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CERTIFICATION

Hewlett-Packard .Company certifies that this product met its published specifications at the time of
shipment from the factory. Hewlett-Packard further certifies that its calibration measurements_are
traceable to the United States National Bureau of Standards, to the extent allowed by the Bureau s
calibration facility, and to the calibration facilities of other International Standards Organization
members.

WARRANTY

This Hewlett-Packard instrument product is warranted against defects in material and workmanship
for a period of one year from date of shipment. During the warranty period, Hewlett-Packard Com-
pany will, at its option, either repair or replace products which prove to be defective.

For warranty service or repair, this product must be returned to a service facility designated by HP.
Buyer shall prepay shipping charges to HP and HP shall pay shipping charges to return the product to
Buyer. However, Buyer shall pay all shipping charges, duties, and taxes for products returned to HP
from another country.

HP warrants that its software and firmware designated by HP for use with an instrument will execute
its programming instructions when properly installed on that instrument. HP does not warrant that the
operation of the instrument, or software, or firmware will be uninterrupted or error free.

LIMITATION OF WARRANTY

The foregoing warranty shall not apply to defects resulting from improper or inadequate maintenance
by Buyer, Buyer-supplied software or interfacing, unauthorized modification or misuse, operation
outside of the environmental specifications for the product, or improper site preparation or main-
tenance.

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HP SPECIFICALLY DISCLAIMS THE IM-
PLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE.

.EXCLUSIVE REMEDIES

THE REMEDIES PROVIDED HEREIN ARE BUYER’S SOLE AND EXCLUSIVE REMEDIES. HP
SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSE-
QUENTIAL DAMAGES, WHETHER BASED ON CONTRACT, TORT, OR ANY OTHER LEGAL
THEORY.

ASSISTANCE

Product maintenance agreements and other customer assistance agreements are available for Hewlett-
Packard products.

For any assistance, contact your nearest Hewlett-Packard Sales and Service Office. Addresses are
provided at the back of this manual.
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Model 8746B
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Figure 1-1. Model 8746B and Accessories




Model 8746B

General Information

SECTION |
GENERAL INFORMATION

1-1. INTRODUCTION

1-2. This manual contains all information required
to install, operate, test, adjust and service the
Hewlett-Packard Model 8746B S-Parameter Test
Set. This section covers instrument identification,
description, options, accessories, specifications and
other basic information. Included with this manual
is the Operating Information Supplement which is
a reprint of the first three sections of this manual.
Figure 1-1 shows all of the equipment normally
supplied with the instrument for the standard
Model or Option 001 or 002. Table 1-1 in the
manual is the Table of Specifications.

1-3. INSTRUMENTS COVERED BY MANUAL

1-4. The Model 8746B S-Parameter Test Set car-
ries a nine-digit and one-letter serial number. The
first four digits form the serial prefix number. The
last five digits of the serial number form the
sequential suffix, unique to each individual instru-
ment.

1-5. This manual is directly applicable to instru-
ments with Serial Prefix numbers the same as those
listed on the title page. For instruments with Serial
Prefix numbers lower than those listed on the title
page, refer to Section VII. Important information
for correcting errors, and for adapting the contents
of ‘this manual to cover instruments manufactured
after the printing of the manual, is provided in a
yellow Manual Changes supplement inserted under

. the front cover of the manual. These supplements
are keyed to the manual’s print date and part
number, both of which appear on the title page,
and they are revised as often as necessary to keep
the manual current and accurate. To maintain the
manual as current and accurate as possible,
Hewlett-Packard recommends that you periodically
request the latest Manual Changes supplement.
Complimentary copies of these supplements are
available from all Hewlett-Packard offices.

1-6. For information concerning serial number
prefixes not listed on the title page or in a Manual
Changes supplement, contact the nearest Hewlett-
Packard office.

1-7. OPERATING INFORMATION
SUPPLEMENT

1-8. Packaged with this basic manual is an Opera-
ting Information Supplement which is a reprint of
the first three sections of this manual. This supple-

ment should stay with the instrument for use by
the instrument pperator. Additional copies may be
ordered through your local Hewlett-Packard office.

19. TABLE OF SPECIFICATIONS

1-10. Complete specifications are listed in Table
1-1. These specifications are the performance
standards or limits against which the instrument
may be tested. Use these limits when testing for
incoming inspection or at any time the perform-
ance of the instrument is in question.

1-11. SUPPLEMENTARY OPERATING
CHARACTERISTICS

1-12. Table 1-2 lists supplementary operating
characteristics. These values are not specifications,
but are included for the information of the user.

1-13. RECOMMENDED TEST EQUIPMENT

1-14. Table 1-3 lists recommended test equipment
for performance testing, troubleshooting, and
maintenance.

1-15. DESCRIPTION

1-16. The HP Model 8746B S-Parameter Test Set
contains the necessary microwave circuits for
measuring all four s-parameters of an active or
passive two-port device from 0.5 to 12.4 GHz. The
Model 8746B is designed primarily to be used with
the Hewlett-Packard Model 11608 A Transistor Fix-
ture. However, measurements on other microwave
devices may also be made by inserting the neces-
sary coaxial line-lengths in the rear panel reference
line. The Model 8746B is used with a compatible
phase-amplitude ratio indicator, such as the HP
Model 8410A Network Analyzer or Model 8405A
Vector Voltmeter. Measuring circuits for each
s-parameter are automatically set with front-panel
pushbuttons or with remote-contact -closures.
Attenuation of the incident RF signals can also be
set with front-panel pushbuttons or remote
contact-closures. Figure 3-4 is a diagram of the RF
circuits for the standard 8746B.

1-17. OPTIONS

1-18. Figure 3-5 is a diagram of the RF circuits for
Opticn 001 and Option 002. The main difference
in the instruments containing an option is that the
input and output cables going to the switch trees

11



General Information

have been interchanged. Option 002 also removes
the 10-dB attenuators in the port couplers to
increase the signal level at the test port.

1-19. Option 001

1-20. The HP Model 8746B, Option 001, has a
signal level at the test port that is 10 dB higher
than the standard instrument for the same level of
RF power into the test set. This allows making
large-signal measurements on power transistors and
mixers.

1-21. Option 002

1-22. The HP Model 8746B, Option 002, has a
~ signal level at the test port that is 20 dB higher
than the standard instrument for the same level of
RF power into the test set. This option is usually
used for automatic measurement of large-signal
parameters or large dynamic-range measurement.
This option is normally limited to use in automatic
measurement systems since source-match and
return-match specifications are degraded in this
configuration.

1-23. ACCESSORIES SUPPLIED

1-24. A rack-mounting kit, a power cable (HP Part
No. 8120-1348), a reference line coaxial cable (HP
Part No. 11604-20021), and a 36-pin connector are
furnished with the 8746B. (See Figure 1-1.) The
rack-mounting kit contains all the hardware needed
to adapt the Model 8746B cabinet for installation
in equipment racks with standard 19-inch spacing.
Instructions for conversion to rack mounting are
included with the kit. The reference line coaxial

Model 8746B

cable furnished will enable you to make transistor
measurements with the 8746B using the 11608A
Transistor Fixture. When making microwave hard-
ware measurements other reference-line coaxial
cables may need to be substituted. Refer to the
paragraph entitled “Equipment Available” for fur-
ther information.

1-25. EQUIPMENT REQUIRED BUT NOT
SUPPLIED '

1-26. The Model 8746B must be used with a
phase-amplitude ratio indicator, such as the HP
Model 8410A Network Analyzer System or the
Model 8405A Vector Voltmeter.

1-27. EQUIPMENT AVAILABLE
1-28. Model 11608A Transistor Fixture

1-29. Transistors are tested with the Model 8746B
by using an additional fixture, the Hewlett-Packard
Model 11608A Transistor Fixture (Figure 1-2).
Refer to the Model 11608A Operating Note for
operating instructions on this transistor fixture.

1-30. Other Reference Line Coaxial Cables

1-31. The reference line coaxial cable furnished
with the 8746B allows transmission and reflection
tests to be made on transistors using the 11608A.
To make reflection measurements on microwave
hardware, the use of a shorter reference line (HP
Part No. 08745-20064) is recommended. Micro-
wave transmission measurements require the use of
a longer reference line (HP Part No. 08746-20031).
Unless the port spacing on the device under test is

Figure 1-2. Model 11608A Transistor Fixture Mounted on a Model 8746B
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the same as on the 8746, an additional component,
' a Flexible Arm HP Model 11605A, will be neces-
sary.

1-32. Model 11605A Flexible Arm

1-33. If the port spacing of the device under test is
not the same as that of the Model 8746B, a Flexi-

General Information

ble Arm, Hewlett-Packard Model 11605A, should
be used on one port of the device under test with
the other port connected to the 8746B. The Model
11605A consists of three rotary-arms connected by
three swivel-adapters. This configuration allows
almost any coaxial two-port device to be con-
nected to the 8746B.

Table 1-1. Model 8746B Specifications

Frequency Range: 0.5 to 12.4 GHz.

Directivity: > 30 dB, 0.5 to 4.0 GHz
> 26dB, 4.0 to 12.4 GHz.

Source Match:'p <0.13 (< 1.3 SWR),
standard model only.

Return Match:? p <0.13 (< 1.3 SWR),
standard model only.

Reference Plane Extension:
Adds 0 to 15 em (30 cm in transmission path) to
reference line; calibrated by digital dial indicator.
Indicator is adjustable for initial calibration.

Connectors:
RF Input: Type N female, stainless steel
Test Ports: APC-7 type
Reference and Test Channel Outputs:
’ mates with APC-7 precision connectors.

Maximum Power to RF Input: 2 watts.

Insertion Loss: RF Input to Test Port,
Standard Configuration — Nominal 21 dB,
Option 001 — Nominal 11 dB,
Option 002 — Nominal 1 dB.
RF Input to Reference Channel Output — Nominal
30 dB.

Remote Programming:
Selected by closing contact of 36-pin rear panel
connector to common.

S-Parameter Selection: By closing 2 contacts of
36-pin rear panel connector to common.

Incident Attenuation: By closing 3 contacts of
36-pin rear panel connector to common.

Rear-panel switch allows manual attenuator opera-
tion when s-parameters are remotely controlled.

Remote Requirements: Switch closure to common,
or use a transistor switch. Contact is at 12 volts and
short to common will draw 12 mA. Noise immunity
> 2V peak.

Transistor Biasing:
Bias and bias sensing connections are made to the
biasing networks built into the 8746B via the 36-pin
rear-panel connector.

Maximum Bias:
100 Vde, 500 mA. Maximum current of 1 amp

when bias and bias sense circuits are operated in
parallel.

Configuration: :
Standard: Recommended for small-signal measure-
ments; has the optimum signal-to-noise ratio.

Option 001: Provides 10 dB higher power level at
test port. Enables large-signal parameter measure-
ments.

Option 002: Provides 30 dB higher power at the test
port and 10 dB greater dynamic range. Source and
Return Match specifications are degraded. Recom-
mended for Automatic Network Analyzer Systems
only.

Power Requirements:
115V/230V +10%, 48 to 440 Hz, 110VA max.
Weight: Net 35 Ibs (16,1 kg).

Dimensions: 5% inches high, 16% inches wide, 18%
deep (140 x 426 x 467 mm).

1Equivalent source reflection coefficient,
2Reﬂection coefficient of port used to terminate device under test.

Table 1-2. Supplementary Operating Characteristics

These values are not specifications but are typical per-
formance characteristics included for information of the

user.
Frequency Response (Amplitude and Phase Tracking):
) 1.5 dB, + 7 degrees, 0.5 to 2.0 GHz

1.5 dB, * 7 degrees, 2.0 to 8.0 GHz
2.5 dB, * 7 degrees, 8.0 to 12.4 GHz.

Incident Attenuation:
0—70 dB in 10 dB steps. Attenuation is within +5%
of indicated value.

Test Port Spacing:
4.810 inches.

1-3
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Table 1-3. Recommended Test Equipment

Transformer

or Superior Electric UCIM

Instrument Type Critical Specifications Recommended Model Use
Sweep Oscillator Frequency: 0.5 to 12.4 GHz HP 8690A/B mainframe with PT
HP 8699B (0.11 to 4 GHz) P
HP 8691A/B (1 to 2 GHz) P
HP 8692A/B (2 to 4 GHz) P
HP 8693A/B (4 to 8 GHz) P
HP 8694A/B (8 to 12.4 GHz) P
Network Analyzer No substitute may be used HP 8410A/8411A with P,T
HP 8412/3/4A
Flexible Arm Frequency: 0.5 to 12.4 GHz HP 11605A P
Impedance: 50 ohm coaxial
SWR of ports: <1.25
Insertion Loss: <2.5 dB
Sliding Load Frequency: 1.8 to 12.4 GHz HP 905A P
Load SWR: <1.05
Coaxial Termination Frequency: 0.5 to 2.0 GHz HP 9094, Option HO1 P
Load SWR: <1.01
Coaxial Short Frequency: 0.5 to 12.4 GHz HP 11565A PT
Connector: APC-7
Oscilloscope Vertical Sensitivity: 25 mV/cm HP 180A w/1801A & 1821A | P,T
Vertical Bandwidth: 500 kHz
Horizontal Sensitivity: 1V/cm
Voltohmmeter Voltage Range: 300 volts HP 412A T,A
Accuracy: 5%
Ohmmeter: One range not over 1.5V open circuit;
norover 1 mA closed circuit for testing transistors.
Power Meter Range: -20 dBm to +10 dBm HP 432A T
Compatible with Thermistor Mount
Thermistor Mount Range: -20 dBm to +10 dBm HP 478A T
Compatible with Power Meter
X-Y Recorder Input Ranges: 0.1, 1, and 10V/in., HP 7035B T
continuous vernier between ranges.
Zero Set: zero may be set up to one full-scale
indication in any direction from zero index.
Remote Operation Amphenol 36-pin connector with pin connections HP Part No. 08620-60037 T
Tester accessible
DC Ammeter Range: up to 1 ampere HP 428A T
Accuracy: *3%
Variable Voltage Range: 102 to 127 Vac General Radio W5MT3A T,A

I1NOTE

P = Performance Test; A= Adjustments;

T = Troubleshooting

1-4
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Instaliation

SECTION 1I
INSTALLATION

2-1. INITIAL INSPECTICN
2-2. Mechanical Check

2-3. If damage to the shipping carton is evident,
ask that the carrier’s agent be present when the
instrument is inpacked. Inspect the instrument for
mechanical damage. Also, check the cushioning
material for signs of severe stress.

2-4. Electrical Checks

2-5. The electrical performance of Model 8746B
should be verified on receipt. A performance test
suitable for incoming inspection is given in Section
1V, Performance Test. Equipment required for the
~ performance test is listed in Table 1-3.

2-6. Claims for Damage

2-7. If the Model 8746B is mechanically damaged
in transit, notify the carrier and the nearest
Hewlett-Packard office immediately. Retain the
shipping carton and packing material for the car-
rier’s inspection. The HP office will arrange for
replacement or repair of your instrument without
waiting for claims settlement against the carrier.

2-8. Before shipment, this instrument was in-

spected and found free of electrical and mechanical

defects. If there is any deficiency, or if the electri-

cal performance is not within specification, notify
your Hewlett-Packard office.

29. PREPARATION FOR USE

2-10. Power Requirements

2-11. The Model 8746B requires a power source of
115 or 230 Vac +10%, 48 to 400 Hz, single-phase
power. Power consumption is less than 110 VA.
2-12. 115/230 Volt Operation

2-13. This instrument has a power module that is a
combination of power-cable receptacle, fuse
holder, and input-voltage switch. To change the
input voltage circuit proceed as follows:

a. Remove power cable.

b. Slide clear plastic cover of module to left.

c. Pull out on handle marked “FUSE PULL”.

d. Remove fuse.

e. With a®screwdriver or pointed tool, move
the switch arm with the arrow to 115 or 230 posi-
tion. The right-hand position is for 115 volt input
and the left-hand position is for 230 volt input.

f. Replace fuse with a fuse of correct value.
g. Slide clear plastic cover to right.
h. Replace power cable.

2-14. THREE-CONDUCTOR POWER CABLE

2-15. To protect operating personnel, the National
Electrical Manufacturers Association (NEMA) rec-
ommends that the instrument panel and cabinet be
grounded. All Hewlett-Packard instruments are
equipped with a 3-conductor power cable which,
when plugged into an appropriate receptacle,
grounds the instrument. The offset pin on the
3-prong connector of the power cable is the ground
wire.

2-16. To preserve the protection feature when
operating the instrument from a 2-connector out-
put, use a 3-prong to 2-prong adapter and connect
the pigtail on the adapter to ground.

2-17. OPERATING ENVIRONMENT

2-18. The normal operating environment for the
Model 8746B is room temperature (25 degrees C),
but it will operate to its specified performance
from 0 to +55 degrees C. It will operate in any
humidity up to 95%.

2-19. The instrument cabinet has plastic feet for
bench operation. The plastic feet are shaped to
make full-width modular instruments self-aligned
when stacked.

2-20. STORAGE AND SHIPMENT
2-21. Packaging

2-22. Original-Type Packaging. Containers and
packing materials identical to those used by the
factory are available through your nearest Hewlett-
Packard office. Remove the rear-panel reference
line, wrap it separately, and include it in the ship-
ping container. If the 8746B is being returned for
servicing and repair, attach a tag indicating type of

2-1
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service required, full return address, and full instru-
ment serial number. Also mark the box
“PRAGILE?” to assure careful handling. In any cor-
respondence regarding your instrument, refer to
the instrument by its full HP model number and
serial number.

2-23. Other Packing Materials. The following gen-
eral instructions should be used for repackaging
with commercially available materials:

a. Remove the rear-panel reference line,
wrap it separately, and include it in the shipping
container. Wrap the instrument in heavy paper or
plastic. (If shipping to a Hewlett-Packard service
office or center, attach a tag indicating the type of
service required, return address, model number,
and full serial number.)

2-2
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b. Use a strong shipping container. A double-
wall carton made of 350 lb. test material is
adequate.

¢. Use enough shock-absorbing material (3
to 4 inch layer) around all sides of the instrument
to provide firm cushion and prevent movement
inside the container. Protect the control panel with
cardboard.

d. Seal the shipping container securely.

e. Mark the shipping container “FRAGILE”
to assure careful handling.
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Operation

SECTION 11l
OPERATION

3-1. INTRODUCTION

3-2. The combination of the Model 8746B
S-Parameter Test Set with its accessory fixtures
and adapters, a signal source, and a compatible
phase-amplitude ratio indicator, such as the HP
Model 8410A Network Analyzer or Model 8405A
Vector Voltmeter (see Figure 3-1) make up a sys-
tem for measuring s-parameters of almost any
transistor or device. These measurements can be
performed at single frequencies or at swept fre-
quencies, from 0.5 to 12.4 GHz. When used with
the HP Model 8405A Vector Voltmeter, measure-
ments are limited to single frequencies of 1 GHz or
less. The Model 8746B can be used at frequencies
below 500 MHz; however, coupling attenuation of

the internal directional couplers increases by about
6 dB/octave and source and return match are de-
graded below about 150 MHz. For 8746B Options
001 & 002, the RF signal at the TEST port in-
creases 6 dB/octave below 500 MHz when the
signal level at the reference channel is kept con-
stant. Consequently, when making measurements
below 500 MHz the input level should be moni-
tored closely. Make sure power limits are not ex-
ceeded when increasing power to get a reading on
the display indicator. For Option 002, place a 3-dB
pad at the RF INPUT connector for a better
impedance match at low frequencies when meas-
uring active devices. This pad will reduce the
possibility of low frequency oscillation with active
devices under test.

**For swept-frequency measurements with 8410A/8413A.

: |
] ]
! DC BIAS '
' SOURCE !
' ~8717A )
[} ]
] ]
| SO —— r—--- -
'BIAS INPUT
¥ S A
| ]
—
SIGNAL INPF; 87468 | . DEVICE
SOURCE S-PARAMETER { ADAPTER UNDER
TEST SET ! ! TEST
I —
]
Lo e 3
; SWEEP REFERENCE TEST
| OUTPUT
| VOLTAGE PHASE-AMPLITUDE
I FOR 84127 RATIO INDICATOR
=== > HP 8405A
] HP 8410A/8412A/
I 8413A/8414A
I y r
I PHASE! ' AMPLITUDE
| -y N _
| EXT Ir VERT VERT !
| HORIZ | |
L INPUT i OSCILLOSCOPE '
———————— | DISPLAY #** |
| |
] ]
4

*Adapter, such as HP 11608 A Transistor Fixture for testing transistors or HP 11605A Flexible Arm when testing microwave hardware.

Figure 3-1. Block Diagram of Equipment Setup for S-Parameter Measurement
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3-3. PANEL FEATURES

3-4. Front and rear panel controls, connectors,
and indicators are described in Figures 3-2 and 3-3.
In these figures the numbers on the illustration are
keyed to the description numbers.

3-5. OPERATING PRECAUTIONS
3-6. Maximum RF Power

3-7. Power in excess of 2 watts, either into the RF
INPUT jack or returned from an active device
under test into PORT 1 or PORT 2 may damage
the instrument. Also, do not exceed the input
power limit of the associated network analyzer.

3-8. RF Power to Test Device
CAUTION

Do NOT use excessive RF input power to
the device under test. Too much RF may
cause the transistor to oscillate. If the
collector current varies with RF input
power, investigate the possibility of oscil-
lation.

3-9. On all models of the 8746B, power to the
device under test may be decreased using the
internal step-attenuator without reducing reference
channel output. When the standard 8746B internal
step-attenuator is set to zero, power to the device
under test is approximately 21 dB below RF input
level and power at the reference channel is approxi-
mately 31 dB down. For Option 001, when the
attenuator is set to zero, power to the device under
test is approximately 11 dB below the RF input
.level. For Option 002, when the attenuator is set
to zero, power to the device under test is at the
same level as the RF input. For both Options 001
* and 002, with the power at the reference port held
constant, power to the device under test increases
at approximately 6 dB/octave below 500 MHz. RF
circuits for the standard model 8746B in all
s-parameter configurations are shown in Figure 3-4.
The same circuits for Options 001 and 002 are
shown in Figure 3-5.

3-10. Maximum DC on RF Lines

3-11. DC voltages on the inner conductor of the
transmission lines in the Model 8746B must not
exceed £100 volts as the insulation of the internal
capacitors may break down. Do not draw more
than 0.5 amp on either Bias or Bias Sense leads.

3-12. OPERATOR’S CHECK

3-13. To check the 8746B operation, set up to
calibrate the system for a measurement. Observe
the calibration trace. The 8746B is operating
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properly if the amplitude variations in the calibra-
tion trace are less than 2.5 dB! and the 8746B
pushbuttons function normally. If the 8746B will
not calibrate properly, refer to Section VIII, Ser-
vice.

3-14. OPERATING INSTRUCTIONS

3-15. General Measurement Description

3-16. The Model 8746B S-Parameter Test Set may
be used to make measurements with several com-
binations of complementary equipment. A simpli-
fied block diagram of a test setup is shown in
Figure 3-1. The display indicator is a phase-magni-
tude ratio indicator, such as the HP 8405A or the
HP 8410A/8411A with 8412A, 8413A with an
external oscilloscope, or 8414A plug-in. Instruc-
tions for using the 8410A system are given in
Figures 3-9 and 3-10. These instructions can be
modified for use with the 8405A by referring to
the Operating and Service Manual for the 8405A
and adapting the instructions for single-frequency
operation at lower frequencies. Transistors are
tested by connecting the HP Model 11608A Tran-
sistor Fixture to the 8746B and inserting the
transistor under test in the 11608A. Other compo-
nents also may be tested in the 11608A, providing
the physical limits of the 11608A are not
exceeded. Consult the nearest Hewlett-Packard
office. Microwave hardware may be connected to
the S-Parameter Test Set by accessories, such as the
Model 11605A Flexible Arm.

3-17. The following general outline explains the
steps necessary when making measurements with
any combination of equipment. These instructions
are the same for both the standard and Option 001
and 002 models of the 8746B.

a. If swept-frequency phase measurements
are to be made, the reference and test channel
line-lengths must be equal. The length of the
reference channel is adjusted by varying the
REFERENCE PLANE EXTENSION and the
length of the REFERENCE LINE coaxial patch
cable on the rear panel. The REFERENCE LINE
can be removed and other length reference lines
(see Figure 3-6) can be installed to approximately
equalize the test and reference channel line lengths.
To best utilize the REFERENCE PLANE EXTEN-
SION range, install one of the following REFER-
ENCE LINE coaxial patch cables:

TRANSISTOR FIXTURE (11608A): Use HP Part
No. 11604-20021 included with 8746B.

1Not.ches of 1 dB at approximately 700 MHz are normal. They are
caused by resonances of RF chokes in the bias input leads.
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MICROWAVE HARDWARE:
Reflection: Use HP Part No. 08745-20064.

Transmission with Device Under Test Termi-
nated in an HP 11605A: Use HP Part No.
08746-20031.

Note

When using the 11605A the accuracy of
the measurement may be degraded due to
mismatch. Use a 10 dB isolating attenua-
tor (see Figure 3-10) to reduce mismatch.

CALIBRATION

b. Calibrate the system for s-parameter meas-
urement by terminating the 11608A with a short
or through-line calibrator. When measuring micro-
wave hardware, calibrate the 8746B with a coaxial
short connected to the test port for reflection
measurements or a through-line calibrator consist-
ing of a 11605A connected between the test ports
for transmission measurements.

1. Balance the electrical length of the refer-
ence and test channels by adjusting the
REFERENCE PLANE EXTENSION to
obtain the least phase change with fre-
quency indication on the display indica-
tor.1

2. Adjust the controls on the display indica-
tor for a display indication corresponding
to the calibrator being used as shown in
Table 3-1.

Table 3-1 . Calibrator Display Indications

S-Parameter Calibrator Magnitude Phase
$11:592 Short 1.0 180
32‘, S»IZ Thru-Line 1.0 Oo

MEASUREMENT

c. Remove calibrator and connect the device
under test. If a transistor is to be tested, it must be
biased properly. Refer to paragraph 3-18
for transistor-biasing instructions.

d. Measure the parameter of the device
under test. Additional accuracy may be obtained
by compensating for the directivity error as de-
scribed in Application Note 117-1, “Microwave

1Refer to HP Application Note 117-2 “Stripline Component Meas-

urements with the Model 8410A Network Analyzer”, obtainable
free from any Hewlett-Packard office, for operating instructions
concerning other instruments in the measurement system.

Operation

Network Analyzer Applications.” This note gives
general Network Analyzer techniques while Appli-
cation Note 117-2, mentioned earlier, gives specific
87468 applications. ’

Detailed procedures for both calibration and meas-
urement with either transistors or microwave hard-
ware are shown in Figures 3-9 and 3-10.

o

3-18. Transistor Bias Supply Connection
.and Adjustments

3-19. A transistor under test may be biased by
either a HP Model 8717A Transistor Bias Supply or
by a dual dc-power stupply. Instructions for con-
necting and adjusting these power supplies are
given in the following paragraphs. An 8746B
simplified internal-bias circuit is shown in Figure
3-8. Before connecting any bias the following steps
should be performed:

a. Determine maximum allowable voltages
and currents for both the input and output circuits
of the transistor under test.

b. Draw simplified circuit of transistor in
test fixture. Label input circuit “port 1 circuit”
and output circuit ‘““port 2 circuit”’. The common
point between the two circuits is chassis ground.

c. Determine the polarities of the input and
output circuit (bias) voltages.

d. If a Model 8717A is used for bias, refer to
the following paragraph. If a dual dc-power supply
is used for bias, refer to paragraph 3-21.

CAUTION

AVOID BIAS SUPPLY SWITCHING
TRANSIENTS DURING TESTING! Turn
down bias-supply voltages or currents be-
fore switching bias-supply meter func-
tions. Also, turn down the input circuit
control and then bring it up to operating
conditions rather than merely switching
the bias supply output off and on. If
supplies are merely switched on, switching
transients may damage sensitive transis-
tors. If the power supplies are pro-
grammed, include a zero-voltage or zero-
current program step between each volt-
age or current setting.

3-20. Bias Using the HP Model 8717A. On the HP
Model 8717A, bias and bias-sensing connections
are selected by means of 8717A front-panel
switches. A cable, furnished with the 8717A,
connects the 8717A to the 8736B rear-panel
REMOTE INPUT connector. If no cable is
available the necessary connections are given in

33
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FRONT PANEL

€ REFERENCE PLANE EXTENSION (CM). Crank

controls - internal line-stretcher to vary electrical
distance from RF INPUT to REFERENCE channel
output. Used to equalize test and reference channel
signal path lengths for phase calibration. Permits
moving reference plane by 15 cm.

' ZERO thumbwheel is used for setting reference indi-

cation on counter without changing line length. In-
serted line length is twice the reading in centimeters.
Counter indicates up to 15 cm while the line stretcher
moves 30 cm. Counter indicates relative position of
reference plane directly in centimeters for reflection
measurement.

S-PARAMETER pushbuttons. Select s-parameter to
be measured. Pushbutton glows, indicating s-param-
eter being measured. To protect device under test,
S-PARAMETER resets to Sgo when first turned on in
manual operation. This occurs whenever instrument is
turned on, either manually or by a power resumption.

@ INCIDENT ATTENUATION pushbuttons. Selects

test channel power level to device under test in 10 dB
steps. Power in reference channel is not affected. To
protect device under test INCIDENT ATTENUA-
TION resets to 70 dB when first turned on in manual
operation. This occurs whenever instrument is turned
on, either manually or by a power resumption.

LINE. Combination line power switch and power on
indicator.

e PORT 1 and PORT 2 test ports. Makes RF connec-

tions to device under test or to a test fixture. APC-7
type! 50-ohm precision 7 mm sexless connector.

CAUTION

Support weight of device under test. Do not
apply extra weight to test fixture.

1 Amphenol RF Division, Danbury, Conn. See paragraph 3-31

for important information about use and care of APC-7 con-
nectors.

3-4

Figure 3-2. Front Panel Features
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@ REFERENCE a

REAR PANEL

o

outputs to phase-amplitude ratio indicator. These are
APC-7 50-ohm precision 7-mm hybrid connectors.
The REFERENCE channel connector is mechanically
floating to assure alignment with 8411A Harmonic
Frequency Converter of 8410A Network Analyzer.

o REFERENCE LINE. May be replaced with a longer

section of rigid coaxial cable to extend the range of
the REFERENCE PLANE EXTENSION to any de-
sired length.

o Power Cable Connector. NEMA type with offset pin

connected to 8746B cabinet. Power requirements:
115 or 230 Vac +10%, 48 to 440 Hz, 110 VA
maximum.

°Power Module Assembly. Contains ac power cable

connector, fuseholder, a fuse-removal handle, and a
115-230 volt input-voltage switch. Number opposite
ac input-voltage slider gives correct line fuse rating.

© VANUAL-REMOTE Switch. Controls operation of

INCIDENT ATTENUATION pushbuttons only.
When in MANUAL position, attenuation is selected

only by front-panel pushbuttons. When in REMOTE

position, attenuation selection is by contact closure

only if remote operation is also programmed by con-

tact closure.

nd TEST. Reference and Test channel 0 REMOTE INPUT. Accepts contact-closure type re-

mote programming to select s-parameter to be meas-
ured and incident attenuation of signal to device
under test. Nominal voltage from the 8746B when
the contact is open is 12 Vde. Maximum current from
the 8746B when contact is short-circuited is 12 mA.
Also accepts dc bias for device under test. Maximum
bias voltage 100 Vdc. Maximum bias current 500 mA.

Serial Number Plate. Complete serial number in-
cluding prefix should be included in any correspond-
ence concerning the 8746B.

o RF INPUT. Input for RF signal that is applied to the

device under test. Frequency range is 0.5 to 124
GHz. Maximum power level is 2 watts. Connector is
50-ohm type N and mates compatibly with type N
connectors whose dimensions conform to MIL-
C-39012 and MIL-C-71. (See dimension drawing be-

low.) 0.316 MIN.
0.320 MAX.

0.207 MAX.

Figure 3-3. Rear Panel Features

3-5



Operation Model 8746B
S11 S
REFERENCE 12 ERENCE
REFE?EQCE PLANE REFERENCE RE;LANE
EXTENSION LINE EXTENSION
\ : |~<{—~ REFERENCE REFERENCE
CHAN L__ y CHAN
INCIDENT 10 d8
- - — INCIDENT 10 d8B
| . | Q |ATTENUATION D .| Q[ATTENUATION

_Jl 3PORT1

I }L_
QUTPUT

l I__(--<—-)# - PORT 2
& | s |

___J L

TEST
CHAN

> oUTPUT TEST
_ CHAN
P >PORT 2
|7 PORT2
_l
S21 s
22
REFERENCE R REFERENCE R
LINE EXTENSION LINE EXTENS IO
REFERENCE ! REFERENCE
) SN CHAN Y X ! CHAN
~ - INCIDENT 10 ¢8 L — INCIDENT
r ~ I 1048
| _‘l Q| ATTENUATION | C s_} QQ [ATTENUATION
REs_ | D51 S RF | [Ny
!NPUT*—'_’_%"——L_ — T L2 INPUF |
: Y
[ l
l o—o o3|
l |
L — |- — J
o
| |08 ST

Figure 3-4. Standard Model RF Circuits




Model 8746B Operation
S S
n REFERENCE RE;E';S:CE 12 REFERENCE RE;Eiﬁ“éCE
LINE EXTENSION LINE EXTENSION
REFERENCE I REFERENCE
CHAN Y X ke S e CHAN
- — INCIDENT | . 1048 - TNCIDENT 1048
(| Qlamowanion] wor o , l\_% | Q_|ATTENUATION|  NoT IN 002
) D e R RS NPT L R
r—— — A T 1 r
[ ; |
| o—o0 | | é—o
| | |
R A g R SRR (R
‘F—%«;—-C-q—)PORTl
= | 0 }_ﬂ_J
NOTE
No 10 dB pad
in port couplers
in the 002.
So1 REFERENCE Rt S22 REFERENCE R
\(/_“ﬂ.q/ EXTENSION LINE EXTENSION
‘—l—o REFERENCE I REFERENCE
L__' L%—-)CHAN Y X o3 -em) CHAN
B I INCIDENT 10dB I . TNCIDENT 1048
| | QXATTENUATION (NOT IN 002) | | Q_|ATTENUATION]  (NOT IN 002)
REw | D1 [N, ] RF N | D |
INPUT INPUTZ L
- — =}y 7
|
|
=3
|
3

r—_.—v_

m%-g\ ‘l PORT 1
—— |

I BRI N

| |

| n

' I In o TEST

} " cuaN
|

|

1_3 i€ (—'-J'A, PORT 2

Figure 3-5. Option 001 and 002 RF Circuits

3-7



Operation

Table 3-2. If the 8717A is used, refer to its
Operating and Service Manual for full details
concerning operation of the 8717A. Set the front
panel switches on the 8717A to correspond to the
transistor to be tested. To apply bias to the
transistor under test, perform the following:

CAUTION

These instructions are for bipolar
transistors (PNP or NPN). Some FET
transistors may be damaged by applying
bias in this order, while this is the proper
order for other FET’. The order of
applying bias depends upon the type of
FET. Therefore, always read the
manufacturer’s biasing instructions before
testing transistors. Good practice is to try
your procedure on a similar, but
inexpensive transistor, first.

a. Make Bias and Bias Sense connections
from 8746B to 8717A output. If the 8717A
interconnect cable is not available, make up a cable

Model 8746B

using the connector furnished with the 8746B.
Normally port 1 circuit is used for the input-bias
circuit and port 2 for the output-bias circuit.
Direction of RF signal flow depends upon the
parameter measured.

b. Set 8717A voltage METER FUNCTION
switch to Vi g ¢ position and adjust Vig pg
AMPL control fully counterclockwise.

c. With no transistor or calibrator installed,
turn 8717A on.

d. Adjust 8717A V., s AMPL control to
0.1 to 0.3 volts!.

CAUTION

If Cgg.ps is set below 0.1V,
base-collector junction may become
forward-biased and draw excessive reverse
current. This may damage the transistor
under test. =

llf difficulty is found when setting 0.1 to 0.3 volts, contact your

nearest Hewlett-Packard office for further information.

Flexible Arm.
HP Part No. 08746-20031

HP Part No. 11604-20021

Used for microwave hardware trans-
mission measurements with 11605A

Used with 11608A Transistor Fixture.

Used for microwave hardware reflec-
tion measurements referenced to the
front panel.

HP Part No. 08745-20064

Figure 3-6. Reference Line Coaxial Patch Cables
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e. Turn the 8717A bias. off.

f. Set 8717A I, ¢ AMPL/RANGE control
fully counterclockwise.

g. Set I; ¢ LIMIT(MA) current-limit switch
to 5, 50, or 500 mA position to protect the
transistor under test.

h. Place the transistor under test in the
11608A with the input lead to the left and the
output lead to the right.

i. Hold the transistor in contact with the
stripline by closing the 11608A lid.

j.  Turn BIAS on. Adjust Vo AMPL control
to desired output voltage.

k. Set current METER FUNCTION switch
to monitor I ¢ and adjust | AMPL/RANGE
control to desired collector current.

1. Make transistor
instructed in Figure 3-9.

measurements as

CAUTION

If bias is not turned down before pushing
BIAS switch to off, transients may
damage sensitive transistors.

Operation

m. Turn the Iz ¢ AMPL control fully coun-
terclockwise.

n. Turn Vg; AMPL control down to 0.1 to
0.3 volts.

o. Turn BIAS off.

én

3-21. Bias Using a Dual DC Power Supply. Tran-
sistors may also be biased using a dual dc-power
supply. Additional circuitry to protect the tran-
sistor under test may be needed. Protection circuits
may take the form of diodes between the base and
emitter and/or a series current-limiting resistor in
the emitter or base lead. The particular circuit used
will vary with the transistor used.

3-22. Note that the bias supplies can be connected
with either the input or output circuit voltage
connected to either port terminal. The input bias
voltage is normally connected to the port 1 Bias
and Bias Sense terminals and the output circuit
voltage connected to port 2 Bias and Bias Sense
terminals (see Figure 3-8). This convention will
also make the normal (forward-gain) signal (Sgq)
flow from the left to right when the 11608A
Transistor Fixture is used. When using the 11608A,
or any other application where the bias supply can
be shorted readily, the bias supply should be
current-limited.

Table 3-2. Remote Input Connector Pin Functions

Pin Numbef Function

1 Chassis Ground
2 Port 2 Bias (connect to output circuit bias)
3 Port 1 Bias (connect to input circuit bias)
6 Remote S-Parameter Select (““1” bit)

15 Remote Attenuation Select (10 dB bit)

16 Remote Attenuation Select (40 dB bit)

17 Remote Operation Enabling (short to pin 18 or 36)

18 Common Logic Ground

19 Chassis Ground

20 Port 2 Bias Sense (output circuit bias sensing)

21 Port 1 Bias Sense (input circuit bias sensing)

24 Remote S-Parameter Select (“2” bit)

33 Remote Attenuation Select (20 dB bit)

36 Common Logic Ground

All Others No connection
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If a greater current-carrying capacity on the Bias
lead is needed, parallel the Bias and Bias Sense
leads. However, remote bias-sensing may be de-
graded. See the following caution.

CAUTION

If the Bias Sense lead is used to carry cur-
rent, its bias-sensing function will be de-
graded by the voltage drop due to the cur-
rent flow.

3-23. Connect the power supply to the 8746B.
Adjust the power supply as follows:

a. Set both power supplies to zero volts out-
put and turn both on.

CAUTION

Limit the current on each Bias and Bias
Sense lead to 0.5 amp to avoid burning
out the 1/2 amp fuse in the leads.

b. Place the transistor to be tested in the
11608A with the input lead to the left and the
output lead to the right.

c. Hold the transistor in contact with the
stripline by closing the 11608A 1id.

d. Set the supply connected to the output
circuit to obtain the desired collector-emitter
(drain-source) voltage. If a stabilizing resistor is
used, set supply to desired voltage plus the voltage
drop across the stabilizing resistor. (Do NOT use
remote sensing with a stabilizing resistor.)

e. Adjust the voltage from the supply con-
nected to the input circuit until the desired collec-
tor (drain) current is obtained. Recheck voltage set
in step d. When operating with power applied to
the transistor over an extended period of time, this
supply may have to be readjusted slightly to main-
tain the desired collector (drain) current.

- f. Make Transistor Measurements as in-
structed in Figure 3-9.

3-24. REMOTE OPERATION

3-25. The 36-pin connector, REMOTE INPUT,
used for biasing, also provides contacts for remote
selection of manual/remote operation, s-parameter
selection, and incident attenuation (see Table 3-2).
To use the 8746B remotely, pin 17 of J6 (RE-
MOTE INPUT) jack must be shorted to the com-
mon (pins 18 or 36).

3-10
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3-26. Remote S-Parameter Selection.In the re-
mote mode the s-parameter selection is made by
means of pins 6 and 24. Connect for the desired
s-parameter as shown in Table 3-3.

Table 3-3. Remote S-Parameter Selection
: Truth Table

Pin 18 or 36 to:
Parameter to
be Measured PIN24 | PIN6 Pushbutton Lit
S11 Open Open S"
812 Open Closed 812
S21 Closed | Open Szi
322 Closed | Open 822

NOTE: Pin 17 must be shorted to common (18 or 36) to
select remote operation.

Selecting remote operation enables remote
s-parameter select pins 6 and 24, and disables the
s-parameter pushbuttons.

3-27. Remote Attenuation Selection. The MAN-
UAL-REMOTE switch controls operation of
INCIDENT ATTENUATION pushbuttons only.
When in MANUAL position, incident attenuation
is selected by front-panel pushbutton only,
whether pin 17 of J6 REMOTE INPUT connector
is shorted to common or not. When in REMOTE
position, incident attenuation is selected by front-
panel pushbuttons if pin 17 is not shorted to
common or by contact closures on the 36-pin
connector only if pin 17 is shorted to common.

3-28. Remote Operation Requirements

3-29. The 8746B supplies approximately +12 Vdc
when remote circuit is open and 12 mA of current
flows when the contact is closed. Noise on the
remote control lines should not exceed 2 volts
peak.
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Table 3-4. Remote Attenuation Selection Truth Table

Pin 18 or 36 to:
Attenuation 10 dB bit"” 20 dB bit” 40 dB bit"” Pushbutton Lit
Pin 15 Pin 33 Pin 16
0dB Open Open Open 0dB
10dB Closed Open Open 10 dB
20 dB Open Closed “ Open 20 dB
30dB Closed Closed Open 30dB
40 dB Open Open Closed 40 dB
50 dB Closed Open Closed 50 dB
60 dB Open Closed Closed 60 dB
70dB Closed Closed . Closed 70 dB
Note: Pin 17 must be shorted to common (18 or 36) and REMOTE-MANUAL switch in REMOTE to select INCIDENT
ATTENUATION remotely.

3-30. OPERATOR’S MAINTENANCE
3-31. Care of APC-7 Connectors

3-32. RF connections to and from the device
under test, and to phase-amplitude ratio indicator
are made with APC-7 type 50-ohm, 7-mm con-
nectors. These connectors should be handled with
particular care since continuity through APC-7
connectors is obtained by end-to-end contact of
the inner and outer conductors. Consequently, the
electrical performance of the connector is largely
dependent upon the condition of these exposed
surfaces.

3-33. Important recommendations about the
handling and care of the APC-7 connectors are
given in Figure 3-11. The part of an input con-
nector that.is most likely to be damaged is the
inner conductor contact. Since it protrudes slightly
beyond the plane of electrical contact, any wiping
action of one connector across the other can dam-
age the contact enough to cause a discontinuity.
The risk of this kind of damage can be minimized
by always having the coupling sleeves on the input
port connectors fully extended.

3-34. Replacement inner-conductor contacts are

- available from Hewlett-Packard (Part No.

1250-0907), and from Amphenol RF Division,
Danbury, Conn. (Part No. 131-129).

3-35. Observe the following precautions when re-
placing an inner conductor contact:
a. Do not disassemble the connector.
b. Do not apply more than slight inward pres-
sure to the inner conductor.

c. Do not apply any twisting force to the inner
conductor.

d. Do not attempt to repair contacts.
e. Do not re-use contacts.

3-36. Because of the above considerations, contact
removal should NOT be attempted with ordinary
hand tools. Only the Hewlett-Packard self-position-
ing, hypodermic-action, contact extractor tool
(Part Number 5060-0236)! should be used. This
tool exerts no appreciable inward pressure and no
twisting force on the inner conductor. Instructions
for removing contacts are supplied with the tool.

3-37. No tools are required to install a replace-
ment contact. Insert the contact gently by hand,
applying only enough inward pressure to snap it
into place. Then check for proper installation by
inspecting the contact for even spacing of its four
segments. Also, test for normal spring action by
applying light inward pressure against the end of
the contact with a pencil eraser. As the pressure is
released the contact’s spring action should cause it
to move outward. If not, the contact is defective
and should be replaced.

3-38. The coupling mechanism of the front-panel
port couplers includes the coupling nut and the
two-piece coupling sleeve assembly shown in Fig-
ure 3-11. Both of these parts can be replaced using
the procedures in Section VIII, Service.

3-39. Fuses

3-40. AC Line Fuse. Protection for the instrument
is provided by fuse F1 located in the power mod-
ule at the rear panel of the instrument. To change a
fuse proceed as follows:

1. Remove the power cord from the power
module.

1Part of APC-7 Connector Tool Kit, HP 11591A.

3-11



Operation

2. Slide the clear plastic cover all the way to
the left.

3. Remove the fuse by pulling up on the
handle to the right and just below the fuse.

4. Replace the fuse with a fuse of the proper
value:

115V:1 ampere standard-blow, HP Part
Number 2110-0001
230V: % ampere standard-blow, HP Part
Number 2110-0012

3-41. Bias and Bias Sense Fuses. Each Bias and
Bias Sense lead for each port coupler is fused with
a 0.5 amp fuse. To replace these fuses proceed as
follows:

1. Turn off the bias supplies.
2. Remove the front top cover of the 8746B.

3. Trace the wires from coupler involved to
the fuse block.

4. Remove fuse and replace with a 1/2 amp
fuse (HP Part No. 2110-0012).

3-42. Line Switch Bulb Replacement

3-43. The bulb housed in the LINE switch push-
button indicates that line power is applied to the
Model 8746B. This bulb may be replaced without
unscrewing the switch retaining ring. To replace
the bulb, disconnect the power cord and pull the
pushbutton straight out. Figure 3-7. is an ex-
ploded view of the pushbutton/bulb assembly.

312

Model 8746B

OFF-ON . @

DA CATOR LAMP FOR S1
(2140-0244)

Figure 3-7. Line Switch Bulb Replacement

Remove the bulb by grasping the bulb skirt-with
the fingernails or a pair of long-nosed pliers and
pulling while holding the pushbutton. The HP Part
No. for a replacement bulb is listed under DS1
(chassis) in the Table of Replaceable Parts, Section
VI. Install a replacement bulb by inserting the bulb
into the pushbutton. Then insert the key in the
pushbutton assembly into the slot in the switch
body. Push the pushbutton assembly in until it
seats.

3-44. Pushbutton Switch Bulb Replacement

3-45. Instructions for replacing the bulbs which
light the s-parameter and attenuation pushbutton
switches are given in Figure 3-12.
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Operation

\

Model 8746B

SWEEP OSCILLATOR

A

°
-]

TRANSISTOR MEASUREMENT

NETWORK ANALYZER

<o

HP 8410A HP 8414A
15 =
SWEEP REFERENCE @= . o :
°
@ [0 o] .
REMOTE
INPUT
¥*
RF
IN
HP 8411A
_fsueeLy
HP 87468 ouUTPUT
L : U s uy
} 8717A .
TRANSISTOR
HP 11608A
TRANSISTOR BIAS SUPPLY
FIXTURE

*Rear-panel REFERENCE LINE (HP Part No. 11604-20021). See Paragraph 3-17a.

Figure 3-9. Transistor Measurement (1 of 2)




Model 8746B

Operation

TRANSISTOR MEASUREMENT

Calibration:

1. Connect equipment as shown on previous

page. TURN BIAS OFF! Insert shorting
calibrator for reflection measurement or
through-line calibrator for transmission
measurements (see Table 3-1 for the corre-
sponding display indications).

2. Select s-parameter to be measured and inci-

dent power attenuation desired by pushing
appropriate 8746B pushbuttons,

3. Set the Sweep Oscillator to sweep the fre-

quency band of interest.

4. Adjust the Sweep Oscillator and Network

Analyzer controls to phase lock the Network
Analyzer over the frequency band selected.

5. Adjust the Network Analyzer TEST CHAN-

NEL GAIN and AMPLITUDE VERNIER
controls for an amplitude reference on the
display unit:

a. For 8414A adjust for a reflection or
transmission coefficient of 1.0 (outer
graticule circle).

b. For 8412A adjust for a convenient ampli-
tude reference (preferably 0 dB).

6. Adjust 8746B REFERENCE PLANE

EXTENSION to obtain equal reference and
test channel electrical lengths:

a. For 8414A adjust for dot or smallest clus-
ter.

b. For 8412A adjust for a horizontal phase
trace.

7. Adjust Network Analyzer PHASE VERNIER

control:

a. For 8414A adjust for calibrator reference
(short 180 degrees, through-section O de-
grees).

b. For 8412A adjust for a convenient refer-
ence. (When calibrating with a short, set
DEGREES control to 180 degrees.
Always return to O degrees before
making a measurement.)

Two transistor calibrators are used for
calibration: a short for reflection, and a
through-line. for transmission. The
through-line calibrator does not calibrate
to the edge of the transistor case di-
rectly, as the short does. The transmis-
sion calibration reference plane is half-
way between the two ports. To calibrate
to the edge of the transistor case, an
offsetting calibration value is given in
Table 2 of the Model 11608A Operating
Note.

8. For transmission calibration insert through-

line calibrator. Move the reference plane to the
edge of the transistor case by turning REFER-
ENCE PLANE EXTENSION counterclockwise
the amount of the off-setting calibration value.
The offsetting calibration value is given in
Table 2 of the Model 11608A Operating Note.
This value is the calibrator overall electrical
length. When using the 8746B, the change in
reference channel length is twice the REFER-
ENCE PLANE EXTENSION counter indica-
tion. Therefore, the counter indication should
be changed by one-half the calibrator overall
length.

Measurement:

1. Remove the calibrator from the Transistor
Fixture and "install transistor with output
lead pointing to the right.

CAUTION

ALWAYS TURN BIAS OFF BEFORE
OPENING 11608A LID. Observe opera-
ting precautions in paragraph 3-5 and
avoid switching transients as described in
paragraph 3-19.

2. Adjust the transistor bias. See paragraph
3-18 for instructions concerning bias-supply
installation and operation.

3. Read magnitude and phase from the dis-
play indicator.

Figure 3-9. Transistor Measurement (2 of 2)
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Model 8746B

MICROWAVE HARDWARE MEASUREMENT

SWEEP OSCILLATOR

=

SWEEP REFERENCE

NETWORK ANALYZER
HP 8410A HP 8414A

T I Q9
o

L 2 e @ o
oee INNE B ERNEN
0 0 00 0 O

RF OUT

RF
N

@ e o

=0

! I

HP 87468

TN

UNKNOWN a4
PORT /nj- -

REFLECTION - - - - — - COAXIAL SHORT /

TRANSMISSION - — = 10 dB ATTENUATOR
HP 8492A
OPTION 010

REFLECTION MEASUREMENT
Calibration:
1.

Connect equipment as shown above for re-
flection with rear-panel REFERENCE LINE,
HP Part No. 08745-20064 and with a coaxial
short connected to PORT 1.

Press S;; and desired incident power attenu-
ation pushbuttons.

. Set the Sweep Oscillator to sweep the fre-

quency band of interest.

Adjust the Sweep Oscillator and Network
Analyzer controls to phase-lock the Network
Analyzer over the frequency band selected.

Adjust the Network Analyzer TEST CHAN-

NEL GAIN and AMPLITUDE VERNIER

controls for an amplitude reference on the

display unit:

a. For 8414A adjust for a reflection coef-
ficient of 1.0 (outer graticule circle).

b. For 8412A adjust for a convenient ampli-
tude reference (preferably 0 dB).

Adjust 8746B REFERENCE PLANE EX-
TENSION to obtain equal reference and test
channel electrical lengths:

LI
[]
|

4

|
i HP 8411A
H
*Transmission:
Use rear-panel REFERENCE LINE
HP Part No. 08746-20031
e para; h 3-17).
HP 11605A (see paragraph 3-17)

Reflection:
Use rear-panel REFERENCE LINE
HP Part No. 08745-20064

FLEXIBLE ARM

a. For 8414A adjust for dot or smallest clus-
ter.

b. For 8412A adjust for a horizontal phase
trace.

. Adjust Network Analyzer PHASE VERNIER

control:

a. For 8414A adjust for calibrator reference
(180 degrees).

b. For 8412A set DEGREES control to 180
degrees, and adjust PHASE VERNIER for
a convenient reference.

Note

Return 8412A DEGREES control to 0
degrees before measurement.

Measurement:
1. Remove coaxial short from PORT 1 and con-

nect the device under test to PORT 1. Termi-
nate all other ports of the device under test
with the characteristic impedance.

. Read the reflection coefficient on the display

indicator.

3-16

Figure 3-10. Microwave Hardware Measurement (1 of 2)




Model 8746B

Operation

MICROWAVE HARDWARE MEASUREMENT
TRANSMISSION MEASUREMENT

Calibration:

1.

Connect equipment as shown on previous
page for transmission with rear-panel REF-
ERENCE LINE, HP Part No. 08746-20031.
Connect a 10-dB attenuator, such as the HP
Model 8492A Option 010, to the Flexible
Arm, and connect attenuator to the 8746B
PORT 1.

Press S,; or S;, and desired incident-power
attenuation pushbuttons.

Set the Sweep Oscillator to sweep the fre-
quency band of interest.

Adjust the Sweep Oscillator and Network
Analyzer controls to phase lock the Network
Analyzer over the frequency band selected.

. Adjust the Network Analyzer TEST CHAN-

NEL GAIN and AMPLITUDE VERNIER
controls for an amplitude reference on the
display unit:

a. For 8414A adjust for a transmission coef-
ficient of 1.0 (outer graticule circle).

b. For 8412A adjust for a convenient ampli-
tude reference (preferably 0 dB).

Adjust 8746B REFERENCE PLANE EX-
TENSION ‘to obtain equal reference and test
channel electrical lengths:

a. For 8414A adjust for dot or smallest
cluster.

b. For 8412A adjust for a horizontal phase
trace. ‘

Adjust Network Analyzer PHASE VERNIER
control:

a. For 8414A adjust for calibrator reference
(O degrees).

b. For 8412A adjust for a convenient refer-
ence.

Measurement:

1.

2.

Insert the device to be tested between the
10-dB attenuator and PORT 1.

To determine gain or loss of the device under
test, note the 8410A TEST CHANNEL
GAIN setting. This is the calibration setting.
Adjust the TEST CHANNEL GAIN controls:

a. For 8414A adjust to locate the CRT dis-
play on outer graticule circle.

b. For 8412A adjust to return the trace to
the reference obtained during calibration.

c. The difference in TEST CHANNEL
GAIN settings is the magnitude of the
transmission gain or loss of the device
under test.

To determine phase shift through the device
under test:

a. For 8414A read phase shift directly from
the display.

b. For 8412A determine phase shift by
phase trace displacement from reference
obtained during calibration.

To determine the electrical length of the de-
vice under test adjust 8746B REFERENCE
PLANE EXTENSION to again obtain equal
reference and test channel electrical lengths.

a. For 8414A adjust for dot or smallest clus-
ter.

b. For 8412A adjust for a horizontal phase
trace.

c. Multiply the change in the reference
plane digital indicator by two to obtain
the electrical length of the device under
test.

Figure 3-10. Microwave Hardware Measurement (2 of 2)
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Operation Model 8746B
APC-7 CONNECTORS
3 -
B AN
COUPLING
NUT
COUPLING
SLEEVE
USE CARE
To Connect:

1. On one connector, retract the coupling sleeve
by turning the coupling nut counterclockwise
until the sleeve and nut disengage.

2. On the other connector, fully extend the coup-
ling sleeve by turning the coupling nut clock-
wise. To engage coupling sleeve and coupling
nut when the sleeve is fully retracted, press
back lightly on the nut while turning it clock-
wise.

3. Push the connectors firmly together, and thread
the coupling nut of the connector with re-
tracted sleeve over the extended sleeve. Leave
the other coupling nut in the original position:
closing the gap between coupling nuts tends to
loosen the electrical connection.

To Disconnect:

1. Loosen the coupling nut of the connector show-
ing the wider gold band.

S

WIDER
BAND

2. IMPORTANT: Part the connectors carefully to
prevent striking the inner conductor contact.

1. Keep contacting surfaces smooth and clean.
Irregularities and foreign particles can degrade
electrical performance.

COUPLING SLEEVE

CONTACTING
SURFACES

2. Protect the contacting surfaces when the con-
nector is not in use by leaving the coupling
sleeve extended.

3. Use lintless material and/or firm-bristled brush
such as toothbrush for cleaning. If a cleaning
fluid is needed use isopropyl alcohol. IMPOR-
TANT: Do not use aromatic or chlorinated
hydrocarbons, esters, ethers, terpenes, higher
alcohols, ketones, or ether-alcohols such as
benzene, toluene, turpentine, dioxane, gasoline,
cellosolve acetate, or carbon tetrachloride. Keep
exposure of the connector parts to both the
cleaning fluid and its vapors as brief as possible.

Figure 3-11. APC-7 Connectors
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Model 8746B _ Operation

A bulb extractor tool, HP Part No. 4040-0427, has been developed to facilitate bulb replacement for backlighted

pushbutton switches of the type shown below.

BULB REPLACEMENT PROCEDURE

1. Place the end of the thumb of one hand over the corner of the pushbutton switch. With the bulb extractor
tool in the other hand, place the hooked end of the tool into the front of the slot on the bottom of the
pushbutton (A) and gently push up until the lower end of the pushbutton lens pops out as shown in B.

n

2. Remove the pushbutton lens. Place the hollow end of the bulb extractor tool over the bulb to be replaced .
and gently pull back. The bulb should stick in the extractor and come out of its socket as-the extractor isp-
pulled back as shown in C. t

DU,

3. Remove the old bulb from the hollow end of the extractor and insert the bulb into the hollow end. Using .
the extractor to hold the new bulb, insert the new bulb into the socket. To separate bulb and extractor,
gently twist until it easily slips off the bulb.

4. Replace the pushbutton lens by first positioning the tabs at the top of the lens into the top of the
pushbutton and pressing the bottom of the lens into place as shown in D.

NOTE

Only the pushbutton lens should be removed for bulb replacement. If the pushbutton is
inadvertently pulled out during replacement, remove lens from the pushbutton. Re-insert
the pushbutton into the front panel and push in until pushbutton snaps in place. Remain-
der of procedure is the same as previously given.

Figure 3-12. Pushbutton Selector Bulb Replacement
3-19/3-20






Model 8746B

Performance Tests

SECTION IV
PERFORMANCE TESTS

4-1. INTRODUCTION

4-2. The procedures in this section test the instru-

ment’s electrical performance using the specifi-

cations of Table 1-1 as the performance standards.
All tests can be performed without access to the
interior of the instrument. If only a simple
operational test is needed, see the “Operator’s
Check” in Section III.

4-3. EQUIPMENT REQUIRED

4-4. Equipment required for the performance tests
is listed in the Recommended Test Equipment

Table in Section I. Any equipment that satisfies
the critical speéifications given in the Table may be
substituted for the recommended model.

45. TEST RECORD

4-6. Results of the performance tests may be tabu-
lated on the Test Record at the end of the
procedures. The Test Record lists all of the tested
specifications and their acceptable limits. Test
results recorded at incoming inspection can be used
for comparison in periodic maintenance and trou-
bleshooting and after repairs or adjustments.

' 4-7. Directivity

SPECIFICATION:
Directivity: >30 dB, 0.5 to 4.0 GHz
=26 dB, 4.0 to 12.4 GHz

DESCRIPTION:

The 8746B under test is setup as a reflectometer by selecting S11 or Sg9. The system is calibrated with a
coaxial short for a reflection coefficient of 1. The short is removed and the 8746B is terminated with a
sliding load. The Network Analyzer test channel gain is increased by the directivity specification value,
making the calibration of the Polar Display’s outer graticule circle equal to the directivity specification.

If the sliding load was a perfect termination, any energy from the coupler’s reverse arm would be due only
to the directivity signal. However, the termination is not perfect. Thus the indication on the Polar Display is
due to the directivity signal plus the reflection from the sliding load. If an indication greater than the outer
graticule circle is observed, set the Sweep Oscillator to CW at the frequency in question. Then phase (slide)
the sliding load causing its reflected voltage vector to rotate around the tip of the directivity vector. The
center of the circle caused by phasing the sliding load must be within the outer graticule circle.




Performance Tests Model 8746B

PERFORMANCE TESTS
4-7. Directivity (cont’d)
SWEEP OSCILLATOR NETWORK ANALYZER
? = . SWEEP REFERENCE Ez)a e o g \ |®
T 3 3 9 — @\ .
l o: : ° RF OUT @'E) A
0 0 000 O —=
bt RF )| .
REFERENCE LINE 8AN ‘ i
T . } ] HARMONI C
: "1 || FREQUENCY
l i1 || CONVERTER
87468 - - =
=2
| ¥ =L
test Ml ca
/1
/’ ]
I B ————— - :
SLIDING LOAD }
[}
e
COAXIAL
SHORT
Figure 4-1. Directivity Test Setup
EQUIPMENT:
SWEEP OSCILLATOR . . . . . . . HP Model 8690A, B with 8691-4A, B plug in
NETWORK ANALYZER . . . . . . . . . . . . . .. HP Model 8410A/8414A
HARMONIC FREQUENCY CONVERTER . . . . . . . . .. HP Model 8411A
SLIDINGLOAD . . . . . . . . . . o v v v v v v v v .. HP Model 905A
COAXIALSHORT . . . . . . . . v v v v v e v e e HP Model 11565A
REFERENCELINE . . . . . . . . . . . . ... . HP Part No. 08745-20064
PROCEDURE:

a. Connect the equipment as shown. Set 8746B for 0 dB attenuation. Select either PORT 1 or PORT
2 to measure. When measuring PORT 1, select S11. When measuring PORT 2, select Sg9. Connect coaxial
short to port being measured. ‘

b. Adjust Sweep Oscillator and Network Analyzer controis to phase lock the Network Analyzer over
the band of interest.

c. Push and hold the 8414A BEAM CENTER pushbutton and adjust the horizontal and vertical
position controls to place the dot in the center of the graticule.

d. Adjust Network Analyzer TEST CHANNEL GAIN and AMPL VERNIER controls to locate the
trace on the outer graticule circle.

4-2
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PERFORMANCE TESTS

4-7 Directivity (cont’d)

e. Remove Coaxial Short and terminate test port being measured with a Sliding Load. Below 1.8
GHz, use HP Model 909A Option HO1 Coaxial Termination.

f. Increase Network Analyzer TEST CHANNEL GAIN by 30 dB for 0.5 to 4.0 GHz or 26 dB for 4.0
to 12.5 GHz.

g. Set Sweep Oscillator to sweep very slowly across the frequency band of interest.

h. Phase the Sliding Load while observing the 8414A. The center of the circle caused by phasing the
Sliding Load must be within the outer graticule circle. For frequencies below 1.8 GHz, the display of
directivity plus the fixed load reflection must be within the outer graticule circle.

i.  Repeat steps a through h to test directivity of the other test port.

4.8. Source Match’

SPECIFICATION:
VSWR: <1.3 (p = 0.13) (when used with 84114A)
(Specification applies to standard model only.)

DESCRIPTION:

Source match is tested by measuring the change in magnitude of a maximum reflection when the phase of
the reflected signal is varied. A swept-amplitude display of a miximum reflection is obtained when using a
coaxial short. The displayed trace is marked on the oscilloscope with a grease pencil. The phase of the
reflection is changed approximately 180° by removing the coaxial short. The displayed trace of the open
circuit is also marked on the oscilloscope with a grease pencil. The maximum difference between these two
traces at any frequency should be less than 2.3 dB (voltage ratio of 1.3:1).

1Equivalent source reflection coefficient
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Model 8746B

PERFORMANCE TESTS

4-8 Source Match (cont'd)

SWEEP OSCILLATOR

NETWORK ANALYZER

HARMONIC FREQUENCY CONVERTER

OSCILLOSCOPE
COAXIAL SHORT . .
REFERENCE LINE

.......

PROCEDURE:

a. Connect the equipment as shown. Set 8
2 to measure. When measuring PORT 1 select S

short to port being measured.

b.

. .

.......

........

——————— SWEEP REFERENCE -
I T Q3 ©=e - |ItH
% mtum Bunen| e jo|
0D ¢ 000 O ‘ —_—
SWEEP AMPL
our REFERENCE LINE & our
HARMONIC
FREQUENCY
CONVERTER
0SCILLOSCOPE
of 87468
o |
Y i| B
e ks HORIZ IN
Qo000 Q. O o
EN KOK :
O Ol=g= B
0 _§ ©00 U ﬁ‘ N\
VERT PORT 1 ‘é' » \PORT 2
COAXIAL
SHORT
J
Figure 4-2. Source Match Test Setup
'EQUIPMENT:
SWEEP OSCILLATOR . . . . . . . . . .. HP Model 8690 Series with RF unit
as required
NETWORK ANALYZER . . . . . . . . .. HP Model 8410A with 8413 A Phase-

Gain Indicator

.......... HP Model 8411 A
HP Model 180A/1801A/1821A
........... HP Model 11561 A
HP Part No. 08745-20064

......

........

746B for 0 dB attenuation. Select either PORT 1 or PORT
11- When measuring PORT 2 select S99. Connect coaxial

Adjust Sweep Oscillator, Network Analyzer, and Oscilloscope controls to obtain a

swept-amplitude display over the frequency band of interest.

c. Calibrate Oscilloscope vertical sensitivity to display 1 dB/cm.
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PERFORMANCE TESTS

4-8. Source Match (cont’d)
d. Draw the Oscilloscope trace on the face of the CRT with a grease pencil.

e. Remove the Coaxial Short and draw the trace of the open circuit on the face of CRT with a grease
pencil.

L

f. The maximum difference between traces at any frequency should not exceed 2.3 dB (1.3 SWR).
This specification applies to the standard model 8746B only.

g. Repeat steps a through f for other frequency segments as necessary to cover the range of 0.5 to
12.4 GHz.

h. Repeat steps a through g to test source match of the other test port.

49. Return Match!

SPECIFICATION:
VSWR: <1.3 (p =0.13)
(Specification applies to standard model only.)

DESCRIPTION:
Return match of each test port is tested using the internal coupler associated with the other test port in a
reflectometer setup canceling, at single frequencies, the coupler directivity and Flexible Arm reflections.

1Reflection coefficient of port used to terminate device under test.

4-5



Performance Tests Model 8746B

PERFORMANCE TESTS
4-9. Return Match (cont'd)
SWEEP OSCILLATOR  NETWORK ANALYZER
SWEEP REFERENCE » [ ]
QI I 9 1
XS
oo :..:. 2 RF OUT °
od o 000 O —— 2
REFERENCE LINE &
{ i | harmonic
FREQUENCY
CONVERTER
87468
COAXIAL SHORT
Oe————————
SLIDING LOAD
== ———"
e " FLEXIBLE ARM
BELOW 1.8 GHz
FIXED LOAD
Figure 4-3. Return Match Test Setup
EQUIPMENT: ‘
SWEEP OSCILLATOR . . . . . . . . . .. HP Model 8690 Series with RF unit
as required
NETWORK ANALYZER . . . . . .. HP Model 8410A with 8414 A Display Unit
HARMONIC FREQUENCY CONVERTER . . . . . . . . .. HP Model 8411A
FLEXIBLEARM . . . . . . . . . . . ... HP Model 11605A
COAXIALSHORT . . . . . . . . . . . . ... HP Model 11565A
SLIDINGLOAD . . . . . . ... ... . . HP Model 905A (Below 1.8 GHz use
HP Model 909A Option HO1 Coaxial Termination.)
REFERENCELINE . . . . . . ... ... .... HP Part No. 08746-20031
PROCEDURE:

a. Connect the equipment as shown. Set 8746B for 0 dB attenuation. Select either PORT 1 or PORT
2 to measure.

1. When measuring PORT 1 return match, connect long section of the Flexible Arm to PORT 2
and Select Sg9.

2. When measuring PORT 2 return match, connect long section of the Flexible Arm to PORT 1
and select S11.

4-6



Model 8746B Performance Tests

PERFORMANCE TESTS

4-9. Return Match (cont'd)
b. Connect a coaxial short to the free end of the Flexible Arm.

c. Adjust Sweep Oscillator and Network Analyzer controls to phase lock the Network Analyzer over
the frequency band of interest. o

d. Push and hold the 8414A BEAM CENTER pushbutton and adjust the horizontal and vertical
position controls to place the dot in the center of the graticule.

e. Adjust Network Analyzer TEST CHANNEL GAIN and AMPL VERNIER controls to locate the
trace on the outer graticule circle. If the trace deviates from a circle by more than 5 mm, narrow the
frequency range being swept.

f. Remove the coaxial short and connect the free end of the Flexible Arm to the port being
measured.

g. Increase Network Analyzer TEST CHANNEL GAIN by 18 dB (This specification appliesto the
standard model 8746B only.) The polar display of reflection coefficient should be within the outer circle. If
the reflection coefficient does not meet specifications, separate the Flexible Arm reflection and coupler
directivity from the 8746B reflection coefficient as follows:

1. Set the Sweep Oscillator to CW and select the frequency which corresponds to the point of
greatest reflection on the Polar Display.

2. Disconnect Flexible Arm from the port being measured.

3. Connect a Sliding Load to the Flexible Arm. Below 1.8 GHz use 909A Option H68 Coaxial
Termination. While phasing the Sliding Load and without pressing BEAM CENTER
pushbutton, adjust the Polar Display vertical and horizontal position controls to place the
center of the circle caused by phasing the Sliding Load in the center of the CRT graticule.
Below 1.8 GHz, place the dot indication in the center of the CRT graticule.

4. Disconnect the Sliding Load (or termination) and connect Flexible Arm to the port being
measured. The display of reflection coefficient should be within the outer graticule circle.

i. Repeat steps a through h for other frequency segments as necessary to cover the range of 0.5 to
12.4 GHz.

j.  Repeat steps a through i to test return match of the other test port.

4-7
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Table 4-1. Performance Test Record

Model 8746B

Hewlett-Packard Model 8746B

Test Performed by

S-Parameter Test Set Date
Serial No.
Paragraph No. Test Results
- Minimum Actual Maximum
4-7 Directivity: 0.5 to 4.0 GHz 30dB
4.0 to 12.4 GHz 26 dB
4-8 Source Match in voltage ratio 2.3dB
(Standard model only)
4-9 Return Match in return loss 18 dB

(Standard model only)
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Adjustments

SECTION V
ADJUSTMENTS

5-1. INTRODUCTION

5-2. This section provides instructions for adjust-
ing the 8746B. The following adjustments can be
performed separately. The order of the power
supply voltage adjustments are not important.
However, the ac voltage input to the 8746B must
be within 48 to 440 Hz when this adjustment is
made. No appreciable warmup is necessary. Loca-
tion of the voltage adjustments will be found on
Service Sheet 6.

5-3. EQUIPMENT REQUIRED

5-4. Equipment required for adjustments is listed
in the Recommended Test Equipment Table in
Section I. Equipment for adjustment is marked
“A” in the Use column.

5-5. ELECTRICAL ADJUSTMENTS

5-6. The only electrical adjustments are power
supply output voltages. The adjustment locations

are shown on Service Sheet 6 (last foldout sheet in
manual). With an ac input voltage of 115V/230V
+10%, 48 to 440 Hz, proceed as follows.

a. Connect voltmeter to test points A1TP1
and A1TP3 with positive lead going to A1TP1.
Adjust A1R14 (+25V ADJ) for a voltage of +25V
+0.5V.

b. Connect voltmeter to test points A1TP2
and A1TP3 with negative lead going to A1TP2.
Adjust A1R17 (—25V ADJ) for a voltage of —25V
+0.5V.

5-7. MECHANICAL ADJUSTMENTS

5-8. The only mechanical adjustment is the digital
counter friction clutch. To adjust this friction

_ clutch, refer to Figure 5-1.



Adjustments

Model 8746B

FRICTION CLUTCH ADJUSTMENT

e

Remove the 8746B top cover.

Loosen the two hollow hex-head screws
(2) holding the collar (1) in position on
the shaft.

Hold the collar tightly against the spring
washer (3) flattening the washer, while
tightening the hollow hex-head screws

(2).

Check the operation of the clutch as
follows:

a. Adjust the REFERENCE PLANE
EXTENSION crank until counter
reads all zeros.

Hold thumbwheel to retain zero indi-
cation and rotate the crank counter-
clockwise until the stop is reached.
Release the thumbwheel.

Rotate the crank clockwise until the
stop is reached. The dial should indi-
cate 15 cm or greater.

Rotate the crank counterclockwise
until the stop is reached. The coun-
ter dial should indicate all zeros
again. If the dial does not indicate all
zeros, readjust the friction clutch
and repeat this check.

5-2

Figure 5-1. Digital Counter Friction Clutch Adjustment
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Replaceable Parts

SECTION VI
REPLACEABLE PARTS

6-1. INTRODUCTION

6-2. This section contains information for ordering
replaceable parts. The step attenuator assembly A6
is available as either a new or a rebuilt assembly.
Exchange assemblies afford considerable cost
saving, but are available only on a trade-in basis. A
repairable assembly is required in exchange for
each1 factory-repaired and tested reuseable assem-
bly.

6-3. Table 6-1 gives the meanings of the abbrevia-
tions and reference designations used in the table
of replaceable parts.

6-4. Table 6-2 is the table of replaceable parts, and
is organized as follows:

a. Electrical assemblies and their compo-
nents in alpha-numerical order by reference desig-
nation.

b. Chassis-mounted parts in alpha-numerical
order by reference designation.

c. Miscellaneous parts.

d. Mlustrated assembly drawings as follows:
Figure 6-1, Model 8746B Front Panel Assembly
Figure 6-2, Front Panel Assembly
Figure 6-3 through 6-5 show replaceable parts of
all interface connectors except RF IN (DC3J1).
The RF IN connector is part of a directional
coupler and is not separately replaceable.

The information given for each part consists of:

a. The Hewlett-Packard part number,

b. total quantity (Qty) in the instrument,

c. description of the part,

d. typlcal manufacturer of the part in a
5-d1g1t code, and

e. the manufacturer’s number for the part.

Total quantity for each part is given only once —
at the first appearance of the part number.

6-5. Table 6-3 contains the names and addresses
that correspond to the manufacturers’ code num-
bers.

6-6. ORDERING INFORMATION

6-7. To order a part listed in the Replaceable Parts
Table, provide the nearest Hewlett-Packard office
with the following information:

a. The Hewlett-Packard Part No. from the
Replaceable Parts table.

b. The quantity required.
6-8. To order a part not listed in the Replaceable
Parts table, provide the nearest Hewlett-Packard
office with the following information:

a. Instrument model number.

b. Complete serial number, including prefix.

c. Description and function of part.

d. Quantity required.

1W'hen ordering extra assemblies for spare parts stock, use new

assembly part number only. Exchange assemblies require trade-ins.



Replaceable Parts Model 8746B
Table 6-1. Reference Designators and Abbreviations Used in Parts List
REFERENCE DESIGNATORS
A = assembly F = fuse P = plug A% = vacuum tube,
B = motor FL = Filter Q = transistor neon bulb,
BT = battery J = jack R = resistor photocell, etc.
C = capacitor K = relay RT = thermistor VR = voltage
CP = coupler L = inductor S = switch regulator
CR = diode LS = loud speaker T = transf6rmer w = cable
DC = directional coupler M = meter TB = terminal board X = socket
DL = delay line MK = microphone TP = testpoint Y = crystal
DS = device signaling (f;rtn o) MP = mechanical part U = integrated circuit z = :::ltl\?v% ;:l:vny‘
E = misc electronic p
ABBREVIATIONS
A = amperes H = henries N/O = normally open RMO = rack mount only
AFC = automatic frequency HDW = hardware NOM = nominal RMS = root-mean square
control HEX = hexagonal NPO = negative positive RWV = reverse working
AMPL = amplifier HG = mercury zero (zero tem- voltage
HR = houx(s) perature coef- S-B = slow-blow
BFO = beat frequency oscilla- Hz = Hertz ficient) SCR = screw
tor NPN = negative-positive- SE = selenium
BE CU = beryllium copper IF = intermediate freq negative SECT = section(s)
BH = binder head IMPG = impregnated NRFR = notrecommended SEMICON = semiconductor
BP = bandpass INCD =+ incandescent for field re- SI = silicon
BRS = brass INCL = include(s) placement SIL = silver
BWO = backward wave oscilla- INS = insulation(ed) NSR = not separately SL = slide
tor INT = internal replaceable SPG = spring
SPL = special
CCwW = counterclockwise . OBD = order by SST = Stainless steel
CER = ceramic K = kilo = 1000 description SR = split ring
CMO = cabinet mount only OH = oval head STL = steel
COEF = coefficient LH = left hand OX = oxide
CoM = common LIN = linear taper = =
COMP = composition LK WASH = lock waspber gc = gf;ﬁed circuit gg - tfmtaiium
COMPL = complete LOG = logarithmic taper = i 12 = time delay
— ic tap PF picofarads = 10 TGL = toggle
CONN = connector LPF = low pass filter farads THD =
CP = cadmium plate - = thread
- PH BRZ = phosphor bronze TI = titanium
CRT = cathode-ray tube . = a1
ow - Sockwi M = milli = 10-3 PHL Phillips TOL = tolerance
= clockwise MEG = meg = 106 PIV = peak inverse TRIM = trimmer
DEPC = d ited carb MET FLM = metal film _ voltage . TWT = traveling wave
R = dﬁilw)lzﬂ ed carbon MET OX = metallic oxide PNP = gg::;zz-negatwe- tube
MFR = manufacturer
: = P/O = part of
ELECT = electrolyt MHz mega Hertz - = micro = 10°6
'ENCAP - encapsulated MINAT = miniature POLY = polystrene H miero = 10
EXT = external MOM = momentary PORC = porcelain
MOS = metalized POS = position(s) VAR = variable
F = farads substrate POT = potentiometer VDCW = dc working volts
FH = flat head MTG = mounting 44 = peak-to-peak
* | FILH = Fillister head MY = “mylar? WY - ggaull:tworkmg volt- W/ = with
FXD = fixed = wi
age w = wafts
N N = nano (10‘9 s WIV = working inverse
G = giga (1Q9) N/C = normally cl)osed RECT = rectifier voltageg
(G}E = glearmamum NE = neon gg = radxodf;equency WW = wirewound
= glass NIP = ni = round head or — wi
GRD — ground(ed) L nickel plate right hand W/O without

6-2




Model 87468 Replaceable Parts
Table 6-2. Replaceable Parts
nc .

Reference |,1p pot Number Qty Description Mfr Mfr Part Number
Designation Code
Al 08746~-60052 1 BOARD ASSY:PCGWER SUPPLY 28480 08746-60052
AlCL 0160-3451 2 C3FXD CER 0.01 .UF +80-20% 100VDCW 56289 C0238101F163Z2525-CDH
AlC2 0160-2451 C:FXD CER 0.01 UF +80-20% 100VOCW 56289 C023B101F1032S25-CDH
AlC3 0180-0141 2 C3FXD -ELECT 50 UF +75-10% 50VDCW 56289 30D050660500D2~DSM
AlC4 0180-0141 C:FXD ELECT 50 UF +75-1G% 50VDCW an 56289 30D05066050DD2-DSM

i ALCR1 1S01-C02S 6 DIODE:SILICON 600 PIV 2848¢C 1501-0029
ALCR2 1901-002s DIOBRE:SILICON 600 PIV 2848¢ 1901-0029
ALCR3 1901-0C2s DIODE:SILICON 600 PIV 2848¢C 1901-002S
ALlCR4 1901-002S DICBE:SILICON 600 PIV 28480 1S01-0029
A1CRS 1902-31$3 2 DIODE BREAKDGWN:13.3V 5% 28480 1902-3193
AlCR6 1902-3163 DIODE BREAKDOWN:13.3V 5% 28480 1902-3193
ALCR7 1s01-cczs DICDE:SILICON 600 PIV 28480 16C1-0029
ALCR8 1901-0029 DICBE:SILICON 600 PIV 2848¢ 1901-0029
AlQl 1853-¢0z0 23 TSTR:SI PNP(SELECTED FROM 2N3702) 28480 1853-C020
AlQ2 1853-0C50 1 TSTR:SI PNP 28480 1853-0050

i AlQ3 1853-0012 8 TSTR:SI PNP 80131 2N2904A

: AlQ4 1853-0052 1 TSTR:SI PNP 80131 2N3740
AlQ5 1854-CC71 30 TSTR3SI NPN(SELECTED FROM 2N3704) 28480 1854-C071
AlQé 1854-0071 TSTR:SI NPN(SELECTED FRGM 2N3704) 28480 1854-C071
ALQ7 1854-0C2% 9 TSTR:SI NPN 80131 2N3053
AlQ8 1854-CC72 1 TSTR:SI NPN 80131 2N3054
AlR1 07640016 2 R:FXD MET FLM 1000 OHM 5% 2w 28480 0764-0016
AlR2 0764~-0016 R3FXD :MET GELN 1000 GHM 5% 2 28480 0764-0016
AlR3 0658-3640 2 R3FXD MET 6X 1.8K OHM 5% 2w 28480 0658-3640
AlR4 0757-C346 2 R:FXD MET FLM 10 OHM 1% 1/8uW 28480 0757-0346
AlRS 0757-024¢ R:FXD MET FLM 10 OHM 1% 1/8W 28480 0757-0346
AlR6 0698-3640 R3FXD MET OX 1.8K OHM 5% 2w 28480 0698-3640
A1R7 0757-C421 2 R3IFXD MET FLM 825 CHM 1% 1/8W 28480 0757-0421
AlRS8 0757-C15S 2 R3FXD MET FLM 21.5K OHM 1% 1/84W 28480 0757-C199
Al1R9 0757-C1S9 R3FXD MET FLM 21.5K CGHM 1% 1/8W 28480 0757-0199
AlR10 0757-0421 R3FXD MET FLM 825 OHM 1% 1/8uW 28480 0757-0421
AlRLl1 0811-1552 1 R:FXD WW 0.56 OHM 53 2w 28480 0811-1552
AlR12 0813-0025 1 R3FXD WW 1 GHM 3% 3w 28480 0813-0029
AlR13 0698~3154 2 R3FXD MET FLM 4.22K GHM 13 1/8W 28480 0698-3154
AlRL4 2100-1758 2 R3VAR WW 1K OHM 5% TYPE V 1W 28480 2100-1758
AlR15 0757~-043¢€ 2 R3FXD MET FLM 5.11K GHM 1% 1/8W 28480 0757-0438
AlRl6 0757-C42¢ R3IFXD MET FLM 5.11K OHM 13 1/8W 28480 0757-0438
AlRL7 2100-175¢ R3VAR WW 1K CHM 5% TYPE V 1MW 2848C 2100-1758
AlRl8 0698-3154 R3FXD MET FLM 4.22K CHM 1% 1/8W 28480 0698-3154
A2 08746-60C50 1 BOARB ASSY:BUFFER 28480 08746-60050
A2C1 0180-1747 1 C:FXD ELECT 150 UF 20% 15VDCW 28480 0180-1747
A2cCc2 0180-1714 1 C3FXD ELECT 330 UF 103 6VDCW 28480 0180-1714
A2CR1 15C1-0025 38 DICDE:SILIGON 100MA/1V 07263 FD 2387
A2CR2 1962-0041 13 DICDE:BREAKDCWN 5.11V 53 04713 $210939-98
A2CR3 1$C1-C025 DICDE:SILICON 100MA/1V 07263 Fo 2387
A2CR4 1902-0041 DICDE :BREAKOCWN 5.11V 5% 04713 $Z10939-98
A2CR5 1501-0025 DICDE:SILICON 100MA/1V 07263 FD 2387
A2CR6 1501-002¢ DICDE:SILICON 100MA/1V 07263 FD 2387
A2CR7 1502-0041 DICDE:BREAKDGWN 5.11V 5% 04713 $210935-58

‘ A2CR8 1$01-0025 DICDE:SILICON 100MA/1V 07263 FD 2387 -

A2CR9 1501-0025 OIGDE:SILICON 100MA/1V 07263 FD 2387
A2CR10 1802-0041 DIGDE :BREAKDCWN 5.11V 5% 04713 $210935-98
A2CR11 15C1-0025 DIGDE:SILICGN 100MA/1V 07263 FD 2387
A2CR12 1501-0025 DICDE:SILIGON 100MA/1V 07263 FD 2387
A2CR13 15C1-0C25 DICDE:SILICGN 100MA/1V 072632 FD 2387
A2CR14 1902-0041 DIODE:BREAKDOWN 5,11V 5% 04713 $210939-98
A2CR15 1901-0025 DIODEsSILICON 100MA/1V 07263 FD 2387
A2CR16 1901-0025 DIGBE:SILICGN 1COMA/1V 07263 FD 2387
A2CR17 1902-0041 DICDE:BREAKDGWN 5.11V 53 04713 $210939-98
A2CR18 19C61-0025 DICBEsSILICON 100MA/1V 07263 FD 2387
A2CR19 15C1-0C25 DICDE:SILICGN 100MA/1lV 07263 FD 2387
A2CR20 1901-002% DICDE:SILICGN 100MA/1V 07263 FD 2387
A2CR21 1902-0041 DICDE:BREAKCGWN 5.11V 5% 04713 $210939-98
A2CR22 1901-002¢ DIGDE:SILICCN 100MA/1V 07263 FD 2387
A2CR23 1501-0025 DICDE:SILICON 100MA/1V 07263 FD 2387
A2CR24 1901-Go25 DIGBE:SILICON 100MA/1V 07263 FO 2387
A2CR25 1902-0C41 DIGDE:BREAKDOWN 5.11V 5% 04713 $210939-9¢8
A2CR26 1902-0025 2 DICDE,BREAKCCHWN:10.0V 5% 400 MW 28480 1502-0025
A2CR27 16C1-0025 DIGDE:SILICON 100MA/1V 07263 FD 2387
A2CR28 1901-002¢ DICDE:SILICGN 100MA/1V 07263 FD 2387
A2CR29 1501-0025 DICDE:SILICGN 100MA/1lV 07263 FD 2387
A2CR30 1502-31¢€2 1 DIODE BREAKDOWN:SILICON 12.1V 5% 28480 1502-3182
A2CR31 1502-004S 1 DIGCDE :BREAKDOWN 6.19V 5% 04713 $210939-122
A2CR32 1962-0041 DICDE:BREAKDCOWN 5.11V 5% 04713 $210939-98
A2Q1 1854-0C71 TSTR3SI NPN(SELECTED FRCM 2N3704) 28480 1854-0C71

See introduction to this section for ordering information



Replaceable Parts Model 8746B
Table 6-2. Replaceable Parts
R I Mfr
eference |p part Number Qty Description Mfr Part Number
Designation Code
A2Q02 1883~CC20 TSTR:SI PNP{SELECTED FROM 2N3702) 28480 1853-0020
A203 1854-0071 TSTR3SI NPN{SELECTED FROM 2N3704) 28480 1854-CC71
A2Q4 1853-0020 TSTR3SI PNP(SELECTED FRCM 2N3702) 28480 1853-0020
A2Q5 1854-0071 TSTR3SI NPN(SELECTED FRCOM 2N3704) 28480 1854~-0C71
A2Q6 1853-0020 TSTR3SI PNP{SELECTED FROM 2N3702) 28480 1853-0020
A207 1854~0071 TSTR:SI NPN{SELECTED FROM 2N3704) 28480 1854~0071
A2Q8 1853-CC20 TSTR:SI PNP{SELECTED FRCM 2N3702) 28480 1853-0020
A2Q9 1854-0C71 TSTR:SI NPN(SELECTED FRCM 2N3704) 28480 1854-C071
A2010 1853-0Cz0 TSTR:SI -PNP{SELECTED FROM 2N3702) 28480 1853-0020
A2Q11 1854-0C71 TSTR:SE NPN(SELECTED FROM 2N3704) 28480 1854~-C671
A2012 1853-0020 TSTRsSI PNP(SELECTED FRCOM 2N3702) 28480 1853-0020
A2Q13 1854-C071 TSTR:SI NPNUSELECTED FRCOM 2N3704) 28480 1854~-0071
A2014 1853-0G20 TSTR:SI PNP(SELECTED FROM 2N3702) 28480 1853-0020
A2015 1854-CC71 TSTR:SI NPN(SELECTED FROM 2N3704) 28480 1854-C071
A2016 1853-0020 TSTR:SI PNP{SELECTED FRCM 2N3702) 28486 1853-0020
A2Q17 1854-0071 TSTR:SI NPN(SELECTED FROM 2N3704) 28480 1854-0071
A2018 1854-G071 TSTR3SI NPN(SELECTED FROM 2N3704) 28480 1854-0071
A2019 1854-0071 TSTR:3SI NPN(SELECTED FROM 2N3704) 28480 1854~-0071
A2Q20 1854-G071 TSTR3SI NPN(SELECTED FROM 2N3704) 28480 1854-0071
A2Q21 1854-C071 TSTR3SI NPN(SELECTED FROM 2N3704) 28480 1854~0071
A2Q22 1854-0062 1 TSTR:SI NPN 80131 2N1701
A2Q22 1205-0048 1 HEAT SINK:FINNED, FOR TO-8 CASE 05820 213-CB
A2023 1853-0012 FSTRSI PNP 80131 2N2904A
A2024 1854-0035 TSTR:SI NPN 80131 2N3053
A2Q25 1854-C071 TSTR3SI NPNISELECTED FRCM 2Z2N3704) 28480 1854~0071
A2026 1854-0C3S TSTR:SI NPN 80131 2N3053
A2027 1853-0012 TSTR:SI PNP 80131 2N2904A
A2R1 0698-42170 12 RFXD FLM 4.7K OHM 5% 1/8W 28480 0698-4270
A2R2 0683-1025 33 R3FXD CCMP 1000 CHM 5% 1/4W 01121 c8 1025
A2R3 0698-4217¢ 18 R:FXD FLM 10K CHM 5% 1/8W 28480 0698-4278
A2R4 0757-0757 12 R3FXD MET FLM 90.9 OHM 1% 142W 28480 0757-0797
A2RS5 0658-427C R:FXD FLM 4.7K OHM 5% 1/8W 28480 0698-4270
A2R6 0683-1025 R3FXD CGMP 1000 OHM S 1/4W 01121 CB 1025
A2RT 0698-4218 R:FXD FLM 10K OHM 53 1/8W 28480 0698-4278
A2RS8 06S8-4262 1 R3FXD FLK 2.2K OHM 5% 1/8W 28480 06984262
A2R9 0757-C757 R:FXD MET FLM 90.9 OHM 13 142W 28480 0757-0797
A2R10 0698-421C R:FXD FLM 4.7K OHM 5% 1/8W 28480 0698-4270
A2R11 0683-1C2¢5 R:FXD CCMP 1000 OHM 5% 1/4W ol1121 cB 1025
A2R12 0698-421¢ R3FXD FLM 10K CHM S5% 1/8W 28480 0698-4278
A2R13 0157-C757 R:FXD MET FLM 90.9 OHM 13 1A2W 28480 0757-0797
A2R14 0698-4217C R3FXD FLMK 47K CHM 53 1/84W 28480 0698-4270
A2R1S5 0683-1625 R:FXD CGMP 1000 OHM 5% 1/4W 01121 c8 1025
A2R16 0698-4217¢ R3FXD FLN 10K CHM 5% 1/8u 28480 0698-4278
A2R17 0757-C797 RIFXD MET FLM 90,9 OHM 1% 1/2W 28480 0757-07S7
A2R18 0698-4270 RIFXD FLM 47K OHM 5% 1/8W 28480 0698-4270
» A2R19 0683-1025 R:FXD COMP 1000 OHM 53 1/4MW 01121 CB 1025
A2R20 0658-4278 R3FXD FLM 10K CHM 5% 1/8W 28480 0698-4278
A2R21 0757-0757 R:FXD MET FLM 90.9 OHM 1% 1/2W 28480 0757-0797
A2R22 0658-427GC R:FXD FLM 47K OHM 5% 1/8MW 28480 0698-42170
A2R23 0683-1025 R3FXD CCMP 1000 OHM 5% 1/4W 01121 C8 1025
A2R24 0698-42178 R3IFXD FLM 10K GHM 5% 1/8W 28480 0698-421§
A2R2S5 Q157~Q757 RSFXD MET FLM 90.9 OHM 1% 1/42W 28480 Q757-0797
A2R26 0698-427C R:FXD FLM 4.7K OHM 5% 1/8W 28480 0698-4270
A2R27 0683-1025 R:FXD COMP 1000 OHM 5% 1/4W 01121 CB 1025
A2R28 06%8-42178 R3FXD FLM 10K CHM 5% 1/8W 28480 0698-4278
A2R29 0757-C757 R:FXD MET FLM 90.9 OHM 13 1/2W 28480 0757-0797
A2R30 0698-4270C R3FXD FLM 4.7K OHM 5% 1/8W 28480 0698-4270
A2R31 06€3-1025 R:FXD CCMP 1000 OHM S% 1/4W 01121 C8 1025
A2R32 0698-427¢ R3FXD .FLM 10K CHM 5% 1/8M 28480 0698~-4278
A2R33 0157-C797 R3FXD MET FLM 90.9 OHM 1% 1/2W 28480 0757-0797
A2R34 0683-1025 R3:FXD GCMP 1000 OHM S 1/4MW 01121 CB 1025
A2R35 0658~4261 5 R3FXD FLM 2K OHM 53 1/8k 28480 0698-4261
A2R36 0698-4242 s R:FXD FLM 300 GHM 5% 1/8W 28480 0698-4242
A2R37 0683-1C25 R3:FXD CCMP 1000 OHM 5% 1/4W 01121 CB 1025
A2R38 0698-42¢€1 RsFXD FLM 2K CHM 5% 1/8W 28480 0698-4261
A2R39 0698-4242 R:FXD FLM 300 OHM 5% 1/8W 28480 0698-4242
A2R40 0683-102¢ R:FXD CCMP 1000 OHM 5% 1/4NK 01121 cB 1025
A2R41 0683-1025 R:FXD CCMP 1000 OHM 53 1/4NW 01121 CB 1025
A2R42 0683-1025 R:FXD CGMP 1000 CHM 5% 1/4MW 01121 CB 1025
A2R43 0698-42¢1 R:FXD FLM 2K OHM 5% 1/8W 28480 0698-4261
A2R44 0698-4242 R3IFXD -FLM 300 CHM 5% 1/8W 28480 0698-4242
A2R45 06863=1GC25 R3FXD CGMP 1000 OHM 5% 1/4W 01121 cB 1025
A2R46 0698-4261 R3FXD FLM 2K OHM 53 1/8N 28480 0698-4261
A2R47 0698-4242 RzFXD FLM 300 OHM 5% 1/8W 28480 0698-4242
A2R48 0683-102¢% R:FXD CCHP 1000 OHM 5% 1/4M ol1121 CB 1025
A2R49 0658-4261 R3FXD FLM 2K OHM 5% 1/8H 28480 0698-4261

See introduction to this section for ordering information
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Table 6-2. Replaceable Parts

Replaceable Parts

Referenc —_
eference o Part Number| Qty Description Mfr Mfr Part Number

Designation Code

A2R50 0698-4242 RSFXD FLM 300 OHM 5% 1/8m 28480 0698~4242
A2R51 0683-1025 R2FXD CGMP 1000 OHM 5% 1/4W 01121 CB 1025
A2R52 0683-1025 R3FXD COMP 1000 OHN 5% 1/4W 01121 CB 1025
A2R53 0683-1C25 R3IFXD COMP 1000 OHM 5% 1/4W oll121 CB 1025
A2R54 0764-0013 2 R:FXD MET OX 56 OHM 5% 2 o 28480 0764-0013
A2R55 ~0764-0013 RsFXD MET OX 56 OHM S8 2W 28480 0764-0013
A2R56 0683-1G25 R3FXD CONP 1000 OHM 5% 1/4W 01121 CB 1025
A2R57 0698-4278 R3FXD FLM 10K CHM 5% 1/8W 28480 0698-4278
A2R58 0683-1025 R:FXD CCMP 1000 OHM. 5% 1/4W ol1121 C8 1025
A2R59 0698-4240 2 R3FXD ELN 240 COHM 5% l/8W 28480 0698-4240
A2R60 0698-3¢€13 1 R3FXD MET BX 39 OHM 5% 2W 28480 0698-3613
A2R61 0683-102¢% R3FXD CCMP 1000 OHM 53 1/4MW 01121 CB 1025
A2R62 0683-1025 R:FXD CCMP 1000 OHM 5% 1/4W 01121 CcB 1025
A2R63 0698-4271 1 R3FXD FLM S5.1K OHM 5% 1/8W 28480 0698-4271
A2R64 0683-1025 R3FXD CCNP 1000 OHM 53 1/4W 01121 C8 1025
A2R65 0683-2425 1 R:FXD COMP 2400 OHM SX 1/4W 01121 CB 2425
A2R66 0683-3515 1 R3FXD CCMP 390 OHM 5% 1/4MW 01121 CB 3915
A2R67 0683-1025 R3FXD CCMP 1000 OHM 53 1/4W 01121 CB 1025
A2R68 0658-424C R3FXD FLM 240 OHM 5% 1/8W 28480 0698-4240
A2R69 0683-0¢ES 1 R3FXD CGMP 6.8 :CHM 5% 1/4W 01121 CB68GS
A2ul 1820-0052 2 INTEGRATED CIRCUIT:sSWITEHING CONVERTER 28480 1820~0092
A2u2 1820-00S2 INTEGRATED CIRCUIT:SWITCHING CONVERTER 28480 1820-0092
A3 08746-60051 1 BOARD ASSY:SWITCH DRIVER 28480 08746-60051
A3ClL 0160-2530 6 C:FXD CER 0.0l UF +80-20% 100VBCW 91418 TA

A3C2 0160-2S30 C3FXD CER 0.01 UF +80-202 100VDCHW 91418 TA

A3C3 0160-253C C3FXD CER 0.01 UF +80-20% 100VDCW 91418 TA

A3C4 01€0-2530 C3FXD CER 0.01 UF +80-2C3 100VDCW S1418 TA

A3C5 G160-2530 C:FXD CER 0.01 UF +80-20% 100VDCHW 9141¢ TA

A3CR1L 1$01-0025 DIOBRE:SILICON 100MA/1V 07263 FD 2387
A3CR2 1502-0041 DIODE:BREAKDOWN 5.11V 5% 04713 $Z10939-98
A3CR3 1901-0025 DICGBE:SILICON 100MA/1V 07262 FD 2387
A3CR4 1502-0041 DIGDE:BREAKDOWR S.11V 5% 04713 §$210939-98
A3CRS 1501-0025 DICGDE:SILICON 100MA/Z1V 07263 FD 2387
A3CR6 1502-0041 DICDE:BREAKDCWN 5.11V 5% 04713 $710939-98
A3CR7 1901-0025 DIGDEsSTLICON 100MA/1V 07263 FD 2387
A3CR8 1902-0041 DIOCBE:BREAKDOWN 5.11V 5% 04713 $210939-98
A3CRS 1902-0025 DICDE»BREAKDOWN:10.0V 5% 400 MW 28480 1502-0025
A3CR10 19C1-0025 DIOCDE:SILICON 100MA/1V 07263 FD 2387
A3CR11 1501-0025 DICRE:SILIGON 100MA/1V 07263 FD 2387
A3CR12 1901-0025 DIGBE:SILICON 100MA/1V 07263 FD 2387
A3CR13 1501-0025 DICDE:SILICCN 100MA/1V 07263 FD 2387
A3CR14 1802-3104 5 DIODE:BREAKDCWN 5.62V 5% 04713 $210939-110
A3CR15 1902-3104 DIGCDE:BREAKDOWN 5.62V 5% 04713 $71093S~110
A3CR16 19G1-00258 DICDE:SILICCN 100MA/1V 07263 FD 2387

* A3CR17 1901-0025 DICDE:SILICON 100MA/1V 07263 FD 2387
A3CR18 1501-0025 DIODE:SILICCN 100MA/1V 07263 FD 2387
A3CR19 1901-00z¢ DICDE:SILICON 100MA/1V 07263 FD 2387
A3CR20 1902-2104 OIODE:BREAKDCWN 5.62V 5% 04713 $210939-110
A3CR21 15C1-0025 DICDE:SILICON 1G0MA/1V 07263 FD 2387
A3CR22 1901-002¢ DICDE:SILICON 100MA/1V 07263 FD 2387:+
A3CR23 1902-31C4 DIODE:BREAKCGHN 5.62V 52 04713 SZ10939-110
A3CR24 1602-3104 DIODE:BREAKDONN 5.62V 53 04713 §$210939-110
A3CR25 15G1-0025 DICDE:SELICON 100MA/1V 07263 FD 2387
A3CR26 1501-0025 DICDE:SLLICON 100MA/Z1V 07263 FD 2387
A3CR27 1$01-002¢ DICDE:SILICON 100MA/1V 07263 FD 2387
A3CR28 1501-0025 DIODE:SLLICGN 180MA/1V 07263 FD 2387
A3Q1 1854~-0071 TSTR:SI NPN{SELECTED FROM 2N3704) 28480 1854-0071
A3Q2 1853-0020 TSTR:SI PNP(SELECTED FRCM 2N3702) 28480 1853-0020
A303 1854-0071 TSTR:SI NPN(SELECTED FRGM 2N3704) 28480 1854-0071
A304 1853-0020 TSTR3SI PNPUSELECTED FROM 2N3702) 28480 1853-0020
A305 1854-=0071 TSTR:SI NPNISELECTED FRGM 2N3704) 28480 1854-0071
A306 1853-0Cz0 TSTR:SI PNP{SELECTED FRCM 2N3702) 28480 1853-C020
A3Q7 1854-0071 TSTR:SI NPN(SELECTED FROM 2N3704) 28480 1854-C071
A308 1853-0C20 TSTR:SI PNP{SELECTED FRCM 2N3702) 28480 1853-C020
A309 1854-0071 TSTR3SI NPN{SELECTED FROM 2N3704) 28480 1854~-0071
A3Q10 1854-GC3S TSTR:SI ‘NPN 80131 2N3053
A3011 1853-0C20 TSTR:SI PNP{SELECTED FROM 2N3702) 28480 1853-0020
A3Ql12 1854-C071 TSTR:SI NPN(SELECTED FROM 2N3704) 28480 1854~C071
A3Q13 1853-0C12 TSTR:SI PNP 80131 2N2904A
A3014 1853-C020 TSTR:SI PNP(SELECTED FRCM 2N3702) 28480 1853-G020
A3Q15 1854~GC71 TSTR:SI NPN{SELECTED FRGM 2N3704) 28480 1854-0071
A3Qlé 1854-0039 TSTR:SI NPN 80131 2N3053
A3017 1853-0C20 TSTR:SI PNP(SELECTEC FROM 2N3702) 28480 1853-0020
A3018 1854-0071 TSTR2SI NPN(SELECTED FROM 2N3704) 28480 1854-CC71
A3Q19 1853~-0012 TSTR:SI PNP 80131 2N2904A
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Reference |ip part Number| Qty Description r Mfr Part Number
Designation Code
A3020 1853-0C20 TSTR:SI PNP(SELECTED FROM 2N3702) 28480 1853-0020
A3021 1854-0071 TSTR:SI NPM(SELECTED FROM 2N3704) 28480 1854-0071
A3Q22 1854-CC3S TSTR:SI NPN 80131 2N3053
A3Q23 1853-60C20 TSTR3SI PNP(SELECTED FRCM 2N3702) 28480 1853-0020
A3024 1854-0071 TSTR:SI NPN{SELECTED FROM 2N3704) 28480 1854-0071
A3Q25 1853-0012 TSTR:SI PNP 80131 2N2904A
A3Q26 1853-0020 TSTR:SI PNP(SELECTED FROM 2N3702) 28480 1853-0020
A3Q27 1854-C071 TSTR:SI NPM(SELECTED FROM 2N3704) 28480 1854~0071
A3Q28 1854-C03S TSTR:SI NPN . 80131 2N3053
A3Q29 1853-0020 TSTR:SI PNP(SELECTED FROM 2N3702) 28480 18%3-0020
A30Q30 1854~-C071 TSTR:SI NPN(SELECTED FROM 2N3704) 28480 1854-0071
A3Q31 1853-0012 TSTR:SI PNP 80131 2N2904A
A3032 1853-0020 TSTR:SI PNP{SELECTED FROM 2N3702} 28480 1853-0020
A3033 1854-0C71 TSTR3SI NPN{SELECTED FROM 2N3704) 28480 1854-0071
A3Q34 1854-003S TSTR3SI NPN 80131 2N3053
A3Q35 1853-CC20 TSTR:SI PNP(SELECTED FRCM 2N3702) 28480 1853-0020
A3Q36 1854-0071 TSTR:SI NPM(SELECTED FROM 2N3704) 28480 1854-0071
A3037 1853-0012 TSTR:SI PNP 80131 2N2904A
A3Q38 1853-0020 TSTR:SI PNP(SELECTED FRGM 2N3702) 28480 1853-0020
A3R1 0658-4270 R:FXD FLM 4.7K OHM 5% 1/8W 28480 0698-4270
A3R2 0683=1025 R:FXD COMP 1000 OHM 5% 1/4W 1121 cB8 1025
A3R3 0658-4278 R:FXD FLM 10K CHM 5% 1/8M 28480 0658-4278
A3R4 0157-C757 R:EXD MET FLM 90.9 OHM 13 1424 28480 0757-0797
A3R5 0658-42170 RIFXD FLN 4.7K .OHM 5% 1/8W 28480 0698-4270
A3R6 0683-1025 R:FXD CCMP 1000 OHM 5% 1/4W o1121 CcB 1025
A3R7 0658-4218 R:FXD FLM 10K CHM 5% 1/8W 28480 0698-4278
A3R8 0698-4262 R:FXD FLM 2.2K OHM 5% 1/8uW 28480 0698-4262
A3R9 0757-C797 R3FXD MET ELM 90.9 OHM 1% 1/2W 28480 0757-0797
A3R10 0698-4270 R:FXD FLMK 4.7K OHM 53 1A8W 28480 0698-4270
A3R11 0683-102¢% R3FXD CGMP 1000 OHM 53 1/4W 01121 CB 1025
A3R12 0698~4278 R:FXD FLM 10K OHM 53 1/8W 28480 0698-42178
A3R13 0757-C157 R2FXD.MET FLM 90.9 OHM 13 142W 2848C 0757-0797
A3R14 0698-4270 R:FXD FLM 4.7K OHM 53 1/8MW 28480 0698-4270
A3R15 0683-1025 R3FXD COMP 1000 OHM 5% 1/4W 01121 CcB 1025
A3R16 0698-4278 R:FXD FLM 10K OHM S3 148W 28480 0698-4278
A3R17 0757-07S7 R3FXD MET ELM 90.9 OHM 13 1/2W 28480 0157-8797 -
A3R18 0683-1Cz5 R3FXD CGMP 1000 OHM 53 1/4W 01121 CB 1025
A3R19 0683-102¢ R:FXD COMP 1000 CHM 5% 1/4MW 01121 cB 1025
A3R20 0698-42178 R:FXD FLM 10K CHM 5% 1/8HW 28480 0698-42178
A3R21 0698-4218 R:FXD FLM 10K OHM 5% 1/8W 28480 0698-4278
A3R22 0683=6235 5 R:FXD CONP 62K OHM 5% 1/4W 01121 cB8 6235
A3R23 0683-6235 R:FXD CCMP 62K CHM 53 1/4¥ o1121 CB 6235
A3R24 0698-425S 5 RIFXD FLM 1.6K OHM 53 1/8H 28480 0698~4259

B A3R25 0698-4254 5 R:FXD :ELM 47K COHM 5% 1/8W 28480 0698-4294
A3R26 0698-42172 5 R:FXD FLM 5.6K OHM 5% 1/8W 28480 0698-4272
A3R27 0698~-42€2 R:FXD FLM 2.2K OHM 53 1/8H 28480 0698-4262
A3R28 0698-425% R:FXD FLM 1.6K OHM 5% 1/8W 28480 0698-4259
A3R29 0698-4254 RIFXD FLK 47K CHM 5% 1/8MW 28480 0698-4294
A3R30 0658-42172 R:FXD FLM 5.6K OHM 53 1/8W 28480 0698-4272
A3R31 0698-4262° R:FXD iFLM 2.2K OHM 5% 1/8M 28480 0698—5362
A3R32 0757-0833 10 R:FXD MET FLM 5,11K OHM 1% 1/2W 28480 0757-0833
A3R33 0757-0833 R:FXD MET .ELM 5,11K OHM 1% 1/2W 28480 0757-0833
:g:g; g;z;:ﬂg}B R:FXD MET FLM 5,11K OHM 1% 1/2W 28480 0757~6833

-0833 R:FXD M FLM 5.11K OHM 1% 1/2wW -

A3R36 0683-1C15 10 REEXB‘CELP 100 OHM 5% 144M / 5{;3% gg5102233
A3R37 0683-1015 R3FXD COMP 100 CHM 5% 1/4M o1121 c8 1015
A3R38 0683-1015 R3FXD COMP 100 OHM 5% 1/4¥ 01121 CB 1015
A3R39 0683-1015 R:FXD COMP 100 CHM 53 1/4M 01121 CB 1015
A3R40 0683-0335 10 R:FXD GOMP 3.3 OHM 5% 1/4W 01121 CB 0335
A3R41 0683-0335 R:FXD COMP 3.3 GHM 5% 1/4M 01121 CB 0335
A3R42 0683-033¢ R:FXD CCMP 3.3 OHM 53 1/4M 01121 CcB 0335
A3R43 0683-0335 R:FXD COMP 3.3 OHM 5% 1/4W 01121 CcB 0335
A3R44 0683-1025 R:FXD COMP 1000 OHM 5% 1/4W 01121 CB 1025
A3R45 0698-4278 R:FXD FLM 10K CHM 5% 1/8W 28480 0698-4278
A3R46 0683-623¢ R:FXD CCMP 62K COHM 5% 1/4M 01121 CB 6235
A3R47T 06584255 R2FXD FLM 1.6K COHM 5% 1/8W 28480 0698-4259
A3R48 0698-4254 R:FXD FLM 47K CHM 5% 1/8W 28480 0698-4294
A3R49 0698-4212 R3FXD FLM 5.6K CHM 5% 1/8W 28480 0698-4272
A3R50 06S58-4262 R:FXD FLM 2.2K .CHM 5% 1/8W 28480 0698-4262
A3R51 0757-0833 R:FXD MET FLM 5,11K OHM 1% 1/2W 28480 0757-0833
A3R52 0757-0833 R:FXD MET' FLM 5.11K OHM 1% 1/2wW 28480 0757-0833
A3R53 0683-1C15 R2FXD COMP 100 CHM 53 1/4W 01121 c8 1015
A3R54 0683-1C15 R:FXD CONP 100 OHM 5% 1/4M 01121 CB 1015
A3R55 0683-0335 R3FXD GGMP 3.3 GHM 53 1/44 01121 CB 0335
A3R56 0683-0335 R:FXD COMP 3.3 OHM 5% 1/4W 01121 CB 0335
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A3R57 0683-1025 R:FXD CCKP 1000 OHM 5% 1/4W 01121 CB 1025
A3R58 0683-102¢ R3FXD COMP 1000 OHM 53 1/4W 01121 CB 1025
A3R59 0698-4278 R3FXD FLM 10K CHM 5% 148W 28480 0698-4278
A3R60 0698-42178 R3FXD FLM 10K CHM 5% 1/8M 28480 0698-4278
A3R61 0683-6235 R3FXD COMP 62K GHM 5% 1/4M o 01121 CB 6235
A3R62 0683-6235 R:FXD CCMP 62K CHM 5% 1/4M 01121 CB 6235
A3R63 0658-425$ R:FXD FLM 16K OHM 5% 1/8W 28480 0698-4259
A3R64 0698-4254 R:FXD FLK 47K OHM 5% 1/8W 28480 0698-4294
A3R65 0698-4272 R3FXD FLM 5.6K GHM.5% 1/84 28480 0698-4272
A3R66 0698-4262 R3FXDFLK 2.2K CHM 5% 1/8¥ 28480 0698~4262
A3R67 0698-4259 R3FXD FLM 1.6K :OHM S% 1/8W 28480 0698-4259
A3R68 0698-4294 R:FXD FLM 47K CHM 5% 1/8W 28480 0698-4294
A3R69 0698-4272 R3FXD FLM 5.6K OHM 5% 1/8W 28480 0698-4272
A3R70 0698-42¢€2 R3FXD FLM 2.2K OHM 53 1/8M 28480 0698-4262
A3R71 0757-0833 R:FXD MET FLM 5,11K OHM 1% 1/2wW 28480 0757-0833
A3R72 0757-0833 R:FXD MET FLM 5,11K OHM 1% 1/2wW 28480 0757-0833
A3R73 0757-0833 R:FXD MET FLM 5,11K OHM 1% 1/2W 28480 0757-0833
A3R74 0757-0833 R:FXD MET FLM 5,11K OHM 1% 1/2w 28480 0757-0833
A3R75 0683-1015 RIFXD CGMP 100 OHM 5% 1/4MW 01121 CB 1015
A3R76 0683-1015 R:FXD CGMP 100 OHM 53 1/4W ol121 CB 1015
A3R77 0683-1015 R:FXD COMP 100 GHM 5% 1/4M 61121 CB 1015
A3R78 0683-1015 R:FXD CCMP 100 GHM 5% 1/4MW 01121 C8 1015
A3R79 0683-0325 R:FXD CCMP 3.3 OHM 5% 1/4u 01121 C8 0335
A3R80 0683-0335 R:FXD GOMP 3.3 OHM 53 1/4W 01121 CB 0335
A3R81 0683-0335 R2FXD COMP 3.3 OHM 5% 144W 01121 CB 0335
A3R82 0683-0335 RSFXD COMP 3.3 .CHM 5% 1/4u 01121 c8 0335
A4 08746-60053 1 BCARD ASSY3SWITCH PANEL 28480 08746-60053
A4DS1 1450-0356 12 LAMP:CLEAR DOME LENS 6.3V 08806 7377
A4DS1 0370~0768 12 LENSzPUSHBUTTON,WHITE 28480 0370-0768
A4DS2 1450-035¢ LAMP:CLEAR DOME LENS 643V 08806 7377
ALDS?2 0370-0768 LENS: PUSHBUTTON, WHITE 28480 0370-0768
A4DS3 1450-0356 LAMP:CLEAR DGME LENS 6.3V 08806 7377
A4DS3 0370-0768 LENS:PUSHBUTTON WHITE 28480 0370-0768
A40S4 1450-0356 LAMP:CLEAR DOME LENS 6.3V 08806 7377
A4DS4 0370-0768 LENSZPUSHBUTION ,WHITE 28480 0370-0768
A4DS5 1450-0356 LAMP:CLEAR DOME LENS 6.3V 08806 7377
A4DS5 0370-0768 LENSSPUSHBUTTION ,WHITE 28480 0370-0768
A4DS6 1450-0356 LANP:CLEAR DOME LENS 6.3V 08806 7377
A4DS6 0370-0768 LENSIPUSHBUTTON ,WHITE 28480 0370-0768
A4DS7 1450-035¢ LAMP:CLEAR DOME LENS 6.3V 08806 7377
ALDS7 0370-0768 LENS : PUSHBUTTON, WHITE 28480 0370-0768
A4DS8 1450-0356 LAKP:CLEAR DGME LENS 6.3V 08806 7377
A4DS8 0370-0768 LENSSPUSHBUTTON , WwHITE 2848¢ 0370-0768
A4DSS 1450-0356 LAMP:CLEAR BOME LENS 6.3V 08806 1377
A4DS9 0370-0768 LENS3PUSHBUTION JWHITE 28480 0370-0768
A4DS10 1450-035¢ LAMPSCLEAR DCME. LENS 643V 08806 377
A4DS10 0370-0768 LENS3PUSHBUTION WHITE 28480 0370-0768
A4DS11 1450-035¢ LAMP:CLEAR DCME LENS 6.3V 08806 7377
A4DS11 0370-0768 LENS2PUSHBUTTON ,WHITE 28480 0370-0768
A4DS12 1450~-035¢ LAMP3CLEAR DCME.LENS 6.3V 08806 7377 v
A4DS12 0370-0768 LENS: PUSHBUTTON ,WHITE 28480 0370-0768
A4S1 1460-1223 12 SPRING3SKITCH 28480 1460-1223
A4S1 0370-0%21 12 PUSHBUTTON:SWITCH, OLIVE BLACK 28480 0370-0921
A4S1 5000~-€40C 1 LABEL3PUSHBUTTION (S11) 28480 5000-6400
A4S2 1460-1223 SPRING:SWITCH 28480 1460-1223
A4S2 0370-0521 PUSHBUTTON:SWITCHy OLIVE BLACK 28480 0370-0921
A4S2 5000-6401 1 LABEL 2PUSHBUTTON (S12) 28480 5000~-6401
A4S3 1460-1223 SPRING:SHITCH 28480 1460-1223
A4S3 0370-0921 PUSHBUTTON:SWITCHy OLIVE BLACK 28480 0370-0921
A4S3 5000-6402 1 LABEL:PUSHBUTTCN (S21) 28480 . 5000-6402
A4S4 1460-12232 SPRING:SWITCH 28480 1460~1223
A4S4 0370-0921 PUSHBUTTGN:SWITCH, OLIVE BLACK 28480 0370-0521
A4S4 5000-6403 1 LABEL sPUSHBUTTON. (S22) 28480 5000-6403
A4SS 1460-1223 SPRING:SWITCH 28480 1460-1223
A4S5 0370-0921 PUSHBUTTON:SWITCH, OLIVE BLACK 28480 0370-0921
A4S5 5000-£€6177 1 LABEL:PUSHBUTTGN ®o" 28480 5000~8677
A4S6 1460~1223 SPRING:SWITCH 28480 1460-1223
A4S6 0370-CS21 PUSHBUTTON:SWITCH, OLIVE BLACK 28480 0370-0521
A4S6 5000-8618 1 LABEL:PUSHBUTTON ®10" 28480 50008678
A4ST 1460-1223 SPRING:SWITCH 28480 1460-1223
A4ST 0370-0921 PUSHBUTTCN:SWITCH, OLIVE BLACK 28480 0370-0921
A4ST 5000-8617S 1 LABEL :PUSHBUTTON "20% 28480 5000-8679
A4S8 1460-1223 SPRING:SWITCH 28480 1460-1223
A4S8 0370-05z1 PUSHBUTTICON:SWITCH, OLIVE BLACK 28480 0370-0921
A4S8 5000-8680 1 LABEL :PUSHBUTTON "30" 28480 5000~-8680
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A4SS 1460-1223 SPRING:SWITCH 28480 ©1460-1223
A4S9 0370-0S21 PUSHBUTTON3SWITCH, OLIVE BLACK 28480 0370-0€921
A4S9 5000-8681 1 LABEL2PUSHBUTTON "40% 28480 5000-8681
A4S10 1460-1223 SPRING:SWITCH 28480 1460-1223
A4S10 0370-0Ss21 PUSHBUTTONSSWITCH, OLIVE BLACK o 28480 0370-0921
A4S10 5000-86682 1 LABEL:PUSHBUTTON *"50% 28480 5000-8682
A4S11 1460-1223 SPRING: SWITCH 28480 1460-1223
A4S11 0370-0S21 PUSHBUTTON3ISHITCHy OLIVE BLACK 28480 0370-0921
A4S11 5000-8683 1 LABEL:PUSHBUTTGN "60" 28480 5000-8683
A4S12 1460-1223 SPRING:SWITCH 28480 1460-1223
A4S12 0370=CS21 PUSHBUTTONsSKITCHs OLIVE BLACK 28480 0370-0921
A4S12 5000-8684 1 LABELSPUSHBUTTON "70" 28480 5000-8684

See introduction to this section for ordering information
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1
A5 08746-60008 1 LINE STRETCHER ASSY 28480 08746-60008
1 0370-1117 1 KNOB ASSY 28480 0370-1117
2 08740-2052 1 ABAPTER:SHAFT 28480 08740-2092
3 08741~2004 1 BEARING:PINION GEAR 28480 08741-2004
b 08742-2007 1 GEAR3IPINION 28480 08742-2007
30630-0060 1 SCREWISET 2-56 X 0.062" LG 00000 a80
5 0510-00C5 2 RINGSRETAINING 79136 5100-25-S-MD
6 08741-2024 1 DRIVE SHAFT 28480 08741-2024
7 08741=6001 1 LEAD SCREW ASSY 28480 08741-6001
3030-0022 1 SCREW:SET 6-32 X 0.125" LG 00000 cBD .
08741-2022 1 LEAD SCREN ‘HOUSING & BUSHING 28480 08741-2022
0520-00C3 1 SCREW3SST RH 2-56 X 3/8 28480 0520-0003
2150-0014 1 WASHER:LOCK FOR #2 HWD 28480 2190-0014
1410-016€S BEARING:3BALL FLANGED SINGLE ROW 21335 F&D0D. FS59069
8 2520-0001 1 SCREWZRND HD SLCT DR 8-32 X 0.250% LG 00000 08D
9 2360-0004 1 SCREWSRND HD SLOT.DR 6-32 X 0.312" L6 00000 [+1:)]
3050-0100 1 WASHER:FLAT FOR #6 SCREW 00000 0BD
08740-C005 2 WASHERSSHIN CLUTCH 28480 08740-0005
10 1430-0356 1 GEAR:BEVEL 48 PITCH, 36 TOOTH 71041 64T9Y-G
11 5020-03%2 2 WASHERSSPRING 28480 5020-0392
12 5020-0233 1 COLLAR 28480 $020-0233
3030-G001 1 SCREWIMACHINE SET. CUP-PT ST 8-32X3416 70276 o8D#
6248-55C-5 1 BUSHING 28480 624B-59C-5
13 1460-001$ 1 SPRING:CGMPRESSION 00000 0BD
14 0510-0053 1 RING:RETAINING FOR 0.188% DEA SHAFT 79136 5555-18-S~MD
15 1140-0008 1 WHEEL %ONE OIGIT 19811 CC-2391-ENRR-NH
16 1140-0007 1 NUMBER ‘WHEEL 3COUNTER ROTATING 18911 CC-2391~-NRR-WH
17 1140-0009 1 UNIT ‘WHEEL 3COUNTER ROTATING 18911 CC-2365-UNRR~G~WH
1480-0072 1 PIN:ROLL <062 BIA X o375 LG 72962 92-012-062-0375
18 1430-0035 1 GEARSPINION 22 PITCH 8 TEETH 18911 BB-2219
08740-2014 1 SHAFT:IDLER 28480 08740-2014
19 08614~2595 1 THUMB 'WHEEL 28480 08614295
3030-0033 1 SCREW:SET SST 6-32 X 3/16 28480 3030-0033
20 08742-2008 1 SHAFT3COUNTER 28480 08742-2008
ASR1 0£6743-60014 2 RESISTOR ASSY:TUNABLE 1008 28480 08743-60014
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A6 08746-60003 1 STEP - ATTENUATOR(NEW) 28480 08746-60003
A6 08746-60010 REBUILT 08746-60003 REQUIRES EXCHANGE 28480 08746-60010
AT 08746-60004 2 SWITCH TREE ASSY 28480 08746-60004
A7S1 0£743-60010 2 RELAY ASSY: (PORT 1) 28480 08743-60010
A7S2 08743~60005 2 RELAY ASSYs (CENTER) ax 28480 08743-60809
ATS3 08743-60011 2 RELAYZASSYZ (PORT 2) 28480 08743-60011 .
A8 08746-60004 SWITEH: TREE ASSY 28480 08746-60004
A8S1 08743-60010 RELAY ASSY: (PORT 1) 28480 08743-60010
A852 08743-6000$ RELAY ASSY: (CENTER) 28480 0874360009
A8S3 0874360011 RELAYSASSYZ (PORT 2) 28480 08743-60011
A9 08746+60009 1 POMER -LINE MODULE ASSY 28480 0874660009
A9 7124-1738 1 LABEL: 115 ‘FUSE :1A-230 FUSE 500UA 28480 7124-1738
A9 7124-1739 1 LABEL:115V-230V *10% 110VA MAX 28480 T12%=1739
ASC1 A ,B 0160-3043 1 C3EXD CER 2 X'0+005 UF :203 250VAC 56289 29C14TA-CDH
A9C2 0150-0052 1 C3EXD GER 0.05 UF 20% 4OOVDCW 56289 33C17A
oci 0874660001 2 COUPLER ASSY:PORT 28480 08T46~60001
ocl FOR STANDARD HGDEL AND GPEION 001
pc1 08746=60007 2 COUPLER ASSY:PORT 28480 08746-60007
oci FOR OPTICN 002
ocicl 08745-6008 2 C:Exp 1500 PF 28480 08745-6008
['73 (1 NOT FIELD REPLACEABLE
pcic2 0180+2210 8 C2FXD ELECT 2 .U +50-1I0% 150VDGH 28486 0180-=2210
pCc1c3 0180-2210 ‘C3EXD- ELECT 2 UF. +50-10% 150VDCW 28480 0180-2210
DCiC4 NOT GIELD REPLACEABLE
pclcs NOT ‘FIELD' REPLAGEABLE
ocice 0180-2210 C:FXD ELECY 2 UF +50-10% 150VOChW 28480 0180-2210
oc1c? 0180-2210 C:FXD ELEET ‘2 UF +50-=10% 150VDCH 28480 0180-2210
ocics NOS FIELR REPLACEABLE
oc1ce NOT -FEELD REPLACEABLE
DC1L1 AND L2 4 NOT FIELD REPLACEABLE
BC1R1 08743-60014 2 RESISTOR ASSY3TUNABLE 1008 28480 08743-60014
DC1R1 NBT IN OPTIBN 002
DC1R2 0683-1055 [ RIFXD COMP -1 MEGOHM. 5% 1/4M o1121 CB 1055
DC1R3 0683-1055 R3FXD GOMP 1 MEGOHM 53 1/4M o1121 CcB 1055
DC2 08746-60001 COUPLER ASSY:PORT 28480 08746-60001
Dc2 FOR STANDARD MODEL ‘AND OPTION 001
DCc2 08746=-60007 COUPLER ASSY:RBRY 28480 08746-60087
oc2 FGR OPTION 002
pcacl 08745-6008 C:FXD 1500 PF 28480 . 08745-6008
NOZ FIELD REPLACEABLE
DC2C2 0180-2210 C:FXD ELECT 2 UF +50-10% 150VDCW 28480 0180-2210
DC2C3 0180-2210 C:FXD ELECT 2 UF +50-10% 150VDCW 28480 0180-2210
DC2Ch NOT FIELD REPLACEABLE
DC2C5 NOT FIELD REPLACEABLE
+ DC2C6 0180-2210 C:FXD ELECT 2 UF +50-10% 150VDCW 28480 0180-2210
pcac7 0180-2210 C:FXD ELECT 2 UF +50-10% 150VDCW 28480 0180-2210
DC2C8 NOT FIELD REPLACEABLE
DC2C9 NOT FIELD REPLACEABLE
DC2L1 NOT FIELD REPLACEABLE
bDC2L2 NOT FIELD REPLACEABLE
DC2R1 08743-60014 RESISTOR ASSY:TUNABLE 10DB 28480 08743-60014
DC2R1 NOT IN OPTION 002
DC2R2 0683-1055 R:FXD COMP 1 MEGOHM 5% 1/&4W 01121 CB 1055
DC2R3 0683-1055 R:FXD COMP 1 MEGOHM 5% 1/4W 01121 CB 1055
DC3 08746-60002 1 COUPLER ASSY:REFERENCE 28480 08746-60002

6-10
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Table 6-2. Replaceable Parts

Replaceable Parts

n A fr

Reference |up part Number Qty Description M Mfr Part Number

Designation Code

c1 NOT ASSIGNED

c2 NOT ASSIGNED

c3 01806-0204 2 CsFXD ELECT 2800 UF #100-10% 40VDCW 56289 D37694 DFP

c4 0180-0204 C3FXD ELECT 2800 UF +100-10% 40VDCW 56289 037694 DFP

DSl 2140-0244 2 LAMP:GLOW MINIATURE 95V " 87034 AlH

Fl 2110-0001 1 FUSEz1l ANP 15915 312001.

F1 . €115V LINE)

Fl 2110-0012 5 FUSE30.5 ANP 15915 312,500

Fl 1230V LINE)

F2 2110-0012 FUSE30.5 AMP 75915 312.500

F3 2110-0012 FUSE30.5 AMP 75915 312.500

F4 2110-0012 FUSEz0.5 AMP 75915 312.500

F5 2110-0012 FUSE30.5 AMP 75915 312.500

Ji 1251-0172 1 CONNECTOR:PRINTED CIRCUIT 22-CONN 28480 1251-0172

J2 1251-0194 1 CONMECRORZPRINTED CIRCUIT 15-CONTACT 28480 1251-0194

J3 1251-0160 1 CONNECTOR:15 PIN 28480 1251-0160

J4 1251-6233 1 CONNECTORIPC 44 CONTACTS 28480 1251-0233

45 1251-0159 1 CONNECEOR32X15 CONTACT 28480 1251-0159

J6 1251-00€&5 1 CONNECTORIFEMALE 36=-PIN MINAT 28480 1251-0085

R1 0698-3162 1 R:FXD MET FLM 46.4K OHM 1% 1/8W 28480 0698-3162

s1 3101-1395 1 SWITCH: PUSHBUTTON DPDT (LINE) 76854 53-67280-121/A1H

s1 2140-0244 LAMP:GLOW, NEON 87034 AlH

Tl 9100-3136 1 TRANSFORMER3115/230V AC . 28480 9100-3136

Wl 08746-20014 1 CABLE3CDUPLER/REAR -PANEL 28480 08746~-20014

w2 11604-20021 1 REFERENCE L INE/COAX LINE PATCH CABLE 28480 11604-20021

w3 08746-20015 1 CABLESREAR PANEL/LINE SETRETCHER 28480 08746-20015

W 08746-20017 1 CABLE:GCUPLER/ATTENUATOR 28480 08746-20017

WSA 08746-20018 1 CABLESATEENUATOR/SW TREE “A™ 28480 08746-20018

WSA FOR STANDARD INSTRUMENT

WsB 08746-20024 1 CABLE:ATTENUATOR/SW TREE "B" 28480 08746-20024

TO SW TREE BCOPT 001 AND OPT 002)

wé 08746-20016 1 CABLE:LINE STRETCHER/REEERENCE 28480 08746-20016

w1 08746-20019 1 CABLE:SW TREE "A®/AUX "DC1® 28480 08746-20019

w8 08746-20021 1 CABLE:MAIN LINE "DC1%/SW TREE B 28480 08746-20021

W9A 08746-20023 1 CABLE:SW TREE "B®LTEST PORT 28480 08746~20023

FOR STANDARD INSTRUMENT

w9B 08746-20025 1 CABLE:SW TREE “AW/TEST PORT 28480 08746-20025

WS 768 SW TREE A OPT 001 AND OPT 002

w10 08746-20022 1 CABLEZMAIN LENE ®DC2%/SW TREE B 28480 08746-20022

Wil 08746-20020 1 CABLE:SW TREE “A®/AUX “DC2% 28480 08746-20020

W12 8120-1348 1 CABLE:POWER 28480 8120-1348

MISGELLANEOUS

0370-C919 4 PUSHBUTTON: END CAP, LH, OLIVE BLACK 28480 0370-0919
0370-0920 4 PUSHBUTTON: END CAP, RH, OLIVE BLACK 28480 0370-0920
5000-C051 2 TRIM STRIP 28480 5000-0051
5000-C736 2 COVER:REAR SIDE 5 X 16 28480 5000-0736
5000-0737 2 COVER:FRONF SIDE 5 X 16 28480 5000-0737
5060-0228 1 COVER ASSY:BOTTOM 28480 5060-0228
5060-0766 2 HANDLE. ASSY3RETAINER 28480 5060~0766
5060-0767 5 FGOT ASSY:FM 28480 5060-0767
08743-00004 1 COVER ASSY:TOP 28480 08743-00004
08743~-00005 1 COVER:TOPs: REAR -CORNER 28480 08743-00005
08746-60005 1 PANEL SREAR 28480 08746-00005
0874600006 1 PANEL:FRONT, UPPER 28480 08746-00006
08746-00007 1 PANEL 3FRGNT, LOWER 28480 08746~00007
08746-20008 1 PANEL 3FRONT 28480 0874620008
08746-20013 2 FRAME SIBE 28480 08746-20013
08746-60005 1 WIRING HARNESS :PONER 28480 0874660005
08746-60006 1 WIRING HARNESS:LOGIC 28480 08746-60006

See introduction to this section for ordering information
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Replaceable Parts
Table 6-3. Code List of Manufacturers

MFR zip ‘

NO. MANUFACTURER NAME ADORESS CODE
00000 U.S.A. COMMON ANY SUPPLIER OF U.S.A,
ol1121 ALLEN BRADLEY CO. MILWAUKEE, WIS, 53204
04713 MOTOROLA SEMICONDUCTOR PRODGLINC. PHOENIX, ARIZ, 85008
07263 FAIRCHILD CAMERA & INST, CORP. SEMICONDUCTOR DIV. MOUNTAIN VIEW, CALIF. 94040
08806 G.E. CO. MINIATURE LAMP DEPT. CLEVELAND, OHIO 44112
19811 DURANT MFG. CO. MILWAUKEE, WIS. 53201
21335 FAFNIR BEARING CO. THE DIV. TEXTRON INC. NEﬁ BRITAIN, CONN. 06050
28480 HEWLETT-PACKARD COMPANY PALO ALTO, CALIF, 94304
56289 SPRAGUE ELECTRIC CC. N. ADAMS, MASS. 01247
702786 ALLEN MFG. CO. . HARTFORD, CONN. 06101
71041 BOSTON GEAR WORKS DIV N, AMERICAN ROCKWELL CORP. QUINCY, MASS. 02171
72962 ELASTIC STOP NUT DIV. AMERACE ESNA CORP. UNION, N.J. 07083
75915 LITTELFUSE INC. DES PLAINES, ILL. 60016
76854 0AK MFG. CO. DIV. OAK ELECTRO/NETICS CORP. CRYSTAL LAKE, ItL. 60014
79136 WALDES KOHINGOOR INC. LONG IS. CITY, N.Y. 11101
80131 ELECTRONIC INDUSTRIES ASSOCIATION WASMINGTON D.C. 20006
87034 MARCC & OAK INDUSTRIES DIV. OAK ELECTRO/NETICS CORP. ANAHE IM, CALIF. 92803
91418 RADIO MATERIALS CO. CHICAGO, ILL. 60646

6-12
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Replaceable Parts

Reference Designation

HP Part Number

Description

-_— DWW N WN -

-—

-
N

13
14
15
16
17
18

Refer to Figure 6-2, 87468 Front Panel Assembly

08745-2028
08743-00004
08746-00005
08746-00007
08746-00004
08743-00008
08743-00005
08746-20013
5060-0222
5060-0766
2550-0016
5000-0736
2370-0020
55000-0737
5060-0767
5000-0051
5060-0228

1490-0030
5060-0775

BRACE: TOP

COVER ASSY: TOP

PANEL: REAR

FILLER PIECE: SIDE FRAME

SUB DECK

FILLER PIECE: SIDE FRAME
COVER: TOP REAR CORNER
FRAME: SIDE

HANDLE ASSEMBLY

RETAINER: HANDLE ASSEMBLY
SCREW: SST BH 8-32 X 5/16"
REAR SIDE COVER

SCREW: SST FH PHL DR 6-32 X 3/16”
FRONT SIDE COVER

FOOT ASSEMBLY

PLATE: FLUTED ALUMINUM
BOTTOM COVER ASSEMBLY
STAND: TILT

KIT: RACK MOUNT

Figure 6-1. Cabinet Parts

6-13
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Model 8746B

Reference Designator HP Part Number Description

1 5040-0328 BEZEL: REFERENCE PLANE EXTENSION

2 08746-00007 PANEL FRONT: LOWER

3 08746-00006 PANEL FRONT: UPPER

4 08745-20008 PANEL FRONT (BACKING PLATE)

5 08742-2036 LOCK RING

6 08746-20006 CONNECTOR MOUNT: SLIDING

7 1250-0819 COUPLING NUT

8 1250-0820 COUPLING SLEEVE ASSEMBLY

9 0370-0920 PUSHBUTTON END CAP: RIGHT (4)

10 0370-0921 PUSHBUTTON: SWITCH (12) N

1 0370-0802 LENS: PUSHBUTTON (12)

12 5000-6400 LABEL: PUSHBUTTON (“S”")
5000-6401 LABEL: PUSHBUTTON ("312")
5000-6402 LABEL: PUSHBUTTON ("821")
5000-6403 LABEL: PUSHBUTTON (“822”)
5000-8677 LABEL: PUSHBUTTON ("0")
5000-8678 LABEL: PUSHBUTTON (““10")
5000-8679 LABEL: PUSHBUTTON (“20")
5000-8680 LABEL: PUSHBUTTON (“30")
5000-8681 LABEL: PUSHBUTTON ("40")
5000-8682 LABEL: PUSHBUTTON (""50")
5000-8683 LABEL: PUSHBUTTON (“60")
5000-8684 LABEL: PUSHBUTTON ("“70")

13 0370-0919 PUSHBUTTON END CAP: LEFT (4)

6-14

Figure 6-2. Front Panel Assembly
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Replaceable Parts

"'SEAT OUTER CONDUCTOR
CAREFULLY AND TIGHTEN

PANEL

:XV.}@‘ {4

TO 10 FT-POUNDS TORQUE
* Reference Designator HP Part Number Description
1 5000-8676 WASHER
2 5020-7803 NUT: CLAMP e
3 5020-7806 FERRULE
4 5020-7805 CABLE: TERMINATOR
5 2950-0079 NUT: HEX 5/8—24 THREAD
6 2190-0493 WASHER: FLATFOR5/8"” DIA SHAFT
17 08741-2010 CENTER CONDUCTOR: TERMINATOR
8 50400306 BEAD
9 1250-0816 HOLDER: CONTACT
10 08745-2047 CONNECTOR BODY: SST

Figure 6-3. REFERENCE & TEST Channel Output and Inboard (W3J1) REFERENCE LINE Connectors
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Model 8746B

2 3 PANEL
Reference Designation HP Part Number Description
1 5000-8676 WASHER
2 0590-0035 NUT: CLAMP
3 08745-2021 CABLE: TERMINATOR
4 2950-0079 NUT: HEX 5/8-24 THREAD
5 2190-0493 WASHER: FLAT FOR 5/8"” DIA SHAFT
6 08741-2010 CENTER CONDUCTOR: TERMINATOR
7 5040-0306 'BEAD
8 1250-0816 CONTACT: HOLDER
9 08745-2047 CONNECTOR BODY

6-16

Figure 6-4. Outboard (W1J1) REFERENCE LINE Connector
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Replaceable Parts

1 2 3 4 7 8 9
\ v
Reference Designation HP Part Number Description

1 5000-8676 WASHER

2 0590-0035 NUT: CLAMP

3 0510-0055 RING: TRUARC

4 5020-7805 TERMINATOR: CABLE
2950-0079 NUT: HEX 5/8-24” THREAD
2190-0493 WASHER: FLAT FOR5/8" DIA SHAFT

5 08741-2010 CENTER CONDUCTOR: TERMINATOR

6 5040-0306 BEAD

7 1250-0816 HOLDER: CONTACT

8 11604-20019 COUPLING SHELL: CONNECTOR

9 11604-20020 CONNECTOR BODY: SST

Figure 6-5. REFERENCE LINE Coaxial Cable Connectors (2)

6-17/6-18
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SECTION VII
MANUAL CHANGES

7-1. INTRODUCTION
7-2. To adapt this manual to instruments with

serial numbers prefixed 983-, make the changes
indicated below.

___ Serial Prefix or Number _— Make Manual Changes —- — Serial Prefix or Number __r.__ Make Manual Changes _1

983- 1

CHANGE 1
SERVICE NOTE

For serial prefix 983- it is recommended that A2Q22, A2R54, and A2R55 be replaced with the following parts:
A2Q22: 1854-0062 with heat dissipator 1205-0048.
A2R54 and A2R55: 0764-0013 R:FXD MET OX 56 OHMS 2W 5%.

The following Manual Changes are to document the parts originally installed in the instrument:

Page 6-4, Table 6-2 Replaceable Parts:
Change A2Q22 to 1854-0039 TSTR:SI NPN 80131 2N3053 with 1205-0062 HEAT DISSIPATOR.

Page 6-5, Table 6-2 Replaceable Parts:
Change A2R54 and A2R55 to 0698-3260 R:FXD MET 0X 100 OHM 28480 0698-3260.

Page 6-6, Table 6-2 Replaceable Parts:
Change A3R32, 33, 35,51 and 52 to 0686-5125 R:FXD DEPC 5100 OHM 5% 1/2W 01121 5125. ..

Recommended replacement for these resistors is: 0757-0833 R: FXD MET FLM 5110 OHM 1% 1/2W.

Page 6-7, Table 6-2 Replaceable Parts:
Change A3R71 and A3R72 to 0686-5125 R:FXD DEPC 5100 OHM 5% 1/2W 01121 5125.
Recommended replacement for these resistors is: 0757-0833 R:FXD MET FLM 5110 OHM 1% 1/2W.

Page 8-20, Service Sheet 2, A3 Driver Assembly;
Change A3R32, 33, 34, and 35 to 5100 ohms.

Page 8-24, Service Sheet 4:
Change A3R51,52,71,72,73 and 74 to 5100 ohms.

Page 8-28, Service Sheet 6:
Change A2Q22 to 1854-0039.

Manual Changes

7-1/7-2
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Model 8746B

Service

SECTION Vil
SERVICE

8-1. INTRODUCTION

8-2. This section provides instructions for testing,
troubleshooting, and repairing the Model 8746B
S-Parameter Test Set.

8-3. PRINCIPLES OF OPERATION

8-4. General principles of operation are described
on the first fold-out sheet, opposite the block
diagram. This block diagram also serves as an
index. Larger numerals on the block diagram refer
to Service Sheets as follows:

Service Sheet 1 consists of RF Circuits

Service Sheet 2 consists of S-Parameter Latch and
Driver Circuits

Service Sheet 3 consists of Attenuation Latch
Circuits

Service Sheet 4 consists of Attenuator Driver Cir-
cuits

Service Sheet 5 consists of Remote Control Logic
Circuits

Service Sheet 6 consists of Power Supplies (in-
cludes Remote Control Power Supply).

8-5. Detailed circuit description for each individual
schematic diagram is placed on the facing left-hand
foldout page on each Service Sheet. This places all
material needed for printed-circuit-level diagnosis

.in one place, providing easy correlation between

function and specific circuitry.

8-6. RECOMMENDED TEST EQUIPMENT

8-7. Test equipment and accessories required to
maintain the Model 8746B are listed in Table 1-3.
Other equipment may be substituted, provided it
meets the specifications listed in the ‘Critical
Specifications” column. Other servicing aids are
listed in Table 8-1 Servicing Aids.

8-8. The schematic diagrams in this section repre-
sent the circuits electrically. They are not wiring
diagrams, though wire colors are given where prac-
tical.

8-9. The circuits are arranged according to signal
flow; consequently, some switch and circuit assem-
blies may be shown in part on more than one
diagram. If so, the reference designation is pre-
ceded by P/O, for “Part Of”’, and is followed by a
notation of the number of parts into which the
assembly has been divided.

8-10. Some of the general information obtainable
from the schematic diagrams is shown in Table 8-2.
Notes and explanations of symbols pertaining to all
the diagrams are contained in Table 8-2. Notes
about specific components, circuits, or conditions
are given on the diagram to which they apply.

8-11. As an aid to finding components and assem-
blies in the set of diagrams, each diagram has a box
labelled Reference Designations that contains all
the reference designations appearing on the dia-
gram.

8-12. COMPONENT TROUBLE ISOLATION

8-13. The following information is given to aid in
making voltage and resistance measurements.

8-14. Leads of most transistors on the printed
circuit boards are in a triangular configuration. The
emitter lead is identified by an E alongside the lead
on the printed-circuit board. Polarity of diodes is
marked on the printed-circuit board by means of
the standard schematic symbol. Pin numbers of the

Table 8-1 Servicing Aids

bulb replacement)

Bulb Extractor Tool (permits easy pushbutton lens and pushbutton light

Service Board (permits remote programming w/clip leads for testing purposes)

ITEM HP PART NUMBER
22-pin Extender Board (permits making voltage measurements on board A2) 5060-0630
15-pin Extender Board (permits making voltage measurements on board Al) 5060-0049
Spanner Wrench (permits disassembly of APC-7 type connectors) 5060-0237

(Part of Model 11587A
Connector Kit)

4040-0427
08620-60037

81
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Model 8746B

Table 8-2. Schematic Diagram Notes

— — —— — —

~——

Numerator

Denominator

¥

SCHEMATIC DIAGRAM NOTES

Resistance is in ohms and capacitance is in microfarads unless otherwise noted.

o

P/O = part of.

*Asterisk denotes a factory-selected value. Value shown is typical. Capacitors
may be omitted or resistors jumpered.

Screwdriver adjustment. O Panel control.

Encloses front panel designations. C””73 Encloses rear panel designations.

Circuit assembly borderline.
Other assembly borderline.

Heavy line with arrows indicates path and direction of main signal.

Heavy dashed line with arrows indicates path and direction of main feedback.

Wiper moves toward CW with clockwise rotation of control as viewed from shaft
or knob.

Numbers in stars on circuit assemblies show locations of test points, called TP in
text.

Encloses wire color code. Code used (MIL-STD-681) is the same as the resistor
color code. First number identifies the base color, second number the wider
stripe, and the third number identifies the narrower stripe, e.g. denotes
white base, yellow wide stripe, violet narrow stripe.

e

Tiepoint (connects two or more schematics).

Voltage régulator (breakdown diode).

Feed-through capacitor (shunt capacitor, commonly used for bypassing high-
frequency signals to chassis).

Dual entry voltage value. Numerator indicates selected condition, denominator
non-selected condition. See paragraph 8-67 for further explanation.

Symbol indicates a common circuit point.

Symbol with A indicates common return, NOT GROUND.
Symbol with B indicates remote operation +11V source.
Symbol with C indicates remote operation +5V source.

8-2
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Model 8746B

microcircuits are shown in an outline drawing on
Service Sheet 5. Test points are labelled TP in text,
i.e. A1TP1 is test point 1 (1 in a star on schematic)
in assembly Al.

8-15. When making voltage measurements, note
that they are referenced to a common point, NOT
GROUND. This point can be found at any white-
black wire, such as on the rear-panel REMOTE/
MANUAL switch S2.

8-16. When making ohmmeter measurements on
transistors do not use an ohmmeter range that has
over 1.5 volts open-circuit voltage on the test leads
nor that draws more than 1 milliampere of short-
circuit current.

8-17. ASSEMBLY REPLACEMENT

8-18. Pushbutton Circuit Boards

8-19. Td\ replace a pushbutton board, proceed as
follows:

a. Remove the top cover.

b. Remove Al, the power supply board, as
follows:

1. Remove the two posi-drive screws
holding the power supply’s series
regulator heat sink (mounting brac-
ket).

2. Remove the circuit board and heat
sink as a unit (unplug from chassis
connector).

3. Remove the electrolytic capacitor
mounting bracket by removing the
three screws and move the capacitors
out of the way. ’

c. Remove the eight screws holding the A4
pushbutton circuit board to the pushbuttons.

d. Remove the pushbutton circuit board A4
from the instrument and disconnect from socket.

To install the Pushbutton Circuit Board:
a. Install light bulbs into replacement board.

b. Insert the replacement circuit board into
its socket and position circuit board with light
bulbs showing through the front panel.

c. Insert the eight circuit-board mounting
screws through the circuit board. Start each screw
into the pushbutton end-piece.

d. Tighten circuit board mounting screws.

Service

e. Install electrolytic capacitor mounting
bracket.

f. Install power supply circuit board.

8-20. Switch Tree A

8-21. Switch Tree A consists of three microwave
coaxial switches. Each switch may be replaced
individually. Refer to the Table of Replaceable
Parts in Section VI for part numbers. To replace a
switch proceed as follows:

a. Remove top and bottom covers.

b. Remove top cross-brace (one screw on
each end and one each screw above the TEST and
REFERENCE channel connectors).

c. Disconnect cable W7 (see Schematic 1) at
Directional Coupler DC 1 (PORT 1 coupler) by
firmly holding the coupler’s stainless steel connec-
tor with a pair of plastic-jawed pliers, while loosen-
ing the % brass nut.

d. Disconnect cables W5 and W11 from
Switch Tree A, using a 34’ open-end wrench.

e. Remove the two socket-head screws hold-
ing Switch Tree A to its mounting bracket.

f. Remove Switch Tree A and cable W7
through the bottom of the instrument.

g. Disconnect the two white-black wires and
one white-green (white-blue on Option 001 or 002)
wire from Switch Tree A.

h. Disconnect cable W7 from Switch Tree A.
i.  Replace defective switch.
To install Switch Tree A:

a. Insert the replacement switch tree into
the instrument from the bottom so that the flat
surface of the switches is closest to the front of the
instrument and the switch-tree’s single port is
closest to the left side of the instrument, when
viewed from the front.

b. Make sure coaxial cable center conductor
end is concentric. Clean with methanol. Connect
cables to switch-tree finger-tight.

c. Install the two switch-tree mounting
screws.

d. Tighten all cable connections. Firmly hold
DC1’s stainless-steel connector when tightening W7
at DC1.

8-3
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e. Solder white-green (white-blue on Options
001 and 002) and two white-black wires to switch-
tree terminals with same color wires attached.

f. Install the top cross-brace.

g. Install covers.

8-22. Switch-Tree B

8-23. Switch Tree B consists of three microwave
coaxial switches. Each switch may be replaced
individually. Refer to the Table of Replaceable
Parts in Section VI for part numbers. To replace a
switch proceed as follows:

a. Remove top and bottom covers.

b. Remove top cross-brace (one screw on
each end and one screw each above the TEST and
REFERENCE channel connectors). :

c. Disconnect cables W8 (see Schematic 1)
and W10 from Switch Tree B (cables W8 and W10
go to DC1 and DC2, respectively).

d. To\obtain access to switch tree connec-
tors, disassemble W3J1 (inboard rear-panel
REFERENCE LINE connector) as follows:

1. Loosen cable terminator lock-nut
using a 1/2” open-end wrench.

2. Partially unscrew cable terminator
from connector body using a 7/16”
open-end wrench.

3. Remove nut securing connector body
to rear panel using 3/4” open-end
wrench.

4. Push cable through rear panel and
unscrew connector body from term-
inator.

5.  Remove bead assembly, cable termin-
ator, and outer conductor washer
from cable.

| e. For standard model 8746B, disconnect
cable W9 as follows:

1. Disassemble TEST output connector
using step d substeps 1 through 4
above.

2. Disconnect W9 from Switch Tree B.

f. For 8746B options 001 and 002, dis-
connect cable W5 from A6 (step attenuator) and
then from Switch Tree B.

8-4
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g. Loosen the single screw located between
the three switches in Switch Tree B. This screw is
accessible from the top of the instrument. Push the
screw out as far as possible and remove spacer from
screw.

h. Remove the allen-screws holding Switch
Tree B to its mounting plate.

i. Remove iyASwitch Tree B from the bottom
of the instrument.

j.‘ Disconnect the white-black and white-
blue (white-green on Options 001 and 002) from
the switch tree.

k. Replace the defective switch.
To install Switch Tree B:

a. Install the replacement switch tree so that
the flat side of the switches is closest to the right
side of the instrument, when viewed from the
front, and the single port of the tree is closest to
the rear panel.

b. Install spacer and screw located between
the switches. Do not tighten screw.

c. Make sure coaxial cable center conductor
ends of cables W8 and W10 are concentric. Clean
ends with methanol. Connect cables to switch-tree
finger-tight.

d. Install and tighten switch-tree mounting
SCrews.

e. Tighten screw located between the
switches.

f. Tighten cable W8 and W10 connections.

g. For 8746B standard model connect cable
W9 as follows:

1. Make sure coaxial cable center con-
ductor end of cable W9 is concentric.
Clean with methanol. Connect finger-
tight.

2. Assemble the TEST output connector
(see step i substeps 1 through 6).

3. Tighten cable W9 connections.

h. For 8746B option 001 or 002, make sure
coaxial cable center conductor end of W5 is con-
centric. Clean end with methanol. Connect cable
W5 to Switch Tree B and then to A6 (attenuator).
Tighten connectors.
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i, Assemble W3J1 as follows:

1. Install cable terminator and outer con-
ductor washer and nut loosely onto
cable. See Figure 6-3 for position of
washer.

2. Install bead assembly onto cable termi-
nator.

3. Push cable through rear panel and
screw connector body onto cable termi-
nator finger-tight.

4. Tighten nut securing connector to rear
‘ panel.

5. Tighten cable terminator in connector
body.

6. Tighten terminator lock-nut.

j. Solder the white-black and white-blue
(whitegreen on Options 001 and 002) to Switch
Tree B terminals that have corresponding color-
coded wires attached.

k. Install top cross-brace.

1. I.nstall covers.

8-24. Step Attenuator (A6) Assembly

8-25. To remove the A6 Step Attenuator Assem-
bly, proceed as follows:

a. Remove top and bottom covers.

b. Swing out the circuit-board socket assem-
bly and disconnect cable W4. See page 8-17.

¢. Disconnect cable W4 from the attenuator.

d. Disconnect cable W5, accessible at the bot-
tom of the instrument, from the attenuator .

e. Remove the four socket-head screws hold-
ing the attenuator to the mounting bracket.

f. Remove the attenuator through the open-
ing made when the circuit-board connector
bracket is swung out.

Mark the color-coded wires to attenuator
for identification when installing a replacement
attenuator. Disconnect wires. Return attenuator to
factory for repair. This attenuator is on an ex-
change program where it may be exchanged for
another attenuator.

To install A6 assembly proceed as follows:

Service

a. Connect color-coded wires to attenuator
terminals.

b. Install attenuator through the opening
made when circuit-board connector bracket is
swung out.

c. Install the
SCrews.

four attenuator-mounting

o

d. Connect cables W4 and W5 to attenuator
finger-tight.

e. Tighten attenuator mounting screws.
f. Tighten cables W4 and W5.

g. Install covers.

8-26. Line Stretcher (A5) Assembly

8-27. To remove the A5 Line Stretcher Assembly
proceed as follows:

a. Remove the top, bottom, and side panel
covers.

b. Remove both front-panel APC-7 connector-
coupling assemblies as follows:

1. Partially extend coupling sleeve to serve
as a guide for spanner wrench (part of
Model 11587A Connector Kit).

2. Position spanner wrench, HP Part No.
5060-0237, so both pegs on the face of

the wrench engage holes in the coupling-
assembly. Thread spanner wrench coup-
ling nut on connector. ‘

3. Hold gold-plated section of connector
firmly with a thin 1/2 inch open-end
wrench while removing connector end
assembly by unscrewing with the span-
ner wrench.

CAUTION

Do not allow the gold-plated
portion of the connector to
rotate while removing the end-
assembly. If the connector is
allowed to rotate, the directi-
vity of the coupler may be
affected.

4. Loosen two allen-screws in lock-ring
behind front panel, slide lock-ring back,
and remove front-panel connector
mount.
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¢. Remove the REFERENCE PLANE EX-
TENSION control knob.

d. Remove power LINE switch retaining ring.

e. Remove the fluted-aluminum stick-on trim
strip on each side frame, using a razor blade to lift
one edge of the strip. On rack-mounted instru-
ments, remove rack-mounting brackets.

f.  Remove the two screws holding the left
side-frame to the chassis.

g. Remove the three screws on each side
which hold the side-frame to the front panel.

h. Remove the top cross-brace by removing
one screw at each end of the brace and two screws,
one above the TEST and one above the REFER-
ENCE connectors.

i.  Pull the left (when viewed from the front)
side-frame out slightly and remove the left end of
front panel.

J. Loosen screws holding right side-frame and
remove right end of front panel.

k. Disconnect the connector to pushbutton
circuit-board.

m. Disconnect Cable W3 from Line Stretcher,
using a 3/4 inch open-end wrench.

n. Disconnect cable W6 at the REFERENCE
output connector. Loosen cable terminator lock-
nut using 1/2 inch open-end wrench and slide nut
back onto cable, then unscrew cable terminator
from connector body using 7/16 inch open-end
wrench.

p. Remove three screws on the electrolytic
filter-capacitor bracket and swing filter capacitors
out of the way.

q- Remove two screws on power supply
mounting bracket and remove power supply assem-
bly.

r. Remove three screws holding the Line
“Stretcher’s front mounting-plate to the chassis.

s. Remove two screws holding Line Stretcher
to rear panel.

t. Remove Line Stretcher through the front
of the instrument.

u. Disconnect cable W6 from Line Stretcher’s
10 dB attenuator as follows:
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1. Hold attenuator housing with a 1/2
inch open-end wrench.

2. Loosen cable terminator lock-nut using
a 1/2 inch open-end wrench, and slide
lock-nut back onto cable.

3. Unscrew cable terminator from
attenuator housing using a 7/16 inch
open-end wrench Bead assembly and
washer, HP Part No. 5000-8676, may
come loose. Reinsert any loose parts.

To install a Line Stretcher Assembly:

a. Connect cable W6 to Line Stretcher’s 10

dB attenuator. Do not tighten terminator lock-nut.

(See Figure 6-3.)

b. Install Line Stretcher and cable W6 through
the front of the instrument. ‘

c. Make sure coaxial cable center conductor
end of cables W3 and W6 are concentric. Clean
ends with methanol. Connect finger-tight.

d. Install three screws holding Line Stretcher’s
front mounting-plate to the chassis.

e. Tighten cables W6 and W3.

f. Install power supply circuit-board and
mounting bracket.

g. Install electrolytic capacitor assembly.
h. Connect pushbutton circuit-board
connector and install front panel.

i. Install top cross-brace and all side-frame
screws.

J- Install the power LINE switch in front
panel.

k. Turn instrument upside down and install
two screws and spacers holding the Line Stretcher
to rear panel. To insert spacers, spring rear panel
slightly using a screw driver between Line Stretcher
and rear panel, if necessary.

1. Install trim ring and clamp.

m. Install two APC-7 connector coupling
assemblies firmly by holding each outer conductor
with an open-end wrench, while tightening the
coupling assembly with a spanner wrench.

n. Install all covers.

s
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8-28. Directional Coupler DC1 (Port 1 Coupler)

8-29. To remove the DC1 Directional Coupler,
proceed as follows:

a. Remove the top and bottom covers.

Note

DC1 is mounted so that the front-panel
connector will move slightly to insure
mating with the Model 11608A. The posi-
tion of this Directional Coupler on its
mounting plate is critical. Before removing
this directional coupler, mark its position
(on at least two sides) on the mounting
plate to aid in positioning the replacement
coupler.

b. Remove associated. APC-7 connector coup-
ling assembly as follows:

1. Partially extend coupling sleeve to serve
as a guide for the spanner wrench, HP
Part No. 5060-0237 (part of 11587A
Connector Kit).

2. Position spanner wrench so both pegs
on the front face of the wrench engage
holes in the connector face. Tighten
wrench sleeve.

3. Hold gold-plated section of connector
firmly with a thin 1/2 inch open-end
wrench while removing connector
coupling-assembly by unscrewing with
a spanner wrench.

CAUTION

Do not allow the gold-plated portion of
the connector to rotate while removing
coupling assembly. If the connector is
allowed to rotate, the directivity of the
coupler may be affected.

c. Loosen two allen-screws. in lock-ring be-
hind front panel, slide lock-ring back, and remove
front-panel connector mount.

d. Disconnect cable W8 from switch tree B.
Cable W8 will be disconnected from the L-shaped
adapter later, after the Directional Coupler is re-
moved.

e. Disconnect cable W7 from DC1 using a 3/4
inch open-end wrench, while firmly holding the
Directional Coupler’s stainless-steel connector with
a pair of plastic-jawed pliers.

f. Remove the two pozi-drive screws (acces-
sible from the top).

Service

g. Remove DC1, the mounting plate, and
cable W8 from the instrument.

h. Disconnect W8 from the Directional Coup-
ler’s L-shaped adapter by using two 3/4 inch open-
end wrenches.

i. Disconnect the blue bias-circuit leads from
the Directional Coupler.

j. Remove the mounting platé from the
Directional Coupler.

To install Direction Coupler DC1 replacement:

a. Position new coupler on mounting plate,
using marks made for original Directional Coupler.

b. Make sure coaxial cable center conductor
end of cable W8 is concentric. Clean end with
methanol. Connect cable W8 to coupler L-shaped
adapter. Position cable W8 so that it mates with
the switch tree B connector. Tighten W8 with a 3/4
inch open-end wrench.

c. Reassemble connector coupling assembly
on coupler.

CAUTION

Hold coupler connector parts from turning
with an open-end wrench. Coupler may be
damaged if this is not done.

d. Slide lock ring over front-panel port of new
coupler.

e. Install new coupler and mounting plate. Do
not install mounting-plate screws at this time.

f. Make sure coaxial cable center conductor
ends of cables W7 and 8 are concentric. Clean ends
with methanol.

g. Connect cables W7 and 8 to new coupler
finger-tight.

h. Install front-panel connector mount and
lock ring. Do not tighten lock-ring allen screws.

i. Install APC-7 connector coupling assembly
by firmly holding outer conductor with 1/2 inch
open-end wrench, while tightening coupling assem-
bly with a spanner wrench.

j.  Adjust the position of new coupler to align
front-panel connector as follows:

1. Connect a 20 cm air-line to each front-
panel APC-7 connector. These air-lines
will aid in aligning the front-panel con-
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nectors. A slight tilting of the connec-
tors will be more apparent with the air-
lines connected.

2. Loosen 7/16 inch nuts on
mounting-plate spacers and adjust to
align coupler. Tighten nuts. Do not
tighten mounting screws excessively or
the connector will not have a slight
freedom movement and the mounting-
plate spacers may be damaged.

3. If the front-panel connector is out of
alignment in any direction the coupler
must be repositioned on its mounting
plate.

4. With a 20 cm air-line on PORT 1 and
PORT 2, connector spacing at the end
of the air-lines should be approx. 4.810
inches and ends should be at the same
height. Remove air-lines. Check coup-
lers for equal extension from front
panel.

k. Tighten cable W7, holding the coupler’s
stainless-steel connector with a pair of plastic-
jawed pliers.

1. Tighten cable W8 at switch tree B.

m. Tighten the front-panel connector-mount
lock ring.

n. Solder the blue bias-circuit leads to the
coupler’s terminals, in any order.

0. Replace instrument top and bottom covers.

8-30. Directional Coupler DC2 (Port 2 Coupler)

8-31. To remove the DC2 Directional Coupler,
proceed as follows:

‘a. Remove the top and bottom covers.

b. Remove APC-7 connector coupling assem-
bly as follows:

1. Partially extend coupling sleeve to serve
as a guide for the spanner wrench, HP
Part No. 5060-0237. This wrench is
part of the HP 11587A Connector Kit.

2. Position spanner wrench so that both
pegs onthe face of the spanner wrench
engage holes in the connector face.
Tighten wrench sleeve.

3. Hold gold-plated section of connector
firmly with a thin 1/2 inch open-end
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wrench while removing connector
coupling-assembly by unscrewing with
spanner wrench.

CAUTION

Do not allow gold-plated portion of con-
nector to rotate while removing the coup-
ling assembly. If connector is allowed to
rotate, dire€tivity of coupler may be
affected.

. Loosen the two allen-screws in lock ring
located behind front panel, slide lock-ring back,
and remove the connector mount from front panel.

d. Disconnect W11 from DC2J2 (bottom of
instrument) using a 3/4 inch open-end wrench,
while holding stainless-steel part of coupler with a
pair of plastic-jawed pliers.

e. Disconnect W10 from the coupler’s
L-shaped adapter using two 3/4 inch wrenches.

f. Disconnect other end of W10 from switch
tree A, and remove W10 completely. Removal is
necessary to install new coupler.

g. Remove three screws from electrolytic
capacitor mounting bracket and swing the capaci-
tor assembly out of the way.

h. Remove the coupler-mounting brackets
from the chassis and then from the Directional
Coupler.

i. Remove the Directional Coupler.

j-  Unsolder the two green bias leads to the
Coupler.
To replace the Directional Coupler DC2, proceed
as follows:

a. Remove APC-7 connector coupling assem-
bly as follows:

1. Partially extend coupling sleeve to serve
as a guide for spanner wrench, HP Part
No. 5060-0237.

2. Position spanner wrench so that both
pegs on the face of spanner wrench en-
gage holes in the connector face.
Tighten wrench sleeve.

3. Hold gold-plated section of connector
firmly with a thin 1/2 inch open-end
wrench while removing connector
coupling assembly by unscrewing with
spanner wrench.
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CAUTION

Do not allow gold-plated portion of con-
nector to rotate while removing the coup-
ling assembly. If connector is allowed to
rotate, directivity of coupler may be af-
fected.

b. Install lock ring on PORT 2 port.

c. Install new coupler through bottom of the
instrument.

d. Install screws in coupler-mounting bracket.
Do not tighten screws in the bracket.

e. Make sure coaxial cable center conductor
end of cable W10 is concentric. Clean end with
methanol. Connect cable finger-tight to new
coupler and switch tree A.

f. Inspect center conductor of cable W11 and
clean with alcohol, if necessary. Connect cable
W11 finger-tight to new coupler.

g. Install new coupler-mounting brackets to
chassis. Do not tighten mounting-bracket screws.

h. Tighten cables W10 and W11.

i. Install front-panel connector mount. Do
not tighten lock-ring allen screws.

j. Install APC-7 coupling assembly, firmly
holding outer conductor with a thin 1/2 inch open-
end wrench while tightening coupling assembly
with a spanner wrench.

k. Adjust position of new coupler to align
front-panel connector as follows:

1. Connect a 20 cm air-line to each front-
panel APC-7 connector. These air-lines
will aid in aligning the front-panel con-
nectors. A slight tilting of the connec-
tors will be more apparent with the air-
lines connected.

2. Adjust position of coupler and tighten
mounting-bracket screws.

3. With a 20 cm air line on PORT 1 and
PORT 2, connector spacing at the end
of the air-lines should be approx. 4.810
inches and end should be at the same
height. Remove air-lines. Check coup-
lers for equal extension from front
panel.

l. Solder wires to the new coupler’s bias-
circuit terminals. Wires can be soldered in either
order.

Service

m. Install
bracket.

electrolytic-capacitor mounting

8-32. Directional Coupler DC 3

8-33. To remove Directional Coupler DC3 (Direc-
tional Coupler associated with RF INPUT), pro-
ceed as follows:

a. Remove bottom and top, left (when viewed
from front) rear cover.

b. Disconnect cables W1 and W4, while firmly
holding the Directional Coupler’s stainless-steel
‘connector with a pair of plastic-jawed pliers.

¢. Loosen the two allen-screws in lock ring
located behind rear panel and remove the connec-
tor mount.

d. Remove the two coupler-mounting screws
(accessible through top of instrument).

e. Remove the Directional Coupler from in-
strument.

To install a new Directional Coupler proceed as
follows:

a. Slide lock ring onto new coupler’s type N
connector.

b. Install new coupler in the instrument. Make
sure coaxial cable center conductor ends of cables
W1 and 4 are concentric. Clean ends with meth-
anol. Tighten ends of cables finger-tight.

c. Install the two coupler-mounting screws.
Do not tighten screws.

d. Install RF input connector-mount and
tighten lock ring. Tighten coupler-mounting
SCrews.

e. Tighten cables W1 and W4, while firmly
holding new coupler’s stainless-steel connector
with a pair of plastic-jawed pliers.

f. Install top and bottom instrument covers.
8-34. Port Coupler 10 dB Attenuator

8-35. The directional coupler associated with
PORT 1 and PORT 2 (DC1 and 2) in the standard
model and Option 001 (not Option 002) contains a
10-dB attenuator. If the return-match reflection is
greater than specifications and Switch Tree B is
OK, the trouble may be in the 10-dB attenuator.
Replace the 10-dB attenuator using the following
procedure. Attenuator is HP Part No.
08743-60014.
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- a. Remove top and bottom instrument covers.

b. If PORT 1 coupler, remove nearest instru-
ment side frame.

c. Loosen coupler mounting plate or brackets.

d. . Remove cable end attached to the L-shaped
adapter.

e. Loosen other cable on coupler. If PORT 1
coupler, swing it out.

f. With 3/4 inch open-end wrench, unscrew
brass nut between L-shaped adapter and stainless-
steel connector mount on coupler.

g. With a spanner wrench, HP Part No.
5060-0237, unscrew connector bead holder.

h. Remove 10 dB attenuator cartridge, noting
which end has the mark.

CAUTION

Do not lose or damage the washer (HP Part
No. 2190-0831), sliding contact (HP Part
No. 5020-3297), or spring (HP Part No.
1460-0977) behind the sliding contact on
both sides of the attenuator cartridge. All
of these parts are necessary for proper con-
tact.

To replace the 10 dB attenuator cartridge, proceed
as follows:

a.. Install a new 10 dB attenuator cartridge
(HP Part No. 08743-60014) with a washer (HP Part
No. 2190-0831) on each side of the cartridge.

NOTE

The marked end has the lowest reflection
and should be inserted with the marked
end toward the coupler.

b. With a spanner wrench (HP Part No.
5060-0237) screw in connector bead holder.

c. With 3/4 inch open-end wrench, tighten
brass nut between L-shaped adapter and stainless-
steel connector mount on coupler.

d. Inspect coupler connector faces and clean
with methanol, if necessary.

e. Make sure coaxial cable center conductor
end is concentric. Clean open cable connectors
with methanol.

f.  Remount the couplers.
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g. Reconnect the cables.

h. Reconnect side frame, if removed, and re-
place covers.

8-36. Port 1 and Port 2 Connector Coupling
Assemblies

8-37. The couplf»ng assembly of the front-panel
PORT 1 and PORT 2 APC-7 connectors is replace-
able. To replace a coupling assembly proceed as
follows:

a. Partially extend coupling sleeve to serve as
a guide for the spanner wrench, HP Part- No.
5060-0237 (part of HP 11587A Connector Kit).

b. Position spanner wrench so both pegs on
the front face of the wrench engage holes in the
connector face. Tighten wrench sleeve.

c. Hold gold-plated section of connector
firmly with a thin 1/2 inch open-end wrench while
removing connector end-assembly by unscrewing
with a spanner wrench.

CAUTION

Do not allow the gold-plated portion of the
connector to rotate while removing the
end-assembly. If the connector is allowed
to rotate, the directivity of the coupler
may be affected.

d. Order coupling sleeve assembly HP Part No.
1250-0820 or coupling nut HP Part No.
1250-0819.

e. Assemble by reversing the disassembly pro-
cedure. ’

8-38. REPAIR
8-39. Replaceable Parts

8-40. Parts shown in Table 6-3 are replaceable. To
replace other parts not listed contact your nearest
Hewlett-Packard office.

8-41. Location Diagrams

8-42. The location of test points are shown on
Service Sheet 6. The locations of individual compo-
nents mounted on printed circuit boards are shown
opposite the related schematic diagram. The part
reference designator may be found from the sche-
matic diagram, then located on the parts identifica-
tion diagram on the same Service Sheet.
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8-43. TROUBLESHOOTING

8-44. Introduction

8-45. Some general troubleshooting information is
given in paragraphs 8-48 through 8-63. This infor-
mation may be helpful in analyzing the trouble and
therefore by-passing portions of the troubleshoot-
ing procedures.

8-46. A preliminary troubleshooting procedure is
given in Figure 8-2. This procedure checks the
various instrument functions. For a trouble in a
particular function this procedure directs the
troubleshooter to another troubleshooting proce-
dure to further isolate the trouble.

8-47. The individual troubleshooting procedures
need not be performed one after the other, in
order. Preliminary troubleshooting should be per-
formed first, unless the troubleshooter has deter-
mined by other means that the trouble is associ-
ated with a particular instrument function. If the
troubleshooter knows in which circuit the trouble
occurs, he can go directly to the troubleshooting
for that circuit on the Service Sheet for that cir-
cuit. Refer to paragraph 8-3 for a listing of the
circuits shown on the various Service Sheets.

8-48. Troubleshooting Procedure

8-49. Troubleshooting is generally divided into
two maintenance levels in this manual. The first is
the circuit level, which isolates a trouble to a cir-
cuit. Troubleshooting flow diagrams provide a
simple step-by-step procedure to identify the de-
fective circuit. The second maintenance level iso-
lates the trouble to the component level. A de-
tailed circuit description, a schematic diagram, and
a voltage table are provided on each Service Sheet
‘to aid in troubleshooting down to the component
level.

8-50. Troubleshooting from Front-Panel
Indications

8-51. Many troubles, such as pushbutton lamp cir-
cuits, can be narrowed to one particular circuit
from the front-panel indications. In these cases, go
directly to the troubleshooting flow diagram on
the Service Sheet of the circuit involved.

8-52. Troubleshooting from the Display Indicator

8-53. The network analyzer display indicator will
also indicate troubles, but the causes may not be
readily apparent. Except for total failure, the usual
indication is a change in gain. This may be ob-
served on the display indicator or as a change in
the 8410A Network Analyzer TEST CHANNEL
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GAIN setting required for normal calibration. Nor-
mal TEST CHANNEL GAIN for calibration is
about 19-22 dB with equal amplitude signals into
the test and reference channels and depending
upon the particular network analyzer.

8-54. Test Channel Gain Higher Than Normal.
Higher than normal test channel gain for calibra-
tion indicates a loss in gain in the test channel.
Lower than normal test channel gain for calibra-
tion indicates a loss in the reference channel. Dis-
continuities in the reference channel can often be
determined by moving the REFERENCE PLANE
EXTENSION and observing the display trace. If
the display varies cyclically, the discontinuity is
probably in the reference channel.

8-55. Test Channel Gain Lower Than Normal. If
the 8410A Network Analyzer TEST CHANNEL
GAIN setting required for calibration is other than
normal, the trouble may be of several types.
Troubles may be large insertion loss (>5 dB), small
insertion loss (<5 dB), and discontinuities. A large
insertion loss may cause the system to be unusable.
A small insertion loss may be general or occur only
at certain frequencies (a tracking problem). These
troubles can be narrowed to a particular circuit by
referring to the Preliminary Troubleshooting Fig-
ure 8-2.

8-56. Isolation of RF Troubles. The paths of the
RF signal change when the s-parameter being meas-
ured is changed. This allows logical troubleshooting
by observing in which s-parameter positions the
trouble occurs and in which positions it is absent.
The trouble is in that portion of the RF path com-
mon to two or more paths in which the trouble
occurs. However, this common path may still con-
tain several coaxial cables, several coaxial switches,
and a directional coupler.

8-57. If the trouble is lack of repeatability (non-
repeatability of indications upon returning to the
same switch position), suspect coaxial switches or
switch connectors. If the trouble is catastrophic
(no signal through the path), use an ohmmeter to
measure for short or open circuits. If some signal is
flowing through the path, try moving each coaxial
cable gently back-and-forth while observing the dis-
play indicator. If the display trace moves, try to
narrow the trouble to one connector. If a coaxial
connector is at fault, remove connector, dis-
assemble, and check for:

1. Center conductor concentric and in good
condition.
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2. Outer conductor cable ferrule tight, making
good contact with cable, and in proper
position.

3. Mating surfaces of cable connector clean
and not tilted.

4. Presence and condition of washer between
cable and cable terminator.

5. Condition of fingers or female center con-
ductor contact. Repair or replace faulty
part, reassemble and retest.

8-58. If the trouble does not appear to be a cable,
observe if any of the other components or connec-
tors move while moving the cables. Tighten any
loose connectors.

8-59. If neither bad coaxial cables or loose connec-
tors are discovered, suspect the coaxial switches.
Test for repeatability by switching s-parameters
while observing the display indicator. For a given
parameter, the display should repeat each time
within .05 dB. Greater change than .05 dB may
indicate a bad coaxial switch or that a connector
on the switch is moving with switching action.

8-60. A signal source may be connected to a
switch tree input with a power meter at the output
of the switch to observe the transmission through
the switch tree. The loss through the switch tree
should be less than 1.5 dB. If the loss is greater,
disconnect the individual coaxial switches and
measure each individually. Each individual switch
should have a loss of less than 0.75 dB. In addition,
the: loss should be a smooth change with fre-
quency, changing less than 0.5 dB from 8.2 to 12.4
GHz.

8-61. If neither cables, connectors, nor switches
appear bad, suspect the coupler in the trouble com-
mon path. Do not take the coupler apart. Perform
the coupler directivity test in Figure 4-1. If direc-
tivity is out of specifications, return coupler or
instrument to Hewlett-Packard for repair.

8-62. The coupler may also be removed and tested
separately. Connect a signal source to the mainline
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port nearest the auxiliary port and a power meter
to the other mainline port. Be sure to terminate
the auxiliary port with a 50-ohm load so reflec-
tions from the open end do not interfere with the
measurement. Loss on mainline path of the coupler
should be less than 2 dB on the Option 002 and
less than 12 dB on the standard model and Option
001. If mainline transmission appears correct, test
the auxiliary arm coupling. Remove the power
meter from the mainline port and connect the
power meter to the auxiliary arm. Connect a
50-ohm load to the mainline port. Coupling should
be 20 +2 dB down from the signal in the mainline,
except at lower frequencies (coupling typically 24
dB down at 500 MHz).

8-63. Other methods of testing RF troubles are
possible. If the proper cables and connectors are
available, a power meter may be connected to the
end of the trouble path which is common to two
or more s-parameter paths and transmission can be
measured. Determine the proper transmission by
adding up the attenuation shown in the path on
RF schematic on Service Sheet 1. Determine the
defective component by removing a component
and repeating the test. A high frequency Time
Domain Reflectometer may also be useful in isolat-
ing RF troubles.

8-64. SCHEMATIC DIAGRAM NOTES
8-65. Schematic Symbols

8-66. Schematic symbols used on the schematic
diagrams are shown in Table 8-2.

8-67. Selected/Non-Selected Terminology

8-68. Both the s-parameter pushbuttons and the
incident attenuation pushbuttons operate.through
a diode matrix. This diode matrix selects various
combinations of drivers which operate coaxial re-
lays in both switch trees and the attenuator. A
HIGH/LOW terminology has been used on the
schematics in this manual. HIGH and LOW refer to
voltages only and they do not have any fixed rela-
tionship to TRUE/FALSE or operate/non-operate.
To find the proper condition of a particular circuit
for any pushbutton position, consult the truth
table of the Service Sheet of the particular circuit
concerned.
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Service
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Figure 8-1. Troubleshooting Test Setup
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Service

Connect equipment as shown in Figure 8-1. Adjust
sweep oscillator for a reading on 8410A REF CHAN-
NEL LEVEL meter. Meter indicates in OPERATE
region.

Model 8746B

NO

Go to Figure 8-3, Reference Channel Troubleshooting.

YES

i

Press each SPARAMETER pushbutton in turn. Each
pushbutton lights and stays lit, and only one pushbut-
ton is lit at any one time.

NO

YES

a. NO PUSHBUTTONS LIGHT. Go to Figure 8-30
Power Supply Troubleshooting on Service Sheet 6.

b. ONE PUSHBUTTON DOES NOT LIGHT. Go to
Figure 8-13, S-Parameter Troubleshooting on Ser-
vice Sheet 2.

Press each INCIDENT ATTENUATION pushbutton in
turn. Each pushbutton lights and stays lit, and only
one pushbutton is lit at any one time.

NO

" Go to Figure 8-21, Attenuation Select Troubleshoot-

ing on Service Sheet 4.

YES

Connect short to PORT 1. Press Sy7 and 0 dB
pushbuttons. Set AMPL VERNIER to mid-range. Ad-
just 8410A TEST CHAN GAIN for a 0 dB gain
reference trace. TEST CHAN GAIN setting is 19-22
dB.

NO

YES

a. NO TEST CHANNEL POWER. Go to Fig. 8-13,
S-Parameter Troubleshooting on Service Sheet 2.

b. LESS THAN 19 dB GAIN needed for a 0 dB
reference. Go to Figure 8-3, Reference Channel
Troubleshooting.

c. GREATER THAN 22 dB GAIN needed for a 0 dB
reference. Go to Figure 8-4 Test Channel Trouble-
shooting.

Connect sh;)rt to PORT 2. Press Sy and 0 dB
pushbuttons. Adjust 8410A TEST CHAN GAIN fora
0 dB gain reference trace. TEST CHAN GAIN setting

NO

is 19— 22 dB.
l YES

87468 to be used in manual operation only.

a. NO TEST CHANNEL POWER. Go to Figure 8-13,
S-Parameter Troubleshooting on Service Sheet 2.

b. GREATER THAN 22 dB GAIN needed for 0 dB
reference. Go to Figure 8-4 Test Channel Trouble-
shooting.

NO

l YES

Check directivity of both port couplers using perform-
ance procedure in paragrah 4-7. Directivity is within

Go to Figure 8-27 Remote Control Troubleshooting
on Service Sheet 5.

NO

specifications.
{ YES

Go to Figure 8-4, Test Channel Troubleshooting.

Examine the collet in the center conductor of the port
connector of the suspected coupler. This collet should
be undamaged, have equally-spaced fingers, and retract

when pushed.
l NO

+ YES
Refer to para. 3-34.

Contact nearest
HP office for
instructions.

Figure 8-2. Preliminary Troubleshooting
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Model 8746B

—_

From Preliminary Troubleshooting, Figure 8-2.

With a signal source and power meter, measure Disconnect REFERENCE LINE W2. Connect NO
insertion loss from RF INPUT to REFERENGE |[NO | power meter to REFERENCE LINE connector i o
port. Insertion loss 30 dB + 2 dB. Also, see notes located nearest side panel. Power is 20 dB 2 dB
below. below RF input level (24 dB at 500 MHz).

YES YES
Mode! 8746B reference channel insertion loss is L. Troubleshoot W2, W3, W6, and A5 line stretcher.

normal.

Note 1.

Note 2.

Reflections from a discontinuity on one side of the line stretcher will combine with
reflections in the line stretcher or with reflections from the other side of the line
stretcher. The response curve is the resultant of all discontinuities. By changing the
line stretcher position, the phase relationship between the sets of reflections changes
and the response curve will be altered. Monitor frequency response at several
REFERENCE PLANE EXTENSION settings. If the overall power variation is greater
than 2 dB at any REFERENCE PLANE EXTENSTION setting, the trouble may be in
the line stretcher or discontinuities on each side of the line stretcher.

A relative increase in power indicates a trouble in the reference channel. A relative
decrease in power indicates a trouble in the test channel. A narrow spike is most likely
caused by poor contact of cable center conductor pins, one finger of a female pin not
making contact, or gross outer conductor separation. A power change over a broader
frequency range is most likely caused by a cable outer conductor grounding problem.

Figure 8-3. Reference Channel Troubleshooting

Service

Troubleshoot
W1 and DC3

8-15



Service v , Model 8746B

From Preliminary Troubleshoot-

ing, Figure 8-2.
With 0 dB INCIDENT ATTENU- a. TROUBLE IN SOME POSITIONS ONLY. Go to Table 8-3, Paths Common
ATION, note display at: to Various S-Parameters on Semce Sheet 2.

841 with short on PORT 1,

S92 with short on PORT 2and | g b. TROUBLE COMMON TO ALL POSITIONS. If the display shows a relative

S21 and Sqp with through- L—————s= increase in power at one or more frequencies, go to Figure 8-3, Reference

line. o Channel Troubleshooting. If the display shows a relative decrease in power
Frequency response is within 2 at one or more frequencies, suspect the components common to all
dB over an octave for all four s-parameters (W4, W5, W9, Attenuator A6, and Coupler DC3). Test the
s-parameters. Also see notes be- cables by feeding a signal at the frequency in question into the RF
low. . INPUT. Set the input level to 0 dBm. Connect a power meter to W5P2.

YES Frequency response is within 2 dB.
y NO y YES

Go to Figure 8-22, A6 (Attenu- Check Attenuator A6 and Coup- Troubleshoot cable W3 and
ator) Assembly Troubleshooting ler DC3 in a similar manner. " its connectors. See Note 2.
on Service Sheet 4.

Note 1. Notches of approximately 1 dB in the displayed trace at about 700 MHz are normal. They are caused by
resonances in the bias coils in the couplers. See typical trace below.

r—-—-——\/\/’\

2. A relative increase in power indicates a trouble in the reference channel. A relative decrease in power
indicates a trouble in the test channel. A narrow spike is most likely caused by poor contact of cable
center conductor pins, one finger of a female pin not making contact, or gross outer conductor
separation. A power change over a broader frequency range is most hkely caused by a cable outer
conductor grounding problem,

3. If a cable’s center conductor is not centered it may distort a switch’s center conductor contact and cause
an increase in insertion loss. The increased insertion loss is most likely to occur from 11 to 12.4 GHz.
(See Response Curve.) )

See Note 2

~—s See Note 3

4. See paragraph 8-35 to replace 10 dB attenuator cartridges. ‘

Figure 8-4. Test Channel Troubleshooting
8-16



Model 8746B

INDEX BLOCK DIAGRAM AND INTERCONNECT DIAGRAM

Figure 87 is the Index Block Diagram and Interconnect Diagram. This diagram
shows the signal circuits in block form and their interconnections. Refer to this
diagram for an overall picture of operation, signal circuit interconnection details,
and as an index for the schematics. To use as an index, first find the block of the
circuit of interest. The numeral just inside the lower right corner indicates the
Service Sheet (schematic and associated information) on which the circuit will be
found. &

BLOCK DIAGRAM CIRCUIT DESCRIPTION

The Model 8746B consists of coaxial RF circuitry which can be switched to test the
four s-parameters of an unknown. Depending upon which pushbuttons are depressed
(or contact closures closed in remote operation), the latch circuits and diode
matrices feed corresponding signals to the switch-tree drivers and attenuator drivers.
Operation of the switch-tree drivers and attenuator drivers actuates the RF circuitry
shown on Service Sheet 1.

The RF switch control circuits consist of pushbutton switches, latch circuits and
switch drivers. The pushbuttons on the Switch Panel Assembly A4 actuate latch
circuits. When a latch circuit is latched, it provides the correct input signal to a diode
matrix. The diode matrix is arranged so that an output from a given latch circuit will
be fed to the appropriate driver(s).

The drivers are two-state circuits, ie., the driver output voltage is either +25V or
—25V. A high input from the diode matrix causes a High (+25V) output. A positive
driver output causes the associated RF switch(es) s-parameter or attenuator, to
switch to one side. A negative driver output (no input to driver) will cause the
associated RF switch(s) to switch to the opposite side.

The proper inputs to the Remote Control Circuitry will cause the associated latch

circuit to latch. The circuit operation of the remaining circuitry is the same for
manual operation as for remote operation. In addition, when using remote closure
the INCIDENT ATTENUATION latch circuits may be operated only manually when
the MANUAL/REMOTE switch S2 is in MANUAL. When this switch is in the
REMOTE position, the INCIDENT ATTENUATION pushbuttons are disabled and
attenuation can be selected only by remote closure. For further information
concerning remote operation, refer to Service Sheet 5.

INDEX BLOCK
DIAGRAM AND
INTERCONNECT
DIAGRAM

[ ]
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SERVICE SHEET 1
RF CIRCUITS

The RF circuits of the Model 8746B consist of coaxial directional couplers, a line
stretcher, an attenuator and s-parameter switch trees with connecting coaxial cables.
Each switch tree consists of three coaxial switches which are energized at the same
time. When energized, the center relay of the switch tree moves to one side while
both outer relays energize to the opposite side. When properly energized, the action
of these switches permits measuring all four s-parameters of an unknowngwithout
moving the unknown, as follows:

S11 Reflection at PORT 1

Sq 9 Transmission from PORT 2 to PORT 1 (reverse gain)
-S91 Transmission from PORT 1 to PORT 2 (forward gain)
Sog Reflection at PORT 2.

A positive driver output causes a switch tree to switch to one side or an attenuator
section (10 dB, 20 dB, 40 dB) to switch in. A negative driver output will cause the
switch tree to switch to the opposite side or the attenuator section to switch out of
the RF path. ‘

Referring to Schematic 1, note that connections from the switch trees to A6
Attenuator and TEST output are interchanged in Options 001 and 002 from the
connections in the standard model. For the standard model, the RF input into the
PORT 1 and PORT 2 couplers is connected to the auxiliary line. For Options 001
and 002, the RF input into the PORT 1 and PORT 2 couplers is connected to the
mainline. For the standard model, the RF output to the TEST channel comes from
the mainline of the coupler. For Options 001 and 002, the RF output to the TEST
channel cones from the auxiliary line of the coupler.

In addition to interchanging the input and output connections, the signal levels to
the device under test are different with the various options. For both the standard
model and Option 001, the signal through the mainline section of the PORT 1 & 2
couplers is attenuated 10 dB. In Option 002, there is no attenuation in the mainline
section of the coupler. The reference channel coupler does not have any attenuation
in either the standard or Option 001 or 002 versions. However, both the standard
and Options 001 and 002 versions have 10 dB attenuation in the line stretcher.
Coupling for all couplers (including reference channel coupler) in both standard
models and Options 001 and 002 is nominally 20 dB.



From S-Parameter Troubleshooting, Figure 8-13.

Set sweep oscillator to CW operation at the frequency
in question and adjust sweep oscillator to +10 dBm
RF input to 8746B. Connect power meter to PORT 1.

Press §¢ 1. Power is within: NO
Standard mode: 20dB+4 —2dB
Option 001: 10dB+4 —2dB, or
Option 002: 0 dB + 0 — 2 dB below RF input level.
\
'YES
v
Connect power meter to PORT 2. Press Soy. Power is )
within: NO ) )
Standard model: 20 dB + 4 — 2 dB - Measure all four s-parameters as instructed, noting.
Option 001: 10 dB + 4 — 2 dB below RF input level. those which fail to meet level limits. Refer to Table -
8-3, Paths Common to Various S-Parameters, on Ser-
YES vice Sheet 2 to isolate the trouble. Use a power meter
to isolate the trouble within the common path.
- A A
Connect power meter to TEST channel output. Con-
nect through-line between PORT 1 and 2. Press S9y.
Power loss between RF input and test port is within | NO
loss in through-line plus:
Standard and Option 001: 30 dB +4 -2 dB.
Option 002:
YES
Press S19. Power loss between RF input and test port
is within loss in through-line plus: NO
Standard and Option 001: 30dB+4 -2 dB
Option 002: 20 dB£ 2 dB.
YES v
Go to Figure 822, A6 (Attenuator) Assembly
Troubleshooting on Service Sheet 4.
Figure 8-8. RF Troubleshooting



Table 8-3. Paths Common t0 Various S-Parameter Switch Positions

From Test Channel Troubleshooting

Trouble in the 8746B test channel can-be isolated t0'an RF path by determining in which switch
trouble occurs. The following table indicates locations of trouble by indicating common compot
the table, set up equipment for calibration. Press the various s-parameter pushbuttons and nc
s-parameter positions a malfunction occurs. After location of trouble-has been narrowed down, ¢
the troubleshooting tree at the bottom of the page. .

. STANDARD MODEL ONLY' OPTIONS 001 & 002 ONLY

TROUBLE COMMON COMMON PATHWITH | COMMON PATH WITH SP

TO S-PARAMETERS LOCATION OF TROUBLE LOCATION OF TROUBLE D(

T an

$17 and S W8, A8S1, A8S2, and DC1- W7, A7S1, A7S2, and DC1 m

’ ’ Pa

817 and Sp3 W7, A7S1, A7S2,and DC1 W8, A8S1, A8S2, and DC1 po
Sp9and S99 W11, A7S2, A7S3, and DCZ_ W10, A8S2, A8S3, and DC2
87 and Sy W10, A8S2, A8S3, and DC2 W11, A7S2, A7S3, and DC2

Note the display indication. Press
some other S-PARAMETER push-
button. Press the original push-
button. Trace within .05 dB of origi-

NO

Troubleshoot switches and

nal trace.
IYES

Troubleshoot the common trouble
path with an ohmmeter (no test
channel signal) or a, Time Domain
Reflectometer (small insertion loss or
discontinuity).

#1 connectors in the common
path.




Service

-Parameter Switch Positions

by determining in which switch positions the
le by indicating common components. To use
s-parameter pushbuttons and note in which

an

>uble has been narrowed down, continue with FOR W2
REFERENCE LINE
CONNECTION
IPTIONS 001 & 002 ONLY
COMMON PATH WITH SPECIAL NOTE:
_OCATION OF TROUBLE DC3, W4, A6, W5
w9
and W9 are com- \
W7, A7S1, A7S2, and DC1 mon to ALL S w3
Parameter
W8, A8S1, A8S2, and DC1 positions

V10, A8S2, A8S3, and DC2

V11, A7S2, A7S3, and DC2

Troubleshoot switches and switch
— connectors in the common trouble
path.

A5
LINE
STRETCHER

RF Circuits .
Figure 8-9.
SERVICE SHEET 1 8.18



Service Model 8746B
TOP VIEW
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Figure 8-9. RF Circuitry, Top View




Model 8746B
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SERVICE SHEET 2
S-PARAMETER LATCHING AND DRIVER CIRCUIT DESCRIPTION

Control circuitry for each s-parameter or attenuation selection consists of a
pushbutton circuit, a remote-input circuit, and a transistor latching circuit with an
associated diode matrix (not present in S99 or 0 dB circuits) feeding associated
driver circuits. When latched, the latch circuit provides a +6 volt signal to the diode
matrix, which feeds this signal to the proper driver(s). Each driver actuates one or
more switch relays. See RF Circuitry description on Service Sheet 1 for-further
information concerning RF circuitry.

LATCH CIRCUITRY

Each latch circuit consists of a pair of direct-coupled complementary transistors,
together with associated front-panel pushbutton or remote input and an indicator
lamp.

Referring to Schematic 2, note that when the instrument is first turned on, zener
diode A3CR9 (Sgg circuit) conducts, turning transistor A3Q8 on. The collector
current of A3Q8, flowing through A3R17, will cause the base of A3Q7 to go
positive. This action turns A3Q7 on. Collector current through A3Q7 will lower its
collector voltage. This voltage, which is also applied to the base of A3Q8, will keep
A3Q8 on, due to the regenerative action just described. When current flows through
- A3R8, the voltage drop across ASCR9 drops below 10V and the diode no longer
conducts. There is no connection from S99 latch circuit to the diode matrix since
for Sgg all driver inputs should be low.

In the manual mode, the A4 pushbutton buss is at common potential. When a
pushbutton other than S99 (say S17) is pushed, common (0 volts) is applied to the
base of A3Q2 through A3CR1 and A3R1. Transistor A3Q2 turns on, which turns on
A3Q1 through the regenerative action previously described. The additional current
drawn by A3Q1 flows through the common emitter-resistor A3SR8. The voltage on
the common emitter-resistor buss raises sufficiently to cut off all latch circuits
except the one whose pushbutton is actuated.

The latching circuit output is applied to the diode matrix, ASCR10 through
A3CR13, and thus to the switch tree drivers. For example, when 817 is selected,
transistor A3Q2’s collector is at about +6 volts, which biases on A3CR11 and
A3CR12. The +6 volts is then applied to both switch tree drivers.

In remote operation, +11 volts is applied to the pushbutton buss, so that ASCR1, 3,
5 and 7 cannot conduct, thus disabling the pushbuttons.

DRIVER CIRCUITRY

The +6 volt signal from the diode matrix is supplied to the selected drivers. All
drivers are identical, so only the driver feeding Switch Tree A will be explained.
Other switch tree drivers operate in a similar manner.

The switch tree and attenuator relays are two-position, magnetically latched relays.
Their position depends upon the direction of current flow through their coils. The
three coils are in parallel and energize simultaneously. Referring to Switch Tree A
Driver, only one of the input transistors, A3Q11 or A3Q12, will conduct at any one
time. The bases and emitters of these transistors are tied together. The voltage
divider in the emitter circuit maintains emitter voltage at about +2 volts. When the
input to A3R18 is raised to +6 volts, transistor A3Q12 is turned on. Turning A3Q12
on causes A3BCR14 to conduct, providing a low emitter impedance which allows
A3Q12 to saturate. Transistor A3Q12’s collector current provides base current to
A3Q13, which turns A3Q13 on. The driver output will begin to rise toward +25

SERVICE SHEET 2 (cont’t

volts. As the output vol
through A3R22) to the ba
harder. This regenerative :
and A3Q13 are saturated
about +24 volts, the switch
voltage causes A3Q12/A3Q
to conduct, which reverses
voltage. Current through th
the switch trees actuate i
current also reverses direct
ing direction, the conducti
held on until the voltage
range of ~ +3 volts to ~ +
from switching on noise.

Diodes A3CR16 and A3CI
tive voltage caused by the r
and A3Q14 protect the di
the current through and vc
and turning the output tra
excessive.



: SHEET 2 (cont’'d)

i the output voltage rises, feedback (dashed line
A3R22) to the base of A3Q12 will turn A2Q12 on
‘his regenerative action will continue until A3Q12
113 are saturated. When the driver output reaches
4 volts, the switch trees actuate. Removing the input
wses A3Q12/A3Q13 to shut off and A3Q11/A3Q10
ct, which reverses the polarity of the driver’s output
surrent through the switch tree relays is reversed and
h trees actuate in the reverse direction. Feedback
Iso reverses direction. As feedback current is chang-
;ion, the conducting transistor, A3Q11 or A3Q12, is
until the voltage across A3BR18 passes through the
~ +3 volts to =~ +5 volts, preventing the relay driver
;ching on noise.

\3CR16 and A3CR17 provide a path for the induc-
ge caused by the relay’s switching. Transistors A3Q9
14 protect the driver output transistors by sensing
nt through and voltage across the output transistors
ng the output transistors off if the current becomes

From Preliminary Troubleshooting, Figure 8-2.

Refer to Table 8-5, S-Parameter Voltage Table on | NO

this service sheet. Measure the voltages at A3TP5 > Go tc
and A3TP7 for the selection desired. Compare RF Trc

these voltages with the corresponding voltages in
the Table. Voltages compare.

R ‘ YES

Starting at the beginning of the selection path in
trouble, measure voltages at the test points. Com-
pare these voltages with the voltages listed in the
table to isolate the trouble to the defective circuit.

Figure 8-13. S-Parameter Troubleshooting

Table 8-4. S-Parameter Truth Table

PARAMETER SWITCH TREES
(Standard Model Only)
A B
S” High High
S12 Low High
821 High Low
S99 Low Low
PARAMETER SWITCH TREES
(Opts. 001 and 002 Only)
A B
‘SI 1 High High
812 High Low
$91 Low Low
822 Low Low
NOTE

High = >+ 6V input to Driver and > +24V
output from Driver.

Low = < +2V input to Driver and <—24V
output from Driver,




Table 8-5. S-Parameter Voltage Tc

P1 P1 P1 P1
—_ PARAMETER PIN7 | PIN10| PIN3 | PIN13| TP1 TP2 T3
| NO
Go to Figure 8-8, $11 SHIV | 249V | >4V | =40V | <#2V | =46V | <s2v
RF Troubleshooting
$12 ZHV | SHV | 249V | <#1V | <2V | <#2v | =+6v
- S5 >4V | >4V | SHIV | >49V | >+46V | <+2v | <42v
_ S99 24V | >4V | > 49V | >4V | <+2V | <42V | <+2V
NOTE: The voltages shown on P1 will occur only while s-parameter
] voltages are measured to common (any white-black wire), NC
* A more accurate check consists in measuring the voltage drop
tor. The saturated transistor is the 1854-0012 output transist
ubleshooting voltage of > +2V. The voltage (collector-emitter) across the
not exceed 1.2 volts. !

ith Table

TREES
idel Only)

B
High

High
Low

Low
‘REES
)02 Only)

B
High
Low
Low

Low

>+24V

<—24v




Service

5. S-Parameter Voltage Table

13| TP1 | TP2 | TP3 | TP4 | TP5 | TPE 7

V| <H2V | 46V | <#2V | 46V | >+23.3V* | >+6V | >+23.2V
V | SH2V | <42V [ 46V | < 0V | <-23.2V* | =46V | >+23.3V*
WV | Z+46V | <42V | <42V | = +6V | >+233V* | < OV | >-23.3V*

WV [ <H+2V [ <2V | <42V | < 0V | S<=233VF | << OV | <-23.3V*

occur only while s-parameter pushbutton is being depressed. All
10n (any white-black wire), NOT CHASSIS GROUND.

s in measuring the voltage drop across the saturated output transis-
s the 1854-0012 output transistor on the schematic for an input
(collector-emitter) across the saturated output transistor should

R

S-Parameter Latch & Driver Circuits

SERVICE SHEET 2 8-20
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Figure 8-14. A4 Switch Panel Assembly, Parts Location
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Figure 8-15. A3 Driver Assembly, Parts Location
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SERVICE SHEET 3
ATTENUATION SELECT LATCHING AND DRIVER CIRCUIT DESCRIPTION

Control circuitry for each attenuation selection consists of a pushbutton circuit and
a latching circuit with associated diode matrix (not present in 0 dB circuits) feeding
associated driver circuits. The latch circuit provides a +6 volt signal to the diode
matrix, which feeds this signal to the proper driver(s). Each driver actuates an
attenuator relay.

LATCH CIRCUITRY

Each latch circuit consists of a pair of direct-coupled complementary transistors,
together with associated front-panel pushbutton and indicator lamp. The circuit acts
like a multivibrator in that the transistors at any one time are either saturated
(latched) or turned off. However, turning off the transistors is accomplished in a
different manner than in multivibrators, as is explained in the following paragraph.

Referring to Schematic 3, note that when the instrument is first turned on, zener
diode A2CR26 (70 dB circuit) conducts, turning transistor A2Q16 on by lowering
the base voltage. The collector current of A2Q16, flowing through A2R33, will
cause the base of A2Q15 to go positive. This action turns A2Q15 on. Collector
current through A2Q15 will lower its collector voltage. This voltage, which is also
applied to the base of A2Q16, will keep A2Q16 on, due to the regenerative action
just described. When current flows through A2RS8, the voltage drop across A2CR26
drops below 10V and the diode no longer conducts.

In the manual mode, the A4 pushbutton buss is at common potential. When a
pushbutton other than 70 dB (say 10 dB) is pushed, common (0 volts) is applied to
the base of A2Q4 through A2R5. Transistor A2Q4 turns on, which turns on A2Q3,
through the regenerative action just described. The additional current drawn by
A2Q3 flows through the common emitter-resistor A2R8. The voltage on the emitter
buss raises sufficiently to cut off all latch circuits except the one whose pushbutton
is actuated.

The latching circuit output is applied to the diode matrix (A2CR5, A2CRS,
A2CR11, A2CR12, A2CR15, A2CR18, A2CR19, A2CR22, A2CR23, and A2CR27
through A2CR29). This matrix applies the signal to the proper switch drivers. For
example, when 10 dB is selected, transistor A2Q4’s collector is at about +6 volts,
which biases A2CR5 on. The +6 volts is thus applied to the 10 dB attenuator driver.
There is no output circuit from the 0 dB latch circuit to the Attenuator Drivers since
0 dB is slected at the Attenuator whenever there is no latching circuit input to the
Attenuator. :

In remote operation, +11 volts is applied to the pushbutton buss, which disables the
pushbuttons. (Circuit description continued at Attenuator Driver Description on
Service Sheet 4.) '

From|
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Table.
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From Preliminary Troubleshooting, Figure 8-2.

Refer to Table 89, Attenuator Driver Voltage, on Go to Table 8-7, Atte!i\uation Latch Voltage, on Troubleshoat
on Service Sheet4. Measure driver output voltage NO Service Sheet 3. Starting at the beginning, measure NO cuit around
(A3TP9, 11 and 13) for the selection desired. Com- }———#»| the voltages at each test point. Compare these [—— test point in
pare these voltages with corresponding voltages in voltages with voltages m the Table. Voltages com- tion path witt
Table. Voltages compare. pare. -‘ voltage.
YES
Go to Table 89, Attenuator Driver Voltage, on Troubleshoot
Service Sheet 4. Starting at the input from the NO cuit around
Go to Figure 8-22, A6 (Attenuator) Troubleshoot- Latch circuit, measure’ the voltages at each test |——s»{ test point in
ing on Service Sheet 4. point. Compare these voltages with voltages in the tion path with
Table. Voltages compare. ‘ voltage.
Figure 8-17. Attenuation Select Troubleshooting
Table 8-6. Attenuator Truth Table ' Table 8-7. Attenuation Latch Voltage
ATTENUATION A2TP9 A2TP10 /
ATTENUATION 10dB | 20dB | 40dB
0dB <2V < +2v s
0dB False False False
10dB =45V | < +2V <
10dB True False False
20d8 <+2V.-| < +5V 2
20dB False True False
30 dB T T False 30dB =45V > +5V <
rue u als
1046 o F'|e . 40 dB <ove| <sv |
rue
046 Ta s Fal” T" 50 dB >v-| <+v | s
o F";e Ta s¢ T""’ 60 dB <ove| >4y |
alse | frue  frue 70 dB >V =wv | s
70 dB True True True
True = Attenuator section in RF path. NOTE: All voltages are measured to common (&
False = Attenuator section not in RF path. white-black wire), NOT GROUND. .




From Preliminary Troubleshooting, Figure 8-2.

L _
Refer to Table 8-9, Attenuator Driver Voltage, on Go to Table 87, Atte(;luation Latch Voltage, on Troubleshoot
on Service Sheet4. Measure driver output voltage NO Service Sheet 3. Starting at the beginning, measure NO cuit around
(A3TP9, 11 and 13) for the selection desired. Com- ———s»] the voltages at each test point. Compare these test point in
pare these voltages with corresponding voltages in voltages with voltages in the Table. Voltages com- tion path witt
Table. Voltages compare. pare. ? voltage.
YES
Go to Table 89, Attenuator Driver Voltage, on Troubleshoot
Service Sheet 4. Starting at the input from the NO cuit around
Go to Figure 8-22, A6 (Attenuator) Troubleshoot- Latch circuit, measure the voltages at each test }——»| test point in

ing an Service Sheet 4.

point. Compare these voltages with voltages in the

Table. Voltages compare.

tion path with

voltage.

Figure 8-17. Attenuation Select Troubleshooting

Table 8-6. Attenuator Truth Table Table 8-7. Attenuation Latch Voltage

ATTENUATION

A2TPS A2TP10 }
ATTENUATION 10dB 20dB 40 dB
04z Fl e P 0dB <+2V < +2V <
e
1045 e g I 10dB >V | <+v | -
ue se
20 dB Frl Ta . Fal 2048 SV S
e e
045 Ta s T""" Fals 30 dB >45V > 45V | s
w045 F““e F"I‘e Ta s 40dB <#ve| <+v |
045 Ta se F"I“’ T’"'* 50 dB >4V —| <+2v | :
o F“’e alse T"’e 60 dB <#Ve| >485v |
0 alse True rue 70 dB >i5v -] > +2v s
70dB True . | True True
True = Attenuator section in RF path. NOTE: All voltages are measured to common (&
False = Attenuator section not in RF path. white-black wire), NOT GROUND.
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PIO A4 SWITCH ASSEMBLY (08746-60053) PART 2 OF 2
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87468 ATTENUATION LATCH 1016
NOTES
1. FOR ALL REMOTE INPUTS,
ATTENUATION SELECTED = +2V,

ATTENUATION NOT SELECTED = +9V

2. FOR ALL OUTPUTS,
ATTENUATION SELECTED=* 5V

ATTENUATION NOT SELECTED =+2V

p———————
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SERVICE SHEET 4
ATTENUATION LATCHING AND DRIVER CIRCUIT DESCRIPTION

Control circuitry for each 10 dB attenuation step consists of a pushbutton circuit, a
transistor latching circuit with an associated diode matrix (not present in 0 dB
attenuation step). The latch circuit provides a +6 volt signal to the diode matrix,
which feeds this signal to the proper driver(s). Each driver actuates one or more
attenuator relays.

LATCH CIRCUITRY

Each latch circuit consists of a pair of direct-coupled complementary transistors,
together with associated front-panel pushbutton and indicator lamp.

Referring to Schematic 3, note that when the instrument is first turned on, zener
diode A2CR26 (70 dB circuit) conducts, turning transistor A2Q16 on by lowering
the base voltage. The collector current of A2Q16, flowing through A2R33, will
cause the base of A2Q15 to go positive. This action turns A2Q15 on. Collector
current through A3Q15 will lower its collector voltage. This voltage, which is also
applied to the base of A2Q16, will keep A2Q16 on due to the regenerative action
just described. When current flows through A2R8, the voltage drop across A2CR26

drops below 10V and the diode no longer conducts.

The latching circuit output is applied to the diode matrix (A2CR5, A2CRS,
A2CR11, A2CR12, A2CR15, A2CR18, A2CR19, A2CR22, A2CR23, A3CR217,
A2CR28, and A2CR29) and thus to the attenuator drivers. For example, when 70
dB is selected the collector of A2Q16 is at about +6V which biases on A2CR27,
A2CR28, and A2CR29. The +6V is then applied to all attenuator relay drivers.

When the remote enable contact closure is closed and the REMOTE - MANUAL
switch is in the REMOTE position, +11V is applied to the attenuator select
pushbutton buss which disables the attenuation pushbuttons.

DRIVER CIRCUITRY

The +6 volt signal from the diode matrix is supplied to the selected drivers. All
drivers are identical, so only the driver feeding the 10 dB attenuator switch will be
explained. All attenuator driver circuits operate in a similar manner.

The switch tree and attenuator relays are two-position, magnetically-latched relays.
Their position depends upon the direction of current flow through their coils. The
three switches in the step attenuator operate independently in various combinations
to give 0 to 70 dB attenuation in 10 dB steps.

Referring to the 10 dB driver on schematic 4, only one of the input transistors
A3Q23 or A2Q24 will conduct at any one time. The bases and emitters of these
transistors are tied together. The voltage divider and zener diode ASCR23 in the
emitter circuit maintains emitter voltage at about +2 volts. When the input is raised
to +6 volts, A2Q24 is turned on. Turning A3Q24 on causes A3CR23 to conduct,
providing a low emitter impedance which allows A3Q24 to saturate. Transistor
A3Q24’s collector current provides base current to A3Q25, which turns A3Q25 on.
The driver output will begin to rise toward +25 volts. As the output voltage rises,
feedback (dashed line through A3R61) to the base of A3Q24 will turn A3Q24 on
harder. This regenerative action will continue until A3Q24 and A3Q25 are saturated.
When the driver output reaches about +24 volts the attenuator switch actuates.
Removing the input voltage causes A3Q24/A3Q25 to shut off and A3Q23/A3Q22
to conduct, which reverses the polarity of the driver’s output voltage. Current
through the attenuator relay is reversed and the attenuator relay actuates again but
in the opposite direction. The feedback current also reverses direction. As feedback
current is changing direction, the conducting transistor A3Q23 or A3Q24 is held on
until the voltage across ASR57 passes through the range of = +3 volts to ~ +5 volts,
preventing the attenuator driver from switching on noise.

SERVICE SHEET 4
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SERVICE SHEET 4 (cont’d)

Diodes A3Q25 and A3Q26 provide a path for the inductive
voltage caused by the relay’s switching. Transistors A3Q21
and A3Q26 protect the driver output transistors by sensing
the current through and voltage across the output
transistors and turning the output transistors off if the

current becomes excessive.

From Preliminary Troubleshooting, Figure 8-2.

Refer to Table 8-9, Attenuator Driver Voltage, on Go to Table 8-7, Attenuation Latch Voltage, on _Troubleshoot the cir-

this service sheet. Measure driver output voltage NO Service Sheet 3. Starting at the beginning, measure NO cuit around the first

(A3TP9, 11 and 13) for the selection desired. [—— the voltages at each test point. Compare these [—— test point in the seler

Compare these voltages with corresponding volt- voltages with voltages in the Table. Voltages com- tion path with a

ages in Table. Voltages compare. pare. ’ wrong voltage.

| YES l YES

Go to Figure 8-22, A6 (Attenuator) Troubleshoot- Go to Table 89, Attenuator Driver Voltage, on © | Troubleshoot the cit

ing on Service Sheet 4. Service Sheet 4. Starting at the ‘input from the |- -} cuit around the first
Latch circuit, measure the voltages at each test: [—— test point in the sele
point. Compare these voltages with voltages in the tion path with a
Table. Voltages compare. e ~Wifqng voltage.

Figure 8-21. Attenuation Select Troubleshooting

From Test Channel Troubleshooting, Figure 3-4.

Determine 8410A TEST CHAN

GAIN setting required to obtain a 0 dB
calibration trace with equal power into TEST and REFERENCE channels.
TEST CHANNEL GAIN setting is nominally 19 to 22 dB with the AMPL
VERNIER control set to mid+ange. This value will be referred to as the

normal gain setting. Set 87468 for manual operation. Connect coaxial short to
PORT 1. Press Sy7 and 0 dB. Set TEST CHAN GAIN and AMPL VERNIER
for a 0 dB reference display on the display indicator.

Zero dB indication on the display indicator is now the reference level. Do not
change the setting of the AMPL VERNIER control.

Push the following pushbuttons in turn and note the TEST CHAN GAIN
necessary for a 0 dB reference on the display indicator. Gain is within the
specified accuracy limits.

INCIDENT ATTENUATION GAIN SETTING ACCURACY LIMITS

10d8B +10 05dB
20d8B +20 1dB
40dB +0  2dB

NO

l YES

Attenuator has been checked. System has been
checked. End of test.

Figure

Go to Figure 8-21 Attenuation
Select Troubleshooting on Ser-
vice Sheet 4.

8.99. A6 (Attenuator) Assembly Troubleshooting
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Go to Table 8-7, Attenuation Latch Voltage, on
Service Sheet 3. Starting at the beginning, measure
—a| the voltages at each test point. Compare these [——={ test point in the selec-
voltages with voltages in the Table. Voltages com-

NO

tion path with a
wrong voltage.

l YES

Troubleshoot the cir-
cuit around the first

Table. Voltages compare.

Go to Table 89, Attenuator Driver Voltage, on
Service Sheet 4. Starting at the input from the
Latch circuit, measure the voltages at each test —»»| test point in the selec-
point. Compare these voltages with voltages in the NO

tion path with a
wrong voltage.

Troubleshoot the cir-
cuit around the first

[. Attenuation Select Troubleshooting

1 84.

etting required to obtain a 0 dB
TEST and REFERENCE channels.
ally 19 to 22 dB with the AMPL
s value will be referred to as the
operation. Connect coaxial short to
*HAN GAIN and AMPL VERNIER
indicator.

3t is now the reference level. Do not
control.

and note the TEST CHAN GAIN
isplay indicator. Gain is within the

ETTING ACCURACY LIMITS

NO

+10 05dB

+20 1dB

+40 2dB
YES

ked. System has been

Go to Figure 8-21 Attenuation
Select Troubleshooting on Ser-
vice Sheet 4.

2. A6 (Attenuator) Assembly Troubleshooting

Attenuator Driver Circuits

SERVICE SHEET 4



Service

Table 8-8. Attenuator Driver Truth Table

ATTENUATION 10dB 20dB 40dB
0dB 0 0 0
10d8 X 0 0
20dB 0 X 0
30dB X X 0
40dB 0 0 X
50 dB X 0 X
60 dB 0 X X
70dB X X X
0 = Attenuator Section Not Used.
X = Attenuator Section Used.

Table 8-9. Attenuator Driver Voltage Table

Model 8746B

ATTENUATION A3TP8 A3TP9 A3TP10 A3TP11 A3TP12 A3TP13
0dB <NV < -233VF <+2V < -23.3v* <42V <-23.3V*
10dB =>+6V— | = +23.3V* <+2V < -23.3v* <+2V <-23.3v*
20dB <H+2V7 | < -23.3Vv* =>+6V > +23.3V* <+2V <-23.2V*
30dB =>+6V > +23.3V* =>+6V > +23.3V* <+2V <-23.3V*
40 dB <+2V | < -23.3V* <+2V < -23.3Vv* =>+6V >+23.3V*
50 dB Z+6V. | = +23.3V* <+2V < -23.2v* >+6V >+23.3V*
60dB S<+2Vv | < -23.3v* > +6V = +23.3V* > +6V >+23.3V*
70dB Z+6V7 | = +23.3V* > +6V > +23.3V* > +6V =>+23.3V*
*A more accurate check consists in measuring the voltage drop across the saturated output transistor. This
voltage should not exceed 1.2 volts.
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A3 DRIVER ASSEMBLY (08746-60051) PART 2 OF 2
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ASSEMBLIES ARE ABBREVIATED. FULL DESIGNATION IN-
CLUDES ASSEMBLY NUMBER; e.g., R1 OF ASSEMBLY Al
IS AIR1. DESIGNATIONS OF OTHER COMPONENTS ARE

COMPLETE AS SHOWN.
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Figure 8-24. Attenuator Driver Circuits
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SERVICE SHEET 5

REMOTE CONTROL AND SWITCHING CONVERTER CIRCUIT DESCRIPTION
(Short pin 17 of J6 to pin 18 or 36 for remote operation)

Closing a remote control closure lowers the voltage on the base of the corresponding
remote control circuit transistor, reducing the current flow through this transistor.
When the current through the control transistor drops, the output goes high
(positive). Positive inputs to the switching converter are decoded in the converter.
The switching converter outputs then latch the appropriate latching“circuit by
delivering a low voltage to that one latching circuit while holding all of the other
circuits in that selection group at a high voltage.

Refer to the appropriate truth table and voltages at the test points on the schematic
opposite for a particular selection.

REMOTE CONTROL LOGIC CIRCUITRY

Since an understanding of the MANUAL pushbutton mode is necessary before going
to REMOTE mode, refer to S-Parameter Latching and Driver Circuit Description on
Service Sheet 2 first, if unfamiliar with manual mode of operation.

REMOTE MODE

Since all remote control circuits (s-parameter and attenuation) work similarly, the
action will be explained only for the S17 parameter selection.

Remote control circuits are energized by shorting pin 17 of the REMOTE INPUT
(J6) jack to either pin 18 or 36. S-Parameter and attenuation selection may be

effected remotely by opening or closing the remote selection contact closures as
shown in Table 8-10.

Table 8-10. Remote Control Parameter and Attenuation Select Truth Table

NOTE: Check operatior
Manual Select S-Pai
Attenuation Select ~

From Preliminary Troub

Short pin 17 on J6 to eit
and set rear-panel REN
switch to REMOTE t
operation. Measure volt
white-orange wire on

+11V.

Select s-parameter or a
by shorting appropriate
truth table, this sheet).

Converter output vol
s-parameter or attenuati
(see voltage table, this p
ing Converter voltages co

2

Troubleshoot latching ¢
put diodes and connectic

S-PARAMETER ATTENUATION | “10dBbit” | “20dBbit” | “40dB bit”
Bits | 1" | "2" 0dB H H H
Sy | H | H 10d8B L H H
Sia| L | H 2048 H L H
Syl H|L 30dB L L H
SplL|tL 4048 H H L
50 dB L H L
60 dB H L L
70dB L L L

H = high voltage (no closure)

= 2 +3V input to Switching Converter

0 V output of Converter (input to associated latch circuit)
= +5V input to associated driver(s)

=2 +23.3V output from driver(s)

I

L = low voltage (contact closure)
= 0V input to Switching Converter
= +3V output of Converter (input to associated latch circuit)
< +2V input to associated driver(s)
< —23.3V output from driver(s).

[}

I

Figure 8-2

Short pin 17 of Rl
mote operation. M
MOTE INPUT jacl
power supply volt:

CONDITIONS:
Pin 18 or 36
shorted to: PARAW

No pins :
pin 6 '
pin 24 :

pins 6 & 24 '




JOTE: Check operation of all pushbutton circuits in manual operation first. See
Manual Select S-Parameter Troubleshooting on Service Sheet 2 and Manual
Attenuation Select Troubleshooting on Service Sheet 4.

*rom Preliminary Troubleshooting, Figure 8-2.

short pin 17 on J6 to either pin 18 or 36
ind set rear-panel REMOTE/MANUAL
witch to REMOTE to select remote
)peration. Measure voltage (pin S, top
vhite-orange wire on J5. Voltage =>

-11V.

Select s-parameter or attenuation steps
)y shorting appropriate pins on J6 (see
rtuth table, this sheet). Check Switching
Sonverter output voltages for each
-parameter or attenuation step selected
'see voltage table, this page). All Switch-
ng Converter voltages correct.

¥

Troubleshoot latching circuit remote in-
jut diodes and connections.

Refer to schematic 6
and check A2Q23,
A2CR30, and A3CR30
together with associ-
ated circuitry.

Troubleshoot Switching
Converter control cir-
cuits and Switching
Converters. NOTE:
Check control circuit
supply voltages.

Figure 8-25. Remote Control Troubleshooting

|

24 112" BIT INPUT {>c
/7 T
|

| REMOTE CONTROL
| CIRCUITS 2
S8 "1 BIT INPUT {>° 10
nc—HL
ne—+2
ne—2
ne—i14
ne—412
ne—F2
PA
SW
co
(BCD1
Fig

Table 8-11.

Remote Control Voltage

CONDITIONS: p—
Short pin 17 of REMOTE INPUT jack to pin 18 or 36 and MANUAL/REMOTE switch to REMOTE for re- Pin 18 or 36
mote operation. Measure voltage to common (any white-black wire) from pins 6, 15, 16, 24, and 33 of RE- shorted to. ATTE!
MOTE INPUT jack. All of these voltages should be = +5V. If not, trouble is in associated control circuit or
power supply voltages. No pins
pin 15
CONDITIONS: BUFFER ASSEMBLY A2 REMOTE OPERATION S-PARAMETER VOLTAGE TABLE .
. pin 33
Pin 18 or 36
shorted to: PARAMETER TP 1 UTPIN1 U1 PIN2 UTPIN3 UTPIN4 pins 15, 33
No pins S11 < +2V < +2v > +9V > 49V = +V < +2V pin 16
pin 6 S1 > 43V | < v > 4V > 49V < v > 49V pins 15, 16
pins 16, 33
pin 24 S < +2V = +3V > +9V < +2V = +9V = +9V
pins 15,16,33
pins 6 & 24 822 > +3V +3V < +2V = 9V = 19V = 9V
NOTE: Al of these




+5Y REMOTE
0V MANUAL)
DECIMAL
LATCH TO BCD
CONVERTER
0 o SWITCH TO SW
0L 9 8 bl DRIVER TREE B”CH
—e— Y 9
10 7 sl
Ne—11L 6
NC———-E 51 NC
13 ul 4| su
NC—2 Rae)) E— —
NC—I—4 _LCSIZ _ - a - 1 ?
NC—-—E .Z_OL.__ 0 g
D
NC __ |16 _1_1: S22 £ ;(
3—47 RF OUTPUT
PARAMETER SWITCH TO SWITCH
SWITCHING gl DRIVER TREE A
—»>-—————
CONVERTER S21
(BCD TO DECIMAL)
— NC
> Yo
S22

Figure 8-26. Remote S—Paramefer, Block Diagram

itrol Voltage Table

ONS: BUFFER ASSEMBLY A2 REMOTE OPERATION ATTENUATION VOLTAGE TABLE

36 u2 u2 u2 u2
). ATTENUATION T3 TP 4 TP5 | U2PIN1|/U2PIN2|U2PIN3|U2PIN4| PIN11} PIN12 | PIN13 | PIN 14
0dB SHIV | <HIV ] <HIV| 249V [ >4V | =>4V =49V | =49V | = +9V | =49V | <+2V
10dB ZHV | <HIV | S<HIV| 249V [ =49V [ >4V | =49V [ >4V | =49V | <+2V | > 49V
20dB SHIV [ =43V | <HIV | 249V | >4V | =>+9V | > 49V [=49V | <+2V | >4V | =>+9V
3 30dB Z43V | >43V | <HIV| Z49V | Z>49V [ >4V [ > 49V | <42V | > 49V | Z 40V | =49V
40 dB SHWV | <HIV | 243V >4V | =49V | =>+9V [ <+2V [ =49V | =49V | =40V | > +0v
6 50 dB =43V | <H#1V | =43V =49V [ =>4V | <H2V | =49V [ =49V | =49V | =48V | =49V
3 60 dB SHIV | =+3V | =43V =49V | <+2V [ =49V [ =49V [ =49V | Z>+9V | =249V | =49y
7 3,33 70dB >43V | =>+3V | =43V| <42V | =49V | =49V [ =49V | =49V | =49V | =49V | > +9v

)TE: All of these voltages are measured with respect to common (any white-black wire), NOT GROUND.
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Figure 8-27. Remote Attenuator, Block Diagram
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Service Model 8746B
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P/O A2 BUFFER ASSY (0¢

NOTES:

1. NUMERATOR : REMOTE OPERATION ENABLED
DENOMINATOR : REMOTE OPERATION DISABLED

2. BOLD NUMBERS INDICATE SCHEMATIC NUMBERS P 5 u
3. FOR REMOTE OPERATION PIN 17 I 6l LmA B
OF J6 MUST ALSO BE SHORTED TO ol L (T
PIN 18 OR 36. ] wpn ' ! !
1"BIT ! |
| | | I
| |
- ! | |
S- PARAMETER SELECT TRUTH TABLE REMOTE | l !
REMOTE CONTACT CLOSURE S -PARAMETER! ' !
| | |
PIN 6 PIN 24 SELECT ! !
S-PARAMETER | "1"BIT | "2"BIT | = 1 ! { {
|
51 OPEN OPEN ! 0 ow 2mA
s SHORTED OPEN $—o oL -S> > (BH)—<
12 BT | ! :
So) OPEN | SHORTED l ! , I
s SHORTED | SHORTED | | | |
22 \ " :
=1 | 18! IR
{ REMOTE | —--— >
sv ree. B (N—C2D) = |
. ‘——.—1 ‘ 3
]
I O 94 1| \
iy |
I S2 1
] t
ATTENUATOR : % =
TN
pusHeurron 3 (P)—CB | _ 36 !
BUSS ——-——p
L9 |7 51 12mA { .
Ny AL b oty Y (T
S-PARAMETER I 10dBBIT | i
pusieuTion 2 (Q—CB)- ! ! ! |
BUSS | | I
| | I
1 1 !
ATTENUATION SELECT TRUTH TABLE ! ! ! {
REMOTE CONTACT CLOSURE | | . |
PIN 15 PIN33 | PINI6 | ; !
ATTENUATION "10 dB" "0dB" | "40dB" ‘ I 12mA |
e LB I 2
0dB OPEN OPEN OPEN | oD :
10 dB SHORTED OPEN OPEN 2B BIT | | |
20 dB OPEN SHORTED |  OPEN ! | !
30dB SHORTED | SHORTED |  OPEN REMOTE | { |
40 dB OPEN OPEN | SHORTED | |ATTENUATION | ! :
50 dB SHORTED OPEN | SHORTED SELECT | ! |
60 dB OPEN SHORTED | SHORTED | ' l | |
70 dB SHORTED | SHORTED | SHORTED | ' ! ! !
’ - ! | |
| 161 2mA A
[

REMOTE
CONTACT

CLOSED CONTACTS = Low | CLOSURE
OPEN CONTACTS = HIGH

REMOTE SELECTION
LOGIC DIAGRAM

ozZz—To—A—=w0n
oMm—=EM<Z00

87468 REMOTE CONTROL 1016




10 A2 BUFFER ASSY (08746-60050) PART 2 OF 3

| ki
) l Ul ] :
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S-PARAMETER
SWITCHING
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SEE VOLTAGE TABLE ON
THIS SERVICE SHEET 1

u2
1820-0092

REMOTE
ATTENUATION
SWITCHING
CONVERTER

—

8

SEE VOLTAGE TABLE ON 3
THIS SERVICE SHEET )

\

~————————————————— REMOTE ATTENUATION SELECT CONTROL CIRCUITS
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ASSEMBLIES ARE ABBREVIATED. FULL DESIGNATION IN-
| CLUDES ASSEMBLY NUMBER; e.g, R1 OF ASSEMBLY Al

IS AIRI1.  DESIGNATIONS OF OTHER COMPONENTS ARE
I COMPLETE AS SHOWN.
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Figure 8-29. Remote Control Circuits
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SERVICE SHEET 6
POWER SUPPLY CIRCUITRY

Two power supplies (+25 volt and —25 volt), connected back to back, constitute the
8746B main power supplies. These power supplies are fed by a conventional input
circuit with 115 volt or 230 volt input voltage selection. A switch, A10S1, connects
the two primaries of transformer T1 in parallel for 115 volts or in series for.230
volts. The transformer secondary voltage is applied to four rectifiers, A1CR1
through A1CR4, connected in a bridge configuration. The bridge rectifier output is
fed to series regulators A1Q8 and A1Q4. Transistor A1Q6 samples the +25 volt
supply’s output across voltage divider A1R13 through A1R15. Diode A1CR5 holds
transistor A1Q6’s emitter voltage constant. If the supply’s output voltage increases,
A1Q6’s conduction through A1R3 increases. The base voltage on A1Q7 decreases,
decreasing the base voltage on A1Q8, which decreases the output voltage.

Transistor A1Q5, which is normally cutoff, is an over-current control. If the current
through A1R11 exceeds about 2 amperes (1 ampere on —25 volt supply), A1Q5 will
conduct. Collector current through A1R3 will decrease the base voltage on A1Q7,
shutting down the series regulator A1Q8.

‘The —25 volt supply operates in a similar manner, except it starts shutting down at
about 1 ampere current.

REMOTE CONTROL POWER SUPPLY CIRCUIT DESCRIPTION

The Remote Control Power Supply circuitry consists of transistors A2Q22 through
A2Q27 with associated components. This supply furnishes +11.5 volts to the Switch
Panel Assembly A4 in the remote mode and zero volts in the manual mode. In
addition, this supply furnishes +5 volts to the S-Parameter and Attenuation
Switching Converters Ul and U2 in the remote mode and zero volts in the manual
mode.

The input to the Remote Control Circuitry is +25 volts from the instrument power
supply. Transistor A2Q22 is a series regulator whose output is +11.5 volts. This
series regulator feeds a second series regulator A2Q24 which, in turn, provides +5
volts to A2Q27. These regulators have their bases held at fixed voltages by zener
diodes A2CR30 and A2CR31. The series regulators act as emitter-followers with the
output voltage being held to the zener diode voltage minus the emitter-base voltage
drop of the transistors.

Transistor A2Q23 is a switch, controlled by a remote contact closure, J6 Pin 17,
shorted to pins 18 or 36 (circuit common). Shorting pin 17 to common turns on
A2Q23. The collector of A2Q23 goes from zero to about +11 volts. This voltage is
applied to the s-parameter pushbutton buss, disabling the pushbuttons. If the
rear-panel REMOTE/MANUAL switch is in the REMOTE position, the +11 volts is
applied to the attenuation pushbutton buss to disable the INCIDENT
ATTENUATION pushbuttons The +11 volts is also applied to the base of A2Q25.
Transistor A2Q25 is turned on, which turns A2Q27 on, and A2Q26 off. The
collectors go to a voltage of about +5 volts, which is apphed to the switching
converters.

Measure voltage at A1TP2. Mea:
ures —25V 1) 5V

YES

Measure voltage at A1TP1. Mea:
ures +25V H) .5V,

YES

Measure voltage at A2TP8. Mea
ures +11.5V 10.2V.

;YES

Short pin 17 on REMOTE INPU
jack J6 to pin 18 or 36. Measui
voltage at emitter of A2Q2
Measures +510.2V.

;YES

Short pin 17 on REMOTE INPU
jack J6 to pin 18 or 36. Measu
voltage at pin L of J4. Measur
+5£0.2V.

YES

Power supply voltages are correc

Figure 8-30. Po



Measure voltage at A1TP2. Meas- [NO

ures —25V 0.5V

Remove Buffer and Driver boards. { ng

Voltage at A1TP2 measures —25V

YES

ures +25V H).5V.

Measure voltage at A1TP1. Meas- NO,

+05V.
‘NO

Troubleshoot the —25V load.

Troubleshoot negative supply.

Remove Buffer and Driver boards.

l—

NO

Voltage at A1TP1 measures +25

YES

+0.5V.
lNO

Troubleshoot the +25V load.

Troubleshoot pesitive supply.

Measure voltage at A2TP8. Meas-
ures +11.5V 20.2V.

NO
>

Troubleshoot A2022, A2CR30,

A2024 and associated circuitry.

l YES

Short pin 17 on REMOTE INPUT
jack J6 to pin 18 or 36. Measure
voltage at emitter of A2024.
Measures +530.2V.

' YES

Short pin 17 on REMOTE INPUT

voltage at pin L of J4. Measures
+5 +0.2V.

'| jack J6 to pin 18 or 36. Measure .

YES

Power supply voltages are correct.

Troubleshoot A2024, A2CR31,
and associated circuitry.

Measure voltage at collector of
A2023. Measures +11V £0.2V.

NO

&

Troubleshoot A2Q25, A2026,
A2027 and associated circuits.

Troubleshoot A2023
and associated circuitry.

Figure 8-30. Power Supply Troubleshooting

+25V VI
AD.

Figure



Service

F1
MAIN POWER
SUPPLY FUSE

T
TP1 TP3 3. P2 F25
FUSES IN
A1R14 A1R17 A1A1 BIAS LEADS
+25V VOLTAGE —25V VOLTAGE POWER SUPPLY
ADJUST ADJUST ASSEMBLY

Figure 8-31. Power Supply Adjustments

Figi
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Service Model 8746B

A1A1
Q8 LOCATED ON Q4 LOCATEDON
REVERSE SIDE +25V -25V REVERSE SIDE

TP1 ADJ. TP3 ADJ. TP2

+25V AC COMMON AC -25V

a g

P3

Figure 8-32. A1A1 Power Supply Assembly, Parts Location
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Model 8746B

TP8

TP7

Figure 8-33. A2 Buffer Assembly, Parts Location
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Service

AL POWER SUPPLY ASSEMBLY (08746-60052) 5
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| 2,4
125
| CURRENT VARIES
| WITH PUSHBUTTON
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Figure 8-34. Power Supply
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Arranged alphabetically by country

ANGOLA

Telectra

Empresa Técnica de
Equipamentos
Eléctricos, SAR.L.

R. Barbosa Rodrigues,

411°DT.°

Caixa Postal, 6487

Luanda

Tel: 35515/6

ARGENTINA

Hewilelt-Packard Argentina S.A.

Sanla Fe 2035, Martinez

6140 Buenos Aires

Tel: 792-1239, 798-6086

Telex: 122443 AR CIGY

Biotron S.AC.Ly M.

Avda. Paseo Colon 221

9 piso

1399 Buenos Aires

Tel: 30-4846/1851/8384

34-9356/0460/455 1

Telex: (33) 17595 BIO AR

AUSTRALIA

AUSTRALIA CAPITAL
TERR.

Hewlett-Packard Australia Pty.
L.

121 Wollongong Street

Fyshwick, 2609

Tel: 804244

Telex: 62650

NEW SOUTH WALES

Hewleti-Packard Auslralia Pty.
L. *

31 Bridge Street

Pymble, 2073

Tel: 4496566

Telex: 21561

QUEENSLAND

Hewlett Packard Auslralia Pty.
L.

Sth Floor

Teachers Union Buiding

495-499 Boundary Streel

Spring Hill, 4000

Tel: 2291544

SOUTH AUSTRALIA

Hewlett-Packard Australia Pty.
Lid.

153 Greenhil Road

Parkside, 5063

Tel: 2725911

Telex: 82536

VICTORIA

Hewilett-Packard Australia Pty.
Ltd.

31-41 Joseph Street

Blackburn, 3130

Tel: 89-6351

Telex: 31024 MELB

WESTERN AUSTRALIA

Hewilett-Packard Australia Pty.
Lid.

141 Stirling Highway

Nediands, 6009

Tel: 3865455

Telex: 93859

AUSTRIA

Hewilett-Packard Ges.m.b.H.

Wehlistrasse 29

P.0.Box 7

A-1205 Vienna

Tel: 35-16-21-0

Telex: 13582/135066

Hewlett-Packard Ges.m.b.H.

Wehlistrasse, 29

A-1205 Wien

Tel: 35-16-21

Telex: 135066

BAHRAIN

Medical Only

Wael Pharmacy

P.0. Box 648

Bahrain

Tel: 54886, 56123

Telex: 8550 WAEL GJ

Al Hamidiya Trading and
Contracting

P.0. Box 20074

Manama

Tel: 259978, 259958

Telex: 8895 KALDIA GJ

BANGLADESH

The General Electric Co. of
Bangladesh LId.

Magnel House 72
Dilkusha Commercial Area
Motijhell, Dacca 2

Tel: 252415, 252419
Telex: 734

BELGIUM

Hewlett-Packard Benelux
SAMNV.

Avenue du Col-Vert, 1,

(Groenkraaglaan)

B-1170 Brussels

Tel: (02) 660 50 50

Telex: 23-494 paloben bru

BRAZIL

Hewlett-Packard do Brasil
Le.C. Lida.

Alameda Rio Negro, 750

Alphaville

06400 Barueri SP

Tel: 429-3222

Hewleti-Packard do Brasil
l.e.C. Lida.

Rua Padre Chagas, 32

90000-Pdrto Alegre-RS

Tel: 22-2998, 22-5621

Hewlett-Packard do Brasil
ieC. Lida.

Av. Epitacio Pessoa, 4664

22471-Rio de Janeiro-RJ

Tel: 286-0237

Telex: 021-21905 HPBR-BR

CANADA

ALBERTA

Hewlelt-Packard (Canada) Lid.
11620A - 168th Street
Edmonton T5M 3T9

Tel: (403) 452-3670

TWX: 610-831-2431
Hewlett-Packard (Canada) Lid.
210, 7220 Fisher St. SEE.
Calgary T2H 2H8

Tel: (403) 253-2713

TWX: 610-821-6141

BRITISH COLUMBIA
Hewilett-Packard (Canada) Lid.
10691 Shellbridge Way
Richmond V6X 2W7

Tel: (604) 270-2277

TWX: 610-925-5059

MANITOBA
Hewlett-Packard (Canada) LId.
380-550 Century St.

St. James,

Winnipeg R3H 0Y 1

Tek: (204) 786-6701

TWX: 610-671-3531

NOVA SCOTIA
Hewlett-Packard (Canada) Lid.
P.0. Box 931

800 Windmill Road
Dartmouth 838 1L1

Tel: (902) 469-7820

TWX: 610-271-4482

ONTARIO

Hewiett-Packard (Canada) Ltd.
1020 Morrison Dr.

Ottawa K2H 8K7

Tel: (613) 820-6483

TWX: 610-563- 1636
Hewleti-Packard (Canada) Ltd.
6877 Goreway Drive
Mississauga L4V 1M8

Tel: (416) 678-9430

TWX: 610-492-4246
Hewlett-Packard (Canada) Ltd.
552 Newbold Street

London N6E 255

Tet: (519) 686-9181

TWX: 610-352-1201

QUEBEC

Hewlett-Packard (Canada) Ltd.
275 Hymus Bivd.

Pointe Claire H9R 1G7
Tel: (514) 697-4232

TWX: 610-422-3022

FOR CANADIAN

AREAS NOT

LISTED:

Contact Hewlett-Packard (Can-
ada) LId. in Mississauga.

CHILE

Jorge Calcagni y Cia. Ltda.
Arturo Burhle 065

Casilla 16475

Correo 9, Santiago

Tel: 220222

Telex: JCALCAGNI

coLomBIA

Instrumentacién

Henrik A. Langebaek & Kier
SA

Carrera 7 No. 48-75

Apartado Aéreo 6287

Bogot4, 1 D.E.

Tel: 269-8877

Telex: 44400

Instrumentacién

H.A. Langebaek & Kier S.A
Carrera 63 No. 49-A-31
Apartado 54098
Medeliin

Tel: 304475

COSTA RICA

Cientifica Costarricense S.A
Avenida 2, Calle 5

San Pedro de Montes de Oca
Apartado 10159

San José

Tel: 24-38-20, 24-08-19
Telex: 2367 GALGUR CR

CYPRUS

Kypronics

19 Gregorios Xenopoulos
Street

P.0. Box 1152

Nicosia

Tel: 45628/29

Telex: 3018

CZECHOSLOVAKIA
Hewletl-Packard

Hewlett-Packard France

Le Ligoures

Place Romée de Villeneuve
13100 Aix-en-Provence
Tel: (42) 59 41 02

TWX: 410770F
Hewlett-Packard France

2, Allee de la Bourgonette
35100 Rennes

Tel: (99) 51 42 44

Obchodni zastupitelstvi v CSSR TWX: 740912F

Pisemny styk

Post. schranka 27

CS 118 01 Praha 011
CSSR

Vyvojova a Provozni Zakladna

Vyzkumnych Ustavu v
Bechovicich

CSSR-25097 Bechovice u
Prahy

Tel: 89 93 41

Telex: 12133

Institute of Medical Bionics

Vyskumny Ustav Lekarskej
Bioniky

Jedlova 6

CS-88346 Bratislava-
Kramare

Tek: 44-551

Telex: 93229

DENMARK
Hewlett-Packard A/S
Datavej 52

DK-3460 Birkerod
Tel: (02) 81 66 40
Telex: 37409 hpas dk
Hewleti-Packard A/S
Navervej 1

DK-8600 Silkeborg
Tel: (06) 82 71 66
Telex: 37409 hpas dk

ECUADOR

CYEDE Cia. Lida.

P.0. Box 6423 CCI
Av. Eloy Alfaro 1749
Quito

Tel: 450-975, 243-052
Telex: 2548 CYEDE ED
Medical Only
Hospitalar S.A.

Casilla 3590

Robles 625

Quito

Tel: 545-250

EGYPT

LEA.

International Engineering
Associates

24 Hussein Hegazi Street

Kast-el-Aini

Cairo

Tek: 23 829

Telex: 93830

SAMITRO

Sami Amin Trading Office

18 Abdel Aziz Gawish

Abdine-Cairo

Tel: 24932

EL SALVADOR

IPESA

Bulevar de los Heroes 11-48
Edificio Sarah 1148

San Salvador

Tel: 252787

ETHIOPIA

Abdella Abduimalik
P.0. Box 2635
Addis Ababa

Tel: 1193 40
FINLAND
Hewlett-Packard Oy
Revontulentie, 7
SF-02100 Espoo 10
Tel: (90) 455 0211
Telex: 121563 hewpa sf

FRANCE

Hewlett-Packard France

Zone d'activites de
Courtaboeut

Avenue des Tropiques

Boite Postale 6

91401 Orsay-Cédex

Tel: (1) 907 78 25

TWX: 600048F

Hewlett-Packard France

Chemin des Mouilles

B.P. 162

69130 Ecully

Tel: (78) 33 81 25

TWX: 310617F

Hewlett-Packard France

20, Chemin de La Cépiére

31081 Toulouse

Le Mirail-Cédex

Tel: (61)40 11 12

Hewleli-Packard France

18, rue du Canal de la Marne
67300 Schiltigheim

Tel: (88) 83 08 10

TWX: 83014 1F
Hewlett-Packard France
Immeuble péricentre

fue van Gogh

59650 Villeneuve D'Ascq
Tel: (20) 91 4125

TWX: 160124F
Hewilett-Packard France
Batiment Ampere

Rue de la Commune de Paris
B.P. 300

93153 Le Blanc Mesnil-

GUAM

Guam Medical Supply, Inc.
Suite C, Airport Plaza

P.0. Box 8947
Tamuning 96911

Tel: 646-4513

GUATEMALA

IPESA

Avenida Reforma 3-48

Zona 9

Guatemala City

Tel: 316627, 314786,
66471-5, ext. 9

Telex: 4192 Teletro Gu

HONG KONG

Hewlett-Packard Hong Kong
Ld.

11th Floor, Four Seas Bidg.

212 Nathan Rd.

Kowloon

Tel: 3-697446 (5 lines)

Telex: 36678 HX

Medical/Analytical Only

Schmidt & Co. (Hong Kong)
Lid.

Wing On Centre, 28th Floor

Connaught Road, C.

Cédex Hong Kong
Tel: (01) 931 88 50 Tel: 5-455644
Telex: 211032F Telex: 74766 SCHMX HX
Hewlett-Packard France INDIA
Av. du Pdt. Kennedy Blue Star Lid.
33700 Merignac Sahas
Tel: (56) 97 01 81 414/2 Vir Savarkar Marg
Hewlett-Packard France Prabhadevi
Immeuble Lorraine Bombay 400 025
Boulevard de France Tel: 4578 87
91035 Evry-Cédex Telex: 011-4093
Tel: 077 96 60 Blue Star Lid.
Telex: 692315F Band Box House
Hewlett-Packard France Prabhadevi
23 Rue Lothaire Bombay 400 025
57000 Metz Tek: 4573 01
Tel: (87) 65 53 50 Telex: 011-3751
GERMAN FEDERAL  Blue Star Lid.
REPUBLIC Bhavdeep
Hewlett-Packard GmbH Stadium Road .
Vertri Frankfurt ~ Ahmed 380014
Berner Strasse 117 Tel: 43922
Postfach 560 140 Telex: 012-234
D-6000 Frankfurt 56 Blue Star Lid.
Tel: (06011) 50041 7 Hare Street
Telex: 04 13245 hptfimd ~ Calcutta 700 001
Hewlett-Packard GmbH Tel: 23-0131
Technisches Bliro Bdblingen Telex: 021-7655
Herrenberger Strasse 110 Biye Star Lid.
D-7030 Bsblingen, Bhandari House
Wurttemberg 91 Nehru Place
Tel: (07031) 667-1 New Delhi 110 024
Telex: 07265739 bbn Tel: 682547
Hewlett-Packard GmbH Telex: 031-2463
Technisches Bliro Dusseldorf Blue Star Lid.
Emanuel-Leutze-Str. 1 T.C. 7/603 ‘Poornima’
(Seestern) Maruthankuzhi
0-4000 Dusseldorf Trivandrum 695 013
Tek (0211) 5971-1 Tel: 65799
Telex: 085/86 533 hpdd d  Telex: 0884-259
Hewlelt-Packard GmbH Blue Star Lid.

Technisches Buro Hamburg
Kapstadtring 5

D-2000 Hamburg 60

Tel: (040) 63804-1

Telex: 21 63 032 hphh d
Hewlett-Packard GmbH
Technisches Bilro Hannover
Am Grossmark! 6

D-3000 Hannover 91

Tel: (0511) 46 60 01
Telex: 092 3259
Hewlett-Packard GmbH
Technisches Biiro Nurmberg
N 90

11 Magarath Road

Bangalore 560 025

Tel: 55668

Telex: 0845-430

Blue Star Lid. i

Meeakshi Mandiram

XXXXV/1379-2 Mahaitma
Gandhi Rd.

Cochin 682 016

Tel: 32069

Telex: 085-514

Blue Star Lid.

1-1-117/1 Sarojini Devi Road

D-8506 Nurnberg
Tel: (0911) 52 20 83
Telex: 0623 860

Hewlett-Packard GmbH
Technisches Buro Munchen
Eschenstrasse 5

0-8021 Taufkirchen
Tel: (089) 6117-1

Telex: 0524985
Hewlett-Packard GmbH
Technisches Buro Berlin
Kaithstrasse 2-4

D-1000 Berlin 30

Tel: (030) 24 90 86
Telex: 018 3405 hpbin d

GREECE

Kostas Karayannis

8 Omirou Street

Athens 133

Tel: 32 30 303/32/37 731
Telex: 21 59 62 RKAR GR

500 033
Tel: 70126

Telex: 0155-459

Blue Star Ltd.

133 Kodambakkam High Road
Madras 600 034

Tel: 82057

Telex: 041-379

ICELAND

Medical Only

Elding Trading Company Ific.
Hafnarnvoli - Tryggvagttu
P.0. Box 895
IS-Reykjavik

"Tel: 158 20/1 63 03

INDONESIA

BERCA Indonesia P.T.
P.0. Box 496/Jkt.

Jin. Abdul Muis 62
Jakarta

Tel: 349255, 349886
Telex: 46748 BERSIL 1A

SALES OFFICES [#)

BERCA Indonesia P.T.
P.0. Box 174/Sby.
23 Jin. Jimerto
Surabaya

Tel: 42027

IRELAND
Hewlett-Packard Lid.
Kestrel House
Clanwilliam Place
Lower Mount Street
Dublin 2, Eire
Hewlett-Packard Ltd.
2C Avongberg Ind. Est.
Long Mile Road
Dublin 12

Tel: 514322/514224
Telex: 30439

Medical Only

Cardiac Services (ireland) Lid.
Kilmore Road

Artane

Dublin 5, Eire

Tel: (01) 315820
Medical Only

Cardiac Services Co.
95A Finaghy Rd. South

Yokogawa-Hewlett-Packard
Lid.

Mito Mitsui Building

105, 1-chome, San-no-maru

Mito, Ibaragi 310

Tel: 0292-25-7470

Yokogawa-Hewlett-Packard

Inoue Building

1348-3, Asahi-cho, 1-chome

Atsugi, Kanagawa 243

Tel: 0462-24-0452

Yokogawa-Hewilelt-Packard
Lid.

Kumagaya Asahi

Hachijuni Building

4th Floor

3-4, Tsukuba

Kumagaya, Saitama 360

Tel: 0485-24-6563

JORDAN

Mouasher Cousins Co.
P.0. Box 1387
Amman

Tel: 24907/39907
Telex: SABCO JO 1456

Belfast BT 10 0BY KENYA
GB-Northern Ireland ADCOM Ltd., Inc.
Tel: (0232) 625566 P.0. Box 30070
Telex: 747626 Nairobi
e s
Electronics Engineering Div. N

of Motorofa Israel LId. Medical Only
16, i Street [ ional Aeradio (E.A.) Lid.
P.0. Box 25016 P.0. Box 19012
Tel-Aviv Nairobi Airport
Tel: 38973 Nairobi
Telex: 33569, 34164 Tel: 336055/56
ITALY Telex: 22201/22301

Hewlett-Packard Htaliana S.p.A.

Via G. Di Vittorio, 9

20063 Cernusco Sul
Navigtio (M)

Tel: (2) 903691

Telex: 334632 HEWPACKIT

Hewlett-Packard Italiana S.p.A.

Via Turazza, 14

35100 Padova

Tel: (49) 664888

Telex: 430315 HEWPACKI

Hewlett-Packard Italiana S.p.A.

Via G. Armellini 10

1-00143 Roma

Tel: (06) 54 69 61

Telex: 610514

Hewlett-Packard Htaliana S.p.A.

Corso Giovanni Lanza 94

-10133 Torino

Tel: (011) 659308

Telex: 221079

Hewlett-Packard ltaliana S.p.A.

Via Principe Nicola 43 G/C

1-95126 Catania

Tel: (095) 37 05 04

Telex: 970291

Hewlett-Packard ltaliana S.p.A.

Via Nuova san Rocco A
Capadimonte, 62A

80131 Napoli

Tel: (081) 710698

Hewlett-Packard ltaliana S.p.A.

Via Martin Luther King, 38/111

1-40132 Bologna

Tel: (051) 402394

Telex: 511630

JAPAN

Yokogawa-Hewlett-Packard
Ld.

29-21, Takaido-Higashi
3-chome

Suginami-ku, Tokyo 168

Tel: 03-331-6111

Telex: 232-2024 YHP-Tokyo

Yokogawa-Hewlett-Packard
Ld.

Chuo Bidg., 4th Floor

4-20, Nishinakajima 5-chome

Yodogawa-ku, Osaka-shi

Osaka, 532

Tel: 06-304-6021

Telex: 523-3624

Yokogawa-Hewlell-Packard
Lid.

Sunitomo Seimei Nagaya Bldg.

11-2 Shimosasajima-cho,

Nakamura-ku, Nagoya, 450

Tel: 052 571-5171

Yokogawa-Hewlell-Packard
L

Tanigawa Building

2-24-1 Tsuruya-cho

Kanagawa-ku

Yokohama, 221

Tel: 045-312-1252

Telex: 382-3204 YHP YOK

Medical Only

International Aeradio (E.A.) Lid.
P.0. Box 95221

Mombasa

KOREA .

Samsung Electronics Co., Ltd.
4759 Shingil-6-Dong

Yeong Deung POU

Seout

Tel: 833-4122, 4121

Telex: SAMSAN 27364

KuwaAaIr

Al-Khaldiya Trading &
Contracting

P.0. Box 830-Safat

Kuwait

Tel: 42 4310/41 1726

Telex: 2481 Areeg kt

LUXEMBURG

Hewlett-Packard Beneluz
SAMNV.

Avenue du Col-Vert, 1

(Groenkraaglaan)

B-1170 Brussels

Tel: (02) 660 5050

Telex: 23 494

MALAYSIA

Hewleti-Packard Sales

(Malaysia) Sdn. Bhd.

Suite 2.21/2.22

Bangunan Angkasa Raya

Jafan Ampang

Kuala Lumpur

Tel: 483680, 485653

Protel Engineering

P.0. Box 1917

Lot 259, Satok Road

Kuching, Sarawak

Tel: 53544

MEXICO

Hewlett-Packard Mexicana,
SA. deCyV.

Av. Peritérico Sur No. 6501

Tepepan, Xochimilco

Mexico 23, D.F.

Tel: 905-676-4600

Telex: 017-74-507

Hewilett-Packard Mexicana,
SA.deC.V.

Rio Volga #600

Col. Dei Valle

Monterrey, N.L.

Tel: 78-32-10

MOROCCO
Dolbeau

81 rue Karalchi
Casablanca
Tel: 304182
Telex: 23051/22822
Gerep

2, rue d'Agadir
Boite Postal 156
Casablanca
Tel: 272093/5
Telex: 23 739

MOZAMBIQUE

AN. Goncalves, Lid

162, 1° Apl. 14 Av. D. Luis
Caixa Postal 107

Maputo

Tel: 27091, 27114

Telex: 6-203 NEGON Mo

NETHERLANDS
Hewlett-Packard Benelux N.v.
Van Heuven Goedhartiaan 121
P.0. Box 667

1181KK Amstelveen

Tel: (20) 47 20 21

Telex: 13216

NEW ZEALAND

Hewlelt-Packard (N.Z.) Lid.

4-12 Cruickshank Street

Kilbirnie, Wellington 3

P.0. Box 9443

Courtney Place

Waellington

Tel: 877-199

Hewlelt-Packard (N.Z.) Lid.

P.0. Box 26-189

169 Manukau Road

Epsom, Auckland

Tel: 687-159

Analytical/Medical Only

Northrop Instruments &
Systems Ltd.,

Sturdee House

85-87 Ghuznee Street

P.0. Box 2406

Woellington

Tel: 850-091

Telex: NZ 31291

Northrup Instruments &
Systems Ltd.

Eden House, 44 Khyber Pass
Rd.

P.0. Box 9682, Newmarket

Auckland 1

Tel: 794-091°

Northrup Instruments &
Systems Ltd.

Terrace House, 4 Oxford
Terrace

P.0. Box 8388

Christchurch

Tel: 64-165

NIGERIA

The Electronics
Instrumentations Ltd.

N6B/770 Oyo Road

Oluseun House

P.M.B. 5402

Ibadan

Tel: 461577

Telex: 31231 TEIL NG

The Electronics
Instrumentations Ltd.

144 Agege Motor Road, Mushin

P.0. Box 481

Mushin, Lagos

NORWAY

Hewlett-Packard Norge A/S

Ostendalen 18

P.0. Box 34

. 1345 Osteraas

Tel: (02) 1711 80

Telex: 16621 hpnas n
Hewlett-Packard Norge A/S
Nygaardsgaten 114

P.0. Box 4210

5013 Nygaardsgaten,
Bergen

Tel: (05) 21 97 33

PANAMA

Electr6nico Balboa, S.A.
Aparatado 4329

Panama 5§

Calle Samuel Lewis
Edificio “Alfa,” No. 2
Ciudad de Panama
Tel: 64-2700

Telex: 3483103 Curundu,
Canal Zone

PERU

Compania Electro Médica S.A.

Los Flamencos 145

San Isidro Casilla 1030

Lima 1

Tel: 41-4325

Telex: Pub. Booth 25424
SISIDRO

PAKISTAN

Mushko & Company Lid.
Oosman Chambers
Abdullah Haroon Road
Karachi-3

Tel: 511027, 512927
Telex: 2894

(



[} SALES OFFICES

Mushko & Company, Ltd
10, Bazar Rd.

Sector G-6/4
Islamabad

Tel: 28264

PHILIPPINES

The Online Advanced Systems
Corporalion

Rico House

Amorsolo cor. Herrera Sir
Legaspi Village, Makati
P.0. Box 1510

Metro Manila

Tel: 85-35-81, 85-34-91,
85-32-21

Telex: 3274 ONLINE
RHODESIA

Field Technical Sales

45 Kelvin Road North
P.0. Box 3458
Salisbury

Tel: 705231 (5 lines)
Telex: RH 4122

POLAND

Biuro Informacji Technicznej
Hewlett-Packard

Ul Stawki 2, 6P

PLO0-950 Warszawa

Tel: 39 59 62, 39 51 87
Telex: 8124 53

PORTUGAL

Telectra-Empresa Técnica de
Equipamentos Eléctricos
Sarl

Rua Rodrigo da Fonseca 103

P.0. Box 2531

P-Lisbon 1

Tel: (19) 68 60 72

Telex: 12598

Medical Only

Mundinter

Intercambio Mundial de
Comércio S.a.rl

P.0. Box 2761

Avenida Antonio Augusto

de Aguiar 138

P-Lisbon

Tel: (19) 53 21 3177

Telex: 16691 munter p

PUERTO RICO

Hewlett-Packard Inter-
Americas

Puerto Rico Branch Office

Calle 272,

#203 Urb. Couniry Club

Carolina 00630

Tel: (809) 762-7255

Telex: 345 0514

QATAR

Nasser Trading & Conlracting
P.0. Box 1563

Doha

Tel: 22170

Telex: 4439 NASSER

ROMANIA

Hewleti-Packard
Reprezentanta

Bd.n. Balcescu 16

Bucuresti

Tel: 15 80 23/13 88 85

Telex: 10440

SAUDI ARABIA

Modern Electronic

Establishment (Head Office)

P.0. Box 1228, Baghdadiah
Street

Jeddah

Tel: 27 798

Telex: 40035

Cable: ELECTA JEDDAH

Modern Electronic
Establishment (Branch)

P.0. Box 2728

Riyadh

Tel: 62596/66232

Telex: 202049

Modern Electronic
Establishment (Branch)

P.0. Box 193

Al-Khobar

Tel: 44678-44813

Telex: 670136

Cable: ELECTA AL-KHOBAR

SINGAPORE

Hewlett-Packard Singapore
(Ple) Lwd

6th Floor, Inchcape House

450-452 Alexandra Road

P.0. Box 58

Alexandra Post Office

Singapore 9115

Tel: 631788

Telex: HPSG RS 21486

SOUTH AFRICA

Hewlett-Packard South Africa
(Ply.), Lid.

Private Bag Wendywood,

Sandton, Transvaal, 2144

Hewlelt-Packard Centre

Daphne Street, Wendywood,

Sandton, 2144

Tel: 802-5111/25

Telex: 8-4782

Hewlelt-Packard South Africa
(Pty.), Lid.

P.0. Box 120

Howard Place,

Cape Province, 7450

Pine Park Centre, Forest Drive,

Pinelands,

Cape Province, 7405

Tel: 53-7955 thru

Telex: 57-0006

SPAIN

Hewlett-Packard Espafiola,
SA.

Calle Jerez 3

E-Madrid 16

Tet: (1) 458 26 00 (10 lines)

Telex: 23515 hpe

Hewlett-Packard Espafiola S.A.

Colonia Mirasierra

Edificio Juban

c/o Costa Brava, 13

Madrid 34

Hewlett-Packard Espafiola,
A

Milanesado 21-23
E-Barcelona 17

Tel: (3) 203 6200 (5 lines)
Telex: 52603 hpbe e

Hewlett-Packard Espafiola,
SA

Av Ramén y Cajal, 1
Edificio Sevilla, planta 9°
E-Sevilla 5
Tel: 64 44 54/58
Hewleti-Packard Espafiola S.A.
Edificio Albia l 7° B
E-Bilbao 1
Tel: 23 83 06/23 82 06
Hewletl-Packard Espafiola S.A.
C/Ramon Gordilio 1

(Entlo.)
E-Valencia 10
Tel: 96-361.13.54/361.13.58

SRI LANKA
Metropolitan Agencies Ltd
209/9 Union Place
Colombo 2

Tel: 35947

Telex: 1377METROLTD CE

SUDAN
Radison Trade
P.0. Box 921
Khartoum
Tel: 44048
Telex: 375

SURINAM

Surtel Radio Holland N.V
Grote Hofstr. 3-5

P.0. Box 155
Paramaribo

Tel: 72118, 77880

SWEDEN

Hewlett-Packard Sverige AB

Enighetsvigen 3, Fack

S-161 Bromma 20

Tel: (08) 730 05 50

Telex: 10721

Cable: MEASUREMENTS

Stockholm

Hewleti-Packard Sverige AB

Fritalisgatan 30

$-421 32 Viistra

- Frolunda

Tel: (031) 49 09 50

Telex: 10721 via Bromma
office

SWITZERLAND

Hewlett-Packard (Schweiz) AG

Zurcherstrasse 20

P.0. Box 307

CH-8952 Schlieren-

Zurich

Tel: (01) 7305240

Telex: 53933 hpag ch

Cable: HPAG CH

Hewlelt-Packard (Schweiz) AG

Chéteau Bloc 19

CH-1219 Le Lignon-
Geneva

Tel: (022) 96 03 22

Telex: 27333 hpag ch

Cable: HEWPACKAG Geneva

SYRIA

General Electronic Inc.

Nuri Basha-Ahnat Ebn Kays
Street

P.0. Box 5781

Damascus

Tel: 33 24 87

Telex: 11215 ITIKAL

Cable: ELEGTROBOR
DAMASCUS

Medical only

Sawah & Co.

Place Azmé

B.P. 2308

Damascus

Tel: 16 367-19 697-14 268
Telex: 11304 SATACO SY
Cable: SAWAH, DAMASCUS
Suleiman Hilal EI Miawi

P.0. Box 2528

Mamoun Bitar Street, 56-58
Damascus

Tel: 1146 63

Telex: 11270

Cable: HILAL DAMASCUS

TAIWAN

Hewlett-Packard Far East Ltd.

Taiwan Branch

Bank Tower, 5th Floor

205 Tun Hau North Road

Taipei

Tel: (02) 751-0404 (15 lines)

Hewlett-Packard Far East Ltd.

Taiwan Branch

68-2, Chung Cheng 3rd. Road

Kaohsiung

Tel: (07) 2423 18-Kaohsiung

Analytical Only

San Kwang Instruments Co.,
L.

20 Yung Sui Road

Taipei

Tel: 3615446-9 (4 lines)

Telex: 22894 SANKWANG

TANZANIA

Medical Only

International Aeradio (E.A.), Lid.
P.0. Box 861

Dar es Salaam

Tel: 21251 Ext. 265

Telex: 41030

THAILAND

UNIMESA Co. Ltd

Elcom Research Building
2538 Sukumvit Ave.
Bangchak, Bangkok
Tel: 39-32-387, 39-30-338

TRINIDAD &
TOBAGO

CARTEL

Caribbean Telecoms Ltd.
P.0. Box 732

69 Frederick Street
Port-of-Spain

Tel: 62-53068

TUNISIA

Tunisie Electronique

31 Avenue de la Liberte
Tunis '

Tel: 280 144

Corema

1 ter. Av. de Carthage
Tunis

Tel: 253 821

Telex: 12319 CABAM TN

TURKEY

TEKNIM Company Lid.
Riza Sah Pehlevi

Caddesi No. 7
Kavaklidere, Ankara

Tel: 275800

Telex: 42155

Teknim Com., Ltd
Barbaros Bulvari 55/12
Besikyas, Istanbul

Tek: 613 546

Telex: 23540

EMA

Muhendislik Kollektif Sirketi
Mediha Eldem Sokak 41/6
Yuksel Caddesi

Ankara

Tel: 17 56 22

Yilmaz Ozyurek

Milli Mudafaa Cad 16/6
Kizilay

Ankara

Tel: 25 03 09 - 17 80 26
Telex: 42576 OZEK TR

UNITED ARAB
EMIRATES

Emitac Lid. (Head Office)
P.0. Box 1641
Sharjah

Tel: 354121/3

Telex: 8136

Emitac Lid. (Branch Office)
P.0. Box 2711

Abu Dhabi

Tel: 331370/1

UNITED KINGDOM
Hewlett-Packard Lid
King Street Lane
Winnersh, Wokingham
Berkshire RG11 5AR
GB-England

Tel: (0734) 784774
Telex: 84 7178/9
Hewlett-Packard Lid.
Fourier House,
257-263 High Street
London Colney

St. Albans, Herls
GB-England

Tel: (0727) 24400
Telex: 1-8952716

Hewilelt-Packard Lid.
Trafaigar House
Navigation Road
Altrincham
Cheshire WA14 INU
GB-England

Tel: (061) 928 6422
Telex: 668068
Hewlett-Packard Lid.
Lygon Court
Hereward Rise
Dudley Road
Halesowen,

West Midiands, B62 85D
GB-England

Tel: (021) 501 1221
Telex: 339105
Hewilett-Packard Ltd.
Wedge House

799, London Road
Thornton Heath
Surrey, CR4 6XL
GB-England

Tel: (01) 684-0103/8
Telex: 946825
Hewlett-Packard Lid.
14 Wesley St
Castleford

Yorks WF10 1AE
Tel: (0977) 550016
TWX: 5557335
Hewlett-Packard Lid.
Tradax House

St. Mary's Walk
Maidenhead
Berkshire, SL6 1ST
GB-England
Hewlett-Packard Ltd
Morley Road
Staplehill

Bristol, BS16 4QT
GB-England
Hewlett-Packard Lid.
South Queensferry
West Lothian, EH30 9TG
GB-Scotland

Tel: (031) 331 1188
Telex: 72682
UNITED STATES

ALABAMA

700 Century Park South,
Suite 128

Birmingham 35226

Tel: (205) 822-6802

P.0. Box 4207
8290 Whitesburg Dr.
Huntsville 35802
Tel: (205) 881-4591
ARIZONA

2336 E. Magnolia St.
Phoenix 85034
Tel: (602) 273-8000
2424 Eas! Aragon Rd.
Tucson 85706
Tel: (602) 273-8000

‘ARKANSAS

Medical Service Only

P.0. Box 5646

Brady Station

Little Rock 72215

Tel: (501) 376-1844
CALIFORNIA

1579 W. Shaw Ave.
Fresno 93771

Tel: (209) 224-0582

1430 East Orangethorpe Ave
Fullerton 92631

Tel: (714) 870-1000

5400 West Rosecrans Bivd
P.0. Box 92105

World Way Postal Center
Los Angeles 90009

Tel: (213) 970-7500

TWX: 910-325-6608

Arran_ged alphabetically by country (cont.)

3939 Lankershim Boulevard
North Hollywood 91604
Tel: (213) 877-1282

TWX: 910-499-267 1
3200 Hillview Av

Palo Alto, CA 94304
Tel: (408) 988-7000

646 W. North Market Bivd.
Sacramento 95834
Tel: (916) 929-7222
9606 Aero Drive

P.0. Box 23333

San Diego 92123

Tel: (714)-279-3200

363 Brookholiow Dr
Santa Ana, CA 92705
Tel: (714) 641-0977
3003 Scott Boulevard
Santa Clara 95050
Tel: (408) 988-7000
TWX: 910-338-0518

454 Carlton Court

MARYLAND

7121 Standard Drive
Parkway Industrial Center
Hanover 21076

Tel: (301) 796-7700
TWX: 710-862-1943
2 Choke Cherry Road
Rockville 20850
Tel: (301) 948-6370
TWX: 710-828-9684
MASSACHUSETTS
32 Hartwell Ave
Lexington 02173
Tel: (617) 861-8960
TWX: 710-326-6904

MICHIGAN

23858 Research Drive
Farmington Hills 48024
Tel: (313) 476-6400

724 West Centre Ave.
Kalamazoo 49002

Tel: (616) 323-8362

So. San Francisco 94080 MINNESOTA

Tel: (415) 877-0772
“Tarzana
Tel: (213) 705-3344

COLORADO

5600 DTC Parkway
Englewood 80110
Tel: (303) 771-3455

CONNECTICUT

47 Barnes Industrial Road
Barnes Park South
Wallingford 06492
Tel: (203) 265-7801

FLORIDA

P.0. Box 24210

2727 N.W. 62nd Street
Ft. Lauderdale 33309
Tel: (305) 973-2600
4080 Woodcock Drive #132
Brownett Building
Jacksonville 32207
Tek: (904) 398-0663
P.0. Box 13910

6177 Lake Elienor Dr.
Orlando 32809

Tel: (305) 859-2900
P.0. Box 12826

Suite 5. Bldg. 1

Office Park North
Pensacola 32575
Tel: (904) 476-8422
110 South Hoover Blvd
Suite 120

Tampa 33609

Tel: (813) 872-0900

GEORGIA

P.0. Box 105005

450 interstate North Parkway
Atianta 30348

Tel: (404) 955-1500
TWX: 810-766-4830
Medical Service Only
“Augusta 30903

Tel: (404) 736-0592

P.0. Box 2103

1172 N. Davis Drive
Warner Robins 31098
Tel: (912) 922-0449

HAWALl

2875 So. King Street
Honolulu 96826
Tel: (808) 955-4455

ILLINOIS

211 Prospect Rd.
Bloomington 61701
Tel: (309) 663-0383
5201 Tollview Dr.
Rolling Meadows
60008

Tel: (312) 255-9800
TWX: 910-687-2260

INDIANA

7301 North Shadeland Ave
Indianapolis 46250

Tel: (317) 842-1000

TWX: 810-260-1797

IOWA

2415 Heinz Road
lowa City 52240
Tel: (319) 351-1020

KENTUCKY

10170 Linn Station Road
Suite 525

Louisville 40223

Tel: (502) 426-0100

LOUISIANA

P.0. Box 1449

3229-39 Wiliams Boulevard
Kenner 70062

Tel: (504) 443-6201

2400 N. Prior Ave.
St. Paul 55113
Tel: (612) 636-D700

MISSISSIPPI

322 N. Mart Plaza
Jackson 339206
Tel: (601) 982-9363

MISSOURI

11131 Colorado Ave.
Kansas City 64137
Tel: (816) 763-8000
TWX: 910-771-2087
1024 Executive Parkway
St. Louis 63141

Tel: (314) 878-0200

NEBRASKA
Medical Only

7101 Mercy Road
Suite 101

Omaha 68106

Tel: {402) 392-0948

NEVADA
‘Las Vegas
Tel: (702) 736-6610

NEW JERSEY

Crystal Brook Professional
Building

Route 35

Eatontown 07724

Tel: (201) 542-1384

W. 120 Century Rd.
Paramus 07652

Tel: (201) 265-5000
TWX: 710-990-4951
NEW MEXICO

P.0. Box 11634
Station E

11300 Lomas Bivd., NE
Albuquerque 87123
Tel: (505) 292-1330
TWX: 910-989-1185
156 Wyalt Drive

Las Cruces 88001
Tel: (505) 526-2484
TWX: 910-9983-0550

NEW YORK

6 Automation Lane
Computer Park

Albany 12205

Tel: (518) 458-1550
TWX: 710-444-4961
650 Perinton Hill Office Park
Fairport 14450

Tel: (716) 223-9950
TWX: 510-253-0092

No. 1 Pennsylvania Plaza
55th Floor

34th Street & 8th Avenue
New York 10001

Tel: (212) 971-0800
5858 Eas! Molloy Road
Syracuse 13211

Tel: (315) 455-2486

1 Crossways Park West
Woodbury 11797

Tel: (516) 921-0300
TWX: 510-221-2183
Tel: (513) 671-7400

NORTH CAROLINA
5605 Roanne Way
Greensboro 27409
Tel: (919) 852-1800

OHIO
Medical/Computer Only
9920 Carver Road
Cincinnati 45242
Tel: (513) 891-9870
16500 Sprague Road
Cleveland 44130
Tel: (216) 243-7300
TWX: 810-423-9430

962 Crupper Ave
Columbus 43229
Tel: (614) 436-1041

330 Progress Rd.
Dayton 45449

Tei: (513) 859-8202
OKLAHOMA

P.0. Box 32008

6301 N. Meridan Avenue
Oklahoma City 73112
Tel: (405) 721-0200
9920 E. 42nd Street
Suite 121

Tulsa 74145

Tel: (918) 665-3300

OREGON

17890 S.W. Lower Boones
Ferry Road

Tualatin 97062

Tel: (503) 620-3350

PENNSYLVANIA

1021 8th Avenue

King of Prussia Industrial Park
King of Prussia 19406
Tel: (215) 265-7000

TWX: 510-660-2670

111 Zeta Drive
Pittsburgh 15238

Tel: (412) 782-0400
SOUTH CAROLINA
P.0. Box 6442

694 1-0 N. Trenholm Road
Columbia 29206

Tel: (803) 782-6493

TENNESSEE
8906 Kingston Pike
Knoxville 37919
Tel: (615) 691-2371
3070 Direclors Row
Directors Square
Memphis 38131
Tel: (901) 346-8370
“Nashville

Medical Service Only
Tel: (615) 244-5448

TEXAS

4171 North Mesa
Suite C110

El Paso 79902

Tel: (915) 533-3555
P.0. Box 42816
10535 Harwin St
Houston 77036

Tel: (713) 776-6400
“Lubbock

Medical Service Only
Tel: (806) 799-4472
P.0. Box 1270

201 E. Arapaho Rd.
Richardson 75081
Tel: (214) 231-6101
205 Billy Mitchell Road
San Antonio 78226
Tel: (512) 434-8241

UTAH

2160 South 3270 West Street
Salt Lake City 84119

Tel: (801) 972-4711

VIRGINIA

P.0. Box 9669

2914 Hungary Spring Road

Richmond 23228

Tel: (804) 285-3431

Computer Systems/Medical
Only

Airport Executive Center

Suite 302

5700 Thurston Avenue

Virginia Beach 23455

Tel: (804) 460-2471

WASHINGTON
Bellefield Office Pk
1203 - 114th Ave. SE.
Bellevue 98004

Tel: (206) 454-3971
TWX: 910-443-2446
P.0. Box 4010
Spokane 99202

Tel: (509) 535-0864

‘WEST VIRGINIA
Medical/Analytical Only
4604 Mac Corkle Ave , SE
Charleston 25304

Tel: (304) 925-0492

WISCONSIN

150 South Sunny Slope Road
Brookfield 53005

Tel: (414) 784-8800

FOR U.S. AREAS

NOT LISTED:

Contact the regional office

nearest you

Atlanta, Georgia. . . North

Holly-wood, California

Rockville, Maryland

Rolling Meadows, llinois

Their complete addresses

are listed above.

USSR

Hewlett-Packard
Representative Office

USSR

Pokrovsky Boulevard
4/17-kw 12

Moscow 101000

Tel: 294.20.24

Telex: 7825 hewpak su

YUGOSLAVIA

Iskra Commerce, n.sol.o.
Zastopsivo Hewlett-Packard
Obilicev Venac 26

YU 11000 Beograd

Tel: 636-955

Telex: 11530

Iskra Commerce, n.sol.o.
Zaslopsivo Hewlelt-Packard
Miklosiceva 38/Vil
YU-61000 Ljubljana

Tel: 321-674, 315-879
Telex: 31583

URUGUAY

Pablo Ferrando S.A.C.el.
Avenida ltalia 2877
Casilla de Correo 370
Montevideo

Tel: 40-3102

Telex: 702 Public Booth
Para Pablo Ferrando

VENEZUELA

Hewlett-Packard de Venezuela
C.A.

P.0. Box 50933

Caracas 105

Los Ruices Norte

3a Transversal

Edificio Segre

Caracas 107

Tel: 239-4133 (20 lines)

Telex: 25146 HEWPACK

ZAMBIA

R.J. Tilbury (Zambia) Ltd.

P.0. Box 2792

Lusaka

Tel: 73793

MEDITERRANEAN AND

MIDDLE EAST

COUNTRIES NOT

SHOWN, PLEASE

CONTACT:

Hewlett-Packard S.A.

Mediterranean and Middle East
Operations

35, Kolokotroni Street

Pilatia Kefallariou

GR-Kifissia-Athens, Greece

Tel: 8080359/429

Telex: 21-6588

Cable: HEWPACKSA Athens

-SOCIALIST

COUNTRIES NOT
SHOWN, PLEASE
CONTACT:
Hewlett-Packard Ges.m.b.H.
Handelskai 52

P.0.Box 7

A-1205 Vienna, Austria
Tel: (0222) 35 16 21 to 27
Cable: HEWPAK Vienna
Telex: 75923 hewpak a

OTHER AREAS

LISTED, CONTACT:

Hewlett-Packard
Intercontinental

3495 Deer Creek Road

Palo Alto, California 94304

Tel: (415) 856-1501

TWX: 910-373-1267

Cable: HEWPACK Palo Alto

Telex: 034-8300, 034-8493

Hewlelt-Packard S.A

7. rue du Bois-du-Lan

P.0. Box

CH-1217 Meyrin 2 - Geneva

Switzerland

Tel: (022) 82 70 00

Cable: HEWPACKSA Geneva

Telex: 2 24 86

NOT

‘Service Only
2-15-80
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