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SECTION 1

SECTION |
GENERAL INFORMATION

1-1. INTRODUCTION

1-2. This operation and service manual
contains the information required to install,
operate, test, adjust, and service the
Hewlett-Packard Model 4193A Vector Impedance
Meter. Figure 1-1 shows the instrument and
supplied accessories. This section covers
specifications, instrument identification,
description, options, accessories, and other basic
information.

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

1-4.  DESCRIPTION

1-5. The HP Model 4193A Vector Impedance
Meter is a probe-type, fully automatic
microprocessor-based test instrument designed
for laboratory and production line applications.
It measures and digitally displays impedance
magnitude, 171, and phase angle, ¢, of active or
passive circuits, in-circuit components, discrete
components at test frequencies from 400kHz to
110MHz with 10mQ (impedance) and 0.1° (phase)
resolution. Frequency and measured impedance
and phase are displayed on the front-panel with
4-digit and 3 1/2-digit resolution, respectively.
Two measurement  speeds are provided:
NORMAL and HIGH SPEED. In NORMAL mode
operation, the 4193A performs one measurement
per second; in HIGH SPEED mode operation, it
performs approximately seven measurements per
second.

04193-87001

8120-1378

Figure 1-1. Model 4193 A and Accessories.
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1-6.  The 4193A's built-in test signal
synthesizer can be set with lkHz (maximum)
resolution to any frequency within the range of
400kHz to 110MHz for SPOT measurements, or it
can be automatically or manually swept in one of
two sweep modes: FULL and PARTIAL. In
FULL SWEEP mode, frequency is logarithmically
swept from 400kHz to 110MHz, and measurement
is made at 43 frequency points. In PARTIAL
SWEEP mode, frequency is swept from the
selected START frequency to the selected STOP
frequency. The number of measurement points
is  selectable at 100, 1000, or HIGH
RESOLUTION. Frequency resolution is IlkHz,
10kHz, or 100kHz, depending on the selected
frequency range. For measurements requiring
higher frequency resolution, an external
frequency synthesizer can be connected. Using
this technique, 100Hz frequency resolution can
be obtained over the 4193A's full frequency
range, 400kHz to 110MHz.

1-7. Test frequency, auto-ranging, frequency
sweep, introspective testing (SELF TEST),
display, triggering, analog and HP-IB outputs,
calculations, and all other instrument functions
are microprocessor controlled. This
microprocessor-based hardware design makes
operation and measurement set-up simple.

1-8. The 4193A is equipped with complete
HP-IB capabilities for remote control of all
front-panel controls. This feature makes it
possible to integrate the 4193A into a
cost-efficient  measurement  system which
increases DUT throughput, and improves cirecuit
design efficiency. The 4193A is also equipped
with X-Y Recorder outputs and pen lift control.
Clear and accurate hard copies of the DUT's
impedance-frequency or phase-frequency
characteristiecs can be easily obtained with this
capability, without an external controller.

1-9.  To maximize the versatility of the 4193A,
a wide selection of probe adapters and test
fixtures is available. Thus, components of
virtually any shape or size can be measured.

1-10. SPECIFICATIONS

1-11. Complete specifications of the Model
4193A Vector Impedance Meter are given in
Table 1-1. These specifications are the
performance standards or limits against which
the instrument is tested. The test procedures
for the specifications are covered in Section IV,
Performance Tests. Table 1-2 lists supplemental
performance characteristies. Supplemental
performance characteristies are not
specifications but are typical characteristics
included as additional information for the

1-2

operator. When the 4193A Vector Impedance
Meter is shipped from the factory, it meets the
specifications listed in Table 1-1.

1-12.  SAFETY CONSIDERATIONS

1-13. The Model 4193A Vector Impedance
Meter has been designed to conform to the
safety requirements of an IEC (International
Electromechanical Committee) Safety Class I
instrument and is shipped from the factory in a
safe condition.

1-14. This operation and service manual
contains information, cautions, and warnings
which must be followed by the user to ensure
safe operation and to maintain the instrument in
a safe condition.

1-15. INSTRUMENTS COVERED BY MANUAL

1-16. Hewlett-Packard uses a two-section nine
character serial number which is stamped on the
serial number plate (Figure 1-2) attached to the
instrument's rear-panel. The first four digits and
the letter are the serial prefix and the last five
digits are the suffix. The letter placed between
the two sections identifies the country where the
instrument was manufactured. The prefix is the
same for all identical instruments; it changes
only when a change is made to the instrument.
The suffix, however, is assigned sequentially and
is different for each instrument. The contents
of this manual apply to instruments with the
serial number prefix(es) listed under SERIAL
NUMBERS on the title page.

1-17.  An instrument manufactured after the
printing of this manual may have a serial number
prefix that is not listed on the title page. This
unlisted serial number prefix indicates the
instrument is different from those desecribed in
this manual. The manual for this new instrument
may be accompanied by a yellow Manual Changes
supplement or have a different manual part
number. This supplement contains '"change
information" that explains how to adapt the
manual to the newer instrument.

Figure 1-2. Serial Number Plate.



1-18. In addition to change information, the
supplement may contain information for
correcting errors (called Errata) in the manual.
To keep this manual as current and accurate as
possible, Hewlett-Packard recommends that you
periodically request the latest Manual Changes
supplement. The supplement for this manual is
identified with this manual's print date and part
number, both of which appear on the manual's
title page. Complimentary copies of the
supplement are available from  Hewlett-
Packard. If the serial prefix or number of an
instrument is lower than that on the title page of
this manul, see Section VII, Manual Changes.

1-19. For information concerning a serial
number prefix that is not listed on the title page
or in the Manual Change supplement, contact the
nearest Hewlett-Packard office.

1-20. OPTIONS

1-21.  Options are modifications to the standard
instrument that implement the user's special
requirements for minor functional changes. The
4193A has four options:

Front Handle Kit.
Furnishes Carrying
handles for both ends of
front-panel.

Option 907 :

Option 908 : Rack Frange Kit.
Furnishes flanges for rack
mounting for both ends of

front-panel.

SECTION 1

Option 909 : Rack Flange and Front
Handle Kit. Furnishes
both front handles and
rack flanges for
instrument.

Option 910 : An extra copy of the
Operation and Service
Manual.

Installation procedures for these options are
given in Section IL

1-22. ACCESSORIES SUPPLIED

1-23. The Model 4193A VECTOR IMPEDANCE
METER, along with its furnished accessories, is
shown in Figure 1-1. The furnished accessories
are also listed below :

Probe Kiteeeeescesecsesscsnesse HP Part No.
04193-87001

Power Cable seeeescocsrasences HP Part No.
8120-1378

FUSE ssvesvesccccsctctcocsenceans HP Part No.
2110-0304

Probe kit contents are listed in Table 1-3.
1-24. ACCESSORIES AVAILABLE

1-25. A test fixture adapter and three test
fixtures are available to facilitate measurement
on a wide range of discrete components. Also
available is a calibration-standard set for
calibration of the 4193A or similar probe-type
instruments. A brief description of each
available accessory is given in Table 1-4.

1-3



SECTION 1

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

SPECIFICATIONS

IMPEDANCE MAGNITUDE MEASUREMENT:

Range, Display, and Resolution :

MAGNITUDE RANGE DISPLAY RANGE DISPLAY (digit) RESOLUTION
108 00.0082 to 19.99%0 31/2 10mi2
1004 000.092 t0199.90 31/2 100m$2
1k 0.000k{2 to 1.999kQ 31/2 10
10k{2 00.00k$2 to 19.99kN 31/2 100
100k{2 000.k2 t0120.kQ 2.1/2 1k
Accuracy : See Table A.
Range Mode : Auto and manual (up-down).
IMPEDANCE PHASE MEASUREMENT :
Range and Resolution :
MAGNITUDE RANGE DISPLAY RANGE RESOLUTION
109 180.0° to-180.0° 0.1°
10080 180.0° to-180.0° 0.1°
1k§ 180.0° to-180.0° 0.1°
10k§2 180.0° to-180.0° 0.1°
100kQ 180.° to-180.° 1°
Accuracy : See Table A.
Table A. Accuracies
MAGN - Test Frequency (MHz}
TUDE
RANGE 0.4 to 1 T to 10 10 to 40 40 to 110
- Z 1{(5.740436—) of reading +9 counts]] (6.3 of reading +6 counts] +((4.5+0.18f). of reading +4 counts] +[(4.5+0.18)% of reading +4 counts]
] r(l.7*-]-—'f8+3z—5) degrees t(3.3*0.20f+375) degrees 1(3.3+&20f+% degrees t(3A3+O.20f+§Z§) degrees
1001 z t[(2_4+0—'fﬁ) of reading +4 counts] | {3.0. of reading +4 counts] £[(2.6+0.037f) of reading +4 counts)[+[(2.6+0.037f). of reading +4 counts]
2] :(]A5+]'f—9+3z—5) degrees 1(3.3*&035%375) degrees :(343+C.O35f+3z—5) degrees 1(343+U.035f+3z—5) degrees
" 7 t[(3.2+p‘vf5§) of reading +4 counts] | +[3.7 of reading +4 counts] +[{2.740.11F) of reading +4 counts]|+[(2.7+0.11f)  of reading +4 counts)
8 [+01.6:1:8430) degrees £(3.340.117+32) degrees :(3.3+o.nf+%) degrees 1(3.3+o.nf+375) degrees
- Z fl_(?.%ofsb) of reading +4 counts){+[(3.2+0.29F) of reading +4 counts] |+ (0.74+0.53F) of reading +4 counts
8 t(:.a*—hfgaizf’r) degrees f(3ﬂ+053f+%) degrees 3(8.3+0.01f«%) degrees
7 4 (3A3+—04f5§) of reading +4 counts] -
100

8 | +(3.0 + ]—;.—9 + 375) degrees

Wnere,

fis test freguency in MHz, and Z is number of MAGNITUDE display counts.

Measurement accuracy is not specified above 12di...

On tne 100k.. range, the small ZL’F()”C,UIS not counted in Z.
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SECTION 1

Table 1-1. Specifications (Sheet 2 of 5)

TEST FREQUENCY:

Test Frequency (MHz)

Range and Resolution :

TEST FREQUENCY RANGE RESOLUTION
0.400 to 9.999MHz 1kHz
10.00 to 99.99MHz 10kHz
100.0 to 110.0MHz 100kHz

Accuracy : +0.01% of setting

Stability : +100 ppm (at 0 °C to 55 °C)

Full Frequency Sweep :

Test frequency is automatically and logarithmically swept from 400kHz to
110MHz. Measurement is made at the following 43 frequency points.

400kHz, 455kHz, 500kHz, 600kHz, 700kHz, 800kHz, 900kHz, IMHz, 1.2MHz,
1.4MHz, 1.6MHz, 1.8MHz, 2MHz, 2.333MHz, 2.666MHz, 3MHz, 3.5MHz, 4MHz,
4.5MHz, 5MHz, 6MHz, TMHz, 8MHz, 9MHz, 10MHz, 12MHz, 14MHz, 16MHz,
18MHz, 20MHz, 23.33MHz, 26.66MHz, 30MHz, 35MHz, 40MHz, 45MHz,
50MHz, 60MHz, 70MHz, 80MHz, 90MHz, 100MHz, 110MHz.

200 T T ]
| i | p
1004 - D SR
B} = LA
10 et — - .
1 e |
palve T —
' f | |
{ : ! .
0.1 } + i i . — . i
0 5 10 15 20 25 30 35 40 43

Frequency Point
Figure A. Full-Sweep Frequency Points,
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SECTION 1

Table 1-1. Specifications (Sheet 3 of 5)

Partial Frequency Sweep :

Test frequency is automatically and linearly swept from the selected START
FREQ. to the selected STOP FREQ. Number of measurement points is
selectable with the STEPS keys--100, 1000, HIGH RESOLN.

100 : One hundred measurement points.

1000:  One thousand measurement points.

HIGH RESOLN : Maximum step resolution for the selected sweep
frequency range (START to STOP) is automatically
selected.

MEASUREMENT TERMINAL: Two-terminal low-grounded probe, connected to
instrument with a coaxial cable.

REFERENCE PLANE: Probe tip without probe pin.
RECORDER OUTPUTS: DC voltage outputs proportional to displayed values,

Magnitude Output: 0 to 1 Vde proportional to displayed MAGNITUDE value
max 1 Vde (at 2000 counts),

Phase Output : -1 Vde to +1 Vde proportional to displayed PHASE value
max 1 Vde (at #1800 counts),

Frequency Output: 0 to1l Vde proportional to test frequency, as follows:

v, = fseor T Fselpon panual and Partial Sweep
F Fstor — F st

- log (Fswor /Fsnwr ) for Full Sweep

Y%
F log (F gror /F sy )

where, V is the analog output voltage.

0 Vde and 1 Vde for START frequency and STOP frequency,
respectively.

PEN LIFT: TTL level signal. Goes LOW (PEN DOWN) at start of frequency
sweep; goes HIGH (PEN UP) at completion of frequency sweep.

TRIGGER : Internal, external, or manual.

EXTERNAL TEST SIGNAL : External oscillator can be connected to obtain higher test
frequency resolution.

Frequency: 400kHz to 110MHz.
Input Level: 0dBm to +5dBm,
Input Terminal : BNC connector,
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SECTION I

Table 1-1. Specifications (Sheet 4 of 5)

SELF TEST: Checks the 4193A's basic operation and displays the test results. Initiated
each time the instrument is turned on or when the SELF TEST mode is set
by the SELF TEST key or via the HP-IB. Refer to paragraph 3-7.

HP-IB INTERFACE: Remote control and data output via the HP-IB (based on
IEEE-Std-488 and ANSI-MCI-),

Interface Capability : SHI, AHl, T5, L4, SR1, RL1, DCIl, DTl, El
Remote Control Function : All front-panel funetions exeept LINE ON/OFF switch

Data Output : Measured impedance magnitude and phase values, test frequency
value, and measurement setting information.

WARM-UP TIME: 260 minutes

AMBIENT TEMPERATURE: 23°C#5°C (error limits double in magnitude and
phase accuracies for 0°C to 55°C temperature
range).

GENERAL

Operating Temperature: 0°C to +55°C

Storage Temperature : -40°C to +75°C

Humidity : -95% at 40 °C

Power Requirements: 100, 120, 220V £10%; 240V +5% -10%;
48 to 66Hz; power consumption 150VA, maximum

Probe Cable Length: Approximately 150cm, measured from the front-panel to the
probe tip.

Dimensions: 426mm (W) x 177mm (H) x 513mm (D) (16.77" x 7" x 20")

Weight : Approximately 18 kg.

OPTIONS
Option 907 : Front handle kit (P/N 5061-0090)
Option 908 : Rack flange kit (P/N 5061-0078)
Option 909 : Rack flange and handle kit (P/N 5061-0084)

Option 910 : Extra Manual




SECTION 1

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

Accessories Supplied :

ACCESSORIES

Part Number

Accessory Name

Q'ty

04193-61151
04193-61152
04193-61153
04193-61154
04193-61629
04193-21008
0360-2065
04193-21023
16095-29005
04193-60152
1540-0692

Probe

Probe Adapter
Component Adapter
Ground Adapter
Ground Lead

Probe Socket
Spare Clips

Spare N-type Pins
Spare Pins

Probe Kit Case
Pin Case

—

—
R = O U A = b b

Accessories Available :

16099A TEST FIXTURE ADAPTER : Connects Probe to one of three test fixtures,
Model 16092A/16093A/16093B, for component

measurement.

16345A PROBE TYPE CALIBRATION BOX: Contains 10 standards, SHORT/OPEN/
109/508/10002/1809/1kQ/1.8kQ/10k$/5pF,
for calibration of probe-type
instruments.

16092A SPRING CLIP FIXTURE:

16093A BINDING POST FIXTURE:

16093B BINDING POST FIXTURE:

Mounts
FIXTURE

atop the 16099A  TEST
ADAPTER. Used for

diserete component measurements.

Mounts
FIXTURE

atop the 16099A TEST
ADAPTER. Used for

diserete component measurements.

Mounts
FIXTURE

atop the 16099A TEST
ADAPTER. Used for

discrete component measurements.
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SECTION 1

Table 1-2. General Information

SUPPLEMENTAL PERFORMANCE CHARACTERISTICS
MEASUREMENT TIME

Normal Mode : Approximately 1 sec. (typical)
High Speed Mode : Approximately 150 msee. (typical)

FREQUENCY SETTLING TIME
Approximately 5ms to 400ms
RANGING TIME
Approximately 1.2s
PROBE WITHSTAND VOLTAGE

DC: 50V maximum
AC: 5Vrms maximum

OUTPUT IMPEDANCE

Approximately 250 with 0.2 uF series capacitance

RESIDUALS
Resistance in series with DUT (Rs) :<0.550 -T= ":‘ Probe |
. 10, . *2 &R,
Inductance in series with DUT (Ls) :<(4.9 +T)nH v
41934 | Cp st

Capacitance in parallel with DUT (Cp) :<0.11pF

D S

;¢ [

_——— ]
Peference Plane
Note

*1: DUT includes the probe pin.
*2: f is test frequency in MHz.

TEST SIGNAL LEVEL:

MAGNITUDE RANGE CURRENT Thru DUT (pArms)
100 100
10082 100
1k§ 100
10k$2 50
100k{2 10

Note : Current through the DUT is constant for each magnitude range.

Accuracy: x20%

RESIDUAL FM
100Hz._; for 1 thru 110MHz at 100Hz BW.

SKIP ERROR
10 counts maximum at 2.S5MHz, SMHz, and 10MHz.
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SECTION 1

Table 1-3. Probe Kit for 4193A

04193-87001

* Kit Part No. :

Reference HP Part Number Qty Description

@ 04193-61151 1 PROBE

@ 04193-01154 1 GROUND ADAPTER

©) 04193-21008 1 PROBE SOCKET

@ 04193-61152 1 BNC ADAPTER

@ 04193-61153 1 COMPONENT ADAPTER
SPARE N-TYPE PIN SET

@ 04193-60153 1 Contains five spare N-type
pins (HP Part No.: 04193-21023)
SPARE PIN SET

@ 16095-60012 1 Contains ten spare N-type
pins (HP Part No.: 16095-29005 )
SPARL CLIP SET

04193-60151 1 Contains three spare clips
(HP Part No.: 0360-2065)

© 04193-61629 1 GROUND LEAD

@ 04193-60152 1 PROBE KIT CASE
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SECTION 1

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

Model

Desecription

HP16092A Spring Clip Fixture

Test Fixture (direct attachment type)
for measurement of both axial and radial
lead components and lead-less chip
elements. Spring eclip contacts are
capable of holding samples of dimensions

given below :
=18mm ;

2~24mm

A combined slide gauge provides direct
readouts of the physical length of the
sample tested. Usable frequency range
is DC to 500MHz. The 16099A Test
Fixture Adapter is necessary to connect
the 4193 A Probe.

HP16093A Binding Post Fixture

E)
*
«

“P
*

Test Fixture (direct attachment type)
for measurement of both axial and radial
lead miniature components. Two binding
post terminals at an interval of 7mm on
the terminal deck ensure optimum
contact of terminals and sample leads.

Usable frequency range is DC to
250MHz. The 16099A Test Fixture
Adapter is necessary to connect the
4193A Probe.




SECTION 1

Table 1-4. Accessories Available (sheet 2 of 3)

Model

Description

HP16093B Binding Post Fixture

Test Fixture (direet attachment type)
for general measurement of both axial
and radial lead components. Three
binding post terminals are located on the
terminal deck as shown below :

Usable frequency range is DC to
125MHz. The 16099A Test Fixture
Adapter is necessary to connect the
4193 A Probe.

HP 16099A Test Fixture Adapter

Test Fixture Adapter for connecting the
4193A probe to one of the three available
test fixtures—16092A, 160934A, and
16093B.

Note : The 16099A and each of the
available test fixtures must be
ordered separately.

:HP16092A SPRING CLIP FIXTURE
:HP16093A BINDING POST FIXTURE
:HP16093B BINDING POST FIXTURE

©EO

1-12




SECTION 1

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

Model

Description

HP16345A Probe Type Calibration Box

Calibration standard for performance
testing and adjustment of the 4I93A.
Includes ten probe-insertable standards :
OPEN, SHORT, 109, 509, 1009, 180%Q, 1k,
1.8k, 10kQ, and 5pF. If a standard is
damaged or fails to perform properly,
contact your nearest Hewlett-Packard
Sales and Service Office.

Dimensions:  310(W)x80(H)x205(D) [mm]

Weight :  Approximately 2.1kg
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SECTION 11
INSTALLATION
2-1. INTRODUCTION WARNING
2-2. This section provides installation IF THE INSTRUMENT IS TO BE

instructions for the Model 4193A Vector
Impedance Meter. This section also includes
information on initial inspection and damage
claims, preparation for wusing the 4193A,
packaging, storage, and shipment.

2-3. INITIAL INSPECTION

2-4. The 4193A Vector Impedance Meter, as
shipped from the factory, meets all the
specifications listed in Table 1-1. On receipt,
inspect the shipping container for damage. If the
shipping container or cushioning material is
damaged, notify the carrier as well as the
nearest Hewlett-Packard office and be sure to
keep the shipping materials for ecarrier's
inspection until the contents of the shipment
have been checked for completeness and the
instrument has been checked mechanically and
electrically. The contents of the shipment
should be as shown in Figure 1-1. The procedures
for checking the general electrical operation are
given in Section III (Paragraph 3-7 SELF TEST)
and the procedures for checking the 4193A
Vector Impedance Meter against its
specifications are given in Section IV. First, do
the self test. If the 4l193A Vector Impedance
Meter is electrically questionable, then do the
Performance Tests to determine whether the
4193 A has failed or not.

If the contents are incomplete, if there is
mechanical damage or defects (scratches, dents,
broken switches, ete.), or if the performance
does not meet the self test or performance tests,
notify the nearest Hewlett-Packard office (see
list at back of this manual). The HP office will
arrange for repair or replacement without
waiting for claim settlement.

2-5. PREPARATION FOR USE
2-6. POWER REQUIREMENTS
2-7. The 4193 A requires a power source of 100,
120, 220Volts ac +10%, or 240Volts ac +5%-10%,

48 to 66Hz single phase; power consumption is
150VA maximum.

ENERGIZED VIA AN EXTERNAL
AUTOTRANSFORMER FOR  VOL-
TAGE REDUCTION, BE SURE THAT
THE COMMON TERMINAL IS
CONNECTED TO THE NEUTRAL
POLE OF THE POWER SUPPLY.

2-8. Line Voltage and Fuse Selection
CAUTION

BEFORE TURNING THE 4193A LINE
SWITCH TO ON, VERIFY THAT THE
INSTRUMENT IS SET TO THE
VOLTAGE OF THE POWER TO BE
SUPPLIED.

2-9. Figure 2-1 provides instructions for line
voltage and fuse selection. The line voltage
selection switch and the proper fuse are factory
installed for 100 or 120 volts ac operation.

CAUTION

USE PROPER FUSE FOR LINE
VOLTAGE SELECTED.

CAUTION

MAKE SURE THAT ONLY FUSES FOR
THE REQUIRED RATED CURRENT
AND OF THE SPECIFIED TYPE ARE
USED FOR REPLACEMENT. THE
USE OF MENDED FUSES AND THE
SHORT-CIRCUITING OF FUSE-
HOLDERS MUST BE AVOIDED.

2-10. POWER CABLE

2-11. To protect operating personnel, the
National Electrical Manufacturer's Association
(NEMA) recommends that the instrument panel
and cabinet be grounded. The Model 4193A is
equipped with a three-conductor power cable
which, when plugged into an appropriate
receptacle, grounds the instrument. The offset
pin on the power cable is the ground wire.

2-1



SECTION 1I

2-12. To preserve the protection feature when
operating the instrument from a two contact
outlet, use a three prong to two prong adapter
(HP Part No. 1251-0048) and connect the green
pigtail on the adapter to power line ground.

CAUTION

THE MAINS PLUG MUST ONLY BE
INSERTED IN A SOCKET OUTLET
PROVIDED WITH A PROTECTIVE
EARTH CONTACT. THE
PROTECTIVE ACTION MUST NOT BE
NEGATED BY THE USE OF AN
EXTENSION CORD (POWER CABLE)
WITHOUT PROTECTIVE CONDUCTOR
(GROUNDING).

2-13. Figure 2-2 shows the available power
cords, which may be used in various countries
including the standard power cord furnished with
the instrument. HP Part number, applicable
standards for power plug, power cord color,
electrical characteristics and countries using
each power cord are listed in the figure. If
assistance is needed for selecting the correct
power cable, contact the nearest Hewlett-
Packard office.

2-14. OPERATING ENVIRONMENT

2-15. Temperature. The instrument may be
operated in temperatures from 0°C to +55°C.

2-16. Humidity. The instrument may be

humidities to 90% at 40°C. However, the
instrument should be protected from
temperature extremes which cause condensation
within the instrument.

2-17. INSTALLATION INSTRUCTIONS

2-18. The HP Model 4193A can be operated on
the bench or in a rack mount. The 4193A is
ready for bench operation as shipped from the
factory. For bench operation a two-leg
instrument stand is used. For use, the instrument
stands are designed to be pulled towards the
front of instrument.

2-19. Installation of Options 907, 908 and 909

2-20. The 4193A can be installed in a rack and
be operated as a component of a measurement
system. Rack mounting information for the
4193A is presented in Figure 2-3.

2-21. STORAGE AND SHIPMENT
2-22. ENVIRONMENT

2-23. The instrument may be stored or shipped
in environments within the following limits:

Temperature ce..... -40°Cto +75°C
Humidity eeesssceoses to 95% at 40°C

The instrument should be protected from
temperature extremes which cause condensation

operated in  environments with  relative inside the instrument.
100V ~ 120V ~ 220V ~ 240V
~LINE \ ‘ ~LINE ~LINE \ ’ ~LINE—/
VOLTAGE SELECTOR VOLTAGE SELECTOR VOLTAGE SELECTOR VOLTAGE SELECTOR

|
=

100V~ 120V~ 220V~ 240V~

— |
100V~ 120V~ 220V~ 240V~

Fuse : L5AT 250V ~ Fuse: L5AT 250V ~
(HP P/N: 2110-0304) (HP P/N: 2110-0304)

Fuse : 750mA 250V
(HP P/N: 2110-0360)

E
s fa
B e

100V~ 120V~ 220V~ 240V~ 100V~ 120V~ 220V~ 240V~

Fuse : 750mA 250V ~
(HP P/N: 2110-0360)

Figure 2-1. Voltage and Fuse Selection.
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OPTION 900 United Kingdom

Line

Plug : BS1363A, 250V
Cable : HP 8120-1351

OPTION 901 Australia/New Zealand
/ Earth
- — Neutral
Line

Plug : NZSS 198/AS Cl112, 250V
Cable : HP 8120-1369

OPTION 902 European Continent

Farth

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

OPTION 903 U.S./Canada
/ Earth
Neutral —— \ Line

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

OPTION 905* Any country OPTION 906 Switzerland
Line Neutral
\ ~————Farth
Neutral Earth Line
Plug : CEE 22-VI, 250V Plug: SEV 1011.1959-24507 Type 12, 250V
Cable : HP 8120-1396 Cable : HP 8120-2104
OPTION 912 Denmark *  Plug option 905 is frequently used for

Neutral

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

interconnecting system components and
peripherals.

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

Figure 2-2. Power Cables Supplied.

()
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2-24. PACKAGING

2-25. Original  Packaging. Containers  and
materials identical to those used in factory
packaging are available from Hewlett-Packard.
If the instrument is being returned to
Hewlett-Packard for serviecing, attach a tag
indicating the type of service required, return
address, model number, and full serial number.
Also mark the container FRAGILE to assure
careful handling. In any correspondence, refer
to the instrument by model number and full
serial number,

2-26. Other Packaging. The following general
instructions should be used for re-packing with
commercially available materials:

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

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

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

d. Seal shipping container securely.

e. Mark shipping container FRAGILE to
ensure careful handling.

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

number.
Option Kit Parts Included Part Number Q'ty Remarks
Part Number

907 Handle Kit Front Handle ®  5060-9900 2

5061-0090 - Trim Strip (®» 5020-8897 2
X8-32 x 3/8 Screw 2510-0195 6 9.525mm

908 Rack Flange Kit Rack Mount Flange (@ 5020-8863 2
5061-0078 X8-32 x 3/8 Scerew 2510-0193 6 9.525mm

909 Rack Flange & Front handle ®  5060-9900 2

Handle Kit Rack Mount Flange (& 5020-8875 2
5061-0084 X8-32 x 3/8 Screw 2510-0194 6 15.875mm

TEew &L,

)

Remove adhesive-backed trim strips ()
from side at right and left front of
instrument.

HANDLE INSTALLATION : Attach front
handle (3) to sides at right and left front of
instrument with screws provided and
attach trim (¢ to handle.

RACK MOUNTING : Attach rack mount
flange (2) to sides at right and left front of
instrument with screws provided.

HANDLE AND RACK MOUNTING
Attach front handle 3) and rack mount
flange ® together to sides at right and left
front of instrument with serews provided.

When rack mounting (3 and 4 above),
remove all four feet (lift bar at inner side
of foot, and slide foot toward the bar).

Figure 2-3. Rack Mount Kit.



SECTION III

SECTION 111
OPERATION

3-1. INTRODUCTION

3-2. This section provides all the information
necessary to operate the Model 4193A Vector
Impedance Meter. Included are desecriptions of
the front- and rear-panels, displays, lamps and
connectors; discussions on operating procedures
and measuring techniques for various
applications; and instructions on the instrument's
SELF TEST function. Warnings, Cautions, and
Notes are given throughout; they should be
observed to insure the safety of the operator and
the serviceability of the instrument.

WARNING

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

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

CAUTION

BEFORE THE INSTRUMENT IS
SWITCHED ON, IT MUST BE SET TO
THE VOLTAGE OF THE POWER
SOURCE (MAINS), OR DAMAGE TO
THE INSTRUMENT MAY RESULT.

3-3. OPERATING INSTRUCTIONS

3-4. Operating instructions for the
instrument's basic capabilities are given in
paragraphs 3-5 through  3-44. Operating
instruetions for the instrument's extended
capabilities (remote operation via the HP-IB,
X-Y Recorder Outputs, and External Oscillator)
are covered in paragraphs 3-45 through 3-80.

3-5. PANEL FEATURES

3-6. Front- and rear-panel features for the
4193 A are described in Figure 3-1 and Figure 3-2,
respectively. More detailed information on the
panel displays and controls is given in paragraph
3-7 and below.

3-7. SELF TEST

3-8. The 4193A is equipped with an automatic
self-diagnostic function that can be initiated at
any time to confirm normal operation of the
instrument's basic functions. SELF TEST can be
initiated from the front-panel by pressing the
SELF TEST key or via HP-IB remote control
{program code Sl). When SELF TEST is initiated
(key indicator lamp is on), eight tests of the
instruments digital section are performed and
the results (pass code or one of the error codes
listed in Table 3-5) are displayed on the
FREQUENCY display. If no errors are detected,
pass codes Pl through P7, P40, and PASS will be
sequentially displayed on the FREQUENCY
display and the instrument will then return to
normal measurement mode (SELF TEST key
indicator lamp off). If an error is detected, the
corresponding error code--listed in Table
3-5—will be displayed on the FREQUENCY
display and SELF TEST will stop. Error code
E-61 is not an instrument failure. Refer to Table
3-3 for the cause and remedy. If the instrument
fails SELF TEST (an error code other than E-61 is
displayed), contact the nearest Hewlett-Packard
Service Office. A list of addresses is provided at
the back of this manual.

Note

An abbreviated SELF TEST s
automatically performed each time
the instrument is turned on. Only
error codes—-if an error is
detected--PASS or FAIL, and the
instrument's HP-IB address are
displayed at the end of this SELF
TEST.
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HP-IB Status Indicators and LOCAL Key :

These four LED lamps -- SRQ, LISTEN, TALK, and REMOTE -- indicate the status of
the 4193A when it is interfaced with and under the control of a controller via the
HP-IB.

The LOCAIL key, when pressed, releases the instrument from REMOTE (HP-IB)
control and enables control via the front-panel. The LOCAL key does not function
when the instrument is set to "local lockout" by the controller.

NOT READY Lamp:
Indicates that the RF test signal is unstable or that the measured value exceeds the
magnitude range limit.

EXT OSC Lamp :
Comes on when an external signal source is connected to the EXT OSC connector on
the rear-panel.

Trigger Lamp :
Comes on each time the instrument is internally or manually triggered. Measurement
is in progress when the lamp is on. Trigger mode is set.by the TRIGGER keys (5).

MAGNITUDE Display :

Displays absolute values of vector impedance (|Zl) in a maximum 3-1/2 digit decimal
number from 0000 to 1999 (actual number of digits depends on the |Z[range). If the
measured |Z] value exceeds the range limit, an alphabetic annunciation ( N,
where N represents the range number) will appear on this display.

Unit Indicator T.amps :
Indicates the unit for the displayed magnitude value : kQ or .

PHASE Display :

Displays the measured phase angle (8) in four digits. The range is from 000.0 to
+180.0 degrees. If " mN" (where N represents the | Z| range number) appears on
the MAGNITUDE display, "= - - =" is displayed on this display.

FREQUENCY Display :

Displays, in MHz, the spot test frequency, and swept frequency parameters (START
and STOP frequencies). When the instrument is turned on, various SELF TEST
messages and HP-IB address are sequentially displayed on this display.

3-2

Figure 3-1. Front Panel Features (Sheet | of 4),
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SELF TEST Key and Indicator :

This key initiates the instrument's SELF TEST funetion. During SELF TEST (when the
indicator is on), eight tests, which check the basic operation of the instrument, are
automatically performed. Pass codes and error messages are displayed on the
FREQUENCY display ()). When the SELF TEST is completed, the indicator goes off
and the instrument is returned to normal measurement mode. A brief diseription of
each test and the meaning of each error message is given in paragraph 3-28.

X-Y RECORDER Funection Keys:
These keys control the instrument's analog output capability. Voltage proportional to
the measurement results is output from the X-Y RECORDER OUTPUT connectors on

the rear-panel.

ON: Analog data representing the measured impedance and phase values and
the test frequency are output from the X-Y RECORDER OUTPUT

connectors on the rear-panel. Indicator lamp is on in this state.

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

INTRPL : Linear interpolation. Smooths curves plotted on the X-Y Recorder.

b LL: Provides the zero reference voltage (0V) from each rear-panel X-Y
RECORDER OUTPUT connector. Used for zero positioning of the
recorder pen. When this key is pressed, the recorder pen will be
positioned at the lower-left (X and Y zero) of the plot area.

UR %: Provides the full-scale reference voltage (1V) from each rear-panel X-Y
RECORDER OUTPUT connector. Used for full-scale positioning of the
recorder pen. When this key is pressed, the recorder pen will be
positioned at the upper-right (X and Y maximum) of the plot area.

LINE OFF/ON:
Applies ac line power to the instrument when set to the ON (in) position; removes ac
line power when set to the OFF (out) position.

PROBE Connector :
Probe cable connects to this connector.

Figure 3-1. Front Panel Features (Sheet 2 of 4),
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MAGNITUDE RANGE Keys:
These keys are used to select the measurement range.

\
\
@

AUTO : When indicator lamp is on, optimum range for the DUT's impedance is
automatically selected.
MANUAL: When the AUTO indicator lamp is off, these keys are used to select the

measurement range. Once selected, the range will not change even if
the sample is changed. Manual ranging is done by pressing the DOWN

( (€)) key or the UP ( (3] ) key.

HIGH SPEED MODE Key:
Shortens the measurement time and increases the measurement cyele speed.

TRIGGER Keys:
These keys select the trigger mode.

INT : Measurement is triggered by the instrument's internal trigger signal.

Measurement is triggered each time this key is pressed, and
measurement data are held until the next time the key is pressed. Or
the 4193A is triggered by an external trigger.

MAN/EXT :

Note

An external trigger signal can be applied from the rear panel connector.
External triggering is performed at the trailing edge of the applied TTL pulse.

See paragraph 3-32.

FREQ. RESOLUTION Keys:
Sets the incremental/decremental value for frequency changes made with the Test
Frequeney Control Dial (). Incremental/decremental value for COARSE, MED, and

FINE is 100 counts, 10 counts, and 1 count, respectively.

Test Frequency Control Dial :
Changes the test frequencyv. Rotating the dial clockwise increases the frequency;

rotating it counterclockwise decreases the frequency.

Figure 3-1. Front Panel Features (Sheet 3 of 4),
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PROBE REST:

Holds the probe when not in use.

STEPS Keys:
These keys select the number of measurement points for a partial swept-frequency
measurement. When the 100 key is pressed, measurement is made at 100 points from
the selected START frequency to the selected STOP frequeney. The 1000 key
funetions similarly to the 100 key. The HIGH RESOLUTION key automatically selects
the optimum STEP frequency resolution for each frequeney range. Refer to Figure
3-4 for details.

Note
There are certain restrictions related to STEP frequency selection; refer to
Figure 3-4.

FULL SWEEP START/ABORT Key:

Starts and stops full-range (400kHz to 110MHz) swept frequency measurements.
When this key is pressed, the indicator lamp comes on and the sweep begins. When
this key is pressed during swept measurement (indicator lamp on), the sweep stops at
the last frequency step.

PARTIAL SWEEP START/ABORT Key:

Starts and stops partial swept frequency measurements. When this key is pressed, the
indicator lamp comes on and the sweep begins. When this key is pressed during swept
measurement (indicator lamp on), the sweep stops at the last frequency step.

ENTER Key :

This key is used in conjunction with the adjacent START FREQ. and STOP FREQ.
keys (@ to enter the START and STOP frequencies for partial sweeps. When this key
Is pressed, the indicator lamp comes on and the value displayed on the FREQUENCY
display is entered when the START FREQ. key or STOP FREQ. key is pressed.

START FREQ and STOP FREQ Keys:

These keys are used in conjunction with the adjacent ENTER key (@ to enter the
START and STOP frequencies for partial sweeps. When either of these keys are
pressed while the ENTER key indicator lamp is on, the value displayed on the
FREQUENCY display is entered; when pressed while the ENTER key indicator lamp is
off, the previously entered START FREQ. or STOP FREQ. is displaved on the
FREQUENCY display.

Figure 3-1. Front Panel Features (Sheet 4 of 4),
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HP-IB Control Switch :

Seven-bit DIP switch for setting the instrument's HP-IB address (0-30), data output
format, and HP-IB funection (Talk Only or Addressable). Details are given in
paragraphs 3-61 and 3-62.

HP-IB Connector :
Twenty-four pin connector; connects to an HP-IB compatible controller or strip

recorder. Pin assignments are shown in Figure 3-18.

RECORDER OUTPUTS:

Three of these four BNC connectors output voltages proportional to displayed
MAGNITUDE, PHASE, and FREQUENCY, and can be connected to an X-Y Recorder
to plot impedance/frequency or phase/frequency characteristics. The fourth
connector outputs a TTL level DC voltage for X-Y Recorder pen-lift control.

EXT OSC Connector :
This connector can be connected to an external frequency synthesizer to obtain
higher resolution. Input signal level must be between 0dBm and +5dBm, ineclusive.

EXT TRIGGER Connector :
For external triggering; an external triggering device or signal can be connected to
this connector. Details are provided in paragraph 3-32.

Serial Number Plate :
The instrument's serial number is stamped on this plate. Refer to paragraph 1-17.

~ LINE VOLTAGE SELECTOR Switeh:
This switch is used to select the appropriate line voltage. Refer to paragraph 2-8.

~v LINE FUSE Holder:
Instrument's power-line fuse is installed in this holder. Refer to paragraph 2-8.

v LINE Input Receptacle :
AC power cord is connected to this receptacle. Refer to paragraph 2-10.

3-6

Figure 3-2. Rear Panel Features.




3-9. INITIAL CONTROL SETTINGS

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

Panel Controls :

MAGNITUDE RANGE <ceeeeccee. AUTO
HIGH SPEEID essscscccscsccceccncscs OFF
TRIGGER ............................ INT
FREQUENCY RESOLUTION .. FINE
ENTER  cevereecececavacrsceceasassones OFF
STEPS ceccrecerecnsernsrasscssearenens 100
PARTIAL SWEEP resecesesacesces OFF
FULL SWEEP ccececececsrececncones OFF
SELF TEST eeececrececearecvesssnanes OFF
X-Y RECORDER ON/OFF ... OFF
INTERPOLATION «ecececerecncncens OFF

Test Parameters:

SPOT FREQ. stereesrrsesersrunnees 10M Hz
START FREQ seeeeeeerrerrevancenes AMHz
STOP FREQ seeesrerereeeeeeerneennas 1OMHzZ
RECORDER QUTPUTS:seesevee 0V

3-11. MEASUREMENT RANGE

3-12. As given in Table 3-1, the 4193A has five
impedance magnitude ranges. When  the
MAGNITUDE RANGE is set to AUTO, the 4193A
will automatically select the appropriate range.
On the other hand, when the MAGNITUDE
RANGE is set to MANUAL, the range will be
fixed. If the magnitude value for the DUT
exceeds the range limit, " N" (Nis 1, 2,
3, 4, or 5 corresponding to the range number)
will be displayed on the MAGNITUDE display.

3-13. TEST SIGNAIL LEVEL

3-14. The test signal current through the DUT
is constant for the selected measurement range.
Refer to Table 3-1. Accordingly, the voltage
across the DUT depends on the DUT impedance.

3-15. TEST FREQUENCY

3-16. There are three test frequency ranges, as
listed in Table 3-2. Frequency accuracy is 0.01%
of the value displayed on the FREQUENCY
display. Refer to Figure 3-3 for the frequency
setting procedure.

Table 3-1. Measurement Range and Test Signal Level

SECTION III

3-17.  SWEPT FREQUENCY MEASUREMENTS

3-18. The 4193A is capable of two types of
frequency sweeps : PARTIAL, from the selected
START frequency to the selected STOP
frequency; and FULL, from 400kHz to 110MHz.

3-19. PARTIAL SWEEP MEASUREMENT

3-20. PARTIAL sweep measurements are used
to determine the impedance/phase versus
frequency characteristics of a sample over a
preselected frequency range. For example, the
pass band of a band-pass filter. The test
frequency is linearly swept from the selected
START frequency to the selected STOP
frequency and measurement is made at the
number of steps selected by the STEPS
keys--100, 1000, or HIGH RES. When HIGH RES
is selected, the test frequency is swept
(incremented) in accordance with the selected
FREQUENCY RESOLUTION key-—-COARSE,
MED, or FINE. The HIGH RES key provides
higher step frequency resolution than is possible
with the 100 or 1000 STEPS key. For example, if
the START frequenecy is 5MHz, the STOP
frequency is 10MHz, and the 1000 STEPS key is
selected, measurement is made at 1000
frequency points, which corresponds to a step
frequency of 5kHz. But if HIGH RES is used and
the FINE key is selected, measurement is made
at 5000 frequency points, corresponding to a step
frequency of 1kHz. With HIGH RES on, FINE is
automatically selected when the PARTIAL
SWEEP START/ABORT key is pressed. COARSE
or MED can be selected during the sweep. When
100 or 1000 STEPS is selected, the FREQUENCY
RESOLUTION keys do not function. The
procedure for making a PARTIAL sweep
measurement is given in Figure 3-4.

3-21. FULL SWEEP MEASUREMENT

3-22. In FULL sweep measurements the test
frequency is logarithmically swept over the
4193A’'s full frequency range and measurement is
made at 43 frequency points. Refer to Figure
3-5 for the frequency of each measurement
point. A FULL sweep takes approximately 50
seconds in NORMAL speed mode and 15 seconds
in HIGH SPEED mode. The procedure for
making a FULL sweep measurement is given in
Figure 3-5.

Table 3-2. Test Frequency Range

Magnitude Range Full-scale Counts Resolution Test Signal Level Test Frequency Range Resolution
(1) 108 19,99 22 10me 100pATms .J00 to 9.999MH:z TKH:z
(2) 100& 199.9 @ 100m:2 100uATMS 10,00 to 99.99Miz 10kHz
(3) 1k 1.999k: 16 100pATmS 100.0 to 110.0Mi:z 100KHz
(4) 10k 19,99k 10 50uArms
(5) 100KE 119. k2 1kE 10pATMS

3-7
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SPOT FREQUENCY SETTING PROCEDURE

To manually change the spot frequency, use the procedure given below :

PROCEDURE :

1.

Press the FREQUENCY RESOLUTION key labelled COARSE. The indicator lamp
in the ceter of the key will come on.

2. Rotate the FREQUENCY dial (clockwise to increase the frequency,
counterclockwise to decrease the frequency) until the two left-most digits of the
displayed frequency are at the desired setting.

3. Press the MED key. The indicator lamp in the center of the key will come on.

4, Rotate the FREQUENCY dial until the second digit from the right is at the
desired setting.

5. Press the FINE key. The indicator lamp in the center of the key will come on.

6. Rotate the FREQUENCY dial until the right-most digit is at the desired setting.

® ©® O
.
O——FIC—T @
\@
®__—©
EXAMPLE —

Refer to the figure. The desired spot frequency is 55.55MIlz.

L.

2.

Press the COARSE key (D.

Rotate the FREQUENCY dial (&) clockwise until the two left-most digits (&) of
the displayed frequency are 55.

Press the MED key ().

Rotate the FREQUENCY dial (®) clockwise until the second digit from the right
® is 5.
Press the FINE key (3).

Rotate the FREQUENCY dial (¥) clockwise until the right-most digit @ is 5.

3-8

Figure 3-3. Spot Frequency Setting Procedure.
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PARTIAL SWEEP MEASUREMENT

To make a PARTIAL sweep measurement, use the procedure given below :
PROCEDURE:

1.  Connect the probe to the sample.

2. Select the desired START frequency. Refer to Figure 3-3 for the procedure.

3. Press the ENTER key. The indicator lamp in the center of the key will come on.

4. Press the START FREQ. key. The ENTER key indicator lamp will go off.

5. Select the desired STOP frequency. Refer to Figure 3-3 for the procedure.

6. Press the ENTER key. The indicator lamp in the center of the key will come on.

7. Press the STOP FREQ. key. The ENTER key indicator lamp will go off.

8. Press the 100, 1000, or HIGH RES STEPS key to select the number of
measurement points. Refer to paragraph 3-19.

9. Press the PARTIAL SWEEP START/ABORT key to start the sweep. The
indicator lamp in the center of the key will come on. To stop the sweep, press
the PARTIAL SWEEP START/ABORT key. The indicator lamp will go off and
the sweep will stop immediately.

Note

If the STOP frequency is lower than the START frequency, E-80 will be
displayed on the FREQUENCY display when the PARTIAL SWEEP
START/ABORT key is pressed.

Note

If the step frequency is too low for the selected frequency range, the 4193A
automatically selects an acceptable step frequency. If, for example, the
START frequeney is 500kHz, the STOP frequency is 600kHz, and 1000 STEPS is
selected, the 4193A automatically selects 100 steps. The 1000 STEPS indicator
lamp remains on, however. This automatic adjustment can also occur during a
sweep when the frequency is swept over a frequency resolution change point;
that is, I0MHz and 100MHz.

Note

Manual PARTIAL sweep can be performed by presing the MANUAL TRIGGER
key.

Figure 3-4. PARTIAL Sweep Measurement,
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FULL SWEEP MEASUREMENT

To make a FULL sweep measurement, use the procedure given below :

PROCEDURE :

1.  Connect the probe to the sample.

2. Press the FULL SWEEP START/ABORT key. The indicator lamp in the center of
the key will come on and the sweep will begin. To stop the sweep, press the
FULL SWEEP START/ABORT key. The indicator lamp will go off and the sweep
will stop immediately.

The FULL sweep measurement points are listed below :

Test Frequency (MHz)

400kHz, 455kHz, 500kHz, 600kHz, 700kHz, 800kHz, 900kHz, 1MHz, 1.2MHz,
.4MHz, 1.6MHz, 1.8MHz, 2MHz, 2.333MHz, 2.666MHz, 3MHz, 3.5MHz, 4MHz,
4.5MHz, 5MHz, 6MHz, TMHz, 8MHz, 9MHz, 10MHz, 12MHz, 14MHz, 16MHz,
18MHz, 20MHz, 23.33MHz, 26.66MHz, 30MHz, 35MHz, 40MHz, 45MHz, 50MHz,
60MHz, 70MHz, 80MHz, 90MHz, 100MHz, 110MHz.

200
100 s

10+ —

0.4{"°

0.1

o 5 10 15 20 25 30 35 40 43
Sweep Frequency Points

Note

Manual FULL sweep can be performed by pressing the MANUAL TRIGGER key.

3-10

Figure 3-5. FULL Sweep Measurement.




3-23. DISPLAYS

3-24. The 4193A has three display sections :
MAGNITUDE, PHASE, and FREQUENCY. They
are described in paragraphs 3-25 through 3-27,
respectively.

3-25. The MAGNITUDE display provides direct
readout of measured impedance magnitude with
3 1/2-digit display resolution. The actual number
of display digits depends on the measurement
range. Maximum number of counts on the 10Q,
1009, 1kQ, and 10kQ ranges is 1999, and 120 on the
100kQ range. The least significant digit on_the
100k range may be displayed as " fu] "
indicating that the least significant digit is
meaningless. Five over-range annunciations are
also displayed on this display. Refer to Table

3-4.

3-26. The PHASE display provides direct
readout of measured phase angle with 3 1/2-digit
display resolution. Maximum number of ecounts
is 1800. When measurement is made on the 100kQ
range, the least significant digit of measured
phase values may be displayed as " "
indicating that the least significant digit is
meaningless. Also, when an over-range occurs
on the MAGNITUDE display or when the
measured magnitude is less than 20 counts,
" - - - - " will be displayed on the PHASE display.

SECTION III

3-27. The FREQUENCY display provides direct
readout of SPOT, START, and STOP frequencies
with 4-digit display resolution. Error-codes
related to mis-operation and instrument failure
are also displayed here. Refer to paragraph 3-28.

3-28. Error-Code and Over-range Annunciations

3-29. Error-codes related to mis-operation and
over-range annunciations are listed, along with a
brief description, in Tables 3-3 and 3-4,
respectively. Error codes related to SELF TEST
and instrument failure are listed in Table 3-5. If
an error listed in Table 3-5 should occur, contact
the nearest Hewlett-Packard Sales/Service
Office.

3-30. INITIAL DISPLAY TEST

3-31. All display segments and indicator lamps
are lit for approximately one second each time
the instrument is turned on. If a display segment
or indicator lamp fails to light or does not light
properly, it must be replaced.

Table 3-3. Operational Error-codes

Error-code Meaning

_ _ L ur "

-5 Lower-left key ( [} ) or upper-right key ( [ ] ) was pressed or
seclected via the HP-IB with the X-Y RECORDER function set to
ON and TRIGGER set to INT.

-1 The HP-IB Address Control Switch is set to address 31 (11111).
Only addresses 0 (00000) through 30 (11110) are allowed.

E-80 STOP FREQ. is lower than the START FREQ. in PARTIAL SWEEP
operation.

3-11
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Table 3-4. Annunciations

limit of 100k range (Range 5).

MAGNITUDE PHASE .
. . Meaning Treatment
Display Display
_ = Measured impedance magnitude value exceeds the upper Change the
limit of 109 range (Range 1). MAGNITUDE
range to
range 2.
0 c = Measured impedance magnitude value exceeds the upper Change the
limit of 1009 range (Range 2). MAGNITUDE
range to 3.
o~ 4 = Measured impedance magnitude value exceeds the upper Change the
limit of 1kQ range (Range 3). MAGNITUDE
range to 4,
m _ Measured impedance magnitude value exceeds the upper Change the
limit of 10k range (Range 4). MAGNITUDE
range to 5.
J- 5 = Measured impedance magnitude value exceeds the upper

Table 3-5. SELF TEST Error-codes

Code Description

E-0 Al7U1 (RAM) is faulty.

E-07 Al702 (RAM) is faulty.

£ -03 Al17U3 (ROM) is faulty.

£ - 0 A17U4 (ROM) is faulty.

E-705 Al17US (ROM) is faulty.

E-0F Al7U6 (ROM) is faulty.

-7 Al7U7 (ROM) is faulty.

[ Al3 Detection board is not functioning

- properly.

= -4y Al4 ADC board is not functioning properly.

E -y Al7 Control Logic board is not functioning
properly.

E-51 Al6 HP-IB board is not functioning properly.

c -0 Al7 Control Logic board is not functioning
properly.

-7 Al7 Control Logic board is not functioning

properly.

3-12




3-32. EXTERNAL TRIGGERING

3-33. The 4193A can be externally triggered by
connecting a trigger device to the EXT
TRIGGER connector on the rear-panel. The
instrument is triggered (measurement is made)
each time a low-going TTL level pulse is applied
to this connector or each time the center
conductor is shorted and opened to ground. The
instrument must be set to the MAN/EXT trigger
mode for external trigger operation.

H ——————— r———————

(TTL level)

Imsec minimum,

Figure 3-6. External Trigger Pulse.

3-34. MEASUREMENT TIME

3-35. Measurement time for a given DUT is
approximately Is in normal speed mode and
150ms in high speed mode, with the X-Y
RECORDER off and the test frequency
constant. Additional time is required when the
test frequency is changed, the DUT is changed,
or the measurement range is changed. Refer to
Table 3-6 for typical values.

Table 3-6. Additional Measurement Times

Typical Time Remarks

Freq. Settling Time 100ms  (5ms to 400ms) Changing frequency.

Wait Time 200ms Changing DUT.

Ranging up or down

Ranging Time 1.2s
ying one range.

3-36. USE OF FURNISHED PROBE ADAPTERS
3-37. Four probe adapters are furnished to
facilitate connection to a wide range of DUT
types. Each probe adapter is listed in Table 3-7.

Table 3-7. Furnished Probe Adapters

Adapter HP Part No.

BNC Adapter
Component Adapter
Ground Adapter
Probe Socket

04193-61152
04193-61153
04193-61154
04193-21008

SECTION III

3-38. The BNC Adapter is provided for input and
output impedance measurements on cireuits
equipped with BNC female connectors. The
Component Mounting Adapter is used for
measurements on discrete axial- or radial-lead
component. The Probe Socket is for user-
fabricated test fixtures, as shown in Figure 3-7.
It is available for supporting the probe, which is
attached to the wuser-built fixture and is
connected to ground.

g}

il

r User-fabricated l
Fixture

Figure 3-7. Probe Socket Usage.
3-39. PROBE

3-40. The instrument is adjusted to meet the
specifications listed in Table 1-1, with the
furnished probe connected. If the probe (HP P/N
04193-61151) is replaced or repaired, the
adjustments deseribed in Section VIII must be
performed. For information on probe
replacement or repair, contact the nearest
Hewlett-Packard Sales/Service Office.

CAUTION

DO NOT CONNECT THE PROBE TO A
COMPONENT OR CIRCUIT THAT HAS
A DC BIAS EXCEEDING 50V OR AN AC
VOLTAGE EXCEEDING 5V RMS. TO
DO SO MAY DAMAGE THE
INSTRUMENT.

Note

To ensure measurement aceuracy, make
sure that the coupling nuts, probe
barrel, and probe tip are firmly
tightened.

3-13
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3-41. Probe and Test Fixture Residuals

3-42. The equivalent circuit of the 4193A's
measurement port is shown in Figure 3-8. All
measured values displayed on the MAGNITUDE
and PHASE displays include the residuals of the
probe and the test fixture. Typical values of
each residual are listed in Table 3-8.

3-43. The conductive component of the
open-circuit admittance of the equivalent cirecuit
shown in Figure 3-8 is sufficiently larger than
the susceptive component, ¢, at the frequencies
below 110MHz to be negligible.

[_PROBE AND_‘I
TEST FIXTURE|

Figure 3-8. Equivalent Circuit.

3-44. Residuals compensation can be made
using the following procedure :

(1).  Connect nothing to the test fixture (or
probe) and note the value displayed as
Zo.

(2) Short the test fixture (or probe) and
note the value displayed as Zs.

(3)  Calculate the DUT's actual impedance
using the equation given in Figure 3-9.

Table 3-8. Typical Residuals at 100MHz

R{L]|C
PROBE AND TEST FIXTURE ()R | (pF)

PROBE +16099A 0.5({10 ]|2.4
PROBE +16099A +16092A 10.5| 11 13.5
PROBE+16099A +16093A 0.5(12 ]4.2
PROBE+16099A +16093B ]0.5{ 12 |7.9

s

— Residual Impedance —

Zm | 4193A

70 DUT

|

Zx=R+jX

Q

o

2

Zm =measured impedance, Zs =short-circuit impedance,

Zo =open-circuit impedance, Zx =DUT impedance.

I 7

| ~

lzx] = VR* + X
g = tan! %
wherc:
(1Zo] cosem - |Zm| cosBy) + |Zm| - |Zg] - |2s| cosos
(|Zo| cosém - |Zm| cosfg)2 + (|zn| sin6y - |Zo| siném)?
X = (|Zo! sinBm - |Zm| sinBy) [Zm| - |Z] ~ 28| sines
B (1Zo| cosém - |Zm| cosBo)2 + (|Zm| sing, - |Zo| sinfm)2

Zo| and 65: Open circuit impedance and phase, respectively.

LS’ and B6s: Short circuit impedance and phase, respectively.

These equations assume that Zy>>ZIs.

Figure 3-9. Residuals Compensation.
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3-45. EXTERNAL OSCILLATOR

3-46. An external signal source (output
impedance: 500 * 10%) can be connected to
the EXT. OSC. connector on the rear-panel to
obtain higher test signal resolution than is
possible with the 4193A's internal signal source.
This feature makes it possible to measure high-Q
devices such as crystals. A maximum test signal
resolution of 100Hz is possible when an external
signal source is used. The external oscillator
controls frequency only; the 4193A controls the
level of the test signal applied to the DUT. The
level of the external signal must be from 0 to
5dB. When the external signal source is
connected to the 4193A, the EXT. OSC. indicator
lamp on the front-panel comes on
automatically. The difference between the
4193A's test signal frequency setting and that of
the external signal source's should not exceed
10MHz. For best results the 4193A's test signal
frequency should be set as close as possible to
that of the external signal source.

3-47, X-Y RECORDER OUTPUT

3-48. The 4193A is equipped with three analog
output connectors on the rear-panel
(MAGNITUDE, PHASE, FREQUENCY) which
output DC voltages proportional to the displayed
magnitude, phase, and frequency values. These
connectors can be connected to an X-Y Recorder
to plot the impedance/frequency or phase/
frequency  characteristics of  the sample
impedance. A PEN LIFT connector is also
provided for use with X-Y Recorders equipped
with remote pen-lift control.

3-49. ANALOG MAGNITUDE OUTPUT

3-50. DC voltage output from the MAGNITUDE
connector is proportional to the number of
counts displayed on the MAGNITUDE display.
Output voltage is calculated as :

Co
Vi =300 (Volts)

where Vy; is the analog output voltage and
Cy is the number of counts displayed on the
MAGNITUDE display. When Cp1 is 2000 counts
(full-scale), for example, Vy is +1  volt.
MAGNITUDE output voltage range is 0 to 1 volt.

Note

If the sample's impedance is higher than
the full-scale limit of the selected
range, N (N represents the
magnitude range : 1 = 10Q range, 2 = 100
range, 3 = Ik range, 4 = l0kQ range, 5 =

100k range) will be displayed on the
MAGNITUDE display and the analog
output voltage will be 1 volt,

3-51. ANALOG PHASE OUTPUT

3-52. DC voltage output from the PHASE
connector is proportional to the number of
counts displayed on the PHASE display. Output
voltage is calculated as:

Cp

Vp =R%00" (Volts)

where Vp is the analog output voltage and Cp is
the number of counts (with sign) displayed on the
PHASE display. When Cp is 1800 counts
(full-scale positive), for example, Vp is +1 volt;
conversely, when Cp is -1800 counts (full-scale
negative), Vp is -1 volt. PHASE output voltage
range is 0 to 1 volt.

Note

The above equation is valid even when
n_ _ . _nisdisplayed on the PHASE
display. The last valid phase value is
used for Cp in this case.

3-53. ANALOG FREQUENCY OUTPUT

3-54. DC voltage output from the FREQUENCY
econnector is proportional to the displayed
frequency, but is different for each sweep

mode. Output voltage is calculated as:

For PARTIAL SWEEP:

£ -f

"SPOT ™' START

VF =f—S——O-T?S—- (Volts)
STOP ' START

For FULL SWEEP:
, _log(fSPOT/fSTART)
Vi “Tog(r— /7 ) (Volts)
STOP’ "START

where Vg is the analog output voltage and
fspor, fsTArT, and fstop are, respec-
tively, the test frequency displayed the
FREQUENCY display, the sweep START
frequency, and the sweep STOP frequency. All
frequencies are in MHz.

Note

When neither sweep mode is selected
(SPOT Measurement), the output
voltage is calculated using the
PARTIAL SWEEP equation.



SECTION III

IN-CIRCUIT IMPEDANCE MEASUREMENT

] Probe
— | CIRCUIT [°

Ground Adapter
SETUP :

Attach the furnished slide-on ground adapter (HP Part No. : 04193-61154) to the probe
barrel, as shown in the figure.

PROCEDURE :

1.  Turn on the instrument and verify that it passes the initial display test and that
"PASS" is displayed on the FREQUENCY display at the completion of the SELF
TEST.

2. Set the desired test frequency by rotating the Frequency Control Dial, as
deseribed in Figure 3-3.

3. Conneect the probe center pin and the ground pin to the sample circuit terminals
as shown above. If the ground pin is too short to reach the sample ecircuit's
ground terminal, use the furnished ground lead (HP Part No. : 04193-61629), as
shown below :

——0—— —

o CIRCUIT

Ground Lead

CAUTION

DO NOT CONNECT THE PROBE TO A CIRCUIT THAT HAS A DC BIAS
EXCEEDING 50V OR AN AC VOLTAGE EXCEEDING 5V RMS. TO DO SO MAY
DAMAGE THE INSTRUMENT.

Note

The circuit terminal distance should be as short as possible.

Note
The residual impedance of the ground adapter is less than that of the ground
lead.

Note

The probe pin (HP Part No. : 16095-60012) and the ground pin (HP Part No. :
0360-2066) are replaceable.

3-16

Figure 3-10. In-circuit Impedance Measurement Procedure.
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GENERAL COMPONENT MEASUREMENT

SETUP :

Attach the furnished component adapter (HP Part No. : 04193-61153) to the end of the
probe, as shown in the figure.

PROCEDURE:

1. Turn on the instrument and verify that it passes the initial display test and that
"PASS" is displayed on the FREQUENCY display at the completion of the SELF
TEST.

9. Set the desired test frequency by rotating the Frequency Control Dial, as
deseribed in Figure 3-3.

3. Connect the DUT between the center terminal and one of the outer terminals of
the component adapter, as shown in the figure.

4. Read the measured impedance and phase displayed on the MAGNITUDE and
PHASE displays, respectively.

CAUTION

DO NOT CONNECT THE PROBE TO A COMPONENT THAT HAS A DC BIAS
EXCEEDING 50V OR AN AC VOLTAGE EXCEEDING 5V RMS. TO DO S0 MAY
DAMAGE THE INSTRUMENT.

Note

The component adapter dimensions are shown below. The terminals (HP Part
No. : 04193-60151) are replaceable.

Terminal
13.5i
20mm M " (1P P/N:  04193-60151)

C |
n—u —r

’ ‘ \\\\\\\‘ Ground Socket

(HP P/N: 04193-21007)

Note

For measurement of components that cannot be connected to the component
adapter, the 16092A/16093A/16093B test fixtures are available. Refer to Table
1-4.

Figure 3-11. General Component Measurement Procedure.
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EXTERNAL OSCILLATOR USAGE

To EXT OSC Terminal on rear-panel

8660C

Probe
EQUIPMENT :
Synthesized Signal Generator sssseeseseeessceses «eesee Generator with 86633B and 86601B
TYPE N (male)-BNC (female) Adapter »-=--- «esss HP P/N :1250-1535
BNC (mate)-BNC (male) Cable «eeseeesees L HP 10503A

PROCEDURE :
l. Turn off both instruments.

2. Connect the synthesizer's RF section to the 4193A's EXT. OSC. connector, as
shown in the figure.

3. Set the synthesizer's output level to 0dBm.
Note

DO NOT allow the synthesizer's output level to exceed +5dBm. To do so may
damage the 4193A.,

4, Turn on both instruments.

5. Confirm that the EXT. OSC. indicator lamp on the 4193A's front-panel comes on
after completion of the initial SELF TEST.

6. Connect the probe to the device or circuit under test and set the instruments'
controls as appropriate for the measurement. For best results, set the 4193A's
test frequency as close as possible to the synthesizer's frequency.

Note

The maximum allowable difference between the 4193A's test frequency setting
and the external synthesizer’s setting is 10Miz.

Note

Vaximum obtainable frequency resolution for measurements using an external
frequency synthesizer is approximately 100Hz over the 4193A's full frequency
range, 400kHz to 110N Hz.

Figure 3-12. External Oscillator Usage Procedure.
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X-Y RECORDER SETUP

EQUIPMENT :

K=Y RECORDER  ctesseesssastverseacensencercasanns HP 7046A

BNC (male)-Dual Banana Plug Cable seteseeeese HP1001A (4 ea.)
PROCEDURE

1. Turn off the 4193A's X-Y RECORDER funection--X-Y RECORDER ON/OFF
indicator lamp should be off.

9. Locate the 4193A's X-Y RECORDER OUTPUTS on the rear-panel (see Figure 3-2)
and connect FREQUENCY to the recorder's X-axis, MAGNITUDE to the Yl-axis,
PHASE to the Y2-axis, and PEN LIFT to the recorder's REMOTE PEN jack
(rear-panel).

3. Place the chart paper on the recording platen and set the CHART switch to the
HOLD Position. PEN switeh should be set to LIFT.

4. Press the LL key on the 4193A and, referring to Figure A, position pen 1 at the
black dot (+) and pen 2 at the cross (x).

5. Press the UR ~t key on the 4193A and, referring to Figure A again, position both
pens at the cirele (o).

Figure A. Plot Area of RECORDER OUTPUTS.

Note

On some X-Y Recorders, zero and full-scale adjustments may be interactive.
Repeat steps 4 and 5, if necessary.

6. Connect the probe to the device or circuit under test and set the 4193A's controls
as appropriate for the measurement.

7. Perform one swept measurement with the X-Y RECORDER function set to OFF
and note the measurement range at which the DUT's impedance is highest.

8. Using the MANUAL MEASUREMENT RANGE keys, (<) and (2] , set the 4193A's
measurement range to the range noted in step 7.

9. Press the X~-Y RECORDER ON/OFF key--indicator lamp will come on--and press
the PARTIAL SWEEP or FULL SWEEP key to start the plot.

Note
The above procedure is for 2-pen recorders equipped with remote pen-lift

control. For single-pen recorders and recorders not equipped with remote
pen-lift control, the above procedure must be modified slightly.

Figure 3-13. X-Y Recorder Usage Procedure.
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3-55. HP-IB COMPATIBILITY

3-56. The 4193A can be remotely controlled via
the HP-IB, a carefully defined instrument
interface  which simplifies integration of
instruments and a calculator or computer into a
system.

Note

HP-IB is Hewlett-Packard's imple-
mentation of IEEE Std. 488, Standard
Digital Interface for Programmable
Instrumentation.

3-57. HP-IB INTERFACE CAPABILITIES

3-58. The 4193A has eight HP~IB interface
functions, as listed in Table 3-9,

3-59. CONNECTION TO HP-IB

3-60. The 4193A can be connected into an
HP-IB bus configuration with or without a
controller (i.e., with or without an HP
calculator). In an HP-IB system without a
controller, the instrument functions as a "talk
only'" device.

3-61. HP-IB CONTROL SWITCH

3-62. The HP-IB Control Switeh, located on the
rear panel, has seven bit switches as shown in
Figure 3-14. Each bit switch has two settings :
logical 0 (left position) and logical 1 (right
position). Bit switeh 7 determines whether the
instrument will be addressable by the controller

Table 3-9. HP-IB Interface Capabilities

in a multi-device system, or will function as a
"talk only" device to output measurement data
and/or instructions to an external "listener,"
e.g., printer or plotter.

When bit switeh 7 is set to 0, the instrument is in
ADDRESSABLE mode and bit switches 1 through
5 determine the instrument address; when this
switeh is set to 1, the instrument is in TALK
ONLY mode.

HP-1B
nls
A1 | £33 |STATUS REQ
+ [ == |DELM3
- | E3 |FREQ REQ
+ | C3 |DELM2
=R
[
0] 1
ADDRESSABLE | | TALK ONLY
MODE MODE

Figure 3-14. HP-IB Control Switch,

3-63. ADDRESSABLE MODE

3-64. When bit switch 7 is  set to
ADDRESSABLE (i.e., set to 0), bit switches 1
through 5 represent the HP-IB address of the
instrument, in binary. These switches are set to
10001 (decimal 17) when the instrument leaves
the factory but can be set to any desired
address between 0 and 30. Bit switeh 6 has no
meaning in this mode. The HP-IB Control
Switeh, set to the ADDRESSABLE mode and
with the factory address setting, is shown in
Figure 3-15.

Code Interface Function*
(IIP-IB Capabilities) o |
SHI** Source Handshake C o
AHI Acceptor Handshake 0]
T5 Talker (basic talker, serial poll, talk only mode, =
unaddress to talk if addressed to listen) 0
L4 Listener (basic listener, unaddress to listen if o
addressed to talk) 0
SRI1 Service Request _
RL1 Remote/Local (with local lockout) e,
DCl Device Clear
DTI1 Device Trigger

* Interface functions provide the means
for a device to receive, process, and

transmit messages over the bus.

** The suffix number of the interface code
indicates the limitation of the function
capability as defined in Appendix C of

IEEE STD. 488.

Figure 3-15. ADDRESSABLE Mode.



When the instrument is turned on, the
address is displayed on FREQUENCY
display after the SELF TEST.
address switches are set to 10001, the

Note

3-65.

3-66.

If the

display is as shown below :

FREQUENCY

SECTION III

TALK ONLY MODE

999997
:

Figure 3-16. TALK ONLY Mode.

Table 3-10. Funections of Bit Switches @ through @

When bit switeh 7 is set to TALK ONLY
(i.e., set to 1) as shown in Figure 3-16, the other
bit switeches, 1 through 6, function as described
in Table 3-10.

B%t Name Function When Set to 1 Function When Set to 0
Switch
After a measurement, the 4193A After a measurement, the 4193A
waits until all measurement proceeds to the next measure-
<:> WAIT data has been received by the ment regardless of whether the
listener before proceeding to listener has received all the
the next measurement, even in measurement data or not.
internal trigger mode.
Selects @ as the Selects the comma ",'" as the
Delimiter for the magnitude delimiter for the magnitude
field.* When a printer is field.* The printer does not
(:) DELM1 connected to the 4193A, this perform a carriage return or
delimiter causes the printer line feed.
to perform a carriage return
and a line feed.
Selects @ as the Selects the comma '",'" as the
delimiter for the phase field.* | delimiter for the phase field.*
<:> DELMZ2 This delimiter causes the The printer does not perform a
printer to perform a carriage carriage return or line feed.
return and a line feed.
Specifies that frequency data Frequency data is not output.
(:) FREQ REQ | be output along with magnitude
and phase data.
Selects @ as the Selects the comma ','" as the
delimiter for the frequency delimiter for the frequency
<:> DELM3 field.* This delimiter causes field.* The printer does not
the printer to perform a perform a carriage return or
carriage return and a line line feed.
feed.
Specifies that status data be Status data is not output.
STATUS . -
(:) REQ output along with magnitude

and phase data.

* Refer to para. 3-71, Data Output.
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3-67. HP-IB STATUS INDICATORS

3-68. The HP-IB Status Indicators are four LED
lamps located on the front panel. When lit,
these lamps show the existing status of the
4193A in the HP-IB system as follows :

SRQ: SRQ signal from the 4193A to
the controller is on the HP-IB
line. Refer to paragraph 3-77.

LISTEN: The 4193A is set to listener.

TALK : The 4193A is set to talker.

REMOTE : The 4193A is remotely
controlled.

3-69. LOCAL KEY

3-70. The LOCAL key releases the 4193A from
HP-IB remote control and allows measurement
conditions to be set from the front panel. The
REMOTE lamp will go off when this key is
pressed. LOCAL control is not available when
the 4193A is set to "local lockout" status by the
controller.

3-71. DATA OUTPUT

3-72. Measurement and status data are output
to external devices in bit parallel, byte serial
format via the eight DIO signal lines of the
HP-IB. These data consist of impedance
magnitude and phase data, test frequency data,
and key status data. Magnitude and phase data
are always output, but output of test frequency
data and key status data depends on the program
(ADDRESSABLE), or the setting of the HP-IB
Control Switeh on the rear panel, refer to Table
3-10. All characters are coded in accordance
with ASCII coding conventions.

[1]  Impedance Magnitude Data Field

This field contains READY/NOT READY
information and the value of the measured
impedance.

Yx*,5x, ZMxxxxx Ex ,

M @ B O

* x represents single digit, variable

numeric data.

[3]

(1)  Status of measurement : Y0 = NOT .
READY, Yl =READY.

(2) Status of magnitude data : S0 = less
than 18 counts, SI = less than 180
counts, S2 =180 to 20006 counts, S3 =
over range, S4 = Er - 40 or Er - 4],
S5 = Er - 30, S6 = Er - 30 and Er - 40.

(3)  Magnitude display counts.
(4)  Unit: E0 =9, E3 =kQ
(5) Delimiter: comma in

ADDRESSABLE mode. In TALK
ONLY mode, or a comma

depending on the setting of bit switch
5 on the HP-IB Control Switeh.
Refer to Table 3-10.

Impedance Phase Data Field

This field contains the phase of the
measured impedance.

ZPS*XXX.X ,
1y (2

* s represents the sign (+ or -).

(1) Sign and magnitude with decimal
point of the measured phase.

(2) Delimeter: See [1].
Frequency Field

This field
information.

contains  test  frequency

Wx,Bx, FRxxxxx Ex,Px,Qx ,

M@ (3 O

(1) Sweep mode : W1 = partial sweep, W2
= full sweep, W3 = last frequency in
sweep measurement, W4 = spot
measurement.

(2)  Oscillator : B0 = Internal oscillator,
Bl = External oscillator.

(3)  Frequency display counts.
(4)  Unit: E6 = MHz

(5) Partial sweep step : Pl =
1000, P3 = HIGH RESOLN.

100, P2 =



(6) Frequency resolution : QL =
COARSE, Q2 = MED, Q3 = FINE.

(7) Delimiter : See [l
[4] Status Field

This field contains key status data (front
panel control settings).

Ax,Rx,Hx,Tx, Xx,Ix,Gx,Dx

(1) (2) (3) (4 (5) (6) (7) (8)

(1) Magnitude range mode : A0 = HOLD,
Al = AUTO.
(2) Magnitude range : Rl = 10Q, R2 =

1009, R3 = 1k§, R4-= 10k, R5 = 100kQ.

(3) High speed mode :
ON.

HO = OFF, HI =

(4) Trigger mode: Tl = INT, T2 = HOLD.

(5) X-Y Recorder ON/OFF : X0 = OFF,
X1 = ON.

(6) Interpolation: 10 = OFF, I1 = ON.
GO0 = Disable, Gl =

(7)  External trigger :
Enable.

(8) Data ready : DO = SRQ OFF, DI =
SRQ@ ON.

3-73. OUTPUT DATA FORMAT

3-74. There are four output data formats
available on the 4193A, as listed in the table
below. The format is determined by the HP-IB
program (ADDRESSABLE mode). For TALK
ONLY mode, see Table 3-10.

SECTION III

3-75. Programming Guide for the 4193A

3-76. Sample programs that can be run on the
Model 9825A or HP-85 Desktop Computer are
given in Figures 3-19 and 3-20.

Note

Specific  information on HP-IB
programming with the 9825A and
HP-85 can be found in the
programming  manual of  each
computer.

Following equipment are required to run the
sample programs :

(1) 4193A Vector Impedance Meter
(2)  98034A/B HP-IB Interface Card

(3) 9825A Desktop Computer with 98210A
String-Advanced Programming ROM
and 98213A General [/O-Extended 1/0
ROM, or 9825B/T.

or

(2) 82937A HP-IB INTERFACE

(3) HP-85  Personal Computer  with
00085-15003 INPUT/OUTPUT ROM.

3-77. SERVICE REQUEST STATUS BYTE

3-78. The 4193A outputs an RQS (Request
Service) signal whenever it is set to one of the
six possible service request states. Figure 3-17
shows the contents of the Status Byte.

Bit 7 (RQS) indicates whether or not a service
request exists. Bit 8 is always zero (0). Bits 1
through 6 identify the type of service request.
Following are the service request states of the
4193A.

Table 3-11. Output Data Format

Fields Output
Format
Magnitude Phase Freq. Status
FMT1 Yes Yes No No
FMT?2 Yes Yes Yes No
FMT3 Yes Yes No Yes
FMT4 Yes Yes Yes Yes
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() Bit6: Set when no syntax error but 3-79. PARAMETER SETTING
program is inoperative as follows :
3-80. SPOT FREQUENCY and PARTIAL SWEEP

(1)  During PARTIAL/FULL START and STOP frequencies are set via remote
SWEEP: programming, as follows :
Ch%?qg)ing SPOT FREQ. (FR SPOT FREQUENCY: FR x EN
x S X BN
(1)(2)(3)

Executing LL, UR when X-Y PARTIAL SWEEP
RECORDER OUTPUT is ON START FREQUENCY : TF x EN
(1 (2)(3)

‘ STOP FREQUENCY: PF x EN
(2) During PARTIAL SWEEP: D (2) (3)

Executing SELF TEST (S1)

Changing STEPS (Pl, P2, P3) (1)  Parameter program code

(3) When XY RECORDER (2) Four digit (max.) number between
OUTPUT is OFF: 0.400 and 110.0; the unit is MHz.

Executing INTRPL (10, I1) (3) Parameter terminator

(4) When X-Y  RECORDER
OUTPUT is ON and TRIGGER
is INT:

Executing Lower Left (LL) or
Upper Right (UR)

(2) Bit5: Indicates the result of the SELF
TEST; 0 = FAIL, 1 = PASS.

(3) Bit4: Set when the 4193A is externally
triggered before data has been
completely output in REMOTE
state.

(4) Bit 3: Set when SELF TEST is completed.

(5) Bit2: Set when the remote program
contains a syntax error.

(6) Bitl: Set when measured data is valid,
independent of "D0" or "DI" setting.

MSB LSB

SRQ Prog. Self Trig. Self Syntax Data
logic test too test error ready
error result fast end

Figure 3-17. Status Byte.
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Table 3-12, REMOTE PROGRAM CODE

SECTION 1II

FUNCTION CONTROL CODE DESCRIPTION
COARSE Q1
FREQUENCY RESOLUTION MED Q2
FINE Q3*
OFF AP
AUTO MAGNITUDE RANGE ON INE
10 range R1 00.00 - 19.99Q
1002 range R2 000.0 199.9Q
MAGNITUDE RANGE 1k§2 range R3 0.000 1.999kQ
10k range R4 00.00 19.99kQ
100k range R5 000. 120. k&
X SRR MARE OFF 1/ >1 measurement/second
HIGH SPEED MODE ON H1 53 - 10 measurement/second
100 steps P1°
SWEEP STEP 1000 seeps P2
HIGH RESOLUTION P3 Sweep the least significant digit
by 1 count.
PARTIAL SWEEP START Wl
AUTO SWEEP FULL SWEEP START W2
SWEEP ABORT W3 For both PARTIAL and FULL sweep.
o INTERNAL T1®
IRIGGER MAN/EXT T2 Specifies MAN/EXT trigger mode.
EXECUTE EX Triggers the 4193A.
OFF GP Disables external trigger.
EXTERNAL TRIGGER ON G1° Enables external trigger.
OFF Xp
ON X1
RECORDER OUTPUT LOWER LEFT L
UPPER RIGHT UR
INTERPOLATION OFF I
ON I1
SELF TEST OFF sp°
ON Sl
, OFF /N
DATA READY SRQ ON D1 Outputs SRQ when data is
measured.
FMT1® STANDARD FIELD* output only.
FMT2 STANDARD + FREQUENCY FIELD*
output.
OUTPUT DATA FORMAT FMT3 | STANDARD + STATUS FIELD* output.
FMT4 STANDARD + FREQUENCY + STATUS
FIELD output.
CANCEL DATA CL

K.

Default code.

See para. 3-71 Output Data.
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Figure 3-18. HP-IB Connector.
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Sample Program ]
PURPOSE :

This program is a remote
measurement via the HP-IB.

9825A Program :

control,

data output program

HP-85 Program :

for spot frequency

0y flt 3 10 CLEARR 717
10 clr 717 20 OUTPUT 7?17 “"FmMTZ2TZ2"
2y wrt 1P, UEMTZTZY 30 OQUTPUT 717 "FRIEN"
30 wrt PA7,"FRIENY 40 QUTPUT 717 "ERY
4 wrt ?1? tER! 50 ENTER 717 ; A,B,C,D,E,F,G
S: red .1:,H B,C,D,E,F,¢ 60 DISP C,D0,G
B: dsp C,D,¢ 70 PRINT C,D,05
TLoprt C,D,G 80 END
3: end
#1785
Line
Description
9825A HP 85
1 10 Sets all 4193A's controls to Initial Control Settings.
2 20 Selects the data output format and the trigger mode. See para. 3- 73.
3 30 Sets test frequency to 1MHz.
4 40 Triggers the 4193A.
5 50 Reads the output data from the 4193A.
6 60 Displays the magnitude, phase, and test frequency values on the
controller's display.
7 70 Prints out the measurement data on the controller's printer.

To store the complete output data, the following program can be used :

9825A Program :

1007

L

dim
clr
wrt
wrt
wr t
red
prt
erd

]l')‘!

CEMT4TZY
PFRIEN

>¢ <J (L W) B SNV

HP-85 Program :

10 DIM A%100]

£0 CLEARR 717

30 OUTPUT 717 "FMT4TZ"
40 OUTPUT 717 "FRIEN"
30 QUTRUT 717 "Ex"

E0 ENTER 717 ; A$

70 PRINT A%

80 END

Figure 3-19.

Sample Program l.
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Sample Program 2

PURPOSE :

This program is a remote control, data output program for swept frequency
measurement via the HP-IB.

9825A Program : HP-85 Program :
Jr Flt 3 10 CLEAR 717
10 clr 717 20 OUTPUT 717 “"FMTZ2TZ2"
£1wrt P17 UEMTZTZY 30 OUTPUT 717 "TF10ENPFZOEMHWT"
30 wrt VAT, UTEAOERPEZOEHMTY 40 QUTPUT 717 "EX"
4: wrt P17, UEXY S0 ENTER 717 A,B,C,D,E,F,G
S: red 717,A,B,C,0,E,F,G EO PRINT C,D,G o
E: prt C,D0,G 70 IF E=3 THEW S0
7ro0f E=3;Jr||f:| 2 80 GOTO 40
8: gto 4 S0 END
9 end
*5830
Line
Description
9825A HP 85
1 10 Sets all 4193A's controls to Initial Control Settings.
2 20 Selects the data output format and the trigger mode. See para. 3-73.
3 30 Sets the START frequency and STOP frequency tor a PARTIAL sweep to
10MHz and 20MHz, respectively.
4 30 Triggers the 4193A.
5 50 Reads the output data from the 4193A.
6 60 Prints out the magnitude, phase, and test frequency data on the
controller's printer.
7 70 When the test frequency reaches the STOP frequency, E changes from 1
to 3. See para. 3-72.

For FULL sweep measurement, the following program can be used :

9825A Program : HP-85 Program :

Dy Fl1t 3 10 CLERR 717

1t clr 717 20 OQUTPUT 717 "FMT2TZWz"
2 owrt P17 UFMTZTZMZ" 30 OUTPUT 7?17 "EX"

3: wrt 717, UER 40 ENTER 7?17 ; HA,B,C,D,E,F,G
4: red ?17,A,B,C,0,E,F,G 50 PRINT C,D,5

5: prt C,0,0G 60 IF E=3 THEM 30

B: if E=3; jmp 2 70 GOTO 30

7! gto 3 B8O EMND

3: end

*12992

3-28

Figure 3-20. Sample Program 2.




Table 4-1. Recommended Test Equipment (Sheet 1 of 2)

SECTION 1V

Equipment Critical Specifications Recommended Model Use*
10Q +.1Q at dc p
500 £.5Q at dc P
1000 + 1Q at dc P,A,T
giobz Tﬁpe 180Q+1.8Q at dc HP 16345A p
andards 1kQ +102 at dec P
1.8kQ #1802 at dc 1%
10kQ+100Q at dc p
S5pF +1pFQd at 1MHz P
Frequency Band: 400kHz thru 110MHz
Rgsolutlon: :1Hz maximum HP 5382A P,A,T
Display: 8 digits
Frequency Accuracy: <2.5ppm of reading
Counter o=
Frequency Band: 300MHz maximum
Reactivity: 30mVrms HP 53404 AT
.. DC Voltage Range: 10V
Digital Resolution: 10mV HP 3465B P,A,T
Voltmeter . . ..
Display: 4 digits
Frequency Range: 400kHz to 110MHz
RF AC Voltage Range: 10mVrms
Voltmeter Resolution: O.lmVrms HP 34064 PAT
Accuracy: <5%
Test Frequency Range: Up to 10MHz P AT
Oscillator | Output Level: 20dBm HP 6518 2
Power Supply| Voltage Range: 0O to l0OVolts HP 6214A A,T
Pulse .
Generator Pulse Width: 10nsec. 8012B A,T
. Frequency Range: G5MHz
Oscillo- Deflection Factor: 50mV/DIV HP1740A A,T
scope
Dual-channel
Sampling . .
Scope Time-base: .Snsec. HP 180C/1811A A,T
Sampling . .
Head Bandwidth: 2CHz HP 1430C AT
Spectrum
Analyzer Frequency Range: 50MHz to 550MHz HP141T/8552B/8554B A,T
Calculator HP 9825A P
AlZ BPF ADJ
Board HP P/N 04193-66564 AT
20dB
Attenuator | WPE N (ZEA) HP 8491A A,T

* USE: P = Performance Test, A = Adjustment, T = Troubleshooting
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Table 4-1. Recommended Test Equipment (Sheet 2 of 2)

Equipment Critical Specifications Recommended Model Use*
50Q T Adapter HP 11063A A
BNC (female)-GR874 Adapter HP P/N 1250-0850 A
BNC Probe Adapter HP P/N 04193-61152 A
Adapters BNC T Adapter (2EA) HP P/N 1250-0781 A,T
BNC(female)-SMB(female)Adapter (4EA) HP P/N 1250-1236 A,T
BNC(female)-TYPE N(female) Adapter HP P/N 1250-1476 A,T
BNC(female)-TYPE N(male) Adapter(2EA) HP P/N 1250-1535 A,T
BNC (female)-BNC(female) Adapter HP P/N 1250-0080 A,T
12 pin dual in-line HP P/N 04193-66561 A,T
pxtender ™12 pin dual in-line [P P/N 04193-66562 | a.T
24 pin dual in-line HP P/N 04193-66563 A,T
}ézﬁgder SMB (male)-SMB (female) cable (3EA) HP P/N 04193-61630 T
Vise Ass'y HP P/N 04193-69500 T
Termination| GR 874 50Q Termination HP P/N 0950-0090 A
Phase
Reference HP P/N 04193-66565 T
Board

* USE: P = Performance Test, A = Adjustment, T = Troubleshooting




SECTION IV

SECTION IV
PERFORMANCE TESTS

4-1. INTRODUCTION

4-2. This section provides the tests and
procedures used to verify the  4193A
specifications listed in Table 1-l1. All tests can
be performed without access to the interior of
the instrument. The performance tests can be
used when performing incoming inspection of the
instrument and when verifying that the
instrument meets specified performance after
troubleshooting and/or adjustment. If the
performance tests indicate that the instrument
is operating outside specified limits, check that
the controls on the instruments used in the test
and the test setup itself are correct and then
proceed with adjustments and/or troubleshooting.

Note

To ensure proper test results and
instrument operation, Hewlett-Packard
suggests a 60 minute warm-up and
stabilization period before performing
any of the performance tests.

4-3. EQUIPMENT REQUIRED

4-4. Equipment required to perform all of the
performance tests is listed in Table 4-1. Any
equipment that satisfies or exceeds the critical
specifications listed in the table may be used as
a substitute for the recommended models.
Accuracy checks described in this section use
the HP Model 16345A Probe Type Calibration
Box. The characteristics of the equipment
satisfy the performance requirements for the
accuracy checks and are especially suited for use
as the 4193A's accuracy test standards.

Note

Components used as standards should be
calibrated by an instrument whose
accuracy is traceable to NBS or an
equivalent standards group; or
calibrated directly by an authorized
calibration organization such as NBS.
The calibration cyele should be in
accordance with the stability
specifications of each component.

4-5. TEST RECORD

4-6. Performance test results can be recorded
on the Test Record at the completion of the
test, The Test Record is at the end of this
section and it lists all the tested specifications
and their acceptable limits. Test results
recorded at incoming inspection can be used for
comparison in periodic maintenance, trouble-
shooting, and after repair or adjustment.

4-7. CALIBRATION CYCLE

4-8. This instrument requires periodic verifi-
cation of performance. Depending on the
conditions under which the instrument is used,
e.g., environmental conditions or frequency of
use, the instrument should be checked, with the
performance tests described here, at least once
a year. To keep instrument down-time minimum
and to insure optimum operation, preventive
maintenance should be performed at least twice
a year.

4-1
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PERFORMANCE TESTS

4-9. INITIAL OPERATION CHECK

PURPOSE: This checek verifies that the logic section and display section are functioning
properly.

(O]

Figure 4-1. Initial Operation Check Setup.

EQUIPMENT :
None.
PROCEDURE:
1. Insert the probe into the PROBE REST as shown in Figure 4-1.
2. Turn the instrument on.
[DISPLAY TEST]
3. Confirm that all front-panel indicator lamps and display segments light for about
three seconds.
[SELF TEST]
4, Confirm that the following SELF TEST codes are sequentially displayed on the
FREQUENCY display :
Indicates that the SELLF TEST program is in progress.

Indicates that the instrument has passed the SELF TEST.

HP-IB address. Seventeen (17) is the factory-set address.

Note: If "m" appears on the FREQUENCY display, the
instrument needs service. Refer to Section VIIIL

[INITIAL CONTROL SETTINGS]
5. Confirm that the instrument is set to the Initial Control Settings listed below.

Panel Controls : Test Parameters:
MAGNITUDE RANGE ceevevereresererees SPOT FREQ
HIGH SPEED : START FREQ
TR[GGER .............................. eee i STOP FREQ

FREQUENCY RESOLUTION RECORDER OUTPUTS -+ 0V
ENTER weeereesscesrcorstracasarcararsecancoes

STEPS  eererereessnancrones
PARTIAL SWEEP -
FULL SWEEP seeeeees
SELF rEST ..................................
X-Y RECORDER ON:/OFF
INTERPOLATION  +eeeseoreesceescasssonces
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PERFORMANCE TESTS

4-10. TEST FREQUENCY ACCURACY TEST

PURPOSE: This test verifies that the test frequency is within specifications.

BNC Adapter

Probe

Figure 4-2. Test Frequency Accuracy Test Setup.
EQUIPMENT :

Frequency COUNter sesseesesessernssennnionss HP 5382A
BNC Adapter eeseessersscecesresasaanncasinnes HP P/N 04193-61152

PROCEDURE:

l. Connect the 4193A's probe to the 5382A's input as shown in Figure 4-2. Use the
furnished BNC adapter (HP Part No.: 04193-61152).

2. Set the 4193A and 5382A to the following control settings :

4193A : Test Frequency cseesecereseses 41.93MHz
Other Controls eseseseseececes Initial Settings

5389A 1 GATE TIME eceeceseccrcececcese .18
ATTENUATOR ceseoccccencces x10

3. Press the SELF TEST key and confirm that the MAGNITUDE and PHASE displays
are as shown below.

| MAGNITUDE FREQUENCY

': C l - pEaHEEs "

b B el B . -

4. Change the test frequency from 41.93MHz to 0.4MHz, and confirm that the 5382A
displays .40000MHz + 40Hz.

5. Successively change the test frequency to 9.999MHz, 10.00MHz, 39.99MHz,
40.00MHz, 69.99MHz, 70.00MHz, and 110.0MHz, and confirm that the frequency
readings on the 5382A are within the test limits listed in Table 4-2.

Table 4-2. Test Frequency Accuracy Test Limits

Test Frequency (VHz) Table Limits (MHz)
0.400 0.399960 to 0.400040
9.999 9.99800 to 9.99999
10.00 9,99900 to 10.0010
39.99 39.9860 to 39.9939
40.00 39.9960 to 40.0040
69.99 69.9830 to 69.9969
70.00 69.9930 to 70.0070
110.0 109.989 to 110.011

4-3
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PERFORMANCE TESTS

4-12. IMPEDANCE ACCURACY TEST
PURPOSE: This test verifies that the accuracy of impedance measurements is within

specifications.

47193A

16345A 1060

Figure 4-4. Impedance Accuracy Test Setup.

EQUIPMENT :
Probe Type Cal. BOX eseecccrsanrnese HP 16345A
PROCEDURE:
1. Turn on the instrument to establish Initial Control Settings.
2. Connect the probe to the 10Q standard of the 16345A.
3. Read measured values displayed on the MAGNITUDE and PHASE displays
when test frequency is set to 0.4MHz, 1MHz, 10MHz, 40MHz, and 110MHz,
respectively.

4, Confirm that each value is within the test limits listed in Table 4-4.

5. Perform step 3 for each of the 1009, 1k, 10k$}, and 5pF standards, and confirm
that each value is within the test limits listed in Tables 4-5 through 4-8.

Table 4-4. Impedance Accuracy Test Limits for 109

. Test Limits
v Test Frequency
‘ Magnitude Phase oy
Ty 0.4MHz C.V.* £84 counts C.V.¥ +62 counts SR
1IMHz C.V. +72 counts C.V. +35 counts
10MHz C.V. +72 counts C.V. +53 counts
40MH z C.V. +#133 counts C.V. +113 counts
110MHz C.V. £329 counts C.V. +253 counts

*: Reference value listed in the data sheet of the 16345A
4-5
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PERFORMANCE TESTS
Table 4~5. Impedance Accuracy Test Limits for 1000
Test Limits
Test Frequency
Magni tude Phase
0.4MHz C.V.* +42 counts C.V.* +62 counts
1IMHz C.V. +34 counts C.V. +34 counts
10MHz C.V. 34 counts C.V. +36 counts
40MHz C.V. +44 counts C.V. +47 counts
110MHz C.V. +71 counts C.V. +71 counts
Table 4-6. Impedance Accuracy Test Limits for 1kQ
Test Limits
Test Frequency
Magnitude Phase
0.4Miz C.V.* +50 counts C.V.* +61 counts
1M1z C.V. +41 counts C.V. +34 counts
10MIz C.V. +41 counts C.V. +44 counts
40MHz C.V. +72 counts C.V. +77 counts
110MHz C.V. +122 counts C.V. +154 counts
Table 4-7. Impedance Accuracy Test Limits for 10kQ
Test Limits
Test Frequency
Magnitude Phase
0.4MHz c.v.* +47 counts c.v.* +65 counté
1Mz C.V. +38 counts C.V. %36 counts
10M1z C.V. +46 counts C.V. #84 counts
40MHz C.V. +77 counts C.V. +87 counts
Table 4-8. Impedance Accuracy Test Limits for 5pF
Test Limits
Test Frequency
Magnitude Phase
0.4MHz c.v.x +7 counts C.V.* +8 counts
1MHz C.V. +5 counts C.V. +o counts
*

4-6

: Reference value listed in the data sheet of the 16345A
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PERFORMANCE TESTS

4-13, EXTERNAL OSCILLATOR USAGE CHECK
PURPOSE: This test verifies the useability of an external signal source.

BNC (m)-BNC (m) Cable
4193A

” to EXT 0SC Connector

BNC Adapter

Figure 4-5. External Oscillator Usage Check Setup.

EQUIPMENT :

Test OSCillator ceeeececescccssccccccoscrcsscssvocssssccens HP 651B

Frequency COUNTEr «cicescerrrerncansesnsesseresserascees HP 5382A

BNC Adapter ........................................... HP P/N 04193-61152
PROCEDURE :

l. Connect the probe to the 5382A's input with the furnished BNC adapter (HP Part
No. : 04193-61152), and connect the 651B 509 output to the 4193A's EXT OSC
terminal on the rear-panel as shown in Figure 4-5.

2. Set the instruments' controls as follows :

4193A : Test F[‘equency ............................ 41.93MHz
Other Controls  eeceesesresccccnciaccrcccces Initial Settings

6518 : FREQUENCY teeesceesecesescnnacenacactencs 10MHz
OUTPUT ATTENUATOR ceereceeerecees -70dBm '
OUTPUT AMPLITUDE scecccccnerccceces 0dBm

5382A : GATE TIME «cececerecccanasccccecenencess 1S
ATTENUATOR  ceecereccssaccececacocnnns x10

3. Press the 4193A's SELF TEST key and confirm that the MAGNITUDE and PHASE
displays are as shown below :

MAGNITUDE PHASE FREQUENCY
kQ
- - - o CRNY I i B |
ceLF - - - s
o

4. Set the 4193A's test frequency to 10.00MHz.
5. Confirm that the 5382A displays 10.000MHz #lkHz.
6. Set the 651B's OUTPUT ATTENUATOR switeh to 0dBm.

7. Confirm that the 4193A's EXT OSC lamp on the front-panel turns on, and that
the 5382A displays the 651B's test frequenecy, approximately 10MHz.
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PERFORMANCE TESTS

4-14. RECORDER OUTPUT VOLTAGE ACCURACY TEST

PURPOSE: This test verifies that the RECORDER OUTPUT voltages are within
specifications.

4193A Rear-Panel

BNC (f)-to-Dual Banana Adapter
3465B

i 000000 00Doooo

BNC (male)-BNC (male) Cable

Figure 4-6. Recorder-output Voltage Accuracy Test Setup.

EQUIPMENT :

DVIM  sesscesesssccscssensesssssscesssscscassossonvossas HP 3465B

BNC (female)-Dual Banana Adapter === HP P/N 1251-2277
PROCEDURE:

1. Connect the INPUT of the 3465B to the MAGNITUDE RECORDER OUTPUT
terminal on the rear-panel of the 4193A. Refer to Figure 4-6.

2. Set the instruments' controls as follows.

3465B: FUNCTION «iceveveeene =V
RANGE  .eeceenanes 2
4193A : Initial Settings

[

SuTY

3. Press the [ ] key on the 4193A. The readout on the 3465B should be 0V+20mV.
R}

4. Press the [ ] key on the 4193A. The readout on the 3465B should be 1V + 30mV.

5. Repeat steps 3 and 4 for the PHASE and FREQUENCY RECORDER OUTPUTS.

Table 4-9. Recorder-output Voltage Limits

Minimum Actual Value Maximum

MAGNITUDE output:

Lower Left (LL): - 20mv ViL : + 20mV

Upper Right (UR): + 970mV + 1030mV
PHASE output:

Lower Left (LL): - 20mV Vi : + 20mV

Upper Right (UR): + 970mV + 1030mv
FREQUENCY output:

Lower Left (LL): -20mV Vi : + 20mvV

Upper Right (UR): + 970mV + 1030mV

4-8
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4-15. HP-IB INTERFACE TEST

PURPOSE: This test verifies the instrument's HP-IB capabilities.

4193A

Figure 4-7. HP-IB Interface Test Setup.

EQUIPMENT :

Calculator‘ ............................................................. HP9825A (9825]3)
I/O ROM'S cevescaresnsearorastccscacccecaancracastosacnnrssescsacues HP98210A, 98213A
Interface Cable ceceeccsesrettasantcccnrssccecscscrscanccsacsccnssene HP98034A (980343)
100 Standard esseessssccsssccccsnecnccsccecscnctsssssscccrncsansrenes HP16345A

PROCEDURE:
a. Turn both the 4193A and the 9825A off.

b. Connect the 98034A between the 9825A and 4193A as shown in Figure 4-7, and
install the I/O ROM's in the ROM slots.

e. Set the 4193A's HP-IB control switeh, located on the rear panel, as follows :
bits 1-5: 10001 (1710)

bit 6:0

bit 7:0

d. Turn the 4193A and the 9825A on.

e. Load one of the three test programs into the calculator. Test programs are
listed on pages 4-10, 4-12, and 4-14.

f. Execute the program and follow the prompts and instructions that are output by
the 9825A. Details on the controller's (calculator) instructions and the
appropriate operator response are given in Tables 4-10 through 4-12.
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PERFORMANCE TESTS

TEST PROGRAM 1
PURPOSE :
This test verifies that the 4193A has the following HP-IB capabilities :
() Remote/Local Capability
(2)  Local Lockout
(3)  Talk Disable
(4)  Listen Disable

PROGRAM LISTING:

3

O

"REMOTE~LOCHL TEST":

dim A${1]

O»N

rds (717235

prt "REMOTE-LOCRL TEST";spc 3

rem 7

B: wrt ?17,"T1";ent "LISTEM=1,TALK=0,REMOTE=1",HA$
7 if RA$="n" ;10N

8: cli 7;ent "LISTEN=0, TALK=0,REMOTE=1",H%
3

1

& WK -

o if RA$s"n'; 1N

O: lel 7;ent "LISTEN=0O,TALK=0,REMOTE=0",HA%
11 if R$="n";1>N
12: rem ?17;8nt “"LISTEN=1, TALK=0,REMOTE=1",A$
13: if A$="n";1>N
t4: 1lo 7
15: el 717;ent "LISTEN=1, TALK=0,REMOTE=0",H$
16: if A$="n" ;1N

7 orem 7y;wrt P17,"T1";ent "LISTEN=1,TALK=0,REMOTE=1",6A$
180 if R$="n";1>N
19: if N=1;prt "REMOTE-LOCHL TEST FAIL";spc 3;jmp Z
20: prt "REMOTE~LOCAL TEST PASS";spc 3
21: OXN
2zt prt "LISTEN-/TALK TEST";spc 3
23: red 717,A;ent "LISTEN=0,TALK=1,REMOTE=1",A$
24: if A$="n" ;1IN
25! wrt ?17,"T1";ent "LISTEN=1,TALK=0,REMOTE=1",RA$
26: if A$="r" ;13N
271 if N=1;prt "LISTEN/TALK TEST FRIL" ;spc 3; jmp 2
28 prt "LISTEN-TALK TEST PRSS";spc 3
29: prt "END";spc 3

30 ¢cli 7
31 el 7
32 end
*¥14058

4-10
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Table 4-10. Controller Instructions and Operator Responses for Test Program 1

Controller Instructions

Status Indicators

Printout

Operator Response

REMOTE/LOCAL TEST

LISTEN = 1*, TALK = 0, REMOTE = 1
LISTEN = 0, TALK = 0, REMOTE = 1
LISTEN = 0, TALK = 0, REMOTE = 0O
LISTEN = 1, TALK = 0, REMOTE = 1
LISTEN = 1, TALK = 0, REMOTE = 0
LISTEN = 1, TALK = 0, REMOTE = 1

If the 4193A HP-IB Status Indicators
and Controller Display are the same,

press , and If not,
press (v) and

REMOTE/LOCAL TEST

If all steps are correct, this message is

PASS output.
REMOTE/TALK TEST If any step fails, this message is output.
FAIL

LISTEN/TALK TEST

LISTEN = 0, TALK = 1, REMOTE

n
—

LISTEN = 1, TALK

it

0,

REMOTE

n
—

1f the 4193A HP-IB Status Indicators
and Controller Display are the same,
press , and I1f not, press

B wt .

'

LISTEN/TALK TEST If both steps are correct, this message
PASS is output.
LISTEN/TALK TEST If any step fails, this message is output.
FAIL
END

*] indicates ON;

0 indicates OFF.
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PERFORMANCE TESTS

TEST PROGRAM 2
PURPOSE :
This test verifies that the 4193A has the following HP-IB capabilities :
(1)  Talker
(2) Device Trigger

PROGRAMMING :

"TALKER TEST":
prt "TALKER TEST";;spc 3
dsp "Insert proke to 100chm";stp
prt “DATA OUTPUT TEST" ;s=pc 3
dim A$[100],Bs (1]
rds (717135
rem 7
cli 7
clr 717
wrt 717,"HITZFMTZ2"

ent "Test frequency in MHz?",F

wrt ?17,"FR",F,"EN"

trg 717

red 717,H,B,C,D,E,F,G

prt C,D0,G;spc Z

ent "Iz output data correct?(y or n)",B$

16: if B$="n";prt "DATA OUTPUT TEST FAIL";spc 3;jmp 2

1?: prt "DATA OUTPUT TEST PRSS" jspc 3

18: prt "COMPLETE DATA OUTPUT TEST";spc 2

19: wrt ?17,"HITZFMT4"
20t trg 717

red ?17V,H%
2: prt A$;spc 2

3: ent "Is output data correct?(y or nJ)'",B$

4: if B$="n";prt "COMPLETE DATRA OUTPUT TEST FAIL";spc 3;jmp £
S: prt “"COMPLETE DRTR OUTPUT TEST PASS";spc 3
5
5

— = = W00~ s W) = D
Fd — () an »e e an me se sv v o=

PO

L% [ N #%)

voend
370

S SR AN AN SV SV RGN
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SECTION 1V

Table 4-11. Controller Instructions and Operator Responses for Test Program 2

Controller Instructions

Displays

Printout

Operator Response

TALKER TEST

Insert probe to 100ohm.

Insert the probe to 100 standard
in the 16345A. Then press

Test Frequency in MHz?

DATA OUTPUT TEST

Type the desired test frequency
value, from 0.4 to 110, and press

coNTINUE
.

Is output data correct?
(y or n)

[Magnitude]
[Phase]
[Test Frequency]

If the output data is the same as
the values displayed on each
4193A  display, press and

(). If not, press @ and (e ).

DATA OUTPUT TEST PASS

DATA OUTPUT TEST FAIL

DATA OUTPUT TEST result.

COMPLETE DATA OUTPUT TEST

Is output data correct?
(y or n)

Y1, S2, ZIM [Magnitude], ZP
[Phase], W4, BO, FR [Test
Frequency|, P1, Q3, Al, RZ,
H1i, T2, X0, 10, G1, DO

If the output data is the same as
the left values, press and

COMPLETE DATA OUTPUT TEST PASS

COMPLETE DATA OUTPUT TEST FAIL

COMPLETE DATA OUTPUT TEST result.
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4-14

TEST PROGRAM 3

PURPOSE :

This test program verifies that the 4193A has the following HP-IB capabilities :
M Service Request

(2)  Serial Poll

PROGRAM LISTING :

3
1
1
1
1
1
1
1
1
1
1

[ T 3 S R S IR

000 =d O (N o L0 FJ — (7 =e =e se w
0

"SRG TESTY:
prt "SRG TEST" jzpc 3
fud 0O
ari 7, SRO"
rem 7
cli 7
clr 717
wrt P17 s
Syprt "DATH RERDY" jwrt 7A7,"DITE" jtrg P17;gsbk "LOOPY

O 2

1
prt CSYNTRE ERROR" jwurt 717, DOWN4CL" jgsh " LOOP"
sprt MSELFE TEST EMDY jwet 717,"S1" ;dsp “SELF TEST in progress”
TLOORY
et U"TRG, TOD FAITY ;dsp "Cormnect EXT TRG pin to ground” jgsk “LOOPY"
sb "Loop
QrS;prt "IMEFFECTIVE PROGRAM! jwrt 717,"WIS1CL" jg=hk “"LOOP"

prt "SRO TEST END";spc 2
Ir 7?17

-li 7

gl 7

e

2
yspe liret

o
DSRG trdz TIPS

it hitie,s)=1; jmp 2

prt "OTHER DEYICE SROY;zpc 3
"IRET" reir 7,128

iret

CLOOPT twrt AT MERTGTCL
trg V17

red ?17,A,B,C,D

FoS=0;gto "LOOPT

717

B
Rt
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Table 4-12. Controller Instructions and Operator Responses for Test Program 3

Controller Instructions

Displays

Printout

Operator Response

SRQ TEST

DATA READY
65

SRQ Status Byte data should be 65
(= 01000001).

SYNTAX ERROR
66

SRQ Status Byte data should be 66
(= 01000010).

SELF TEST in progress

SELF TEST END
84

SRQ Status Byte data should be 84
(= 01010100). If the instrument
tfails SELF TEST, it should be 68
(= 01000100).

Connect EXT TRG pin
to ground

TRG. TOO FAST
72

Connect the EXT TRG pin on the
rear-pancl to ground. SRQ Status
Byte data should be 72

(= 01001000).

INEFFECTIVE PROGRAM
96

SRQ Status Byte data should be 96
(= 01100000).

SRQ TEST END
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Table 5-1. Adjustable Components

Reference

. . Name of Control Purpose
Designation

AlC3 Vp ADJ Equalizes the height of the V-Channel and I-Channel
(Para. 5-28) sampling pulses in order to maximize sampling

efficiency in both channels.

A2R58 BIAS ADJ Eliminates test signal harmonics in order to
(Para. 5-27) minimize measurement error.

A3R9 VB Adjusts the dc bias voltage applied to sampling
(Para. 5-33) diodes.

A3R6 MAG ADJ Adjusts the V channel gain in order to adjust the
(Para. 5-34) amplitude of the magnitude signal.

A4R10 IB Adjusts the dc bias voltage applied to sampling
(Para. 5-31) diodes.

A4R30 GAIN Adjusts the I channel gain in order to adjust the
(Para. 5-32) current level through the DUT.

A4R6 PHASE ADJ Eliminates the phase shift in the medium frequency
(Para. 5-34) range.

A6C8 VCXO ADJ Adjusts the VCXO frequency range.
(Para. 5-25)

A6C7 BPF ADJ Adjusts the center frequency of the BPF to 299.99Miz.
(Para. 5-26)

A8C28 100MHz ADJ Adjusts the reference frequency of the Crystal
(Para. 5-21) Oscillator to 100MHz.

A8C3 BPF ADJ Adjusts the center frequency of the BPF to 300Miz.
(Para. 5-22)

A8R1 LEVEL ADJ Controls the output signal level to the MIXER on
(Para. 5-23) the A9 board.

A11R3 OFFSET Eliminate any dc offset voltage in the Integrator
(Para. 5-24) Circuit on the All board in order to maximize

measurement accuracy.

Al12R11 GAIN I Adjusts the gain of the IF BPF in the I channel.
(Para. 5-30)

Al12R12 PHASE 1 Adjusts the center frequency of the IF BPF in the I
(Para. 5-30) channel.

Al2R3 GAIN V/1I Adjusts the gain of the IF BPF in the V/I channel.
(Para. 5-30)

Al2R4 PHASE V/I Adjusts the center frequency of the IF BPF in
(Para. 5-30) V/1 channel.

Al3R1 ALC BIAS Adjusts ALC reference voltage in the Integrator
(Para. 5-29) Circuit.

A15R1 F FS ADJ Adjusts the full-scale output voltage for frequency
(Para. 5-35) analog output.

Al5R2 M FS ADJ Adjusts the full-scale output voltage for
(Para. 5-35) magnitude analog output.

AISR3 P IS ADJ Adjusts the full-scale output voltage for phase
(Para. 5-35) analoyg output.

Adl LENGTH ADJ Eliminate the phase difference between V and I

(Para. 5-34)

channels in the high frequency range.

5-0




SECTION V

SECTION V
ADJUSTMENT

5-1. INTRODUCTION

5-2. This section describes the adjustments
and checks required to return the 4193A to the
specifications listed in Table 1-1 after repairs
have been made. These adjustments and checks
can also be performed along with periodic
maintenance to keep the instrument in optimum
operating condition. The recommended
adjustment cycle for the 4193A is twice a year.
All adjustable components referred to in the
adjustment procedures are listed in Table 5-1. If
proper performance cannot be achieved after
adjustment, refer to the troubleshooting
procedures described in Seetion VIII.

Note

To ensure proper results and instrument
operation, Hewlett-Packard suggests a
60 minute warm-up and stabilization
period before performing any of the
adjustments deseribed here.

5-3. SAFETY REQUIREMENTS

5-4. Although the 4l193A was designed in
accordance with international safety standards,
this manual contains information, cautions, and
warnings which must be followed to ensure
operator safety and to keep the instrument in a
safe and serviceable condition. Adjustments
described in this section should be performed by
qualified service personnel only.

WARNING

ANY INTERRUPTION oFr THE
PROTECTIVE (GROUNDED) CON-
DUCTOR (INSIDE OR OUTSIDE THE
INSTRUMENT) OR DISCONNECTION OF
THE PROTECTIVE EARTH TERMINAL
IS LIKELY TO MAKE THE
INSTRUMENT DANGEROUS. INTEN-
TIONAL INTERRUPTION, FOR ANY
REASON, IS PROHIBITED.

5-5. The removal or opening of covers for
removal or adjustment of parts, other than those
which are accessible by hand, will expose live
parts.

5-6. Capacitors in the instrument may still be
charged even if the instrument has been
disconnected from the power source (AC line) for
an extended period of time.

WARNING

ADJUSTMENTS DESCRIBED IN THIS
SECTION ARE PERFORMED WITH
POWER SUPPLIED AND PROTECTIVE
COVERS REMOVED. ENERGY EXIST-
ING AT MANY POINTS MAY, IF
CONTACTED, RESULT IN SERIOUS
PERSONAL INJURY.

5-7. EQUIPMENT REQUIRED

5-8.  All the equipment required to perform the
adjustments described in this section are listed
in Table 4-1 on page 4-0. Each piece of
equipment listed in Table 4-1 should be
calibrated to satisfy its own specifications, as
well as those of the required characteristies. If
the recommended model is not available, any
instrument whose specifications equal or surpass
those of the recommended model may be used
instead.

5-9. FACTORY SELECTED COMPONENTS

5-10. Factory selected components are
identifiable by an asterisk (*) adjacent to the
reference designator on the schematic diagrams
in Section VIII (only nominal values are given).
Table 5-2 lists the reference designators of all
factory selected components. Also listed in
Table 5-2 are the nominal value range of each
component and a brief deseription of how each
component affects instrument performance.

Adjustable components, with reference
designators, are listed in Table 5-1. This table
also lists the name of the adjustment and its
purpose.

5-1
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5-11.  ADJUSTMENT RELATIONSHIPS

5-12. The adjustment procedures described in
this section, beginning with paragraph 5-21, are
interactive and therefore should be performed in
the sequence given. Ignoring or changing the
order of the procedures may make it impossible
to obtain optimum instrument performance.
Table 5-3 lists the necessary adjustment
procedures to follow after the instrument has
been repaired.

5-13. ADJUSTMENT LOCATIONS

5-14. To help locate the appropriate adjustment
points, the locations of the components to be
adjusted are illustrated throughout  the
adjustment procedures. The locations of factory
selected components, connectors, and other
components related to the adjustments are
shown in the individual board assembly-
component illustrations (fold-out service sheets)
in Section VIIL

5-15. INITIAL OPERATING PROCEDURE

5-16. Before proceeding with the adjustments
described starting in paragraph 5-21, perform the
following three preliminary procedures. These
procedures provide access to the various
adjustment points and facilitate a thoroughgoing
adjustment. Initial Control Settings, described in
paragraph 3-9, must be used for each
adjustment. Exceptions to these settings will be
noted as they occur. After completing an
adjustment, return the 4193A's controls to the
initial control settings.

[BASIC OPERATING CHECK]

Check that the instrument's line voltage selector
switches, located on the rear panel, are set to
the positions appropriate for the local line
voltage. This should be performed before
proceeding with any of the adjustments.

After the recommended 60 minute warm-up
period, the instrument should pass the SELF
TEST (no error message should appear), and the
initial control settings listed in  paragraph 3-9
should be automatically set in preparation for
measurements. If the instrument displays an
error message or does not have the correct
initial control settings, refer to the
troubleshooting procedures given in Section VIII.

[TOP COVER REMOVAL]

a. Fully loosen the top-cover retaining
serew located at the rear of the top
cover.

b. Slide the top cover towards the rear
and lift off.

WARNING

DC VOLTAGES, #15V AND +5V, ARE
PRESENT AT EXPOSED TERMINALS
ON THE EXTRUSION BOARDS. DO
NOT TOUCH THESE TERMINALS. AS
A SAFETY PRECAUTION AGAINST
POSSIBLE ELECTRICAL SHOCK
HAZARDS AND RESULTANT INJURY,
USE INSULATED TOOLS FOR ALL
ADJUSTMENTS.

5-17. EXTRUSION BOARD REMOVAL

5-18. To prepare for a thoroughgoing adjust-
ment, remove all serews securing the Al, A2, A3,
A4, A6, and A8 extrusion boards. These boards
will require removal at least once during
adjustment.

5-19. BOARD EXTENSION

5-20. The extrusion boards are interconnected
with SMB (female)-to-SMB (female) cables of
various lengths, some of which are not long
enough for connection to an extended board.
When this situation oceurs during adjustment or
troubleshooting, use an extension cable, HP P/N:
04193-61630.

Note

The vyellow cable between AlP2 and
A4P2 has a precise electrical length
matching that of the probe cable. DO
NOT use a blue cable to connect AlP2
and A4P2.
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Table 5-2. Factory Selected Components

Component Nominal Value Range Effect on Performance
2.4pF (HP P/N: 0160-2242) Sets the Crystal Oscillator frequency
A8C29 e 2.7pF (liP P/N: 0160-2243) close to 10OMiz.
3.0pF (HP P/N: 0160-2244)
10cm (HIP P/N: 04193-61615, red) Minimizes phase shift error at high

A1P2-A4P2 Cable

e 15cm (1P P/N:
20cm (HP P/N:

04193-61616, yellow)
04193-61617, blue)

frequencies caused by the cable length
difference between V and I channels.

3.9pF (HP P/N:

0160-4518)

Sets the VCO frequency range.

AL0CEY e 4.7pF (1IP P/N: 0160-3873)

S5.6pF (I1IP P/N: 0160-4498)

min: 0Q Narrows the INTEGRATOR offset adjustable
A11R1 * 9.09k (HP P/N: 757-0288) range to facilitate the offsct adjust-

max: 17.8kQ nent.

min: 08
ALIR2 e 9.09kQ (HP P/N: 0757-0288)

max: 17.8kQ

e . typical valuec
Table 5-3. Adjustment Requirements

Assembly Repaired or Replaced

Required Adjustments

Al

A2

A3

A4

AS

A6

A7

A8

Al0

All

Al2

Al3

Al4

AlS

Alo

Al7

Al8

A20

A4l

A5l

Sampling PUlse Generator (SPG)
(P/N 04193-66501)

Automatic Level Control Amplifier (ALC AMP)
(P/N 04193-66502)

V Channel Amplifier (V CHAN AMP)
(P/N 04193-66503)

I Channel Amplifier (I CHAN AMP)
(P/N 04193-66504)

Mixer and Divider (MXR § DIVR)
(P/N 04193-66505)

Voltage Controlled Crystal Oscillator (VCXO)
(P/N 04193-66506)

Divider (DIVIDER)

(P/N 04193-66507)

Crystal Oscillator (XTAL 0SC)
(P/N 04193-66508)

Mixer (MIXER})

(P/N 04193-66509)

Voltage Controlled Oscillator (VCO)
(P/N 04193-66510)

Integrator

(P/N 04193-66511)

IF BPF

(P/N 04193-66512)

Detector

(P/N 04193-66513)
Analog-to-Digital Converter

(P/N 04193-66514)

Analog Output

(P/N 04193-66515)

HP-1B

(P/N 04193-66516)

Control Logic

(P/N 04193-66517)

Display

(P/N 04193-66518)

POWER SUPPLY

(P/N 04193-66520)

Delay

(P/N 04193-66541)

Probe I Channel

(P/N 04193-606551)

2 Probe V Channel

(P/N 04193-66552)

para. 5-28 thru 5-35.
para. 5-27 thru 5-35.
para. 5-33 thru 5-35.
para. 5-31 thru 5-35.
para. 5-28 thru 5-35.

para. 5-25 thru 5-35.

None.

para. 5-21 thru 5-35.

None.

None.

para. 5-24 thru 5-35.
para. 5-30 thru 5-35.

para. 5-29 thru 5-35.

None.
para. 5-35 only.
None.
None.

None.

u1
|
(9]
=
t
=
H
c
w
I
(2]
w

para.

para. 5-28 and 5-35.

para. 5-31 thru 5-35.

para. 5-33 thru 5-35.
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ADJUSTMENTS

5-21. 100MHz REFERENCE FREQUENCY ADJUSTMENT (A8)

PURPOSE: This adjustment sets the frequency of the 100MHz Crystal Oscillator to an
accurate 100MHz.

BNC (female)-SMB (female) adapter

4193A \gﬁm A8P3 (10MHz CLK OUT) |4~ BNC (male)-BNC (male) cable

5382A

Figure 5-1. 100MHz Reference Frequency Adjustment Setup.
EQUIPMENT :

Frequency COUNLEr «tessseessssssrsessusrensanationtisneasannecane HP5382A
BNC (female)-SMB (female) Adapter «ececeesseecrectacacees HPP/N 1250-1236

PROCEDURE :
1.  Disconnect the cable from A8P3 (10MHz CLK OUT).

9. Connect the INPUT terminal of the 5382A to A8P3 (10MHz CLK OUT) as
shown in Figure 5-1.

3. Set the 5382A's controls as follows :

GATE TIME seceresccceccccs .18
ATTENUATOR +esesesees x10

4. Adjust A8C28 (100MHz ADJ) until the reading on the 5382A is 10MHz+10Hz.

5. Reconnect the cable that was disconnected in step 1, and turn the 4193A off and
on to return to normal operation.

5-22. 300MHz BPF ADJUSTMENT (A8)
PURPOSE: This adjustment maximizes the level of the 300MHz signal output from the

300MHz BPF on the A8 board by setting the center frequency of the
300MHz BPF to 300MHz.

5-4
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ADJUSTMENTS

BNC (female)-SMB {female) adapter BNC (male)-BNC (male) cable

1417
To A8P1 (300MHz OUT)
4193A o  IN—
o RF INPUT s
. ° ~©© O || “1vPE N (male)
Front ear °® o -BNC (female)
oooooo 0° @ ©o adapter
o0 0o 8.: ° Z e
Figure 5-2. 300MHz BPF Adjustment Setup.
EQUIPMENT :
Spectrum AnalyzZer eccesececcecersenennecanonceces HP 141Twith 8552B and 8554B Plug-ins.
Type N (male)-BNC (female) Adapter «...... HP P/N 1250-1476
BNC (female)-SMB (female) Adapter «....... HP P/N 1250-1236
BN C(male)-BNC(male) Cable seeererecsaseecs HP 11170C

PROCEDURE:
1. Disconnect the cable from A8P1 (300MHz OUT).

2. Connect the RF INPUT terminal of the spectrum analyzer to A8Pl (300MHz
OUT) as shown in Figure 5-2.

3. Set the spectrum analyzer's controls as follows :

141T : PERSISTANCE ............................... NORMAL
WRITING RATE ............................ NORMAL
8554B: CENTER FREQUENCY -ereeresreaceneecss 300MHz
BANDWIDTH seerereseressesecnscccccccasaaes 300k Hz
SCAN WIDT}{ ................................. 50MHZ, PER DIVISION
INPUT ATTENUATION seseeeseecnescess 20dB
8552B: SCAN TIME ---------------------------------- 5ms
LOG REF LEVEL ......................... OdB]n
LOG REF LEVEL SWITCH sessereeeees 10dB LOG
LINEAR SENSITIVITY seeseeseeveecseaces 0
VIDEO FILTER ............................. OFF
SCAN MODE --------------------------------- INT
SCAN TRIGGER ............................ AUTO

4. Adjust A8C3 (BPF ADJ) until the level of the 300MHz spectral display on the
141T CRT is maximum. Refer to Figure 5-3.

Note

Leave all connections and control settings as they are, and proceed to paragraph
5-23.
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ADJUSTMENTS

Figure 5-3. 300MHz Level.
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ADJUSTMENTS

5-23. 300MHz OUTPUT LEVEL ADJUSTMENT (A8)

PURPOSE : This adjustment sets the level of the 300MHz signal (output from the A8
BPF) supplied to the mixer on the A9 board.

Note

The adjustment deseribed in paragraph 5-22 must be performed before this
adjustment.

PROCEDURE :
1.  Use the same connections and control settings as those used in paragraph 5-22.

2. Adjust A8RI (LEVEL ADJ) until the level of the 300MHz spectral display on
the 141T CRT is -22dBm. Refer to Figure 5-4.

Figure 5-4. 300MHz Level.
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ADJUSTMENTS

5-24. INTEGRATOR OFFSET ADJUSTMENT (A11)

PURPOSE: This adjustment provides appropriate offset compensation for the integrator
on the All board.

A11R1 TP1 ATl Dual Banana
0O <> - Alligator Clip cable
ADJ
4193A | 7
3465B
Front Rear

aja]s{sisfapmala/uis]uiuju}

Figure 5-5. Integrator Offset Adjustment Setup.

EQUIPMENT :
Dlgltal Voltmeter cessercecccrscccscscccancsscaccss HP 3465B
Extender Board «reesescecsscsccrsecesersesacecescs HP P/N 04193-66561

Dual Banana Plug to Alligator Clip Cable HP 11002A
PROCEDURE :

1. Turn off the 4193A.

9. Extend the All board with an extender board.

3. Turn on the 4193A.

4. Move the jumpers Al11Jl and J2 from OPE to ADJ.

5. Connect the INPUT terminal of the 3465B to ALITPI and chassis, as shown in
Figure 5-5.

6. Set the 3465B's controls as follows:

3465B FUNCTION cccececcssecenes =V
RANGE cceveessseeseernanes 200mV

7. Adjust AIIR3 (OFFSET) until the reading on the 3465B is -2mV+£0.2mV.
Note

If correct adjustment cannot be obtained in step 7, Al1R1 and AllR2
must be changed. Measure the voltage at A11TP1 with AL1R3 (OFFSET)
set fully CCW and then fully CW. The reading on the 3465B at each
setting should be lower than (more negative) 0mV and higher than (more
positive) -3mV, respectively. If either reading is incorrect, replace
Al11R] and A11R2 as described in Table A and Table B. Then repeat step
7.

8. Replace A11J1 and A11J2 to their normal positions, OPE.
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ADJUSTMENTS
Table A
Reading on the 3465B AllR1 All R2
When Al11R3 is Fully CCW | Resistance | HP Part No. Resistance | HP Part No.
OmV to -5mV 10.0k$2 0757-0442 7.50k& 0757-0440
-5mV to -15mV 11.0k82 0757-0443 6.81kQ 0757-0439
-15mV to -25mV 12.1kQ 0757-0444 5.62k0 0757-0200
-25mV to -35mV 13.3k{ 0757-0289 4,64k 0698-3155
-35mV to -45mV - 14.7k§ 0698-3156 3.83k%} 0698-3153
-45mV to -55mV 14.7k82 0698-3156 2.87k? 0698-3151
-55mV to -65mV 16.2kQ2 0757-0447 1.78kQ 0757-0278
-65mV to -75mV 16. 2k§2 0757-0447 8254 0757-0421
-75mV to -85mV 17.8k% 0698-3136 09 8159-0005
Table B
Reading on the 3465B All R1 A11R2

When All R3 is Fully CW | Resistance | HP Part No. Resistance | HP Part No.
-3mV to +5mV 7.50k$ 0757-0440 10.0k$ 0757-0442
+5mV to +15mV 6.81kQ 0757-0439 11.0kQ 0757-0443
+15mV to +25mV 5.62kQ 0757-0200 12.1kQ 0757-0444
+25mV to +35mV 4,64k 0698-3155 13.3k§2 0757-0289
+35mV to +45mV 3.83k% 0698-3153 14.7kQ 0698-3156
+45mV to +55mV 2.87k8 0698-3151 16.2kQ2 0698-3156
+55mV to +65mV 1.78k% 0757-0278 16.2k82 0757-0447
+65mV to +75mV 8254 0757-0421 16.2k{ 0757-0447
+75mV to +85mV 092 8159-0005 17.8k% 0698-3136
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ADJUSTMENTS

5-25. VCXO ADJUSTMENT (A6)

PURPOSE: This adjustment sets the control voltage for the VCXO so as to set the
center frequency of the VCXO to 100MHz.

A6P2 A6TP6

5340A
10.000000 o zz=:-=
oo o — .
000000 0000000 0] —
Figure 5-6. VCXO Adjustment Setup.
EQUIPMENT :
Frequency COUNLED sssvssessssessasacscsstssrsasasassnscssncannss HP 5340A
DVM «eeeeccessoessesssassoracrarssastsressscsssssssasassorasessassssonses HP 3465B
BNC (female)-SMB (female) adapter .cceecceeseererieceens HP P/N 1250-1236
Extender Board seceesecssscesececciassonsesacocnssostsacsraccaranncns HP P/N 04193-66561
Dual Banana Plug to Alligator Clip Cable «eceeceecnesseses HP 11002A

PROCEDURE :
1.  Turn off the 4193A.
9. Disconnect the cables from A6P1 (100MHz REF) and P2 (299.99MHz).
3. Extend the A6 board with an extender board.
4. Connect AgUS pin 2 to ground.
5. Turn on the 4193A.

6. Connect the DVM input to A6TP6, and the 5340A input to A6P2. Refer to Figure
5-6.

7. Confirm that the de voltage at A6TP6 is 3.5V+0.35V.

8. Adjust A6C8 (VCXO ADJ) until the 5340A displays 300MHz+300Hz.

9. Remove the jumper from between A6US5 pin 2 and ground and confirm that the
5340A displays 299.960MHz#15kHz. If the displayed frequency is out of range,
adjust A6C8 until the 5340A displays 299.960MHz+15kHz and then return to step
8.

10. Reinstall the A6 board to its normal position and reconnect the cables (step 2) to
A6P1 and P2, respectively.
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ADJUSTMENTS

5-26. BPF OUTPUT LEVEL ADJUSTMENT (A6)

PURPOSE: This adjustment maximizes the level of the center frequency (299.990MHz)
of the BPF on the A6 board which is supplied to the Mixer on the A5 board.

BNC (female)-SMB (female) adapter BNC (male)-BNC (male) cable

1417

To A6P2 (299.99MHz)

4193A 5 —
O
- ™~
° D O © O |rvee i (nate)

Front Rear

[e}Ne;

° o -BNC (female)
BDDDDDOO©@ @2 adapter
oo o0o0g= e
Figure 5-7. BPF Output Level Adjustment Setup.
EQUIPMENT :
Spectrum Analyzer cecesecsscerceccaacancenan. HP 141T with 8552B and 8554B Plug-ins
TYPE N (male)-BNC (female) Adapter - HP P/N 1250-1476
BNC (female)-SMB (female) Adapter ---- HP P/N 1250-1236
BNC(male) - BNC(male) Cable-sesseeceeesee HP 11170C
PROCEDURE:

1. Disconnect the cable from A6P2 (299.99MHz).

2. Connect the RF INPUT terminal of the spectrum analyzer to A6P2 (299.99MHz)
as shown in Figure 5-7.

3. Set the spectrum analyzer's controls as deseribed in paragraph 5-22.

4, Adjust A6CT (BPF ADJ) until the level of the 299.99MHz spectral display on the
141 TCRT is maximum.
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ADJUSTMENTS

5-27. A2 OUTPUT AMPLIFIER BIAS ADJUSTMENT (A2)

PURPOSE : This adjustment sets the bias voltage for the output amplifier in order to
minimize test signal distortion.

A2
Dual Banana Plug--Alligator Clip Cable

4193A fTo chassis

34658

000000 0000000

-

Figure 5-8. A2 Output Amplifier Bias Adjustment Setup.
EQUIPMENT :

Dlgltal Voltmeter stsecsscessesecscccenstcacccancns HP 3465B
Extender Board secsesscscsssccresceccsssscceccncacs HP P/N 04193-66561
Dual Banana Plug to Alligator Clip Cable HP 11002A

PROCEDURE :

1.  Turn off the 4193A.

2. Extend the A2 board with the extender board. _
SMB connector cables need not to be connected to A2Pl and P2.

Connect the INPUT terminal of the 3465B to A2TP2 as shown in Figure 5-8.
4. Turn on the 4193A.
5. Set the 3465B's controls as follows :

FUNCTION .......................... —_— V
RANGE ............................... 20\/

Adjust A2R58 (BIAS ADJ) until the reading on the 3465B is 3V+0.03V.
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SECTION V

5-28. SAMPLING PULSE HEIGHT ADJUSTMENT (A1)

PURPOSE: This adjustment sets the height of the V CHANNEL sampling pulse to that of
the I CHANNEL sampling pulse in order to equalize sampling efficiency in

both channels.
1430C

%BNC (female) - N type Adapter 8012B
To A3P1 —
P Herr— s\ . 0 e ® U U
To A4P1 v =00 0
O [ a— \
5 yd To A5P3 == 0 910
8491A 20dB (= — ©
180C Attenuator ([ -
BNC T Adapter
Q To A1P3
@)
O

o O

1811A

* These cables should be of the same length and less than 30em long.

Figure 5-9. Sampling Pulse Height Adjustment Setup.

EQUIPMENT :

Sampling Oscilloscope SyStem «eeeceesceeccase HP 180C/1811A

Samphng Head seesecesececccccnccccsccsccnccoccones HP 1430C

Pulse GEnerator sersressesssrsescsestcsctcasacesase HP 8012B

OSCIllOSCOPE =+sesrrerresssrstessrmrnssanannanieananns HP 1740A

20dB Attenuator (TYPE N) seevecceccencecenee. HP 8491A 2ea.
BNC (female)-TYPE N (male) Adapter ««... HP P/N 1250-1535 2ea.
BNC (female)-SMB (female) Adapter «-«-..- HP P/N 1250-1236 4ea.
BNC T Adaptep ..................................... HP P/N 1250-0781 2ea.
BN C(male) - BNC(male) Cable seeeesenareeces HP 11170C,7ea
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ADJUSTMENTS
PROCEDURE

1. Connect all instruments as shown in Figure 5-9.

2. Set the instruments' controls as follows :
4193A : Trigger ..................................... MAN/EXT

Other Controls sesseressresscerancnccene Initial Settings
8012B: PULSE PERIOD(S) ssseeeeeereereneeees EXT
PULSE cecoccrtecccocncosccsscsrcocveccncses NORNIAL
PULSE DELAY(S) ..................... 35n - 1]
PULSE ‘VIDTH ......................... lOn - ]u
TRANSITION TIME(s) «seeseeeeceeees 5n - 0.5u
AMPLITUDE (V) ....................... 5.0 - 2.0
OFFSET (V) ............................. OFF
POLARITY seceesecnsecsncscencsracecncces -
SYM/NORM/COMPL sececesrsenocacace SYM
INT LOAD tecescerscceccsccsronscnnas ouT
All VERNIER Controls seceseceseess Fully CCW
180C B MAGNIFIER .............................. x1
DISPLAY ................................. INT
1811A B DISPLAY ................................. FILTERED
MODE ...................................... ALT
POLARITY (Both Channels) =+=++=- +UP
mV/DIV (Both Channels) s=+=esesesee+ 200
EXPANDED/DIRECT cererececcerescee DIRECT
TIME/DIV ................................. .Osusec
EXPANDED TIME/DIV cecssececcerees .5nsec
TRIGGER ................................. AUTO
MANUAL/SWEEP ...................... SWEEP
CW SLOPE ceesessescccsccccccnsccssascancs +
1740A . DISPLAY .................................. ALT
TRIGGER .................................. A
CHAN A sessssessccceccsccccccsccassccsceces 2V/DIV (DC)
CHAN B ¢eerevscscccscccscscrcoccsscacccess 2V/DIV (DC)
TIME/DIV ................................. 0'2usec
COUPLING -------------------------------- GND

3. Set the ground reference for CHAN A and CHAN B of the 1740A and the 180C as
shown in@ and @ , respectively, of Figure 5-10.

4. Set the 8012B's AMPLITUDE VERNIER to 3Vp-p.

5. Set the 1740A's coupling selectors to DC and confirm that the waveforms
displayed on the 1740A and 180C are as shown in @ and @ , respectively, of
Figure 5-10.

6. Adjust the 8012B's PULSE WIDTH VERNIER until the duty eyele of the CHAN B
waveform is 50%, as shown in @of Figure 5-10. The 180C should be as shown in

7. Adjust the 8012B's PULSE DELAY VERNIER until the time difference between the
peak of the CHAN A waveform and the trailing edge of the CHAN B pulse is 300ns,
as shown in@ of Figure 5-10.

8. Rotate the 180C's INTENSITY control knob CCW until the sampling pulses and the
marker are displayed on the 180C, as shown in of Figure 5-10.

9. Using the 1811A's POSITION control knob, position the marker at the sampling

ulses, as shown in of Figure 5-10. The 1740A's display should be as shown in
é of Figure 5-10.



SECTION V

ADJUSTMENTS

10. Set the 1811A's TIVIE/DIV switeh to EXPANDED, and adjust the POSITION control
knob until the I CHANNEL and V CHANNEL sampling pulses are displayed on the

180C as shown in (2) of Figure 5-10.

1l. Adjust AIC3(Vp ADJ) until the height of the V CHANNEL sampling pulse is equal
to the ] CHANNEL sampling pulse height.

12. Confirm that both pulse heights are more than 6.8V.

1740A @

N |IIIIIIIIIIIIIIII
CHAN B
.2usee/DIV
1740A
(2V/DIV)
CHAN B
(2V/DIV)
.2usee/DIV
1740A
(2V/DIV)
CHAN B
(2V/DILV)

.2usec/DIV

©)

180C [DIRECT]

CHAN A/B
(50mV/DIV)

.05usec/DIV

180C @ [DIRECT]

CHAN A/B

(50mV/DIV) _
.05usec/DIV

180C @ [DIRECT]

CHAN A/B
(50mV/DIV)

.05usec/DIV

Figure 5-10. Scope Displays (Sheet | of 2).
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1740A @

CHAN A
(2v/DI1V)

CHAN B
(2v/DI1V)

.2usec/DIV

1740A @

CHAN A
(2V/DIV)

CHAN B
(2V/DIV)

.2usec/DIV

1740A @

CHAN A
(2v/DIV)

CHAN B
(2V/DIV)

.2usec/DIV

180C [DIRECT]

CHAN A/B
(50mV/DIV)

.05usee/DIV

180C [DIRECT]

CHAN A/B
(50mV/DIV)

.05usec/DIV

180C @ [EXPANDED]

CHAN A/B
(200mV/DIV)

/X

.5nsec/l)iv

Figure 5-10. Scope Displays (Sheet 2 of 2).
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5-29. ALC REFERENCE VOLTAGE ADJUSTMENT (A13)
PURPOSE: This adjustment sets the ALC reference voltage so as to supply a

34658

[aja]u{sjajupmuluin]uia]nini J
_J

To A12 ADJ TP3 ]

precise current level to the DUT.

Az ADJ X 1 To A13 TP2 (ALC)

§ TP4 (ALC) on the A12
4193A BPF ADJ Board

Figure 5-11. ALC Reference Voltage Adjustment Setup.

EQUIPMENT :

DC Power Supply ...................................... HP 6214A

Digital Voltmeter «eeeeeesseesssssssesnsniencnenennanes HP 3465B
Oscilloscope .............................................. HP 1740A

Al2 BPF ADJ BoArd seeeeeceesesecaceresecscsssones HP P/N 04193-66564
Extender Board eeeceeseeceseccscartotesccsccccccssraccces HP P/N 04193-66561
Dual Banana Plug to Alligator Clip Cable --..- HP 11002A,2ea

PROCEDURE:

5.

6.

7.

Turn off the 4193A.
Remove the Al2 and Al3 boards.

Set the switch on the Al2 BPF ADJ board to the I position.

Set A13J1 to the T position as shown below :

jumper connector
/

|
HoAI3g] ight pi
left pin/l ! E> [\“g pin

T N T N

L —— -

Insert the Al3 board into the Al3 slot.

Insert the extender board into the Al2 slot and insert the Al2 BPF ADJ board
into the extender.

Connect the 6214A to TP4 on the A12 BPF ADJ Board as shown in the figure
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8.  Connect Channel A of the 1740A to Al3TP2, and connect the 3465B to TP3 of Al2
BPF ADJ Board as shown in Figure 5-11.

9. Turn on all the instruments and set their controls as follows :

4193A : TRIGGER reeeceesccccctnacecccrcccnes MAN/EXT
Other Controls seresesseesererececees Initial Settings
6214A: METER SELECTION eeeccereecees VOLTS
3465B : FUNCTION cecsssccessccroccssessoncss ~ AC
RANGE +eseeoscertecnnrnscscccscenennes 2V
1740A B DISPLAY ............................. A (DC Coupllng)
TRIGGER ceeeeerrrresssccscccenccscccs A
VOLTS/DIV  seeerereceseserccacacees 50mV
TIME/ DIV cceceeevecccecccsacrcacanens 1ms

10.  Adjust the 6214 A until the reading on the 3465B is 0.707Vrms+ImVrms.
11.  Adjust A13R1 (ALC BIAS) until the trace on the 1740A is 0V+100mV.
Note

If the IF BPF GAIN/PHASE ADJUSTMENT is to be performed immediately
after this adjustment, do not reset A13J1 to the N position.

5-30. IF BPF GAIN/PHASE ADJUSTMENT (A12)

PURPOSE: This adjustment sets the gain and the center frequency of BPF's in the I and
V/I channels on the Al2 board.

Al2
Al2 ADJ Si
A12 ADJ /
V/1 ﬁ I
Front Rear
I 1
Figure 5-12. IF BPF GAIN/PHASE Adjustment Setup.
EQUIPMENT :
Al12 BPF ADJ Board seeeceeeeseceenann. HP P/N 04193-66564

PROCEDURE :
1. Turn off the 4193A.

2. Extend the Al2 board with the Al12 BPF ADJ board.
Set A13J1 to the T position.

3. Turn on the 4193A.
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[I channel GAIN and PHASE Adjustment]
4. Set A12 BPF ADJ Sl to the I position.
5. Adjust A12R12 (PHASE I) until the displayed phase is -7.2 degrees+2 counts.
6. Adjust A12RI1 (GAIN I) until the displayed magnitude is 100.0Q+3 counts.
[V/I Channel GAIN and PHASE Adjustment]
7. Set A12 BPF ADJ 81 to the V/I position.
8. Adjust A12R4 (PHASE V/I) until the displayed phase is -7.2 degrees+2 counts.
9. Adjust A12R3 (GAIN V/I) until the displayed magnitude is 100.0Q+3 counts.
Reset A13J1 to the N position.

5-31. I CHANNEL SAMPLING DIODE BIAS ADJUSTMENT (A4)

PURPOSE: This adjustment sets the dc bias voltage applied to the I CHANNEL
sampling diodes on the A51 board.

BNC (female)-SMB (female) adapter  BNC (male)-Dual Banana Plug Cable

\é To A4P1 (E)

4193A

Rear 3465B

000000 0000000

Figure 5-13. I Channel Sampling Diode DC Bias Adjustment Setup.
EQUIPMENT :

Dlgltal VOltmeter ........................................... HP3465R

BNC (female)-SMB (female) Adapter =seeeeereeseceess HP P/N 1250-1236

Extender' Boar-d .............................................. HP P/N 04193_66562

BNC to Dual Banana Plug Cable sssseeseeserecrarecees HP 11001A
PROCEDURE :

l.  Turn off the 4193A.
2. Disconnect the cables from A4P1 (E), A4P2 (I SP IN), and A4P3 (F).

Extend the A4 board with the extender board.
4. Connect the INPUT terminal of the 3465B to A4P1 (E) as shown in Figure 5-13.
5. Set the 3465B's controls as follows :

FUNCTION ceccccecccccascccss =V
RANGE secsecencrssscccacscnsces 20V

6. Turn on the 4193A : Before turning on, check that the cables are not touching
the DC supply terminal.

7. Adjust A4RI10 (IB) until the reading on the 3465B is -3.8V+20mV.

8. Check that the voltage at A4P3 (F) is +3.8V+50mV. >-19
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5-39. TEST SIGNAL LEVEL ADJUSTMENT (A4)

PURPOSE : This adjustment is made on the ALC so as to supply the specified current to

DUT.
4193A
R 3406A
: —]e]
o ° o
EEREERESERN
(o]

B 500 TEE
[ 11063A

BNC Adapter

Figure 5-14. Drive Current Level Adjustment Setup.

EQUIPMENT :
RF Voltmeter sesecececescocaccccscctncsrcscsncscsscccsscacce HP 3406A
500 TEE Adapter seesesessssssrsresssnnnnmannnneseansne HP 11063A
509 Termination (GR 874) reeseererecasecrecorcatacaccens HP P/N 0950-0090
BNC Adapter for 4193A «ceecesercecsicacicnascanniccees HP P/N 04193-61152
BNC (female)-GR 874 Adapteressesseeceeccenceccccas HP P/N 1250-0850

PROCEDURE :
1.  Connect the 3406A's probe to the 4193A's probe. Disconnect the cable from AlP1 (V SP).
Extend the A4 board.

2. Set the instruments' controls as follows :

4193A : Initial Settings
3406A : Rang‘e ...................... 01V

Adjust A4R30 (GAIN) until the reading on the 3406A is 5mV+.ImV.

Confirm that the readings on the 3406A are 5mV+.5mV in the frequency range
from .4MHz to 110MHz.

5-33. V CHANNEL SAMPLING DIODE BIAS ADJUSTMENT (A3)

PURPOSE: This adjustment sets the dec bias voltage applied to the V CHANNEL
sampling diodes on the A52 board.

BNC (female)-SMB (female) adapter BNC (male)-Dual Banana Plug Cable

\éi To A3PT (A)

4193A

Front Rear

5-20 Figure 5-15. V Channel Sampling Diode DC Bias Adjustment Setup.
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EQUIPMENT :
Dlgltal Voltmeter ........................................... HP3465B
BNC (female)-SMB (female) Adapter eceseeeeeececeess HP P/N 1250-1236
Extender‘ Board .............................................. HP P/N 04193_66562
BN C(male) - Dual Banana Plug Cable .....cceeeeuenns HP 11001 A

PROCEDURE:
1.  Turn off the 4193A.
2. Disconnect the cables from A3PL (A), A3P2 (V SP IN) and A3P3 (B).
3. Extend the A3 board with the extender board.
4. Connect the INPUT terminal of the 3465B to A3P1 (A) as shown in Figure 5-15.

5. Set the 3465B's controls as follows :

FUNCTION ccececcecrccaccsscccccccneces =V
RANGE seeeseesenrcccsesccccascocconcanas 20V

6. Turn on the 4193A.
7. Adjust A3R9 (VB) until the reading on the 3465B is -3.8V+20mV.

8. Check that the voltage at A3P3 (B) is +3.8V50mV.

5-34. MAGNITUDE AND PHASE ACCURACY ADJUSTMENT (A3/A4/A41)

PURPOSE: This adjustment minimizes MAGNITUDE/PHASE measurement errors.

Electrical length is also adjusted.

4193A

1005 Standard

o~ e IO s R 'I 6345A
Figure 5-16. Magnitude and Phase Accuracy Adjustment Setup.
EQUIPMENT :
Calibration Standard «eeceeceeccscecseciecesssciressrosconsensassersssscsssacnsces HP16345A

PROCEDURE:
1. Insert the probe into the 10092 standard of the 16345A.
2. Set the test frequency to 10MHz.

3. Adjust A3R6 (MAG ADJ) until the value displayed on the MAGNITUDE display
is 100.59+1 count.

4. Adjust A4R6 (PHASE ADJ) until the value displayed on the PHASE display is
0.0 degreesz] count.

5-21
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Note

The displayed MAGNITUDE value may drift slightly out of the range specified
in step 3 when the PHASE adjustment (step 4) is being performed. This is

normal, and can be ignored for now. MAGNITUDE accuracy is readjusted in
step 8.

5. Set the test frequency to 100MHz, and insert the probe into the OPEN standard
of the 16345A.

6. Adjust A4l Delay Line (LENGTH ADJ) until the value displayed on the PHASE
display is -90.0 degreestl count.

7. Reperform steps 1, 2, 4, 5, and 6.
8. Reperform stepsl, 2 and 3.
Note

If a 0.0° (step 4) or -90.0° (step 6) phase display cannot be obtained by
adjusting PHASE ADJ, replace the cable between AIP2 and A4P2 with one of
the cables listed below, and re-perform this adjustment :

HP Part No. Cable Length Remarks
04193-61615 10cm Increases phase
04193-61616 15cm Standard cable
04193-61617 20cm

Decreases phase

5-35. RECORDER OUTPUT VOLTAGE ADJUSTMENT (A15)

PURPOSE: This adjustment sets the recorder output voltages for MAGNITUDE, PHASE,

and FREQUENCY.

34658

000000 oeooood

' A

BNC (male)-Dual Banana Cable

Figure 5-17. Recorder Output Voltage Adjustment Setup.

EQUIPMENT :
Digita] VOltImMeter sesecsssesccessncscscctsccsscsscascccscece HP3465B
BN C(male) - Dual Banana Plug Cable «ccceceeeenens HP 11001A
PROCEDURE :

1. Set the 3465B's controls as follows :

FUNCTION .eceveenees =
RANGE «eeerercnreannns 2V

5-22
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10.

1L

12.

13.

14.

15.

Connect the INPUT terminal of the 3465B to the MAGNITUDE RECORDER
OUTPUT terminal of the 4193A (located on the rear panel).

The value displayed on the 3465B should be within +20mYV.

"}

Press the [ ] key on the 4193A.
Adjust A15R2 (M F.S. ADJ) until the reading on the 3465B is + 1V.

Connect the INPUT terminal of the 3465B to the PHASE RECORDER OUTPUT
terminal.

o

Press the D key.

The value displayed on the 3465B should be within #20mV.
wrTy

Press the [ ] key.

Adjust A15R3 (P F.S. ADJ) until the reading on the 3465B is + 1V.

Connect the INPUT terminal of the 3465B to the FREQUENCY RECORDER
OUTPUT terminal.

o

Press the D key.
The value displayed on the 3465B should be within +20mV.
uR "}

Press the [ ] key.

Adjust A15R1 (F F.S. ADJ) until the reading on the 3465B is + 1V.

5-23
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SECTION VI
REPLACEABLE PARTS

6-1. INTRODUCTION

6-2. This section contains information for
ordering parts. Table 6-1 lists abbreviations used
in the parts list and throughout the manual.
Table 6-3 lists all replaceable parts in reference
designator order. Table 6-2 contains the names
and addresses that correspond to the
manufacturer's code numbers.

6-3. ABBREVIATIONS

6-4. Table 6-1 lists abbreviations used in parts
list, sechematies and throughout the manual. In
some cases, two forms of abbreviations are used,
one in all capital letters, and one in partial
capitals or no capitals. This occurs because the
abbreviations in parts list are always all
capitals. However, in the schematic and in other
parts of the manual, other abbreviation forms
with both lower case and upper case letters are
used.

6-5. REPLACEABLE PARTS LIST
6-6. Table 6-3 is a list of replaceable parts and
is organized as follows :

a. Electrical assemblies and their
components in alphanumerical order by
reference designation.

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

c¢. Miscellaneous parts.
d. Ilustrated parts
appropriate.

breakdowns, if

The information for each part includes :

a. The Hewlett-Packard part number.

b. The total quantity (Qty) in
instrument.

e. A description of the part.

d. A typical manufacturer of the part in a
five-digit code.

e. The manufacturer's number for the part.

the

Table 6-1. List of Reference Designators and Abbreviations

A - assembly E - misc electronic part P = plug u
B - motor F - fuse Q transistor v
BT - battery FL = filter R resistor
[ = capacitor J = jack RT = thermistor VR
cP - coupler K - relay s = switch w
CR = diode L - inductor T = transformer X
DL = delay line M = meter TB = terminal board Y
DS device signaling (lamp) MP = mechanical part P = test point
ABBREVIATIONS
A amperes H = henries NPN negative-positive- RWV
A.F.C. - automatic frequency control HEX = hexagonal negative
AMPL amplifier HG mercury NRFR = not recommended for
. KR hour(s) field replacement

SEFCS gii:ﬁiszt’i‘(‘fp’;ﬁf“‘“3"" Hz - hertz NSR not separately s-B
BH binder head IF intermediate freq. replaceable SER
BP bandpass IMPG impregnated gECT
BRS brass INCD - incandescent OBD order by description SEMICON
BWO = backward wave oscillator INCL include(s) OH oval head st
ccw . counter-clockwise INS - insulation(ed) ox - oxide SIL
CER - ceramic INT - internal SL
CMO = cabinet mount only k - kilo . 1000 P peak SPG
ggff f:;gf;‘:)‘:"‘ LH + left hand PC printed cirguit g;’:
COMP - composition LIN linear taper - pico 10 SR
COMPL - complete LK WASH lock washer PH BRZ phosphor bronze STL
CONN - connector LOG logarithmice taper PHL Phillips
cp - cadmium plate LPF low pass filter PIV - peak inverse voltage TA
cw = clockwise 6 TGL

M mey - 10 PO part of
DEPC deposited carbon MET FLM  metal film POLY - polystyrene LHD
DR drive MET OX metallic oxide PORC porcelain TOL
ELECT . electrolytic MFR manufacturer POS position(si TRIM
ENCAP  encapsulated MINAT mimature POT potentiometer TWT
EXT external MOM momentary PP - peak-to-peak

MTG mounting PT point
F farads MY mylar” PWYV peak working voltage "
t femto 107° o VAR
FH (lat head n - nano - 10 VDCW
FIL H llister head N C nurmally closed
FXD fixed NE neon RECT rectifier w

NI PL nickel plate RF radio frequency W
G N O normally open RH ruund head or WIV
GE NPO sahve pusilive zero richt hand
GL izera temperature RMO rack muount only ww
GRD coefficients RMS ruot-mean square w0

REFERENCE DESIGNATORS

- integrated circuit
= vacuum, tube, neon
bulb, photacell. etc.
- voltape regulator
= cable
= socket
crystal

- reverse working
voltage

slow-blow
screw

- selenium
section(s)

= semiconductor
silicon

- silver

- slide

- spring

= special
stainless steel
split ring

- steel

tantalum
= time delay
= toggle
thread
= titanium
= tolerance
trimmer
- traveling wave tube

micro 107°

variable
- de working volts

- with
watts
working inverse
voltage

- wirewound
without

0001-9700

6-1
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The total quantity for each part is given only
once--at the first appearance of the part number
in the list.

Part numbers for the shield cases, screws, cable
clamps, and cables (except for wiring on a board)
on each board assembly, are not listed in Table
6-3. If required these parts must be ordered
separately when ordering a complete board
assembly. They are listed in Table 6-4 and 6-5
as Board Mounted Hardware and Cable
Assemblies respectively.

6-7. ORDERING INFORMATION

6-8. To order a part listed in the replaceable
parts table, give the Hewlett-Packard part
number, indicate the quantity required, and
address the order to the nearest
Hewlett-Packard office.

6~9. To order a part that is not listed in the
replaceable parts table, state the full instrument
model and serial number, and deseription and
function of the part, and the number of parts
required. Address your order to the nearest
Hewlett-Packard office.

6-10. SPARE PARTS KIT

6-11, Stocking spare parts for an instrument is
often done to insure quick return to service after
a malfunction occurs. Hewlett-Packard has a
Spare Parts Kit available for this purpose. The

kit consists of selected replaceable assemblies
and components for this instrument. The
contents of the kit and the Recommended Spares
List are based on failure reports and repair data,
and parts  support for one year. A
complimentary Recommended Spares List for
this instrument may be obtained on request and
the Spare Parts Kit may be ordered through your
nearest Hewlett-Packard office.

6-12. DIRECT MAIL ORDER SYSTEM

6-13. Within the USA, Hewlett-Packard ecan
supply parts through a direct mail order system.
Advantages of using the system are:

a. Direct ordering and shipment from the
HP Parts Center in Mountain View,
California.

b. No maximum or minimum on any mail
order (there is a minimum order amount
for parts ordered through a local HP
Office when the orders require billing
and invoicing).

e. Prepaid transportation (there is a small
handling charge for each order).

d. No invoices--to provide these
advantages, a check or money order
must acecompany each order.

6-14. Mail order forms and specific ordering
information are available through your local HP
Office. Addresses and phone numbers are
located at the back of this manual.

Table 6-2. Manufacturers Code Lists

MFR e Z1pP

NG . MANLUFACTURER  NAME ADDRF S8 CopE
00000 ANY SATISFACTORY SUPPLIER

61121 ALLEN~ERADLEY CO MILWAUKEE WI 53204
01295 TEXAS INSTR INC SEMICOND CMPNT DIV DALLAS T 75222
0192K RCA CORP SOLID STATE DIV SOMERVILLP NJ 08876
02111 SPECTROL ELECTRONICS CORP CITY OF IND Ca 91745
07114 FERROXCURE CORP SAUGFRTIES NY 12477
02768 JLLINDIS TOOL WORKS INC FASTEX DIV DFS PLAINES L 60016
02888 KDT PYROFILM CORP WITPPANY NJ 07981
04713 MOTOROLA SEMICONDUCTOR PRODUCTS PHOENTIX AZ 85062
06383 PANDUIT CORP TINLEY PARK (N 60477
06665 PRECISION MONOLITHICS INC SANTA CLARA CA 95050
07716 TRW INC BURLINGTON DIV EURLINGTON 1A 52601
19701 MEPCO/ELECTRA CORP MINERAL WFLIS  TX 76067
24046 TRANSITRON ELECTRONIC CORP WAKEFTELD MA 01880
24355 ANALOG DEVICES INC NORWOOD MA 02062
24546 CORNING GLASS WORKS (BRADFORD) ERADFORD PA 16701
26654 VARADYNE INC SANTA MONTCA CA 90404
27014 NATIONAL SEMICONDUCTOR CORP SANTA CLARA CA 95051
27167 CORNING GLASS WORKS (WILMINGTON) WILMTNGTON NG 28401
28480 HEWLETT-PACKARD CO CORPORATE HQ PALD ALTO CA 94304
51642 CENTRE ENGINEERING INC STATE COLIEGE PA 16801
56289 SPRAGUE ELECTRIC CO NORTH ADAMS MA 01247
72136 ELECTRO MOTIVE CORP SUB IEC WILLIMANTTC cT 06226
72982 ERIE TECHNOLDGICAL PRODUCTS INC ERTE PA 16512
74970 JOHNSON E F CO WASECA MN 56093
75915 LITTELFUSE INC DES PLAINES L 60016
8E175 BURR BROWN CO HUNTSVILLE AL 35801
98291 SEALECTRO CORP MAMARONECK NY 10544
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Reference
Designation

HP Part
Number

Description

Mfr Part Number

A1

Al

a1 cl
AR
f1C3
ALCA
ALCS

CRIN
A1C7
ALLR
609
ALCT0

[ENRR Y
ATEZ0

a1c21
Alcee
1023

ATIER

1
a2

ATRT

AR

A1R3

ALR4

ARG

ATRE

ALGY

A1Q8
ATR?
A1R10

AR
MY R2
AR
MRS
ATRE

~RG
ATRY
RS
ALRY
AIR1E

AR
ATRI2
ATR1Z
AIR14
HTR1G

AIR1E
ALRLY
ATRIE
ATRLY
~1R20

D419 T- 66501

0760

0160

012
B1H0--47
1800116
01800116
0160-4793
01603127

01 60-0174
1160 -3174

6160-0174
0180-0594
0180-1061
D608y
0taHd-8127

01600174
01600127
0150 -01e7
0180-2981

BLEHO 48T
61 60-0127
9160 4801

014604835

17010179
19610179
19201 -0441
1901~ 0640

91403114
9300-3139

TN 4-0247
16540247

031e
16541247
18533010

LRS- 0010

L854-0247
1R56-0047
1854~ (247
FBSA (015
040084705

0H93- 681
N34T
RIS
040

075704423
DB -THDYE
G693
HERIRA

(693

(6831

sy
67E7 6417
HEREN SRy R (A

G757 0046
HERES WA 14}

07576346

N TG TS

7

1 CAMPL NG PULLE L NERATER L
g CHPANTTON FOTHRU HEGepr +0g
CEPALLTER- -V DTHRU 500§

1 CAPACTION-Y TRMR ATR X
1 CAUAC)TOR-F XD TIPE

2 CAPAQITTON XS L0057

TXD b LAY
1 FAD S BPE e oy
4 FRD IR VA
4 TTOR VXD 4705 +8g p
CAPACTTOR -FXD L 470HF 130
COPAnTTOR-V X0
il CE AT T
@ G CLTOR X
CEpantTOR -FxD 1 s
CAPADTTOR-FXL JUF - 20% oy
CAPECTTOR-EXD L 4TUF 100
CAPAOTTOR XD JU 4+ P07
CAPALTTOR-FX0 WY 4 20 0
CAPACTTON - FXD 200 UF 1aVG0
i CHEPADTTOR - FHD U v 1h%
CHPEOTTOR - TXD U t
1 CAPALTTOR -F XD 1I06P
CHRPARTTOR FXO 10U
n DEODE -CWITUHI NG 15V 53a 75
UTEHEND 160 M 7

1 STEP RECELERY
1 SuETUMING 36V S0Ms O
| PNCHETOR QP - Ot D LE )%
) TNLUDTOR 700 155 50X 8770
4 TRANSTETOR NN L 1039 PG
TRANGTGTOR MW 5T T0O-397 00
1 TRANSTSTOR NPN ST 10-18 70
TRAMGECTOR NPR T 10 -39 Pl
B TRENSTGTOR PNP ST 10 -1 70
TRANSGTGIOR 2y S0 T 1 e
TRAMGIATOY NON G TR 3% PL
TRANSTOTOR NON BT TN 32 Pha
TRANSTATOX miN 01 TO 59 P
1 TRANBIGTOR PNO SY PH=D66 M
n RESTSTOR 4,7« it
2 RIFQTGTOY 600 N A
REGUGI0R 4,7 )
7 REGIATON T
t REYSTGTUR SR
1 RIESTGIOR
RESTGT
RESTOTOR
RESGTGT 00
RESGTSIOR
n RESBVETLR 1 D!
1 RESIGT0ne 16¢e
| EnTaeRr 3, J
REGITGINR &
| REGTLTOR 49,
} RETGTISTORN 54
2 pESTGTLR
i RESTOTDY L &
RUGITSIOR HF
FEsTaTrnY 16 T

AR AnnEMGE Y

A0
e

WICTA

RENTE LER

MR
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GPEe Do -7
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19012441
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GLAD-1 4
BEGE XA
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VB4~ 07247

VREA-RY

VO 4-047

fHT-0010
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See introduction to this section for orderimyg mformation

#*Indicates factory selected value
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SECTION VI

Table 6-3. Replaceable Parts

Reference HP Part |c Q .

; A t Description Mfr Part Number

Designation Number [P Y P

[EN} ! " RESTHTOR IRK N P TR}

L R2E 3 Ry =100 “TO-106G1-F

GRS @ ]y 13/4500 b

“G1R24 & il REGIATOR 27 i 4; STOO-39R0--T

ARG b REGIHTLR FPRAR-2-T20 -39R0-J
04193-26501 0 1 PCBD BLANK 04193-26501

MUSTE L LANTQUR PARTS

G120 -00aY 3 6 CORF-SRIELDING BIAD w8380 P178-0029
1205-0050 7 2 HEAT SINK T0-5/T0-39-CS 28480 1205-0050
N4193-H3001 X 1 ~43400 0419360001
419361627 7 1 AGHBEMARLY 28400 0419361623
0419366541 | 1 1 PORASSEMTBLY - DELAY 3450 34197366541

AIR26 2100-3212 1 RESISTOR -TRMR 200 10°¢

ATR27 0757-0442 1 RESISTOR 10K 1% .125W

6-4

see introduction to this section for ordering information
#[ndicates factory selected value




SECTION VI

Table 6-3. Replaceable Parts

Reference HP Part |c e Mfr
; . ol Qty Description Cod Mfr Part Number
Designation Number ode
A DA LIE- 66T | 1 ] ALD AMPLTETER BAARD AGSHEMEL Y PEAGD 0415766507
an 0160 1 > CAPALTYOR-FDTHRI BOGODF 400 -20% 2004 26480
ance 160 L CAPACTTOR-FDTHRY S000PF +80 -20% 200V P41
: 0160 4 2 CAPALTTOR FXD A7PF %% 200VDC DER 0+-730 FR4H0 (1604307
ACCA B 60~ 4 7 CAPACTTOR-FXD 01U +-10% 100V00 CFR 20400 0360 4832
AEY G160- 7 B CAPACTTOR-FXO U 4 10% S0YDE CRR PEAR 0160-483%
arCe 01604387 4 CAPARTTOR-FXD 4700 + 2HOUDE )00 2400 09160~ 4387
Y 6160 £ 7 CAPACTTOR -FXD AUF HOUDE EELET 01 60-483%
A 01600243 7 @ CAPACTTOR-FXD |, 2PUF + R 400 0] 60024
Y] 01604835 7 CAPARTTOR FXD L 1UF 4 28480 01 60-48 2%
AC10 03 604835 7 CAPACTTOR-FXD Ul + PE480 01604835
#1640 , CAPAGTTOR-FXD L TUE 4 AT TV ZEHABO (1160-4835
150~ 4 CAPACTTOR=FXD L JUF -1 HOUDE SER 20480 01604
5160 7 CAPALTTOR FXY VOF - HOVDE CTR DHAHN 01 A0-A83E
0460 4 CAPALTTOR- FXD L 01UF + LANUDE CF 21480 01604872
(160- 7 CAPAGTTOR-FXD 1+ L H0VDE PEAEO 0 60-483%
0160 7 CAPACTTOR“FXD 72U 4] g CER 28480 016007
(160 7 CAPARTTOR FXD L 1UF 410 1UDC CER B4R10 1160-4
11160 7 CAPACITOR-FXD 17+ fUpC CER 21489 0160~
a0 7 CAPALTTOR-FXD L 1UF + C SHUDE OFR 21480 016048
01 h0- 7 CAPACTTOR-FXD L 1IF 4 HRUDE LR PH4R0 01 60-44
| 03 &0 4 CAPAGTTOR-FXD L 01UF +- 0% 100UDE CIR PRABDY 014604832
YLt 1160 7 SAPACTTOR -FXD L TUE 41 0% H0UDE CER DRAEN 0160-48
A023 0160 7 CAPACTTOR-FXD L 1UF +1 0% HS0VDE CER PRABO 0960483
LYo 0160 4 COPARTTOR-FXD L 01UF «-10% 100VDE CER 28480 0160-4837
0140 7 COPACTTOR-FXD L 14F +-10% S0UDE CER PR4E0 09 &0 -~4B%E
01604835 7 CAPALTTOR-FXD L AUF +-10% H0UDE CER 2RABO 016046
01604835 7 CAPACTTOR-FXD JUE +=10% S0UDG CER 20480 09 60483
D043 7 CAPALTTOR FXD 105+ 102 50V00 CER 23400 0160-482
0160-4787 CAPACITOR-FXD 22PF 0160-4787
D1A0 4835 7 CHPACTTOR-FXD L TUF +=10% H0UDC CFR PB4B 0 (1 60~ 4E%%
01 40 7 CAPACTTOR-FXD LUK +=10% H0UDC CER 21400 69604875
g6 4 CAPACTTOR-FXD |, G1UF +=10% 100VDE CER PHARD 0160-483
160 7 CAPGETTOR-FXD LT +-10% 50UDE CFR DRAR0 07604875
0180 1 CAPALTTOR-FXD 6,8UF+-10% 35VDC 56289 150D0685X903582
G160-4790 5 CAPACTYOR-FXD H. 0P8 + - 5PF 100UDE CFR FRLY:L] O1ED-4790
B160-4BAG 7 CAPACTTOR-FXD L 1HE +-10% S0VDE CER PHAB0
018010683 % ? CAPARTTOR-FXD X3UF PEUDC A 26480 R
0180 8 ] CAPACITOR-FXD 2., 2UF+-167% 20UDC TA 289 150D22EXY 0P 0AP
0160~ 7 CAPACTTOR-FXD . LUF 4= 10% H0UDE CER 28480 01 60~ 4HES
060 4 CAPARTTOR-FXD . OTUF +-10% 100UDE CER PBALD 01604832
01604032 4 CAPARTTOR-FXD L 01UM +-10% 100VPE CFR F04n0 0160-4832
0180-108% z CAPALTTOR-FXD 23UF 25000 AL 1480 01R0-1 083
APCR P01~ 0537 4 8 DGR N 28480 58P~ 3080
APIRE LY 0637 4 DEODE P SHARD HOBR-Z080
APORY 1201 - D439 4 DLODL-PIN 28430 SRR F0R0
AR 4 1YL 0639 4 DIODE-PIN AL -3080
APLRG J 010639 4 DTODE-P TN 28480 S082 A080
tort L3 4 VIOHE PN saaan FNERZ-T0R0
g 7 19010639 A PEODI - PEN 28400 i 3000
A 1wl 0639 4 UIOLE P PHARD EORZ-2080
fPORY 19010140 1 7 PLODE-SWETOHING 30U 5006 2NS DO-3Y 211480 19010040
BPORTG LR 0040 ! DTODE GWITRIING 300 S0MA 2HS D0 AR 12010040
AUCRT L 19010041 | PLODE SWITCHING 20U S0MA PRS DO X5 ERETH] 19010040
ACTRT S V0 R 0 ! DIODE- ZNR 2L 4% 5% DO-7 P AW Tis 76 73480 LONP-300%
fn L1 62 b 1 CONNFCTOR 4 PIN M MITTRTC POST YOI 2480 1% - 5667
AUk (R 4 i REN Y AL APURE LOTE L 66A FHVDE DEARG 1490-1:169
aoeR 0490 1269 4 RILAY 10 12UPC-0OTE L nh6 A0UDE peang D450 1269
aoLd P01 615 & 4 PHOUCEOR RE-CHOMLD 3L 2UH 20480 LN 161
a2 AT Y 6 LHETOR RE G Ml 1, 2o 63AR0 FANO-141Y
a3 A0 Y EE £ PRHOUCTOR RE-CHomL o 1 20N 2400 IO 1HTEH
eor 4 L0 LS “ PNDUCTTO R 000 M O b 2 ARG GAD0-161
29nn
VR PERI] 1 o IRDNCTOR RTGCH D IR PR4a80 grnp-1618@
YR RN i PRHDLCTOR Ry O ml D IR 204010 P60 14600
fl 8 e I TNDUCTOR RY O ml b bS]l G 0% T IEDY 2616 agan GIHN-274
ari 34 4 i TRANG VGTIR wbyd s 170 G0 T 00 Pha i iom 1Ha71.4 PNTT7Y
[EYRRRNS 1S4 hntn o o TRANGTOTOR MUN L PR=LO5MR T2 00 20400 TR54- DR
[N RS TIgtg - (103 4AY 4 TRANGTOTOR HiPr 179 Sy 10 7D Poh=liimid 1471°% FNYIT7O
YL 11154 01819 2 TRANGTOTOR NPN ST FDao il FTa700ms/ Puann 1654 0810
[EPsr T4 1ran £ TRANTT IO N =29 gy T e Frhz= 20 0MW Na473 7% PONETY

see introduction to this section for ordering mmformation
#ndicates factory selected value 6-5




SECTION VI

Table 6-3. Replaceable Parts

Reference HP Part |c Q D — Mfr Mfr P
Desi . o| Qty escription r Part Number
esignation Number Code
ARG 1354 034" k) TRANGTETOR NPN SNDLYY GT T0 79 PO=2a0ml 04713 PNSLY e
APR7 1540345 § TRANGLOTOR NPN PNGL79 81 TO-77 PH=200 MW 04713 CRELTY
@R 1854-0247 & TRANSTHETOR NIH
AR? 1635940597 Jid @ TRANSTOTOR NPN PRNSP47% 81 TO 39 Mhati 04713 DRIP4
AP0 154 0097 4 TRANGTSTOR NP 2NGR4T 5T T0-39 Phsil 04713 :
06833-4705 f 51 RESTSTOR 4% WY FOT0s- 40074500 (IR RERS a5
06835605 7 1 RESTGTOR 96 9% s VT 40074500 [IRES] CREADS
¢, ~3) e ) K RESTSYOR 3, 48K CLR2EWOF TC=0- 100 SANAL (4= 178 TO-Z480 |
0757 - 34210 1 2 RESTSTMY 1., 604 A ST R R S R N 1R (] AN Ca /8- T0-1621 ~F
PRS 06836815 & K3 RESTSTOR &30 TC=-40074¢400 {
AR (IR ER T 5] 1 ) REGISTNR YO 4007 vA00
AIR7 BaHg3-2018 1 R Y 40074600
(ARG 06934037 0 1 (R TCs0 4100 TO-- 4614 -}
CER? 06983192 i3] OR o TC=0+ 100 TO- 4031 -
ARG 075704778 1l REGTESTOR Foofcs=04 100 BT Q-LEE
MR 0757 0 k3 RESTSTOR TE=04-100 BT Cag 19 TR-SIR ¢
APRLD nayYs 1 4 HISTOR LA / [N R naYiAL C4q 1/8-T0-4541 F
HERLE 1 [ATOR 4 64K 1% 125 TO=04- 100 DAL Ca-1,/8-TO-ah41-
ATRT 4 i PSTOR 47 % " T 400 /205100 [[NIES| [N ]
QPR b SHTETOR T 400/4600 1ol CrePs
ARRL 6 GBI 681 ) REGISTOR W oFC TR A0/ v600 nr1er CR&ELY
“HAR1Y 069847386 o 1 FETETOR WoF TC=04-100 BERET Ca-1/8-T0- 52RO
APRLE 068320210 1 EGISTIR 220 W TEa- 400/ 4600 cRemo
MR B7E7-0394 ) FeTaR w11 L1 Fovos0+-1010 Ca-1/8-T0-511001 |
AR N6YE-31 1 ESISTOR 4. 44K 1% 1 FoorC=0a- 100 £4 1/8-T0-4641 -F
06983155 RESTSTOR 4. 6H4K % YO=04+ 000 DAL 4 1/8-T0- 4681
8 07%7 0417 s 1 RESTOETOR P62 TR25W F TC=D 100 EEVETN C4 178 T0-860R T
HOR2E 1] 70280 3 1 RESTSTOR 1K 1 TRHW T T0=04- 100 D4~ 1/8-T0-1007 -
MR A 0HYH 4447 1 3 REGIBTOR 4., 47K CI25W F TR=0 100 CA 18- 104401 F
“heR2% 01698-4014 K ) RESISTOR 78% 1% 120W F TEa0-1 00 Ca /78TO 787R
AZREE N6PR~4469 2 e RESTSTOR 1015 1% 3 TE=0e 1008 Ca 1/8-T0-11%1 ]
7 06984442 ) RESTISTOR 4, 42K 1% . 12%W F TC=0+t-100 4178104421 - F
075704 5 1 RESTSTUR 9069 1% 128W P TC=0e-100 C4- 178 TO~-R09R -
06984445 1 RESTSTOR 4,420 1 125 TO=0+--100 CA ) /G-TO-44.0% -1
D6HE3-4700 @ REGTSTOR 47 5% LWOFC T 400/ 6500 R4t
APR3Y 06832215 ) REGTHTOR 220 VOO TCw=-400/44L00 IR CReea
[arearanvil 06334302 7 1 REBTISTOR 261 SWOF T C=0 100 0Inne PMESS 1 /8- 102681
G R3A V7570412 3 1 RESTSTOR B6Y AR FoTC=04-100 DAL D41 78TO ' P
AERI4 70409 3 i REBISTOR 274 RS P S S | R R U] 2446 Cq-1/8-ThH F
HOR3BYE 06831005 1 1 RESTSTOR 10 T0= 400 /4500 nyya2t Cr N
AZRZL 16984469 il Gr 1, 15K F=0t-100 e T Y Ca 1/ -T0- 11501 -1
ARR3Y 0649834473 il ! RESTSHTOR 2877 1% 040060 DANAL N 1T H - ERTR T
MPRIG 0683-1015 0 1 RESISTOR 100
AORIY 36H98-3444 1 1 RESTGYOR A6 14 12580 1 1004 1010 REGEE YN D43 /@10 ATER ¥
M2R4 0683-5615 % RESISTOR 560
06834705 B 47 CAEW T TO=-400/4500 G411 a765n
0628 -3400 1 i 316 WO TR 100 D@4 695400
N698-3402 1 W TCs0e 100 240 Qren-34007
6331080 ) 1 T B0 /00 0111 [0 258 M1
B RAL 16984413 b 2 Foomi -1 ) DANAL Ca 1 /78-TH-154R F
BHIRAT G676 4417 & REGIETOR FCwde =100 AT, E4 - 1/8 TO-15947 F
fiIR40D NLB3-470Y 8 RITGTATOR T A00 B0 G Craran
R4 0OL9B-F437 2 4 REGTHTOR VO 1010 DATNL, Cq-1 /8T ¥
ARG 062803437 ” RESLETOR TR0y 1o DA Ca 1/a-Tn- ¥
ARG DEB-- 3437 2 RESTSTOR JE20W T TCsEle- 108 P ANA Ca4- 178 T8 LAAR T
ACRED 05733457 ” REGTSTONR SooorOnW Y T0=00 100 DANAE Ca 1870123832 F
0683-1215 RESISTOR .25W IC TC=-4001+600 CB1215
0770394 i REGTHTNR A I P I Y W R VIR R W12 Ca 1/R-T0-51R F
06833415 4 1 RESLETOR LR EL TCE- 400/ 40600 CIAn 1S
060E-4460 3 1 REGISTNR L4 V7% 17200 (e =100 Co b7 1064
045984447 0 1 RESGTHTOR 1,05 1% 1296 1 Tr=040-100 REART I a1/ 10 ant -f
2100567 I ! REGIOTOR -TRMR 2K 105 © TRe-ADY 1 T 261480
Ut 13201144 b 1 T BaTE TTE LS NOR QUAD 2 TN [N e
A PB20-647 4] 1 TOOINY T e X -1l [T B
1205-0050 7 2 HEAT SINK T0-5/T0-39-CS 28480 1205-0050
5001-0176 7 o STRAY GROLIND saAg AT (R
04193 6000 4 ] COVTR 21450 D43 Tepn (00
04193-26502 | 0 1 PCBL BLANK 28480 04193-26502
AW §159-C2005% 1 JUMPLR

See introduction to this section for ordering mformation

#Indicates factory selected value




Table 6-3. Replaceable Parts

SECTION VI

Reference HP Part | ¢ Qty Description Mir Mfr Part Number
Designation Number |D Code
A3
A% 0419366503 | 2 1 VTHANNEL AMPLTT TER ROARD AGHIMEL Y pRARD 04797 66507
0160-0570 2 2 CAPACTTOR -FXD  220PF + LOOUDE MR 24RO 0160-0570
0160-3877 5 2 CAPACLTOR-FXD  100PF + 100UDE LER ARAa0 0160-3877
0160-0570 e CAPALTTOR-FXD  220PF + TUOVBE DR 2480 0166-0570
0160-3877 5 CAPACLTOR-FXD  100PF + 100UDE O 20480 0160-3877
011603878 4 1 CAPACTTOR FXO 10000F LGOVOE CF PEARG 01H0-EBT R
071 604035 7 6 CAPACTTOR-FXN U 4+ 10% S0UDE CFR 2480 0940 4835
0160-0127 2 3 CAPACTTOR-FXD  1HF +-20. 25VDC TER 3480 0160-0127
0160-0127 2 FXD U +-200 25VDC CER PR400 0160-0127
016801083 3 5 FXD A30F 25UDC Al REEET (180-1003
0716047386 3 1 FXD BEPE 4 POOVDE CLR -39 AR POG-PO0-ND G550
01801083 3 CAPACTTOR-FXD 331F 25U0C Al FEAE D 01803 08%
2 01801083 3 CAPATETOR-F XD A0 25U Al 211480 61861060
13 0160-0127 2 CAPACITOR -FXD 1YF +-20. 25V0C CER 1480 0160-0127
ABC1A 016048132 4 | CAPACTTOR FXD 000 1 0% 100UDC CER A0 01700 48755
ABLLES 0180-0373 1 CAPARLTOR -FXD . 68U7 +-107 35VDC TA BHRHY 150D684X9035A2
AZC1E 01800291 3 1 CAPACTTOR=F XD 1L e=10% FHUDC TA 5609 150D 05X7 0 X5AP
A3C17 0180-3153 1 CAPACTTOR-FXD 10UF +-20 25VDC TA
AZC18 01604835 7 CAPACTTOR-FXD L 1UF 43 0% S0UDEC LER PRABO [ISEN AR
ABC1Y 016040 7 CAPACTTOR-FXD . LF +-10% S0VRE CIR PBAAL 014 0-483%
ARC20 0160403 7 CAPACTTOR: FXD L IUF +-10% S0UDC CFR PE490 01608035
A3021 1604835 CAPACTTOR -FXD L 40 LOB0VDE GER FR4B0 016041335
0604035 7 CAPALTTOR-F XD, 10 L BOUDE CFR PRA00 G140 A0
0160 -1063 3 DG TXD HEUE Al 26480 (80-1087
AIC24 071801083 3 [} FRDEIIE AGUDE Al 1R4An0 01801087
ABCR1 19016179 7 1 DLODE-GWITCHING 15Y 50HA Y5005 DO EELEN 1901-0179
AT & ] CONNECTOR 4-PIN ¥ METRIC POST TYP PAR0
ABTR » 1 CONNEOTOR G-P1N M METRIC POST TYPY BETET
ABLL $140-0114 4 4 INDDCTOR RE-CH-ME D TOUM 10% L 1ALRY, 050 PRARD G4l 0114
ABLD 1400114 4 INDUGTOR RE-CH-MLD L0DH 10% . 146DX ., 38510 RELGE] G140-0114
ABL3 1400114 4 INDUCTOR RF-CH-MLD 10UH 107 1 66DY, 351G POABD G140 011A
A3L4 9140-0114 4 INDUCTOR RE-CH-MLD TOUH T0% | 16HDX, 656 ARG S140-0114
38540329 3 1 TRANGIETOR-NPN 2RO 636 PH4ARD 1854 0129
1854 -0477 7 1 NPN 2RZP2PA ST T0 18 PRS00l 047173 PNP2RRA
193530281 9 ] TRAMSTSTOR PNP 2NP9076 G 1010 PL=A0IHR 04713 P06
0698-3155 RESISTOR 4.7K V¢ .25W FC TC=-400/+600 [RREEDY
0698-7205 RESISTOR 51 .25W FC TC=-400/+500 01121
0683-4715 0 1 REGTGTOR 470 %% . 2%W FO T0=-400/ 1600 01121 CRAVS
0698-7205 RESISTOR 51 .25W FC TC=-400/+500 ni1el
0698-3155 2 RESISTOR 4.7 .25W FC TC=-400/+600 o1
ARG 2100-3109 1 STRMR 210 10% 0 B10E-ADT 1 TRN 0480 2100-3109
ABRY7 06835105 4 BB PhKW FC TCs 400500 01 (URE LY
RS 06835105 4 61 COEWFCY A0S0 0112 CHET 0%
ARG 2 7 1 TRME UK 10% C 8IDE-ADY 1 TR PHAGN U005
ABR10 06,98-4158 b 2 TOOK 1% 125U P TC=0e-%0 RN Beit 4158
ABRTL 06984158 b TR 100K YO0 850 R4 (14584176
AARL2 06831025 9 1 TOR 1K %% 400 /4600 0111 £ 0025
A3R1T 0698 3152 2] 1 TIOR3, ABK 1Y ITRW P IO 08 -1an T4 04178 - To-3450
AIR14 07570421 4 ) TOR 82% 1% 1250 T TC=04-300 P46 C41 /810 0PhE
ATR1E 0757 0465 b 1 LONK 1% 1PBWF Te=0e 1an EEETYS C4 1 B-T0-10000
ARG 07570317 v 1 CLPNWOF TO=04 100 PAL4G LT LAY
ABR17 16783153 4 1 i IR Y] DANA G (R TR S I
ABR1B 06834705 2 S 400 /4700 011 rhk
AERTY 053347 2 400/ 700 [ANRS!
AR20 06832 3 ? o 40T/ 47 00 01121
A3R21 D6BI -2 3 RV GTRTUR COTr 4004700 (RS TR
ATRZR 06831055 [ 1 RESTSTOR YO @00 /0900 01ie BRI
AR 0699-0277 & » RESISTOR TC=0+-15 DAL 0699-0277
AER24 669907277 1 RESGTOTOR PRt 19 Paang BESY 0277
ABRES B6E3-470%5 » RESISTOR [P 400/ 4200 FERER! RIS R
AAR26 06988474 7 1 RESISTOR Qoo WOE T DRARG Ne08 2474
ABRP7 N699 - 02H7 6 k] REGTHTIOR 100 T F T U480 060 9= 05
AAR2E 06990087 3 RESTOTOR 100 AWF TR0 20400
AZR2Y 06983360 3 » RESIGTOR 220 5% oW #f) Tr=n: 200 SEAGO
AFRI0 06983628 3 REGIGTOR 220 PWOMO TS0 200 prang
AZR31 D699 0057 8 RESTSTOR FK 1% U ¥ 1005 : -nhe
AZR32 06982207 » 1 RESTSTORFXD 5 0,05 1/8W M 8 Goee 2P0
ABRBE 06990287 3 RESTSTOR 100 S e 124 [ T
A3R34 06983150 6 ? DLUAVK 1% 12%W 1 TR0 100 DAY fa 1R T0 A7)
AIRIY D6YY 0085 0 ] DLUGIK W 0NN T 100 10D RETTIA €4 1/ T 2601

See introduction to this section tor ordering mformation

*Indicates factory sel

ected value
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SECTION VI

Table 6-3. Replaceable Parts

Reference HP Part |c Q D s Mfr
; . t escription Mfr Part Number
Designation Number |D Y P Code
AAIREZEG 06T 0 04100 2A546 C4--1/8-TN-2611~F
AARZY 04,98 b Q4-100 P4546 Ca-1/8-T0-2371~F
IRAR 1810 S 7 1 [ $ * 01121 208A472
AARIY 04831025 7 1 RESTSTOR 1.8K =% 290 FE TC=-400/4700 01121 CRr1825
A3R40* 0757-0464 90.9K 1%
ABTL 04193417 0 t BALUN 7111480 04193-61%01
18260712 4 1 eo0p aMP LOW-RIaA¢ IHMPD DUAL &-DIp--P
18260219 7 i i O AMP LOW-BTAS-H-TMPD TD-%9 PKG
102 1958 9 k4 S5WLTCH ANLG GUAD 14-DIP-P PKEG
1R20 19481 1] WITCH ANLG SHAD 14-D1P P PKG CDA4A01ARE
ARUD 1ER6-0319 7 LS 0OP AMP L OW-RTAS-H- TMPD TO-9% PREG L3566
ARG 182019458 0 T SWITCH ANLG GDAD 14-DIP-P PKE 3 CDAB16RE
ABU7 18926~01 38 8 1 COMPARAT GP QUAD 14-DTP-P PKG 01299 L MAZON
AZEG TH20-174% 3 1 GATE CHMOS NOR QUAD 2-5RP 047132 MO14001 KOCP
0419360003 5 1 COVER 204800 H4193-60003
04193-26503 | 0 1 PCBD BLANK 28480 | 04193-26503

6-8

See introduction to this section for ordering information

*Indicates factory selected value




Table 6-3. Replaceable Parts

SECTION VI

Reference HP Part |c s Mfr
; A ol Qty Description d Mfr Part Number
Designation Number Code
Al 04193 66504 | 3 1 T CHARNNTL AMPLIFIER LOARD ASGEMRLY 204830 041 93-6H6%04
a4 0160-0570 E » FXD  220PF 4% 100VBE CFR PRA80 0160-0570
nanp 0160-3877 5 2 FXY  T00PF «-20% 100VDLE CER 2R4B0 0160-3877
M4 03 0160-0570 2 OR-FXD  220PF < -20% 100UDL CER PR480 0160-0570
> 0160-3877 5 FXD 100PF +-70% 100VUDE CER D148 0 0160-3877
0160-3874 & 1 R-FXH 1000PF +-20% 180UD0 CER PEHAB0 1) 603079
61604835 7 8 CAPACTITOR-FXD L 10F +-10% S0vDBC CER 204810 0160-40735
0160-0127 2 3 CAPACTTOR-FXH  1UF +-20% 25VDC CER 20480 0160-0127
0160-0127 2 CAPACLTOR-FXD 11 25VDC CER 213480 0160-0127
01 60~4386 3 ! FXD 3301 4-5% POOUDC CER 0430 51642 200-200-NPO-F30T
DAY 483D 4 1 FXD L 01UF 4-10% 100000 GER 20480 0160-4837
61891083 3 5 FXD H30F C oAl 2480 01001083
01580 -10873 3 : SEXD FAUE REUDC Al D480 0180-1083
AACTLA 0160-0127 2 CAPACTTOR-FXD LU +-20% 25VDC CER PR480 0160-0127
fHarl 4 D160 483% 7 [ TTOR -FXD 0 +-10% 50UDhE CER P34G0 0160-480
AACLE GL6E0-4030 7 CAPACITOR-FXD L 1UF 47 0% SHVDC 20460 0160
4 b N1E-0291 X 1 CAPALTYORFXD 107+ 1 0% 350DE TA D1 0%5X900
aacty 01800374 3 1 CAPARTTOR-FXD 1 0UF -1 0% 20UDE TéA SOD106XT 02012
A4CTH 0180- 1 1 > FXD 6.8UF+-10% 35VDC TA 150D685X903582
64019 01460~ 2 1 i FRD OVGOPE +-5% 300UDC MICE AR4810 09602206
A4URD 0150~ 3 ; EXD 5 At PHABG 01R0-1083
A2 3 F XD SE400 07601083
AGCRn 3 FXD PE4R 0 01£0-1 0t
3 7 XD 20480 060487
ARGE4 0160 - 7 FXD 20480 0160-
AGERY D é&0- 7 XD 20480 0160~
XIS D160~ 7 CAPACTTOR ~F XD 4 ouDE 7284R0 0160-
HALRY 0160 7 CARALTTOR-¥ XD 4] D% HOVDE PRA48Y 0966
AGOR L 19010179 7 1 DIODE-SWITRHING 15U 50MG 750RS DO~ PRARO 1901-0179
AaI1 b il CONMECTOR 4-PEN M METR POST 20480
A4 O CONNECTOR 4-FTN M METRIC POSTY 203480
a4l 51400114 4 4 INDUCTOR RE-CH-MLD 10U 10% L1 &60X, Fanl 7R4R0 99400114
AP FLGH-0114 4 INDUCTER RF-CH-MLD 10UH 10%  166DX. 3 20480 9140-0114
a4L3 §140-0114 4 INDUCTOR RV - CH-MUD 1OUH 10% | 16EDX 30 L4610 9140-90114
f414 F140-0114 4 TNDUCTOR RF-CH- MLD TOUH 10% L 166DX, 3 26480 9140-0114
A 401 16541 29 6 1 TRANSTETOR-NPN PEC1636 20480 18540129
A4 0698-3155 2 5 RESISTOR 4.7K 1% .25W FC TC=-400/+600 01121
0698-7205 4 4 RESISTOR 51 .25W FC TC=-400/+500 01101
AaR3x D6HZ-47210 0 1 RESISTOR 470 D% (- q 00D /4 AH00 61121 CRa7 18
G4R4 0698-7205 4 RESISTOR 51 .25W FC TC=-400/+500 01121
AARE 0698-3155 2 RESISTOR 4.7K .25W FC TC=-400/+600 01121
#4RG 2100-3103 3 GTOR-TRMR 10K SIRE- ey 1-YRN 28480 2100-3103
A4RY G6AE-51 0% 4 R VA 40074500 01121 CRET05
ARS8 1025 9 1 11 ) ARG L0 01121
A4RY 4 [S BRY A 400/ +500 01121
GAR10 7 1 STRMR 1Kk 10% 0 SIDE-ADS 1-TRN 20400 21003358
AR 6 2 109K T 150 g 0678-41%58
AGR1R . 6 180K G450 B4 0698-4158
A4R13 068347 2 3 4,7% 60/4700 01121 CHATPS
AaR14 06834 2 4.7K 00/+700 01121
HARLS 0683 ES » 20K 400 /4700 61121
AAR1G 0683207 3 DL B L 2NW FD TUE-400/4700 61101 CRARPE
BaR1Y 0633100 ) 1 e BO0/+200 011 CH105%
MaR1E F1ER @ 1 TCa04-100 ¢ Gty CA-1L /78 TH 3480
BaAR1Y 70421 q 1 /. TEelk4-100 546 L4 - 1/8-T0-HRBR -F
HaR20 0465 6 1 1% FoTe=ESs 100 546 €4 1/8-T0- 1003
AR 07E7 0817 7 1 1LA3K W% 1N F D454 C4 - 1/8-T0-1331 -F
AaR22 04658 9 ! FORBK 1% IPEW F 24%46 C4-1/78-T0-3831-F
AR G699 -B474 7 1 BOD L1 AW TOs045 2480 1698-8474
aaR24 04990287 & P 100 1% 1MW F (RS 2R4B0 B6S- 0287
AARD HL99- 0287 & H STOR 100 1% W ¥ LRI §) 283480 04599-0087
MR 06282199 1 1 ReXo MET FLM Ak OMM 0.1% 1/8W 20480 06L96--2189
AGRET ¥ 07570440 7 s R ¢ STOR 510K 1% 1250 7 TC=04+-100 S840 Q757-0462
AR 0498644 1 1 REGIAETOR 1K 1% TEahd -5 20480 06P0-6414
“ARDY D683 47 75 2 REGISTIR 4. 7K 5% FEOT0E 400/ 6700 01121 14727
EELE 21003 & 1 EETETOR-TRMR 5K TOP ALY 10 TRN PHAG0 21003252
HARR 2442 ¥4 4 RESTSTOR 10K % Foylsge-ihn 24546 C4-1/8-Te~1002-F
GAR3 6442 9 REGLIGTOR 10K 17 FOTCEG 100 D44k C4-1/8-T0-1000-F
A4RI X 442 9 REGTGTOR 10 1% w0 2100 BB T C4-1/8-T0 1007 F
MAAR34 0432 7 RESTHYOR H11IC 1% U TCE 100 284840 0757 4482
AAREE n44: 7 REGIGSTOR 10K 1% . 12%W 7 TC=0+-100 24544 Ca-1/8-T0-1002F

See introduction to this section for ordering information

#Indicates factory selected value
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SECTION VI

Table 6-3. Replaceable Parts

Reference HP Part |c . Mfr
: . ol Qty Description Mfr Part Number
Designation Number Code
AARIO 07570401 {i t REGTSTOR 100 4% 1250 F T0=0+ 100 FADAG TO-1071 F
AGRI7 18100205 7 1A NETUORK-RES 8-SIP4, 7K DM X 7 01121
AARIB A5HB3-1825 7 { REGTHETOR 1.8K 5% MWD TO= 400/ 1700 D11
GGy B419%-61581 0 1 Tl N 204480 G419 %4151
AL T2 G 0271 0 L 10 0r Al GP B DIP- PKE SNV VALP
AAU2 FER26--00819 0 i TCOP AMP WR TO-99 PG L4181
AT 182607108 4 1 TP amP VO BUAG - IMPD AL 8D P LE3YSN
[SRISL) 183201 9%8 I 1 T SWITCH ANLEG QUAD 14-DIP- P PKEG CHan)aRy
AL 1826 0319 7 1 TCOP AMP LOW-BTAS H-XP 0 TO-99 PKG 147173 (R T
[AEANTY 192607138 f8 ) T COMPARATOR GF QUAD 14 DIP-P PRC 91295 I MARTN
5001-0176 7 L STRAP - GROLIVD PRAA G Eia1-n1
419360004 | & 1 COVER 20480 0419 4L0004
y 28480 04193-26504
04193-26504 | 0 1 PCBD BLANK
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Tahle 6-3. Replaceab

le Parts

SECTION VI

Reference HP Part jc| o Description Mfr Mfr Part Number
Designation Number |D Code
A5
A N4193-665 4 1 MIXER & DIVIDER RBOARD AGHEMRLY 20480 04 193-66505
01602437 1 l CAPACTITOR~FDTHRY SO00PF +830 -20% 200V 28480 014602437
0160 37 1 CAPACTTOR THR AB00PF +80 207 200V 28480 0160-2437
61800228 6 3 CAPACLITOR-F 10% 15 . TA nara9 THODPREXF L ERY
01604835 7 4 CAPACLTOR-F +-10% CER 28400 01604835
01604835 7 CAPACTTOR=FXD 1UF -3 0% S0VDE CER 20480 01604825
D160~483% 7 CAPACILTOR-FXD L 1UF 4~ EOVDE 70480 0160-483%
07160- 3 4 CAPACLTOR [BAIPE navne ] 51642 AO0-200-NPO-270F
0160 7 1 CAPAGITOR 1T00PF +-5% 100VDC 726480 0160~
0180- 8 b CAPACTTORF AU+ 0% 15VDE Ta HHA0Y 1H0D
D160~-4B35 7 CAPACTTOR-F JINE -1 0% S0VHC CER 284100 1 H0-
3 CAPACTTOR-F S 200VD0 0438 9649 200-200-NP G330
ABCTI2 3 CAPACLTOR 9% A00VDE 0430 516947 2000200-NPO-330T
ANC13 3 CAPACTTOR- i 4 30 1642 PO0-200-NPO- RA0T
ATC14 : 7 CAPACTITOR -F ' SHARBD 01650-4635
016048372 4 4 CAPACTTOR-FXD L 03UF +-10% 100VD0 C 20400 (13 6H0-4832
0160-483 4 CAPACITOR~FXD .01UF +-10% 100VDC CER 28480 0160-4832
01604835 7 CAPACITOR-FXD L 10F +-10% S0VUDE CER 28400 0160-4B35
01800228 &6 CAPACTITOR-FXD 22UF+-30% 15 Th L9 LEODRPREX? 0
0180~ 3 1 CAPACTTOR-FXD 10UF+-10% 2 ) H6239 150D106X902
060~ 7 CAPACTTOR-TTXD 1t -1 0% SO0VDE CER 204860 1604835
01604832 4 CAPACTTOR-FXD L, 01UF +-10%Z 100UDC CER 3460 1160~4032
01604832 4 XD 0IUF 4 -10% 100VDC 20400 01604832
0160 1 18} FEXD TO00PE 41 0% 100VDI 20400 01AN=-4%74
07160 1 FXD 1000PF +-10% 100UDC € 20480 01640
2160 1 XD 1000oPy +-10% 100VDC CER 23480 0160-4%74
0160 7 CAPACTITOR~FXD L 1UF +-107% H0UDE CE 28480 01604835
16 1 CAPACTYOR -FXD 1000PF +--10% 100VDE QIR 28480 0160-4 4
1 1 CAPACTTOR-FXD 1000PF +-10% 100VH0 CFR 28480 0160~ 4
0180 B3 3 1 CAPACTTOR -FXD JI3UF 25VDC .. 20480 ¢130-1083
0160-4835 7 CAPACTTOR-FXD 14 A0 BOVDE CER PE480 6160 4875
01604574 1 CAPACTTOR-FXD 1000PF +=10% 100V00C (IR ~0480 0160-4%74
0160-4%74 1 CAPACLTOR-FXD 1000PT +-10% 100VDE CFR 20430 7 60
0160-4574 1 CAPALTTIR-FXD 1000PF +-10% 100VDC CFR 2480 G160-
AYCRY 1901-(G0640 1 1 DIODE~-SRITCHING 20V 50MA 285 DO-35 20480 19010040
ABE1 19060235 b 1 DIODE-DOUBLE BALANCED MIXER 28480 L0 6-023
4 ed INDULCTOR REF-CH-MLD TO0ONH W% L 105DX, 2610 20480 G100-7
0 bl INDUCTOR RF-CH-MLD 220N 107 L 109DX ., 2616 2e4a810 9100
b 2 INDUCTOR RF-CH-MLD 150N 10% L 105DX . 2616 ARG 2100
4 INDUCTOR RF-CH-MLD 1O00NH S% L 1080X, 241 28400 PRI 1
b TINDUCTOR REF-CH-MLD 156N 10% 105DX . 2416 2480 7100777
Q@ 1 TRANSTSTOR NPN PH=1W FT=000MH7 26400 16540247
8 g TRANSTSTOR NP R TO-72 PD=200MW 04713 PNY179
18%54-0345 8 TRANGISTOR NPN TO=72 PH=200MW B4713 RINSE WA
6834715 1] K REGT 470 400/ +600 gLzt
16834715 1] R 479 A00/+600 01191
046334715 0 4710 4007 +600 0117
0683~100% 5 s 10 5% 400 /45010 07321
07970279 0 13} 2.16K Fora=0+-100 24546 TO-31610F
06980084 ? 5] 210K 100 PAE 4L Ca-1/789-T0
07570279 0 3. 106K 1060 DA 4k Ca 1/8-710
06980084 9 2 1EK 160 AEAYE N C4-1/78-T0
757~ 0 3.16K 100 P4NA6 C4-1/8-70
0698-0084 ? 2.19K 100 24N 484 Ca-=1/8-T0
ABR1T1 3 1 21 14 APEW T T0=00r 100 744 C4 -1/ Ta
AYRLE 0 1 51,1 1% L 1RSW P TO=0 100 PALARE ©4-1/8-140
ASR13 7 1 196 14 AEEW FOTC=0+ 100 24546 C4 1/8-T0~
AYIR14 [ij il 100 1% . 12%W F Te=g¢+-100 D40AL 4 /676
ABR1SG 4 1 P7ORY%AOUPOW FC TC=400/4500 g1 CR270%
AYIR1H 068366809 3 b TCw 40074506 G611 CRORCS
ALR17 6280065 0 1 FooaCsne 10608 24544 CA-1/8-1T0-261 1 ~F
AYR1B 06831815 5 & T ADO/+vL00 09121 Gl s
A%R1Y 06980082 7 1 V4 128W F T0=0+-100 24546 CAa 1/78 TO-4640-]
ANR20 0683-16815 9 1800 5% 2% FO TC=-400/+600 N1l CRH1EIS
ASRZ21 4 @ RESTETOR 04100 454840 Ca 1/8 To-2151-F
ANIR22 7 0 R CSTOR Q100 PAN44 Ca-1/8 TO-3161 F
ALR23 - 2 1 R STOR 400/+700) 01121 LRa72%
AYIR24 1698-0084 R TGTOR Q100 24544 Ca 178 -TO-23%3-T
ANR2S 07570279 0 RESTSHTOR VOTC=04+ 100 P45 46 Ca-1/B-T0-2161 F

See introduction to this section for ordering information

*Indicates factory selected value
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SECTION VI

Table 6-3. Replaceable Parts

Reference HP Part |c A Mfr
. A m r
Designation Number |D Qty Description Code Mfr Part Numbe
i 17 S60 40074600 0112 CRSHLE
1 60 A400/+600 CES615
1 H560 A400/+600 CRYH1S
1 G610 400/+600 CRE5H615
1 S&60 A00/+600 CREG61S
1 560 400/+600 o121 CBE61S
1 560 A00/+6010 431121 CREG61S
» ’ 1 G560 400/+600 01121 CESA1S
06835615 1 HHo E . A0/ +600 01121 CRH61S
6930084 N4 2o1EK 174 J129W F TC=0+-100 24546 C4-1/8-T0~-2151-F
0 J. 16K TC=0+-100 24546 C4-1/8-T0~3161~F
9 215K TC=0+-100 24546 C4-1/8-T0-2151F
[} 316K TU=6+-100 24546 C4-1/8-TH-3161~F
9 215K TC=0+-100 24546 C3-1/8-T0-2151-F
0 3.16K TC=0+-100 24544 C4-1/8-T0-3161~-F
1 1 400/+600 n1121
4 1 AQQ/+600 3
1 AN0/+600 CESH1S
1 G6H0 400/+400 CRS61S
1 H6HD 400/+600 CRS61S
1 G560 400746060 C 15
1 560 400/+600 CBS615
1 H60 40074600 CRS61S
1 ShH0 400/+600 CES615
5619 1 G610 A400/+600 CRY61S
1200 i 1 INU TTL LS HEX 0129% HN74LBODN
0817 8 el ECL D-M/78 DUAL 04713 MC1¢1.31P
3 0 1 TE TTL L NAND RUAD NP 01295 SN74LS 03N
A4 3 1 RCVUR ECL. L INE ROVR TP, TNP 04713 MCLOP16P
AHUT 8 P FFOEDL D-M/5 DUAL 04713 MC10131P
A6 ~0H04 X 1 s GATE ECL NOR T8 04713 MC101 Q&P
¥ = DE2Y 4 1 CNIR E BIN UP/DOWR SYNCHRD 04713 MC101361.
1205-0011 0 1 HEAT SINK T0-5/T0-39-CS 28480 1205-0011
G001-0173 7 & STIRAP ~GROUND 203480 5001-0173
04193~6000% | 7 1 N 28480 0419360005
04193-26505 | 0 1 PCBD BLANK 28480 04193-26505

See introduction to this section for ordering information
*Indicates factory selected value




Tahle 6-3. Replaceable Parts

SECTION VI

Reference
Designation

HP Part
Number

Description

Mfr
Code

Mfr Part Number

A6

Ab

601
ALERD
A6LES
ALL 4
ALHCT

ALTH
~6HC7
ALLS
ALY
ALC1Y

A4HCI
ALGIE
ALECLE
ALLC1A
ALCLS

ALGTL

AHCLT
ALCTH
antle
ALL20
ALC21
ALC2R
A6C23
AGLC24
ALLES
AGC26

aAnCa7
A6LC28
ALLRS
A6HC30
ALC3T

6HC34
ALCAS
ALE3E

AHLZ7
ALE3B
ALCED
ALCA0
ALCA1

ALCAZ
ALLAR
ALCA4
ALLAT
ALCAL

ALLCAT7
ALCAB
ALL A
AGCSO
ALLCEHT

ALLS2
ALLH3
ALCS4
ALEDHY
ALES6

AGLYT
[228 »qu]

N)l,hl

ALCHD
ALLHE

AGE]
ALER]
“HCR?2
AHLR3Z
26CR4

AGLRS
a6CR6
ALCRT
A4LERB
AGERI

04193-66506

01602437
0160-2437
01602437
0160-5495
0160-5620

0160-5495
01210453
01210453
0160-5617
01606~4103

01604103
0160 2
0769
0160
071 60 \5U'7"

0160
01 60-

0160-4832
01604837
0%60-4¢
B160-4835
0160-5620

0160~ 5621
03603607

0160
0160 2
01604832

0180-0374
0160-5620
0160-5495
0160-5495
671 603079

N160-3877
61604801
0160 -4832
01604832
01604835

01600161
014602201
0180-1083
11604835

01 60-4835

D160-2204
01800197
DABO-D197
01 60-4835
0180-1083

01801063
0160-48
03 6044
0160 -4B3%
03 6003462

01600161
01600327
91801083
11801083
0160 -483%

01801083
01600127

19060035
020072
19010040
1901-0040
19810040

19610040
19010040
19020786
P02~ X036
19023097

NS D NN NN

BN

3

N

NH SN

NN D

HNZO s

NN NN ol

N Y

et

=~

[

S

.y

1 VEXD LOARD AS

3 CAPACTT
CAPALITC

FXD
3 CAPACTTOR XD

CAPALTTOR-FXD
2 CaPan
Capat
CAPACITOR-FXD

a2 CAPALTTOR -FXD 2

CAPACTTOR-F XS
2 ( AP A XD
XD

1 CAPACTTOR
&9 CAPACTTIR
CAPACTTOR-F;
CaParl

G A!’ﬁf TTOR-I"XD
CAPACITOR-FXD
CAPACLTOR -F XD
CAPACTTOR-1"XD
CAPATTTOR -FXD
CAPACTTOR-FXD

1 CAPACILTOR -
CAPALTTOR~FXD
CAPALCTTOR -FXO
CAPACTTOR- FXT
CAPACTTOR -F XD

Frl
FXD

G m’m 1TOR-

ALLTOR-FXD

1 ( (\Pm LTOR-F XD

CaPra ) "X
CAPALTTOR-F XD

B
XD

CAPALTTIR~F XD
CAPANTTOR- "X
CAPALTTIR-F XD

CAPARTTOR-FXD
CAPACTTOR-FXD
CAPALTTOR-F X
CAPACTTOR ¥ XD
1 CAPACTTOR XD

< Ary

CETOR-FXD
ACTTOR-ITXD
ACTTOR
CAPACTTOR-F XD
CAPACTTOR-FRD

(
i €
r

n

CAPAITOR--FXD

R-FHTHRU %
FDTHRY)
CAPACTTOR-FHTHRL
TLGPE 4 HPE
EPE et

ZGPF 4T
TOR-V TRMR ~alR 1.,3%-%,4PF
TOR-V TRMT-AIR 1, -5, 4P
3PF +-.5PF ZOOVDC CER

TO0GPE
OTUE e 1 h)
COTUF e
DLAPE e,

CTUR 4 GER
L0TUF +—'|O/ 100vDC CER
LT 4107 100VDC
SOTUE 1% 106UNE
LUF

X o
SOTUE A
LT 207 1 0VDE
1OO6PF
RURRRIS

LOUF+-1 0% 20UD0 ThA

o =EXD 3
ACTTOR-FXD 2
OB 20

TO0PE 4
Lope +
COTGE 4
COTUE
SAUF

LU
LU 4107 H0VDE CER

=X T
A IO R A
CHUE 41
JEF

JIAUET 25D
VLU 41087
I N 1
RNV N A
BLOPE 4 - .’\ 1R Ul:"‘, MICAH

COTUE 4107

KD X

‘\ll’ LEE 4

CUTOR-FXD F2T
Ve 207 PUVLE OFR

TMEBLY

WNHOPT +86 -207 2600V
DOOPF 280 20 200V
0OPF +30 ~20% 209V
2D0VDL DY
200uDRC CER 0430

Foaoounn Gir
'

e
SOPF =D 130VD0 LR
aPr Ta0Vne
100V
106UVD
100V
PF

+

Lo t"

¥ 100UDC ©
1oavoe r
TROVHE
1o0vne
Qvpe

0VneC CER
POGUDC CER

kY

PPE e B% 200VDE
207 16000

Logunc
100VDE

200000 CER
a0V
[EEAVEIRY)

16OVHE CiFR

LOPE 4
LGP

20% 200060
TEOUDE LR
1AOVGE LOR
LHOVOC Cee
CER

O 410z 200000 POLYE

IBOVHE MICA
2HYDC A
-0

ULe ChR

THOPE ¢-B% X00VDE MICH

DUF -1 0% 20V00 Ta
AOVHCTA
HOULC CEFR

200VDE POLYE
SVLC CUR

AL

COREVDLED

2AGY0C Al

1 DIODE-DOUBLE BALANCED MIXER

1 DIOGE -G 2 e E
SWLTCHING
DIOGE -SWITCHING
SWITUHING

sl DIOLE

LIOn

DLODY

4 DL
1 nro

INR

DINDE- SWLTOEH v
SWITCHING
1 DIOBE 2R ANDPEY
3160
STNRON LBV

D UR/CHS MIN=4.5
AV EOMA Pan D03
IV N0Me SNS B0 35
FOV B0MA SN0 DO 35

JAV O HIMA ORG-S

TMA DNS DO

DO 7 PDh= N

P AW T, 064
o= AW

H% DA

Byl

282430

PH4B0
S35} Am)

74970
749719

Taen2

”’MI.

a2aaea0

23480

3430
72480
20480
CE4B0
28480
28400

480
28480
'34['!!]
] J 647

26480
28480
TE4R0
PRARG
203480

56299

51647
20480

1400
20480

20480
26480

28480
23480
2n4a0
23480
28480

204306
AR D]

211480

261400
suane
21450
EOEE

20480
Pane
OA80

21488
cH4R0

QU480
A

28480
HIE VA I
20400
AREE:1a1H
IR

EEETR
20480
4047

04193665060

2475

G607
{1 >U-"«’6
4160

200-200-NPG 56T

167
187

N121-M100 CNE-22710

@I -MI00 COG-P21)
0160 4822
i1 604032
Q1a60-4
0160

0160-2
0160
0160~
G146
O 16H0-367

01 60-483%
0160-4832
D1AD-4B32
016048282

01 AT-47B55
POO-200-NP 1500

H1hY-7
0160
2150
01464
DIL0-A60 ﬂl

1

G0 06X D202
0200 NPO-1%0T
PO RGE-ND G BN
200200 -WP0-399D
81603879

01403
G) 60486
s n-4832
(1) & G487
01HD-4635

vy
77

01600163

01a0-2201
101083
015H0-463%
6160--483%

1 (14
IXPLNCAD
X023
G140 40720
a1eo- 1"'”

01460

() 830-1687
D1H0-4B3%
li [RETURR S Ry

THD-480
Ul S QEED

HO-0161
[ S
10-1 0873
H'. 1eRA
1A0-4080%

G106 1062
D1A0-0107

1966 B2
(R RUNYS

TR 6040
19071 -0049
1903 Ch4ac

VOu-ga4n
190 (',l,\/‘.l,
1Y

Lonm AH

(VR N S

See introduction to this section for ordering information
*Indicates factory selected value
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SECTION VI

Table 6-3. Replaceable Parts

Reference HP Part ¢ Qt Description Mfr Mfr Part Number
Designation | Number |D Y P Code

A6CR10 9 1 2B4B0 1 "r‘(i” ”5'[4‘7

A6CR11 3 20480

ABCR12 3 : 310

A6CR13 e

AHLT1 1 1 B0 -0

ALT2 b 1 T TYPL

AL ] 1 JUMPER ~REM 26480

ASL1 @5 00228 0 ] INDUCTOR RF-CH-MLD 220NH 30% L 105DX, 261 23480

Abl? 21002247 4 1 INDLCTOR R MED 10ONM 10% L 105DX . 2¢ 83480

AHLI 21002250 9 1 INDUCTOR RF ~MLD T8ONH 107 L 30SDX 7 2H480

AbLA 21002691 4 2 INDHCTOR R ~MlLD GONH 10% . 1 05DX. 26 28480

AHLS f100-2891 4 INDULCTOR R SONH 107% L 10%DX. 260 28480

AbLG 9140-0641 5] 1 RF TRANHFDR PHAB0O 9140-0641

ALLT 99400141 7 1 INDUCTOR D o6BONY 10% L 108DX, "’l.\...G 204840 GILAQ - 1114)

ALLB 2100 O 1 TNDULTOR M D 3BONH 107 L 1089DX., 2610 28480 100~ g

ALLY ©500~ b 3 INDURTOR RE- CH-MLD 150N 10%  10%DX, r’:’»l.. > 20480 P00

ALLLD @100~ 0 INDUCTOR RFE-CH-MLD 220NH 107% ,105DX, 2616 8480 100~

AbLIL 0 INDUC UP 10% J1050X, 261G 283480 PLOG-E

AHLIR b INDHECTC 10% . 105DX. 2616 4310 100~

AHLITZ il 2 INDUCTOR 120N 16% L 105DX, 260G 348G 100~

AbL1A ) INDLCTOR CHCMLD 220N 10% L 10EDX, 2616 282480 100~

ALY 1] TINDRUCTOR REF-CH-MLD 220NH 10% L 108DX, 26L06G 20480 @00

AbL 1L b SOH MDD 120NH 10% L 108DX ., 261.6G 2EHARN RUIDN-2748

fOLL7 & INDUCTOR RF-CH-MLD 150NH 10% ,1059DX, 2616 28480 PEOG-28

ALRT 2} 7 TRANSTSTOR NPN 2NH179 51 P il 471 ’3

AHQ2 8 NP N 174% P

ALRZ 2} A 3 NPN & W

ALQ4 8 TRANGISTOR NPN ¢

ALRS 8 TRANGISTOR NPN & 047213

ALRS 8 TRANGISTOR NPN 04713

ALRT7 @ TRANSESTOR NPN 7 04713

ALRY 7 1 100 5% A00/+500 01123

AGR2 T 1 &30 A400/+600

ALRI 3 ] A (G 00/+700

AGRA 4 3 6. 81K I ) +-1010 4 1/(? T=-6811-F
HRE 1 2 4, LA 17 L,’?ubl F =100 Ca-1/78-TH-4641 -1

ALRG 06983132 4 1 REGIGSTOR 261 1% TC=04-100 Ca-1/8-T0-2610-F

ALRT7 16983159 1 RESTISTOR 4. 641 1% 0+-100 Ca=-1/8-TH 4641 ~F

ALRB 07%7-043%9 4 REGISTOR A.8B1K 1% 100 C4-1/B~T0-6811 -F

ALRY 0757-0421 4 1 A /en 1% 100 Ca-1/78-TH A

AOGR1D 06983244 1 1 316 A% 100 £4-1/8-T0~316

ALRT 0757-0274 ] 2 1, 21K F+- 100 Ca-1/8-T0O-3211-F

AER1Z 07%7--0439 4 ( s= (41010 C4-1/8-T0 6811 -F

ALRIS 06836805 3 3 400 /45610 CROL0YS

ALR14 07570419 0 1 Q4100 41/8 -TOH~6810-F

ALRTE 07570428 1 1 1. 68K =0t 100 Ca-1/8-Th~ 1621 -F

ALR16 ) 1 LS TR (> 1’)!( D41 00 MFACL/8-TH 6191 F

AGRLY 3 FSTOR A00/+G0 4 CRLOBOS

ALR1E 0AH83-A4715 0 2 RESISTOR 400/4600 CRAZ1Y

ALGRLY 06983441 8 2 RESGISGTOR -1 00 Ca-1/8-TH- 7

ALR2D ¥4 1 RESTHTOR C=04+-100 C4--1/8-T0~

ALR21T 7 2 STOR SWT TC=0+-100 D4 ;4(; Ca-1/8-TOH~-E -7

ALR2E 9 1 )1 bR TC=-400/+4500 OR2200

ALR2E 8 r O+ 1060 Cq-1/8-TH 1=

ALR24 &) 1 by S 1 00 Ca-1/8-7T0 7

AOHR2Y 3 & 1001 %% .25W FC TC=-404/+800 TRI04Y

ALR2G 0 1 16K T IC=04-1040 C4-1/8 -T0-3161F

AOHR27 9 1 Y AQ0/+506 CREHGH

AORZ2B W 3 40074500 CR&BOS

ALR29 06834705 a8 1 E 012 CRE70%

ALR3O D6EHI--ATNG s i <40 /4500 01121 CBR3IBZNG

AHRIY 2 A00/+500 01121 CRrAIX0E

AOLR3Y 0 N AD0/+HNT o1t CEA7 1S

AOHRIZ 1 1 1 400/7+600 03127 CR2LE

ALR34 9 2 2l F 04-100 P8540 Ca-1/8-TO-1002F

AHRID 3 1 1% WO TC=04+- 100 TATHAL Ca-1/8-TH- 1962 -F

HER3L 0483 2 RESTHTOR Lo OBW 0 ANO/+500 1121 LT30S

ALRI7 1683 bl 3 REGTSTOR YA -400/+700 0112 Char?

MALR3E 26031045 3 RESIGTOR AN 400 /4800 D111 CR104Y

HAORIY 16834725 2 1 STOR RS 400/ + 700 G11Pt i

ALRAD 06331825 7 2 STHTHR 25w =400/+7090 o1121

ALHRATL 06831825 7 REGLISTOR TO=-400/4700 1121

ALRADR 06831229 1 1 SUIGTOR 1C=-400/+700 N1z

ALRRZ 068322258 3 sSTOR -AQ0G/+700 63171

ALGRA4 86831235 3 1 TOR C=-400/+48310 g2

ALRAS 06836825 7 1 RESTSTOR Te=-400/+t700 6310t
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Table 6-3. Replaceable Parts

SECTION VI

Reference HP Part |c e Mfr
: A ol Qty Description Cod Mfr Part Number
Designation Number ode
7 RIZETSTOR Fl=0+-1010 Ca4 1/8-T0- ¢
7 t REGTGTOR 10 C4-1/8-T 07
= ToR 100 Ca-1/8-T0-
3 ANB/+700 CR222Y
2 A80 /45010 CRA30%
2 40074500 CE330Y
9 Pr-100 Ca-1/8-TH-1062~F
7 1 04100 €4 1/8-T0-3831 F
GEHRG4 3 400747040 01121 Cr2
AERDY 4 1 4007700 ati1en CER1?
“HUL 10260 39 ? 1 T 08 aMP GP Dual 8-DIP-P PG 01928 CATATRG
YRR 1826006 0 1 T NOMPARATOR PROEN §-D1P -P PKG DIRYS EN7231 1P
ABU3 1820-1443 1 IC CNTR TTL LS 4-BIT BINARY ASYNCHRO 01295 SN57204
[STANE 13200630 3 | YO OMISEC TTL 04713 MC40 4 4P
[N 18260319 7 1 LCOOP AP LOW-BIAS-H-TMPD T0-99 PKG 04713 LF3%A(;
Y1 0410-1379 ? ! CRYSTAL-QUARTYZ 99.,99M 28480 0410-1379
14006249 i} 1 TIE 062 68%-DTA L 021-WD NYL. D63IB3 PLTIM-3
5001-0176 7 @ SR OURD 284810 S061-0173
PAT0 DDEY 2 3 SLDAING BETAD RAR0 ?170-0029
0A193-GGa04 | & 3 SHLEL D ROX 284a0 041 00604
D419 300607 1 9 X HHIELD-ROX 2064130 03193-00607
(419360004 | 8 1 LOVER 28480 0419360006
04193-26506 | 0 1 PCBD BLANK 28480 04193-26506

See introduction to this section for ordering information
*Indicates factory selected value
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SECTION VI

Table 6-3. Replaceahle Parts

Reference HP Part |c A Mfr
erenc °| Qty Description Mfr Part Number
Designation Number Code
A7
a7 6A19%-66507 | b ] DIVIDER BOARD ASSEMEE Y 20480 0419366507
9160 2437 1 1 FEDTHRU S000PF 410 -2 01602437
07 60- 4 5 SEXD LOTUF - 10% 100MDE ¢ 01604832
01404 7 X EXD L AUF +-1D% S0VDE FER 0160-383%
6166 7 SEXD LU 4-10% S0UDE CFR
8149 4 FRD L OTUF 4107 100V00 LER
0980~ o 3 FXD PRUFH-16Z 15NC TA
FRET B i RFXKD 2EUFE-10% 1ENDE TA
0180 3 3 TU - 2
D180 - 3 TUF+-10%
61860 3 U3 0% FEULE TA
2160 4 COALE 4 1HOVDE CER
B 6048 1 3 LOGOPF 4 1HOUDE
DiAD-at 4 COTRE 4 100000 LE
3160 1 100 A 100u0C CER
D160 1 10067 +-107% 100VUDC CUER D16H0-4%74
0960~ 7 FXD I 4 GUDG CER 01604835
DB B DRES b XD ERUFE-10% 1BVUDE TA 150D2R6XP01 5B
B160-4832 4 FXD L 61UF +-10% 108UDC CER 016048372
1400114 4 n RE-CH-MLD 1OUH 10% . LA6DK, 35516 9148-0114
1001618 1 2 RE-CH-MLD 5. 6Ud 10% 91661618
UG- 1610 1 RE-CH-MLD 5, 60H 10% 9100-1618
91400114 4 RE-CH=MUD 10U 107% 16ADX, B3ELE 21400114
9 1 1K AD0/+600 01121 0z%
7 2 AP0N H6/+90¢ 01121 A%
7 BP0K 130 /+90 0 01121 CEPPAS
1 1 164K 9460 RS Cr 845
3 1 49,9 1% 24546 (4-1/8-TO-4952~F
ARG 048327 2 1 HTOR ~BRO/4900 01101
ATRY D43 1 & 2 HBTOR 400/ +600 o1
06HBF-271E b TR ADG/HEG0 C
1510-0204 5 1 WETWORK 2084182
a7 18201430 3 1 (COONTR TTL 46 TRIG SNTAL G161 AN
AIE ER D143 4 i MYOTTE LS SN741.5
a7U3 18120-1112 & 4 FEOTTL LS D TYPE POS-FHOE-TRIC SN74LGT74
A4 120119 b » CNTR TTL LS BIN UP/DOLN SYNGHRO SN74LS19IN
aus 1201808 5 1 PRESCR ECL ME128 13
A7 LG 14719 1] a 1.4 BYNCHRO SN74L.S160AN
1144 & 1 1.6 Q[IAD -1 SN7ALG0RN
(VRO R Y 4 G OMDNOSTRL RETRIG DUAL i
~1197 9 1 LG NAND QUIAD P TNP
1294 1 ! LG ONOR TP 3 TP
6 PGOREN UP/DOWN SYNCHRO 741 519N
3 1 MCADA4P
7 1 16 NAND SN7ALGTON
0 LGODECD SN7AL.816DAN
] LG PECD SYNCHRD GN74LS160AN
AL b 1204 Vi 1 T0ORATE TTL LS NAND DUAL 43 NP SNVALSE0N
a7y 1112 8 TCOFE TTE LS B-TYPE POS-FOOF-TRUG GN74L S74AN
118 1159 1 2 TCOINY TTL LS HEX 4 -INP SN74LS 04N
LY 1416 5 ] IC SCHMITT-TRIG TTL LS INV HEX 1-INP SN74LS14N
A7ED 1470 1 1 PCORUXR/ZDATA-GEL 1T LS 2-10-1-1LINE QUAD 0125% SN7ALS1H7N
1244 7 1 TE MUKR/DATA-GIL TTL LS 4 TO-1 -1 TN PUAL 0129% 3 B1SIN
1429 0 TCOCNTR TTL LS DECD SYNCHRO SN 41 516 0AN
1429 ] e ONTR TH. LS YNEHRD GN741 S160AN
TR0 1489 0 TOOONTR O TYL LS YNCTIRD SN7 41816 0AN
A2 B0 1429 0 LE CHTR T 1S SYNCHR O GN74LR1H0AN
RYANFE 1320 i TCORNIR T LG DECD STNUHRD SN7ALS1606N
Y 102 8 (FE TTE LS D-TYPE P CSTRTE SN 4L 87 46N
AIER THA 0 8 OEE TIL LS D TRIG SN7ALST74AN
eIz 1820 1 TEOANY TTL LS HEX 1-INP SN74L GLAN
AYHED [} 1 TEOENTR TTL LS DECD AGYNCHRD SN74LS1 90N
5001-0176 7 @ GIRAP-GROUND 20480 S061-0173
QALY 6007 [ 9 1 CovER =B34830 04193-60007
04193-26507 | 0 ! PCBD BLANK 28480 04193-26507
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Table 6-3. Replaceable Parts

SECTION VI

.. f
Reference HP Part |c Qty Description Mfr Mfr Part Number
Designation Number (D Code
A8
Al D4193-66508 | 7 1 CRYSTAL 1 LATOR BNARD ASBLERMBLY Pirann 141 93-6A508
G160 1 Q CAPACTTOR-FOTHRY S000PF +80 ~-28% 2600 DO4Re 01642437
0140 1 CAPACTTOR -FDTHRL DDAPF 030 20 10y 0480 D16H0-24737
0121~ 5 2 CAPACTTOR U TRMR-ATR 1 5LOAPF 1750 74376 187~ 0A0F-19%
016048 i 2 3 CAPALLTOR -F XD LEPF +-5% P00VDC CER )+-30) &4 200-200-NPO-150T
0160-5495 3 7 CAPALTTOR-FXL 3.90F - 5017 200UD0 CER
ABCH 016036379 7 o CAPACTTOR-FXD . D1UF 4-20% 100VDE CER D1H0-3879
AUL7 0160-5495 3 CAPASTTOR-FXD 2., 9PF +- F200VD( R
i 0160 -3t 7 CAPACTTOHGFXD L 01UF 4 100VL0 J16H-B79
m\cv 0360~ 7 CAPACTTOR-FX0 L0307 +-20% 100VD0 03640
ABCTD 0160 7 CAPACTTOR -FXD , 01HF +-20% 100v60 03HJ-7
A1 01603878 & X (.lN‘N“I TOR-T"XD 1000PF PhZ 100VDE N6
¢ 12 D160 ;9 7 COTUF 4 10uDE o G16H0-38
13 01604 & 2GOVOC CER 0+-30 POE-200-NP O350
0160-5495 3 ~NaVne R
0160-5495 3 PACTTOR 200V60
N16Ho 7 CAPARTTOR-F PRIRY P A N HYLV) VI 1H0~3
0160 7 PACTTAR ~F AT 4 160UO0 CER % 61603879
0160 7 l,{\PN ITOR-FXD L 010F + 100V0C CER ’l)‘ﬂll] O16H0-3679
0160 2 CAPALTTOR-F III.UD(‘ CER 0+-30 51040 2RE-200- NP G150
0160- 5495 3 CAPACTTOR-F TORUBVED CER
0160-5495 3 CAPACT T 200U
0160-5495 3 CAPACYITOR 200UDC Y
616038 7 CAPACTTOR-FXD L G1U¢ 100900 R 28410 6160
0160 7 CAPATTTOR -FXD L 01UF 100VL0 T480 2167
0160 7 CaPACTTOR-FXD L0107 100UDC CER Ra484Q 0160
0160 7 9 CAPALLTOR -FXD HUVDE 480 B160~-44
0160~ 7 CAPACTTOR-FXD 3 100U0 23400 0168
0121 - 04‘:'& 41 CAPACTTOR-V TRMR- (ﬂ RT3 5, 4°0F 17% 74970 187 362
0160-5617 7 1 CAPACITOR-FXD 3PF +-.25PF 500VDC CER 23400 61602243
0160-5619 7 1 CAPACITOR-FXD 8PF +-.25PF 500VDC CER
0160~ 56]8 1 b CAPACITOR-FXD 5PF +-,25PF 500VDC CER
D160 ' 7 CAPALTITOR-FXD L 01UF +-20% 100VDC 0GR A0 DLH0-
01606 7 CAPACTTOR-FXD 01U +-20% 160000 % 0166
0140 $79 7 CAPANTTOR-FXD L DIUF +-20% 100VDE € 0160
h l(’:’w 0180-1083 2 3 CAPACTTOR-FXD ZALUE 25UDC Al 0186-1003
N%(‘J"% 01603879 7 CAPALTTOR-FXD L 42074 100VL0 LER DUAD-3G79
4 0780~ 7 K CAPACTTOR-FXD X3UF+-107% 10VLC T 150 IXPO LR
N160 7 [ [CIR -F XD L D10 PN LIONLC LER DLeD-- 2879
0 60- 7 Q-FXD 0T AOUO1e0VDE CER QF6G-387
0160 7 FXD L0105 4 -20% 100v0h0 LER JUAHO-367
018007 7 SEAD FAUE 107 10UD0C Ta
) 1B~z 3 1 ¥ )([) 20% 16VDC A
mlLA% G180 bl 1 ~1G% 2000 Th
ABC44 016D 7 COTUF +-20% 100VDC P ‘,4(3”
ARCAY 7 CAPAL Tllll\ FXU 01U +-20% 160VDC 2aen 0160-3879
B1&H0- 4835 7 CAPALTTOR - 11 0% (Wl)l" 016H0-403%
09604835 7 CAPAZTTOR -k e 0146049
0150 -ARG 7 CAPACITUR -FX SHNE q16H0-48
016048735 7 CAPACTTOR XD 107 +-18% 50VD0 h GO0 40X
H160-3679 7 CAPACLITOR-FXD L DIUF +-207% 106VUDC CER D160-3679
ABCEHT 0604835 7 LTOR-FXH U SeVnC CER 0166--48.2%
A8C52 DLEN-AB35 7 2 OR-F XD L WF 0ne CrR A160-48
AOCES 41801083 3 CAPACTTOR-F XD 3200 Al 0180-1682
5 0180--1003 3 CAPACTTOR -FXD A3 Al 3 G180-1083
03603979 7 CAPACTTOR-F XD 01UF +-28% 100UD0C IR 23400 G16G-3379
0160--483%5 7 DAPACITOR -F XD 105 +-10% B0vn0 GER 23400 PLAH0-4035
0H160--3378 1 PACTTOR-FXH 1000PT + 0% 104UNC CER Poang G160
01460 g b PACTTOR -F XD 1000PF »-20% 100VLEC €F 734530 D16HG
07160~ 7 CAPACTTOR-FXD L 01U +-20% 160VDC CER 20480 01¢ >U
asCHd 0168--3879 7 CAPACTTOR-FXD 0107 +-20% 10IVLEC LFR 8480 0159
ANCHT 07160~ 7 CAPACTTOR-FXD L0305 +-208% 100V50 R aane 9160
AGLCAHR 0180 2 7 CAPACTTOR-F XD XZUF+-10% 100DC TA H6ERHY 150DRATTLX90 1 OR2
ANCHR 01603379 7 CAPALTTOR-F XD 01U +-20% 1480UDC 20408 01 &60--3879
ADCHA 01604835 7 CAPANITOR -FXD 1T +-10% 50VDE TR480 D1AH3-40173Y
ABCEY 03603379 7 CAPATITOR -FXD 03U +-20% 1080VDC 28R 01603879
ABLR1 19023171 7 1 DIODE~ZNR 11V 5% BO-A% PD:=. 4W TO=+, 3677 480 1902-3171
ALY @100~ 47 4 2 INDULTOR RF~CH-M: D 100N 10% ,1050X ., 2616
AL 2 2100 ) ? 1 LNDLCTOR CH-MED 180N 1D L 1050X . 2610 -
ALY 100 P1 4 3 IMOLICTOR Cit- MiD SONH 10% L 106DX., P6LE6 REEEY
AlL4 9100 -2B21 4 INDRCTOR CH-MD SONE ID%Z L 1090K, 2610 ~3400
ABILY 2100 } 0 1 TNoucTOR CiHeMOD 220N 18% L 10%DX ., 260 € 23400

See introduction to this section for ordering information

*Indicates factory selected val

ue




SECTION VI

Table 6-3. Replaceable Parts

Reference HP Part |c o Mfr
: . Qty Description Mfr Part Number
Designation Number |D Code
ABL6 100 = 4 INGUCTOR ML 1% 190K . P66 FARTNERS
A7 2100 & 4 TaDue ML D LO% L 1GRHHX, PALD IR0
ABLB 100 5 INCH ‘l[\R RE- 1 mMlD 1 )A 05K PELE @1a0-
ANLLY Q100 6 TNDOULT g bR Y] 1 5 R RIH
ABLLD 2190 5 TNDUL D 1 \)/
ABLLY 9100~ & CNDUCTOR RE-C0) - SONE 0%
ABLL2 2100 ) INGLOCTOR RE -(H 2NH LD
ANLL3 2100 & INGUCTOR RF - (- N 107
A4 21002891 4 TNOUCTOR RIT-UH Nivi 10 SLOEDX !
M1 Q@3 400 b W INHUCTOR RE-CH-MLD LR 16% L 10H0X ., 000 0 Prat - n1ne
ARL16 Q1062247 4 TRDUCTOR RE L3100 100N 102 LDEDX, 2610 G-
ARLA7 91400158 & TNDUCTOR RI-Cri- M D 1 107 10 -I))& DHLG 146018
AFLIB 91400158 Iy INOLUTOR RF - -MLD 1 10% PR EHE
&8I 91400114 4 3 TNDL R Rl M T 10U 1 0% PLAGC 0114
ABL2D 91400114 4 INGLCTOR @ -CH o mlD 10 10% ERE NN
MXLE] 91400158 & [NGUCTOR RIT- Col- ML D 1 10% L 105%DX, 8 20680 L R Y )
?140- 0158 b INTAUCTOR RF -CH-MLD 14 1074 L 105%DX. 0aan @140-0
G975 40-0114 4 THLOUDTOR RE-CH-MLD 10L 10% (166DX 3 20430 PLAG-D1T 4
D345 23 7 TRANSTGTNR NPR 04743 m 179
() ‘54 2] NN G rin (v“ 71 ’\ PNLLTY
[} PN IS ©
a NN ’(‘ 0 M 9
) NPN TAMM 04713 a3
2 1 NPN 20480 1O G801 6
® NP N 04713
8 NN 64713
ABR 1 " l) 03349 2 1 FOAR0
ANR2 7370316 & 1 & 3
AlR3 4 3 I
ABR4 1 4 1/83T0 v
AER Y 063 -2305 2 1 TR
ARG 057 4 [ LR C4 1 /8-T6 L0 -F
ABRY DH26-1 1 Y § =410 Ca /8T F
ATIRE (‘(:‘78 4 1 PP TU=060 00 A4 /8T 13
SVAE 3 1 TOIREDE 100 C4-1/8-T) (8[4 I
G6H83-4705 8 K3 Yw—-A0 G/ +3500 G173 CHA7 6%
06836805 3 2 REQTSTOR L8 5% 059 PO T0=-400/4%00 trm CROEE Y
0757-0419 1 1 RESISTOR 681 1% .125% F TC O+ 100 «mHH. 0757-0419
n678 -2 N4 s .£,1l 2 KRN FAR W SRR RES W N ARG a1 /8- 703831 -f
(‘1&”114 0498 2 0 1 " H. Bt 160 DALAL Ca /8 Th- 26107
ARRLE HZSIB Y RN 4 4 S0 /4600 Jre [RS8
AGR1G 4 TO=- 400 /4600 CHARLE
AER17 3 1 TC=Ne =100 4 178 Ta-3p5i |
MAOR18 1 b5 o T=-AGG /A0 [ ERNTIS )
AGR1Y 3 1 TC=00 100 C4 176 TH-1001 -
ANR20 b4 FroTo=0+-100 4 1/70-T0 2051
AR 0757 ~043%9 4 RESTHTOR 6,010« 1% 1@e8W F TE=0 100 AR 6 A JR-Th-A811 F
ANR22 0698- 3435 9 1 RESISTOR 38.3 5% .25W FC TC=-400/+500 121
AGRD3 LN ) 1 ¢ R 5k A WOEn TN 490/ 1600 NER AT
AOIR24 9 1 1k (W N AGOQ /LG G1ias
ALRES 1 ye ¥ A302/4500 11121
ANR26 8 1 “lid -3 G0 PATRG 4 1/8- 1049200
ARRE7 1 DI/ 6 Ay [
ABR28 0 1 QG0 AGE G110 ™
ARRSY 4 4000500 J11e
ASIRZN 068347069 23 QU0 /4E0N [P
AER3L 06H78-3447 4 1 groe1in 4 1/8
ADRI2 0757--039a 4 1 Treg - 100 Ca 1t/
ALRA3 3HYB- 3432 7 1 FoaC=0-100 Prrss TF
4
ABR34 N658--343%4 4 1 RYS T4, 1e5%W F O10=04-100 BESETY 4 -1/8-T3-34R5% |
ARR3S 1693-470%5 8 4GOS crret
FERZ G D6EYB-BaRD 7 1 KR W] ARSI Ta-a4640 |
AHIR3Y 07870200 7 ] TCag+ 100 REATE TN TG Snmgd
07970488 1 1 TE=04100 BREGPE T Ty1e21 F
06980604 Q 1 e T 21vy -y
1698-3152 8 1 4100 4T, T0-3481 -
3693 4 R T 4(‘(‘/<(lt [EE SRt
ALIRAZ 0698 3 1 REZG1ISTOR TO=0+100 DATAL 16 % 7
ABRA3 D663 6805 3 REGTSTOR T 300/ 500 KEREENY
R44 06832715 1 1 REGIa1TOR omn A0 L0 LTre
AERAYS 040734715 0 1 RESTGTOR L0 400/ 600 I
ANRAL 6LBI-HL1E 1 RIZGTSTOR %40 9% 0P8 ' Tite 400 vAGT [ [DAERTERY B
AT 9140-0641 [t} 1 RYTRANAIFOR ME R 0400 9140-0641

See introduction to this section for ordering information
*Indicates factory selected value
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Table 6-3. Replaceable Parts

SECTION VI

Reference HP Part |c Q e Mfr
: A t Description Mfr Part Number

Designation Number |D \ p Code

AR 18201688 5 1 IC PRESCR ECL 04713 MCA20 131

ABYR 1820-06869 9 » 10 REVR ECL LTINE RCUR QUAD 2-TNP 04713

ABU3 18200809 8 10 RCVR ECL LINE RCUR WUAD 2-TRP 047173

ABYL 0410-1338 4 1 CRYSTAL -QUARTZ 100MHZ 20486 0410-1338
50010173 7 ] STRAP - GREGLND 480 501-0173
0419300604 | 6 2 FLD ROX 28480 0419300604
0419300606 | 6 1 LD G0X : 04193006086
04193-00607 | 9 3 SHIELD BOX 0419300607
0419369008 | 0 1 34193-60908
9170-0029 3 ? TELDING BEAD 9170-0029
04193-26508 | 0 1 PCBD BLANK 28480 04193-26508

See introduction to this section for ordering information

*Indicates factory selected value
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SECTION VI

Table 6-3. Replaceable Parts

Reference HP Part |c e Mfr
: A Qty Description Mfr Part Number
Designation Number (D Code
A9
Ao D419E 66509 | 6 1 MIXER BDARD AG 26460 3317366509
0160 1 » [0} ITOR-FOTHRU S0COPF +80 -P0% 200V 450 6160
160 - 1 (W ITOR-FOTHRY S300PF 230 0% 200V 480 0163
3 3 (s TTOR-VX0 GOUDE CER G+-30 23480 0160 30
d CAPACLTOR -F XD PUHOVBC CER Be -0 EELEEN 0160
3 CAPACTIOR ~F XD 220 F AOOUDE CER O30 POAAC 03603875
HEENE 7 1 CAPARITOR-FXD . 20UF 4-20% H0UDE [T H04aB0 0160-0%
G16H6-7 7 8 CAPASTTOR-FXD L 61U 4 100UNT npans G160
DAOD-2ETY 7 ? FXD L 0TI 8 180VDE LRy LBAB0 3163-7
6160~ 4035 7 )5 FXD U -1 0% HOVAC R 24010 (16648
D1H0-D2R3 7 SFRD L BELET 4eRD% GOVDE CER 480 0163-07263
6160 ¢ 1 L REPT SOMDE CER D4R G166 '2,"*4(.
016048 7 . D CF 8480 N160-4
0160 K i Geune 36 24430 6160
N160 7 DAL TR - + 106VD 2480 D140
00 60 7 ARTYOR + 100VUDE Prant 0160-3879
0160 7 CAPALTOR-F XD <D T2450 0160-487
1) 60-4¢ 7 CAPALTTOR - ] 1 07, 13 40 [(NFAER
016041 7 CAPALTUR -F 480 H160-4
i1 a0 6 ? CAPALTTOR 480 01662
160 - 7 CAraEnITOR 3460 3160-4R
11 60 At 7 LB BOVHC PHARC (160
160 7 » Pt 0160-3¢
0160- 4386 5 i 0160-4386
(460 -4832 4 » A0 TIR 1a0vee 0160-4R32
0160-3877 5 P COPASTTOR-F X0 1(1(,|'[ +-20‘é 200VDC ¢ 0160-3877
0160 -B2AT 7 VAL 4-20% GOVDEG CER D160-0263
01800229 7 3 FANF+-10% 18UDE T 1501 AF6XP 0T GRS
() 604835 7 CLUE 41 0% SHOUDE CER 016104875
DGO AR 7 AP AT TOR: CHUE 0% [Me 016046038
036048755 7 CARACTTOR 61604835
0160 Vi CAFAGTTOR 01560-3379
(7 604 7 LTOR-V X () &0 --48
pRYeY! 3 ) R 0160-2550
01662 2 2 mr'm,fm -f B 430 (1602204
PREYI I i 1 CAPATLTOR SF XD 4700F ¢ - 0164
G166 7 POV o 0166
0160 - 7 + 1B0VDE CER Q160
A9C38 0160- 3877 5 CAPANETOR - F 100PF +-204% ZOOVDC( ‘R 0160-3877
0 l-»(] [E 7 CAPABLYOR-FXD L IUF +=10% : D160-4035
G060 4s 7 CaPACTTOR -F 03 60-4835
[N ml 4¢ 7 CAPARTTOR 014048
0168 - 48R3 7 CAPALTTOR Glh0-48
(16 6% 7 CAPARTTOR 234810 G166-0063
1602264 4 o PTR - a0 400 Q1b0-:
m'f,a:‘/ (1 60-4032 4 CAPATTOR pHARg 01604832
DNHD BBTY 7 CAPACTTOR-FXD DIV ¢ -20% 130VDC LER 28480 0160-2B79
610009 7 TYOR-FX0 A% - 1607 1n Ut TA GRPBLORR
D1B0- 0709 7 LYMR F XD AEUF THEVOG 1A IR ERES S B AT
G180-) 746 A CAPECTYOR FXD 1500 T ) X007
018D 1V 44 5 CAPAELIOR F XD VEUF+-10% POVDE TA L5 0D1R6X902 )
aOnst LA 174 5 MAP AL TTOR-F XD 1SE 100 2OVDC Ta LEOBISOXQGROTR
BO1SD BIHD 1744 1 lul’ LR CE XD VEDT 0% 20VDE TA BOEGY 1G5OD1LH6XP0R IR
2O PO 0658 1 @ LIOLE Sl TeTNg 80V 200MA 2NS DO-35 DEADY 1901-0050
AUTRS 19204 \)an 1 DIOBE - GWLTEN VG 80V 200MA 2NS DO-35 28440 1901-0050
A 1P 66~ O3S b 1 DIODE-DOUBLE BALANCED MIXER 284810 1264 -003%
CrB-aa7 4 ¥ INTHETOR RE-CHMLD 100K 1% PELG EEEET PARRE
EAN R R & P TMGURTOR RE=CH RN TRENH S PG 28480 CRNNE
GLUG-524Y 6 INTUCTOR RE-CH LD 150N 1 CLOSDK . 2616 480 P100-7
Q106 2247 4 INOUCTOR RE-CH-MD LOGME 10% 165X, 2616 EREE 9160
G140 D15 & 3 PROLLTOR RF -CHMLD T 1% TIsDX L 2eLs 28480 Y1A0-0
AYLE GV AL 15 b THOUCETOR RE-CH-M D TUM 16% L 1850X, 2606 20600 91400
B 130 P47 4 INDUCTOR RE-CH-MLD 100NE 10% L 105DX. 261 6 S3400 AR B
28 P1A40-0114 4 4 TNOUTTOR RE-CH-MLD 10U 187 L 166DX, A9 6 aR6ne PI4L-0114
BY1 AR EY ¥ 4 RE (I LD 190 1 SDBHDK 261G [ELEE) 919 '1—""'1‘7
AL CIOG-D2047 4 RE-ED M D 106N 10% 10%90X . 2600 BRER QyL0-PR47
LTS F1Al-0114 4 TRTLCTOR RE-CH-ME D 180 18% L 166DE, MRELE S12480 91400114
a2 G145 0153 & TRHOUCTOR RECr- M D 1 16%  165EDX . 2400 23400 P1406 0158
ALY L4 1114 4 PRDECTOR RE 03 D 1900 1 CLBLDE L TRELG SRABD 9140-0114
(L4 D1a0-G114 4 TNOUSTOR RE-Colth DL 16% L 1GATX A5G PAGAE 1400114
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Table 6-3. Replaceable Parts

SECTION VI

T Mfr

Reference HP Part ¢ Qty Description Mfr Part Number

Designation Number |D Code
[ENANNY ~0247 2 1 TRANS ESTOR NPN 5) T0-3%9 Ph=1W FT=80M42Z £3as0 1654-3247

VP2 - ¢ 4 TRANSISTOR PN G PL=R0 M 28400

/R 16H5.4-- 0 ki) 3 TRANGTETOR NPN 2NE 04713
r"l‘}’\'M 153 ¢ G TRANSTOTOR PNP ’ 284410
Oy G 154 3 TRANGTHGTOR NP 2 BEEAN 34713
APRE 6 TRANGTSTOR PNP S PIy= °n(mu Fiw ananl
Evits I8 TRANG (R NP S P I '!'H’)U 047173
~208 4 TRANGTS PP =1GHZ 23480

18] b1 RESTSIOR 49.9 14 . =41 00 G4-1/8-T0~4992-F
4 1 IATOR 79 17 -100 C4-1/8-TG-75R0-F
L&) YTOR 49,9 1 +-100 C4-1/8-TH~4992-F
2 @ TOR FY.6 1% =100 47670180

-(HH\I o [STOR F1 .6 100 D757-0160

~0401 0 %) 100 1% =100

Neva ] 4 1,21 +100
? 4 ’6 B3K 1 00 -

2 { E4 190 -T0-

NVPR1D 06983446 3 3 1% =106 =T~ BRER
GER1Y B757-040% 4 162 1% =100 “T3-16ER-F
MPR12 0 (v‘?ﬁ ) 4/'(, 7 196 1% -100 TO-196R-F
AYRLE 4 2 178 1% ‘1 a9 TO-178R-F
MR 4 G 1.23K =100 ] : r
AGR1E v X =100 F
APRT & 3 100 Ca-1/8-T0-42R2-F
AYR17Y 3 i 100 C4--1/8-TH-382R-F
a9R1E ) ll(\ 1% ~100 Ca-1/8-TG-101-F
AGRLY - 1 3 1 120 C4-1/8-TO-562R -F
GPR2Y ~G401 1 =108 €4-1/8-T0-101-F
AERET g 310 k3 7~ 40074600
HPR2E 06,83 215 1 ? S% 6L/+6010
A @3 1610 03 i 2 8- 7 "’HBA 471
~OR24 G6E98~-3440 7 1% .19 i J+-100 Ca-1/8-TO-196R~F
ARG G7H7--0401 ] 100 1% 1 100 CA-1/8-T0-101F

~0R7 7 @ 49,9 1% =100 ~1/8-TU-4992 l'
¥ 3K 1A +-100 3
] o231 1% 100
& 4 17 F F- 100 i
7 196 1% r ) r--1390 '1/B"I\I—I9AR~-
APRIY 4 162 1% =108 Ca-1/78-TO-162R-F
AR 3 ¥4 =100 C4-1/8-T0-383
GPRIZ 4 1 1% 100 C4-1/8-T0- 17&!\""!"
PR3 4 8 SH2 1% 1006 C4-1/8-TO-567
ARG i} LIRS W1 =108 C4-1/8-T0
ATR3E 0 1 470 T ARG/ +6L00 GCBra718
as / 4 T 400/+600 at121 Cr
PRI 1 T g0/7+600 ? CRY
GYRIP ] i X 7 208471
HPR40 67570401 0 147" 100 1% T=0+-100 Ca-1/8-T0-101~F

AR 3440 7 GTOR 126 1% 190 C4-1/8-TD-196R~F
CRAT G7-0277 8 : ATOR 49,9 1 100 Ca-1/8-T0-4992-F
AYRA3 169624410 7 ESTSTOR 196 17 100 C4-1/8-TN~196R~F
APRE4 {4,98~3447 4 1 RIESTSTOR i DANAL Ca 1/9 TO-422R0~F
BYRAE 0653 3153 k4 REGTETOR 1 ¥4 104 C4-1/8-7T0-3831-F

(1274 s 100 C4a-1/8-TO-1211~F
1316 by C4-1/8-T0-42R2 -F

APRAL 0405 4 R INE T Ca-1/8-T0" 1H2R-F
H/lM') 77 3 EEIETY C4 1/8-T0-4990F
APRS0 = R4h 2 1 24546 C4-1/8-T0-10R0~F
AYREY 70401 ] GTOR 109 1% b4-130 4546 G4 -1/8-T0-101-F
APREE ~0417 8 S THTON HH2 1% #1600 R24%46 C4-1/8-TO-56PR-F
AT TEED 0810 1 ” TOORCAVR ECL L TNE ROVR TPL 2+ LRP 34713 M0 1AP
AU 1261888 i ) IC PRESCR ECL 04713 MC12013L
YIRS TERA 0010 1 LEORCMVROFECI LINE ROVR TPL 2 -THP 04713 MC10116P

5001-0176 7 @ HTRAP -GROUND 28480 He61-0173
412100614 1 6 1 GHIELD 73480 041921-00614
n6a04 | & @ SHIFL R ROX 28439 04192300604
03607 | @ 1 SHLELD FOX 28480 04193-00407
09668 | ¢ 2 GHTELD BOX 284840 0419300608
4103 600309 |1 1 COVER 284030 04193-60009
04193-26509 | 0 1 PCBD BLANK 28480 04193-26509

See introduction to this section for ordering information
*Indicates factory selected value
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SECTION VI

Table 6-3. Replaceable Parts

Mfr

Reference HP Part |c o
Designation Number |0 Qty Description Code Mfr Part Number
A10
[cRRd 041936650 1 1 VL TASE CONTROCLED OO0TLL&TOY BE, aGay paang GAT 6465114
ALGCT 11602437 1 k3 TOR-FHTHRD & +Q6 -P0% 2h PARNG Gl a6 PaRy
ALOR? 0160 -2437 1 TOR-F DT LR R A FR4R0 I1H0~7
“106C3 () &0 1 , ATOR-F LT G 2a4ang 160
ATICA 0160 £ 7 47 CAPARTTOR -5 XD L D10 Seang 1A
A O 01 AH0-F079 7 CAPRALTIOR-FXO 83 TGOVDE iR BERE RN (1460 387y
ATOCS 0160-3878 6 12 CAPACITOR-FXB T000PF +-20 100VDC CER 28480 0160-3878
[ I D603 HTH 7 Cara TR -F XD t Laov YR 2400 T160-36G7
@1 608 i1 60 7 DaP e TOR-TXD L PAOVOC CER 20400 0 6630y
M1y 01603874 t CAPArLTIR - FX0 1aaVne IR P46 J1AHD-28
ALCCLO 91603879 7 CAPACTIOR--FXD L 6IUr - JOOMLe CrR anang G160
ALY DVEHB-- X677 7 CEPETLITNR-FXD 01 ¢ TAIVEE LER LEARn HE AN
ALCCYL2 016¢ 7 CArACTTON MRS L 1TECVHE R 20400 G b 3837y
ALOEGTE BLHD & CHEPATITOR LODOPE 4 -29% LIGVEE CER SARD 15 0-31
aTOCL4 166 7 CaralTTOR: AT 420 1ECVDE Cer aneng 01614
ATOCTLE 0160 7 PP ALY R - SO 1HAVLE PR CERARD 1607 ?
[RRIN Y (160 b CAParTTOR JOCEPT 4200 100VH0 R faann 0160 974
A7 160~ 7 AP AT TOR- L OTLIE
~10E18 0160 7 CEPACETOR-F RRUR RR
ALICLY f1an 7 CAPANLTRR - Ot
A0.CC20 0166~ 7 R A N 284010
Athre 0160 - 7 FXD L0 4 SARD
&1CCR2 Glaf 7 CHIUE 207 160VHE CER
BL6n 7 5 130 4 DOOMEC CUR
0160 & AOTTOR LECOPY +20% 100UnNe .
DA 7 > ATTOR - ST LaOvne e
0160 &b CAPACTTOR TECOPF +-20% 100UN0 OFR
B160 7 CAPAETTOR-FXD L Ur + -P0% 160
6160 7 CAPADTTOR-FXD 041l +-20% 106U G4 L0 -2879
G160 7 ( GOTYOR-UXD 6107 +-208% 166VD I ) &6 387y
0160 CAPACTTOR-FXE L 0IUF 4207 100VDC OIFER 6160
0160 2 CAPACITOR-FXD 3.9PF +-.5PF 200VDC CER
0A6I-3679 7 CAPALTTOR-EXD L 01UF +-20% 10DVEHC CER 0160
0160 ? 7 CaPACITOR £ + THAVOE © 0146
DARAIE 378 b CAPEELTOR FXD 106V00 1LER J1h
160 379 7 CAPACTIOR - XD L 100VL0 CFR Prann [(REa
N160--36H%9 7 CAPACTTOR -F X0 0 W0F TIIVHE LR 289 RN ] Y
11 60--3378 b CAPASTIOR-FX0 1000PF 4+ =207 108V00 Crr 2aen0 G160 78
01602879 7 CAFALTTOR -FXD L 31UF +20% 109V 0D0 LR 22480 D1 H3-3579
G186 -10¢ K 1 CAPERTTOR-F XD 32 8 2840¢C 18010823
AVICAD 01607 7 CAPALLYOR-FXD 210 THARNEE Lrw AR 2140
A1 0C4aYL (160397 7 CEaMaonTroN--"Xn 61 20400 IR
ALDCAR 0160 7 WPACLTOR FXD 01 [REZ 1) 3160~
A1 0CA3 D160 7 CAPALTTOR-FXD L 010 Ji N KT 016093379
A10C44 0160-5495 CAPACITOR-FAD 3.9PF +-.5PF 200VDC CER
ATOC4S 0160-3877 5 CAPACITOR-FXD 10OPF +-207. 200¥DC CER 0160-3877
ATDCA6 1640 7 CHPANTTOR -F X0, 0L +-20% 100UDC Cilw 1603879
4. CC47 B140- 7 CAPALTTOR - FXD L 04UF +-20% 136V00 [rR Q1HI-38Y
ALOC4AS 164 7 CAHPASTTOR-I"XD 01U 42 20% 160UN0C CFR 1Ls 3879
G160 7 CAPALTTOR-FXG 010 +- 207 1600000 7R DUHI-3679
3140 7 CAPACTTOR -FXD 01T +-P0% 100vDE LR QLA e
01603879 7 CAMALTTOR XY (0107 +-P0% 160VHE Crp (166 79
2 0160 AT 7 CAPANITNR O 01 207 10avDE LR DYHA-2B79
ArTOCH3 G184 -PP79 9 4 CANPACTTOR XD 22010 - 20 LN A g1Qn P79
A1DCHS BAB0--2979 8] CAPALTTIR FXD 22000 -2 0% 1avhe Al DB)-2979
A BCSS (1663879 7 CAPACTTOR-F XD L0107 - P0% 160VD0C coe Po4A00 G160
ALILEG BLHE0-BTY 7 PAPATLTHR-FXD L auy v D LOOVEE 18R 4R D1HG-3
A0 6C 01603377 1 CAPACITOR-F XD 10CPT 4 20% 200000 Oy 2aai i) 6
AT DEEE DAY 2877 H CAPACITOR-FRD ThaPry 421 2AOVEe CrR PREEI ] F1HI-3
&1 0C5Y 01603079 7 CAPALTITON -TX0 01ur 420 TOOVDE R 253480 G160 287y
A 660 G160 3678 & COHMACTTOR- XD LGGGPE o THGWLE G1onh 337
ALRCAHT 0160 2878 & CAPACITOR FXD 12060 s i D1HD-TB76
A10C62 016038713 b CAPACTTOR-F XD 106HPF 47 (186 3a7n
A10CES D160 -2B79 7 CAPALTTRR -7 XD L0108+ DUEG -2
ATOCH4A §160- 7 CAPASITOR ¥ A0 810+ 16000 Cre Qa0
ALICEY 0160 7 CAPRELTOR XD ot o THBVEnE (8 R SBARD
AT ICkHE 0160 @ 4 CArAnTTON XD 01«8 7 106UNe R [RERRT51H
B1On67 0160 P CHPACTTOR FXO 00 280 THHVELC iR FOAR0
AT OC6LE 61602 9 CAPACTTON-F X0 (61U +30 207 106800 Cre 204600 b
ALDCHD * D1AD-3R 1 1 CAPACTITUR-FXD 4. 70F &+ - 5FF 2J0VLE LFER “B84AB0 D16H0-2A573
A10C70 0160 2 1 CAPACITOR-FXD T5PF +-5 0VDC CER 0+-30 51642 200-200-NPO-150J
A1 0C71 0140 k4 CAPADTTON XD 61 +36--00 106UDHE CUR DA ARG
AT HhHD 4 1 CAPArTTOR-F XD 3 CEPEUI8YLE fER PRI JLH=0690
ATOC73 01603037 0 1 CAPACTTION F XD & SR [t 23 ant 01603970
A1NL74 D1H0 2878 & CAPACTIOR -FXD S L TVR CEARD JLHI-26B78
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PERFORMANCE TEST RECORD

Hewlett-Packard Tested by
Model 4193A Date
Vector Impedance Meter
Serial No.
Paragraph - Actual s
Number Test Minimum Results Maximum
4-9 INITIAL OPERATION CHECK
DISPLAY TEST result (Pass/Fail)
SELF TEST result {Pass/Fail)
INITIAL CONTROL SETTINGS result (Pass/Fail)
4-10 TEST FREQUENCY ACCURACY CHECK
Frequency Setting:
.400 MHz 0.399960 MHz 0.400040 MHz
9.999 Miz 9.99800 Mi:z 9.99999 Miz
10.00 MHz 9.99900 Mz 10.0010 MHz
39.99 MHz 39.9860 Mz 39.9939 MHz
40.00 Miz 39.9960 MH:z 40.0040 MH:z
69.99 Mz 69.9830 Mz 69.9969 Mz
70.00 Mz 69.9930 MHz 70,0070 Miz
110.0 MHz 109.989 MHz 110.011 MHz
4-11
4-12 IMPEDANCE ACCURACY TEST Calibrated . Actual .
. Minimum Maximum
Value Results
1082 range: 108 standard ( i, mH)
Frequency Sctting:
0.4MHz Magni tude § C.V. -84 counts Q| C.V. +84 counts
Phase ° C.V. -62 counts ° 1 C.V. +62 counts
1 Mz Magnitude Q C.V. -72 counts 0 C.V. +72 counts
Phase ° C.¥. -35 counts ° | C.v. +35 counts
10 MHz Magnitude Q C.V. -72 counts 21 C.V. +72 counts
Phase ° C.V. -53 counts °| C.v. +53 counts
40 MHz Magnitude Q2 C.V. 138 counts @ C.V.+138 counts
Phase ° C.V.-133 counts | — ° 1 C.V.+133 counts
110 Mz Magni tude Q C.V.-329 counts Q C.V.+329 counts
Phase ° C.V.-253 counts — ° C.V.+253 counts
100Q range: 1002 standard (——, — _pF)
Frequency Setting:
0.4Miz Magnitude 2 C.V. -42 counts S0 C.V. +42 counts
Phase ° C.V. -62 counts ° C.V. +62 counts
1 Miz Magni tude & C.V. -34 counts 21 C.V. +34 counts
Phase ° C.V. -34 counts —_—° C.V. +34 counts
10 Mz Magnitude Q C.V. -34 counts 2 C.V. +34 counts
Phase —— C.V. -36 counts ° C.V. +36 counts
40 Mz Magnitude Q C.V. -44 counts Q| C.v. +44 counts
Phase ° C.V. -47 counts ° C.V. +47 counts
110 Mz Magnitude Y] C.V. -71 counts § C.V. +71 counts
Phase ° C.V. -71 counts ° C.V. +71 counts




PERFORMANCE TEST RECORD

Paragraph Calibrated . Actual
Number Test Value Minimum Results Maximum
1kQ range: 1k standard ( Q,
Frequency Setting:
0.4MHz Magnitude Q C.V. -50 counts Q C.V. +50 counts
Phas? ° C.V. -61 counts °] C.V. +061 counts
1 Miz Magnitude Q C.V. -41 counts Q C.V. +41 counts
Phas? ° C.V. -34 counts °l] C.V. +34 counts
10 Mz Magnitude Q C.V. -41 counts Q C.V. +41 counts
Phase ° C.V. -44 counts °| C.v. +44 counts
40 MHz Magnitude Q C.V. -72 counts Q C.V. +72 counts
Phasg ° C.V. -77 counts ° C.V. +77 counts
110 MH:z Magnitude Q C.V.-122 counts Q C.V. +122 counts
Phase ° C.V.-154 counts °| C€.v. +154 counts
10k range: 10kQ standard (_____Q, __ pF)
Frequency Setting:
0.4Miz Magnitude Q C.V. -47 counts Q C.V. +47 counts
PhanE ° C.V. -65 counts ° C.V. +65 counts
1 MHz Magnitude 194 C.V. -38 counts Q| C.v. +38 counts
Phase ° C.V. -36 counts °l C.V. +36 counts
10 Miz Magnitude 9] C.V. -46 counts 0 C.V. +46 counts
Phase ° €.V. -84 counts °| C.V. +84 counts
40 Miz Magnitude 9] C.V. -77 counts Q C.V. +77 counts
Phase ° C.V. -87 counts ° C.V. +87 counts
100k range: 5pF standard (. _pF)
Frequency Setting:
0.4Miz Magnitude Q C.V. -7 counts C.V. 47 counts
Phase ° C.V. -3 counts C.V. +3 counts
1 Miz Magnitude § C. -5 counts C.V. +5 counts
Phase ° C.V. -4 counts C.V. +4 counts
4-13 EXTERNAL OSCILLATOR USAGE CHECK
Test result (Pass/Fail)
4-14 RECORDER-OUTPUT VOLTAGE ACCURACY TEST
MAGNITUDE RECORDER-OUTPUT
Lower Left ( “, LL) -20mv — +20my
Upper Right (UR _’* ) +970mV +1030mV
PHASE RECORDER-QUTPUT
Lower Left ( R LL) -20mV — +20mV
Upper Right (UR ™} ) +970mV +1030mV
FREQUENCY RECORDER-OUTPUT
Lower Left ( ‘,, LL) -20my +20my
Upper Right (UR ™4 ) +970mvV +1030mV
4-15 [IP-1B INTERFACE TEST

REMOTE/LOCAL TEST result (Pass/Fail)
LISTEN/TALK TEST result (Pass/Fail)

DATA OUTPUT TEST result (Pass/Fail)

COMPLETE DATA OUTPUT TEST result (Pass/Fail)
SRQ TEST result (Pass/Fail)




PERFORMANCE TEST RECORD

raph Calibrated - Actual .
berr Test Value Minimum Results Maximum
1kQ range: 1kQ standard (___Q, —__ pF)
Frequency Setting:
0. 4MHz Magni tude 2 | c.v. -50 counts | —2" @] c.v. +50 counts
Phase ° C.V. -61 counts P B °l c.v. +61 counts
1 Mz Magnitude Q C.V. -41 counts el Q c.v +41 counts
Phas§ ° C.V. -34 counts ol ;‘K ° C.V. +34 counts
10 Mz Magnitude Q C.V. -41 counts L Q C.V. +41 counts
Phasg ° C.V. -44 counts bl °l C.V. +44 counts
40 MHz Magnitude Q | C.V. -72 comts | 2. Q| C.V. +72 counts
Phasg ° C.V. -77 counts “;&;‘j":-_ °] C.V. +77 counts
110 Mz Magnitude Q C.V.-122 counts 9,2 Qf C.V. +122 counts
Phase ° C.V.-154 counts -2, °| C.V. +154 counts
10k@ range: 10kQ standard (____Q, pF)
Frequency Setting:
. o S0
0.4MHz Magnitude Q C.V. -47 counts ! C.V. +47 counts
Phasg ° C.V. -65 counts | LW\ °| C.v. +65 counts
1 Mz Magnitude Q C.V. -38 counts Jgfpr____Q C.V. +38 counts
Phasg ° C.V. -36 counts e G °1 C.V. +36 counts
10 Mz Magni tude Q | C.v. -46 counts | .22 0| C.V. +46 counts
Phase ° C.V. -84 counts |~ € °| C.V. +84 counts
40 MHz Magnitude Q C.V. -77 counts | _Z 114 _ Q| C.V. +77 counts
Phase ° C.V. -87 counts =t [ °) C.V. +87 counts
100k range: 5pF standard (—pF)
Frequency Setting:
: O
0.4MHz Magnitude Q C.V. -7 counts :i:i;;ﬁk;_ﬂ C.V. 4+7 counts
Phase ° C.Vv. -3 counts | =S« & °| C.V. +3 counts
1 Mz Magnitude Q C.V. -5 counts ¥'?\5. ] C.V. 45 counts
Phase ° C.V. -4 counts | — i6' ¢ ° C.V. +4 counts
B EXTERNAL OSCILLATOR USAGE CHECK
Test result (Pass/Fail)
I RECORDER-OUTPUT VOLTAGE ACCURACY TEST
MAGNITUDE RECORDER-OUTPUT
Lower Left ( ¢, LL) -20mV - +20mV
Upper Right (UR ™) ) +970mV +1030mv
PHASE RECORDER-QUTPUT
Lower Left ( |_ LL) -20mV +20mV
Upper Right (UR T} ) +970mvV +1030mV
FREQUENCY RECORDER-OUTPUT
Lower Left ( t_ LL) -20mv +20mV
Upper Right (UR ™) +970mV +1030mV

HP-IB INTERFACE TEST

REMOTE/LOCAL TEST result (Pass/Fail)

LISTEN/TALK TEST result (Pass/Fail)
DATA OUTPUT TEST result (Pass/Fail)

COMPLETE DATA OUTPUT TEST result (Pass/Fail)

SRQ TEST result (Pass/Fail)




PERFORMANCE TEST RECORD

Hewlett-Packard Tested by
Model 4193A Date
Vector Impedance Meter
Serial No.
Paiiﬁ;igh Test Minimum R:;fxlll:; Maximum
4-9 INITIAL OPERATION CHECK
DISPLAY TEST result (Pass/Fail) _
SELF TEST result (Pass/Fail)
INITIAL CONTROL SETTINGS result (Pass/Fail)
4-10 TEST FREQUENCY ACCURACY CHECK
Frequency Setting:
.400 MHz 0.399960 MHz 0.400040 MHz
9.999 MHz 9.99800 MHz 9.99999 Mz
10.00 MHz 9.99900 Mz 10.0010 MH:z
39.99 MHz 39.9860 MHz 39.9939 MHz
40.00 Mz 39.9960 MH:z 40.0040 MHz
69.99 MH:z 69.9830 MHz 69.9969 MHz
70.00 MHz 69.9930 MHz 70.0070 MHz
110.0 MHz 109.989 MH:z - 110.011 MHz
4-11
4-12 IMPEDANCE ACCURACY TEST Calibrated A Actual .
Minimum Maximum
Value Results
10Q range: 109 standard (___§, mH)
Frequency Setting:
PSS
0.4Mdz Magnitude Q C.V. -84 counts ___\_‘f__.Q C.V. +84 counts
Phase ° C.V. -62 counts | — | °| c.v. +62 counts
1 Miz Magni tude o | Clv. 72 counts | 3G al| civ. +72 counts
Phase ° C.V. -35 counts | —— @ °| C.v. +35 counts
10 Mz Magnitude Q C.V. -72 counts | 3.V S Q| C.v. +72 counts
Phase ° C.V. -53 counts | <G, =\  °| C.V. +53 counts
40 Mz Magnitude Q C.V. 138 counts A0S @ C.v.+138 counts
Phase ° | C.v.-133 counts | =-9E L& ° 1 C.V.+133 counts
110 Mz Magnitude Q C.V.-329 counts _15__'\._1_9 C.V.+329 counts
Phase ° C.V.-253 counts | A E.%s °f C.v.+253 counts
1002 range: 1009 standard (—— 2, ——pF)
Frequency Setting:
LT T
0.4MHz Magnitude Q C.V. -42 counts _J_f_\_‘_é_ﬁz C.V. +42 counts
Phase ° C.V. -62 counts | =T °| C.Vv. +62 counts
1 Mz Magnitude Q C.V. -34 counts A8 o Qf C.V. +34 counts
Phase ° C.V. -34 counts ot ° C.V. +34 counts
10 MHz Magnitude Q C.V. -34 counts LI,:L‘.;__Q C.V. +34 counts
Phase ° C.V. -36 counts | L3 of C.V. +36 counts
40 MH:z Magnitude 2 C.V. -44 counts | A Y2 Q| C.v. +44 counts
Phase ° C.V. -47 counts |~ _L,”L_:E_A;" C.V. +47 counts
110 MHz Magnitude Q C.V. -71 counts L2325 ol cov. +71 counts
Phase ° C.V. -71 counts o b ° | C.V. +71 counts




Table 6-3. Replaceable Parts

SECTION VI

c ..
Reference HP Part Qty Description Mfr Part Number
Designation | Number |D Code
H1I075 D14 W79 CAPARTTIR-FXD Aty B160-3879
arne 01663877 bl CAPACITOR XD 1G0PF 61606-3877
[ Q140 179 7 CAPACTTOREXD DL H B1EB-28B7Y
[ZBR 16 G079 7 CARECTTOR -7 X L GLy noang 0160 -3
B D1Hd IHTY 7 CAPATTOR-FXD L 01hF TEARN I15H50-387Y
[SE R G166 3078 7 CAPACTITOR X0 01U 4 -206% 1000U060 CER 20484 01603079
RN 1792 3471 7 1 DURE 7R 11V 5% D035 Ph= 4 TO=r, 367 SARN 1232-3171
[a% 2 1901-0948 £ A niant- 2 28400 1901-0948
BLGERE 1901-0948 3 GTODE AR 1901-0948
G OERA 1901-0948 # LLans 284020 1901-0948
HLOCRS Blaa-61ey 0 i DIOLT 28440 01720109
ALDCRS 1961 - 6040 1 1 DIODEGUTTOHTNG 30U 50M8 2NS DO 35 20400 19410040
Al DE VEg - 1341 3 Y TRANS NPN 2Bty G110 20MW 34713
ALORE 18 J 8 YRANOTS NN & S1 T (VR 04713
AR 1854~ 034% ) TRANG NN P57y 61 T0) [xin] 04713
ALOR4 LASE- 045 K ! TR PNPD G PD=4HPEMM FT=200M07 23480
ERRING] O54--00467 9 1 TRAEMNSTETOR NPN ST TO-39 P0=1W FT=8000H7 AR
o ORE a TOR NP N TO-72 PH=206MH fia 3
AT 9 1 - PN SR4H0
&1 08 3 1} TOTOR -FET 28480
HTOGY 5] THTIR WPN R VE MR 04713
) OR1 Y 1 TTOR 470G ACQ/v600 0112 CRA71LE
A nRe 9 8] TR 1K 40D/ 460D 91121 CBTH
1GR3 2 K av o6 LSRR Ca 1/78-TO- 10RO -F
“loR 4 2 1 R TOR 123 I ] . C4 -1/8-TO-133RF
&L ORE 1 1 RESTHTOR 220 5% QGG /600 0112 CRA2LS
ALORE i 4 49,9 1% {REES W] PATAL Ca4-1/8-T0~4992~F
agRy 9 1K 57 4G/ 600 G112 Cr10
ARG 5700 ? 14 1% SN 1100 PATAGL 041/ -Td=10RD-F
&1 GRY 04987208 i 4 L A S TC=fh+-100 24T446 Cr-1/8-TO0-B1IR1 -G
ATary DYE7 0401 0 4 10938 1% FooT0=04 100 24586 C4-1/8-T0-101~F
M~ ORT 1 07870407 ] N W RV AN R T NV N Y EESE I Ca-3/8-T0 -1 G117
GTARTR 7 1 S5TOR 49,9 174 1e%W o1 14100 REGSE T Ca-1/8-T0H-4992-F
GTORYS E HTOR 1ic ¥ . 5o AR /OG0 CRr1oes
A1 e Pl HTOR 10 AN 100 C4-1/8-To-10RD~F
G OR1S ¢ GTOR 108 1% g Ca-1/8-TO-10)~F
ALER1EG GG 3 ISTOR 51,01 1% 109 I0-B1R1 G
o GR17 G757 g e 106 1% 100 “TO=1 61~
@GR E VPET 3] TR 49,9 M k] TH-4992 F
“IORLY HHIA - o RESTATOHR Q00 vAH00 01121
AaraR?y N6GHE 3910 i} 1 RESTIHTOR o 400D/ b a2t
[ R] AALS 4 1 A6/ L0 0 G112
AT R 4705 9 1 N A03/74580 21121
a1 aRE3 0402 2 @2 121 3% FoTe=0+-1090 BRI 1/78-Th-121R-F
AlhRPA DS 0403 Fl 121 A% ¥ 180 ISR 1) £4--1/8-T0-121RF
AL OREY 060 -0nan i 1 464 A% 13 Sabe 100 PANAE Ca-1/76-1T4-4640-F
BTG D7n 0200 7 el REGTHTOR J4-100 2446 C4-1/8-TH-5621 F
& GRET 0757 1 & RESTETOR L PAEAL Ca-1/8-V0-1621-F
N GRTE HESRAR] J RESTESTOR COEWOE S 100 2455406 C3-1/0-TO0-S1R1 65
4L ORAY G757-040 4 7 ! RESTETOR PR A1 B S N (R S PATHAL Ca-1/8-T0S51 IR ~F
ST OREN HFSE IR TN W Ve 9 RYSTSTOR SEWOTROTT AN0/40600 1121 Cr102%y
U635 Q RFSTOTOR AGLB/+O0C iy CrIGPS
HEFEN] 9 RESTETIOR 450/4 600 1121 CR10
a1 GRBR 6874 Q PESTSTOR 406G/ A0 07183 CRIG
A1ARE4 EEAR i JLGTOR =Hr 14N D486 C3-1/B-TI0~51R1 -G
e GRAS (WA @ 1 RIZSTSTOR TC=0+- 100 PAEAL CA-1/8-Te-1471--F
Al ORTE &S 13154 i) 1 REGTHTOR 4, 20K R REES RN FETE TS Ca-1/8-Ty-4221 F
il ORZ7 L6 5 G 1 REGIETNR 2,61k - 100 24546 Ca-1/78-T0-2461)-F
ATIRIH 1 1 REGTHTOR 4, 64K =04 100 24546 C4 1/8-T0-4631 F
A1 R3S 3 i RESTSTOR K 1 =f4- 100 D44 Ca-1/8-T0-1001~F
AT 7 1 RESTSTOR A3 57 AV /4TG0 n1iet CURA3IN
e GRG | G757 -4077 ) RY 49 .9 To=0+-10¢ 247 CA-1/8-TE 4992 F
ATARAEY 0757 0417 o | RESTOTUR 5670 =09 130 24544 C4 1/B-T0-562R F
AT ORATS G757 G4 1 R LR SR AV AAITS I FoTe=0+-100 oaTaL, Ca-1/78-Th-1621F
ATIRA 4G nB7m7 0200 7 RESTHINOR 5,604 V% FoTre0e-100 P48 6 C4-1/8-TH-5621 F
[SR RIS a2 G623 i1 ) FCTY IT & D-TYPE POG-FDLO-TRIG 01295 GN74K74N
AT R R BYE) "y L 1€ PAESCR FOL 14713 MC1201 3L
[AARATE] GA72 2 3 IC 5GHZ TRANSISTOR PAIR 28480 1826 0372
A4 a7 = IC 5GHZ TRANSISTOR PAIR SUAB0 LG 6-10372
[ER RN 26-0372 2 IC 5GHZ TRANSISTOR PAIR 28461 18260372
SRSV S N 4 “y 11 STARLONT -RIVET ON 30900 MROFR BY DESIRIPTION
5001-C176 7 i GTRAD -GRO:INT 28400 G081 -0173
DY1Y L a0 1 1 GHLY LD - nOX #3180 34172100601
G4193- 00604 & A SHTEL D X 284411 6419360604
5123 DI6H7 |9 i SHIELD- B0OX 28490 0419300607

See introduction to this section for ordering information

*Indicates factory selected value
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SECTION VI

Table 6-3. Replaceable Parts

Reference HP Part s Mfr £
: . r Part Number
Designation | Number Qty Description Code Mfr Pa

04193-200046 i GHIFL.D-BOX 78480 04193-20006

NA1P3-60010 1 CUVER cB480 94173-60010

04193-26510 1 PCBD BLANK 28480 04193-26510
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See introduction to this section for ordering information
*Indicates factory selected value




Tabhle 6-3. Replaceable Parts

SECTION VI

Reference HP Part |c _—— Mfr
: . ri Mfr Part Number
Designation Number |D Qty Description Code e
A11
All 0419366511 | 2 1 INTEGRATOR AMPLIFIER ECARD ASGLEM #3480 04193~-66%511
A7) 1C1 61801083 3 & CAPACTTOR-FXD I30F 23VDC AL 26400 018010873
ALICE 014604832 4 i1 CAPACTITOR-FXD . D1UF 10% 1d0VLE CER 0140-48
AN IC3 3 CAPACITOR-FXD 33U 25VDC Al 6180-1087
AL1CA 7 9 CAPARITOR -FXD L 1UF +-10% JWWILE CER 51
A11ICYS 7 CAPACTITOR-FXD L 1UE +-10% S0VDE CER
AL1CH 018007 b el CAPAT ] IHR er) ass 10% 15900 TA
~11C7 61604 7 =10% SB0VDC CER
A1ICE 01504832 4 EAPN TTOR-F Xl) AT+ 1D% 1000DC R
411C9 01860116 1 3 CAPACTITOR-EXD &, 807 +-1 0% 35900 TA 2 XP O RS
A11010 N18O-0278 b CAPALITOR -FRD 2050F+-10% 15000 Ta 150D226X901 502
AL1C11 B160-4835 7 v, CHUE 4107 BOVDC CER 61604
AlL1C12 D160 ~403S 7 rmm JAUE -t o8 01460-4
A11C13 0186~-01 1 CAPALTTONR LB -1 0% 15004
AT1IC14 0160 -4BXY 7 CAPALTTOR - 10% D163~
AL1C1S 061800114 1 CAPACTTOR - =187% FHUHC Ta
ALICTA 7 CAPACITOR -F 0% GHVDO 9160 4835
AT 1C17 7 CAPACTTOR T L S0U0C R G160
ALICIE 14 2 1 CAPALTTOR-F K] SEVDE MET-POLYC 2160~
ALIC1Y 0180~ 1(‘07 3 CAPALTTOR WG A [In}
A11C20 D160-4R32 4 CAPACTITOR ~F) DA OADOUDC CFER 160~
AT1C21 01604 4 CAPACTTOR t=10% 100UDC G 01604
AL B16HO -~ 4 CAPALITOR -1 0% 100VDE CER 3160-4
AT1C2X 0180 : 3 ("M’N‘T TOR AL 0180-10¢
AL1C24 03180--108 3 S Al 0180-1983
A1 1IC25 G1ag-1087 3 (N'A( TTOR~X -1 §180--1083
A11026 0160 4835 7 CAPACITOR-FAD L AUF 4+-10% 50900 CER 0150-4035
A1 1CR1 19010840 1 & o SWITCHTNG 30V S0MA 2 234040 190100440
ALTERS 19023165 9 1 DIOGDY-2NR 10,59 5% G035 § 283480 1202-316%5
ALICRE 192601 -0044 1 DIODE-GWITEATNG 30V 50M 2 19010640
AT1CR A4 12010040 1 DIODE-GWITCHING 30V H0Ma 1201-0040
A 1CRS 196010040 1 DIOBE-GWITCHTMG 36V S0MA 7 19010040
ATICRG 19N2-3263 8 1 INR 74,5V Lo L0-35 24R0 1992-3263
A1 1CRY 19010040 1 SWTITCHING 30V S0MA D?,MUO 1901-0040
ATILRE 12010040 1 DTODE-SWITCHYRG 30V S0Ma 2NE 703430 1981-0040
AT1d1 1251-4822 6 2 CONNECTOR 3-PIN M POST TYPE 28480 1251-4822
A11J2 1251-4822 |6 CONNECTOR 3-PIN M POST TYPE 28480 1251-4822
A1l 9400716 1 2 SINDUSTOR RF~Cil-MLD 100UM S% 166DX  3RELEG 28480 140021 ¢
A11L2 21400210 1 INDUCTOUR RE-CH-MLD 1000H 5% 166DX, 3 G 20480 21448-0210
ALILE 2140-0114 4 1 INDUCTOR RF MLD 10U 10% L 164DX, .G 284480 1400114
A1101 -0810 4 W IRANSTHETOR NPN S “04B0 154-0810
AT1Q2 0810 fid TRANGISTOR Nl"N 1 )
ATIR3 0111 8 2 TRANGTSGTOR -F 1
A 104 0311 @ TRANGTATOR - 1
ATIGNS = 4%Y 3 ¥l TRANSTETOR 200mH1Z (’4“ 0 1
ALIRG 1853 ~0459 3 TRANS IR PNP WML M"ll 1
ATIRY 1H53--0459 3 GTOR PNP 202 1
A1 1Q8 160530459 3 TRANGTETOR PN TEOMHZ 18 A 0459
A1TRY 155406810 2 TRANGTIGTOR NPN 4 20 IMEZ 1 -J610
a1Q10 18540810 2 TRANSTATOR NPN 6T THOMI7 23480 18540810
ATTATT 18540810 2 TRANSUSTUR NPN S1 1 209M47 12480 1854-01010
ATIRL2 18530459 3 TRANGIOTOR PNP F 20 0MH 2 R3480 185X-(459
ATIRT % 0757-3e68 1 2 ?.()VK 1% TC=04-130 1$701 MFAL1/8-T3~92091F
ATIR2 x 1 Q.09 1% A 0+-100 19701 MEACL/8-T0- 2091-F
AT1IR3 1 1 E 'IRMZ K 1() AI)T 1-TRN 283430 21003273
Al1R4 8 il 4,00 17 100 P45AL C4-1/78-T0-4021~F
ATIREG b 2 A0 2K 1% 1”‘;“ =130 24536 C4--1/8-TD~4022 -F
Aal1IRE 9 & 1K AQQ /4600 01121 CRr1L02S
AT1R7 9 1K H% » 490/ 5600 D2 CR1DED
A1 1R8 7 2 100 572 254 FC 400745006 01121 CRr1I01S
A1IRY 9 3 3.83K AN BT N =) 4100 24546 CA4-1/8-TI~-38%1~F
AT1R10 2 3 37 D% L 2EW PO TO=—466G/+500 01121 CR3X0%
ATIR11 4 1 V% 0+ -100 245486 f‘4 1/8 TO-425R-F
A 1IR12 3 al 7' ”K A400/+700 01121
ATIR1Z 3 2.7K 400/+700 1121
Al 1IR14 3 3 1K 17 +-100 D8EHAL L4 1/8-TG-10¢71F
ATIRTS N6EA3--A305 2 X3 9% AN/ +500 n1121 CR3I30G
AT1R16 Ga98 00673 2] 1 1.96K 1% 1250 T TC=0+-100 244G C4-1/8-T0-1961-T
AlL1R17 DER3 4705 d ? 4,7 B4 .guU FOC1C AN0N/+790 01121 (H472%
AT1R18 G683 472G 2 AQG/+700 61121
ATIR1Y DER3-4705 2 ~490B/+700 21121
ATIR20 06831025 9 RE¢ »T“IOu’ 1K 5% 400/ tH00 61121

See introduction to this section for ordering information
*Indicates factory selected value
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SECTION VI

Table 6-3. Replaceable Parts

Reference HP Part |c o Mfr
Designation Number |0 Qty Description Mfr Part Number

ATIR21 9 T= 300/ 4 430 LR

ATIR2Z 8 ) Fhm A G /500 (MR,

ATIRE3 36 - 18] FoorCada 100 4 A8 TO-3001 - F
ALIR24 675702 @ 3 FoTCsEGe 100 041 /8-T0--4920 F
ATTRES HESSR- S Wi k] i1 » T Q054900 CEUAEE

ATIRZE G6HAR- 7 I It P G1ia (

AVIREY D620 -3 FC=de 2100 LATREL l TO-2GF
A11R28 06873 B0 6/HE0 0 611 { e

ATIREY 0483 w QD047 0 J1ian C

ALIR3Y 06383 e LU AN G1a Gy an

ATIRIL 2633 & D/ 70 CRAT 7S
GL1IR32 06493 @ AQE /600 CHEGRSE
ALIRZ D678 1 1 RS L] (4 /8 T 3160
AL 1R34 0737 3 Tl +-3100 Ca /8- 76 1600 F
ATIRAS G601 - 1 40,2 1% FoIRshe 100 T4 /E-TO 4080 F
ALIR3E ] 1K T 806 /65 6110 [ NEE
ALIREY 3 1K TCa0 0100 24524 01080 F
ATIR3H 3 3 e AR/ a7 G L G112l
ALT1REY 3 T AN/ 700 gz
A 1R4G & T a GG/ 4700 G118
AT1R41 BRAEE 3 AU0/17 40 a1l
A3 1RAZ 1683 A 0G0 61123
AT1R43 ] 3 40D /+7D 0 HERES
AT1R44 046H3-47 05 2 RESGLETOR YCa -400/+700 INGFR}
AT 1RAY GoBA 2 RESGTHETOR ¥ e G LGP0 631
A1IRA4H RS id 3 B / Y4 40074700 arrey \
AL 1R47 (696 3 I B3 bt 406 DAEAL 41 /B -TO AR
A11R48 - 5 t 121K 1% IREE N ERASE ST
A11RAY 7 1 18K 400/ 736 019123
&11RS50 1 2 16K 400 /4706 RN
ATIRG1 5 i ¥ GOD/1900 HERFI|
AL IRS2 3 L6 70 (RT3
ATARSSE i 11K a1
AL 1RG4 3 ¢ 5 b T 4004700 [RRFS)
ATIREY 3 1 RESTHTOR #0 W7 JRBR PO 7= - 430/6%00 Jti
1
Al 3 1 0P AR LT ORIET TR S PR B ERT O 5EEY
Al 1U2 0 ) FTCIL NG G BJED 14 TTpP-p Pri G190 DHART6R
AL k ! b LCCOMPARATOR LD KUAD 14 DIP P PG 015975 P MAZON
At 1U4 18201197 5 2 TEOGATE TYL LS NAND AL 2 TNp (1P pani
ATTUS TE20-1418 7 1 TC UEDRTIL LS LD -T0 DN 4 70101 1) RN A GATN
& TUG 183260138 a POOCOMPARATOR GP QuAD 14010 -0 Pie [P RER ] [
AL 1LY [RY 1201 b \ TEOEATE TTL LS AivD GIAD D TN 21500 GINTALGO8N
AT 108 18201197 9 LEOGaTE T LS N&ME QuaD @ T 61225
A1149 LR20 0630 3 t IeoMISC T 147173
£7.1U10 1820 1144 6 i TG GATE TTL 1S NOR BJan 2 ter (1 GRT74T RN
ATIULL THR0 1208 3 | LCORATE TTIL LS OR GUAD 21N RS G AL HIN
AT 8159-0005 8 4 WIRE 22W 28480
AT1W2 8159-0005 8 WIRE 22W 28480
AT1W3 8159-0005 8 WIRE 22W 28480
A1TW4 8159-0005 i WIRE 22W 20480
1268-0141 ? JUMPER-REMOVABLE
D340 0060 4 4 TERMINAL GTUD LV POTHRD PRUSG MG g BT -6RIG DRG0y
I
04193-26511 | 0 1 PCBD BLANK 28480 | 04193-26511

See introduction to this section for ordering information
#Indicates factory selected value
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Table 6-3. Replaceable Parts

SECTION VI

L fr
Reference HP Part | ¢ Qty Description M Mfr Part Number
Designation Number |D Code
A12
ALz B4193- 66% 3 1 LFBPEOERARD AGGEMELY 20480 541366512
Aal201 07 603766 4 CETOR-FXD o 2480 0160
ALRER 3140 - 4 CITOR -F XD AH2n + - 30 SR 16 0-
A 2C3 0160 CAPACTTOR-FXD 10C0PF +-17% 106VL0 MICA 28480 0166
A120A 31602 ” CAPACTTUR-F XD &20PF 4+ 1% 3D0VDEC MICA 12480 Q160-2
AL2CT 01603766 1 CAPALTTOR X0 1800PF +- 1% 160VDE ML 23400 0160
AL2CH 0160~ 2 CAPACITOR-FXD G299F +-1% 303vDE 0460 016H0-2
A1 2C7 160 f 1 TORFXD 10COPF +-1% 106VDHT G166G-3
Alacs 31602454 2 ACTTOR -FXD &207 =17 3BV 0160-247
A12CY 0160~407%5 7 14 PTOR-EX0 U7 +-10% 316048
A12C1D 01604835 7 CAPARLTOR -F XD L 1UF +-10% G1H0-200
A1 2C11 01604835 7 CAPACTTOR-X0  1ue G164
A12012 0160-4835 7 Caracyr Xhoue 0l6n
ALPCTL3 01664935 7 PACTTOR-FXD AU G150
ALZCL4 0160--483% 7 SLTOR -EXD C1HF 160-3
A1L2C1S 01604035 7 CAPACTTOR-FXD 1 616048
A12C1H 01604635 7 CAPANTTOR-FXD L 1LF C yd-4
' 018008 3 ? CAPACTTOR-F XD 1TUF 4 AN T LG
01800291 3 CAPACLTOR ~FXD 1UF+ YUDE 15001 6UXY 03!
AL2C1? 01801083 3 4 CAPACTTOR 3 al G1GE-1683
ALRLR0 01801083 3 CAPARTTOR~FXD A3 Al JLH0-1003
Al 2021 0160-48X%1 3 4 A7G6PF +-10% 100VHE CER 01604821
ARCED 01604631 3 47900F 410 THavDE R QLAHD-48
AL2C23 01604871 K TOR-FXD A700PF 43¢ 140VH0 o 01604820
ALRC24S 01301063 3 TOR-FXD 32UF 2% o 01RI-1083%
A12C25 0180-10873% 3 TOR-F XD 3 X0 01861082
AL2C26 0160--4831 3 CAPALYTUR-FXD A7907F +-10% 190000 TER PR 015H0-4031
01604835 7 CAPADTTOR-FXD 105 +-10% (L CF 20420
01604035 7 ERKD O LTUE e 10% SRARBD
0160483 7 X0 HT 107 P34R0
01404835 7 FXD AU 4 10% G0VEE AREE IR Q1HY--
0160 7 SR S VAN 234R0 07 &G - 48R0
B1H6- 7 FXD e+ HOVDC 74808 RSN R TR
6180 b @ “FXO FAUEE-D0% 16VDE Al 23400 Gred-
ALRCE4 0130 & FXD A2 -20% 16VEE Al =480 01B3-26%
AL2LY 914001 1 4 TMOUCTOR RE-CH-ML D SLAL-012Y
AlSL2 G140 1 STOR RE-CH - MUY : 2140-0
AL2L3 9160 8 4 INOUCTOR RE-Cit-ML D 10% L2OLG aaang ERRNL
A1ZLA G100 8 TNDLCYOR RE-L i V% LRRLG Rt @Lig-
AL2LS 9100~ 8 TEDHDUTOR RF O M. TO% 080X . 261 6 PIOE-2R20
ATELG 1400189 1 INEVCTOR SO E D 2R 00N CAEADK CEDSLTE Y140-0159
AL2L7 ®)An-6 1 INpURTOR Cr-MUD 220U EEBX L ERELG Prat-0129
AL G100 3 TREUCTOR CH-MLD 1 L LDBDKL 2ELG PABI-2EEY
A1 201 9 1 PN TO-39 Phs&G0MR 64713 AN Ve
A12G2 K4 1 PP (018 PO=400MW 14713 SN290760
/71203 1 1 NPN 3 TOE PDR=RECMN U AN PN 0N
ALIG4 7 1 PN TO-1LE PH=NEMR 14713 AN2RETA
AlaR1 2} i R TOR 47,8 1% A2EW T TU=g+-100 DATIGEH Ca 1/8-T0 1732 F
ATER2 AR 7 ” L TOR AR NS [ R ) " AR /10T 1) 200 3%-R
ALZR3 29 0037 1 @ OR-TRMR Sx 107 GEPRE-ART 1--TRN 2106 A7
ATPRA 21900 0 s BTUTOR-TRMR 0 0% C SIDE-ADT 17 TN AaP5al
A1 2RE 16988833 2 8 RESTSTOR-FXD 161 0dm 0.1, 0&e93--BRIA
ALDRG N6568-2461 1 » RO A B NS R N PSR 0] GTHPB-3460
A 2R7 0698~¢ 3 2 FXB 16 Oue 0.1 28400 G623 QR32
ALLRE L EIERS b 1 i 220 G ERW F G TR A0/ 46010 J110 rr21y
& 2RY 0698-731 34 2} 17.8% SA2HW T TCE0e 160 Ca- ) /78-T0 1 7amF
ATTRTD 165663004 9 200K AW TR MER-1/10-T10 - 200351
210032 1 STWMR o ST ADT 1-TRN 2ae00 2360 3207
2190 Jo 0 TRMR i DSTOFE-ADT 17 -TRN 021 4P G0
G69a- 3332 2 FXD 10k 0dAM 0.1 28404 PO BUAR
1698 3460 1 420K UE W TU=04 100 cgan B3+ 2460
(1693 -083 3 FXAO 16K O 0.1 29844010 L& Bansy
ATERTG 0603 2010 any FOCOTE= 40074490 driat L1 21
AT2R17 0696 K FXD 10K Qe 0.1 ag4an G693 Qa3
ATTR1B 86586 3 FXD 16K rkim 0.1 TRARD YO8 E0R%
A2R19 G693-8833% 2 REGFGTOR-FXD 16k 0dM 0.1 . 28400 G620 030
ATER20 1678823 2 RESTGTOR -5 XD 10K ChiM 0.1 ARy 04%8-GUIZ
A12R21 7-0280 3 4 RESTATOR 1k 1% “0e-160 DaE4hH Ca 1/8-Th-1001- |
ATERED 1474 3 4 RESTHTOR 5, 11K 1 TL=d- 100 EERETS N4-1/8-7T0-5111 F
AT2R2TZ 6757-043% 3 R STOR G111 TC=04 160 24%48¢ 4 1/78-T¢ Wiy ¥
ATIRZ4 B757--0E80 3 REGIHTOR 1K 1% L) 28N80 Ca /8- T0 101 ¥
A12R2S 67570280 3 REGTSTORN 110 1% 128w F TO=6e- 100 R NE T €4 1/70-T6 1001 T

See introduction to this section for ordering information

*Indicates factory selected value
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SECTION VI

Table 6-3. Replaceable Parts

Reference HP Part |cf o e Mfr
. A t Description Mfr Part Number
Designation | Number |[D y P Code
3 REGTATOR S.111C 1% . 12%W F Q4T Ca-1/8-TQ0-5111-F
3 RESIGTOR S, 11K 17 2 24546 €C4-1/8-T0~5111~F
3 STETOR 1} 1% 3 245486 C4-1/78-1T0-31007~F
) 1 21 THETOR 10K ¢ f 0t CR1O3S
AL 2R3N 1 10K 5% 61121 Cr1035
ATZRET 1 190 5% =W %O TC=04+-230 0698-2620
. 2R32 7 b A% 1% ~10¢6 Ca-1/8-T1- 6491 F
ATERAZ ] [ N O ~130 C4-1/8-T0-B66R-F
AL 2R34 S ) 866K 1% =100 C4--1/8-T0-BHAR-F
ATERAS PDOTB-R20VE 7 RESTHTOR 6,49K 1% =190 24546 C4-1/8-T0-6491 -F
M)L2R36 16983620 ko] RESTISETOR 108 5% 2W MO TC=0+-200 20480 G678-3620
18260081 0 b TG OP AMP WR TO-%9 PG 27014
A ~0681 0 TCO02 AMP WE TO-97 PKG 2761 4
AT2U3 ~0081 0 TCOOP aAMP WE TO-29 PKG 27014
#1204 &-0081 1} IC 0P AMP WE TOH-99 PREG 27014
ALELS L B8 0 TC OP AMP WEB TO-99 PKG 27014 IM318H
1206 [} Q0 AMP WE T P PG 2701 4 LM318H
A 17 3 » OP AMP DUN. 1 P PKEG 11E9S TLOZE0P
A 2u8 4] a TC SWITCH ANLG QUAD 14-DIP-P PKE 0192R CDAG16BE
AlL2LUP 0 T OHEWITOH ANLG GUAD 14-D1P P PKIE p192w CDA01 6w
#12U10 3 1€ 00 aMP DUAL 8-DEIF-P PHQ §1895 TLO7:
1205-0050 7 2 HEAT SINK T0-5/T0-39-CS 28480 1205-0050
04193-26512 | O 1 PCBD BLANK 28480 04193-26512
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SECTION VI

Tahle 6-3. Repiaceable Parts

Reference HP Part |c L Mfr
. A o| Qty Description Mfr Part Number
Designation Number Code
a3 NA193- &65E 4 1 DETELTOR EOARD ARGEMELY S13460 419366513
7 3CH 61860716 1 1 CAPALTTOR -V XD LT 37 150 685X 0AGLR
A1 0160~ ) 7 20 cap TOR-F XD VOE CER 3160--4835
~713C3 9160 4 2 CaP TOR-F XU A06UDC MLCA 0166-2208
ATACS D160 -7 4 CAPACITTOR i ¥ JOOVEC mICA 21460-2
A713CS 6160~ 7 COPALT TN LOHaUDE ? 07604935
ATACH 0160 7 CAUF # VoL CER 0160-4¢
~13CY 01604t 7 U e UDE CER 01664
AMis D160 7 CAIUF 4 VDO CER 01AO-4¢
™. 3C9 0180 & 7 BRI 1OVEC Al G189-2
AT30T0 niBa- b RAUFH -20% 16VTLE AL G193-29%1
&30 0166 i OA00VLE oER a2aai B160--48
A1ECAR 0160 4 GHVDLE CER TE480 D163-4"
§ Ci3 0tae 7 1 JNEVDE MICH §169
ATACLS D10 ~10E3 3 2 Al HERIHES
ALIC1S C1RG-1683 3 [2H 41601
ATACLH D160 47 AP A D16H0-4Y
& 3017 G160~ Car 0160-48
3140 CAP A 0160-4¢
A1 3C19 416045 CHaPA 0160
ATECR0 0160 7 CAPANTTORF D160
0169 7 616048
BlHD - 7 0163-4¢
7 107 SOVRC Br&n-- 0
3 20% 14000 01680-
7 -1 0% HOUDC G160 -4
D160 - 7 CLTOR CALE #1137 BEVDE DAH0-A5%
0160 7 TOR ~F A RIS N 04
0143 7 TORF3 R NI A | D164
11460 & 4 TOHR-F AATUE ] o CER 01604873
0160 4034 b CAPALTTOR CBATUF 4107 100VDE CER 9160-203
A13C31 t1ge- b 207 16URC Al
2 Q130 b P20 THYDBE AL
. 01840~ I H
D160 b AP AL TOR
614060178 1 1 CaracTrol + FEOUDRC MICH
0160 4 ABVEE LER 3163 4535
416 4 Uit R (166045359
i D160 7 nvoe GER 0150-41
3039 0160 & 4 1THeVLE 01604834
AT3040 HRATSEE & R VAV S EED I VAR W R 1A% 1M 0160-4832
&1 3C41 016¢- 7
A1ZCAD 01604 7
#3043 0166 7
ATICA4 D1H) 7 TR4B0 D160-4135
&13CR1 1961-0040 1 G I % 283410 12030640
ATALR2 12011040 1 01 e A0 1231-00840
&13CR3 19620064 1 K nio PAS AN " +,00% 23400 12020044
A1ZLRA 170100840 1 DIOVE-SWLTERLREG 30 HOMA FeaR0 1731-0040
AL 3CRE 19020649 2 1 DLOLE-2MR 619 5% DO 23481 L0 g4
ATACRE 12010340 1 DIVOGE - SWITCHTD J0V NAMA NG T S8A80 17201-0040
"1 3CR7 19610040 b DEODET-SWITCHIN i NG DO 23480 19010040
ALTELRE 17020064 1 DIODE-2NR 7.5V PO AW T D5 2480 1oN2-0064
A1 3CRY 19620064 1 ol SZNR 7 VEY G DO Phs ., 44 N5H% g 12006064
ATECRTD 1201-0040 1 DIL GRITOHING 30V S0MA 2ikG DO~ 80 1231-0240
A1 3CR11 19610640 1 LLODE -SWIYCHT XV CMA 2iNG DD 3400 12316640
ALACRTE 19010040 1 DIODE-CWITUHING 300 S0MA SN 3 2480 1991-0040
@1 3CR1 A 196100640 1 DIOOE-GRITCHING F0W 50MaN 288 DO 2UARY 1201--084¢
ALATL TG & 1 CONNECTOR 3PN ®M PRST TYPE TEARD 1 a1 48
a3 D3 40-0 4 ? INDUCTOR RE-Ci-M D 10U 167 L 166DX 3REL0G AR P140-0114
“1ELS 140 4 INDULTOR RE-CH-MLD 10004 1 CTAEGDX . 3RELG 3480 P143-0114
AL 3L @40 1 & INDUDTOR RFE-CH-MLD 220010 L GHTX 3 23400 @146 -0127
AT 4 FAENE 1 INCHETOR RE-IH-mMLD FR0UH ALY, F 2460 R143-3189
a13LY Q140 1 INDUSTOR RF-CH-ML D 220U LLHALX L BNILEG 34990 S140-0127%
ALl G G140 - 1 INCUCTOR RF- CH-mLD 2200H LA EADK L ARTLLG TRAR0 P140-3129
a1 3AL7 @3 40 1 INOUSTOR RE-Col=MED 22000 5% 1660X, 325 G P4 PIAG-0127
ALUALE VAT 1 INCUCTOR RF -CH-MLD 22001 9% LAADK, Jh5 G 12480 P1A0-3129
A1 3R1 21007 7 3 REGISTOR-TRMR 1K 16% C SIDE-ADT 1 TN ATGO-3350
NI2RD i 7 ? ] REGIGIOR 19K 1% SWOF TC=D4-108 Ca-1/8-TI-1002-F
#13R3 I\ a2 R TOR JA.16K 1 L1AEW T T =161 LAa-1/8-TE-3161-F
ATERA 3 2 RESTHTOR X1, 6K 1 CTESW T TC=D 100 RENETN CA-1/8-T1-3162F
ALIRS 8 REGISTOR A1 ,6% 120 1250 17 TCE=0+-101 EENE I Ca 1/8-TC 23160 F

See introduction to this section for ordering information
*Indicates factory selected value
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SECTION VI

Table 6-3. Replaceable Parts

Reference

HP Part

: . Q ripti M rt Nu
Designation Number [o] <Y Description fr Pa mber
AL3RG (693 JS?"/*}‘ 9 1 FETETOY 4,99« Ge-100 Ca-1/8-TH "~4‘}‘ P18
B12RY ) . 7 2 THIOR 11K T4 -3 C4 1184 F
~1 3RS 7 FSTOX 1.1k 1% =140 ; 4 AN RN
MR 1 5 TR 4, 64K D100 'W&;'M ) »‘[/B--l\) A - F
G 3R1G G STETNN 10K 7] 100 DG Ca-1/8-TL-1062-F
3 1 196K 7 141230 e T 4-1/8-T0-1961
I 1 1601 =10 =31/78-T8 G CA-F
3 1 TR 15K & A0/4300
1 R4 LK 10 E & I
SHGH-BAE 7 1 R Y‘ THR 127K 139 YO~12%2 - F
“G33R16 Haa 1 TEHETON 4, 646K 178 T0-R641 - F
BraRLY dh rll i} i GUOR 46, 6K =T0-4647F
“13R18 G657 ks 4 STOR 10N
HTARTY 1610 7 3 [RHATGE SR 4, /)( [y
(H%E 4 COTOTOR 4L, AN R VT
W27 @ THIGTOR 3L e 130 C4-1/8 T’]m%lbl F
G698 31460 0 TETHTION 44,4k IR Nt ¢ 178 Tl 44640
THL-000 NETWOR -RES 8 2OA4T7R
QHRA - HE1Y 4 § raraR A0E/HHNE
WER - 5L STHTOR &B0 ADD/16D0
(683 6815 I WESN Y G11el
WERZ-EBTY 400 /4600 g2
I(l‘ﬂ/!/l.' [N
@ 121
9 03121
3 2 RESVEHTOR 134K 490/v600 21121
9 ‘ N Y A0 /7600 G1121
V2 1K 40071630 011
AI3R34 [ 9 18K . 4100 » . 4 F
13R35 G698 447 8 2 20080 1% I =04-100 ”4',4(» C4- 1/[’ T i -F'
a1 3R3G $HP8-4431 £ O+ 1618 24546 ca l/l'l T~ 205 T
Al BEB7 1045 3 490/4030 a1121
3! (683 16 9 ALL /+60 € G112
Wl i 107 ? 403D/ +AN0 01121
SRR 210 9 ER IR AT AR G112y
W DFEZ-DEBG 5 o AR 130 D4R A4-1/8-TO=1001-F
A1 3R 0698-3155 1 4.64K Gt 10 24546 C4-1/8-T0-4641-F
[EN e HESE R W] i - SRR NN A D) HE Rt Cu1I3%
%) 8108 7 N\ m IRK P47 OdAM X 7 61120
A1AR A% [IREE R N ] 7 1 GTUR CEEWOFC TC=400/4700 9112
1 3R4A4H 6757028160 3 TATOX 1K 17 1280 F TO=Ge-100 DANAL Ca-1/8-T0-10¢7~F
ALZRAT 0698-3155 1 SUSTOR 4. 64K CLEEWOF (G=D 100 24546 C4-1/8-T0-4641-F
G757 64480 ? 14Y0) 10K ClRnw F 160 EEHEIN Ca-1 /78101602
N7 0442 ? FETOR 10K SR 100 SRR Y Ca 1/8-TH~100 ¥
D787 04942 N4 FETOR 10K 17 125uW P IRUAH DANKGL Ca-1/8-10-106E2-F
RVAVVER PV i 1 RESTOTOR AL 19K 1% TC=34-100 MFAL 1/8 Ta-6191 F
D6RA 1025 9 R T 1K ~40G/+60¢ Ch b7
& 100 ? REGTHTOR 1« AN/ 4600 CRINES
0683-1035 1 RESTSTOR 10K 400/ 700 CB1035
5570442 ¥ RESTSTOR 19K Sl 100 Ca4-1/8-T0-1)00~F
MRS 47570447 N RESLSTOR 1610 1% 125w T 100 Ca 1/78-TR-1GE2F
[RERSIED ARERTORI T s 4 2 VEOOP sl GUAL 8-DIP P Pl THO720P
~y3uE R k i 3 LOO02 AM2 LOW BLAS M- LoD 1099 PG ]
A1 ALY 3 i T DOmPARATER PORLAD T4 DIR-P P
) J4 2 1 10 MY CMOS MONISTRL RETRTG/RESET I
2R psiNi«t ERETETCTRE I ® VOO CCEPARATHR L2 GUAD 401D P PLE
A13U6 1826- 0229 8 | IC OP AMP LOW-DRIFT T0-99 PKG
A 37 1824 (v(); i g TEDD AaM? L0 BEAS H-IMP L TO 29 Pkl
SRLE L8G4 3 TC02 AmP CUAL B -DEP =P PG
AT ALY ‘l 1"6 07 K3 1 1 MPARATON GF DPUAL 1401 P Pk
ATELGLD S2R0-1747 ¥ 1 J BTE UM NaiD G0 0 TN
G 3utt L B2G160) 0 1 O OaTE CMIS EX0 00 QA 2 TND [N CHAG7ORE
AL V2 G ERG i) DOLP EP LW RPAS TR T0 w9 e #7014 LE3S1IH
A13013 1826-0081 G 1 00 axe WB T0-99 PKG D7014 LM318H
[RERIPEE] (R RN KR ) 3 SWITOH AN G QUAD 14 DRP P 14713 M 1406mEC
A 3NTE 1826 - 6507 G LC SN YOH ANL D GLEAD 14D -D 0471% M1 A0&STE
@11 TE26 - ALE2 i) YCOSWLTOH ANLG GuaD 14-Dup P 34713 PELADGLLOP
1258-0141 i JUMPER-REMOVABLE
1205-0050 7 1 HEAT SINK T0-5/T0-39-CS 28480 1205-0050
04193-26513 | 0 1 PCBD BLANK 28480 04193-26513
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Tahle 6-3. Replaceable Parts

SECTION VI

Reference
Designation

HP Part
Number

Description

Mfr
Code

Mfr Part Number

A14

Al4

AT ACT
A140R2
A1 4C3
A14C4A
A1 4CS5

A1406H
~LACT
A14CH
A1 4AC?
ATACTD

A14C11
A14C1R

AT4T1
ALATR

A 4AQ1

A14R1
A1 AR2
A14RI
A1 ARA
A14RE

A 4RG
ATAR7
A1 4RB
N1ARY

&0 4U1
A142
Al 4U3
Al4l4
A1 4US

Al4lls
A1 4U7
AT1ALB
A AU
Aa1auyln

AT 4U11
ALAL12

34193~ 647

01600127
01600127
0180-1083
0160-0889
0160-03C3

01600303
0160-08439
1160--48
0160 2
D160-3901

01603901
01604835

1200065
12000654

18540477

066831045
069 ]

1820-1197
1e20-1112
1826-0746
1826-0746
182061199

16202024
1820-1216

18201432
1620 -1432

04193-26514

ALC LOARD ARSEMBLY

CAPACITOR-FX0 1UT 48
CAPATILTOR -F XD 1TUF 4
CAPACTITOR-F XU 3

TAPACTTOR -F
CAPACTTOR - XD

A
GOVne POLYE
Ao 200UDE POLYE

CAPALTTUR--FXD .1

200VLC POLYE
CAPACTTOR~F XD 2 g

LR aovoc POy
100B0F 1I0VHE CER
100GPF TOCVDHO G
QLR R0 CENDE LR

CaPaTTo
caraniTir

E LOAG-CONT DY DR
KET-TE 40-CONT DIP DILP

TRANGTOTOR NON 2N2Z TO-18 PD

100K 43074300
100K 40 0/+800
202K Py A0 /4700
121 1% A 0+-1040

TOR 1K 1% 28 FoIC 190

AN/ HL0G
N6
AG0/47080
DD/AAID

4. 7K
AED T

TTL LG NAND QAL
[COFE TTL LS D-TYPE POS-E0
IC A/D CONVERTER CMOS 40-DIP-P PKG
IC A/D CONVERTER CMOS 40-DIP-P PKG
TEING TTL LS HEX 1-LnP

DOBRVROTTL LS
DCOR TTL ¢
A B P
TTL LS
FFETTL LG 0

TDRVR GCTL

IC CNTR O TTL LS BIN SYND
ICOCRNTR OITL 1S BIN SYNCHRD PO

EOBE-TRIG
ETRTG

PCBD BLANK

ERA%0

C82A80
2484
280

JRERTER)

64713

01121
01

F )
EYEEA

Gyt

G325

2156 E

28480

1417366514

016G--0127
D14H0-01
G1RE-1087
01630689
01690303

D160-0303
016008
N163-4
01604827
0163-3901

61603961
F1HI-48RT

1AGE--06%4
1230-0454

DNDDPRDA

T332

4 1T -F
L4 1/8-TH-1001

T At
01-F

HGN74] Q00N
GN7ALE74aN
1826-0746
1826-0746
HN74LGHAN

S7 4N
§7 45N

GR7ALSTHIAN
ENVALSTETAN

04193-26514

See introduction to this section for ordering information
*Indicates factory selected value
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SECTION VI

Table 6-3. Replaceahle Parts

Reference HP Part |c| o . Mfr
: . t Description Mfr Part Number
Designation Number |D Y p Code
AlS J41Y3-66G15 | & 1 ANALOG CUTPUT GDARD ABSEMELY 211480 3319366515
A1SCY 0140-0208 8 6 CAPACITORN-FXD 680PF 457 J6CUDE 0140-0208
ALSCR 0140-0208 8 CATALLTOR-EXD 680PF +-5% 30IVDEC MINA 0140-0208
ALEC3 03400268 8 CAPAGTTOR-FXD 6BIPF +-5% 30CUDC NTICA DM SF6R1T0300WVICR
A1ECS 0140-0258 8 CAPARITOR-FXD ABBPE -+ FIOVLE MICA DMISFAB1T030 JWV1CR
A15CH 0140-0208 8 CAPACTTOR-FXD 680PF -+ JLEVDC MICA ’d4H(1 0140-0208
0140-0208 8 CAPALTTOR -FXD 680PF 4-5% 303VH( yﬂl ) 28480 0140-0208
01600127 2 & CAPACTIOR -FXD 1U¢F +-20% 7 "’8480 01600127
01600187 2 CAPARTTOR-FXD 1UF 42 0163-0127
~)a9cy CL60-0127 2 CAPACTITOR-FXD 1UY + o 01600127
ALECTD 01604835 7 3 CAPALTTOR-FXD AL 5 LER 0160-4835
AISC11 0160~ 7 CAPACTTOR-FXD . 1UF s CER 28 410 01604935
p D160 7 CAPALITOR-FXD . 1UF T CER 22480 0160-4835
0186~ 3 5 CAPACTTOR-FXD BAUF 26490 0180-1063
D160-01% ‘7 2 CAPACITUR-F XD 1LIF LER a0 ND1A0-0127
A13C18 0190-1683 3 CAPACITOR-FXD 33 S AL 28400 01801083
ATECLS D180--100R3 3 CAPACTTOR-F 20480 01830-1083
~1EC17 1600127 2 CAy ITOR-F 20480 01600127
A1EC1LS N1BO--1083 3 CAPACILTOR- 2180-1 lﬂ"
ALSC1Y B160-017 2 CAPACTTOR-FX 0160012
AlE 01801083 3 CAALTTOR -FXD F2UF 0180~ 1033
A1SL1 91408710 1 2 HITOR SMLD 100U TZ L 166DX, 3 91400210
A1 Y140-0210 1 INDHCTOR SMLD 130UH 5% L 146] 9140-0210
&SR 2900 1 K3 ATOR-TRMR 21K 18% € STDE-ADT 1-TRN 28430
ALERD 2100 1 ¢ TOR-TRMR 2K 10% € SIDE-ADY 1-TRN 20480
ALER3 @300 1 STSTOR-TRMR 2 10% © AR 1 TRN 284810
16R3-4705 2 3 SISTOR 4,.7K S% L 2%W FO 400747390 01121
06831025 9 & Iy ATOR 1K 5% A40C/+600 Giiat
ALERG 5 3 BIGTOR 27K 57 49074820 p1121
A ER7 9 TOR 466 /4600 01121
A1ERE G GINR 2 ~4003/+4830 o121
ALGRY ? R QroR F Tt 400 /+600 0r123
AlERLO ) 20K ‘:A. SESWOFCT ~4003/4B30 o1t
ATERIT 2 RAEWOFC TC=-400/+4700 01121
ATER1D 0 4 40 0/7+8310 01121
ATER13 0 3 AGG/+B0G 11121
A1ER14 2 SGTHTOR L) ~400/+700 91121
ALSR1S 5 2 NETWORK-RES 10-GTPA, 7K OUM X 9 01121
ATERY 6 b 13 4., 7K X @ 01121 210a472
ALER17 @ S W FC TC=-400/+660 011213 CRI0as
ALERIB ? TOR 1K D% W Fe 430/4600 31121
ALERLY 9 FEATOR 1K S W FC A40G/7+600 01121
7 » TE GNTR TTL LS EIN UP/LUWN SYNLHRD BN7ALS191N
7 IC CNTR TTL LS RIN UP/LOWN SYNOHRO SN74ALS19IN
b 2 1 o4 TC TNV T LS HEX 1-INP GCIN74LS04N
£ 504 1020-1204 9 ? I0 GATE TTL £6 NAND DUAL 4-TNP GNT7ALS2ON
ATELE 18201112 8 1 TCOFFE TV LS D-TYPE POS-EDLE-TRIE SN741.874AN
A 506 18261264 9 TC GHETE TTL LS NAND DUAL 4-InP GN74L.S20N
A1EU7 (R 0-1483 4 1 TG WV T1 MONOGTRL RETRIG CUAL SN74LS1 23N
a0 S8 201197 9 1 TC GATE TYL LS NAND 6 2 TNP GN74LSO0N
ALELY 1216 3 1 O DODR 1L LS 23-T0 . ~INP EN74LS128N
ALSUTC 18201144 & 1 TC GATE TTL LS NI QUADL 2-1INP GN741.502M
AT 1813-010% 2 1 D/A CONVERTER 24-DIP-CER PKG VaACB8-CRL-V
ATEU12 18201374 4 1 SWITCH ANLG QUAD 16-BIP-P PKG AL7S1ODTIN
A1SUT3 16201159 1 INV TTL LS ~iNp GN7ALG 04N
A7l 514 18202004 K s T DRWR TTL L | DRUR 02T 122G SN7 4L S2 44N
A1DHULE 1TER 01836 V4 3 TC TT LS 16-BLT RAM BTAT 45 NG 0-0 0129% SN741L.817 NN
=1 434 N4 TCOTTL LS 146-BLT RAM STAT AT-N&G 0-C 01295 SN74LKI70N
=143 9 TI0OTTL LS 16 -BIT REM GTAT 45w 00 01595 SN74LS173N
1826 64110 P @ TC 07 AMP LOW-RIAN TMPD QJAD 14-DL1ipP-P 01295 TLODAON
A1E9 1EPH- D410 9 TC 0P AMP LOW- BTAS -H-THPD RUIAD 14-D1p-P 817295 TLOBANN
AT591 12 00-0541 1 1 GOCKET-TE 24-CUNT DIP DIP-5LDR 23480 120¢-0%41
04193-26515| 0 1 PCBD BLANK 28480 04193-26515
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See introduction to this section for ordering information
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Table 6-3. Replaceable Parts

SECTION VI

rence HP Part |c e Mfr

Referenc | Qty Description Cod Mfr Part Number

Designation Number ode
Alb DAL9F-6EO1G ) 7 1 HP-18 RRARD ASE 204103310 03193 ~66516
f1.6C1 01600177 2 1 CAPACTTOR -FXD A0 CER 6160--0127
ATAHED 01801013 3 1 CAPALITOR-FXD X 0180-1083
A1 631 1268~-0654 7 1 SOSKET-TC 40-CONT DIP DIP-SLDR 23400 12060654
Al16RT b 1 NETW?K - 10-¢ 4,7 HM X 9 D1121
~16R2 2 1 R 4,71 B4 FC TC=-4G0/+70¢ 61121
A6 3 1 TG DRVYR TTL LS LINE DRVYR DCTL. 01299
A1 6U2 7 1 1029216 P HIR 20486
A1603 3 4 T MISEC 1T7L 8 QUAD 2U4810
16U 3 i @i1an
A6 1 1 HEX 1 -TNP
AR 1YY 1826 g K3 RUaT 28484
A1EL7 1 & oY 3 RLAD “EABO
Al 6UR 18961197 ? 1 L LS NOND QUAD 2 -TNP 01295

04193-26516 | 0 1 PCBD BLANK 28480 04193-26516

See introduction to this section for ordering information
*Indicates factory selected value

6-33




SECTION VI

Table 6-3. Replaceable Parts

Reference HP Part ¢l oy Description Mfr Mfr Part Number
Designation Number (D Code
ALY BERRS 3 1 CONTROL, LGETE LRARD AGLIMGLY 20950 03192066517
A1 7C1 18010683 3 4 ¢ TTOR-FXD R 61961083
AR 016D0-0127 4 3 CHPANTTOR-F XD 1TUF GLHD-0127
A1 7C3 61600127 & CAPACTTOR-FXT fur Glot-g1a7
AL7CA B1&0--Q¢€ 7 2 CAPACTTOR-FXD L 1HE RERCHES YR
#1.7C5 01602 4 2 CAPACTTOR XD Pabl f: ¢330 QL& 2204
Al706 4 CAPACITOR-FXD 820PF +-5% 500VDC CER 0+-30 [REETEN)
n17C7 7 EPAE NESE GOVHE IR RNGNEG 07164
AL7C8 I 3 LCoAL 0140
~1L7CP 2 (% PENVDE CER 0160
AL7010 3 i J1R0-11
A170114 3 S)RER
AR 7 2 A YAXU 2Bl
AL7CLS Vi Te PHEDARAAOGXYG L0
ALTLRY 1201 1 3 30V GOMA NG RO RAR 1010040
A 7CRE 1901 3 & NYTIY 23400 1967 ISR RE)
ANTTERE 1901~ 3 -8 516 NTIKY cRan0 1701-0%18
AL 7CRA 1961 1 DIODE-SWETCHTNG 36V € Do 1931 -064C
A170RE 1981 3040 1 DIODE - SWITEHING 30V PREE N 170100430
ALT7CRE 19000040 4 1 DIOBE-ZNR 5,110 5% DO-25 Plu=, 44 2400 170004041
A7 12D 0-0%541 1 ) 24 CONT DALY DAP--GLOR ERERTa ) 17 0-1
&1 732 12000541 1 pre ple-GLbR ARG 1P0g -G
HL733 1200 1 DALY DIP 2300 TG0
AL7T4 1206~ 1 npIe nIe 400 [t
A173% 1206-0% 1 DLPoDIY TR LN ]
AL7T6 ¢ 1 <TI0 16 -CONT DIP DIP--GUDR 28400 1R 0607
AN737 7 1 : CODLP DT HLLR ARG 1D G
Al 701 G 1 IENOUNTOR 75U 1% VHOXLBY7E6 2846940 Q@G
A7 7 2 TOR PNP ST PR=200MW FY 33mke 450 BN
AL7a2 7 O PNP ST PH=PEOMW =W GM47 0015
AT7R1 3 V0933P 4, 7€ Mg X 9 Jrien 72
~)LIR2 1 LREWOFU TUs--B60/4200 G310
ALTRE i 4 4,7 AW 430 /+700 REB 3
~1L7RA 7 1 IR W/ Pen G112
AT7RE » 2 150 AND/+600 81121
AL7RG & o 270 400744600 (RN
AT7RY7 7 2 A00/4 a2
~.7RE 9 4 AL/ IR}
L7RY 2 UNKPETN 2111
AL7R1G b RO G /O G138
ERVAIRW! 0483 7 10 HRREE
&1 7R12 0683 ? an k Q1
AT7RLS 4 2 230 ¢ A/ tHD0 D112
) 7R14 4 AR AGH/H A0 E 41121 AL
AT7RLE 2 4.7K PR 1 N RN a2 CB470N
AL7RTG L TO= 40674760 IR NN
AL7RIY W PG 7K L X9 HEREES)
AT7R1G @ QTR 4,7 ¥ LAEW FO TO=-4L0 /4700 [N RN}
ATTRLY 5 NETRORIC-RES 10 81Pa4. 7K Ol X9 et
A1781 31 01-1854 5 1 SWLTCH-S1L.THT 810 28460 3100 1%
AT7HR 31010860 9 1 TEHCSLDE LPDT NG CEARD FLA1-3L60
1701 14318~ 1434 4 2 N AL (A RAM BTAT 4E0-NS 30 0 99% Tese1ta 4
Al7L2 191804 4 [k 4096 (4K A STAHT 400 NG 58 1SN THME?114-4
A 703 04193 5 1 Pro (PROM) 284410 (4193
AL 74 4193 [4) 1 CPR R D (PREIM ) e RERRE
AL7US 04193 7 1 CoPROGRANMT D (PROM) 284210 (041935 80
R VAR 14193 1 [N RO MED (PROM) RERAE ] 0419385004
a1 707 06193 1 I RAMMEO (PROMD
A17U8 187 4 TOOBEDR TTL LS 3-T0-8B-LIE 3 -INe
A 7U9 1320 4 FOOENG TV LS HEX 1 END
AT7ULS 120~ TEOBOOR TTL LS 3-T0-3-LYRE 31w
AT7U11 1826-1197 P 1 TC GATY YT 1S NaND Quab 2 s GN 7R EBGEN
A1TULY 18260180 1] 1 TEOTIMER TTI MGND/ZAGTRL Wk BEEP
ALT7ULTE 18201144 & 1 (0 CATE T LS NOX QIAD 2 Tep R
A17L18 187201199 1 TCOINY TTL LS REX 1IN CRN7ALE
AT 7U15 182012146 K 0w TTH A -T0 -8 TN BTN G741 S130
A17U16 18P0-1112 8 t LOUE TTL LS BOYYPE POS-EBLE STRIG 117eS En7ALE7 4AN
A17U17 1H20-1204 P 1 (0 CaTE TH. LS N&ND DUAL 4 IND : OGN 741800
AL7U18 1R A--R2075 4 1 PCOMISC 1T LS R N7 SEANN
ALTULY 18.76-1480 K3 1 CMECPROD NMOG 8-RET 6A7 )3 MoAALL
AT7L20 1820 -2024 3 O TC DRVYR TT). 5 OLINY DRVR OGO JLESY CR7ALH239N
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Table 6-3. Replaceable Parts

SECTION VI

Reference HP Part |c Q s Mfr

: . t Description Mfr Part Number

Designation Number (D 4 P Code

A17U21 18201196 8 3 TC FF OYTL LS D TYPE AN741.5174N

Al7U22 18201196 ] FCOFF TTL LS D GN74I.G174N

Al7LI23 162011984 8 e TTL LS D GN74L5174

A1 7024 1820-173¢ b el 1 TTL LS DT

A17LIES 18201730 ty C FF TTL LS D

“a17026 3 LODRUROTTL LS FODRUR ONTL

A17L27 3 ¢ DRVR TTL . DRVR ICTL

AL7U28 bl 1 TC SEHMITT-TR LS T HEX 1 TR

HI7UED 3 TC DEDROTTIL LS S 3L TNE VNP

A17U30 3 I DRUR TTL LS DRUR OTL

A17uU31 Ta20--2024 3 TEODRUR TTL LS LINE DRVUR LTI SIN721.8244N

AL 7U32 1820~-2024 3 TC BRUVR TTL LS LInE DRV QOTL SHN7ALSP44N

A17W1 12514767 2 1 GEHUNT-DTP 8 -?NSTTION A1A80 ~ 377
04193-26517 | 0 1 PCBD BLANK 28480 | 04193-26517

See introduction to this section for ordering information
*Indicates factory selected value
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SECTION VI

Table 6-3. Replaceable Parts

Reference HP Part |c e Mfr
. A t
Designation | Number |0 Qty Description Code Mfr Part Number
A18
AR 0449366518 | 9 1 DIGPLAYT LOARD ASEEMTLY 53480 1419366518
#1801 011604335 7 1 SEXDIUE 4 10% S6UDC CER 20480 01604835
s : B160-0167 % 1 “EXD L DEEUF 4-10% 200VUDC POLYE 2480 0160-0162
(1604861 7 1 CAPACT TOR ~ xo 100FF 100VDC CER 28480 01604801
ATRCA 01604810 8 1 CAPACTTOR ATOPF +-5% 100VDC CER EB4AB0 0160-4810
A18CS5 0180-1083 3 7 CAPACITOR- FXD 33UF 25VDC AL 28480 0180-1083
A18C6 0180-1083 3 CAPACITOR-FXD 33UF 25VDC AL 28480 0180-1083
A18CT 0180-1083 3 CAPACITOR-FXD 33UF 25VDC AL 28480 0180-1083
A18C8 0180-1083 3 CAPACITOR-FXD 33UF 25vVDC AL 28480 0180-1083
A18C9 0180-1083 3 CAPACITOR-FXD 33UF 25VDC AL 28480 0180-1083
A18C10 0180-1083 3 CAPACITOR-FXD 33UF 25VDC AL 28480 0180-1083
A18CT1 0180-1083 3 CAPACITOR-FXD 33UF 25VDC AL 0180-1083
418012 0160-4827 2 1 CAPACITOR-FXO 1000PF +-5% 100UDC CER 01604822
AIBC13 0180 025 7 2 CAPALT] - ~10% 15VDE TA 150D336X901 NE2
A18C14 018002 7 0% 10VDC Th 150P336X901 0B2
01 . 5 1 JUF4-10% 10VDC Ta dch‘? 150D1 07X9010R2
A18C16 G160~ 2 1 CITAR-FXD P20CPF +-10% 100UDE CER 284830 01604830
ALEERY 19010040 1 2 DTODE-SWITOHING 30V SMA 2NG $0-35 ZB480 1901-00340
A ECR2 19010040 1 DIODE-GHITCHING 30V S0MA 2N8 DO-3% 26480 19010040
A1BDS1 15900486 6 9 D-1AMP HA- HAX 28480 5082-4684
A7) BDG2 19960485 6 ) ANP 3480 50824684
ALBDE3 1590-04B6 6 E DL AMP 12480 5G62-4684
A).9D54 19960486 6 23480 50824694
ATBDHS 15900486 6 28480 50B2-44B4
. 8D¢ 19900484 6 S0H2-4684
ATBDS 19900486 6 S0B2-4684
A1 8DSEH 1990-0%40 K 8 50827650
ALBDSY ; 3 - SUR2-76%50
A).8DS10 3 ~CHAR 22480
A1nuu11 A CHAR 20480
P6-0486 6 ~MAX 28430
00486 6 - MAX :
19900540 K
19900540 3 s . 59R2-7650
1978 3 ~CHER 50827650
1990 3 AY KM HAR vn4nn S082-7650
1990 2 4 LAY -NLIM 7610
ALHDHTY 9005 AY N SOR2-7610
~18DS20 1998 » LAY -NLM ~CHAR 76190
1590 2 AY--RLM- ~CHAR S082-7610
1970 % 16 AMP LUM- TN 19900645
1590 3 SLAMP LUM-IN 1590-066%
1990~ 3 -LANP 1990-065%
1990 3 £MP 1990~0665
A1 8DS 1970~ 3 LAMP LUM- TN 19720-066%5
ATBDGRY 1590~ 3 GNP LM TN 1590- 9665
LIRELT: LGP0 ki AN LU 195700665
A1GDER 1996 3 AP 1N 199 0-066%
ATRDS3D G906 3 HMP GG 0-066%
1996~ x AN 1970-066%
1590 3 AP 1590~
15900 ¢ 3 AP CMAX 197004
1990 D66 3 ARP 1L - A 1598-0¢
1RO 0 66Y 3 NP LUM TN T = 180D WX 19500665
TG90 - D6AT 3 EDCLAME LUM - DN P M) ISR 0Ma- MAX BUR=SEY i 1590-0 665
1PP0- 6665 % LED LAND LUM TNTIMOD TP .DEMA MAX RUR 20480 9P 0645
AT NILB19 0 & 1 TRANGTTTCN 72480
~1872 12660638 7 1@ SFE 14-CNNST DL DIP-GLDR 23480
H1EI3 (200 D638 7 TE 14 CONT DIP DIP -6LUR 7480
o 12006638 7 STE 14-CONT DIP DLP-GLDR 1204~
BRI 120D A0 7 TG 14 CONT DIP DIP -BLUR 12000648
~18I6 1200 LAAR 7 T-1€ 14-CONT DU DIP-5LDR 1200630
atesy LD 0 e 7 ETT0 T4 CGRT DI DR SLDR 1R00-0638
X R: M) 1200~ 6438 7 GOEKE T 10 14-CONT DIP DIP SLDR 12060630
BERTG 1290638 7 COCKET-TR 14 GERT DTP DIP - SLOR : 12009638
AI8I10 12000638 7 GACKET-16C 14 CONT DIP DIP -Gy DR 3480 12060639
H1EIL 1250 0628 7 ST6O1A CONT DI DIP - SLOR EHARD -1638
£18I12 126606738 7 T-TE 14-CONT DIP DU 65U DR 23430 i 06383
HIRINE D 9638 7 S 14 CUNT DIP DIe- £ DR SEAB D 1200-0638
) 8L G100 %139 5 ] GO 7064 157 20430 910¢ 3139
EXtH S B3 0310 3 1% TRENSTGTOR PNP 5T Y RinW F T a6 0M 14713 MG LS 6D
RE:DE P! 3 PND G CMal ¥ 160N 04713
ATERS 2316 K3 PP G OFW T TE6IMIZ 947173
1804 0318 3 PND G HOMAZ (4713
ATOREG 0318 3 PP 6] CTeh e 14713
1806 IESE:] 3 PN ST PDeR0OMW FT=E0MH7 64713
41\4/ EST 3 TETOR PP 51 PL-S)0NW FT=6AmNZ 04713
18908 1318 3 TRENSIATOR PNP S1 PD=GieMM Fl=66M 17 (4713
A113a% 03140 3 TRANGTATON PN 6T PDaB60ML FT=60MI12 04713
ATHA10 (314 3 TRANGTGTOR PND 61 GOMY T T=GEMI2 C4713
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Table 6-3. Replaceable Parts

SECTION VI

Cc . e
Reference HP Part Qty Description Mfr Mfr Part Number
Designation Number (D Code
AR 18.: 06318 3 TRANGTHR LHOEMHY 64713
ALEQLR 3 TRANGTS atH 14713
A18R13 130318 3 TRANGTS 04713
ALEQTA 30318 3 TRANG TS 14713
#8815 10530318 3 R 04713
ALEGRTA 40071 7 1] TRANS 2480 16454-0071
A18Q17 354-0671 7 TRANSGTGTO 23434 18%4-0071
ALEQLE 540071 7 TRAN A480 1654~0071
418019 400671 7 GEMA7Z 481 16734-0071
ATERD 16540071 7 ADMZ 3480 14£:54-0071
A1.8QR21 40671 7 TRANG G2
AlE ~0071 7 TRANSTE LRI NF4
A1 8Q23 ~0671 7 TRANGTS Tl)n GGMEL7
ATERY 4 7 IN/4600
A18R2 4 AGQ /Lo
ATERS 4 40074500
#18R4 4 A0G/+5L00
ATERYT 4 49074630 31121
AL 8BRE 4 AGG/H000 4112y
ATERY 4 A3/ 4hHD0 21121
A1 8RE e 2 AUG/+606 61121
ATHRY 9 ANB/46ID a1121
1 3
ATHERID 0 4 ADD/4600 ati21
AL8R1T 2 8 f =4GR0 /4500 613123
ATERT2 ped 4003 /+500 o121
A0 8R13 2 A0G/+5006 03121
ALERTA 2 . =400 /+500 01121
ATBR1T 2 . (58 RS
ALER1L 2 . 01121
AL ER17 2 . 41121
ALBR18 2 ' FeoT 40(./M.:U(‘ 1121
A18R19 1 3 SIPLL 0K Ot X 9 61121 ”1(\(‘11(1«
AISR"U 1 SGTPTL 0K 0AM X 9 25[)(‘11 ﬂ"‘
18 1 2 ;? 00 X 8 i
5 1 FCOT 400/+0330
3 1 P <40 G/ 306 &
1810~ ‘U"" 1 NETWOR K GIP 1L 0K OHM 01121
168100283 1 NE TWiBzK DIPE7H.D OHH X 8 L8480
13106279 ] k) NE TWR K- P4, 7 D X 9 g1121 21064
i NETWORC SIP4. 710 DM X 9 61121 21064
ﬁ 18 l-‘ 28 k4 NETWORK OuM X 9 61121
ALERED 7 1 FTCeE-400/+530 31
~LER30 2 1 156 97 250 FO TC=-400/4600 G111
0 470 400 /4630 ']\1’“1 CRA71%3
i 3 470 406/ 4600 2 CrA715
Q |'[(L|‘\T”\~ 470 20674600 CRA71G
e 7 @23 PUSHEDTTON GWILTCH H060-9435
2 A0 7 CHEUTTON SW1LTOH H6H0-9436
23] 8\:5 GH0-9420 7 ARLITTON G TCH 56662430
ERREER) G060 94 7 UTTON SWITCN 5H60-94%6
#1885 5060943546 7 PUSHEDTTON GWITCH MOLINT H06E-9435
GHLe0 9434 7 SHEUTTON SWlTOH MIINT ':u(l/ (--947%46
1607430 7 IEUTTON GWTTEH MOLNT
06094 7 WWUTTON SWETCH P MOUNT
0609426 7 CUTTON SWITEH P LG, MORRT B i‘4ﬂ 0
HLet-P438 7 PUSHADTTON GWITCH PG WONT 20480 S066-9434
HAHQ-Y426 7 PUSHELTTON T pREL ) I60-9436
GLeE 9435 7 GHELITTON INT 20480 0602438
REREED ’5 609470 7 PLIGHENTTON FOLNT 22480 160-9436
~1.8514 &G P438 7 PLUSHEDTTON MO 234380 066943
ALRGTS S06D 9436 7 PUESHEUTTON FOLNT SeaB0 5060-9436
A1 8816 HUI-9434 7 PUSHBUTTON GWITCY MONT ’i!‘W\. HH6G-P430
ATRG17 1609456 7 PUSHELTTON GWITCH vl l NT 3 HO6H0-P426
(118819 (6092434 7 PLUSHBLITTON SWITCH (& H06G 94758
g 363 7436 7 PUSHEUTTON GWITE H060-9436
G060 9436 7 PUSHEUTTON GWiTCr PG V0HSFATH
G060 PA%6 7 PLOHEUTTEN GWITOH P, MGLNT H060-2436
06094346 7 PUSHEDTTON SRITOH PO MOJUNT G060 -F43H
H6)-94%6 7 PUSHEUTTON SWLTCH PLC. mCLNT H060-9436
18226-618¢ ] 1 TC TIMER TTL MANO/ASTHR "
TRP0-049% G 1 CoODEBR OTTL 40101 6-LINE 4 -TWP N741% 4N
10320~1423 4 1 MY TTL LS MONOATBL RETRTC DUAL 7ALG12AN
AL 18201197 ? 1 CATE TTL 18 NAND QUAD 2 - 1P GN74ALSODIN
#.8U5 1820-18%1 2 X FCOENCHR TTL LS SN AL S1AON

See introduction to this section for ordering information
*Indicates factory selected value
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SECTION VI

Tahle 6-3. Replaceable Parts

Reference HP Part |c Q D .. Mfr
: f t escription Mfr Part Number
Designation Number [P Y p Code
ATBUL 1682018 » s DR OTTL. 1.8 GiNT741.51 48N
A1 8U7 14 a TC ENCDR TTL LS AN741.5140N8
ALBUB 1 7 1 TC CNTR TTL LS BIN UP/ULWN SYNCHRD SN7ALLB1PIN
A1 88U 18200628 ? 2 T TTE 64-BIT RAM STAT &0-M5 (-0 GN7AQTN
AtBEULD 1620-0628 ? TC T 64-31T BAM STAT 60-NS 0-0 SN74GYN
Al1L8U1I1 & 2 SCHMITY-TRTIC TTL LS NaND RUAD 2-18p GNT74L.G1F2N
ATHEL2 9 1 ATE TTL LS NAND AL 4L P SN74LS20N
ALBU13 1 1 ING TTL LS HEX 1--INP GN741 G04N
ATRLT 4 10201202 7 pal L5 NAND TPL B TRP GN7ALE81 N
AL18ULS 16201203 a 1 LS AND TPL J-INP GN74L 911N
A1BU1E 18201202 7 CATE TTL LS MAND TPL 3-InP SN74LE10N
~.8U17 1820-120¢6 G 1 TNV TTL LS HEX G784 GLEN
ALHULS 18201997 7 1 FEOTTL LS D-T1YPE TRIG PRIOL-IN 4LE374N
ALBU1LY 1826-17310 3] 1 TTL | D-TYRE POS-F C-TREG COM 3 74LGR7 AN
A18L20 TR20-148%5 6 SCHEMITT-TRIG T LS NAND RQUAD 2-1NP 017295 SN7ALSTAEN
Al BU21 18201112 8 X ICFF YT LS D-TYPE PO3 01295 BN 4LE740N
A2 10201112 8 TC FF OTTL LS D-TYPE POS D255 4187 44N
A1.8U23 18201112 8 10 FE TTL LS D-TYRE 012935 ALG7AAN
A1BwWl 0419361601 1 1 ASHEMRLY -FLAT 03200 14192361601
146G0-0249 [ 1 LETTE 662, 6259-DIA L 0921-WE MY 06A0NA
SHENE 2 ) i LATOR S134R0
A41~-0276 ] 2 CAP-PEARL. GRaY 284610
410265 b 2] CAP -GUARTER LTGEHT GRAY ~£4AB0 TGN
41-0318 ) A =Y CaP 284810 318
50410375 53 2 ~RUARTER GMK WA1-0375
i & 6 A @UAR SMOKTE GRAY 10384
5 1 H41-0408
7 1 GiG41 - 04%0
43 2 WIARTER ERY- PRL 50400922
H066-2444 7 b ROTARY P GENERATOR 2840¢ GULG -84 4
04193-26518 1 PCBD BLANK 28480 04193-26518
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Table 6-3. Replaceable Parts

SECTION VI

.. Mf
Reference HP Part |c Qty Description r Mfr Part Number
Designation Number |D Code
A20
ARD DA1DTLAR20 | 3 L POMER CHPPLY LUARD AGLTERELY R4 041U X650
0180-3180 4 2 ATy FXO 400 GUT 1aunn 0180-3180
0180-3180 4 NIt RO ‘ 0180-3180
0180-3181 5 1 Cara -FX0 28480 0180-3181
D1RO-107% 3 1 CAPACTTOR-F XD Al SRR V-0
0180-3183 7 ol CAPASTTOR - F X6 47017 SOULE 28400 0180-3183
DUBO-2R6% 3 VAR TEIDAELXPYHE A
0186-0374 3 3 Care 1AL TGHXSE
D1B0-0374 3 rapa LEUF vy AT S TN
01860374 3 ap POLL POV TA 1 RERGEIL).
A2NCLD D180-0374 3 LU 0% PONTE TA D1 G6XS R ED
A20C11 01800374 3 LN POVGE TR PHGTLEOXYBORTD
APBCAR 0180 3 TEUF-10% PAVOL YA 1D H6X90
AP0C13 01664935 7 » R SRUDE CIOR G404
APIC14A 0180-3182 b 1 AL NI 0180-3182
AaR0CLS 01800291 3 ) CaRAnTTOR P07 LEOT Y BEAG G0
ARICTA 0180-3183 7 CAPARLTIR -F XD 4700F SOVEE0 2480 0180-3183
A20CT7 (1802147 b 1 CAPALTTOR - FXO R, AT 107 ot Ta kT PEGT A RSEAG LR
ARHCED 01604 7 CAPATTTOR-FXD L AUF +-10% S6uDE CER TEAN) 2163 AHRG
A20C19 0180-0291 CAPACITOR-FXD 1UF 35VDC TA
A20C20 0180-0291 2 CAPACITOR-FXD 1UF 35VDC TA
A20CR3 19610733 7 3 400V 16 1961 071
APBLRA 17010731 7 A00V 1A V71 =073
ADOCRS 19010237 8 1 RORRIGES, 2084 PRGN 1900 X7
AZICRO 19023086 3 1 GO -3 4l 480 1902 Z0RG
A20CR7 19010640 1 2 A0V HOMA D - 35 R 19010640
19010040 1 G046 PG T3 SRARD T2A1-0040
19060096 7 1 TS 04713 MDA
190230408 1 1 INR AL 81V 5% L0 [ RAR) 19020048
19021217 g 1 INR 6.2V »O -4 =, (5% 2400 HERS V-3
21100007 4 2 313001
211007061 0 1 KPR @
2110-0015 6 1 PA10-0015
AD2OF4 2110-0003 1 28401 2110-0003
AZDES 21100303 3 1 50V TD BEEEER) 2110-0303%
A20F 6 2110-0667 4 FUSE 160 2500 TR 1, 25X, P51 JEPLE FACC
ARDT1 b 8 PIN W OREIRIC T YR EEARD 11 GE 62
AR0T2 [ 4-PIN M OMETRIC | TYPk .
A2DIG b R 4-PIN M METRIC PRST TYPE
F20T6 b I 4-PIN M OMOTRIE Ty R
ARNI7 3 CTOR 4PN M OMETRIC ey
aRoIs 5362 & STOR 4PN W OMETRIC POST Typ¥ EREGH 19
~ERAD 3 STOR 4PN WM METRIC POST TYPE FRABD 1
& TYPL DN 1
v i pECEYEN 113158
12513197 & 1 QRN 17ET X197
AZOR1 BHFB GG 7 4 RESTSTUR 6, 0K 5% L REW PO T0=-400/+7030 111 AR
A20R2 0698-7457 RESISTCR 18 20 2W
A20R3 0698-7457 RESISTOR 18 20 2W
AD2IRG (16983444 1 P RESISTOR 31464 12BN TEREG R LG RN Ch 1/ TH ALaRY
ARORY 0 D68 1 2 RESTSTOR 6.8 B% 088 FC 0= 43074500 Ve rpanes
A20RE 1 REGTSIOR 316 ) TC=0+ 16 04 1/8-T0 3160
ARORY % bt 6.8 YO 40340500 iz (1 GG
A20R10 0 1 100 TowGe-1 00 8
AZOR11 0757 0274 b 1 RESTSTOR 1, 21K 1% 155 7 TCo04 109
A2CR12 0683-1025 S 3 RESISTOR 1K 1 .25k F TC=0+-100 i
ARORTS DER3-470% 8 1 RESTSTLR 47 WO 1040074500
Ai2OR14 0683 -602% 7 1STOR & Codn T TOE-406/ 4708 [ARES
AZORTYG DERI-HBEDEY 7 LETOR 6, 1K SEW T T 40070700 URRRESY
A2OR1G 06831025 9 B STGTOR T 406/ 4600 G110 o
ARDR17 b 1 ISTOR T 403/4800 U (W
ADOR1B 1 1 FRTOR WP TOe e 406/ 4660 ¢ [
AZDR1Y 7 LSTR AL G FC 10s 400/ 700 RS CREGT
A20R20 4 1 REGTSTOR PN F Tesle 166 AEREIN A /8 T6wES
AZOR21 07570277 6! 1 RESUGTUR Ta e 1) 4 1/8 T1-4900 F
AN OR22 06980624 7 1 RESTGTOR , FelLE Geoa
AZIRES 0403 5 3 1 RESIGTOR 2,0 5%, 0nl +0 T0= 440/4700
ADGR24 160~ 3210 b 1 REGTSTORN - TRMY 16K 10% C Tuo-abd 1 TRN 36D oroe 30c
ARIRDE 0757 0447 b4 1 RESTSTAR 1HK 1% UrsW 8 1nedy =100 PR AP TY 04 -1,/8 - Tl-1007 F
A2OR26 0683-1825 9 RESISTOR 1.&K 5 G0 460U
A20R27 0683-1825 RESISTOR V.84 5 FAUVERY O

See introduction to this section for ordering mformation

*Indicates factory selected value
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SECTION VI

Table 6-3. Replaceable Parts

Reference HP Part |c —r Mfr
: A o| Qty Description Mfr Part Number

Designation Number Code
A20U1 0215 2 1 eV RGLUTR 16620 34713 ML7905. 20T
A20U2 G493 b 1 TC 02 AMe GP 2-DIe-P Pl 27014 LMIGYN
A20U3 R 3 { T UV ORGLTR TR-220 27014 LMIBYT
A20U4 18260065 4 1 FCOCOAPARATOR PRON 8-DIP-P 61295 GN72311P
A20U5 1826-0106 1 IC V RGLTR 7815

2110 20249 i 12 FUBEROLBER-LLLIP TYPE  E5D -FULE “1B4B0 2110-30269
A20W3 8159-0005 1 JUMPER WIRE

04193-26520 1 0 1 PCBD BLANK 28480 04193-26520
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Table 6-3. Replaceable Parts

SECTION VI

Reference HP Part |c - Mfr
: A o| Qty Description Mfr Part Number

Designation Number Code

Aal V4193 41 3 t DELAY ZOARD ANSEMBLY =380 0419366741
04193-26541 | 0 1 PCBD BLANK 28480 04193-26541

Al (41973 668551 | 6 1 PROGT T CHANNTL BDART ASSOMALY 2H406 047193 -665E5 )

AET0T N160-4247 7 I CAPACTTIOR-FXD A4, 7PF 4 0P 53uDe CER AEETA BERIGISARZD (D)

A%1CR1 5080-3829 2} 2] 28434 5080-3829

AHTERD 5080-3829 4 FBAB0 5080-3829
5080-3829 a 3480 5080-3829
5080-3829 3 DIOBE SR4B0 5080-3829

ANIRT 1855-0465 4 TRANSGISTUR-FET N -CHANNEL

AR 0699-0920 RESTSTOR-FXD S0 COHM 172 1/16W

AT 0419361552 | 1 2 el LN 28401 (419 2-615%2
04193-26551 [ 0 1 PCBD BLANK 28480 04193-26551

(23 G415 X6 1 1 PROGE VY CHANNTL BOARD ASSOMALY 284890 §47 93 -HH%SD
0YI60 ~424% 7 CAPACTTOR X0 4 7PF 4 50 F 50U00 CFp FENGEOSARTZH (T
0160-5427 3 1 CAPACITOR-FXD C.1UF +-10% 100VDC 0160-5427
5080-3829 8 5080-3829
5080-3829 3 5080-3829
5080-3829 ] 5 5080-3829
5080-3829 e} 5 GLEOTTY pAEEY: D) 5080-3829
1855-0465 TRANSTSTOR -FET N -CHANNTI
0699-0920 RESIGTOR S CFM 1% .1/16W

aHRT1 0419340552 | 1 BALUN 28400 G413 61
04193-26552 | 0 1 PCDB BLANK 28480 04193-26552

See introduction to this section for ordering information

*Indicates factory selected value
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SECTION VI

Table 6-4. Parts Identification

Reference A Mfr
: . mber | Qt Description r
Designation HP Part Numbe \ p Code Mfr Part Number
1 0370-3033 1 KNOB
2 04193-00201 1 FRONT PANEL (HP)
04183-00202 1 FRONT PANEL (YHP)
3 04262-40002 1 WINDOW
4 04140-25001 1 WINDOW
5 7120-1254 1 TRADE MARK (HP)
7120-0478 1 TRADE MARK (YHP)
6 04193-40007 1 PROBE HOLDER
7 Q4191-40001 1 GUIDE
8 04193-24002 1 NUT
9 04193-24001 1 NUT
10 04183-21001 1 BODY RECEPTACLE
11 5041-0564 1 KEY CAP
12 5040-7201 4 FOOT
13 5060-9847 1 BOTTOM COVER
14 1460-1345 2 STAND
15 04193-25101 1 ROD
16 2510-0192 16 SCREW
17 2360-0115 15 SCREW
18 5040-7219 2 FRONT CAP
19 2680-0172 4 SCREW
20 5060-9804 2 HANDLE
21 5060-9942 2 SIDE COVER
22 2360-0115 4 SCREW
23 2110-0569 1 NUT
24 04192-40002 1 COUPLER
25 3101-2216 1 POWER SWITCH
26 3050-0235 2 WASHER (F)
2190-0225 2 WASHER (S)
27 0515-0150 2 SCREW
28 5040-7220 2 REAR CAP
29 3160-0390 1 FAN
30 9100-4176 1 TRANSFORMER
31 2110-0564 1 FUSE HOLDER
32 2110-0304 1 FUSE
33 2110-0565 1 CAP
34 5020-8806 1 REAR FRAME
35 2510-0045 4 SCREW
36 3050-0139 4 WASHER
37 2360-0117 4 SCREW
38 2420-0006 4 NUT
39 04193-0400C1 1 COVER
40 2360-0113 8 SCREW
41 2740-0003 2 NUT
42 3050-0226 2 WASHER
43 1200-0080 4 INSULATOR
44 0624-0260 10 SCREW
45 2190-0008 10 WASHER
46 5000-4207 1 SHORT BAR
47 2190-0057 2 WASHER
48 1901-0496 2 DIODE
49 1250-0118 5 BNC CONNECTOR (FEMALE)
50 2950-0035 1 NUT
51 04271-50024 1 INSULATOR
52 04193-60101 i REAR PANEL
53 2360-0113 8 SCREW
54 04262-66503 1 HP-IB CONNECTOR
55 2190-0016 8 WASHER
56 2950-0001 5 NUT
57 1250-0252 1 BNC CONNECTOR (FEMALE)
58 (04271-50025 1 INSULATOR
59 04193-01204 1 ANGLE
60 04193-00605 1 PLATE
61 2360-0113 2 SCREW
62 04193-01205 ] SUPPORT
63 04193-01203 1 ANGLE
64 2360-0113 3 SCREW
65 5060-9835 1 TOP COVER
66 2360-0333 6 SCREW
67 5020-8805 1 FRONT FRAME
68 04193-00203 1 SUB PANEL
69 1826-0203 1 TRANSISTOR (U4)
70 1826-0169 1 TRANSISTOR (U3
71 1820-0430 2 TRANSISTOR (Ui and L2}
72 1854-0611 1 TRANSISTOR (G1)
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* Probe Part No.: 04193-61151

L5090

Reference HP Part No. Qty Description

1 04193-24012 1 NUT

2 04193-21018 1 PROBE HOUSING

3 04193-21016 6 RING

4 04193-21014 1 INNER SHELL (TOP)

5 04193-21015 2 INNER SHELL

6 3050-1080 1 WASHER

7 04193-61551 1 CURRENT TRANSFORMER

8 04193-66551 1 A51 BOARD ASS'Y

9 04193-66552 1 A52 BOARD ASS'Y

10 0516-0003 4 SCREW

11 04193-40012 4 CABLE COLLAR

Figure 6-1. Exploded View of Probe Assembly.
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6-46

Al Pl yep our P2 coour P3 c1 c2
O To APz, O Toa4p2 O
SP RATE IN +15vV -5V
- TO ASP3 RED BLU
SPG LENGTH ADJ Vp ADJ
D P1 \ P2 C1 c2
O O
PRE TS IN I +15V +5V
TO A9P3 RED ORN
ALC AMP \
A3 PL_P2, P3 P4 P5 A4 P1_P2_P3 P4_ P5
o O O @)
Av sp INB C D £ %DS:lgg F G H
v CH AMp 0 AIP1  MAG ADJ I CH AMP PHASE ADJ
AS P1 P2 P3 c1 c2
O, @) O~
299.9SMHz  VCO2 IN SP RATE OUT  +15V +5V
T0 ABP2 T0 A10P3 To A1P3 RED ORN
MXR/DIVR
“P2
AS P1 P‘ Ci Cc2 C3
(O @)
100MHz REF_IN 299.99MHz ~15V +15V +5V
T0 ABP2 TOASPL | oor ans vi0 RED ORN
VCXO0 YCXO ADJ Yo MONITOR
A7 Pt \ P2 P3 P4 c1
~QO 0= O O
VCO$40 IN EXT,.
ol 12 Toh B0 1aS ™
DIVIDER TO ASPS
A8 [P1_ agoms our o P2 P3¢t c1 c2
OrT
100MHz REF 10MH=z +15V +5V
TO ABP1 CLK OUT RED ORN
XTAL 0SC | #BJ oer ADs  100MHz ADI | TG A7P4
Ag [P Y P2 IGE] Pa P5§ P6 __—Cl—C2
@) O 01 O O
300MHz IN S TS PLL (EXTye +15Y +5v
10 AgP1 vc;\m el 16 A7p2 $05C2%10 (GEDIN “Rep Ghw
MIXER TO A10P2y TO A7P3  TQ REAR
Al0 [P1 P> P3 c1 c2 C3
—O O —0
VCO$40 OUT vCO1 OUT vC02 ouT ~15V -5V +5V
TO A7P1 TO ASP2 TO ASP2 VIO BLU ORN
VCO

Figure 6-2. Top View of Extrusion Boards.




Table 6-5. Cables on Extrusion Boards.

Color
Terminals Cable Part No. Cable Length
Cable Heat shrink

AlPl — A3P2 04193-61631 380 mm blue black

04193-61615 100 mm red
A1P2 — A4P2* 04193-61616 150 mm yellow yellow

04193-61617 200 mm blue
A1P3 — A5P3 04193-61619 180 mm blue yellow
A2P1 — A9P3 04193-61620 220 mm ‘ blue blue
A2P2 — Probe (1) - — iy g blue blue
A3P1 — Probe (A)J blp!3 blue blue
A3P3 — Probe (B) _| 462 blue blue
A3P4 — Probe (C) — Lt blue blue
A3P5 — Probe (D) i blue blue
A4P1 — Probe (E) - — 81405 blue blue
A4P3 — Probe (F) __ bk blue blue
A4P4 — Probe (G) = - blbo7 blue blue
A4P5 — Probe (H) ~/ blboe blue blue
A5P1 — A6P2 04193-61618 70 mm blue red
A5P2 — A10P3 04193-61620 220 mm blue blue
A6P1 — A8P2 04193-61619 180 mm blue vellow
A7P1 — A10P1 04193-61619 180 mm blue yellow
ATP2 — A9P4 04193-61618 70 mm blue red
A7TP3 — A9P5 04193-61618 70 mm blue red
A7TP4 — AB8P3 04193-61618 70 mm blue red
A8Pl — A9PI 04193-61618 70 mm blue red
A9P2 — AIQP2 04193-61618 70 mm blue red
A9P6 — EXT OSC 04193-61603 600 mm blue blue

*

: cables for adjustment

6-47



A1

Reference HP Part No. Qty Description
1 04193-00606 1 SHIELD BOX 40x120x12.3
2 04193-00607 1 SHIELD BOX 36x55x4

a
Reference HP Part No. Qty Description
1 04193-00604 3 SHIELD BOX 36x55x12.3
2 04193-00607 3 SHIELD BOX 36x55x4

Figure 6-3. Shield Box (Sheet 1 of 3).
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A8 |

Reference HP Part No. Qty Description
1 04193-00604 2 SHIELD BOX 36x55x12.3
2 04193-00606 1 SHIELD BOX 40x120x12.3
3 04193-00607 3 SHIELD BOX 36x55x4

A9

Reference HP Part No. Qty Description
1 04191-00614 1 SHIELD BOX 36x97x4
2 04193-00604 2 SHIELD BOX 36x55x12.3
3 04193-00607 1 SHIELD BOX 36x55x4
4 04193-00608 2 SHIELD BOX 36x110.5x12.3

Figure 6-3.

Shield Box (Sheet 2 of 3).

6-49




A10

Reference HP Part No. Qty Description
1 04191-00601 1 SHIELD BOX 56x91x12.3
2 04193-00604 3 SHIELD BOX 36x55x12.3
3 04193-00607 2 SHIELD BOX 36x55x4
4 04193-20006 1 SHIELD BOX 46.5x91x4
Figure 6-3. Shield Box (Sheet 3 of 3).
1500 -
N 10
60 1305 - > 135 =t
T
¢ B -1
R 3y
Unit : mm
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Figure 6-4. Probe Dimensions.




SECTION VII
MANUAL CHANGES

7-1.  INTRODUCTION

7-2. This section contains information for
adapting this manual to instruments to which the
contents do not directly apply. The following
paragraphs explain how to adapt this manual to
apply to older instruments with a lower serial
prefix.

7-3. MANUAL CHANGES

7-4. To adapt this manual to your particular
instrument, refer to Table 7-1 and make all of
the manual changes listed opposite your
instrument  serial number. Perform these
changes in the summary by assembly.

7-5. If your instrument serial number is not
listed on the title page of this manual or in Table
7-1 to the right, it may be documented in a
yellow MANUAL CHANGES supplement. For
additional information about serial number
coverage, refer to INSTRUMENT COVERED BY
MANUAL in Section L.

Table 7-1. Manual Changes by Serial Number

SECTION VII

Serial Prefix
or Number

Make Manual Changes

2136J00106
and below

2136J00124
and below

2022J00144
and below

2022J00264
and below
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SECTION VII

CHANGE 1

Page 3-6, Figure 3-2:
Partially change the figure as follows :

O, ®
e —

'

RECORDER OUTPUTS

= |a
=]
al-
=1 -
= |as
=]

O | Y
taux onr | [Aoomessase
LY, e

= |

& @ ©

Y
{

® ©

Page 3-20, para. 3-62, line 4 :
Change the line as follows :

logical 0 (right position) and logical 1 (left)

Page 3-20, Figure 3-14:
Change the figure as follows :

HP-IB
([ A
STATUS REQ|*C=1 | At
DEWM3| 32| »
FREQREQ| 3 | -
DELM2| 32| »
| DELM1| 3 |AS5
WAIT| B2
=
1]]0
TALK ONLY ADDRESSABLE
MODE MODE —

Figure 3-14. HP-IB Control Switch.

Page 3-20, Figure 3-15:
Change the figure as follows :

oofbloll |,

-—

Figure 3-15. ADDRESSABLE Mode.
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Page 3-21, Figure 3-16:
Change the figure as follows:

299999
lulalulalal}

Figure 3-16. TALK ONLY Mode.

SECTION VII

Page 8-47, Figure 8-28. A2 ALC Amplifier Board Assembly Component Locations:

Partially change the figure as follows:

-RI9- Qa4 ~R1l—- Q2 -C4—
- ~Ri —RS-
R20- &> -cii- “R3- g
Qe R -R7— —C8- c3
~Cig- —RiI6= —~Cl4~ _cR4- -CRI~- —RIi—
-RI8- -c;s« -ci2- -CR2- -g:‘
-CRS- -R8— -CR3- “Rae—
~CR8- “CR6- _pig_ _cj3- _co~ _ 8
~CI9= ~CRT -Ri5- —R9- -R6- ~-R3 -
=C17- 18- —RIO- -Cli0- —R4~
TRz ~C18- —RIO- -CI0
Ut —_—L 3 — —L2—
—Cl— =L —
| -R3| - c7 :
a0~ -c2i—
€40 ~c25~ -R23-
-R24 -
-C27 - - R32- Q5 -R25~
-R40~ -C26~ -C22 ~
-R33~- - R26~
-R34- Q6 _Rgg_
-C28- - R35~ -R28-
-R36- ena
- cRIO- -c29- “R37- o7 “Ree-
-CRI1- -R38- | s -R22-~
~C30- -R39- _g3p- -c20-
-CRI2- “Ral- g -C24- .
-c4l- K2 ~C3i~ ~R45 -
-C33~ -R42-
U2 -R55- -RS53- -C35- ——R43
-C39~- -R%4~- .(C36~
-Rae. ——Ra4
caz ~CR9- har- -e327 -
-R56- g0 -Ra8 -
~-R%7 - -L8 =~ Q9 Cc34
-R49 -
R58 -R50~-
-RS5I =
-R52~
—C38— — L6
€37
—_L7 —




SECTION VII

7-4

Page 8-47, Figure 8-29. A2 ALC Amplifier Board Assembly Schematic Diagram:

Partially change the diagram as follows:

+i5V

)
I ¢ R58
> 2K
L/
BIAS ADJ
<LR57
" 1.05 K
C39
0.1
R55 R56
330 649
CR9



SECTION VII

Page 8-131, Figure 8-75. A20 Power Supply Board Assembly Component Locations:
Partially change the diagram as follows:

s
<
~
-R20 -
-R2l~ -Ri7- c5-"  -ca-
— R22
R Pr— CR3 ~CRI~
-CR2-
c
- |
o
- - n
(o N - -Ri1=
|
Wi~
~CRE~ ~W2-
-Ri8 -
a | —Cc6— <
] —cr—
—C 8 —
——C G —
Os3] —cio—
—R6- .
—R7- u
~R23- —
_Re -~
—R9-
J8
(V& ] e tl2— e
-RIO- -
(39 ] -
" Res- TRie-
-cig- “Riz-
—-CR8- J10 ~CR4~
~R26- —RI3-
-Ci3 -
-Cl6~ ~CR5- L
-
> a N a
CR 7
-Cl4-
-Ri4 -~
CR9 -RI9~ ~RIB -
-RI6 -~

-Ci-

~c2~-
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SECTION VII

Page 8-131, Figure 8-76. A20 Power Supply Board Assembly Schematic Diagram:
Partially change the diagram as follows:

=
I ' +5Vv
—0—<9&0—¢ + > 7~ 12)—
: ! I*CIZ -
| 10 CR9
| | jzov
! [
I I ci3 Riz $ri0
| | é'l 1K {100
| |
! | RI3 |
( [ 47 6 ——e |
—0—~< 6 0—w—2&
I ! U3
| PRI
| [ f1.21k
I
bl v
I | 4.75V
|| e
- +5V
—o—<13 *r—¢ 3 J5 4 )—
] é-? R6 I J6-4
—<|)—<12 l e relo
' | . i0
| | 6.8
| |
l |
I L_
! GND
] e e e e _ 6N
|
I - _
b e e e o e e
w2 IN

|
o
Cc
N
T

Table 6-3. Replaceable Parts:
See Table 7-2.
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SECTION VII

CHANGE 2

Page 8-53, Figure 8-31. V-Channel Amplifier Board Assembly Component Locations:
Partially change the diagram as follows:

— L3 — -C20-
— L4 — -C2I-
us4 -RI3~- -CT—~
-c22- <Ri4~ —-Ri~
o <€25- -RI0O- c2 I
-R39- -Re8- -R27- - R26- “RISZ P
-Ci¥ -
< -CRI-
< - RI6 -
O ., ©
_ ci7 -RI8-
ZRis- -R4 -
-r20- “Rll= cq 3
u 8 U 6 U3 -R2I- _cg- ~R3~-
R6
-R33- —R32— -R3|~ — CI6 — ut c9
—_Ll— =-CI8~- -Ri2- g,
-R34- clo
JR35- — L2 — -clg- 93 Q@2 -cCl4- -R7—
TRI2T - R22-
R36 2o “R22- ¢ ocs
-R37- TRes: “R8 -
c24 €23 c6—
—Cci15— CI2
_ —RIO—  _Ros-

Page 8-53, Figure 8-33. V-Channel Amplifier/A52 Probe V-Channel Board Assembly
Schematice Diagram:
Delete A3R40.

Page 8-59, Figure 8-37. A4 I-Channel Amplifier/A51 Probe I-Channel Board
Assembly Schematice Diagram:
Partially change the diagram as follows:

Va X40 AMP —

GAIN ADJ

Table 6-3. Replaceable Parts:

See Table 7-2. 7-7



SECTION VII

CHANGE 3

Page 8-77, Figure 8-46. A8 Crystal Oscillator Board Assembly Component Loeations:
Partially change the diagram as follows:

| -L12~ CI9 11 -R5— A
i 1620 C2 3 o-15-5 'I_C" ¢
Lcas caq L BT 2 “ReC w—L2—="
 Re- 'S —Ln- —-L8- ar ! 1
b coe- cis Qo 1 1 SLa-
| L4~ “~Ri2— |36 -2 @© o |
] ce? 9% -R14- © | 1Pl —R3— N
] -RIg - C23-Ri5~ | ~L7— = -R4— I
~— 43—~ ~-R20- RIS
o -L1S— C44 -R21-  —RI9-
& -Rr47— Y ca’ o
N
-R28- Qs €30 ©
-ggé_. Q6 c42 T c32 7\ c3
-r3o-  ~Re2-
O
-C46~ W [T — - |
-Ll6 - | Q8 =-R35- g7 Cc55 |
Ve c34 ! cs7
-C47~ | -R42- c58 ~-R36~ :zgls': |
-C48~ -R23- C36 | -R43- :gg;: -R3p~ |
-L17- — C37— ' €59 -R33- |
I -R4g-~ -R39- -R34- |
~R24- (38 | c6l C60 -R40- |
-R25 - c3ss | ~L2l- ~Ral- ]
~R26 ~ L e e o e . e s e e . -~
c39 e ———mm—————— — 1
! —c62—— |
U3 | I
| -R45- |
-C49- I -R46 - v |
-R27- €40 | -C64-~ |
—C4|— | I
C65 —L23— -L22-C63 |
c50 -LI8 —~ | |
e __ J
-C51— —LI9 —
c54 €53
-C52~- —L20 —
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SECTION VII

Page 8-77, Figure 8-47. A8 Crystal Oscillator Board Assembly Schematic Diagram:
Partially change the diagram as follows:

15V

IOOMHz CRYSTAL

/ OSCILLATOR \

cas
L3~54qu

IC3| dcas

]EBQP;L?JP
PR21 C30

' 6.81K 5.6P

0.01



SECTION VII

Page 8-85,
Component

Figure 8-50.
Locations:

Al10 Voltage Controlled Oscillator

Partially change the diagram as follows:

Board Assembly

r———a--""7 S T TTTAaT T T T T T T T -
| 8 —te— & -L5- | o -lz- o —LI—Q
| IS ee ZRLT |
: a o : €9 C6 c |
Lo N2 Q1 Ci3 U3 |-R3- I
7 -
Pa b 200 9 I _ch-. c |
1o - - YNryp Or ci2z Cli L3~ N |
N o O Y, ®wyo | -R5 |
L&r{xn e t1ig | | -L4— cs |
______________ L
c60 | -
co | a2, |
| c33  o ud lcoe |
| uC30 ‘Rg‘l
I -Rriz2- o—z Vot 1 :?.Il(:: l
ol 349 prcamecor |
c54  C53 ol TRI3= 5 Zu ow !
=, -L4- T 1 eog ! |
b _lis- c29
o _pos -R23- b e e -
Y _R2e- ~-R24- cas ~ 22, C36 C35
c57 - R27~ -CRI— -RIB= 3 C45 us (-Ri4—
qe Re8- o -R20- c49 “~ ¢4 - L6~
'kgg- » —ggl— C—me— -RI7= -L120- 53*;‘5'
-R29- 2- ca7 - L21 -
gg o €52 c423' C38-RI6 -
[S4
[}
[T T T T T e e e -7 cse
| 1823
| c72 o | by
Q9  _paa- I e |
I -ra1~ R34~ o 29 2 | % ®r
I =~R42- _ g €73y & o N 1 3
| -Ra3-Q9 a7 Co 4 ¢ Pty
| -R44-3 C76 00 23 l l
| aomniaeeds 88 3 I e
® NN 0 pH B0 o s o I -
| coo? Zooa |
TR g b ;8
WO ﬂmﬁan
a~N Ra Yo
: i | @ .*1?8 { a
w
|

Table 6-3.
See

Replaceable Parts:
Table 7-2.




SECTION VII

Page 8-85, Figure 8-51. Al0 Voltage Controlled Oscillator Board Assembly
Schematic Diagram:
Partially change the diagram as follows:

Page 8-131, Figure 8-75. A20 Power Supply Board Assembly Component Locations:
Delete A20R27.

Page 8-131, Figure 8-76. A20 Power Supply Board Assembly Component Locations:
Delete A20R27.
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SECTION VII

CHANGE 4

Page 8-41, Figure 8-25. Al Sampling Pulse Generator Board Assembly Component
Locations:

Partially change the diagram as follows:

e T
!
|
|
|
|
|
|
|
|
|
b o e e e e e e e e e — - - . — —— — — - — — e A e ettt
~RI6~ ~RI2- '
-CR4~ ~-CI7— 2
Cl3 -R3— N
] (e}
(L
Y Q8 2
" [
-CR =
-RI17 - \ ~C4 —
-RI3— & 1')
Pl
-RIB—~ 2 2
| |
Py
o Q9
Q7 Q4 Q2 Q!
~R19~ ~CIB= =Ci5~ =Cl4~ -Ccg- ~R2—
-R20~ ~Ri4— —-R9— =-R7-— ~R4 = —— (5=
ez -RIO- -RB~  "C9- 6 —
-R2| - ¢
-CI0 -
Q10 Q5 Q3
cl19 -Cli—- — ] —
~R22~
-R23- -C20~ =-cCl6~ Q6 ~R5— r
~C22- -RI5- -—RIl=- ~R6 — - o
~-C23~ ~n
N
ci2 n




SECTION VII

Page 8-41, Figure 8-26. Al Sampling Pulse Generator Board Assembly Schematic
Diagram:
Partially change the diagram as follows:

S SRD DRIVER

Ev H [—-I I6v
+i15V

|
+15V +15V sso R4 —
cle clo ) e
0.47 047
. Q3 R7
+isv —B—@ ) 36
6

/

IS 4_I‘om

-0

LT

Ri1 R8

K
3ve-p
3w, 0 4
0.1 RIO
\ 56 cis

RIS L* 05

1
499 a RI4 4
R6 L* 4 K 5
10K 3, QL. IGVoc\-‘
| 52

40
o

T

v CHl
0.47 RI13
3.83K
-5V
-5V V
RI8
10 Q8
ce2
100P RI7
c23 al0 27
o-! R24 -
1 R23 39
58 | R22 R20
10
'K N\Q9
I Inzs M mia

Table 6-3. Replaceable Parts:
See Table 7-2.



SECTION VI

Page 8-131, Figure 8-75. A20 Power Supply Board Assembly Component Locations:
Partially change the diagram as follows:

<
~
-R20-
-R2l~ ~RIT- C5— —Ca-
—— R22
T — CR3 ‘gm-
-¢R2-
—-R—
“R2 -
|
(2]
— b ad
Cd N -
!
~CRE - -R3~
~RI8 -
4 | —C6— <
O3 —cr— ("©
——C 8§ —
—C 99—
3] ~—ciom—
—R6~ I
-R7- s
-R23- —C ] —
57
- IR0
™ -R9—
8]
= —— 2 |
v 3m B -
—st- _RII-
~-Ci18 - ~CRA~
~CRB- Ji0 -Ri2-
~ R26- -Ri3-
-c13- o
-Ci6- -CRS - a
b -C2~
b M N o
CR 7
7
c3
v
-Cla-
cR9 -Ri4 -

~RI9- -RIS-
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SECTION VII

Page 8-131, Figure 8-76. A20 Power Supply Board Assembly Schematic Diagram:

Partially change the diagram as follows:

| - - - = i
e o e e o e e e e ——— Jd
R3
18 IN ouT
9] .. vz T
8 cé ) c7
Lo.zs glo
) out
o Ut .
R20 l
GND 75 cr
R21 +3.3
45.
RrR26 b 99
cRS I K
R22
- 261K
o8, @
6.81V
T § ce



SECTION VII

Table 7-2
Change Page Note Dg:f;izgiin Partugumber Description
1 6-5 C A2C29 0160-4792 CAPACITOR-FXD 8.2PF +-.5pF 100VDC CER
A A2L5 9100-2255 INDUCTOR 470NH 10%
6-6 C A2Q8 1854-0345 TRANSISTOR NPN 2N5179 SI TO-72
C A2R38 0683-3915 RESISTOR 390 5% .25W
C A2R41 0683-6815 RESISTOR 680 5% .25W
D A2W1 8159-0005 JUMPER
6-7 C A3R1 0683-4725 RESISTOR 4.7K 5% .25W
C A3RS 0683-4725 RESISTOR 4.7K 5% .25W
6-18 C A8R12 0757-0816 RESISTOR 681 1% .5W
6-26 A A11S1 3101-4341 SWITCH SLIDE SPDT-NG
6-39 D A20R2 0698-7457 RESISTOR 18 2% 2W
D A20R3 0698-7457 RESISTOR 18 2% 2W
6-40 A A20W1 8159-0005 JUMPER WIRE
A A20W2 8159-0005 JUMPER WIRR
6-42 C 54 04193-66600| HP-IB CONNECTOR
2 6-7 C A3R2 0683-5105 RESISTOR 51 5% .25W
C A3R4 0683-5105 RESISTOR 51 5% .25W
C A3R23 0699-0057 RESISTOR 9K .1% .1W
6-8 D A3R40% 0757-0464 RESISTOR 90.9K 1%
6-9 C A4R1 0683-4275 RESISTOR 4.7K 5% .25W
C A4R2 0683-5105 RESISTOR 51 5% .25W
C A4R4 0683-5105 RESISTOR 51 5% .25W
C A4R5 0683-4275 RESISTOR 4.7K 5% .25W
C A4R27 No change No change
3 6-39 C A20R26 0683-1025 RESISTOR 1K 5% .25W
D A20R27 0683-1825 RESISTOR 1.8K 5% .25W
4 6-4 D A1R26 2100-3212 RESISTOR
C A1R27 0757-0442 RESISTOR
6-17 C A6C29 0160-2243 CAPACITOR-FXD 2.7PF +-.25PF 500VDC CER
C A6C30 0160-2255 CAPACITOR-FXD 8.2PF +-.25PF 500VDC CER
C A6C31 0160-2251 CAPACITOR-FXD 5.6PF +-.25PF 500VDC CER
6-39 D A20C19 0180-0291 CAPACITOR-FXD 1UF 35VDC TA
D A20C20 0180-0291 CAPACITOR-FXD 1UF 35VDC TA
6-40 D A20U5 1826-0106 IC V RGLTR 7815
D A20W3 8159-0005 JUMPER WIRE
A: Added D: Changed D: Deleted




SECTION VIII

SECTION Vil
SERVICE

8-1. INTRODUCTION

8-2.  This section provides the information and
instructions required to service the Model 4193A
Vector Impedance Meter. Included are the
Theory of Operation and Circuit Schematies.
The Theory of Operation describes fundamental
principles and circuit operating theory of the
4193A with block diagrams. Circuit schematies,
locator illustrations, board level block diagrams
and other technical data necessary for repairs
are integrated into the service sheet foldouts.
An illustration of the instrument interior is
shown in Figure 8-19.

8-3. SAFETY CONSIDERATIONS

8-4. This section contains warnings and
cautions that must be followed for your pro-
tection and to avoid damage to the instrument.

WARNING

MAINTENANCE DESCRIBED HEREIN IS PER-
FORMED WITH POWER SUPPLIED TO THE
INSTRUMENT AND PROTECTIVE COVERS RE-
MOVED. SUCH MAINTENANCE SHOULD BE
PERFORMED ONLY BY SERVICE-TRAINED
PERSONNEL AWARE OF THE HAZARDS
INVOLVED (FOR EXAMPLE, FIRE AND
ELECTRICAL SHOCK). WHERE MAINTENANCE
CAN BE PERFORMED WITHOUT POWER AP-
PLIED, THE POWER SHOULD BE REMOVED.

BEFORE ANY REPAIR IS COMPLETED, EN-
SURE THAT ALL SAFETY FEATURES ARE
INTACT AND FUNCTIONING AND THAT ALL
NECESSARY PARTS ARE CONNECTED TO
THEIR. MEANS OF PROTECTIVE GROUNDING.

8-5. THEORY OF OPERATION

8-6. The theory of operation discussion is
organized into two sections : basie theory and
block diagram discussion. The basic theory,
beginning with paragraph 8-13, explains the
concepts and fundamental theory of the 4193A
instrument technique adapted for accurately
measuring the DUT and for fully achieving
automated measurement performance. The
bloek diagram diseussion describes the overall
circuit operating theory of the 4193A with
block-to-block signal flow. Included are block
and timing diagrams.

8-7. RECOMMENDED TEST EQUIPMENT

8-8. The test equipment required to perform
operations outlined in this section is listed in
Table 4-1. The table includes type of instrument
required, critical specifications, wuse, and
recommended model. If the recommended model
is not available, equipment which meets or
exceeds the critical specifications listed may be
substituted.

8-9. TROUBLESHOOTING

8-10. The troubleshooting guide provides
instructions and information for locating a faulty
circuit component. All instructions consider the
safety of service personnal performing the
procedures. The diagnostic guides are in the
form  flow diagrams. The board level
troubleshooting diagrams are used to isolate
failures to an individual malfunetioning cirecuit
board assembly. The guides for locating a
defective component are given on the individual
board service sheets and integrate service
support data—- test point locations, waveform
illustrations, voltage data, timing diagrams, and
other technical information in addition to
providing schematic diagrams for each board.
To facilitate troubleshooting of the 4276A
Digital Section, the troubleshooting guide for the
logic cercuits uses signature analysis.

Note

To facilitate troubleshooting, remove
all serews from the extrusion boards.

8-11. REPAIR

8-12. Repair explanations tell how to replace
defective circuit components. The
recommended replacement procedures for
components and parts which require special
repair, replacement tools, or test equipment
should be observed. Correct disassembly and the
exchange procedures for such special parts are
outlined in paragraphs 8-81 through 8-91. To
prevent damage resulting from improper repair
procedure, refer to the appropriate manual
section before proceeding with repair.

8-1
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8-13. BASIC THEORY

8-14. The HP Model 4193A Vector Impdancé
Meter applies a constant test current to the DUT
and measures two vector voltages, Vi and V\
obtain the DUT impedance, 7. V1 is the voltage
drop across known resistance Ro, and Vv is the
voltage drop across the DUT, Refer to Figure
8-1. The vector current [ through Ro is
proportional to the vector current i through the
DUT. Therefore, the vector impedance 7 of the
DUT is given by the vector voltage ratio Vv /Vi

In the actual ecircuit, both the magnitude and the
phase of each vector voltage are detected to
caleulate the magnitude ratio and the phase
difference between V¢ and Vi. The impedance
and the phase of 7 are given below :

=k - J—.—LV\' (k: constant)

AR
L7 = Vv - LV

Figure 8-2 shows the relation between 7 Vv ,

as follows : and V1.
_ E_ Vy _ Vv _ . Vy
i us T 7y vl LI
Vy
Z*
Vy |V CHANNEL|9.765kHz A-D Conv.
i 1 SAMPLER Rectifier
CURRENT ) _
TRANSFORMER | =—~ Vi | I CHANNEL
9 S SAMPLER
RF > $ Ro
® |
7 9.765kHz
DUT

\Y <L v

DISPLAY Ouor O
IVl or 1V
KEYBOARD
- LOGIC CONTROL
-1 (MICROPROCESSOR)

ANALOG
OUTPUT

Figure 8-1. Basic Block Diagram.
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The test frequency, RF, is a radio frequency
between 0.4 to 110MHz. Therefore, sampling is
performed in the Vi and Vv detecting stage to
facilitate accurate detection of the vector
voltage ratio. The 4193A uses a unique sampling
method called synchronized mixed-down
sampling pulse generation. It enables the 4193A
to perform stable sampling operation to convert
the RF  measurement signals into two
9.765625kHz IF signals, even when the RF test
frequency is changed. The relationship between
the magnitudes of Vi and Vv and the phase
differences between Vi and Vy remain
unchanged, even after sampling.

Vi and Vy are alternately measured to provide
magnitude and phase information. Either Vi or
Vv is selected and channeled into two paths; one
to a magnitude-ADC through a full-wave
rectifier and the other to a phase-ADC through
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the phase detector. The reference signal of the
phase detector is Vi and the input signal is
alternately Vv and Vi . This means that Vi is
phase detected in reference to itself in order to
provide compensation for any phase offset error
introduced by the detection circuits. In each of
the two ADCs, dual-slope (type) analog to digital
conversion is executed 17 times per measurement
for Vv and 12 times per measurement for Vi in
normal speed mode. See Figure 8-3.

The 4193A contains a 6800 microprocessor that
controls the frequencies, range selection,
measurement sequence, data manipulation, and
other funetions. It also performs introspective
testing of the 4193A.

4\.71

(7] = k- Vv |
—> i .
7
g = «Vv -2V

Figure 8-2. Relation between Z, Vy , and V1.

V, Detection Time |

\./1 Detection Time?liéD

!! 17 times r!!‘ 12 ti !
“ '/| : I\:: |/| 1lmes I-\:
1 ! ] 1! l | i
| | | | i
Magnitude- :ul_:/\.al/\_: NM V4 \:
ADC : : | no ! | ! '
il ! [ I ! ! | | |
||: ll | I iy : ) | |
(N | ! | N | | | :
] h | !
A R S B
I
S VAVAVIR AV I D
ADC : :.......I T l I oeeene ]L/\_’*_j
[N

Status Detection Time.
\'/\‘ Data Transfer Time.
Vi Data Transfer Time.

Calculation and Display
Time.

Figure 8-3. Measurement Cycle.
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8-15. Analog Section Block Diagram Discussion

8-16. The following paragraphs describe the
structure and functions of the 4193A's Analog
Section. The Analog Section consists of the
Signal Source, Sampling Block, and Detection
Block. The block diagram of the Analog Section
is shown in Figure 8-10.

8-17. SIGNAL SOURCE BLOCK

8-18. Figure 8-4 is the block diagram of the
Signal Source, consisting of the A8 Crystal
Oscillator, Al0 Voltage Controlled Oscillator, A9
Mixer, A2 ALC Amplifier, A7 Divider, and All
Integrator. The A8 Crystal Oscillator generates
an accurate 100MHz signal which is used as the
reference on the A6 board. The A8 board also
outputs a 10MHz signal to the A7 Divider and a
300MHz signal to the A9 Mixer. The Al0 Voltage
Controlled Oscillator outputs a 300MHz+RF
signal to the A9 Mixer and the AS5
Mixer/Divider. The VCO on the Al0 board is
controlled by the All Integrator, which
phase-detects a reference signal from the A7
board and the RF test signal fed back from the
A9 board. The A7 Divider has several functions.
It divides down the RF test signal fed back from
the A9 board for phase-detection on the All
board, provides the reference signal for the
phase-detector on the All board, provides PLL
control, and provides a 2MHz clock signal and a
2.5MHz clock signal for various operations
throughout the instrument. The A9 Mixer mixes
the 300MHz+RF signal from the Al0 board with
the 300MHz signal from the A8 board to provide
the RF test signal. The A2 ALC Amplifier
provides ranging and level control of the RF
signal in order to maintain a constant RF current
through the DUT.

8-19. A2 ALC AMPLIFIER

8-20. A2 board maintains the test signal current
constant for each magnitude range. The PIN
diode attenuator is controlled by the ALC
voltage fed from the Al3 board and attenuates
the RF test signal to a level appropriate for
input to the amplifier stage. Depending on the
magnitude range, the amplifier stage provides
10dB or 40dB amplification of the attenuated
signal. When the magnitude range is 1kQ, 10k§, or
100kQ, the RF test signal is fed to a 30dB
amplifier through two relays and then amplified
by a 10dB output amplifier. For the lower
magnitude ranges, the 30dB amplifier is bypassed
and only the 10dB output amplifier is used. The
two relays that feed the RF signal to the 30dB
amplifier are controlled by the Al7 board.
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8-21. A7 DIVIDER

8-22. The A7 board divides down the RF signal
fed back from the A9 Mixer to provide a lkHz,
10kHz, or 100kHz signal, FV, for the phase
detector on the All board. The N divisor is
controlled by the microprocessor and is selected
so that FV will be lkHz when the RF is less than
10MHz, 10kHz when the RF is 10MHz to
99.99MHz, and 100kHz when the RF is 100MHz or
higher. A second signal, FR, which is used as the
reference for the phase detector on the All
board, is generated from the 10MHz signal from
the A8 board or from an external oscillator.
Like FV, FR is lkHz, 10kHz, or 100kHz depending
on the RF frequency. To shorten the time
required for the PLL to settle in response to
large test frequency changes, two signals, FU
and FD, are provided. FU also prevents the
300MHz+RF signal from dropping below
300.4MHz. The A7 board also provides a 2MHz
clock signal for the Al7 board and a 2.5MHz
clock signal for the Al4 board, signal source
ready signal (SSRDY), and external oscillator
monitor signal (EXTOSC).

8-23. A8 CRYSTAL OSCILLATOR

8-24. The A8 board provides 10MHz, 100MHz,
and 300MHz outputs which are used as reference
signals in various mixing and phase-detection
operations in the Signal Source and Sampling
Circuit. All three signals are generated from the
same 100MHz ecrystal oscillator. The 300MHz
signal is derived from the third harmonic of the
100MHz signal. The 10MHz signal is produced by
dividing down the 100MHz signal.

8-25. A9 MIXER

8-26. The A9 board has three functions : (1) mix
the 300MHz+RF from the AlQ0 board with the
300MHz reference from the A8 board to provide
the RF signal for the A2 board, (2) feedback the
RF signal to the A7 board, and (3) divide down
the external oscillator signal (if present) before
it is output to the A7 board.

8-27. Al0 Voltage Controlled Oscillator

8-28. The Al0 board outputs a 300MHz+RF
signal generated from a voltage-controlled
oscillator. Control voltage for the oscillator is
fed from the integrator on the All board. There
are three frequency ranges 300.4MHz to
309.999MHz, 310MHz to 399.99MHz, and 400MHz
to 410MHz. The frequency range is determined
by the FSl, FS2, and FS3 frequency select lines
(from the All board), which are the result of
decoding the 2-bit frequency range data from
the Al7 board.



8-29. All INTEGRATOR

8-30. The All board provides two control
signals, VCS and frequency range select (FSl,
FS2, FS3), for the voltage-controlled oscillator
on the Al0 board. VCS is the control voltage for
the VCO, and is produced by a phase-detector
and an integrator in response to differences
between the phase-detector's reference signal,
FR, and input signal, FV. The reference, FR, is
lkHz, 10kHz, or 100kHz depending on the
frequency range, and is derived from the 10MHz
signal output from the A8 board to the A7 board,
where it is divided down to the appropriate
frequency. The phase-detector's input signal,
FV, is also lkHz, 10kHz, or 100kHz depending on
the frequency range, and is derived from the RF
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signal on the A7 board. This causes the
frequency of FV to be higher or lower (depending
on which direction the dial is rotated) than that
of FR. The phase-detector detects this
difference and closes one of two analog
switches, allowing the integrator to charge (or
discharge) from a +5v (-5V) voltage source. The
output voltage from the integrator is the control
voltage, VCS, for the voltage-controlled
oscillator on the Al0 board. When a large
frequency change is detected, the FU (frequency
up) or FD (frequency down) signal goes LOW,
closing two FET switches. With these switches
closed, the integrator charges (discharges) more
rapidly, shortening the time required to settle
the signal source at the new frequency. FBO0 and
FBI are sent from the Al7 board and control the

signal fed back from the A2 board to the A7 frequency range of the voltage-controlled
board, where it 1is divided down to the oscillator on the All board. FB0O and FBl are
appropriate frequency. When the FREQUENCY decoded into three signals—FSl, FS2, and
CONTROL DIAL on the front-panel is rotated, FS3--and then output to the All board.
the microprocessor detects this and changes the
value of the divisor used to divide down the RF
rr - - - - - - - - - = - = —
{ A7 N from Al7 :
] |
| |
| |
l + N |
| |
| |
| |
lr— - —— q=————————- -
I All A0 | A9 h\;—____'
: : Integrator i : ALC fromAIBI
]
L1 ey | | | '
| | i !
[ || Phase | | ! o RF
[ '. Detector | | :
| | | |
[ | FR | l !
R U B L. JUDN | QU IS (R d
I | 300MHz
' I 300MHz + RF
! _'Ok | to A5
| " 40 |
| 2MHz clock |
1 A7
{_P/O A9 1| ? | jl
2
1 EXT 0— £ 10 {0 S N S '
 05C. 12.5MHz 5] | '
L iclock 10 Al4 <L _JI :
- oo T T T T . 300MHz
T;‘g?g’::f osc Tripler  BPF : DBM : Double Balanced Mixer.
| (5 !
I i
| f
LA | ___ a
o
IOOMHz to A6

Figure 8-4. Signal Source Block Diagram.
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Signal Source Operation

The frequency of the RF signal output from the 4193A's signal source is controlled by the
+N circuit on the A7 board. This eircuit consists of a two-modulus prescaler and four
programmable counters. Refer to the block diagram in Figure A.

When the signal source is locked (NOT READY lamp off) at the frequency displayed on
the front-panel, the N circuit outputs a stable 1IkHz, 10kHz, or 100kHz signal, Fv, which is
fed to the input of the phase detector on the All board. Since the phase detector's
reference signal, FR, is also 1kHz, 10kHz, or 100kHz, the phase detector outputs a constant
VCO control voltage; thus, the RF signal stays at the selected test frequency. If the RF
should drift, even slightly, from the selected test frequency, FV will change, causing the
phase detector to increase or decrease the VCO control voltage until the RF returns to
the selected frequency. The frequency of the phase detector's reference signal, FR
depends on the range of the selected test frequency.

T Table A. Test Freq. vs FR

Test Freq. (MHz) FR

LPF
V.C.0. t .400 to 9.999 1kHz

300MHz + RF -
—‘@ @ N\ O RF 10.00 to 99.99 | 10kHz

+10K

300.4 100.0 to 110.0 | 100kHz
' 300MHz
" 4T10MHz
X -~ TA1 0SC
100MHz 100
/= MHZI}
A

(]
&/ 300MHz

Figure A.  Signal Source Simple Block Diagram.

When the FREQUENCY DIAL on the front-panel is rotated, the microprocessor changes
the value of the N divisor. Consequently, FV changes, causing the phase detector to
increase or decrease the VCO control voltage until the signal source settles at the new
frequency.

As an example, let's assume that the signal source is stable at a selected test frequency of
400kHz. FR, then, is lIkHz and the N divisor must be 400 to obtain the requisite lkHz FV
(400k/400 = 1k). Now, if the test frequency is changed to, say, 40lkHz by rotating the
FREQUENCY DIAL, the microprocessor will change the N divisor to 401l. Since the test
signal at this time is still 400kHz, FV will be 400kHz/401, or 997.51Hz. There is now a
difference of 2.49Hz between FV and FR. The phase detector detects this difference and
adjusts the VCO control voltage until the test signal is 40lkHz, at which time FV will
return to lIkHz (401k/401 = lk).

8-6

Figure 8-5. Signal Source Operation (Sheet 1 of 2).
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+ N Circuit

The N ecircuit (see Figure B) functions as a programmable 4x4-bit BCD decade
up-counter. The count starts at the value of N and continues until the maximum count of
the counter, 9999, is reached, at which time one count eycle is completed and one pulse is
output. N is the four-digit 9's complement of the number of counts on the FREQUENCY
display. For example, if the test frequency is set to 400kHz, the number of counts on the
FREQUENCY display is 400. The four-digit 9's complement of this number is calculated as

9999 - 400 = 9599 —

Some frequencies, IMHz, 10MHz, and 100MHz, for example, have the same N divisors.
This means that FV will be 1kHz, 10kHz, and 100kHz, respectively, as will FR (see Table
A). This is true for all test frequencies that have the same number of display counts.

Two-Modulus Prescaler

The prescaler in the + N circuit operates in one of two modes, 10 or + 11, depending on the
state of the Scaler Control Line. When the line is HIGH, the prescaler operates in the 10
mode; and when the line is LOW, in the +1l mode. Initially, the Scaler Control Line is
LOW, setting the prescaler to the +1l mode and enabling the D counter. When the D
counter reaches maximum count, 9, the Scaler Control Line goes HIGH, setting the
prescaler to the +10 mode and disabling (stopping) the D counter. The content of the ABC
counter at this time is 100A + 10B + C - D. The total number of input pulses required to
output one pulse from the + N circuit is calculated as

9999 - (11D + 10 (100A + 10B + C - D)) = 9999 - 1000A - 100A - 10C-D

where A, B, and C are the three most significant digits of the N divisor and D is the least
significant digit.

At the end of one cycle the output pulse is fed back to the counters and the prescaler to
reset the entire circuit.

FF
Scaler Control Line

Count Enoblej {
Two -
Modulas D C B A

RF O Prescaler Counter Counter Counter Counter OFV

<0/ 1

_L l l l I

LSD MSD
(D) (C) (8) (A)

N:I1000A +100B +10C+D

Figure B. +N Circuit.

Figure 8-5. Signal Source Operation (Sheet 2 of 2).
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8-31. SAMPLING BLOCK

8-32. The Sampling Circuit consists of the Al
Sampling Pulse Generator, A5 Mixer/Divider, A6
Voltage Controlled Oscillator, AS5] Probe
I-channel, and A52 Probe V-Channel. Overall
Sampling Circuit operation will be discussed
first, followed by simplified board level
diseussions.

8-33. Refer to the Sampling Circuit block
diagram in Figure 8-6. Two RF signals, Vpyr
(RF) and Ipyr (RF), which represent the
voltage across and the current through the DUT
are each converted into a 9.765625kHz IF to
facilitate measurement. RF-to-IF conversion is
performed in the A5l Probe I-Channel and the
A52 Probe I-Channel by sampling the injected RF
signal at different points of the waveform. This
produces two waveforms, Vpyr (IF) and
Ipyt (IF), whose relative amplitudes and
relative phase are identical to those of the
original RF signals, but at a frequency more
convenient for measurement.

A 100MHz reference from the A8 board and a 2IF
(19.53125kHz) from the Al4 board are input to the
phase-locked loop on the A6 board which outputs
an accurate 300MHz-IF (299.990MHz) signal,
This 300MHz-IF is output to the A5 board where
it is mixed with a 300MHz + RF from the AlQ
board. The mixer output is filtered, leaving only
an RF + IF signal, and then amplified, clipped,
and divided down to provide the appropriate RF
+ IF/N sampling frequency. The output from the
A5 board is sent to the Al Sampling Pulse
Generator where it is amplified to drive a
step-recovery-diode, and then input to two
differentiators to provide the required pulse
height and width. The I-Channel and V-Channel
Sampling pulses are identical except that the
V-Channel sampling pulse is slightly delayed in
reference to the I-Channel sampling pulse. The
A3 and A4 boards each provide two
complementary sampling pulses for their
respective channel.

8-34. Al SAMPLING PULSE GENERATOR

8-35. The Al board outputs the sampling pulses
required for the sampling operations in the I and
V channels. For maximum sampling efficiency,
the pulses must have an extremely short rise
time. To accomplish this, the Al board has a
step recovery diode (SRD), strip-inductor,
forward current source, SRD driver, and two
differentiators. The forward current source
turns on the SRD and stores a charge in the
SRD. The SRD driver circuit reverse biases the
SRD with a periodic square wave whose
frequency is (RF+IF)/N. The SRD allows reverse
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bias current to momentarily flow and it snaps off
as soon as the stored charge is lost. The
waveform across the SRD is, thus, a square wave
with very sharp leading edge. This signal is then
applied to two differentiators which provide the
sampling pulses for the I channel and V channel
respectively.

8-36. A51 PROBE I[-CHANNEL

8-37. The RF current through the DUT is
detected by a toroid current transformer shunted
by a 508 resistor. The resulting voltage drop
across the shunt resistor is applied to a
four-diode sampling gate which is controlled
(opened and closed) by two complementary
sampling pulses. When the diodes are forward
biased by the sampling pulses, the gate is open
for approximately 700ps. During this time, the
instantaneous voltage across the 500 shunt
resistor charges a capacitor, where it is held
until the next sample is taken. Because the
sampling pulses are so short, the capacitor can
only charge to approximately 70%. To improve
sampling efficiency to between 90% and 100%, IF
feedback is used.

8-38. A52 PROBE V-CHANNEL

8-39. The RF voltage across the DUT is applied
to a four-diode sampling gate which is controlled
(opened and closed) by two complementary
sampling  pulses. When the diodes are
forward-biased by the sampling pulses, the gate
is open for approximately 700ps. During this
time, the instataneous RF voltage across the
DUT charges a capacitor, where it is held until
the next sample is taken. Because the sampling
pulses are so short, the capacitor can only
charge to approximately 70%. To improve
sampling efficiency to between 90% and 100%, IF
feedback is used.

8-40. A5 MIXER/DIVIDER

8-41. The A5 board has two functions : (1) mix
the 300MHz-IF from the A6 board with the
300MHz+RF from the Al0 board to produce an
RF+IF signal and (2) divide the RF+IF by Ns, The
double-balanced mixer hetrodynes the two input
signals, producing a 300MHz-IF, 300MHz+RF,
600MHz+RF-IF, and RF+IF. The  three
higher-frequencies are blocked by a 120MHz
low-pass filter, leaving only the RF+IF, which is
then amplified and squared for input to the Ns
divider. The Ns divisor is selected by the
microprocessor, and, depending on the frequency
of the test signal (RF), will have a value from 1
to 44. After division, the sampling signal,
(RF+IF)/Ns, is input to a transfer buffer for
output to the Al Sampling Pulse Generator.



8-42. A6 Voltage Controlled Crystal Oscillator
8-43. The A6 board is the initial stage of the
Sampling Circuit. It produces the requisite
300MHz-IF reference signal for the mixer on the
A5 board. The phase-locked loop on the A6
board outputs a precise 100MHz-IF/3 signal
which is converted into the 300MHz-IF signal by
a tripler and a 300MHz BPF.
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Figure 8-6. Sampling Block Diagram.
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Synchronized Mixed Down Sampling Pulse Generation

In conventional sampling circuits, a phase locked loop is usually used to generate a
sampling signal whose frequency must be (RF+IF)/N, where N is a positive integer, as
shown in Figure A. It takes time to lock the PLL when the test frequency is changed. In
the 4193A, however, a mixing down method using no feedback loop and no presampling is
used to generate the sampling pulses as shown in Figure B. Two signals, a 300MHz + RF
and a 300MHz-IF, are used to generate the sampling signal. They are mixed to produce an
RF+IF signal and converted to RF+IF/N by a frequency divider, the denominator N is
determined by the logice control board. Therefore, the sampling pulse frequency is fixed
at RF+IF/N even if the test frequency is changed, which is the determinant of stable
sampling in RF test frequenecy changes. This feature enables the 4193A to sweep the RF
test frequency is the wide frequency range from 0.4 to 110MHz.

LPF

\ole]

|
|

Sampling | Main
Phase |

IFref ——w={ \ ——@—-—— Pulse Sampler
Detector Generator RF + IF ¥ :
N 1
|
1F " !
RF + IF © *: Only when the PLL is Tocked.
PLL N
RF N Sampler
Figure A. Phase Locked Loop Method.
300MHz + RF |
LPY¥ Divider |
|
Sampling |
300MHz - IF \ | N —w{ Pulse I Sampler

Generator RE + IF |
Mixer N |
RF + IF RF + IF I
|

N

Figure B. Mixing Down Method.

Figure 8-7. Sampling Pulse Generation.
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Sampling Pulses

Figure A shows the sampling pulses applied to the V-Channel and I-Channel samplers.
Normally, the sampling diodes are reverse biased by 3.8 volts. To turn the sampling diodes
fully on and, thus, maximize sampling efficiency, the height of the sampling pulses is 4.5
volts (in reference to the reverse bias voltage). Sampler on-time, when all diodes are
condueting, is approximately 700 picoseconds. Sampling pulse height at the output of the
Al SPG is approximately 24 volts, which is attenuated to the requisite 4.5 volts by the
transmission paths.

A
+3.8V
A
Sampler # %% - 4 oV
IN ouT —=||=— 700 psec
(RF) as N oV
B
L -3.8V
B

Figure A. Sampling Pulses.

To eliminate inter-channel interference, sampling in the V-Channel is delayed 2.2
nanoseconds in reference to sampling in the I-Channel. The phase error caused by this
delay is compensated for by the logic section. Delay is introduced by the A4l Delay Line
(on the Al board) and the cable between AIPl and A3P2. The delay line causes a 1.2
nanosecond delay and the eable causes a 1 nanosecond delay.

2.2nsec

I Channel U’\,

V Channel

A\
U\.

Figure B. Sampling Delay Time (at Samplers).

Figure 8-8. Sampling Pulses.
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8-44. DETECTION BLOCK

8-45. The Detection Block consists of the A3
V-Channel, A4 [-Channel, Al2 I[F BPF, Al3
Detector, and Al4 ADC. Overall operation is as
follows.

Two IF signals, one representing DUT current
(Ieh) and one representing DUT voltage (Vch),
are fed from the probe to the A3 and A4 boards
where they are amplified and attenuated in
accordance with the magnitude range
information provided by the Al7 board. The Al2
board is divided into two channels : I channel
and V/I channel. The 1 channel continuously
outputs the Ich signal to the control circuit on
the Al3 board where it is used for ALC feedback,
and range control. The V/I channel is identical
to the I channel except that it contains an analog
switch. This switch is controlled by a signal
from the Al4 board and it alternately selects the
incoming Ich and Veh signals for output to the
magnitude and phase detection ecircuits on the
Al3 board. Since the Ieh and Vech signals are
both fed through the V/I channel to the detection
circuits, no measurement error results. Also,
any error introduced by the I channel is detected
during phase detection (the Ich signal is phase
detected in reference to itself) and compensated
by the microprocessor.

On the Al3 board, the Ich signal fed from the I
channel on the Al2 board is rectified and squared
for use as the reference in the phase detector.
The rectified Ieh signal is also applied to an
integrator whose output is used for automatic
level control and magnitude range control. The
V/I signal (this signal is either Ich and Vch) fed
from the Al2 board is input to the magnitude
detector and the phase detector. Detected
magnitude and phase are then output to the Al4
board.

The Al4 board contains two AD converters, one
for magnitude and one for phase. The integrator
outputs--Vy magnitude, Vi magnitude, Vv phase,
and V| phase--are sent to the Al7 board.

8-46. A3 IF V-CHANNEL AMPLIFIER

8-47. The A3 board has three functions. One is
to convert the sampling pulse fed from the Al
board into two complementary sampling pulses.
The second is to provide IF feedback and reverse
DC bias to the V-Channel sampling diodes in the
probe. IF feedback stabilizes the sampling
operation and raises sampling efficiency. The
third is to attenuate the IF signal by 1, 10, 100,
500, or 1000. The amount of attenuation is
determined by the selected magnitude range.
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8-48. A4 IF I-CHANNEL AMPLIFIER

8-49. The A4 board has three functions. One is
to convert the sampling pulse fed from the Al
board into two complementary sampling pulses.
The second is to provide IF feedback and reverse
DC bias to the I-Channel sampling diodes in the
probe. IF feedback stabilizes the sampling
operation and raises sampling efficiency. The
third is to amplify the IF signal by 4, 8, or 40.
The amount of amplification is determined by
the selected magnitude range. This board also
contains a  phase-shifter which prevents
synchronization error between the I-Channel and
V-Channel.

8-50. Al2 IF BPF

8-51. The Al2 board is the first IF detection
stage, and it has two functions. The first is to
amplify and filter the I-Channel IF signal from
the A4 board. This signal is then output to the
Al3 board, where it is converted into the ALC
signal, RANGE UP signal, and RANGE DOWN
signal. The second function is to alternately
select the I-Channel and V-Channel signals,
amplify and filter them, and then output them to
the Al3 board, where they are phase detected
and rectified for measurement. Selection is
made by two analog switches whieh are
controlled by the Imeas and Vmeas signals from
the Al4 board. The amplifiers used in both
functions are identical, as are the bi-quad type
filters.

8-52. Al3 DETECTOR

8-53. The Al3 board is the second IF detection
stage and has two main functions : phase detect
the Veh signal in reference to the Ieh signal and
rectify and output the Veh and Ieh signals to the
Al4 board for measurement. The Ich and V/I
signals fed from the Al2 board are each squared
and input to one half of a dual one-shot
multivibrator. The duty eycles of the
multivibrator's  outputs are identical and
determined by two RC networks connected to
the multivibrator. The multivibrator outputs are
connected to the inputs of an RS flip-flop that
outputs a pulse whose width is proportional to
the phase difference between the two inputs.
This pulse controls an analog switech which
provides the PHASE+ and PHASE- signals to the
phase A/D converter on the Al4 board. The V/I
signal is actually two signals, Iech and Veh,
alternately selected on the Al2 board for output
to the Al3 board. This Ich signal is identical to
the Ieh signal used as the reference in the phase
detector. When the V/I signal is the Ich signal, it
is phase detected in reference to the other Ich
signal in order to measure any phase offset error
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To use this supplement:
Make all ERRATA corrections.

VECTOR IMPEDANCE METER

Model Number: 4193A
Date Printed: AUG. 1983
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page of the manual.

Page 8-6, Figure 8-5.
Partially change line 5 to read:

the front-panel, the £ N circuit outputs a stable 1KHz,

10KHz,

requesting copies quote the manual

Page 8-5, Paragraph 8-30
Partially change line 16 to read:
signal fed back from the A9 board to the A7

Signal Source Operation
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» CHANGE 8

Page 8-77, Figure 8-47 A8 Crystal Oscillator Assembly Schematic Diagram,
Change R22 560 to R22* 38.3q.

Reference HP part ——
Change | Page | Note Designation Number Description
3 6-14 C A6CR10 1902-0064 DIODE-ZNR 7.5V 5%
5 6-42 C 37 2190-0586 WSHR-LK-HLCL
C 38 0515-1509 HEX-SHC-SCR M4
C 52 04193-00205 | REAR PANEL
6 6-4 C 1205-0095 HEAT SINK
6-6 C 1205-0095 HEAT SINK
6-28 C 1205-0095 HEAT SINK
6-30 C 1205-0095 HEAT SINK
7 6-39 C A20412 1252-0943 CONNECTOR 6PIN x Z2ea.
8 6-18 [ » D A8R22 0698-3435 RES 38.3 5% .25W
> A A8R22* 0698-3435 RES 38.3 1% .125W
» : CHANGE
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Vector Impedance Meter Model Number: HP 4193A
Date Printed: Not Specified
Part Number: 04193-90000

This supplement contains information for correcting manual errors and for adapting the manual to newer instruments that contain improvements
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To use this supplement
1. Make all ERRATA corrections
2. Make all appropriate serial-number-related changes listed below
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All 1
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> Some LCR components used in the HP 4193A have been standardized to decrease the number of
similar components. For example, if a unit uses both 6.8kQ 5% and 6.81kQ 1% resistors, the
standard resistor will now be 6.81kQ 1%.

Change the part numbers in the Replaceable Parts List of Section 6 as given in the table on the
next page.
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Table 1. Parts Standardization Change

Old Part

New Part

Part Number

Description

Part Number

Description

0160-4574

0683-1005
0683-1015
0683-1025
0683-1035
0683-1045
0683-1055
0683-1205
0683-1215
0683-1225
0683-1235
0683-1515
0683-1525
0683-1535
0683-1815
0683-1825
0683-1845
0683-2205
0683-2215
0683-2225
0683-2235
0683-2245
0683-2705
0683-2715
0683-2735
0683-2745
0683-3305
0683-3315
0683-3915
0683-4705
0683-4715
0683-4725
0683-5105
0683-5605
0683-5615
0683-5625
0683-5645
0683-6805
0683-6815
0683-6825

Capacitor 1000pF 20%

Resistor 10 5%
Resistor 10002 5%
Resistor 1kQ2 5%
Resistor 10kQ 5%
Resistor 100kQ 5%
Resistor 1MQ 5%
Resistor 12Q 5%
Resistor 1209 5%
Resistor 1.2kQ 5%
Resistor 12kQ 5%
Resistor 15002 5%
Resistor 1.5k 5%
Resistor 15kQ 5%
Resistor 180Q 5%
Resistor 1.8k 5%
Resistor 180kQ 5%
Resistor 22Q 5%
Resistor 2200 5%
Resistor 2.2kQ 5%
Resistor 22k 5%
Resistor 220k 5%
Resistor 270 5%
Resistor 270Q 5%
Resistor 27k 5%
Resistor 270k 5%
Resistor 33Q2 5%
Resistor 3309 5%
Resistor 390Q 5%
Resistor 47Q 5%
Resistor 470Q 5%
Resistor 4.7kQ 5%
Resistor 51Q 5%
Resistor 562 5%
Resistor 560Q 5%
Resistor 5.6kQ2 5%
Resistor 560k 5%
Resistor 68Q 5%
Resistor 6800 5%
Resistor 6.8k 5%

0160-4822

0757-0346
0757-0401
0757-0280
0757-0442
0757-0465
0698-8827
0757-0379
0757-0403
0757-0274
0757-0444
0698-3438
0757-1094
0698-3156
0698-3439
0757-0278
0698-3243
0698-3430
0698-3441
0698-0084
0757-0199
0698-3454
0698-3432
0698-3132
0698-3159
0698-3455
0757-0180
0698-3444
0698-3446
0698-4037
0698-0082
0698-3155
0757-0394
0757-0395
0757-0417
0757-0200
0698-8824
0757-0397
0757-0419
0757-0439

Capacitor 1000pF 5%

Resistor 10Q 1%
Resistor 100Q2 1%
Resistor 1k 1%
Resistor 10kQ2 1%
Resistor 100k2 1%
Resistor TMQ 1%
Resistor 12.1Q 1%
Resistor 121Q 1%
Resistor 1.21k2 1%
Resistor 12.1kQ 1%
Resistor 147Q 1%
Resistor 1.47k2 1%
Resistor 14.7kQ2 1%
Resistor 178Q 1%
Resistor 1.78kQ 1%
Resistor 178k 1%
Resistor 21.5Q 1%
Resistor 2150 1%
Resistor 2.15kQ 1%
Resistor 21.5k? 1%
Resistor 215k 1%
Resistor 26.1Q 1%
Resistor 261Q 1%
Resistor 26.1kQ2 1%
Resistor 261k 1%
Resistor 31.62 1%
Resistor 316Q 1%
Resistor 383Q2 1%
Resistor 46.4Q 1%
Resistor 464 1%
Resistor 4.64kQ 1%
Resistor 51.1Q 1%
Resistor 56.2Q 1%
Resistor 562Q 1%
Resistor 5.62kQ2 1%
Resistor 562k 1%
Resistor 68.1Q 1%
Resistor 681Q 1%
Resistor 6.81kQ 1%






