on t he 16343A. 

Figure 8-37. Signature Analysis Troubleshooting Flow Diagram - sheet 4 of 13. 
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Flow Diagram (j) 
Signature Analyzer 

Flow Diagram (z). ..... __ .... setting: 

A6S2 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

~~BBBB~~- J 

Flow Diagram @ 

START \_ } Ull pin 15 
STOP _J 
CLOCK _J Ull6 pin 4 

WINDOW (+SV): AH2A 

Signature Set 7-1. 

Test Point Signature 

Ull7 pin 3 SOFA 

pin 6 0863 

Signature Set 7-2. 

Test Point Signature 

U69 pin 6 SOFA 

pin 8 0863 

Signature Analyzer 
Flow Diagram@. .,_ __ .setting: 

I 
I 
I 
I 
I 
I 
I 

A6S2 I 
• I ~~BBS~BB ___ _.J 

START \_ } Ull pin 15 
STOP _J 
CLOCK _J Ull6 pin 4 

WINDOW (+SV): U399 

Signature Set 8-1. 

Test Point Signature 

UlOS pin 7 U399 

pin 9 U399 

pin 10 U399 

pin 11 U399 

pin 12 U399 

pin 13 7AF7 

pin 14 U399 

pin 15 U318 

YES 

YES Replace Ull 7 

NO 

Replace Ull4 

YES Check U69 and U45 

NO 

Replace Ul07 

YES 

NO 

Replace UlOS Replace UlOO 

NO 

Replace U99 

YES 

YES 

YES 

YES 

END 

Replace Ul09 

END 

Note: If an error 
condition still 
occurs,~ to Flow 
Diagram~-

Replace Ul04 

Figure 8-37. Signature Analysis Troubleshooting Flow Diagram 
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Flow Diagram ® 
Flow Diagram®· 

A5Ull p in 14 
A6U98 pin 2 

t------- l 30µs ---1 
I I 

®-

Replace U98 

Replace ASS24 

YES 

YES 

/\SU12 
pins 1 ~ 7 and 9 

YES 

Check U95 and ASU4 

t--l ,OSms----
1 

Check switches on 
the AS boa rd. 

NO 

Replace A5S46 

Turn the 4192A off 
and set S2 as 
shown be low. Turn 
the 4192A on. 

A6S2 

YES 

Rep l ace ASUl l and Ul2 

Replace ASU17 

Rep lace ASUI S 

Briefly connect Ull4 
pin 6 (NMI ) to ground . 
SA-09 wi l l appear on 
DISPLAY C. 

YES 

YES 

Repl ace A5Ul8 

Signatur e Ana lyzer 
i-----Setting: 

START \.. } Ull pi n 15 
STOP J 
CLOCK J UlO l p in 

WINOOW ( +SV) : 0001 

Scans by ArtekMedia © 2008 

SEE NOTE 
r---------------- --- --- ---------------------------------------7 

Replace ASUS 

SEE NOTE 

YES 

YES 

NO r -----
1 
I 
I 
I 

YES 
I 
I 

I 
L_ _____ _ NO I _____ __, 

Check switches on 
t he AS board. 

Replace AS UI 7 

Repl ace ASU18 

r----- -----7 

Replace UlOl 

I 
I 
I 
I 

YES 

I 
I 
I 
I 

ENIJ 

L _____________ . 1 

Replace ASUS 

t 
I 
I 

YES Repl ace A5U4 

Replace ASU!8 Repl ace ASUS Replace ASUI 7 

Signature Set 9- 1. 

Test Po i nt Signature 

UlOl pin 3 0001 

pin 5 0000 

pin 7 0000 

pin 9 0000 

pin 11 0001 

pi n 13 0000 

pi n 15 0000 

pi n 17 0001 

~" 
Note: Pre ss and hold the 0 
key when perfor ming t he 
checks enclosed in dashed 
lines . 

Si gnature Set 9 - 2 . 

Test Point Signat ure 

UlOl pi n 2 0001 

pi n 4 0000 

pi n 6 0000 

pi n 8 0000 

pin 12 0001 

pi n 14 oooa 
pi n 16 0000 

pi n 18 0001 

YES 

YES 
I 
I 
I 
I 

_ _J 

Replace U61 

Signatur e Set 9- 3. 

Test Point Signat ur e 

ASU13 pin 9 0003 

pi n 7 0000 

pin 6 0000 

ASUIO pi n 2 0000 

pin 6 0000 

® 

Figure 8-37. Signature Analysis Troubleshooting Flow Diagram - sheet 6 of 13. 
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Flow Diagram @ 
Signature Analyzer 

Flow Di agram @ . --...... -Setting : 

A6S2 

I 
I 
I 
I 
I 
I 

~B~~~~~~·, _ _____.: 

Flow Diagram @ 

START \_ } Ull pin 15 
STOP _/ 

CLOCK _/ Ul 16 pin 4 

WINDOW ( +SV): 6115 

Flow Diagram @ . 
Signature Ana l yzer 

~--~Setti ng : 

I 
I 
I 

A6S2 I 

B~B~B~~~- __ J 

START \_ } Ull pi n 15 
STOP _/· 

CLOCK _/ Ull6 pi n 4 

WINDOW (+SV) : 3395 

Si gnat ure Sett ing 11-1 . 

Test Poi nt Si gnat ure 

U31 pin 2 FP1 8 

pin S UlUC 

pin 6 FP18 

pin 9 0000 

pin 12 FPI S 

pin 15 UlUC 

pin 16 FP1 8 

pin 19 UlUC 

YES 

NO 

Repl ace UlOS 

Signat ure Set 10-1. Signature Set 10- 2. 

Test Point Si gnat ure 'fest Point Si gnature 

UlOS pin 11 F27 1 U6 pin 3 96PF 

pin 12 SSF4 pin 5 72 5C 

pi n 7 PSPH 

pi n 9 SCPO 

pin 11 7P25 

pin 15 PSPH 

YES 

NO 

Replace U4 4 

Signature Analyzer 
"'>-'Y:.:aE;::s __ .,.setting : 

NO 

Replace US 

Signature Set 10- 3. 

Test Po int Si gnature 

U6 pin 2 96PF 

pin 4 725C 

pin 6 PSPH 

pin 8 Sr.PO 

pin 12 7P25 

pin 16 PSPH 

YES 

NO 

Replace U31 

START ;: } Ull pin 15 
STOP J 

CLOCK _/ U6 pi n 

WINDOW ( +SV) : CC34 

Signature .Set 10-4 . 

Test Poi nt Si gnature 

USO pi n 2 96PF 

pins 725C 

pi n 6 PSPH 

pi n 9 SCPO 

pin 12 7P2S 

pin 15 8SPA 

pin 16 77F7 

pin 19 6PCP 

NO 

Check US an<l U7 

YES 

YES 

YES 

Rep l ace U30 

YES YES 

Replace Ul 

Scans by ArtekMedia © 2008 

END 

Note : If an error con
di tion stil l exists, go 
to Flow Diagram S . 

Replace U6 

Replace U62 

END 

Note: If an error con
dit ion sti ll exi sts, 
check U7 and U24. 

Figure 8-37. Signature A nalysis Troubleshoot ing Flow Diagram - sheet 7 of 13. 
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Flow Diagram @ 
Flow Diagram @ 1--"""T---. Signature Analyzer 

I 
I 
I 

A6S2 I 
• I 

BB~B~BSB --- _J 

Flow Diagram @ 

Setting: 

START \_ } Ul l pin 15 
STOP _/ 

CLOCK_/ Ull6 pin 4 

WINDOW (+5V): F968 

Signature Analyzer 
Fl ow Diagram @ 1--..-_,.Setting: 

A6S2 

I 
I 
I 
I 
I 
I 

___ _J 

ST/\RT \_ } Ull pin 15 
STOP _/ 

CLOCK _/ U33 pin 11 

WINDOW (+SV): CC34 

Yes 

No 

Replace U31 

Signature Set 12-1 . 

Test Point Signature 

U31 pin 2 0000 

pin 5 0532 

pi n 6 0A5H 

pin 9 F968 

pin 12 DASH 

pin 15 OU6U 

pin 16 U20H 

pin 19 3138 

YES 

NO 

Replace U33 

Signature Analyzer 
Setting: 

START \_ } Ull pin 15 
STOP _/ 

CLOCK_/ U30 pin 11 

WINDOW ( +SV): CC34 

Signature Set 12-2. 

Test Point Signature 

U30 pin 2 4C76 

pin s 392H 

pin 6 U2U6 

pin 9 2HUO 

pin 12 3Ul2 

pin 15 24SC 

pin 16 CCP3 

pin 19 C7SU 

NO 

Signat u re Analyzer 
Setting: 

START \_} Ull 
STOP _/ 

pi n 15 

CLOCK _J 011 6 pin 4 

WINDOW (+SV) : F968 

YES 

Scans by ArtekMedia © 2008 

Replace U30 

Signature Set 12-3. 

Test Poi nt Signat ure 

U3 pi n 3 4C76 

pin 5 392H 

pin 11 U2U6 

pin 13 2HUO 

U2 pin 3 3Ul2 

pin s 24S C 

pin 11 CC34 

pin 13 C7SU 

END 

Note : If an error con
dition sti l l exists, go 
to Flow Diagram 12 . 

NO 

Rep l ace US 
on t he 16343A 

Yes 

YES 

Yes 

Signature Analyzer 
Setting: 

START _/\_} Ull pi n 15 1-----c 
STOP 
CLOCK _/ Ull6 pin 4 

WINDOW (+SV): F968 

Rep lace U6 
on the 16343A 

Replace U8 
on t he 16343A 

Figure 8-37. 
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Yes 

Replace U3 

Yes Replace US 
on t he 16343A 

Si gnature Set 12-4 . 

Test Point Signature 

on t he 16343A 

us pin 7 F335 

pi n 9 U73U 

pin 10 U2 0H 

pin 11 F968 

pi n 12 F968 

pin 13 OU6U 

pin 14 F968 

pi n 15 F968 

Signature Set 13-1. 

Test Point Signat ure 

U33 pin 2 C75U 

pin s CCP3 

pin 6 245C 

pin 9 3Ul2 

pi n 12 2HUO 

pin 15 U2U6 

pin 16 392H 

pin 19 4C76 

Yes 

No 

Repl ace U2 

Si gnature Set 12-5, 

Test Poi nt Signature 

U3 pin 2 4C76 

pin 6 392H 

pin 10 U2U6 

pin 14 2HUO 

Signatur e Set 13-2 . 

Test Point Signatur e 

U3 pin 3 CC34 

pin 5 392H 

pin 11 CC34 

pin 13 0000 

U2 pin 3 3Ul 2 

pin s 245C 

pin 11 CCP3 

pin 13 C75U 

END 

Note : If an error con
di t i on still exists check 
U7 and U24. 

Signat ure Set 12-6. 

Test Point Signature 

U2 pin 2 3Ul2 

pin 6 24 5C 

pin 10 CC34 

pin 14 C75U 

Si gnature Set 13-3. 

Test Point Signature 

on the 16343A 

U8 pin 7 F335 

pin 9 U73U 

pin 10 U20H 

pin 11 OU6U 

pin 12 F968 

pin 13 F968 

pin 14 F968 

pin 15 F968 

Signature Analysis Troubleshooting Flow Diagram - sheet 8 of 13. 
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Flow Diagram @ 
Flow Diagram @ . 

Signature Analyzer 
....,..,..--..i Setting: 

I 
I 
I 
I 

A6S2 I 

• I 

START\_ 

STOP J 
} Ull pin 15 

CLOCK \_ Ul 16 pin 4 

WINDOW (+SV): 7ACC 

Signature Analyzer 
~'--"=':__..,.sett ing: 

START \_ } Ull pin 15 
STOP .f 
CLOCK\_ Ull6 pin 4 

WINDOW (+SV): 7ACC 

~~B~BB~B ____ _J Signature Set 14-2. Signature Set 14-3. 

Signature Set 14-1 . 

Test Point Signature 

U61 pin 8 PC57 

pin 10 PC57 

pin 12 PC57 

NO 

Check U66 , U67 

-, '.:: 6nsec U66 pin 8 I_ 

(triggered by Lill pin 15) flll IH ■ ■ ■ ■ 

Ull pin 15 _fi------143µsec------
10µsec r7_ _ ____;_ ______ _ 

Flow Diagram @ 
Signature Analyzer 

Flow Diagram @ , 1--...... -~setting : YES 

I 
I 
I 
I 
I 
I 

I B~BB~ag~l--J 

START \_} Ul l pin 15 
STOP .f 
CLOCK .f U32 pin 

WINDOW (+SV) : CC34 

NO 

Replace U32 

Test Point Signature Test Point 

U60 pin 10 4U92 U65 pin 2 

pin 11 3HS3 pin 5 

pin 12 FlOO pin 7 

pin 13 783A pin 10 

pin 14 9P4U 

pin 15 FC48 

Replace U63 

Check U66 , U67 

NO 

END 

Signature Set 15-1. 

Test Point Signature 

U32 pin 9 SCPO 

pin 11 7P25 

pi n 13 85PA 

pin 17 6PCP 

Scans by ArtekMedia © 2008 

Signatur e 

6A66 

C93A 

72Fl 

0000 
NO 

Turn the 4192A off. 
Remove U65. Turn the 
4192A on. 
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YES 

YES Replace U60 

NO 

Replace U7 
on the 16343A 

Briefly connect Ul l 4 pin Signature Analyzer 
i-----6 (NMI J to ground. SA- 14 ....,---i Setting: 

will appear on DISPLAY C. 
START .f } U64 pin 
STOP .f 
CLOCK../ Ull6 pin 

WINDOW (+SV) : UP73 

13 

4 

Signature Set 14-4. Signature Set 14- 5. Signatm·e Set 14- 6. 

Test Point Signature Test Point Signature Tes t Point Signatur e 

U64 pin 2 FH3F U3 pin 3 69A3 on t he 16343A 

pi n 3 ACA2 pin 5 1318 U7 pin 3 69A3 

pin 6 Ul65 pin 11 69A3 pin 4 1318 

pin 7 UP8H pin 13 1318 pin 5 69A3 

U2 pin 3 69A3 pin 6 1318 

pin s 1318 pin 10 69A3 

pin 11 69A3 pin 11 1318 

pin 13 1318 pin 12 69A3 

pin 13 1318 

YES 

YES 

Figure 8-37. Signature Analysis Troubleshooting Flow Diagram - sheet 9 of 13. 
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END 

Note : If an error con
dition stil l exists, go 
to Flow Diagram @ . 

Replace U4 
on the 16343A 

NO 

Replace U64 

YES YES Replace U65 

YES Replace U67 

NO 

Repl ace U66 

Reinstall U65 



Flow Diagram @ 
Si gnature Ana l yzer 

Fl ow Diagram @ . 1---.r--+f Sett i n g: 

I 
I 
I 
I 
I 
I 

A6S2 I 
• I 

~B~~~~BB __ J 

Flow Diagram @ 

START \.. } Ull pin 15 
STOP _J 
CLOCK ./ Ull6 pin 4 

WINDOW ( +S V) : AFH2 

Signature Set 16-1. 

Tes t Point Signature 

U44 pin 7 092C 

pin 9 250H 

pin 10 U21D-I 

pin 11 068H 

pin 12 AFH2 

pin 13 U34H 

pi n 14 AFH2 

pin 15 6379 

Si gnature Anal yz er 

Fl ow Diagram @ . 1----,,----iSet t ing : 

I 
I 
I 
I 
I 

A6S2 I 
• I 

~B ~~ ~~B~ ___ J 

START \.. } Ull pin 15 
STOP _J 
CLOCK _J Ul 16 pi n 4 

WINDOW (+5V) : FPS4 

Si gnature Set 17-1. 

Test Point Signature 

Ul04 pin s F6FU 

pin 7 8F65 

NO 

Replace U44 

NO 

Repl ace UlOO 

Signature An alyzer 
~ Y_E_s __ Set t ing : 

YES 

YES 

YES 

START \.. } Ull pin 15 
STOP .J 
CLOCK .I US1 pi n 

WINDOW ( +SV) : UOU7 

Signat ur e Set 16- 2. 

Test Point Signature 

US4 pin 3 0000 

pin s 0000 

pin 7 0000 

pi n 9 0000 

END 

Note : If E-51 stil l 
occurs, go t o Flow 
Diagram @-

NO 

Go to Flow @ 

Signature Analyzer 
>-Y_E_s _______ ___,_,. Sett ing : 

START 
) } Ull pin 15 

STO~ 

NO CLOCK J U56 pin 

WT NDOW (+SY): 0003 

YES YES Replace U54 

NO NO 

Repl ace U4 7 Rep lace U49 

YES HepJace U104 

YES 
Rep lace U99 

YES 

NO NO 

Replace Ul02 Go to Fl ow @ 

Scans by ArtekMedia © 2008 

Replace U49 

YES 
Rep lace Ul 02 

YF.S Signature Analyzer 
►~-~Settin g : 

YES 

START \.. }' Ull pin 15 
STOP _J 
CLOC K J USS pin 

WI NDOW ( +SV): 0001 

YES 

NO 

Rep l ace U49 

Replace US3 

YES 

NO 

Replace US3 

Scans by ArtekMedia © 2008 

YES 

YES 

~otc: I f E- 50 still 
occurs, go t o 1=1ow 
Diag ram @ . 

Repl ace USS 

Replace US6 

Signature Set 16-3 . 

Test Point Si gnature 

US 6 pi n 3 0000 

pi n 5 0000 

pin 7 0000 

pin g 0000 

pi n 11 0000 

pin 13 0000 

pin JS 0000 

pin 17 0000 

YES Replace USS 

Repl ace US7 

Signature Set 16-4 . 

Test Point Signatur e 

USS pin 3 0000 

pin 5 0000 

pin 7 0000 

pin 9 0000 

pin 11 0000 

pin 13 0000 

pin 15 0000 

pin 17 0000 

Figure 8-37. Signature Analysis Troubleshooting Flow Diagram - sheet 10 of 13. 



Flow Diagram @ 
How Diagr am @ . 

A6S2 

I 
I 
I 
I 

' I 
I 

__ j 

NO Note: Waveform checks 

enclosed in doubl e l ines 

( ◊ ) are r.1ade in 

reference to the waveform 

at Tl9, as :;hown in the 

wavcfom table . 

Turn the 4192A off. 
Remove U47. Turn the 
U92/\ on. 

Set S2 a s shown and 
bricfl)' connect Ull4 
pin 6 (~NI ) to ground, 

Replace USZ 

YES YES 

Hepl acc U48 

Replace U40 

Replace UIO on the 
16343A 

Re p I a ce USO 

YES 

YES 

Replace UlO on t he 
1634 3A 

Ch~ck U35, U34 

Kepi ace U9 and Lil.I 
on the 16343A 

Replace !J46 

YES 

YES 

Replace U36 and U34 

Check U34 and U42 

Replace U9 and un 
on the 16343A 

Replace Ul 7 

Rep l ace Ul3 

Scans by ArtekMedia © 2008 

Rep lace U40 

Turn t he 4192A off . 
Remove U43 and connect 
U39 pin 11 t o gTound. 
Turn t he H92A on. 

urn the 4 192A off. 
>Y'-'O'"'·S ___ Remove U8, U44, and un. 

Connect U52 p i n 4 to 
ground. Torn the 4192A on. 

Rep l ace Ul8 on the 
16343A 

Replace U39 

YF.S 

YES 

Signature Anal yzer 
1----ot Setting: 

Check Ul9 and UJ6 

Check U41 and U36 

Check Ull , Ul2 , Ul4 
and Ul5 on the 
16343A 

Replace U36 

START 

S1"0P 

CLOCK 

J 1un pin 7 

.I 

.J T20 

1/IKDOW ( +SV) : UP73 

Turn the 4192A o ff . 
YES Remove U19, U33 , U41, 

.A--... and 1144. Connect US3 

YES 

pin 14 to US7 pin 14, 
and U57 pin 4 to ground. 
Turn t he 4192A on. 

Repl ace U37 

YES 

Signature Analyz.er 
Setting: 

START 

STOP 

CLOCK 

-; } USS pin 7 

.I T7 

WINDOW ( +SV) : CC34 

Disconnect U39 pin 11 
from ground. 

YES 
Check U45 and U4 7. 

Replace faulty IC. 

Signature Analyzer 
> Yc::E;;cS_--t Set t ing: 

Replace faulty IC. 

Signature Analyzer 
Setting: 

START 

STOP 

CLOCK 

; } U37 pin 7 

_/" T7 

WINDOW ( +SV): 826P 

START _/ } U49 pin 

STOP _/ 

CLOCK .J T7 

WINDOW ( +SV) : 862P 

Replace fau l ty I C. 

Signature Set 18-1 . 

YES 

Test Point Signature 

USS pin 2 85PA 

pin 3 7P25 

p in 6 77F7 

pin 7 HSSA 

U57 pin 2 72SC 

pin 3 96PF 

pin 6 PSPfl 

pin 7 SCPO 

pin 13 39SA 
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YES 

NO 

Replace faulty IC. 

Check U36 and U43 . 

Signature Set 18-2. Signature Set 18- 3 . 

Test Point Signature Te:.;t Point Signature 

U49 pin 2 19H6 U37 pin 2 9CC8 

pin 3 SH21 pin 3 HU4U 

pin 6 HP66 pin 6 SF08 

pin 7 USJ P pin 7 U81P 

pin 13 OFUU pin 13 826U 

USI pin 2 3319 U38 pin 2 Cl77 

pin 3 8P3U pin 3 OFSI 

pin 6 7C47 pin 6 U929 

pin 7 C2SF p in 7 3032 

pin 13 6SOH pin n 650H 

US3 pin 2 2AlF U39 pi.n 2 A872 

p in 3 71'25 pin 3 UF4C 

pin 6 A206 pin 6 2068 

p i n 7 Cl33 pin 7 33SH 

pin 13 102U pi n 13 102U 

Figure 8-37. Signature Analysis Troubleshooting Flow Diagram - sheet 11 of 13. 

8- 64 

YES Connect U4 7 pin l to 
ground • 

Repl ace U4 7, 

Signa ture Set 18-4. 

Test Po int Signature 

US2 pin 2 FH3f 

pin 3 ACA2 

pin 6 Ul65 

pin 7 UP8H 

pin 13 UP72 

t:48 pin 2 FA93 

pin 3 018¥ 

?in 6 UIZI 

pin 7 C6FS 

pin 13 915C 

USO pin 2 7C87 

pin 3 2494 

pin 6 34C5 

pin 7 F39P 

pinl 3 PF7A 

U46 pin 2 3406 

pin .1 OU8C 

pin 6 4CC3 

pin 7 3H8C 

pin 13 0000 

ui;; pin 2 FH3F 

pin 3 ACA2 

pin 6 Ul6S 

pin 7 UP8H 

pi n 13 UP72 

""'Y.;;;.ES;;....-Check US4, U56, and USS. 

NO 

,. ____ 1_30_0_µ_, ____ .... o--3
SOµs: 

Tl 9 and Ul 7 pin 9_j 
- 200µ s , 

:--soo-~ • ......,_..._ SOOµs_, : I 

1'16 

TIO 
+ 2us pulse : 

r-- 700µs----9SOµs~ 

16343A T4_j i r 
I : I 

16343A rsJ .. ______ ! 
I I 

U35 pin 8 ± 2µs pulse ! 
I I 

--+j ---------1_2_0µ_ s,,t7: 1-----i---
U36 pin I , ;LJ 

l 20µs-H-:-
T!8 

T23 

i I : I 

: 1: : : 
1 l£ s pulse 
I :1 ! 

I I -.. 

: u::1 : ---+-1----------~-, ■ ' 

16343A T6 I , 1 
: 200µS I I 

Tll 

UJ 9 pin 6 

T9 

>--SOOµ s ..;.......;-so0µs-l :, , : 
I 
I 
I 

i~ riµs :-r- , 

TIS 

Tl3 

--, ,.... l 20µs 
--'-------------+-p--.c 2°0µs 

l lf I 
---j :-J.SO,) s 

·+ · ! 2
1
µ s pulse 

16343A T2 



Flow Diagram @ 
Signature Analyzer 

Flow Diagram @ 1---....-...iSetting: 

I 
I 
I 
I 

A6S2 : 

~B~~g~G~· __ J 

START \_ } Ull pin 15 
STOP _/ 

CLOCK _/ U32 pin 

WINDOW (+SV): OOlU 

YES 

YES 

YES 

YES 

NO 

Replace Ull 

END 

Replace U32 

YES 
Rep lace Ul 7 

NO 

Check U8, Ul4 

Check Ul S, CRl , C3 
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Flow Diagram @ 
Fl ow Diagram @ . 

Signatur e Anal yzer 
1---...--.-1 Setting: 

A6S2 

I 

I 
I 
I 
I 
I 

• I BB~~BBB~ __ _J 

START \_ } . Ull prn 15 
STOP _/ 

CLOCK _/ US4 pin 1 

WINDOW (+SV) : 4596 

Si gnature Set 20- 1. 

Test Point Si gnature 

U5 4 pi n 13 3F8H 

pi n 17 CC34 
NO 

Repl ace U31 

Figure 8-37. Signature Analysis Troubleshooting Flow Diagram - sheet 12 of 13. 

YES 
END 

YES Replace US4 
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Flow Diagram ~ 
Flow Diagram @ . 

Turn the 4192A off. Set Briefly connect Ull4 pin 
1----i S2 as shown below. Turn -----6 (NMI) to ground. SA- 211---__,< 

the 4192A on. will appear on DISPLAY C. 

8 

YES 

NO NO 

Check the A7 board Replace U67 

lOmsec or 8.3asec 

I I 

U67 pin l -u---lr--
U67 pin 2 __JL__fL_ 

I 
I 

lOmsec or s .. 3msec 
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YES YES > YcaE.;;.s __ .,iset S2 bits 1 ands to 1. 1----c 

NO NO 

Replace Ul02 

YES Replace UlOO 

NO 

Replace Ull 

Figure 8-37. Signature Analysis Troubleshooting Flow Diagram - sheet 13 of 13. 
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YES 
END 

NO 

YES 
Replace Ul02 

NO 

YES Replace Ul00 

NO 

Replace Ull 
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8- 115. REPAIR 

I WARNING I 
BEFORE PROCEEDING WITH REPAIR, 
BE SURE THAT THE INSTRUMENT IS 
DISCONNECTED FROM THE POWER 
LINE. 

8-116. A6 MICROPROCESSOR DIGITAL CON
TROL BOARD DISASSEMBLY 

8-117. To troubleshoot or replace a component 
on the A6 Microprocessor Digital Control board , 
perform the following procedure : 

l. Remove the two feet located at the left a nd 
right rear corners of the top cover. 

2. Fully loosen the top cover retaining screw 
loca ted a t the rear of t he instrument a nd 
lift off the top cover. 

Section VIII 
Paragraphs 8-115 to 8-117 

3. Remove the six screws securing the upper 
mounting plate, which are located along the 
left and right side frames (3 each). 

4. Pull- up the two plast ic fasteners located at 
the corners (front side) of the upper 
mounting plate. 

5. Raise the mounting plate fro m the front as 
you would the hood of an automobile and 
open unt il it is latched a t the position shown 
in Figure 8- 38. 

6. The A6 board is mounted on the underside of 
the mount ing plate and is visible from the 
front in this position. 

7. If it is necessary to remove the A6 board, 
disconnect all the cables from the board a nd 
remove the fourteen screws securing the 
board. 

Figure 8-38. A6 Microprocessor Digital Control Board Disassembly. 
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Section VIII 
Paragraphs 8-118 to 8-12 3 

8-118. A2, A3, A4 AND A9 BOARDS 
DISASSEM DLY 

8-119. To troubleshoot or replace a component 
on the A2, A3, A4 or A9 board, perform the 
following procedure : 

1. Remove the top cover and fully open the 
upper mounting plate as described in steps 1 
through 5 of the procedure for A6 
Microprocessor Digital Control Board 
Disassembly (Paragraph 8-117). 

2. Remove the three screws securing the shield 
plate. An illustration of the board assembly 
locations is printed on the shield plate. 

3. Take off the flat cable assembly between 
the A6 board and the A5 Display and 
Keyboard Control board assembly from the 
cable clips (2) on the shield plate. 

4. Lift the shield plate up and out. The A2, 
A3, A4 and A9 boards are visible on the 
top-side of the lower mounting plate when 
the shield plate is removed. If it is 
necessary to remove one of the boards, 
disconnect all the cables from the board and 
remove the screws securing the board. 

8-120. A 1, A 11 and A 12 BOARDS DISASSE:\IBLY 

8-121. The Al, All and Al2 board assemblies 
are located on the underside of the lower 
mounting plate. 

To troubleshoot or replace a component on the 
Al, All or Al2 board, perform the following 
procedure : 

1. Stand the instrument on the left or right 
side. 

2. Remove the two feet located at the left and 
right rear corners of the bottom cover. 

8-68 
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3. Fully loosen the bottom cover retaining 
screw located at the rear of the instrument 
and take off the bottom cover. The Al, All 
and Al 2 boards are visible when the bottom 
cover is re moved. If it is necessary to 
re move one of the boards, disconnect all the 
cables from the board and remove the 
screws securing the board. 

8-122. A5 DISPLAY AND KEYBOARD CON
TROL BOARD DISASSEMBLY 

8-123. To troubleshoot or replace a component 
on the A5 Display and Keyboard Control 
board or on the front panel assembly, 
perform the following procedure. 

1. Carefully remove the top trim strip from 
the front frame (use a screwdriver to lift 
out the trim). 

2. Remove the three screws from the top side 
of the front frame. 

3. Stand the instrument on the left or right 
side. 

4. Remove the three screws from the bottom 
side of the front frame. 

5. Remove the four feet located at the corners 
of the rear frame. 

6. Fully loosen the bottom cover retaining 
screw located at the rear of the instrument 
and remove the bottom cover. 

7. Disconnect the S'\18 connectors from the 
II POT cable and the L POT cable from A 11 J6 
and AlJ12, respectively. 

8. Return the instrument to the normal 
position as it is (without re-installing the 
bottom cover). 
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9. Remove the top cover . 

1 O. Remove the six screws securing the upper 
mount ing plate, which are located along the 
left and right side frames (3 each). 

11. Pull-up the two plastic fasteners located a t 
the corners (fron t side) of the upper 
mounting plate. 

12. Raise the mounting plate from the fron t and 
open the mounting plate . The A6 
Microprocessor Digital Control Board is 
visible on the underside of the mounting 
plate. 

13. Disconnect the flat cable (D between the 
A6 and A5 boards from A6J7 . See Figure 
8-39. 

--~------------------

Section VIII 
Paragraph 8- 123 and Figure 8-39 

14. Take off the flat cable from the two cable 
clips on the shield plate. 

15. Carefully push the back of the A5 board 
forward; the front panel assembly will come 
out. 

16. Unsolder the black short lead from the 
GUARD terminal lug. 

17. Lay down the front panel assembly as shown 
in Figure 8-39. 

18. Remove the six screws ((D ~ G)) securing 
the shield plate to the A5 board (the cable 
clamp screw need not be removed). 

19. Remove the seven screws ( ® ~ Qj) ) 
securing the A5 board to the front panel 
assembly. 

Figure 8-39. A5 Display and Keyboard Control Board Disassembly. 
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Paragraphs 8-124 and 8-125 

8-124. PRODUCT SAFETY CHECKS 

I WARNING! 

AP PEA RS LIKELY 
PROTECTIVE PRO

BEEN I\!IPAIRED, THE 

WHENEVER IT 
THAT SAFETY 
VISIONS HA VE 
APPARATUS 
INOPERATIVE 
AGAINST ANY 
RATION. THE 
LIKELY TO BE 
FOR EXAMPLE: 

SHALL BE MADE 
AND BE SECURED 

UNINTENDED OPE-
PROTECTION IS 

COMPROMISED IF, 

THE APPARATUS SHOWS VISI
BLE DAMAGE. 

THE INSTRUMENT FAILS TO 
PERFORM THE INTENDED MEAS
URE:VJENT. 

THE UNIT HAS UNDERGONE PRO
LONGED STORAGE UNDER UN
FAVORABLE CONDITIONS. 

THE INSTRUMENT HAS SUFFERED 
SEVERE TRANSPORT STRESS. 

8-125. The following five checks are 
recommended to verify the product safety of the 
4192A instrument (these checks may also be 
done to check for product safety after 
troubleshooting and repair). When such checks 
are needed, perform the following: 

1. Visually inspect interior of instrument 
for any signs of abnormal internally 
generated heat, such as discolored 
printed circuit boards or components, 
damaged insulation, or evidence of 
arcing. Determine and remedy cause of 
any such condition. 

2. Using a suitable ohmmeter, check 
resistance from instrument enclosure to 
ground pin on power cord plug. The 
reading must be less than 0.5 ohms. Flex 
the power cord while making this 
measurement to determine whether 
intermittent discontinuities exist. 

3. Check GUARD terminal on front panel 
using procedure (2). 

4. Disconnect instrument from power 
source. Turn power switch to on. Check 
resistance from instrument enclosure to 
line and neutral (tied together). The 
minimum acceptable resistance is two 
megohms. Replace any component 
which fails or causes a failure. 

8-70 

5. 

Vlodel 4192A 

Check line fuse to verify that a correctly 
rated fuse is installed. 
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A8 Floating Power Supply I 
Bias Supply Board Assembly 
(P IN 04192-66508) 

A IO Battery and Charger Board 
Assembly (PIN 04192-66510) 

Al3 HP-IB 
Connector 
Board 
Assembly 
(PIN 04262-

66513) 

~~~~;t.~ 
,:;~;:~::~;~ 
··•········ ';~ ~:;: ;:; ;; 
';~;:;~;:::~ ,,., ..... ," .... ,...... .. .. . ,-,.,,,, .. ,.. ~ ... .. ······••ttt ';:;:;:;:;;; r:;::: 
':~ ;!; ~;: ::: 
'!:::;:;:;:: , ......... .. 

l;~;~;~:~~ 
l >t'l•f!IOI , ..... ,., ... 

..... ..... 
, ,, u ..... , .... 

..... ..... ..... 

AS Display a nd Keyboard Control 
Board Assembly (PIN 04192-66505) 
(Hidden) 

(Top View) 

Figure 8-40. Assembly Locations (Sheet l of 4). 

• 
• 

Section VIII 
Figure 8-40 

A7 Power 
Supply Board 
Assem bly 
(PIN 04192-

66507 

8-71 
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Sect ion VIII 
Figure 8-40 

8-72 

A6 Microprocessor Digital Control 
Board Assembly (P/N 04192-66506) 

Figure 8-40. Assembly Locations (Sheet 2 of 4). 

Model 4192A 
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A9 Analog 
Recorder 
Output Board 
Assembly 
(P/N 04192-

66509) 

A2 Phase Detector/ A-D Convert er 
Board Assembly (P/N 04192-66502) 

A3 Reference Frequency Generator 
Board Assembly (P/N 04192-66503) 

Figure 8- 40. Assembly Locations (Sheet 3 of 4). 

Section VIII 
Figure 8-40 

A4 Fractional 
N Loop Board 
Assembly 
(P/N 04192- 66504) 
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Section VIII 
Figure 8-40 

8- 74 

A l 2 Modulator Board Assembly 
(P/N 04192-66512) 

A 11 Process Amplifier Boar d 
Assembly (P/N 04192-66511) 

(Bottom View) 

Model 4192A 

Al Range Resistor /Null Detector 
Board Assembl y (P/N 04192-66501) 

Figure 8- 40. Assembly Locations (Sheet 4 of 4). 
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P/0 

0 

* 

..L 

Ii? 

Section VIII 
Figure 8-41 

Part of. 

Knob control. 

Screwdriver adjustment. 

Circuit assembly boarderline. 

r- - - - 7 
L ____ ..J 

Enc loses front panel 
designations. 

Encloses rear panel 
designations. 

Asterisk denotes a factory selected value. Value shown is typical 
part may be omitted. 

Heavy line indicates main signal path. 

Heavy dashed line indicates main feedback path. 

Wiper moves towards CW with clockwise rotation of control (as viewed 
from shaft or knob). 

Numbered test point. Measurement aid provided. 

Denotes wire color code. Code used is the same as the resistor color 
code (e.g., 9. 4. 7 denotes white/yellow/violet) . 

indicates direct conducting connection to earth. 

Indicates conducting connection to chassis or frame. 

Indicates circuit common connection. 

Figure 8-41. Schematic Diagram Notes. 
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START 

Initially check the + I 2V and 

-12V de supply voltages of 

Al U21 and U22. 
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Disconnect t he 1 kn resistor 1 
· Set 

th
e front panel controls Is the signal at the base of A 1 1,.Y_E_s __ ... Connect a t kn resistor to UN- 1----....-.t rs the signal at A 1 TPIO as L-YE_s __________________ -1 ls the signal at Al TPl 2 a 1-Y_E_s __ ...,. from UNKNOWN and recon- r.-Y_E_S_-1 

1----....-.t as follows: 1----...-i Q42 a l0OkHz sinusoidal wave KNOWN (as DUT). shown below? 1 SVp-p sinusoidal wave at nect it. Does the voltage at 
Function · · · · · · · IZ I -

8 
which exhibits symmetrically 78. l 25kHz (I 2-8µs)? Al TP7 change between 0V 

SPOT FREQ · · · · lOO kHz rounded clipping as shown be- and SV? 
OSC LEVEL . . ... . ... 1 V low? NO 1-------r-----......1 

2. Disconnect the SMB con- NO 

nector from Al2J5 . 

3. Connect a shorting lead to 

UNKNOWN (as DUT). 

Check A IQ37 through Q41. 

*See Note 

"' Note: 

If the observed waveform ex

hibits sharp clipping, check 

Q30 and Q31. 

5V/ DIV Sus/ DIV 

NO 

Is the signal at A lTPl 3 as 

shown below? 

YES Check Al U28C U28D and 
1----a.! 

Q45. 

Is the signal at A 1 U26 pin 14 YES 

approx. 20Vp-p sinusoidal 1----""I 

wave? 

NO 

Check A 1 U26C. 

Are the signals at the collectors 
Is the signal at AlTP6 a YES YES Ch k Al Q33 Q35 U28A 

of AIQ42 and Q43 as shown 1----...- ec ' ' 
l.8Vp-p square wave at 1----~ and U28B. 
l 78.125kHz (5.6µs)? below? 

NO 

Check AlU25 . 

Check AlQ42 and Q43. 

Check A 1 U26A. 

Check Al U26B and Q44. 

Set OSC LEVEL alternately to SmV 
YES 

and IV. Dothe signal levelsat AlTPl0 1------1'"" 

and TPl 2 change as follows? 

OSC LEVEL TPI0 TPl 2 

SmV 1.2Vp-p 7.SVp-p 

IV 13Vp-p 15Vp-p 

NO 

Check Al Q44, Q45 and U6. 

Figure 8-42. A 1 Range Resistor/ Null Detector Board Troubleshooting Flow Diagram - 1 of 3. 
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Go to Flow Diagram A. 
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8-126. Al RANGE RESISTOR/NULL 
DETECTOR 

8-127. Null Detector (1): I-V Converter and IF 
Amplifier 

8-12 8. The unbalance current yielded from the 
difference between the DUT and range resistor 
currents flows to the input of the I-V converter 
(Q30, Q31 and Q37 through Q41) at the first 
stage of the Null Detector. To maintain the 
advantages of a floating bridge circuit, circuit 
common of the I-V converter amplifier is also 
isolated from the other circuits. In parallel with 
the basic feedback loop (Rl45) for the current to 
voltage converter function, the secondary loop, 
consisting of Rl32, Cl 12, and the class C bias 
push-pull amplifier stage (Q30 and Q31), applies 
a non-linear feedback to suppress the output for 
excessive inputs. Normally, both Q30 and Q31 
are off with no base bias. Over almost the 
entire voltage range of the amplifier output, the 
secondary feedback loop is open, so the ~V 
converter amplifier has a linear gain 
characteristic. When a transient unbalance input 
approaches the saturation level of the amplifier, 
Q30 and Q31 turn on in the peak region of the 
output before saturation occurs. As the 
secondary feedback loop decreases the gain of 
the I-V converter, further increase in the output 
voltage is suppressed. It moderates the 
saturation of the amplifier and, consequently, 
prevents a phase shift at the output (an effect of 
saturation). Such a phase shift prolongs the time 
required to balance the bridge circuit. 

At the outputs of the Q42 and Q43 differential 
amplifier, the unbalance vector signal from the 

Section VIII 
Paragraphs 8-126 to 8-128 

I-V converter is converted into a set of 
complementary signals, which are 180 ° out of 
phase with each other and referenced to ground. 
The floating circuit section is isolated at the 
input stage from the other circuits following this 
amplifier. To facilitate phase detection of the 
unbalance signal (to establish the control signals 
for the A 12 Modulator circuit), the Q33 and Q35 
Mixer heterodynes the unbalance vector signal to 
the 78.l 25kHz or 69.444kHz IF vector signal. 
The mixer generates the sum and difference 
frequencies between the unbalance vector signal 
and the (5Hz - 13MHz) +IF local signal from the 
U25 mixer driver. Because of the effect of the 
de offset circuit (de feedback) combined with 
the U28 amplifier, the mixer generates less 
switching spike noise; thus, eliminating local 
frequency components from the output. The 
higher order sidebands, above approximately 
70kHz, are rejected by the low-pass filter 
between the first and the second IF Amplifier 
stages (U28C + U28D and U26D + U26C). 
Depending on the selected measurement range, 
the Q45 and Q44 gain attenuator switches of the 
IF Amplifiers are controlled to maintain the gain 
of the balance control loop almost constant. 
This results in quick and accurate balancing 
operation on all ranges. The diode limitters 
combined with these attenuators prevent 
excessive inputs from saturating the IF 
Amplifiers. 

When the bridge is not balanced, the detected 
unbalance current yields an abnormally large IF 
signal. An IF signal greater than 7Vp-p at the 
output of the U26D exceeds the threshold level 
of the U26A Unbalane Detector, and, therefore, 
the TRDSAT line goes LOW to signal the 
unbalance state of the bridge circuit. 

Table 8-5. Null Detector Gain Control 

Measurement Range Range Attenuator Setting 

Impedance Admittance Resistor Q45 Q44 

rn lOS lOOQ ON ON 
lOQ lS lOOQ ON ON 

lOOQ lOOmS lOOQ ON ON 

lkrl lOmS lOOQ ON ON 

lOkrl lmS lkrl ON OFF 

lOOkrl lOOµS lOkrl OFF OFF 
lMQ lOµS lOkrl OFF OFF 

Note: The table above shows the setting of the AlQ45 and Q44 attenuator switches for 
each measurement range. This table applies when the test signal level is greater 
than 70mV. 

8-77 
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-CR3I-
-CR32-
-R159-

C86 
C87 

r---------- --- ---- ------------, -R97-
-Rl60- , r,, -RI05- : -R98-

:o=~ CIOO C89 1 

038 ii:""! I C74 
I I I 

-Rl61- -Rl32- C90 : 
- Rl62- 039 , , 
-Cl26- n :or, CIOI ,- I 
-Rl63- = :;; = 030 a, C9 I I c75 

Cl25 

C54 
C55 

C56 

r--------------------------, 
-R58- 020 Q 
C42 N 

-R59 - 021 015 
-R60-

-R26 - 1 

-R27• I : 
-R28- ~ 1 

0 I 
I I 

-CRII- 022 r, I 
-R29- -Rl4-c;; 1 -CR12· 

·CRl3· C38 
•CRl4- Cl4 
-R6I-~ -Rl5-

C4J ::::t.._..::._. -C2 I - ' I 

C39 09 04 ~~ 027 

I 
I 
I 
I 

QI 

,., 

-Rl64- 040 f 'f'"' I _ L 5 _ :,:' 
-Rl65- 037 031 _LG_ U21 

-Cl27- 041 -CR2S· 
-Rl66- CII 5 -CR29- C92 I U22 

C57 

U14 

-R30- Cl5 I 1 

~$1 ~ 013 -Rl6 -
Ut ~ ~ I 

,., 
r,N ,.,.,. 

"' 
L---- __________ _ - ---- - _ - - -- __ J C76 Ul5 ' -C31- r, , 

i -R62 - -R31- ::: ~ r--------------- -- ------------, C77 
I 

i -R63- ~ 

: Cl28 042 -Rl46- 032 ·RI06- [:]4 -CR23· 
1 ·Rl47- -Rl07- -CR24· 
I -Rl67- - CI02 - ·RI08- -R79-
I -Rl68- o43 -RI09· 

L-----------------------------r-----------------------------, 
I - R55 - C33 - R32 - 1 I 

• R33 - :o : 
: ·R169- -Cl03 -
I 

: Cl29 -Cl
2
I-- 036 033 -RIIO· 

1 -c122-- -RIii -

C88 
.... I 
I I I r, I 

~~iii 

_c:;
4

_ 023 

- L4 -

:::: 024 

I I I 

ii Q 014 

"'"' ... 1 1 t --R34-
C28 

Cl7 

CIIG -C99- -Rll2-

·R80-
-R81 - , • R67 -

1-C47- -R56- OIG • 010 
I I 

05 

I 
C5 
I 

-Rl70· -Rl48- -Rl33· -Rl13-
-Rl49- B -Rl71 • ·Rl50· Cl04 U 2• =m6-:_ ·Cll7 - Cl05 _, 

C64 U16 

C65 Ul7 

:-C48-~ :0 

:-R68· ~ C40 ~ ~ C29 
I C49 I 

: I ... _ ___________ ___ ______ ___ ____ J 
02 

03 8 ·Rl34· -Rll4-
·R135- • RII 5 • 

1 · R136· • R116· 

~----------------------------J 
EJ 

r----------------------, 
01 I 1 

-R2-
-R3-
·CR I -
· CR2-
- R 4 • 
• R 5-

045 

·R173-
·Rl74· 
·Rl75· 
-Rl76· 
·CR33· 
•CR34· 

• Rl5l -
·Rl52 • 
-Rl53· 

CI06 C96 

-Cll8-

C97 
-L7-
C98 

-c131--

-R177· 

044 

-Rl37 -
·Rl38· 
-CI07-
·CR30-

·Rll7-

·CR27-
-Rll8-
·R119-

BC93 

-Rl78- ·R154-
·CR35 • 
·CR36-

·R139- -Rl20-
·R140- - Rl2I -
-Rl41 -

-Rl79· 

Cl34 r---- - ------ --- - -----, 
-Rl55- , ' 1 

I 
I 
I 
I 

·CR37- ~ ~ 
N I a, I t 
IQ I ("')~ 

Cl23 

G 
g ii:l 
I !;l I I ... 

' :0 

'iil 
.:!I 'f 
~ 
I 

' ' 
~~ ..... 
I I 

' ' ,.,~ 
:i.,. 

0 Io 

"' 
O, 
=.:!I - ... 

(Jl 
o I 

.:!1:0 

!::l:ii 
I' 

E] 
I 
I 

: Cl20 - L9 - 1 
0 I ~---------------------~ 

C78 
C79 
cao 

E] 

-R82-
C66 

I I 
:o:u a,a, ...... 
I I 

-R69-
- R70-

C:18 
- R71 - 018 

017 
·RIS-

06 
Cl8 

-CR5-
-C23-
-CR6-

1 -Rl9-

I 

B 
-R 6-

'

"' C67 
QC68 

LJC69 
C60 

E] llll 

U13 :'.!ff ill 
0 .......... 
I I I I ; -R 7 -

: ' I ' I I I I I 07 Cl9 

: ~ a~~~ f.,.f -R20- ;. 
1 ~ 1?77 Ct n n ;a 

~ 
C81 
C82 
C83 

B 
C84 
QIID 

-R99-
·RIOO· 

RIOI 

,., 
.... 
0 

o I 
:0:0 
Q)Q) 

"'"' I I 
C61 

UIS 

Ul9 

C62 

C63 

-R87-
-R88-
-R89-

,,ii Ks )~o,I Kl ),~f 
- ~~ r-:-:-7 : N 

i--R:12--'f~ :i-, 8 
:--R53-- 1 ol:J 
I ·CR9- -CR7- ~ EJ I r:7 
I -CRIO- -CR 8- ~ K 3 l:..J 
: -R73· -R54-

: 026 019 012 08 © 
I I 

L--- ------------------J 

jR1e2! 
·CRIS· 
·CRl6· 

□~~~~~r;,-;7~: D,,,,10,, 
• CR25· -CRl7-

028 :~:.:: 

B 
·R90- -C52-

C71 -R91- - R75- BB 
GB C85 

QJJJ 
·RI02-
·Rl03· 

Rl04 

C72 G 
I ·R92- -R76-

•R93 - ·C:13-
029 -R77-

,., 
.... 
"' ·CR26-

- R94 -
·R95-
-R96-

·CRl9• 
·CR20· 
-R78-
-CR21-
•CR22· 

C30 C24 

06iii ~: -~~- □ ~~- - - . 
C27 -L3 -

Ull U9 ua EJ 
Figure 8-43. Al Range Resistor/Null Detector Board Assembly Component Locations. 



From A8J3· 8 ~ 

f rol'TIA8 J3-9~ 9 

Scans by ArtekMedia © 2008 

A 1 RANGE RESISTOR/NULL DETECTOR (P/N 04192-66501) 1 OF 3 

J9 
I 

Al-4 1-v CONVERTER ~---- - ------------- - --- - - - - - - - - - - - - - - - - ·- - - - -- -- - - - - - - - - - --. 

C86 C87 CR 
IOOp 100 31 

p 

I 
\ 

c:, \' 
Ft1S9\ 

t--4- --+--+-~ IOK \ 
\ 
\ 
\ 
\ 

\ 

.. ,2•u---- -<o------------------+- -~ 
• c 92 Rl6,? R l 6 1 i 4.7_--+_,._. _ ___ ____ "_'_ 

038 

RI SO 
l-47K 

Cl25 i·7 

Rl6!5 

"" 
-1.:'V" 

RIS<i 
31 6 

C91 

t'' 
CIOl 

i lOOOP 

L._ _ ___ _ _ __ __ _ -- -

r, 

C/8 

i lOOOP 

U21 

U22 

l 5 
220 

© 

Rl32 Cll2 Rl4!5 
316 4 _7p 825 

i 

I 
I 

I 

_ A 1-~_FET_ MIXER --- -- - - - ------ ----- --- - ----- - - -- - ---·· - - - ----- -, 

C I02 

10 ·1 Rl09 
68,1 

HI03 ♦ 
10 

FET 
~----MIXER DRIVER----, 

•12V 

Rl69 
100 

Cl22 

.-----~·101----1-➔</-,,- , 

Rl46 
464 

032 

RIOS 
46, 

-1211.11 

Cl 2 1 
10 

RIO? •cee 
4,6 4 33 

K 

R l06 
6 .81K 

036 

C99 

f .°" 

Rl36 
3 ,[61( 

A'/◄ 9 Rl:iO 
2.15 K 1001( 

Rl71 
IOOK 

Cl 17 
I 

'----------FET MIXER 

Rl33 R1I2 
681 4 64 

I 

'• 

RIIS 
1.47K 

RIii ~110 
147 147 

RIIS Rl14 
383 '47 

R 7 2 
3,16 K 

13 

R I 13 ... 
--7 

I U2S 
I 
I 
I 
I 

I 
I 
I 
I 

s I 

Rl34 
316 

C I05 

f ' 

I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

. I L ___ _ ________ _ _ __ ___ __ ____ __ _ _____ ____ __ ____ _ ____ __ ___ __ _ J 

,---- UNBAL. DETECTOR ---..._ 

I 
C96 L 7 J l3 •o• 
4·~,.,•~·''-+------ ---------------------------------------------------< ~ From Al2 • J6 

1c97 C98 ~ r r -.. ;,'i. r
1 

,---------IF AMP. I 

+12\I 

" 

Al~I 
Rln ◄•641'< 
2.t~K 

F"ro,n U6 p ln 5 

Figure 8-44. 

CR)O 

* ·-----<.--+-~ 

LIO L l I 
3,3m 3 , 3m 

R!l9 
3_1 61( 

RIZO 
Rlll 4,&♦ K 
z ,: 5 1'( fA 

• 

Cl :;)7 RIJB 

,&-0.0I 4641'< 

Rl 54 
316 

F-137 
IOK 

Al40 
I• 

From U6 pi n 11 

._ ________ I F AMP 2 

NOTES: 

1. REFERENCE OESIGNATORS WITHIN THIS ASSEMBLY ARE 
ABBREVIATEO. PREFIX ABBREVIATION WITH ASS~BL Y 
NUMBER FOR COMPLETE REFERENCE DESIGNATOR. 

2 . UNLESS OTHERWISE IN DICATE D: 

RES!STAtlCE IN 01+1S (ll) 
CAPACITANCE IN M!CROFARADS (vF) 
INDUCTANCE IN H!CROHENRIES (vH) 

J4 

I I) TRO sat To All J ll - 11 

A 1 Range Resistor/Null Detector Board Assembly Schematic Diagram {sheet 1 of 3). 
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Flow Diagram A 

Initially check the + 12V and 

- 12V de supply output volt

ages of Al U8, U9 and Ul 1. 

Scans by ArtekMedia © 2008 

Measure the de voltage at A I 1. Set the front panel controls Does the de voltage at Al U20 NO Does the de voltage at A 1 U23 NO Is the signal at Al U30 pin S NO Are the signals at Al U31 pins NO Is the signal at Al U29 pin 8 as 1--No __ _.,. 

~---• TP2 and set the OSC LEVEL t--YE_s __ "'4 as follows. 1------004 pin 1 change approx. l .SV 1-----+1 pin 6 change approx. 11 V when 1-----i (and 6) a 78.12SkHz (12.Sµs 1----_.,. 2 and 12 as shown below? 1----➔-t shown below? Check Al U29C and U29D. 

control to Sm V and IV. Does Function . . . . . . . I Z I - 0 when the 1 kn resiStor is dis- the resistor is disconnected and period) square wave which 

the de voltage change as given SPOT FREQ ....... I kHz connected and reconnected reconnected? changes between 0V and -SV. 
below? OSC LEVEL . . . . . . . . . IV from/to UNKNOWN? 

OSC LEVEL de voltage 2. Disconnect the SMB con- YES YES YES 

lV 3V 

SmV 0.lSV 

NO 

Set the OSC LEVEL to lV. Is 

the 8 bit output of Al U4 as 

follows? 

U4 pin State 

3 L 

4 L 

5 L 

6 H 

10 L 

11 L 

12 H 

13 H 

NO 

Check AIU4. 

nectar from A 12JS. 

3. Connect a I kn resistor to 

UNKNOWN (as OUT). 

YES 
Check A 1 U7 and U10. 

Connect a 0. lµF capacitor to 

UNKNOWN in place of the 

1 kn resistor. 

Check Al U20A, U20B, Q28 

and CRI 6 through CR19. 

Does the de voltage at A I U20 NO Does the de voltage at Al U24 NO 
1----..-i l------1-i 

pin 14 change approx. 2V pin 6 change approx. 11 V when 

when the 0 . lµF capacitor is the capacitor is disconnected 

disconnected and reconnected'/ and reconnected? 

YES 

Go to Flow Diagram B. 

YES 

Check A1U20C, U20D, Q29 

and CR20 through CR23. 

Check A 1 Q34 and U23. 

Check A1Q35 and U24. 

• A "I Range Resistor/Null Detector (Sheet 1 of 3) 

SEE INSIDE 

YES 

Check Al U30. 

Flow Diagram B 

Check AlU31. 

Observe the TTL pulse wave- Does the phase of the square NO 

1----_.,. forms at Al U31 pin 11 and at 1----...i wave at U30 pin S shift by 1----_.,. 
U30 pin S with a dual trace 22.5°, 45°, 90° and 180° from 

oscilloscope. Change the set- that observed before the setting 

ting of each bit on the AISl of AISI is changed? 

4 bit DIP switch. YES 

Check A 1 U27. 

*See Note 

Note.· Refer to Table 8-6 for 

the output data of U2 7. 

Figure 8-45. A 1 Range Resistor/Null Detector Board Troubleshooting Flow Diagram - 2 of 3 . 
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Check Al U32. 

Go to Flow Diagram C. 
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8-129. Al RANGE RESISTOR/NULL 
DETECTOR 

8-130. Null Detector (2) : Phase Detector and 
Phase Tracking Circuit 

8-131. The unbalance vector IF signal from the 
IF Amplifier is applied to the dual 
phase-detector, which simultaneously separates 
the vector into a set of orthogonal phase 
components. The Q34A and Q348 synchronous 
switches of the O O phase detector alternately 
turn on and off as driven by the O O phase square 
wave at the same frequency as the IF vector 
signal. With this synchronous switching, the 
phase detector chops off segments of the IF 
vector signal every other half cycle, coincident 
with the on-off cycles of the switches. See 
Figure 8-46. 

IF Vector 

Siona I 

0348 Switchino 

Siona I 

Phase Detector 
Output 

ON 

Figure 8-46. Phase 
Operation 

ON ON 

Detector Circuit 

The vector signal segments flow into the 023 
integrator each time Q348 is on (Q34A is off). 
Actually, the waveform of the phase detector 
output can not be observed because of the 
neutralization of the potential (virtual ground) at 
the feedback node of the integrator input. If 
Q348 chops off the segments between 8 and 
8+180 ° phase angles of the vector IF signal, the 
averaged voltage of the output is given as: 

E 0 = k e cos 8 

where, E 0 is the averaged voltage of the output 
and e is the vector IF signal voltage. 

On the other hand, the -90 ° phase detector 
(Q35A and Q358) operates from the same vector 
IF signal input, but follows the synchronous 
timing for the other set of drive signals, which 
are -90 ° out of phase with those for the O 0 

phase detector. The -9 0 ° phase detector thus 
yields segments between -90 ° and +90 ° phase 
angles of the vector IF signal. The averaged 
voltage of the -90 ° phase detector output is : 

Sect ion VIII 
Paragraphs 8-129 to 8-131 

Eo = ke cos (8-90 °) = ke sin 8 

Accordingly, the integrated (averaged) voltages 
from the U23 and U24 integrators are 
proportional to the magnitudes of the O O and 
-90 ° orthogonal phase components of the vector 
IF signal, respectively. 

Though the vector of the IF signal is similar to 
the original unbalance current vector, it has a 
different phase angle which depends on the phase 
angle of the local frequency signal input to the 
mixer. Therefore, to make the O O and -90 ° 
component outputs of the Phase Detector 
proportional to the components of the unbalance 
current vector, the synchronous timing of the 
phase detection must be properly adjusted. 
Additionally, to compensate the balancing 
operation for the frequency dependent phase 
errors in the balance control loop, the phase 
angle of the phase detector drive signals must be 
controlled regarding the test frequency. The 
difficulty in this phase control is obviated by the 
advantage of the auto balance bridge operating 
principle. Because a phase error in the balance 
control loop causes an unbalance current input 
to the Null Detector and the feedback balance 
control is quickly repeated until the unbalance 
current is minimum, a small phase detection 
error does not affect balance accuracy. 

This allows an approximate control for the phase 
detector drive signals to be used for these 
requirements. The Phase Tracking Circuit 
provides the capability of shifting the phase of 
both the O O and -90 ° phase detector drive 
signals in 360 ° /16 (= 22.5 °) steps. To digitally 
perform this phase shift, the phase detector 
drive signals are produced from a 16 IF signal (16 
times the IF frequency). The U31 preset counter 
outputs a trigger clock pulse every four cycles of 
the 16 IF input; thus, driving the U30 quadrature 
phase genera tor at a 4 IF frequency. The four 
outputs of the U30 flip flops each have a 
frequency that is 1/4 the clock input frequency 
(that is, IF), and the timing for each outout 
differs from the other three outputs by one, two, 
and three cycles of the 4 IF signal, respectively. 
Accordingly, the phase angles of the quadrature 
phase detector outputs differ by 90 °. The U30A 
output signals provide symmetrical O O and 180 ° 
drive signals for the O O phase detector. The 
U30B output signals are a set of -90 ° and 90 ° 
drive signals for the -90 ° phase detector. 

8-81 
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Section VIII 
Paragraph 8-131 

As the U3 l preset counter starts counting the 
number of 16 IF input pulses from the binary 
number programmed in the 4 bit preset input and 
resets U30 each time it overflows, the timing for 
the quadrature phase generator can be controlled 
by changing the preset data for the counter. 
Increasing the preset number by 1 advances the 
timing for setting the quadrature phase 
generator by one cycle of the 16 IF signal; thus, 
shifting the phase detector drive signals by 
22.5 ° corresponding to 1/16 cycle. 

The preset number is obtained from the setting 
of the Sl Phase Tracking Adjustment switch and 
the phase compensation data stored in the U27 
serial register. The Sl switch is set manually to 
find the appropriate phase of the phase detector 
drive signals for the balance control at low test 
frequencies. The U32 4-bit full adder sums the 
Sl binary number and the phase compensation 
data in U27, based on the typical 
frequency-phase characteristic of the balance 
control loop from the program memory. 

The gain of the V.G Drivers exponentially 
increases for a greater output voltage from the 
Phase Detector to feed sufficient control 

Model 4192A 

voltage to the Modulator (A 12 board). As the 
control input sentivity of the 'Vlodulator lowers 
with increases in the control voltage (caused by 
the characteristic of the PIN diode attenuators), 
the V.G Drivers provide such voltages from the 
phase detector output that compensate the 
modulator output for decreases in input 
sensitivity. At the input stages of the U20A and 
U20D amplifiers, the diode networks (CR 16 
through CR23) provide appropriate compensation 
characteristic using a tangential approximation 
of the ideal curve. As a result, the overall gain 
of the balance control loop is maintained nearly 
constant, preventing the balancing time from 
becoming longer because of insufficient loop 
gain and eliminating the possibility of 
self-oscillation caused by excessive loop gain. 

Test signal level control data is transferred to 
the U4 serial register from the digital control 
section and is set in the U7 D-A Converter in 
parallel fashion. For a test signal level of 1 V, 
the input data is 200 in decade representation. 
The Ul0 I-V converter amplifier outputs a 
voltage, proportional to the given data, to the 
test signal level control circuit on the A 12 board. 

Table 8-6. Phase-Tracking Control Data States 

8-82 

Test Frequency AlU27 

3 4 

5 ~ 180Hz H L 
180 ~ 450Hz L L 
450 ~ 1. SkHz H H 

1. Sk ~ 38kHz L H 
38kHz I IF= 69.444kHz H L 

392
1

kHz I IF= 78.125kHz L H 
392k ~ 13MHz *Npt 

L = O, H = 1 

*Npt is the binary number calculated by the equation : 

Npt = 15-f U. +0.5) x 0.16 

where, f is test frequency in MHz, 
J.. is test cable length in m. 

pins 

5 6 10 

L L H 
L L H 
H H H 
H H H 
H H L 

H H L 
L 

The calculated number is rounded to the nearest integer and assigned as the 
Npt value. 
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Al BOARD FUNCTIONAL TEST (1) 

1. I-V Converter Gain Test 

1) Connect a 1 OOS1 resistor between the 
HcuR and Lpor terminals (leave the other 
UNKNOWN terminals open). 

2) Connect the probe of an oscilloscope to 
the emitter of AlQ37. 

3) Set the OSC LEVEL to 1 Om V and, then, 
150mV. 

4) The change in the amplitude of the 
signal on the CRT should be less than 
250mV peak. 

Section VIII 

Al BOARD FUNCTIONAL TEST (2) 

1. Phase Tracking Register Functional Test 

1) Observe the waveforms at AlU29 pin 
11 and U30 pin 5 with a dual trace 
oscilloscope. 

2) Press [Blue], 0 and 0 keys to set the 
instrument to SELF TEST 6. 

3) Press TRIGGER HOLD/MANUAL key 
and verify that the phase angle of the 
waveform at U30 pin 5 additively shifts 
by 22.5 ° in reference to the signal at 
U29 pin 11 (shifts by 360 ° when the 
key is pressed 16 times). 

2. D-A Converter Operating Test 

1) Connect the input leads of a DVM 
between Al TP2 and circuit common. 

2) Set the OSC LEVEL to 1 V. 

3) The readout on the DVM should be 
between 2.7V and 3.3V. 

4) Set the OSC LEVEL to l0mV. 

5) The readout on the DVM should be 
between 0.27V and 0.33V. 

8-83 
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Se ction VIII 
Figure 8-43 

Model 4192A 
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ABBREVIATED. PREF IX ABBREV IATICN WITII ASSElllLY 
NUMBER FOR COMPLETE REFERENCE DESIGNATOR. 

2, UNLESS OTHERWISE INDICATED: 

RESI STANCE IN OHMS (Q) 
CAPACITANCE IN MICROFARAD$ (µF) 
INDUCTANCE IN MICROHENRIES (µHJ 

3. TO M)L.IH THE THREE TERMINAL PDSITI V[ AND 
NEGATIVE VOLTAGE REGULATORS PIN 1826-0274, 
-0275 , -0276 AND -0282) , REFER TO THE 

~~{;\USTRAT;ON SHOWN B;lOM. ~~~~N Q ~ 
INPUT 0 OUTPUT 

1826-0274 1826-0282 
- 0275 Bend and fo rm as shown 
-0276 for t he 41 92A. 

Figure 8-47. A 1 Range Resistor/ Null Detector Board Assembly Schematic Diagram (sheet 2 of 3) . 
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Flow Diagram C 

Initially check the + 12V and 

- 12V de supply voltages of 

AIU14 through U19. 

Scans by ArtekMedia © 2008 

Set the front panel controls as ls the test signal at the UN- YES Set the OSC LEVEL to 50mV. YES I. Set the OSC LEVEL to IV. 

1----.... follows: 1----...i KNOWN HcuR terminal a 1----~ Is the amplitude of the test 1----...i 2. Connect a son feed-thru 

Function · · · · · · · · · IZ I - O 2.8Vp-p sinusoidal wave? signal l40mVp-p? termination t o the HcuR 
SPOT FREQ ......... I kHz terminal. 
OSC LEVEL . . . . . . . . . . . IV 

Connect nothing to the UN

KNOWN terminals. Reconnect 

the SMB connector to A I 2J 5. 

NO 

Is the amplitude of the test YES 
1----.... 

signal 5.6Vp-p? 

NO 

NO 

Check A I K6, Q I 2, U2 and U3. 

Check AIQ8, Kl and U2. 

Is the amplitude of the test YES 
1----.... Check A I K6, Q 12, U2 and U3. 

signal at AITPI 6.4Vp-p? 

NO 

Connect the base of A IQ 18 to 

circuit common with a short YES 

clip lead. 1----~ 

Is the signal at A ITP I a 1 SVp-p 

clipped sinusoidal waveform? 

NO 

Check AIQ6, 07, QI I , Q I 7, 

Q l 8andQ2S. 

Check Al U13. 

Set the ZY RANGE manually 

in accordance with the table 

below. Is the test signal level YES 

at the HcuR terminal as given -

in the table? 

ZY RANGE Test Sig. Level 

I0kU 150mVp-p 

IO0k.Q I 7mVp-p 

NO 

Check AlK2, K3 , Q19, Q26, 

US and U6. 

~ 
Set the function to 8-A. 

Is the amplitude of the test 

signal at the HcuR terminal 

2.8Vp-p? 

NO 

Check AlKI, Q8, and U2. 

YES I . Set the function to I Z I - 8 

and the ZY RANGE to In. 

2. Disconnect the SMB con

nectors from A JJ8 and 

Al2J4. 

3. Connect AIJS to Al2J4 us

ing the cable disconnected 

from A12J6 and AIJl3. 

Is the signal at the collector of . 

A IQ 14 a 6V p-p sinusoidal 

wave? 

NO 

Ir 

Connect the base of AIQ24 to 

circuit common with a short 

clip lead. Is the signal at the 

collector of AlQ14 a 14Vp-p 

clipped sinusoidal waveform? 

NO 

Check A IQS, QlO, Ql4, Q16, 

Q23 and Q24. 

YES 

YES 
I----

L.,.._. 

Set the ZY RANGE manually 

to lk.Q, IOk.Q and lO0k.Q 

ranges. 

Are AlK4 and KS relays con-

trolled as shown in the table 

below? 

ZY RANGE K4 KS 
(Q2) (Q3) 

l kU ON OFF 

I0kU OFF ON 

IOOk.Q OFF OFF 

NO 

I 

Check the following com

ponents depending on the ab

normal relay operation. 

Abnormality Check 

K4 AIK4, Q2 and 
UIA. 

KS A IKS, Q3 and 
UIB. 

K4 and KS AIU6. 

Check A!U I 2. 

YES Is the amplitude of the test YES Check AIQ4, Q9, Q13 and 
..,_ __ ..i signal at AIJI pin I identical 1------.i Q 27 for proper switching ac-

to that at the gates of A I Q22? t ion. Refer to Table A. 

NO 

. 

Check AlQI , QlS, Q20, Q2 1 

and Q22. 

Table A. Switch Control 

ZY RANGE Q4 Q9 Q l 3 Q27 

I kil OFF OFF ON OFF 

!0k.Q ON ON OFF OFF 

I00kil ON ON ON ON 

To check the on-off states of the switches, ob

serve the signal levels at the collectors of 

A 1 Q4, Q I 3 and the emitter of Q27. When the 

switch is on, the signal disappears from CRT. 

Figure 8-48. A1 Range Resistor/Null Detector Board Troubleshooting Flow Diagram - 3 of 3. 
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Model 4192A 

8-132. Al RANGE RESISTOR/NULL 
DETECTOR 

8-133. Range Resistor and Power Amplifiers 

8-134. The schematic diagram in Figure 8-49 
includes the range resistor circuit and the two 
wide-band power amplifiers which provide the 
test signal and the range resistor currents. As 
these circuits are part of the auto-balance 
bridge, circuit common is floating above ground. 
The DUT Power Amplifier (Q6, Q7, Ql 1, Al 7, 
Ql8 and Q25) not only increases the amplitude of 
the test signal to the specified voltages but also 
enhances the ability to supply the test signal 
current to low-impedance DUTs. 

To minimize the de offset voltage of the test 
signal output, de feedback from O 13 maintains 
the de potential at the output of the DUT Power 
Amplifier at zero volts. 

When the setting of the test signal level is below 
70mVrms, the K6 relay functions so that the 
voltage divider, consisting of the R45 and R51, 
attenuates the test signal output from the DUT 
Power Amplifier by 1/10. The K2 and K3 relays 
select the output impedance for the test signal 
(at the HcuR terminal) as lO0rl, lkrl or l0krl, 
depending on the setting of the measurement 
range. Source resistance selection is performed 
as directed by the control data from the 
measurement program. At test frequencies 
above 3 8k Hz, the source resistor is al ways 1 00rl. 
As the amplitude-phase measurements require a 
constant signal source impedance of 50rl, the Kl 
relay by-passes the selective source resistor 
circuit used in impedance measurements. 

An internal or external bias voltage is applied in 
series with the four-terminal pair measurement 
circuit loop through the bias network between 
the outer conductor of the HcuR lead and the 
floating circuit common. The Tl balan 
transformer and the paralleled Cl 0 and Cl 1 
capacitors cut the measurement circuit loop to 
insert a bias voltage source, yet making the 
additive impedance to the test signal current 
loop very low. Since a floating measurement 
circuit ideally isolated from ground is 
susceptible to noise interference, C8 and C9 

Section VIII 
Paragraphs 8-13 2 to 8-134 

properly reduce the isolation impedance. CR3 
and CR4 prevent the measurement circuit from 
having a charged potential with respect to 
ground. Similar circuits concerning the isolation 
impedance and the protective purpose are used 
at several inputs/outputs of the floating 
measurement circuit. 

The RR Power Amplifier has a feedback 
circuit configuration similar to the DUT Power 
Amplifier to minimize the de offset voltage of 
the range resistor signal. Its output current 
flows through one of the range resistors selected 
from among 1 00rl, lkrl and 1 0krl. The range 
resistor values are determined by the practical 
frequency limitations of the resistor elements. 
The phase compensation capacitors cancel the 
effects of the residual parameters involved in 
the actual circuit on the PC board, in addition to 
those inherent in the range resistors. Thereby, 
the accuracy of the resistance values and pure 
resistance are maintained over the full 
frequency range. When K4 or K5 is on, the 
contact of the relay connected to the LcuR line 
passes the range resistor current, yielding a 
small voltage drop caused by the contact 
resistance. Through the other contact of the 
(dual interlocking) relay, the CMR Amplifier 
(Ql5, Q20, Q21 and Q22) detects this voltage 
drop to compensate the measured range resistor 
vector voltage for the influence of the relay 
contact resistance. When K4 relay is off, the Q4 
and Q9 switches are set to on to conduct the 
leakage currents, which flow through the stray 
capacitances between the contacts of the relay, 
to circuit common. Because of these switches, 
the leakage current does not become a by-pass 
current additive to the correct range resistor 
current, and, thus, stray capacitances do not 
affect the accuracy of the measurement. 
Similarly, the Ql3 switch eliminates the effects 
of stray capacitance present between the 
contacts of the K5 relay. 

When the range resistor is 1 0kn, the Q27 switch 
connects Cl 3 to circuit common to improve the 
accuracy of the range resistor current at high 
frequencies. Diodes CR 12 through CR 15 protect 
the range resistors from any harmful de voltage 
that may be inadvertently applied to the LcuR 
terminal. 
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Section VIII 
Tables 8-7 and 8-8 

:V1odel 4192A 

Table 8-7. Relationship of the Source Resistor and the Measurement Range 

Test Signal Level :C:70mV Test Signal Level <70mV 
Impedance Range 

Source R K2 K3 Source R K2 K3 

rn lOOS""l ON ON lOOS""l ON ON 
lOS""l lOOS""l ON ON lOOS""l ON ON 

lOOS""l lOOS""l ON ON lOOS""l ON ON 
lks-l lOOS""l ON ON lOOS""l ON ON 

lOks-l lks-l OFF ON lks-l OFF ON 
lOOks-l lOks-l OFF OFF lks-l OFF ON 

lMQ lOks-l OFF OFF lks-l OFF ON 

Note : This table applies when the test frequency is 38kHz or below. 

Table 8-8. Relationship of the Range Resistor and the Measurement Range 

Test Signal Level .::.70mV Test Signal Level <70mV 
Impedance Range 

Range R K4 KS Range R K4 KS 

rn lOOS""l ON OFF lks-l OFF ON 
lOS""l lOOS""l ON OFF lks-l OFF ON 

lOOS""l lOOS""l ON OFF lks-l OFF ON 
lks-l lOOS""l ON OFF lks-l OFF ON 

lOks-l lks-l OFF ON lOks-l OFF OFF 
lOOks-l lOks-l OFF OFF lOks-l OFF OFF 

lMQ lOks-l OFF OFF lOks-l OFF OFF 

Note: Q4 and Q9 are on when K4 is OFF. Ql 3 is on when K5 is OFF. 
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Al BOARD FUNCTIONAL TEST (3) 
1. Test Signal DC Output Offset Voltage Test 

1) Connect nothing to the UNKNOWN 
terminals. 

2) Set the OSC LEVEL to 5mV. 

3) Connect the input leads of DVM 
between Al TPl and circuit common. 

4) The readout on the DVM should be 
0± 12.5m Vdc. 

2. L cuR Amplifier DC Output Offset Voltage 
Test 

1) Disconnect the SMB connector from 
AlJ8. 

2) Connect the input leads of a DVM 
between the LcUR terminal and circuit 
common. 

3) The readout on the DVM should be 
0±lmVdc. 

4) Reconnect the SMB connector to AlJ8. 

3. HcuR Amplifier Gain Test 

1) Observe the test signal at the base of 
AlQ25 and that at TPl. 

2) The amplitude at TPl should be higher 
than that at the base of A 1 Q25 by a 
factor of 68. 

Section VIII 
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Section VIII 
Figure 8-43 

Model 4192A 

8-90 
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A 1 RANGE RESISTOR/NULL DETECTOR (P/N 04192-66501) 3 OF 3 
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NOTES: 

1. REFERENCE DESIGNATORS WITHIN THIS ASSEMBLY ARE 
ABBREVIATED. PREFIX ABBREVIATION WITH ASSEMBLY 
NUMBER FOR COMPLETE REFERENCE DESIGNATOR. 

2. UNLESS OTHERWISE INDICATED: 

RESISTANCE IN OHMS (0) 
CAPACITANCE IN MICROFARADS (µF) 
INDUCTANCE IN MICROHENRIES (µH) 

3. TO KllJff THE THREE TERMINAL POSITIVE AAO 
NEGATIVE VOLTAGE REGULATORS P/N 1826-0274, 
-0275. -0276 AN:D -0282) • REFER TO THE 
ILLUSTRATION SHOWN BELOW. ~ 

OlITPUT o COMK!N 
COMt,ON ° INPUT ¢ 
INPUT O OUTPUT 

1826-0274 1 826-0282 
-0275 Bend and fonn as shc,,,m 
-0276 for the 4192A. 

A 1 Range Resistor/Null Detector Board Assembly Schematic Diagram (sheet 3 of 3). 



START 

I. Disconnect the SMB con- Are the de power supply out- YES Is the de voltage at A2TPI 0V NO Is the de voltage at A2TP3 0V NO 
nector cable rrom A2J3. 1---... puts of A2UI and U2 approx. 1---4,4 ±J0mV? 1---4'4 ±!0mV? t------4 Check A2U6. 

2. Connect A2PT4 to chassis -11 V and 11 V? .,_ __________ .., 

with a short clip lead . 
NO 

Note 

Check A2Ul and U2. 

YES 

Is the A-D converter output at 

A2TP2 as shown in the figure 

(normal waveform) below? 

YES 

Check A2US, Q5 and Q7. 

.,,. 
.,, .,,. .,,. ,,...,,. 

I 
I 
I 

.,, 
_.,. .,. 

Refer to Figure 8-31 Timing 

Diagram as an aid to trouble

shooting the A2 board. 
NO Is the waveform at A2TP2 as NO ls the A-D converter output NO 

_.,. 

----4 shown below? 1---~ waveform in the charge period 1---.i 

YES 

I. Disconnect the short clip 

lead and reconnect the SMB 

connector to J3. 

2. Perform the following setup: 

YES 

Go to step 0. 

Is the waveform at A2TP I as 

normal? 

YES 

Check A2U4B, U4C and CR4. 

~ 
I 
I 
I 
I 
I 

I II I 

f-- (]) ---{ ~ 
(]) Charge period 

® Discharge period 

Is A2U4 pin 2 always LOW'/ 

YES 

Check A2U3C and U4A. 

Are the waveforms at A2U8 

pins 8 and 9 as shown below? 

Function .. , . . . . IZ I- e 
SPOT FREQ ...... 1MHz 

1-----i 
1-N_O _________________ ~ pin 9 

OSC LEVEL . . . . .. .. IV 

ZY RANCE . . . . . . 100.Q 

(MANUAL) 

3. Connect a I000pF capacitor 

asDUT. 

YES 

Is the de voltage at A2U7 pin 1\0 
6 - 8V? 1-----i 

YES 

Check A2Q4 thru Q7. 

Scans by ArtekMedia © 2008 

Check A2U7. 

pin 8 

YES 

Is the waveform at A2U9 pin 

I as shown below'/ 

TP2 

U9 
pin I 

YES 

Go to step@. 

Scans by ArtekMedia © 2008 

Step@ 

Is the waveform at A2U3 pin :\0 

I---,.. 8 as shown below? 1----- Check A2U3C. 

NO NO Is the de, voltage at A2U3 pin NO 
1----..i Is the base level at A2TP2 8V? i----~ i----- Check A2U3D, CR! and CR2. 

14 8V? 

YES YES 
Check A2CRS and U4A. 

Check A2U9, Q2 and Q3. Check A2U3A, U3B and QI. 

Is the signal at A2U9 pin 3 a 
... N_o __ ~ 4Vp-psquarewaveat 312.SkHz _No __ __ 

(3.2µs period)? 
Is A2U9 pin I HIGH? 

NO 
Check A2UJ I and UIO. Step@ 

YES YES 

Check A2U8. Check A2U9. Is the waveform at A2TP3 the NO 
Check A2U6, 

same as that at TP4? 

YES 

NO 
Check A2UI0 and UI I. 

Check A2Q4 thru Q7 and US. Check A2U9A. 

Figure 8-50. A2 Phase Detector/A-D Converter Board Troubleshooting Flow Diagram. 
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8-135. A2 PHASE DETECTOR AND 
INTEGRATOR 

8-136. The A2 board functions to detect the 
orthogonal phase components of the vector IF 
signal and to convert their magnitudes into time 
interval data. The A2 board, therefore, consists 
of two major circuit blocks : the Phase Detector 
and the A-D Converter. Measurement vector 
information is represented by the amplitude and 
phase of the IF signal at the input of the A2 
board. The Phase Detector separates this signal 
into the voltage signals (scalar) representing the 
phase components that are 90 ° out of phase 
with each other. Conceptually, this is conversion 
from a polar representation of the vector (that 
is, absolute amplitude and phase angle) to 
cartesian (orthogonal coordinates) representation 
which is possible with a combination of voltage 
values only. The phase detection is performed as 
follows: 

The basic phase detector circuit is composed of 
the R30 input resistor and Q4 and Q5 FETs which 
act as synchronous switches. Square wave drive 
signals at the FET's gates, which have reverse 
phases, cause Q4 and Q5 to alternately turn on 
and off. During half cycle periods of the drive 
signal to set Q5 to on (Q4 is off), the vector IF 
input signal is applied to the input of the U5 
integrator amplifier. During the subsequent half 
cycle period, the switches intercept the IF 
signal. Thus, the operation of the Q4 and Q5 
switches chops off a portion of the IF vector 
signal for each cycle. As the chopping frequency 
is the same as the IF, the segments of the vector 
IF signal exhibit a regular waveform determined 
by the timing of the switches in reference to the 
IF input signal. See Figure 8-51. The averaged 
voltage of the half cycle segments is 
proportional to the IF vector component in-phase 
with the drive signals. If the drive signals are, 
for example, 8 degree (and 8 + 180 degrees) out 
of phase with the IF signal, the average voltage 
is given as: 

Ex= k e cos 8 (k = constant) 

where, Ex is the averaged voltage and e is the 
voltage of the IF input signal. 

Phase detector 
output 

1 
, 

Drive siona I 

for Q5 

I I -,e1-
1 ON ON 

Figure 8-51. Basic Phase Detection. 

Section VIII 
Paragraphs 8-135 and 8-136 

By shifting the phase of the drive signals to 
8-90 ° (and 8 + 90 °), the Q4 and Q5 switches 
chop off portions of the IF signal at periods 
different by 90 ° from those taken before 
shifting the phase. The average voltage of the 
output for the 90 ° phase shifted drive signals is : 

Ey = k e cos ( 8 - 9 0 ° ) 
= k e sin 8 

As is obvious from these equations and the 
vector diagram in Figure 8-52, the phase 
detector outputs are the orthogonal phase 
components of the vector IF input signal. 

90° phase shifted 
drive slonal 

IF vector sional 

Detect ion Phase 
--'~ _ _,__ ____ ..,.._ __ of the drive s io na I 

Figure 8-52. Phase Detection Vector Diagram. 

In the basic phase detection method described 
above, the output of the phase detector is zero 
during the cut-off state of the IF signal repeated 
every other half cycle. The waveform of the IF 
signal in these blanking periods is, if the polarity 
is reversed, exactly the same as the waveform 
segments produced by the chopping operation of 
Q4 and Q5. The Q6 and Q7 switches, as well as 
the U6 inverter, act to fill in the blank periods 
with the same waveform segments and to 
improve phase detection efficiency. The vector 
IF signal routed to U6 is inverted and then 
chopped off similarly to the output from the Q4 
and Q5 circuit. Because the timing for Q6 and 
Q7 are opposite to that for Q4 and Q5, the 
resultant waveform is produced during the 
intermissions of the output from the Q4 and Q5 
circuit. Figure 8-53 shows the waveform of the 
"full wave" phase detector output. 

Output from 

Q4 and Q5 

Output from 

Q6 and Q7 

Ful I wave phase 
detector out put 

Figure 8-53. Full Wave Phase Detection. 
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A pair of the phase detector drive signals is 
synchronously developed with the 41F signal sent 
from the A3 board. The US Divider outputs one 
cycle of the drive signal per four cycles of the 
41F trigger input. Thus, the frequency of the 
drive signal coincides with the IF of the phase 
detector input. When the HPSFT control line 
goes HIGH, the U 1 O flip flops set the U 11 binary 
counter at the timing given by the earliest 
trailing edge of the 41F signal. Subsequently, the 
Ul 1 counter output goes LOW for one cycle of 
the 4IF signal. The U9A gate circuit blocks the 
transfer of the 41F trigger signal to the US 
Divider during this period, delaying the timing of 
the divider output for 1/4 cycle. Consequently, 
the phase detector drive signals are shifted by 
90 ° (1/4 cycle) immediately after the receipt of 
the HPSFT command. To apply the same 
detection phases to every measurement, the 
HSYNC signal resets the Phase Shifter (U 10 and 
Ul 1) and the US Divider each time a 
measurement starts. 

A description of the basic theory of the Multi 
Slope A-D Converter following the phase 
detector is provided in Paragraph 8-57, so this 
paragraph offers a supplemental description of 
the actual circuitry. The U3B Integrator 
develops a ramp output by charging Cl 2 with a 
measurement input. As U3A precharges the 
Integrator to 8V, equal to the positive reference 
voltage, the integrator ramp output starts from 
8V and returns to the same voltage (8V) by 
discharge. Thus, the zero base level for the 
integration operating cycles is +8V. During the 
charge period of the integrator, the HINTG 
signal goes LOW to hold the Q3 input switch on 
and Q2 off. These integrator input switches 
return to their initial states (Q3 off and Q2 on) 
when the charge period is terminated. 

Four comparators contained in U4 change their 
output logic the instant the integrator output 
ramp voltage crosses the threshold levels of 
their individual comparison inputs. In the charge 
period, the U4A comparator sets the state of the 
LFLVL line LOW when the ramp voltage, 
inverted by U3C, reaches +8V. Thereby, the 
integrator begins discharge just after the ramp 
reaches -8V. The LFCDN line goes LOW turning 
the CR4A diode switch off. The current which 
flows through CR4B, R21, and CR4F from the 
-8V reference voltage source (U7) causes the 
integrator to discharge for 512µS. 

If the integrator output during the 512µs 
discharge period is a negative going charge ramp 
(not a normal, positive going discharge ramp), 
the U4D OFLW comparator pulls up the HOFLW 
line to HIGH when the ramp reaches +8.7V. 

8-94 
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Note 

A reverse polarity ramp during the 
512µs period is caused by an excessive 
charge current from the Phase 
Detector that is greater than the 
discharge current fed from the CR4 
diode switch network. 

The integrator input switch is accurately 
controlled to determine the charge time in 
accordance with the measurement program. To 
eliminate the effects of undesired frequency 
components in the phase detector output, such as 
line frequency noise, spurious signals, etc., using 
the normal mode rejection capability of the 
integrator, the charge time is automatically set 
as shown in Table 8-9. 

The charge period is terminated when the 
integrator input switch is turned off. Then, the 
integrator begins discharging with the current 
from the CR4B, R21 and CR4F circuit. The 
SLVL comparator pulls up the HSLVL line to 
HIGH the instant the fast discharge ramp 
reaches +7.83V, slightly lower than the zero base 
level. The LSCDN signal reduces the integrator 
discharge current to 1/128 by changing the 
current source circuit to CR4C, R20 and CR4E 
(from the CR4B, R21 and CR4F). During the 
vernier ramp period, the integrator discharges at 
a slower rate (1/128) than that of the fast 
discharge ramp. 
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Table 8-9. Integrator Charge Time Control 

Section VIII 
Table 8-9 

The integrator charge time, T, is calculated as: 

T = N 
1 (fc 1.25MHz) X - = fc 

where, N number is determined by the test frequency, f, and the equations shown 
in the table below. [ ] in the equations is the operator to round the 
calculated value to an integer. 

Line Freq. ~leasurement ~lode Test Frequency Equation for N 

5Hz:c;.f<400Hz N = l fcJ 
f 

High Speed 

f_;:400Hz f fc] N = [ [ 400] X f 

Sllz:c;.f< lSHz N = [ffc] 

S0Hz Normal 15Hz:s;_f<l50Hz N = [3fc] 
f 

f;:lS0Hz f X fc] N = [[50] f 

SHz:c;.f< lSHz N = [3fc] 
f 

Average 

f_;:o: lSHz N = [ [ i.] X fc] 
5 f 

High Speed Same as S0Hz line frequency operation 

SHz:c;.f< lSHz N = [fc] 
f 

60Hz Normal 15Hz:s;f<l80Hz N = [3fc] 
f 

f2:180Ilz f fc 
N = [ [60] X -] f 

Average Same as S0Hz line frequency operation 
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Section VIII 
Figure 8-54 

CI 

N 

-, 

C4 

-Rl7-
-RIO- -Rl6-

-R23- - R26- -R35- -R37-
-CRS- -R25- -R34- -R36-

-R7"- B4 -RG-
-R 5-

C5 

-R4-
-CR2-
-CR I -
-R3-

-RI 2- -Rl5-
-R II- -Rl4-
-C9-

B 
-R2- -C8-

-R9- -Cl2-

-R22- -CRG- -R33-
Cl8 

- R21- -R32-

® ::!~: B C20 

-R2O- -R42-

Q3 05 07 -R41-

-R40-

-R39-
-LI- -R8-

-CR3- -Rl3 - -Rl9-

02 04 QG · 

·Cl7· 
-R24-

-R38-

Ct4 
C3 -RI-

C2 

01 

-L3-
-C7- U2 

-L2- C II 

-CG- UI CIO 

-Rl8- -CIG-

B B 
-R31-
-R3O-

@ 
·Cl3· - Cl 5- -R29 -

Cl9 

Model 4192A 

C21 

Figure 8-54. A2 Phase Detector/A-0 Converter Board Assembly Component Locations. 
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A2 PHASE DETECTOR/A-D CONVERTER (P/N 04192-66502) 

J5 
I 
I 

+ 5V 

'--- INVERTER __/ 

Ff TES_T _____ PHASE SHIFTER 

R42 
IK 

+5V 

From A3J2-3-~4~' '~---> '>"5---':-------l-----------"'-'-""4 
F1orn A3J2-4-~•~"~"~TN~__,)

1

~ 

I 

From A3 J2 

+5v---____... 
R38 
IK 

R39 

'" 
+5V 

Fl LTER 

Cl4 
lOOOP 

,,-- .,-4 DIVIDER ----.._ 

Rl9 
8,25K 

Rl3 
19,6K 

,----------A-D CONVERTER---------

----- INTEGRATOR----- ,,-- COMPARATOR----..,_ 

~f---T•A4J7 

~ f---F,orn AG J>-1,3,0,7,9, II, 
I 13, 15,17, 19 

I 

I 
I 

' I 
I 

-----------------------------...;:"--
11
!<' ~from A6 J5 -21 

"-----oc REF-----~ 

NOTES; 

1. REFERENCE DESIGNATORS WITHIN THIS ASSEMBLY ARE 
ABBREVIATED. PREFIX ABBREVIATION WITH ASSEMBLY 
NUMBER FOR COMPLETE REFERENCE DESIGNATOR. 

2, UNLESS OTHERWISE INDICATED: 

RESISTANCE IN OHMS (n) 
CAPACITANCE IN MICROFARADS (µF) 
INDUCTANCE IN MICROHENRIES (uH) 

+5V 

CR6 

.1 

+SV 

RS 
1.51< 

u 4 
+Sv 

R7 
1.5K 

•• l,5K 

+5V 

RIO 
1.5K 

I 
I 
I 

' 

fT ~( Lf ! A6 J5 -23,24 

I 
I 
•20 (HZERO To A6 J~-!O 

I 

I 

'• (HSLVL To AS J5 - 6 

I 
I 
I 
1., 

To A6 J~-8 

I 
I 
I 
I 
I 
19 (HOFLW 

To •• J5~12 
I 
I 
I 
I 
124 (LFCDN From A6 J5 -2 

I 
123 

(~ Freil! AS J5 -4 

I ,,. 
(HINTG f'rom AG J5 -14 

,,. 
(HSYNC From A6 J5 -18 

I 
117 

(H?SfT FtOl'l"I A6 JS -16 

I 
115 

I 
~ Fr◊m A6 JS-20 ,,. 
(UNLOCK To A6 J5 - 22 

Figure 8-55. A2 Phase Detector/A-D Converter Board Assembly Schematic Diagram. 



START 

Initially check the + 12V and 

- l 2V de supply output volt

ages of A3U16, U17 and U19. 
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Is the waveform at A3U2 pin 
Is the signal at A3U4 pin 4 a YES Set the SPOT frequency to Is the signal at A3TPI 78.125 YES Is the signal at the collector of YES ._Y_E_s __ .,. Is the signal at A3U2 pin 1 a, _YE_s_ ...... ~Set the SPOT frequency to ._Y_E_s_ ...... .,. i----..i i----...i t------i .,____ .,_ ___ 8 as shown below? ... .. ,.. 
20 MHz (S0ns period) TTL 69kHz. kHz (I 2.8µs) TTL square A3Q3 a 4Vp-p differentiated 1.25MHz (0.8µs) TTL pulse? 78kHz. ls the frequency at 
square wave? wave? pulse at l00kHz(I0µs)? A3TP1 69.444kHz (14.4µs)? 

NO 

Is the signal at A3U 13 pin 3 a YES 

40 MHz (25ns) TTL square 1-----.i 

wave? 

NO 

Is the signal at A3L14 a 2Vp-p YES 
i----~ 

sinusoidal wave at 40MHz? 

NO 

Ts the de voltage at A3TP9 YES ----greater than ± I 0V? 

NO 

Check A3Q10, QI I , Ql2, YI 

and CR9. 

Check A3U! 3A and U4B. 

Check A3Ul 8. 

Check A3Ul 5 and Q6. 

NO 

Is the signal at A3U2 pin I a 
12.5MHz (0.8µs) TTL pulse as 

shown below? 

NO 

Check A3U5, U2A and U2B. 

YES 

NO NO 
NO 

NO 

Check A3U2D. 
Check A3U2B. 

Check A3U2C. 

Is the signal at A3U4 pin 1 a YES ls the signal at A3U8 pin 11 a YES 

1 MHz TTL square wave? 1----eot I 00kHz TTL pulse (2µs pulse 1-----eo1 Check A3Ul2 and Q3. 

width)? 

NO 
NO 

Check A3U9. 

Check A3U8. 

Check A3U3. 

Go to Flow Diagram A. 

tA 2 Phase Detector/A-D Converter 

SEE INSIDE 

Figure 8-56. A3 Reference Frequency Generator Board Troubleshooting Flow Diagram - 1 of 2. 
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Flow Diagram A 

Connect a 1 MHz signal source Slightly change the frequency 
Observe the signals at A3TPl YES YES YES Set the frequency of the refer- YES t----- 1---.....i to EXT REFERENCE input t------.c Is the signal at the collector of ..,_ __ ...., of the reference input signal t---.,. t---..,. Check for failures related to 
and TP2 with a dual trace ence input signal to 1.2MHz. 

terminal (rear panel) and set A3Q5 an 8Vp•p square wave? (±500Hz). Does the frequency connectors and cables. 
oscilloscope. Are the signals as the signal level between -3dB of the TIL signal at A3J3 Does error message E-73 appear 
shown below? on DISPLAY A? 

and OdBm. NO change with the reference 
signal? NO 

TP2 NO 

Check A3Q4, QS and Ul. 
TP 1 Ch.eek A3Ul D, U1 E and CRS. 

Check A3Q6 and Ul 5. 

NO 

Is the signal at A3Ul4 pin 2 a YES Is the signal at A3Ul4 pin 3 a YES Does a TTL square wave (be· YES Remove the short lead from YES YES 
Connect A3TP6 to TP7 (to .,____ __ ,_. ..,_ __ .,. ...... __ __. ..,._ __ _..,. C p4 t-----..i Is the wavefonn at A3TPS as 1----...-1 

YES 

l.SVp•p sinusoidal wave at I.5Vp-p sinusoidal wave with low 700kHz) appear at A3TP2? A3TP6. onnect A3T to 
ground TP6) using a short clip p3 ( 5V) I h I shown below? 40MHz (25ns)'! the same frequency as the sig- T + . st e vo tage wave• 
lead. Is the signal at A3Ll 7 a nal at A3Ll ?? NO form at U7 pin 7 a sawtooth 
2Vp-p sinusoidal wave at ap- NO as shown below? . 
prox. 40MHz? 

NO 

Check A3UI4A and Q8. 

Check A3Ql3 through Q18. 

NO 

Check A3U10D, U14CandQ7. 
Check A3Ul4B and Q9. 

NO 

Check A3U7, U I OA, U1 OB 

and Ul 1. 

NO 

Check A3Ql, Q2, UlOC, CRl 

and CR2. 

Figure 8·57. A3 Reference Frequency Generator Board Troubleshooting Flow Diagram - 2 of 2. 
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CheckA3U6. 
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A3 BOARD FUNCTIONAL TEST 

l. 

2. 

l00kHz Reference Signal Test 

l) Observe the 1 0OkHz reference signal at 
A3J8 with an oscilloscope. 

2) The trace on the CRT should be as 
shown below : 

Search Control Circuit Operating Test 

1) Connect a short clip lead between 
A3TP4 and TP3 (+5V). 

2) Connect the probe of an oscilloscope to 
A3TP6. 

3) The trace on the CRT should be as 
shown below : 

~ K---2.1,,,3.9v 

TP6 ,! ' ~ 
~--2.7,.,-3.9V 

I I I I 
--i ,-2--.sms--t I I 

I I I I 
0.2,.,Q.6ms I I 

I I 
TP5 

I I 11 
LJ u ' / 

These pulses may or 
may not appear • 

• Figure 8-57. A3 Reference Frequency Generator Board l' Troubleshooting Flow Diagram -- 2 of 2 
SEE INSIDE 

Section VIII 
Paragraphs 8-137 and 8-138 

8-137. A3 REFERENCE FREQUENCY 
GENERATOR 

8-138. Figure 8-58 is the block diagram of the 
A3 Reference Frequency Generator. The output 
signal of the 40MHz Crystal Oscillator (VCXO) is 
the source of the IF signal, the phase detector 
drive signal, the I 00kHz reference signal for the 
A4 Fractional N circuit and the clock signal for 
the Digital Control section. The U 13 Flip Flops 
divide down the 40MHz to supply a 20MHz clock 
signal to the digital control section and a 10MHz 
signal to both the 1 00kHz Counter (U9 and US) 
and the IF Counter (U5 and U3). The U9 and U8 
decade counters produce the l00kHz reference 
frequency for the Fractional N PLL from the 
10MHz output of the Ul3 Flip Flops. The Ul2 
Flip Flops following the l00kHz Counter 
synchronize the l00kHz signal with the 40MHz 
source signal to reduce phase noise due to the 
slight fluctuation in the counter operating 
speed. The Q3 differentiator circuit converts 
the waveform of the 1 00kHz reference signal to 
a short pulse appropriate for input to the phase 
detector of the Fractional N Loop. The U5 and 
U3 IF Counter divides down the 10MHz output of 
the Ul3 Flip Flops to a 78.125kHz IF or a 

Externa I Reference PLL 

Model 4192A 

69.444kHz IF. When the IF signal is 78.125kHz, 
the IFCH (IF change) control line is LOW and the 
U5 counter outputs 1.25MHz by dividing the 
10MHz by a factor of 8. The U3 counter then 
divides down the 1.25MHz by a factor of 16. 
When the IF signal is 69.444kHz, the IFCH line is 
HIGH to set the U5 counter to f9 mode. The U3 
counter then divides the 1.111MHz output of the 
U5 by a factor of 16. 

The VCO (Ql3 through Ql8), the Ul4 Mixer, the 
U6 Phase Comparator and the U7 Loop Filter 
comprise the frequency summing PLL which 
produces the. 40M-IF frequency required to 
convert the frequency of the vector 
measurement signals into IF. The frequency 
summing loop synthesizes the 40M-IF as follows : 

The Ul4C NOR gate mixes the 40MHz and the 
VCO signals to develop 40MHz ±f vco sidebands. 
Ul4A and Ul4B act as analog buffers to equalize 
the levels of the inputs for the Mixer. The 
700kHz Low Pass Filter following the Mixer 
selectively passes the 40M-fvco sideband to be 
input to the U6 Phase Comparator, blocking the 
40M, fvco, and 40M+fvco components of the mixer 

External 
Reference 
Signal 

Sampler 

40MHz 

40MHz 
vcxo 

QIO- Ql2 

40M - IF 
vco 

40M-IF --+--' 

Search 
Generator 
U7,UIO,UI I 

1--....... -----i Detector >--------- UNLOCK 
Q6 

20MHz ,_ ___ _,. _____________________ CLOCK 

Phase 
Compara-

IFa 

10MHz 

.----... 

+10 

ue 
Synchro

nlze r 

Ul2 

Differen· 
t lat or 

03 

1MHz 

IOOkHz 

1------------- 16 IF 
+8/➔ 9 

us ..;.16 

U3 

::>0--L LOAD 

----•H LOAD 
...._ _____ 4 IF 

-------------r------IFCH 
tor U6 "'--+.....;;I;.;..F..;:b _____________ _, ~ 
Freq. 

Oetecto r 
01 02 

H : l F = 69.444kHz 

L : IF = 78.125 kHz 

Figure 8-58. A3 Reference Frequency Generator Block Diagram. 
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output. The U6 Phase Comparator compares the 
frequency of the 40M-fvco signal with the 
78.125kHz or 69.444kHz from the IF Counter and 
outputs a pulse train whose pulse width is 
identical to the time difference between the 
negative going edges of the two inputs. When 
the 40M-fvco signal goes LOW before the IF 
signal, the U output of the phase detector goes 
LOW until the IF counter signal goes LOW. 
Conversely, when the IF counter signal goes LOW 
before the 40M-fvco signal, the D output of the 
phase detector goes LOW until the 40M-fvco 
signal goes LOW. When both inputs go LOW 
simultaneously, the U and D outputs stay HIGH. 
Wlth the U output of the Phase Detector, the 
U7B Loop Filter yields a negative de voltage and 
increases the VCO frequency by decreasing the 
tuning capacitance of the CRl0 varactor. 
Similarly, the D output yields a positive filter 
output voltage which causes the VCO frequency 
to decrease. Consequently, the VCO is settled at 
the frequency where the phase detector output is 
constant; that is, the inputs of the phase 
detector have the same frequency represented as: 

40M-fvco = IF 

Thus, the VCO frequency is locked to 40M-IF. 

When the IF signal is shifted up from 69.444kHz 
to 78.125kHz, the VCO frequency must be 
decreased to provide the correct 40M-IF signal. 
The Search Generator speeds recovery of the 
normal VCO frequency as follows : 

If the VCO goes to a higher frequency outside 
the capture range of the PLL control just after 
the IF is changed, the low-pass filter consisting 
of R 18 and Cl 3 decreases the input level of the 
Frequency Detector (CR 1, CR2 and Q 1 ). The 
input of Ul 0C goes LOW, triggering the Ul 1 
Search Control Flip Flop by pulling up the 
potential at TP4 to HIGH. The Search Generator 
(U7, U 1 0A and Ul OB) starts charging the U7B 
Loop Filter with the output current of U7C. 
Thereby, the Loop Filter develops a negative 
going ramp which serves as the VCO control 
voltage. The VCO is swept to a higher frequency 
by the ramp voltage across the varactor. 

Section VIII 
Paragraph 8-138 

When the ramp voltage reaches the negative 
threshold level (-4.7V) of the U7 A level 
comparator, U7 A disables U7C and causes the 
U7 D current source to output a reverse polarity 
charge current. The Loop Filter is charged fast, 
developing a positive going ramp. When the 
ramp voltage reaches the positive threshold level 
(+4. 7V), the level comparator again switches the 
charge current source to U7C. At this time, the 
VCO is at the lowest frequency in the sweep 
frequency range. The de output voltage of the 
Frequency Detector increases and Ul 0C resets 
the Search Control Flip Flop. The Search 
Generator, therefore, stops the ramp output. 
Then, the phase detector output finally causes 
the VCO frequency to approach 40M-IF. The 
U 11 A gate circuit is disabled to reset the Search 
Control Flip Flop during the period of the 
positive going ramp (the VCO frequency is swept 
to a lower frequency). Accordingly, the search 
control always causes the VCO to approach the 
capture range of the PLL from a lower 
frequency. When the IF signal changes from 
78.l 25kHz to 69.444kHz, the PLL control 
recovers the normal VCO frequency without the 
help of the Search Generator. 

The 40MHz Crystal Oscillator can be tuned to 
the frequency of the external reference signal, 
as controlled by the External Reference PLL 
circuit. The Q6 Sampler of the External 
Reference PLL synchronously chops the 
reference input signal with the 10MHz frequency 
counted down from the 40MHz crystal. When 
the internal 10 MHz frequency is exactly equal to 
or ten times the external reference frequency 
(10MHz or 1MHz), the filtered output of the 
Sampler is a stable de voltage. Otherwise, the 
Sampler yields a beat coincident with the 
frequency difference between the two signals. 
The beat output from the Ul5 low-pass filter 
varies the tuning capacitance of the CR9 
varactor until the oscillation frequency is settled 
to the external reference. When the external 
reference frequency is outside the narrow 
tunable frequency range of the Crystal 
Oscillator, the Ul E and Ul D peak detector 
rectifies the beat output from the Sampler and 
causes the UNLOCK line to go HIGH to signal 
the microprocessor. 
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Section VIII 
Figure 8-59 
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Figure 8-59. A3 Reference Frequency Generator Board Assembly Component Locations. 
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A3 REFERENCE FREQUENCY GENERATOR (P/N 04192-66503) 
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NOTES: 

1. REFERENCE DESIGNATORS WITHIN THIS ASSEMBLY ARE 
ABBREVIATEO . PREFIX ABBREVIATION WITH ASSEMBLY 
NUMBER FOR COMPLETE REFERENCE DESIGNATOR. 

2. UNLESS OTHERWISE INDICATED: 

RESISTANCE IN OHMS (n) 
CAPACITANCE IN MICROFARADS (µF) 
INDUCTANCE IN MICROHENRIES (µH) 

3. TO MOUNT THE THREE TERMINAL POSITIVE AND 
NEGATIVE VOLTAGE REGULATORS P/N 1826-0274, 
·0275, -0276 AND •0282), REFER TO THE 
ILLUSTRATION SHOWN BELOW. ~ 
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COMMON ° INPUT Q 
INPUT o OUTPUT 
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)---15V 

>---

Figure 8-60. A3 Reference Frequency Generator Board Assembly Schematic Diagram. -0275 Bend and fonn as ~hewn 
-0276 for the 4192A. 
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START 

I. Disconnect the VCO OUT- I. Disconnect A4WI. 

PUT - EXT VCO connec- Set the SPOT FREQ in ac- NO Is the display readout of the NO 2. Connect the positive lead - - -
tion cable on the rear panel. cordance with the table below. counter correct when the SPOT of a de power supply to 

2. Connect the input of a fre- Does the display output of the FREQ is 13 MHz? A4L2 and the negative lead 

quency counter to the VCO counter meet the frequency to chassis. 

OUTPUT terminal. test limits given in the table? YES 
3. Set the output voltage of 

SPOT FREQ Test limits the de power supply to 

13 MHz 53MHz±3kHz 
0.75V. 

100 kHz 40.1 MHz±2kHz 
CjlCjl 'j> 'f 

Go to Flow Diagram B. :u :u :u :u 
. NNN N 

YES ~:.'~~:"' ~ 1J :11 

Set the SPOT FREQ to 33.3333 
NO From the de _j<p(f <jl<f 

:o:u:u:un 
kHz. Is the frequency display Go to Flow Diagram C. power supply NNNN N 

<,iN-0 0 

(40.0333 MHz± 2 kHz) on the 6 d, ~d, cl, 

counter stable? 

YES 

Go to Flow Diagram D. 

*Note: 

To enable the error in message 

to be displayed, turn the in-

strument off and back on after 

setting the de power supply 

voltage. 

Scans by ArtekMedia © 2008 

Is the frequency display on NO ls a 4Vp-p RF signal present at 
the counter 54 MHz ± I MHz? the VCO OUTPUT? 

YES YES 

NO Check A4CR2, CR3, CRI and 
Set the output of the de power 

QI. 
supply to 8V. Is the frequency 

readout on the counter lower 

than 40 MHz? 

YES 

Does E-71 or E-70 appear on NO 
Ts a 0.SVp-p RF signal present 

the front-panel display when at the Collector of A4 Q39? 
the de power supply voltage is 

0.75V or 8V, respectively? 

*See Note. YES 

YES 

Go to Flow Diagram A. 

Check A4U2. 

.A 3 Reference Frequency Generator 

SEE INSIDE 

NO 

NO 

Scans by ArtekMedia © 2008 

Is the signal at A4 U1 pin 3 a NO Does a 0.2Vp-p RF oscillation NO - Check A4Ql, Q2, Q3, CR2 
lVp-p sinusoidal wave (at 53 signal appear at the Source of 

and CR3. 
MHz)? A4Q2? 

YES YES 

'. 
Check A4UI. Check A4UI. 

NO 
Is a 0.5Vp-p RF signal present - Check A4UI. 
at A4Ul pin I 5? 

YES 

Check A4Q39 and Q40. 

Figure 8-61. A4 Fractional N Loop Board Troubleshooting Flow Diagram (1 of 4). 
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Flow Diagram A. 

I. Adjust the output voltage Is the CYCLE START signal NO Externally trigger the oscillo- Is a 4Vp-p signal at 40 MHz NO 
1-----11.i Is the signal at A4TP1 I as NO Is the signal at A4TPI0 as ._N_o _________________ ----1-.t f A4TP ~'l_. o __ __. 

of the de power supply until at A4TP4 as shown in the i------ .._ __ _,. .- scope rom 4 · Is the sig- - (25ns) present at A4U33 pin .._ __ -..i 
shown in the figure below? shown in the figure below? nal at A4TP3 as shown ,·n the 

the display readout of the figure below? 12? 
counter is 40.1 MHz±3kHz. figure below? ._ _____ ...,. ____ ____. 

2. Set the SPOT FREQ to 100 

kHz. !:." 

3. Press [ Blue I, 0 and 0 
keys to set the function to 

SELF TEST 5. 
YES 

4V 

50ns 

Check A4U22, U30 and U31. Is the signal at A4U28 pin 12 

as shown in the figure below? 1-N-'O ____ Check A4U28, U24 and U25. 

2V /DIV 0. 1 us/DIV 

YES 

Check A4U27, U31, U23, U30 

and U26. 

YES 

Check A4U20, UI 6 and UI 2. 

Scans by ArtekMedia © 2008 

Check A4U33. 

Observe the waveforms of the YES Is the signal at the collector of YES Is the 4 MHz LATCH CLOCK YES 

Externally trigger the oscillo

scope from A4 TP4. 

Step@. t-----i AP! I to API 5 signals at .._ __ ..,. A4Q38 a J 00 kHz differen- 1----.... signal at A4U22 pin 6 as t------i 

Is the signal at A4 TP I 2 as 

shown in the figure below? 

\'ES 

Go to step 0 in this flow 

diagram. 

Check A4U29, U24, U21 and 

U22. 

Is the signal at A4Ul 9 pin 12 Is the BIAS signal at A4ut 7 Is the CHIP CLOCK signal at 
NO h · th fi b I ? NO pin 1 O as shown in the figure NO A4TP6 as shown in the figure NO 1------ as s own m e 1gure e ow. 1----"4 below? .._----i below? 1----.i 

YES 

YES YES 
CheckA4Ul7. 

Check A4Ul9 and U32. Check A4Ul5 and U22. 

Scans by ArtekMedia © 2008 

Check A4U l8 and Ul4. 

Note: 

The period T for the individual 

AP! signals should be within 

0.6 µs and 2.85µs. 

A4Ul 7 pins 2, 3, 4, 5 and 6. tiated pulse as shown below? shown in the figure below? 

Is the pulse width T* of the 

individual signals static? 

NO 

Check A4Ul 7_ 

Figure 8-62. 

NO 

Check A4Q38. 

U22 
pin 6 

TP4 

NO 

Check A4U22. 

A4 Fractional N Loop Board Troubleshooting Flow Diagram (2 of 4). 

Go to Flow Diagram 0 . 
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Flow Diagram B. 

I. Disconnect A4W 1. 
Externally trigger the oscillo- YES Does the pulse signal at A4TP3 YES 

2. Connect the positive lead of 1----+t 1----~ 1-----1 
scope from A4 TP4. Does the disappear for one cycle period Observe waveforms of the API' 

a de power supply to A4L2 LSD BIT 1 signal appear at on the timing given by the I to API 5 signals at A4UI 7 
and the negative lead to 

A4U25 pin 5 as shown below? signal at TP4? pins 2, 3, 4 and 6. Is the pulse 
chassis. See Figure A. width T* of the individual sig-

3. Adjust the output voltage nals static? 
of the de power supply until 

the display readout of the 

counter is 40.1 MHz ±3kHz. 

4. Set the SPOT FREQ to 100 

kHz. 

Note: 
ff the frequency display on the 

counter cannot he set to 40.1 

MHz with a de power supply 

voltage between O V and IV, 

check A4CR2 and CR3. 

NO 

Check A4U25, U24 and U17. 

'cp <j> <j> 
;Q;Q::0 ::0 
NNN N 

Disconnect "' qi"' "' 

,hlss;de )~· 

From the de _j <p ~ <j> 

power supply i:l i:l ~ ~ i;: 
"'"'-o o 
b,Hb<h 

Figure A. 

NO 

Does a pulse signal appear at 

A4UI 2 pin 1 as shown in the 

figure below? 

NO 

Is A4UI 9 pin 5 LOW? 

NO 

Check A4U!9. 

NO 

Check A4Ul7. 

YES 

YES 
Check A4U15. 

YES 
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Go to Flow Diagram D 

* The pulse width T should be 

within 0.6µs and 2.851,1s. 

Is the signal at A4U 16 pin 9 as 

shown in the figure below? 

TP4 

Ul6 
pin 9 

NO 

Is the signal at A4Ul 2 pin 9 as 

shown in the figure below? 

NO 

Check A4UI 2. 

YES 
Check A4U20. 

YES 
Check A4Ul6. 

Scans by ArtekMedia © 2008 

Flow Diagram C. 

Is the API-1 signal at A4UI0 YES Are the API-2 to API-5 signals YES Externally trigger the oscillo- YES 
1-----4 ---- 1----~ Does the PULSE SWALLOW ----pin 9 as shown in Figure B? at A4U7 pins 15, 12, 10, and scope from A4 TP4. 

signal appear at A4TP2 as 
7 as shown in Figure B? 

NO 

Is the API-1 signal at A4U!0 YES 
1----~ 

pin 12 as shown in Figure B? 

NO 

Check A4UI 7. 

NO 

Are the APl-2 to API-5 signals 
YES 

at A4U7 pins 14, 13, 11 and 6 1-----~ 

similar to Figure B? 

NO 

Check A4UI 7. 

Check A4UI0. 

CheckA4U7. 

2V/ll!V 0. 51JS/DIV 

The pulse width T varies be

tween 0.5µs and 2.75µs. To 

facilitate observing this, set the 

SPOT FREQ to 100.0001 kHz. 

(Multi-exposure was used to 

obtain the signal shown in the 

photo.) 

Figure 8 

shown in the figure below? 

NO 

Check A4UI 7. 

Go to Flow Diagram D. 

Figure 8-63. A4 Fractional N Loop Board Troubleshooting Flow Diagram (3 of 4). 
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Flow Diagram D. 

T/1{' 1111/sr- wir/1/i T rnr ics he

f h·ceJ! 0. 5 µs o,u/ ~- 75 µ.r.;. 

Is the waveform of the signal Arc the wavcfonnsat tlw c-hcc'< Is tilt' wave'l·orm of tlw sign,ils 

Scans by ArtekMedia © 2008 

YES Disconnect A4-J4 an<l rcco n- Is the waveform o f the signal Y!:S s,,t the SPOT FRl·Q to I 0 kllz. • 1 . 1 - ' T S 
at A4TP9 as sho wn in th~ 1-----i 1------i 1----•i i----- po111ts as s 1ow11 111 t ,c li l!u rc 1-----.-i at the ,·ollcctor, o f /l.4Q9 and 
figu re belo w'' nect it to the test position as at A4TPS as shown in the l kllz and I 00 ll z and obse rve below'' 0 7 as shown in the fil!ure b,·-

YES 1-------.-------,------ Check A 4Q5, Q4, U3 and 

*See Kole I 

l\"O 

l s the signal at A4U9 pin 3 as 

shown in the figure be low'! 

NO 

Ch<:ck A4U9. 

I 

shown below. figure be low'! the sigr.als ~r rhe check po in ts *Sec Nok 2 low'' I I 

_j I YES 

Nor mal 

I 
, 09 &), 
I m: 

D J4 

0 22 {) 

⇒ o, 

I 
rn· J4 
Tut 

022&)' 

YES Check A4Q30 thrn Q3 3, l'R23 
.,_ ___ .. and CR24. 

*Nuce J -

lf a 2 Vp-p pulse is observed on 

rhe CRT. proceed 10 YES. 

indicated in the tabk below. 

SPOT F REQ Check poinr 

JO kHz R76pin7 

NO 
1 kHz R76 pin 8 

JOO! lz R76pin9 
\/0 

Check A4Q2'>. Q26. Q29 and 

U8. 

Q7 
Collector 

()9 
Collector 

Check A4Q6 t hrn Q 11. 

r _____ _j_l 

I I 
! Pcrrorrn this prm:~d urc for I 
1units serial numbered 2045.1 I 

100422 and below. I 
11s the <le voltage at A41!6 pin I 
12 approx. £,.3V~ I 

I L ____ , __ _ _ _J 

I 1\0 

,- - __ l ____ 7 

I Check A4L 6. Q24 and Q34 . : L _________ _i 

Is the de voltage at the drain YES ls the waveform of the si~nal YJ:S ls t l,c waveform of the si~nal YES Check A40 13 thrn Q2 1. CRl3 
1-----i at the d rain o f A4Q27 as 1-----i at the d rain or A4Q22 as t------i and c·R Is. of A4Q22 (or R76 pin 2) a 

constan t SV'! shown in th,, fi r,ure below'> shown in the f'igurc below'' 

Check A4Q22, Q23. Q I 2 and NO NO 

CR 12. 

Go to step@. Check A4CR 13 and CR 14. 
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Q27 
Drain 

Q22 
Drain 

Q: 
Collector 

Q9 
Collec to r 

Figure A . Normal waveforms observed when A4J4 is 

connected in the Normal position. 

CRI0. 

Step@. 
ls the waveform of the signal 1-Y_E_s __ -i Is the de voltage at A4U8 pin 1-Y_E_s __ ,.-i 

1-----i at the gate of A4Q28 as shown 2 -6.3V? 

in the figllre below? 

NO 

NO 

Check A4CR20 , CR21 and 

U2. 

Is the BTAS signal at A4U7 pin ..,.Y_E_s __ 
01 

Check A4Q35, Q36 and 

2 as shown in the figu re below? Q37 · ...._ __________ ~ 

NO 

Check A4U7. 

Check A4U8 and Q27. 

Figure 8-64. A4 Fractional N Loop Board Troubleshooting Flow Diagram (4 of 4). 
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A4 BOARD FUNCTIONAL TEST 

1. Integrator Circuit Operating Test 

2. 

1) Connect the probe of an oscilloscope to 
A4TP5. 

2) Set the SPOT FREQ to 13MHz. The 
trace on the CRT should be as shown 
below: 

3) Connect the probe of the oscilloscope 
to the source of A4Q28. 

4) Set the SPOT FREQ to 5Hz. The trace 
on the CRT should be as shown below : 

-/ 1.8..., 4-5V 
- 1.a ..,3.4v (Vo) 

0.2 .... 1.2v 

ov--------1--1--

When VQ is not between 1.8V and 
3.4V, the circuit is operating normally 
if the signal at A4TP9 is as shown 
below: 

-------Hi----OV 

Error Detection Function Test 

1) Disconnect the SMB connector from 
A4J5. 

2) uE-7011 should be displayed on DISPLAY 
A. 

3) Reconnect the SMB connector to A4J5 
and disconnect the connector from 
A4J6. 

4) "E-71" should be displayed on DISPLAY 
A. 

5) Reconnect the SMB connector to A4J6. 

Section VIII 
Paragraphs 8-139 to 8-141 

8-139. A4 FRACTIONAL N LOOP (ANALOG) 

8-140. Phase Comparator, Loop Filter, API 
Current Source and VCO circuits 

8-141. Figure 8-65 is the block diagram of the 
Fractional N Loop circuit. The Ql, Q2 and Q3 
VCO generates 40.000005MHz to 53MHz signal in 
response to the tuning control of the tank circuit 
(CR2, CR3, C4 and 13). With the VCO control 
voltage between 0V and 8V, the paralleled CR2 
and CR3 varactors continuously cover the 
required oscillation frequency range. To prevent 

40,000005000MHz ~ 53,000000MHz 

Pulse 
Swallow 

IOOkHz 
Reference 
Sional 

(From A3) 

4 bit 

.. 
II> 

2! 
C 

_ _._.,._ FRACTION 

----.-v REGISTER 

3: ... 
E 0 
Q Q) 
3' 

(fl 
.! 
u 
>, 

u 

vco 

.-
1 

Model 4192A 

spurious FM sidebands from appearing in the 
VCO output, the trap filter (L 1, 12 and C3) 
blocks the residual 1 00kHz frequency component 
in the tuning control input voltage from the 
Phase Comparator. The oscillator signal is fed 
back from the Q2 source follower to maintain 
high Q of the tuning circuit. When the VCO 
control voltage is not between 0V and 9V, the U2 
window comparator forces the VCOH or VCOL 
line to go HIGH to signal the abnormality in the 
Fractional N Loop (to the digital control 
section). The dual buffer amplifiers following 
the VCO wave-shape the VCO output to the TTL 
square wave. 

N = IN!) 

Nz Divider 
Nz = I "'10 

N1 Divider 

N1 "' ""10 

Tunlno Connol 

INTEGRATOR 

I 
f API CURRENT 
I SOURCE 
I 

:BIAS 
1 Control 

L API CONTROL 
REGISTER 
U7, UIO 

PHASE 
REGISTER 

API I 
t 

API 5 

I 

Sample / Hold 
Contro I 16 bit 

Divisor 

Data 

(From A6) I '- PHASE ACCUMULATOR _,/' !JI U 17 
I Fractional N L __ _____ Control IC 

Figure 8-65. A4 Fractional N Loop Block Diagram. 
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The U9 Phase Comparator Flip Flops are 
triggered by the leading edges of the output 
pulse from the Fractional Down Counter and of 
the lO0kHz reference signal to compare their 
periods. The phase comparator output is a pulse 
train whose duty cycle (pulse width) is 
proportional to the time difference between the 
alternate triggering by these two inputs. When 
output of the fractional down counter shifts 
from the 1 00kHz reference frequency, the pulse 
width of the phase comparator output 
continuously varies because of the difference 
between the periods of the comparison inputs. 
The buffer amplifier (Q30 through Q33) following 
the Phase Comparator converts the level of the 
ECL phase comparator output to the -1 V peak 
pulse required to accomplish the API operating 
cycles in conjunction with the API current 
source. 

The Ql3 through Q21 integrator amplifier and 
the C36 integration capacitor in the feedback 
loop comprise the Loop Filter of the Fractional 
N PLL. To perform the integration for the API 
in l0µs (l00kHz) periods (extremely shorter than 
ordinary dual-slope integrators), the integrator 

f VCO/ N (
From Fractional) 
N Counter 

IOOkHz Reference Signal 
(From A3) 
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amplifier has a fast frequency response, yet a 
high open loop gain (70 to 80dB) for good 
linearity. The Loop Filter is negatively charged 
with the API current and then discharged with 
the phase detector output for each operating 
cycle. The diode input switches (CRl 3, CR14, 
CR15 and CR17) alternately select the charge 
input from the API Current Source and the 
discharge input from the Phase Detector. 

The API Current Source is a D-A converter 
consisting of the IAPI current supply (US), the 
Ibias current supply (Q24, Q34 and U6), the 
current switches (Q25, Q26 and Q29), the 
summing amplifier (Ql 2, Q22 and Q23), the 
current dividing resistor networks (R76, R77, and 
R79 through R87) and the API data latch (U7 and 
Ul 0). A simplified circuit schematic for the API 
current source is shown in Figure 8-66. The U7 
and U 10 latches momentarily store the API 1 to 
API 5 phase register data (of the phase 
accumulator) and the BIAS control signal, both 
of which are transferred from the Fractional N 
Control IC (U 17). These latches are always 
active to write out data immediately after 
changes in the input data. The storage and 

PHASE 
COMPARATOR 1-----Ct'" 

U 9 
10 

I I 
I 
I 
I 

INTEGRATOR 

r;i . 
013 -v Q2 I 

Summing 

SWITCH 
______ ___. DRIVE R 

I 
Amp. 

035,,,037 022 
+5V 

Ql2, Q23 

LATCH f VC0/ 10 ( 4M"-5.3M) 

CLOCK +5V 

I bias 

BIAS +12V +5V 

API I 
API API 4 API5 

API 2 
CONTROL 

API 3 REGISTER --7 + 12V 

API 4 

API 5 
U7, U 10 

-12V 

Figure 8-66. API Current Source Simplified Schematic. 

8-109 



Scans by ArtekMedia © 2008

Section VIII 
Paragraph 8-141 

output of data are synchronously made with the 
latch clock signal which varies from 4MHz to 
5.3'.\1H7: with the VCO frequency (1/10 fvcol. The 
API 1 to API 5 signals provide the magnitude of 
the API current developed by the API Current 
Source as follows : 

The API current is the sum of the branch 
currents (IAPI 1 to IAPI 5) which flow 
through the individual resistor channels of the 
current divider network. Individual branch 
currents have the magnitudes set in decade 
ratios relating to each digit (API I to API 5) of 
the phase register output data. The resistor 
elements which determine these currents are 
shown in the table below : 

Current Resistor Current 
Ratio 

1API1 R77, R79, and 100 
lOk~ of R76 

lAPI2 R80 and S0k~ of R76 10 

lAPI3 S00k~ of R76 1 

1API4 R81, R83, R86 and 1/10 
R87 

1APIS R82, R84 and R85 1/100 

The magnitudes of the IAPI currents are 
adjusted for the given ratios in reference to the 
IAPI 3 current. The IAPI 5 current is not 
adjusted because small errors are permissible (do 
not affect the accuracy of API operation). The 
API 1 to API 5 signals control the time for the 
individual IAPI currents to flow to the 
respective resistor channels. When the API 3 
signal, for example, goes LOW, the Q25 switch 
driver turns off. The CR 18 diode (switch) is 
forward-biased by the U8 current source 
permitting the lAPI 3 current to flow through 
the 500k~ resistor of R76. 

The API 3 signal stays LOW for a period 
proportional to the third digit of the phase 
register output data. The other API signals also 
control the IAPI current in the same manner. 
The table below is an exam pie to explain the 
periods of the API signals. This example shows 
the changes in the periods of the API 1 and API 2 
signals when the fractional divisor is 0.01000; 
that is, when the stored number in the phase 
register increases in 0.01000 steps. 
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Phase Resistor Period of Period of 
Output APil API2 

0.00000 T (9) T (9) 

0.01000 T (9) T (8) 

0.02000 T (9) T (7) 

0.09000 T (9) T (0) 

0.10000 T (8) T (9) 

0.11000 T (8) T (8) 

0.99000 T (0) T (0) 

0.00000 T (9) T (9) 

Here, the T numbers in parentheses represent 
the duration of the A PI signals proportional to 
the numbers. The API 4 rrnd API 5 signals 
directly control the timing of the respective 
IAPI currents without using the switch drivers. 

As described above, the IAPI currents 
proportional to the digits of the API 1 to API 5 
phase register output data are given by the 
decade step current divider network, and the 
quantity of the current proportional to each digit 
number is controlled by changing the period of 
the current flow. These I API currents 
(IAPI 1 to IAPI 5) are summed to establish 
the requisite API current output. To accurately 
sum the currents without causing interference 
between the individual current channels, the 
Summing Amplifier maintains the potential at 
the current summing node, the source of Q22, 
constant at +5V. When an API operating cycle is 
initiated, the BIAS signal (HIGH) actuates the 
Bias Switch Driver (Q35, Q36, Q37 and Q28). 
Q28 turns on causing the CR 15 and CR 17 phase 
detector output switches to turn off. 
Simultaneously, CR 14 goes off and stops passing 
the current from the I bias current source. The I 
bias current begins to flow through CR 13, 
charging the integrator of the Loop Filter. 
After a short delay, the API 1 to API 5 signals 
cause the I A PI currents to flow during their 
respective time periods. The API current is 
subtracted from the I bias current and, thus, the 
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charge current is lbias-IAPI· When the charge 
period is terminated, the BIAS signal goes LOW. 
CR 13 turns off to stop the charge input current. 
CR15 and CRl 7 turn on and allow the Loop Filter 
to be discharged with the phase detector output. 

When the API operating cycle is completed, the 
Sample/Hold circuit retains the resultant output 
voltage of the Loop Filter on the timing given by 
the SAMPLE/HOLD command pulse from the 
Fractional N Control IC. The Q5 and Q4 
sampling switches open for a short period to 
charge the storage capacitors (C25 and C24). To 
minimize the effects of stray capacitance 
between the drain and source of the FET 

Section VIII 
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sampling switch, the Sample/Hold circuit 
employs a two stage configuration. C!-U 0, 
connected in parallel with the second 
sample/hold circuit stage, speeds charging of 
C24 for large changes in the sample/hold input 
voltage. To prevent the VCO frequency from 
being modulated by the leakage from the 
sample/hold drive pulse through the gate 
junction capacitance of Q4, the leak pulse is 
cancelled by the reverse polarity pulse applied 
through C23. The C30 and Rfi3 local feedback 
loop compensates for the instability in the 
transient control of the VCO owing to the time 
lag between the response of the PLL and the 
sample/hold timing. 

0 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 19 20 
CHIP CLOCK 

(fvco110) 

CYCLE START ================================-I_O_µ._s ___________ ___ fl_ 
I bias CONTROL 

PHASE DETECTOR 
OUTPUT 

SAMPLE/HOLD 

PULSE SWALLOW 

I API CONTROL 

INTEGRATOR 
OUTPUT 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I I 
I T1 I 

T2 

L---r 
I I 

I 
I 
I 
I 
I 

I I I 

this 
vo It age 

________ ,_T3 •1• •1• T4"'"1 

________ : ~Wait time 
T 

Charge Period 

Figure 8-67. API Control Timing Diagram. 
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8-142. A4 Fl{ACTIONAL N LOOP (DIGITAL) 

8-143. Fractional Down Counter and Fractional 
N Control Chip 

8-144. The U 17 Fractional N Control Chip 
contains the Phase Accumulator, adder, data 
comparator, decoder, driver, and several 
multiplexers which perform the calculations and 
the process timing control required for the pulse 
swallow operation and analog phase 
interpolation. The 16 digit fractional divisor 
data is transferred in the form of 4 bit 
parallel--data serial fashion and is stored in the 
internal register of U 1 7 when the INV 
(Instruction Valid) signal is HIGH. Ul 7 converts 
the integer part of the divisor into the nine's 
complement by subtracting the number from 
999. This complement number is the divisor data 
actually required for the Fractional Down 
Counter to divide down the VCO frequency by 
the correct integer divisor. One digit of the 
3-digit complement data is transferred to the 
U24 and U25 shift registers each time the +N 
CLOCK goes HIGH. The API control circuit in 
the Fractional N Control chip syncs with the 
CHIP CLOCK signal of 1/10 the VCO frequency 
and the CYCLE START signal, whose period is 
the same as that of the Fractional Down Counter 
output (1011s). The Phase Accumulator in the 
chip periodically accumulates the fractional part 
of the divisor data in synchronism with the 
CYCLE ST ART signal. For the theory of the 
Phase Accumulator, refer to Paragraph 8-39. 
The contents of the phase register storing the 
accumulation result are decoded to the API 
control signals (API 1 to API 5) suited for the 
control input of the API Current Source. The 
Pulse Swallow command pulse is generated from 
the Phase Accumulator (in Ul 7) each time the 
accumulated fractional divisor exceeds 1. 

The VCO frequency is divided down in 
by the +2/ -,-3 counter (Ul 6 and U20), 
programmable counters consisting 
following devices: 

sequence 
and the 
of the 

The LSD Counter ( -;-1 to +5): U27 and U31 
The Second Digit Counter (-;-1 to +10): U28 
The :\1SD Counter (-;-l to HO): U29 

The LSD counter divides the frequency of the 
VCO signal by the least significant digit of the 
integer part of the divisor in conjunction with 
the +2/ +3 counter. The Second Digit Counter 
and the MSD Counter perform their functions for 
the second digit and the most significant digit of 
the integer divisor, respectively. The bold lines 
in the schematic diagram indicate the signal 
flow between the down counters. The integer 
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divisor data is stored in the U24 and U25 
registers and repeatedly loaded to the program 
inputs of the respective counters in parallel 
fashion on the timing of the preload one-shot 
output pulse (1011s period). 

The Pulse Swallow command from the Ul 7 
Fractional N Control Chip pulls down the input 
(TP2) of the Ul5A Gate. The Ul2 Pulse Remove 
Flip Flops are set to signal the receipt of the 
pulse swallow command to Ul6 of the +2/+3 
counter. To perform the pulse swallow 
operation, the +2/-;-3 counter momentarily 
changes the counting manner for the input (VCO 
signal) as shown in Figure 8-70 Timing Diagram. 
In response to the pulse swallow command input, 
the output of the +2/ +3 counter is delayed for 
one cycle of the VCO signal. This yields the 
same delay in the final output of the Fractional 
Down Counter. The pulse swallow operation is 
also performed to divide the frequency of the 
VCO signal by an odd divisor. In such cases, the 
Ul 9A Odd/Even Latch distinguishes the odd/even 
number of the divisor from the state of the least 
significant digit data in the U25 register and 
actuates the Ul 5B and Ul 5A pulse remove 
gates. The fractional down counter output signal 
for the Phase Comparator is taken from the RIAS 
control signal of the Fractional N Control Chip 
because the frequency of the BIAS signal is 
identical to the required counter output. The 
Ul 9B and U32 Synchronization circuit reduces 
jitter in the counter output signal by 
synchronizing the source signal (BIAS signal) 
with the leading edges of the VCO signal. The 
Q38 differentiator converts the waveform of the 
counter output to a short pulse suitable for the 
Phase Comparator input. 

The UIS and Ul4 Chip Clock/Cycle Start circuit 
produces a clock pulse (CHIP CLOCK) of 1/1 O the 
VCO frequency used for timing synchronization 
in the Fractional N Control chip and, 
additionally, the trigger signal (CYCLE START) 
for the API operating cycles. The CYCLE 
START signal is generated in the same 1011s 
periods as the counter output. The U31B Preload 
Flip Flop periodically loads the divisor data to 
the LSD counter (in 1011s periods). 

vco 
Signal 

Output 

Pulse 

Swallow 

Command 

+ 2 -----1- -;- 3 ----1- .;- 2 

Figure 8-70. +2/+3 Counter Timing Diagram. 
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Figure 8-73. AS Display and Keyboard Control Board Assembly Schematic Diagram. 
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START 

Turn the instrument on. Does YES Check the de voltages listed in YES Is the waveform of the signal YES Is the voltage at A 7 J3 pin 7 YES Check A 7Q I, Q2, CRS, CR6 
the fan operate? t---~ the table below. Are all the 1-----. at A 7J3 pin 6 as shown below? t----_. LOW? t-----. and battery on the AIO board. 

voltages correct? 

NO 

Does Fl blow after turn-on? 

NO 

Check SI, Blower and Line 

Filter. 

Test point Voltage 

J3 pin I 5.0~ 5.3V 

J3 pin 5 5.0 ~ 5.3V 

J4 pin I 5.0 ± 0.3V 

J4 pin 4 15 ~ 16.SV 

J4 pin 10 -15 ~ -16.SV 

JS pin 13 -20~ -22V 

NO 

Go to Flow Diagram A. 

Check A7UIA, CR28, CR29 

and U2. 

NO 

Check A7UIB, UIC, UID and 

Q3. 

YES Disconnect cable connectors YES Check setting of the LINE YES Disconnect A 7F3 and LI I. YES 
t----.... from A7J3, J4 and JS. Does 1----...,. VOLTAGE SELECTOR (S3). 1----_... Does Fl blow when the instru- 1------i 

Fl blow when the instrument If correct, disconnect A 7RVI ment is turned on? 
is turned on? and RV2. Does Fl blow when 

NO 

Reconnect the cable connec

tors one at a time to find the 

de output which causes the fuse 

to blow. Troubleshoot the cir

cuits powered from that de 

output. 

turned on? 

NO 

Check A 7RVI and RV2. 

NO 

Check A 7Q6, Q7, CR30 and 

CR31. 

Check A7 CR!. 

Flow Diagram A. 

Are any of the de voltages YES 
Troubleshoot the de power 

listed in the table correct? supply channel which outputs 

NO 
incorrect voltage. 

Is the de voltage between the 

collector of A 7Q7 and the YES Go to Flow Diagram B 
emitter of Q6 within 250V on page 8-128. 

and 340V? !WARNING I 
NO 

Does A 7F3 blow when the in- YES Check A 7Q6, Q7, CR30 and 
strument is turned on? CR31. 

NO 

Does A 7F I or F2 blow when YES Check setting of the LINE 

the instrument is turned on? VOLTAGE SELECTOR (S3). 

Check A7RVI, RV2 and CR!. 

NO 

Check A7KI. 

Figure 8-78. A7 Power Supply Board Troubleshooting Flow Diagram - 1 of 2. 
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Model 4192A 

8-145. A7 POWER SUPPLY 

8-146. The switching power regulator on the A7 
board constructs a light weight, powerful de 
power supply, upgrading the mobility of the 
instrument. An ac line input is directly rectified 
by CRl before being stepped down to the 
required voltages for the various de power 
sources. In 220/240V line operation, the CRl 
circuitry acts as a bridged rectifier which 
produces a 250V to 340V de from the ac input. 
In 100/120V operation, the line voltage selector 
switch transforms the configuration of the CRl 
circuitry to a double voltage rectifier which 
provides a de voltage almost equal to that 
obtained in 220/240V operation. The RVl and 
RV2 varisters protect the instrument in 
100/l 20V operation from connection of 220/240V 
line by causing the power fuse to blow. To 
suppress turn-on surge current, kl allows the 
paralleled R4 and R5 resistors to restrict the 
line current for 1 second after the instrument is 
turned on. 

A high de voltage from the rectifier circuit is 
periodically chopped by the Q6 and Q7 switching 
transistors which alternately turn on and off at 
29.5kHz. During periods when Q6 and Q7 are on, 
a primary current flows through the Tl 
transformer, inducing the secondary ac (pulse) 
voltages for the +5V, ±15V, and -20V power 
sources. The duty cycle of the chopped primary 
current is controlled by the U5 PWM switching 
controller IC so as to stabilize the secondary 
output voltages against variances in line voltage 
and the load currents. This switching control is 
performed as follows : 

A de voltage for monitoring the secondary 
output voltage(s) is provided by the CR 18 and 
CRl 9 rectifiers and the voltage dividers (R63 
and R65). To pick up a voltage variance at a 
high sensitivity, an error detection amplifier in 
U5 amplifies the difference between the monitor 
voltage and the reference voltage supplied from 
the internal regulator through the R62 voltage 
adjustment potentiometer. A level comparator 
in U5 switches its output (to HIGH or LOW) each 
time the sawtooth from the 59kHz sawtooth 
oscillator crosses the level of the error amplifier 
output. 

Section VIII 
Paragraphs 8-145 and 8-146 

The level comparator output is, therefore, a 
pulse train whose duty cycle decreases with an 
increase in the monitor de voltage. The driver 
circuit, consisting of a flip flop and two NOR 
gates, alternately outputs the PWM pulses onto 
the dual switching control lines ( ¢ 1 and ¢ 2) as 
shown in the figure below: 

Sawtooth 

~---+-'7f--DC monitor 
voltage 

Comparison 

output 
(59kHz) 

Switching 
drive pulses 

¢ 2 

The ¢ 1 and ¢2 switching control pulse trains 
administer the periods for Q6 and Q7 to be on 
and off. If the monitor de voltage is too high, 
the time intervals for the conduction of the 
primary current decrease in order to lower the 
secondary output voltages. To prevent the drive 
pulses from causing a cross current conduction 
(harmful, concurrent conduction) of Q6 and Q7, 
the C40 circuit provides a minimum time margin 
between the ¢ 1 and ¢ 2 switching drive pulses. 

The high frequency (29.5kHz) primary current 
permits the use of a small transformer despite 
handling relatively high power. A rectified 5V 
output continuously charges the memory back-up 
batteries (on the A 10 board) as well as supplying 
power to the digital circuits on the A6 board. 
When power is lost, Q 1 and Q2 turn off to 
prevent the batteries from discharging to loads 
other than the RA l\lls. The +5 V de source for the 
analog circuits is stabilized by the analog 
regulator (U3, Q4 and Q5) to improve noise 
rejection and load regulation performance. 
Protection against possible power failures is 
made with several additional circuits that 
minimize the resultant damage. 

These protective circuits actuate the "shut 
down" input of the U5 PWM switching controller 
(pin 10) when an abnormality is detected. The 
functions of the individual protection circuits 
are explained as follows : 
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Section VIII 
Paragraph 8-146 

Model 4192A 

1) Ql3 and Ql4 Both Ql3 and Ql4 are Conversely, if the voltage is too high 
(exceeding 11 V), CR36 triggers shut-down of 
the U5 circuitry. 

normally off. If the power line voltage is 
too high, the low voltage rectifier output 
(from the CR33) exceeds the break down 
voltage of CR27 and causes Ql 3 to turn on. 
Besides, if the monitor de voltage is too 
high, it causes CR23 to break down. The 
biased Q 13 causes Q 14 to turn on. 
Additionally, if the power consumption of 
the instrument is abnormally high, the U4 
photo coupler generates a photoelectric 
current, which is amplified by Ql 7, and 
causes Q 14 to turn on. Q 14 provides enough 
current to pull up the "shut down" of U5 to 
HIGH through CR26. Consequently, U5 
stops outputting the switching drive pulses. 
Simultaneously, Ql3 and CR38 disable the 
U6 regulator. The Ql3 and Ql4 circuit 
stays at the protection operating states 
even after the failure is eliminated. To 
restore them to the normal states, the 
instrument must be turned off and back on. 

After the instrument is turned on, a charge 
current to C32 causes the de power supply 
voltages to slowly approach the rated 
voltages: thus, preventing generation of a 
transient surge current which could possibly 
trigger the protective circuit. 

2) Ql 1 and Ql 2 : The U6 regulator outputs 
+lOV to the U5 PW1VI switching controller. 
If the de output from U6 drops, Ql 2 goes off 
and CR25 causes U5 to shut down 
operation. Concurrently, Q 11 turns on and 
CR34 causes C32 to discharge, disabling the 
output of the switching drive pulses. 

The Ul circuit generates the PWF (Power 
Failure) and the LF (Line Frequency) signals 
required for the microprocessor to manage the 
measurement control programs. The UlA 
transfers the LF signal of double the line 
frequency to reject the line frequency input 
noise by selecting the appropriate charge period 
of the A-D Converter. UlC detects a failure in 
the +5V power supply (at J3 pins 1 and 2) and the 
Ul R monitors a rectified output (from CR28 and 
CR29) to detect an abnormality in the primary 
line voltage. If either U 1 C or U 1 B detects an 
abnormality, the UlD and Q3 circuit sets the 
PWF line to IIIG H. 
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~ DANGER 

POSSIBLE ELECTRICAL SHOCK HAZARDS. 

PRIMARY AC LINE VOLT AGE AND A HIGH DC 

VOLTAGE ARE EXPOSED WHEN THE SHIELD 

COVER IS REMOVED. 

BE SURE TO REMOVE THE POWER FROM IN

STRUMENT WHEN DISCONNECTING OR RE

PLACING A COMPONENT. 

DO NOT CONNECT GROUNDED INPUT LEAD OF 

TEST INSTRUMENT TO TPI, TP2, TP3, OR TP4. 
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NUMBER FOR COMPLETE REFERENCE DESIGNATOR . 

2. UNLESS OTHERWI SE INDICATED: 
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INDUCTANCE IN MI CROHENRI ES (oH) 
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Figure 8-80. A7 Power Supply Board and A 10 Battery and Charger Board Assembly Schematic Diagram. 

3. TO MOUNT THE THREE TERMINAL POSITIVE AND 
NEGATIVE VOLTAGE REGULATORS P/N 1826-0274, 
-0275, -0276 AND -0282), REFER TO THE 
ILLUSTRATION SHOWN BELOW. rJ 

1826-0274 l B26-02B2 
- 0275 Bend and form as shown 8-127 -0276 for the 4192A. 
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Section VIII 
Paragraphs 8-147 to 8-149 

8-147. AS FLOATING POWER SUPPLY/BIAS 
SUPPLY 

8-148. Floating Power Supply Section 

8-149. In order to provide the required de 
operating power for the floating measurement 
circuits, the AS board contains the power supply 
circuit which provides 5V, ± 15V, and ±40V de 
voltages isolated from the circuit common of the 
main de power sources. The floating output 
power supply circuit is configured with four 
identical DC-AC-DC converters, which supply 
their respective output powers to separate 
sections in the floating measurement circuit. 

:vJodel 4192A 

Each DC-AC-DC converter consists of an 
externally driven vibrator (push-pull driver), an 
isolation transformer, and rectifier circuits. The 
push-pull drivers are operated in parallel from 
the common input signal from Ul oscillating at 
approximately 1 MHz. The 1 MHz signal gains 
power from the ± 15 V de source supplied to the 
driver circuits. The T6, Tl 0, Tl4 and T21 
transformers transmit the output power of the 
driver circuits to the secondaries, isolated from 
the primary power source. Finally, the high 
frequency outputs from the secondaries are 
rectified to de. To prevent a high level 1 MHz 
signal from interfering with operations of outer 
circuits, the entire floating power supply is 
double shielded. 

AB FLOATING POWER SUPPLY/BIAS SUPPLY BOARD TROUBLESHOOTING GUIDE 

8-128 

Floating Power Supply Section 

1) Observe the CLK signal at A8TP1 with an oscilloscope. The trace on the CRT should be a 1 MHz 

square wave at 4Vp-p. The frequency of the CLK signal need not be an accurate 1 MHz. If it is not 

normal, observe the oscillator output at TPl 1 to determine which component among A7Ul and 

013 is faulty. 

2) Measure the de output voltages of the four independent power sources configured with the same 

DC-AC-DC converters. If an abnormality in the de voltages is found, identify the defective com

ponent by comparing the waveforms at the following test points: 

a. TP8, TP9, TPIO and TPI 2 

b. TP13, TP14, TP15 and TP16 
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Figure 8-81. 
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NOTES: 

1. REFERENCE OESIGIIATORS WJTKrn TK!S ASSEMBLY ARE 
ABBREVIATED. PREFIX ABBREVIATION WITH ASSEMBLY 
NUMBER FOR COMPLETE REFERENCE DES!GAATOR. 

2. UNLESS OTHERWISE INDICATED: 

RESISTANCE IN OHMS (n) 
CAPACITANCE IN MICROFARADS (µF) 
INDUCTANCE IN MICROHENRIES (sH) 
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3. TO r-!JUNT THE TKR!:E TERMINAL POSITIVE ANO 
NEGATIVE VOLTAGE REGULATORS P/N 1826-0214, 
-0275, -0276 ANO -0282), REFER TO THE 
ILLUSTRATION SHOWN BELOW. ~ 

o CQMt,IJN 
o INPUT Q 
o OUTPUT 

1826-0282 
-0275 Bend and fol"!ll as shown 
-0276 for the 4192A. 
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-40\11'◄ 
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AS Floating Power Supply/Bias Supply Board Assembly Schematic Diagram (sheet 1 of 2). 
8-129 
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START 

Check the de operating voltages YES Set the SPOT BIAS voltage to YES Set the SPOT BIAS voltage to YES 

at the test points listed below. 35V. ls the de voltage at A8 -35V. Is the de voltage at A8 

Are all voltages correct? Ul4 pin 6 8.5V ±0.SV? Ul 5 pin 6 8.5V ± 0.5V? 

Test point Voltage 
NO NO 

TP2 -38 to -45V 

TP3 38 to 45V 

TP4 -14 to -16V Is the polarity control signal at YES 

TPS 14 to 16V A8Ul 2 pin 14 approx. 4V? 

TP7 4.85 to 5.25V 
NO 

NO 

Go to step@. 

Troubleshoot Floating DC 

Power Supply Section (AB 

board). Set the SPOT BIAS voltage to YES 
Set the SPOT BIAS voltage to 

YES 
-35V. Is the de voltage at A8 

35V. Is the polarity control 

VI 5 pin 6 8.5V ± 0.5V? 
signal at A8U I 2 pin 1 approx. 

4V? 

NO NO 

Is the data at A8U5 pins IO YES 
Step@. --- -

and 11 as given in Table A? 

NO 

Check A8U5. 

Is the 14 bit output data of YES Is the 12 bit output data of YES 
the A8U6 and US as given in A8U8 and U7 as given in Table 
Table A? B? 

NO 
NO 

• ' 

Check A8U5 and U6. Check A8U7 and U8. 

-

Check A8Q28 and UIS. 

Check A8Q27 and Ul 4. 

Is the data at A8U7 pins 2 and YES 
15 as given in Table B? 

NO 

Check A8U7. 

Is the 12 bit input data of the YES 
A8Ul 3 the same as the input 

data of A8Ul l, UlO, and lJ9? 

NO 

Check A8U9, Ul0 and UJ 1. 

Is the de voltage at A8TP6 
YES 

-35V? 
*See Note 

NO 

Disconnect A8CR13. Is the de YES 
voltage at A8TP6 -35V? 

NO 

Disconnect the collectors of 

A8Ql9, Q20, Q22 and Q23. Is 
YES 

the de voltage at A8TP6 -35V? 

NO 

Check A8Ul 6, Q21, Q24, Q25 

and Q26. 

Check A8Ul 2. 

Check A8Ul 3. 

Set the SPOT BIAS voltage to YES 
Check A8Kl, Q18 and Fl. 35V. ls the de voltage at AS 

TP6 35V? 

NO 
' 

If no trouble is found, go to 

Check A8CRl3 through CR16. step@. 

* Note: 
Measure the voltage bet ween 

cir-A8TP6 and the floating 

Check A8Ql9, Q20, Q22 and cuit common. 

Q23. 

Table A. Serial Register Output Data. 

SPOT BIAS A8U6 pins A8US pins 
setting 

3 4 5 6 10 11 12 13 3 4 s I 6 10 11 

-35V I l 0 0 I I 0 I 0 0 l 0 0 1 1 

ov I l I I I l I 1 I l I I I 0 I 

BIAS OFF ➔ 0 
~ 

TableB. Latch Output Data 

SPOT BIAS A8U8 pins A8U7 pins 
setting 

10 7 5 12 2 15 10 7 12 5 • 2 I 15 

-35V 0 0 I 0 I 0 0 I 0 0 I 1 

ov I 1 1 1 1 I I • I 1 1 o I 1 

BIAS OFF ➔~ 

0: Low level 

I : HIGH level 

Figure 8-83. AS Floating Power Supply/Bias Supply Board Troubleshooting Flow Diagram 
- Bias Supply Section. 'AB Floating Power Supply/Bias Supply (Sheet I of 2) 

8-130 
SEE INSIDE 
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8-150. Floating DC Bias Supply Section 

8-151. The floating measurement circuit 
requires the structure of the de bias supply 
floating above ground. A floating bias output 
with a high voltage accuracy is achieved by use 
of a D-A Converter, combined with data buffers, 
permitting input-output isolation. The bias 
voltage setting data is transferred from the 
Microprocessor through the SRD2 serial data line 
and stored in the U5 and U6 registers in parallel 
data format. In addition to the bias voltage 
data, polarity control and bias-off signals are 
simultaneously set in the registers to determine 
the polarity of the bias voltages and to disable 
bias output when it is unnecessary. The U9, UlO, 
U 11 and U 12 Data Buffers accept the bias 
voltage data in the differential input mode to 
reduce sensitivity to common mode noise on the 
input lines as well as to isolate the input circuits 
from the outputs. Per 1 V step of the de bias 
voltage output, the Ul3 D-A Converter provides 
a negative current output of -l/20.48mA. When 

Section VIII 
Paragraphs 8-15 0 and 8-151 

the selected bias voltage is negative, the 
polarity control signal from U 12 causes the Q28 
switch to go on ( Q 27 is off), and the U 15 1-V 
Converter yields 5/20.48V from the output 
current of the D-A Converter per 1 V step of the 
bias voltage. In applications using positive bias 
voltages, Q27 switch goes on in place of Q28 to 
accept the D-A Converter output current with 
the Ul4 1-V Converter. Then, Ul5 acts as an 
inverting amplifier and reverses the polarity of 
the voltage output from Ul4. The shielded 
power amplifier expands the maximum bias 
output voltage to ± 35 V as well as enhancing the 
ability to supply a bias current to conductive 
DUTs. When the bias output is short-circuited, 
the CR25 and CR27 protective diodes limit the 
maximum bias current to 25mA. When the bias 
function is not used, the kl relay disconnects the 
bias output line from the power amplifier to 
assure the bias voltage being zero volts. The 
CR13, CR14, CR15 and CR16 zener diode 
limitter prevents harmful de voltage (over ±40V) 
from being output at the instant of an 
abnormality. 

8-131 
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Figure 8-81 

Figure 8-81. 
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NOTES: 

l. REFERENCE DESIGNATORS WITHIN THIS ASSEMBLY ARE 
ABBREVIATED. PREFIX ABBREVIATION WITH ASSEMBLY 
NUMBER FOR COMPLETE REFERENCE DESIGNATOR. 

2. UNLESS OTHERWISE INDICATED: 

Figure 8-84. A8 Floating Power Supply/Bias Supply Board Assembly Schematic Diagram (sheet 2 of 2). 
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START 

Perfonn the Recorder Output 

Voltage Test. Is the de voltage NO ls the de voltage for setting 2 NO Is the de voltage for setting 3 NO Is the de voltage at A9TPI NO 
Check A9U6A and CR!. 

at A9TP2 correct for all set- correct? correct? +2V ± I0mV? 

tings? 
YES YES YES 

YES 

Go t o Step A. 
Is the input data for U4 pins 

Is the input data of A9U4 as NO NO 
YES YES given in Table B? 

10 thru 13 (A7 ~ Al0) cor-

rect'? 

Is the de voltage at A9TP4 NO Is the de voltage for setting 2 NO Is the de voltage for setting 3 YES YES 
correct? correct? correct? 

YES NO 
Check A9U4, U6D and CR2. ls the input data of A9U3 as NO 

given in Table C? 

YES 

ls the input data for U l 2 pins 
ls the input d at a at A9UI 2 as NO NO 

13 and 12 (A 10 and A9) cor- Check A9U7. 
given in Table B? Check A9U3. 

rect? 

YES YES 

Is t he input data of A9Ul l as NO Is the input data for Ul I pins NO 
Is the input data for Ul 2 pins 

Check A9Ul2 and U6B. NO given in Table B? 9 thru 13 (A6 ~ AIO) correct? 
8 thru 11 (AS thru A8) cor- Check A9U9. 

rect? YES YES 

YES 

Check A9Ul I and U6C. Is the input data for Ul l pins NO 
Is the input data for A9Ui 0 8 and 7 (AS and A4) correct? 

NO Check A9U9. pins 13, 14, 17 and 18 as 

given in Table D? YES 

YES 

ls the input data for A9UI 0 
NO 

pins 3, 4 and 7 as given in Table 

Check A9UI0. D? 

YES 
. . 

Check A9UI 0. 

Step A 

Are the de voltages at A9U8 YES Are the de voltages of the U8 outputs as given YES 

pins S and 6 as given in the in the table below? 

table below? U8 pins 

UB pins I 2 3 4 

5 6 Setting 2 ov - 0.8V ov - 0 .8V 

Setting 2 0V ov Setting 3 - 0.BV ov -0.8V ov 
Check A9UI. Setting 3 4V 4V NO 

NO 

ls the input data for A9U3 NO 
Check A9Ul. 

pins 3, 4 , 7 and 8 correct? 

Check A9U8. 

Are the de voltages at A9U3 pin 

17 and Ul 0 pin 8 as given in 
YES the table below'/ 

U3 UI0 YES 
Pin 17 Pin 8 Check A9U3 and UIO. 

Check A9U2. Setting 2 ov ov 
Setting 3 4V 4V 

NO 

Check A9U2. 

Check A9U2 and U7. 

Is the input data for A9U3 pin YES 

18 as given in Table C? 
Check A9U3. 

NO 

Check A9U7. 

I I I 
Check A9US. 

Table B. Input Data for U4, U11 and U12. 

Setting I 

Setting 2 

Set ting I 

Setting 2 

Setting 1 

Setting 2 

4 5 
Al A2 

0 0 

I 1 

Table C. 

3 4 

0 0 

6 
A3 

0 

I 

Pin numbers 

7 
A4 

0 

I 

8 9 10 11 12 13 
A 5 A6 A7 A8 A9 A I0 

0 0 0 0 0 0 

I 

0 : LOW level 

1 : HIGH level 

Or U3 Input Data f 

7 

0 

Pin num bers 

8 

0 

1 3 14 17 18 

0 0 0 0 

0 

Table D. Input Data for U10 

Pin numbers 

3 4 7 8 13 14 17 18 

0 0 0 0 0 0 0 0 

1 I I 0 1 I I 1 

Figure 8-85. A9 Analog Recorder Output Board Troubleshooting Flow Diagram. 

Floating Power Supply /Bias Supply (Sheet 2 of 2) 

SEE INSIDE 
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8-152. A9 ANALOG RECORDER OUTPUT 

8-153. The A9 board provides analog voltage 
outputs for recording measurement results on an 
X-Y recorder by means of D-A conversion of the 
measurement data. Every time a measurement 
is completed, 32 bit measurement data is sent 
from the Microprocessor to the Ul, U2, U7 and 
U9 serial registers through the SRD 3 serial data 
line. The data transfer is performed in the 
following sequential order : Frequency /Bias data 
(10 bits), polarity of DISPLAY B data (1 bit), 
DISPLAY B data (10 bits), polarity of DISPLAY 
A data (1 bit) and DISPLAY A data (10 bits). 
The three sets of the 10 bit data represent the 
individual measurement display values. 

The status of these binary display data 
determine the magnitudes of the input for the 
U4, Ul 1 and Ul 2 D-A Converters assigned to 
each channel of the analog recorder outputs. 
Thus, the output current of each D-A Converter 
is proportional to the displayed values. The U6B, 
U6C and U6D 1-V Converters translate the 
current outputs from the D-A Converters into 
the voltage signals suitable for input to general 
X-Y recorders. 

Regarding the polarity of DISPLAY A and 
DISPLAY B data, the polarity control bits of the 
transferred data governs the U5 polarity control 
switch. If DISPLAY A data is, for example, a 
positive value, a negative D-A converter output 
current from U4 is applied to the negative input 
of U6D, thus generating a positive output 
voltage for the DISPLAY A terminal. 
Conversely, if the display data is a negative 
value, the connection in U5 is switched, and a 
negative output current from U4 is applied to 
the positive input of U6D. Therefore, U6D 
provides a negative output voltage having the 
same polarity as the display. In the short time 
required to store the transferred measurement 
data in the serial registers, the output states of 
the registers change with the internal shift of 
the data (in the registers) synchronized with the 
transfer clock. To prevent the transient 
confusion in the register outputs from causing 
spike noise on the analog recorder outputs, the 
most significant bit to the fourth (or the sixth) 
bit of the display data are latched by U3 and 
UlO. Lower bits are not latched because their 
contribution to the generation of spike voltages 
is negligible. Actually, low-level spike noise is 
absorbed in the 1-V converter stages and do not 
appear on the trace of an external X-Y recorder. 

Section VIII 
Paragraphs 8-15 2 and 8-15 3 

Recorder Output Voltage Test 

Perform the following test before proceeding with the 

troubleshooting flow diagram procedure. 

Measure the de voltages at A9TP2, TP3 and TP4 using the 

control settings given below: 
I_ !.b 

Setting I : Press (Blue] and 0 keys 
IJ8 -, 

Setting 2 : Press ~and 0 keys 
;iELF 

Setting 3 : Press I Blue), 0 and 0 keys 

Compare the de voltages at these test points with those 

listed in Table A. 

Table A. Analog Recorder Output Test 

Voltages 

TP2 TP3 TP4 

Setting I ov ov ov 
Setting 2 IV IV IV 

Setting 3 -IV - -IV 
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Section VIII Model 4192A 
Figure 8-86 

B B B G 
G I [] u 3 u 10 

-Rl4- -R28- -R29-

Cl -Rl5-
-RIG-

-R3- -Rl7- -R22-
J2 

-LI- -R4- -R23-

~ 
-L2- @]~ 

-CIO- IR24 I ~ -CR2-
-L3- -Cl I-

-C7-

C2 C3 ca 

B Cl2 
J3 - R9- -RIB-

~ 
-C4- -C9- -Cl3-
-C5- ~ -RIO- -Rl9 - I R25 l 
-C6- -R20-
-RI- -RII-

B ~ -R2- - R7- -Rl2- -Cl4 - -R26-- CRI- -Rl3-
-R2 1- -R27-

-RB -

Figure 8-86 . A9 Analog Recorder Output Board Assembly Component Locations. 
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A9 Analog Recorder Output Board Assembly Schematic Diagram. 
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NOTES: 

1. REFERENCE DESIGNATORS WITHIN THIS ASSEMBLY ARE 
ABBREVIATED. PREFIX ABBREVIATION WIT!i ASSEMBLY 
N~BER FOR COMPLETE R£FERENCE DESIGNATOR. 

2. UNLESS OTHERWISE INDICATED: 

RESISTANCE IN OlttS (0) 
CAPACITANCE IN MICROFARAOS (vF) 
INDUCTANCE IN MICROHEMRIES (µH) 
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START 

I. Connect the CHANNEL A 
and CHANNEL B inputs to 

HcuR (OSC OUTPUT) ter

minal using a BNC Tee 

Adapter or a Power Splitter. 

2. Set the front-panel controls 

as follows: 

Function . . . . . . . . . . B-A 
SPOT FREQ . . . . . . I Ok Hz 
OSC LEVEL . . . . . . . 0.SV 

Is the amplitude of the test YES 

signal at Al ITP2 1.5 times 

that at the base of Al IQ! IA? 

NO 

Connect the base of A 11 QI IB 

to GND with a short clip lead. YES 
1------

1 s the amplitude of the signal 

at A 11 TP2 normal? 

KO 

Check Al lQ3, QI I, QI 2 and 

Ql5. 

Is the amplitude of the test 

signal at Al ITP8 1.5 times 

that at the base of Al IQ20A? 

NO 

Connect the base of Al IQ20B 

to GND with a short clip lead. 

Is the amplitude of the signal 

at Al lTP8 normal? 

NO 

Check Al IQl7, Q20, Q21 and 

Q24. 

Check Al 1 U8 and U9, 

Scans by ArtekMedia © 2008 

YES 
Observe the test signal at A 11 

TP2 and TP8 with a dual trace 

oscilloscope. 

Logarithmically sweep the test 

frequency from 5 Hz to I SM Hz. 
*See Note 

YES 
Check Al 1 Ul 9 and U20. 

Is the amplitude ratio of the 

signals at TP2 and TP8 the 

same over the full frequency 

range? 

*See Note 

NO 

Check the Channel A or Chan-

nel B Buffer Amplifier, which-

ever has a narrow frequency 

bandwidth. 

*Note: 

If the failure, qisables the test 

frequency sweep function, 

skip this test step. 

Scans by ArtekMedia © 2008 

YES Are the signals at the junction YES YES 

i------..i of Al lQ13 and RS0 and at 1---------------------4 Are the signals at Al lTP3 and 1----....i Go to Flow Diagram A. 

that ofQI9 and R79 as shown TP5 as shown below? 

below? 

Ql3-

R50 

Ql9-
R79 

NO 

Are the signals at A 11 U3 pins 

13 and 14 as shown below? YES 
i------..i 

NO 

Check Al lU3. 

Check the following com

ponents regarding the incor

rect waveforms observed. 

Location 

Q13-R50 

Q19-R79 

Check 

Al IQS, Q6 
and Ql3. 

Al 1Ql9, Q22 
and Q23. 

NO 

Check the following com
Is the signal at Al I TP6 a 2Vp-p YES 

1----.i ponents regarding TP3 or TPS 
square wave at 88. I 25kHz 

where the waveform is incor
( 12.3 µs period)? 

rect. 

NO Check 

TP3 Al 1Q7 and US. 

TPS Al IQl4 and U1 I. 

Check Al I Ul6. 

Figure 8-88. A 11 Process Amplifier Board Troubleshooting Flow Diagram - 1 of 2. 
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Flow Diagram A. 
Set the OSC LEVEL to IV, Set the measurement function 

1. Set the measurement func- YES Y S 1---.-1 0.58V, 0.34V, 0.2V and 1---....i to B-A. Connect CHANNEL A 1-----..i Set the SPOT FREQ to 100 E 
tion to IZ I- 0. t-----------___. ............................ --~ 

0.11 V. Are the amplitudes of and CHANNEL B inputs to kHz. Is the signal at Al I TP7 
2. Connect a lkD resistor to the signals at A I 1 TP3 and TPS Hern (OSC OUTPUT) ter- as shown below? 

UNKNOWN terminals as almost constant (max/min < minal. Set the OSC LEVEL to 

OUT. 1.6) for all the OSC LEVEL 0.SV. 
3. Set the ZY RANGE proper- settings? '------------....1 

ly to balance the bridge sec

tion. 
NO 

Is the signal at either Al ITP3 YES 
1-----

o r TPS almost constant? 

NO 

Do the voltage levels at Al I U2 

pins 3, 4, 5 and 6 change as YES 

f.ollows? 

OSC LEVEL 
U2 pins 

3 4 5 6 

V L L L L 

0.58V L L L H 

0.34V L H L H 

0.2 V H H L H L: 0V 

0.1 IV H H H H H: 4V 

NO 

Check Al IU2. 

Check A 11 U6 or Ul 2. 

Check Al JUI. 

NO 

Is waveform A correct? 

NO 

Is the signal at A 11 TP4 as 

shown below? 

I ' I \ ( \ I 

\/ " V v 
\ I \ I ' 

I \ 
' - I,~ I,, " 

I • 
NO 

Check Al I U7. 

YES 

YES 

Scans by ArtekMedia © 2008 

Check Al lQ7 and Ql4. 

Check Al IU13. 
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Does the amplitude ratio of the YES Does the amplitude ratio of the YES Is the amplitude of the signal YES Is the failure related to the YES 

signals at Al!TP7 and TP!l 1----~ signals at Al!TP!l and TP9 1------atAllTPI halfthatatTP9? 1---.....i TEST LEVEL MONITOR 1---..-

change with the OSC LEVEL change with the OSC LEVEL function only? 

setting as follows? setting as follows? NO 

OSC LEVEL Amp!. ratio 

o.sv 
40mV 10 

NO 

Is the amplitude ratio I or 10 YES 

OSC LEVEL Ampl. ratio 

40mV 

SmV 10 

NO 
ls the amplitude of the signal YES 1----...... 
at Al lTPI 5 times that at TP9? 

NO 

for both OSC LEVEL settings? 1---------- Check AIJUl4, Q8, Q9 and 

QIO. 
NO 

Check Al 1U!7 or U!8, which

ever does not amplify the sig

nal correctly. 

Do the voltage levels at Al I U22 pins I, 2, 13 

and 14 change with the OSC LEVEL setting 

as follows? 

Check Al 1Q25 or Q26 of the 

l------+_:,_--+_.=..__J.__:_::__-+-:....:....--lr-Y-E_s __ ~ AG IO or AG I 00 Amplifier, 
whichever does not have the 

OSC LEVEL 
U22 pins 

2 13 14 

0.SV 0V - 16V -16V ov 
40mV s I -16V ov 

correct gain. 

SmV s s _r _r J Changes between 0V an<l - 16V 

NO 

Check Al IU22. 

NO 

Check Al 1 QI 6 and U3. 

Figure 8-89, A 11 Process Amplifier Board Troubleshooting Flow Diagram - 2 of 2. 

Check Al IQ8, Q9 and QI0. 
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All BOARD FUNCTIONAL TEST 

l. Local Signal Leakage Test 

l) Connect a short BNC-to-BNC cable 
between the CHANNEL A and 
CHANNEL B input terminals. 

2) Connect the probe of an oscilloscope to 
Al I TPl. 

3) Set the front-panel controls as follows : 

4192A: 

Function •············· B-A 
SPOT FREQ •••••••• lkHz 

Oscilloscope : 

Sensitivity , •••••.••• IV /DIV 
Sweep Time •••••••••• I0µs/DIV 

4) The amplitude of the local frequency 
signal on the CRT should be less than 
3.5Vp-p. 

Note 

If the instrument fails this test, reverse 
either Q7 or QI 4, mounted on the A 11 
board, as illustrated below : 

/ 

If this does not solve the problem, 
obtain a new replacement part and find 
the combination of the parts for Q7 and 
Ql4 which provide minimum leakage of 
the local signal (below 3.5Vp-p). 

• Figure 8-89. Al 1 Process Amplifier Board 
,. Troubleshooting Flow Diagram -- 2 of 2 

SEE INSIDE 

Section VIII Model 4192A 
Paragraphs 8-154 and 8-155 

8-154. A 11 PROCESS AMPLIFIER 

8-155. The process amplifier, consists of two 
Input Buffer Amplifiers, the IF Conversion 
Mixer, and the IF Amplifier stages. The Buffer 
Amplifiers are of the differential input design to 
accept the measurement vector input signals 
from the floating auto-balance bridge. The Kl 
and K2 relays at the input stage select either the 
vector signals of the auto-balance bridge or the 
amplitude-phase measurement inputs, depending 
on the selected measurement function. To 
minimize the load on the input signals, both 
Buffer Amplifiers have a high input impedance 
(1 MQ). The US, U9, Ul 9 and U20 de feedback 
amplifiers reduce the output de offset voltages 
of the Buffer Amplifiers to an extremely low 
level (0V). Thereby, the de level of the input for 
the IF Conversion Mixer is maintained at zero 
volts. The circuit constants of the ac coupling 
input circuits and of the de feedback amplifiers 
are important to equalize the gain of the Buffer 
Amplifiers (channel balance) at very low 
frequencies. When the amplitude of the buffer 
amplifier output is too large, CR9 (or CR22) clips 
the saturated output signal (maximum +8V and 
-12V peak) at -8V so that the waveform becomes 
symmetrical with respect to zero volts. 

Therefore, because the saturated output does not • 
yield a de which transiently sways the bias 
voltage conditions in the amplifier, CR9 (CR22) 

8-140 

Input 

shortens the time required to recover normal 
operation of the Buffer Amplifier. 

When the HEXB control signal is HIGH, the 
vector signal output from the EouTICH B 
Buffer Amplifier passes through the signal 
selector switch (QS : ON, Q6 : OFF, Ql3 : ON) 
and is applied to the IF Conversion Mixer. When 
HEXB is LOW, the HERA control signal enables 
the signal selector switch (Q22, Q23 and Ql9) 
following the ERR/CH A Buffer Amplifier to 
output the vector signal to the Mixer. To obtain 
the channel isolation performance necessary to 
measure the input amplitude ratio at the 
maximum of 1 00dB, the Input Buffer Amplifiers, 
along with the signal selector switches, are 
shielded separately for each channel. 

By means of heterodyne frequency conversion, 
the IF Conversion Mixer drops the frequency of 
the vector input signal (= test frequency) to a 
78.l 25kHz IF or 69.444kHz IF. This IF 
conversion is performed as follows : In the basic 
mixer circuit, an input signal (ft) is periodically 
chopped by the switch (FET) turning on and off 

A !t 
;~ 

Input 
Spectrum 

f' fl 

JUlJ f I - f I= IF 

Local signal Output 
~ 

Spectrum ,.,, 
f1=ft+IF 

t, fl 

Figure 8-90. Basic IF Conversion Mixer. 

The output of the mixer contains ft and fl input frequency components greater 
than the fl ±ft sidebands. Notice that the sideband frequencies approach the fl 
component as the test frequency lowers. The high level fl component can not 
be easily filtered out, leaving the IF signal. Additionally, as· the test frequency 
approaches IF, similar difficulty in elimination of the ft component occurs. 

f I +fl 
=IF+ 2ft 

• 
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at the frequency of the local signal (fl). The 
spectrum composition of the chopped signal 
cont a ins the ft, fl, fl +ft, fl-ft and the 
intermodulation frequency components between 
their harmonics. Here, as the local frequency fl 
of the instrument is ft+IF, the fl-ft frequency 
component becomes a constant IF. To 
selectively extract the IF vector signal 
substituting for the mel:lsurement vector signal, 
the other spectral components of the mixer 
output are filtered out. Actually, the 
magnitudes of the ft and fl spectral components 
in the output of the basic mixer circuit are much 
greater than the magnitude of the IF 
component. This causes a considerable problem 
on the required roll-off characteristic of the 
filter. That is, when the test frequency ft is 
very low, it is difficult to separate the IF signal 
by eliminating the greater fl component 
(fl=ft+IF), which is close to IF. 

Also, when the test frequency is near the IF, the 
filter must have a sharp roll-off characteristic 
that can eliminate the ft component from the IF 
signal. 

The actual IF Conversion l\ffixer, consisting of 
Q7, Ql4, US, Ul 1 and U7, solves this problem. 
The double-balanced switching operation of Q7 
and Q 14 produces only the IF output, suppressing 
the generation of the ft and fl components. 
Figure 8-91 shows a simplified schematic of this 
mixer circuit. The Q78 and Ql4B switches 
simultaneously turn on i:lnd off in phase with the 

ft 

( 
I 
I 
I 
I 
I 
I 

078 

I 
I I ,.. ,.. 
I - 1" r-,.. I 

I I 
fl (180°) f1 (0°) 
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local signal. The Q7 A and Ql4A switches 
operate in reverse phase with the local signal. 
Complementary switching outputs from the US 
and Ul 1 Vi:lriable gain amplifiers are summed by 
U7 to synthesize their waveforms. With the 
improved mixer circuit, the ft input signal is 
common mode input for the U7 differential 
amplifier and, thus, does not appear at the 
output of the mixer (because of the CM R). 
Regarding the local signal, the absence of the fl 
component at the output is explained using 
Fourier analysis for the output waveform. 

As is obvious from the above explanation, the 
mixer output contains two sideband frequencies 
of fl±ft, which become IF and IF+2ft. The Ul 3 
IF filter (LPF) rejects frequency components 
above 90kHz at the mixer output. When the 
higher sideband frequency, IF+2ft, is above 
90kHz (that is, when the test frequency is above 
6kI-Iz), the IF filter blocks this sideband 
component. Conversely, when the test frequency 
is lower than 6kHz, both sideband frequency 
components are present in the output to the IF 
Amplifier. The effect of the IF+2ft sideband 
component is finHlly eliminated by the NMR of 
the A-D Converter (A2 board) by controlling the 
charge period dependent on the test frequency. 
(Note : Thus, the charge period is 1/ft at low test 
frequencies.) At a test frequency equal to the 
IF, a part of the ft input signal (=IF), which leaks 
directly through the mixer, can not be 
discriminated from the heterodyned IF output 
signal. Additionally, when an intermodulation 

IF IF+ 2ft 

ft fl 

Figure 8-91. Actual IF Conversion Mixer on the A 11 Board. 

The double balanced IF conversion mixer suppresses the generation of the ft and 
fl components at the output. 
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(mixing) between the harmonics of the test 
frequency and the local frequency signals yields 
an output whose frequency is equal to the IF, it 
gets mixed in the correct IF output signal. To 
avoid these problems, the frequency of the IF 
signal is automatically changed to 69.444kHz or 
78.l 25kHz so as to maintain a frequency 
difference of at least lkHz from the undesired 
signal. 

The relationship betwen the selected IF signal 
frequency and the test frequency is shown in 
Table 8-1. 

A de voltage input to the mixer generates a 
square wave equal to the local frequency and is 
the result of periodic chopping by Q7 and Q 14. 
This increases the spectral magnitude of the 
local frequency component, which should be as 
low as possible. The reduced de output offset 
voltages of the Buffer Amplifiers m1rnm1ze 
additional generation of the local frequency 
component in the mixer output. 

In impedance measurements, the gain of the U5 
and Ull amplifiers is increased to 1.72, 2.87, 
4.93 or 8.28 from the minimum of 1.0 as the test 
signal level is decreased. This step control of 
the gain is performed for the two divided ranges 
of the test signal level, 5mV to 70mV and 70mV 
to 1 V, as shown in Table 8-11. At lower ranges, 
the gain of the IF Amplifier stage is increased by 
1 0 times to offset the difference between the 
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two ranges. Consequently, the level of the IF 
signal output (from the mixer) is maintained 
almost constant, compensating for the changes 
in the test signal level. In amplitude-phase 
measurements, the gain of the mixer is always 1 
regardless of the test signal level. 

Individual IF Amplifier stages, AG 1 0, AG 100 and 
AG 1000, have 20dB input attenuators selectable 
for on-off. With the basic setting of the 
attenuator, the gain of each IF amplifier stage is 
1 (20dB loss in the attenuator plus 20dB gain of 
the amplifier). When the gain of the IF 
Amplifier is increased to 20dB, the attenuator of 
the AGl0 amplifier is released (Q25A is on; Q25B 
is off) prior to the AGl 00 amplifier. The 
attenuator of the AGl000 amplifier is released 
only when measuring the amplitude-phase of 
inputs below approximately -60dBm. The gain 
control of the IF Amplifier is performed not only 
to expand the measurement range capability but 
also to employ a greater gain for low-level test 
signal inputs. The relationship among the 
measurement range, test signal level, and the 
total gain of the IF Amplifier is shown in Table 
8-10. The gain of the AGl 000 Amplifier, 
especially, is adjustable to obtain correct display 
output for the test signal level monitor 
function. The two potentiometers, R45 and R46, 
optimize the accuracy independently for 
78.l 25kHz IF and 69.444kHz IF signals. 
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Tables 8-10 and 8-11 

Table 8-10. IF Amplifier Gain Control (A) 

I Z I value of DUT o - rn 1 - 1 Os-2 10 - lOOSt 100 - lks-2 lk-lOks-2 10k-100kll 

Range Resistor (Rr) lOOSt 1 OOSt 1 OOSt lOOSt l ks-2 l Oks-2 

Gain of EDuTICH B xlOO xlO xl xl xl xl 

IF Amp. 
ERR/CH A xl xl xl xl xl xl 

Equivalent Rr rn 1 Os-2 lOOSt lOOSt l kll 1 Oks-2 

IF Amplifier Gain Control (B) 

I Z I value of DUT o - rn 1 - 1 Os-2 10 - 1 OOSt 100 - lks-2 1 k - 1 Oks-2 10k - 1 OOks-2 

Range Resistor (Rr) 1 ks-2 l kll 1 ks-2 lOkSt l Oks-2 

Gain of EDuTICH B Not xlOO xlO xlO xlO xlO 

IF Amp. ERR/CH A 
used xl xl xl xl xlO 

Equivalent Rr 1 OS? lOOSt 1 OOSt l ks-2 1 Oks-2 

Note: Table A applies when the test signal level is greater than 70mV; Table 
B, when the test signal level is lower than 7 Om V, inclusive. 

Test Signal Level 

5mV - 9mV 

9mV-15mV 

15mV-25mV 

25mV - 42mV 

42mV-70mV 

70mV - lOlmV 

lOOmV - 120mV 

120mV - 210mV 

210mV - 350mV 

350mV - 590mV 

The Gain of IF Amplifier is indicated for the respective output signals 
of the Buffer Amplifiers. 

Table 8-11. IF Conversion Mixer Gain Control 

Gain Control Data States (U2) 
Gain of Mixer 

pin 3 (d) pin 4 (e) pin 5 (c) 

8.28 ® ® ® 
4.93 ® ® L 

2.87 L ® L 

1. 72 L L L 

1.00 L L L 

8.28 ® ® ® 
8.28 ® ® ® 
4.93 ® ® L 

2.87 L ® L 

1. 7 2 L L L 

590mV - lOOOmV 1.00 L L L 

Note: In Amplitude-Phase measurements, the gain of the Mixer is always 1. 

lOOk-lMSt 

1 Oks-2 

xl 

xlO 

lOOks-2 

100k - 1 Ms-2 

1 Oks-2 

xlO 

xlOO 

l OOks-2 

pin 6 (f) 

® 
® 
® 
® 
L 

® 
® 
® 
® 
® 
L 
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Figure 8-92. All Process Amplifier Board Assembly Component Locations. 
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Set the front-panel controls as Is the signal at the emitter of YES Is the signal at A12J4 (L14) a YES 
START A12QIO al 78.125kHz(5.6µs) follows: lOOkHz sinusoidal wave be-

sinusoidal wave between IV 
Function ......... IZl - 0 tween 0. 1 V and 0. 15Vp-p? 

and 1.6Vp-p? 
SPOT FREQ . . . . . . . I OOkHz 

Initially check the + 12V and OSC LEVEL ........... 1 V NO NO 
- 12V de supply output volt-

ages of Al 2UI, U3, U4, US 

and U7. 

Is the amplitude of the signal Is the signal at test point ® a 
Is the signal at the collector of 

YES 
Al2QI3 a 40.1MHz (24.9ns) 

at test point © (the base of YES 40MHZ (25ns) sinusoidal wave Check A12Q2, Q6 and QlO. sinusoidal wave at approx. 
A12Q2) between O.IV and at approx. 0.25Vp-p? 

6Vp-p? 
0.16Vp-p? *See Note 

*See Note 

NO NO NO 

---~-- ls the signal at the collector of 
I Check A12Q8 and Q13. 

Al2Q7 a 40.1MHz (24.9ns) I 

YES 
sinusoidal wave at approx. Check AI 2E2. 

6Vp-p? 

"'See Note 
*Note: 

NO 
The amplitude of the trace Is the signal at test point (§) a Change OSC LEVEL setting 
on the CRT changes depend- YES and check the amplitude of 40MHz sinusoidal wave at ap- -
ing on the shunt capacitance prox. 3Vp-p? the 40 MHz signal at the base 

Check A12Q3 and Q7. 
of the probe. Observe with- *See Note of A4Q4. Is the amplitude as 
out using the ground lead of given in the table below? 

NO the probe. 
OSCLEVEL Amplitude 

IV 0.6Vp-p 

Check Al2Q9 and Q14. 0.2V 120mVp-p 

YES 

Check Al2Q5. 

• A ., ., Process Amplifier 

SEE INSIDE 

-

YES 

\JO 

Is the signal at Al 215 a lOOkHz YES 1. Disconnect the SMB con- Check Al 2CR4 through CR! 1. 
sinusoidal wave between 150 nector from A 1 2J 5. 

2. Connect a shorting lead to mV and 300mVp-p? 

UNKNOWN (as OUT). 
NO 

Is the signal at the collector of 
Is the signal at test point 0 a YES 

Check A12El. Al2Ql2 a 40.1 MHz (24.9ns) 
40MHz sinusoidal wave at ap-

sinusoidal wave at approx. 
6Vp-p? prox. 0.4Vp-p? 

*See Note *See Note 
NO 

NO 

CheckAJ2QJl andQ12. 

Check A12Ql5. 

Is the de voltage at test point Is the de voltage at test point 

® as given in the table below? NO 
® as given in the table below? NO ·I I Check Al 2U2A. 

OSC LEVEL Voltage OSC LEVEL Voltage 

IV 0.8V lV 1.05V 

0.2V 0.5V 0.2V ov 
YES YES 

1 I 

Check Al2U2B, Ql, Q4 and 
Check Al 2CR3. 

CR2. 

Figure 8-94. A12 Modulator Board Assembly Troubleshooting Flow Diagram . 
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8-156. Al 2 MODULATOR 

8-157. The circuit configuration of the A 12 
board is functionally divided into three major 
blocks as outlined below : 

1) Produces the (5Hz ~ 13MHz) +IF local 
frequency signal from the output of the 
fractional N loop and the 40M-IF signal. 

2) Produces the 5Hz to 13MHz test signal from 
the output of the fractional N loop and the 
40MHz signal. 

3) Develops the 40MHz vector signal 
equivalent to the unbalance current vector 
as controlled by the phase detected 
unbalance signal and converts it into the 
5Hz to 13MHz range resistor signal required 
to counter-balance the bridge circuit. 

To perform these frequency conversions, the 
source frequency inputs--40MHz, 40M-IF, and 
the output of the fractional N loop-are supplied 
to the A 12 board. Because the fractional N loop 
output signal (40.000005MHz to 53MHz) is 
required for all of these functions, it is fed to 
the individual circuit blocks via three channel 
isolation amplifiers (Q3 and Q7, Q8 and Ql 3, and 
Ql 1 and Ql 2) to avoid interference. The circuit 
operating theory for each circuit block is 
described as follows : 

40M - IF 
From A3 

Section VIII 
Paragraphs 8-156 and 8-157 

1) The E2 lcl mixer mixes the 40.000005MHz 
to 53MHz signal with the 40M-IF signal to 
produce the local frequency from the 
difference between them. The low pass 
filter following the mixer selectively passes 
the lowest (5 Hz ~ 13 MHz) +IF sideband 
blocking the fundamental input frequency 
components and higher order sidebands. The 
filtered output is then amplified to the 
extent of 1 Vp-p. 

2) The El mixer mixes the 40.000005MHz to 
53MHz signal with the 40MHz signal to 
produce the 5 Hz to 13 MHz test frequency. 
The Tl transformer feeds the output signal 
of the chanel isolation amplifier to the input 
of the mixer through a balanced circuit 
configuration. This configuration equalizes 
the effects of the stray capacitances 
(present with respect to the ground) for both 
primaries of the mixer, and, consequently, 
decreases the level of the 40.000005MHz to 
53MHz signal component present in the 
mixer output. This output is then filtered to 
selectively obtain a clean test signal 
between 5I-lz and 13MHz. 

Depending on the test signal level control 
setting, the CR3 PIN diode modulator 
attenuates the level of the 40MHz input 

(5Hz~ 13MHz)+IF 
.------ To Al 

To Al I 

02,06 

40.000005M 
"- 53MHz 

From A4 

J i (To HCUR 

Power Amp. on 

015 

5Hz "'13MHz 

i i ( To Rr Power 
Amp. on A I) 

PEAK 

PIN DIODE 
ATTENUATOR 

DETECTOR 
CR2 

Al) 

0°/180° 
MODULATOR 
CR4 "'CR7 

90°/-90° 

MODULATOR 

CRS"'CRI I 

Figure 8-95. Al2 Modulator Block Diagram. 

40MHz 
LPF 

09,014 

40MHz 
From A3 

U2A 

l 

~~----1.0SC LEVEL 
CONTROL 

t-------< From A I 

90° Phase Shifter 

J (40MHz) 
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signal by factor of 0 to -23dB. The 
attenuation varies with the change in the 
forward bias current of CR3 supplied from 
the U2B ALC amplifier. The U2A ALC 
amplifier accepts the de control input for 
the PIN diode modulator in the differential 
mode to reject common mode input noise 
which causes modulation noise in the test 
signal. To eliminate the attenuation error 
caused by the non-linear characteristic of 
the PIN diode, attenuation is controlled in 
the following manner. The RF peak 
detector (Ql, Q4 and CR2) detects the 
attenuated 40 MHz signal and provides a de 
output voltage proportional to the amplitude 
of the signal. The U2B ALC amplifier 
supplies the PIN diode bias current 
dependent on the difference between the 
peak detector output voltage and the de 
control input voltage from U2A. As the bias 
current is automatically controlled so that 
these two input voltages for the U2B are 
equal, the attenuation is made proportional 
to the de control input voltage. 

3) The 0 O /180 ° and 90 ° /-90 ° vector 

8-148 

modulators are composed of combinations of 
PIN diode networks which act as voltage 
controlled attenuators. The 0 0 /180 ° 
vector modulator produces the appropriate 
0 0 or 180 ° vector signal from the 40MHz 
input signal in the following manner. The 
T3 transformer provides a set of reverse 
phase signals of the 40 MHz input signal; the 
center tap of the primary provides a 40MHz 
signal in-phase with the input and the 
secondary yields a 180 ° out of phase 
signal. In response to the de output voltage 
of the 0 0 /180 ° phase detector representing 
the magnitude of the 0 O /180 ° vector 
component of the unbalance current, the 
CR4 and CR5 PIN diodes along with CR6 and 
CR7 attenuate the reverse phase signals. 
With an increase in the positive 0 0 /180 ° de 
voltage, the 0 O phase signal passes the CR4 
and CR5 circuit of the modulator with 
m1rnmum attenuation. Conversely, the 
180 ° phase signal is greatly attenuated in 
the CR6 and CR7 circuit. As the result of 
summing, the 180 ° phase signal partially 
cancels the 0 O phase signal corresponding 

Model 4192A 

to the difference between their amplitudes 
(losses). Thus, the 0 0 /180 ° modulator 
provides the 0 O phase signal resulting from 
the cancellation unbalance. Similarly, with 
a negative 0 0 /180 ° de voltage, CR6 and 
CR 7 provide minimum attenuation for the 
180 ° phase signal, less than the 0 O phase 
signal in CR4 and CR5. The 0°/180° 
modulator, therefore, outputs a 180 ° phase 
signal. When the 0 O /180 ° de voltage is 
zero, the modulator output is very small 
because the 0 0 and the 180 ° phase signals 
cancel each other almost completely. 

Regarding the 90 ° and -90 ° phase signals, 
the 90 ° /-90 ° vector modulator operates 
similarly to the 0 O /180 ° vector modulator 
described above. To develop the orthogonal 
vectors of the 40 MHz source signal, the 90 ° 
phase shifter (L27, L39 and C65) prepares 
the 90 ° phase signal, leading the source, for 
the 90 ° /-90 ° vector modulator input. 
Thus, it is possible to control the quadrature 
phase signals (0 °, 180 °, 90 ° and -90 °) by 
the phase detected unbalance signal. The 
required 40MHz vector signal is obtained by 
adding the 0 0 /180 ° and the 90 ° /-90 ° 
vector modulator outputs. 

The E3 mixer drops the carrier frequency of 
the modulator output vector to 5Hz to 
13MHz, identical to the test signal 
frequency. The low-pass filter following the 
mixer rejects undesired spectral components 
of the mixer output. 
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