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Operating and Service Manual

HP 438A Power Meter

SERIAL NUMBERS

Attached to the rear panel of the instrument is a serial number plate.
The serial number is in the form: 0000A00000 and 0000U00000.

The fizst four digits and the letter are the serial number prefix. The
last five digits are the suffix. The prefix is the same for identical
instruments; it changes only when a configuration change is made to
the instrument. The suffix, however, is assigned sequentially and is
different for each instrument.

This manual applies to instruments with serial numbers prefixed
3008A or 3017U and above. For additional important information
about serial numbers, see “Instruments Covered By This Manual” in
Chapter 1.

This manual does not contain any backdating information, If
backdating information is required for operating or repairing your HP
438A with serial prefix 2822A or 2839U and below, you must purchase
manual part number 00438-90015.
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Printed in UK
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I NOTICE

The information contained in this document is subject to change without notice.
HEWLETT-PACKARD MAKES NO WARRANTY OF ANY KIND WITH REGARD TO
THIS MANUAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. Hewlett-Packard

shall not be liable for errors contained herein or direct, indirect, special, incidental or
consequencial damages in connection with the furnishing, performance, or use of this material.

WARRANTY

A copy of the specific warranty terms applicable to your Hewlett-Packard product and
replacement parts can be obtained from your local Sales and Service Office.

Herstellerbescheinigung

Hiermit wird bescheinigt, daf dieses Geriit/System in Ubereinstimmung mit den Bestimmungen
von Postverfiigung 1046/84 funkentstort ist.

Der Deutschen Bundespost wurde das Inverkehrbringen dieses Gerdtes/System angezeigt und die
Berechtigung zur Uberpriifung der Serie auf Einhaltung der Bestimmungen eingerdurnt.

Zusatzinformation fir Mefi- und Testgerite:

Werden Mef- und Testgerite mit ungeschirmten Kabeln und/oder in offenen Meflaufbauten
verwendet so ist vom Betreiber sicherzustellen, daBdie Funkentstdrbedingungen unter
Betriebshedingungen an seiner Grundstiicksgrenze eingehalten werden.

‘Manufacturer’s Declaration

{ This is to certify that this equipment is in. accordance with the Radio Interference Requirements
of Directive FTZ 1046/1984. The German Bundespost was notified that this equipment was put
into circulation, and has been granted the right to check the equipment type for compliance with
these requirements.

Note: If test and measurement equipment is operated with unshielded cables and/or used for
measurements in open setups, the user must ensure that under these operating conditions, the
radio frequency interference limits are me at the border of his premises.

www.valuetronics.com
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Safety Considerations

This product and related documentation must be reviewed for
familiarization with safety markings and instructions before
operation.

This product is a Safety Class I instrument (provided with a
protective earth terminal).

Before Applying Power

Verify that the product is set to match the available line voltage and
the correct fuse is installed.

Safety Earth Ground

An uninterruptible safety earth ground must be provided from the
main power source to the product input wiring terminals, power cord,
or supplied power cord set.

Any interruption of the protective {grounding) conductor (inside or
outside the instrument) or disconnecting the protective earth terminal
will cause a potential shock hazard that could resuit in personal injury.
(Grounding one conductor of a two conductor outiet is not sufficient
protection.) In addition, verify that a common ground exists between
the unit under test and this instrument prior to energizing either unit.

Whenever it is likely that the protection has been impaired, the
instrument must be made inoperative and be secured against any
unintended operation.

if this instrument is to be energized via an autotransformer (for voltage
reduction) make sure the common terminai is connected to neutral
{that is, the grounded side of the mains supply).

Servicing instructions are for use by service-trained personnet only.
To avoid dangerous electric shock, do not perform any servicing
unless qualified to do so.

Adjustments described in the manual are performed with power
supplied to the instrument while protective covers are removed.
Energy available at many points may, if contacted, result in personal
injury,

Capacitors inside the instrument may still be charged even if the
instrument has been disconnected from its source of supply.

For continued protection against fire hazard, replace the line fuse{s)
only with 250V fuse(s) of the same current rating and type (for
example, normal blow, time delay, etc.). Do not use repaired fuses or
short circuited fuseholders.
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Safety Symbols

A Instruction manual symbol: The product will be marked

with this symbol when it is necessary for the user to refer

to the instruction manual (see Table of Contents for page
references).

Indicates hazardous voltages,

wadee, Indicates earth (ground) terminal.

Warning g The WARNING sign denotes a hazard. It calls attention to a
procedure, practice, or the like, which, if not correctly performed or
adhered to, could result in personal injury. Do not proceed beyond a
WARNING sign until the indicated conditions are fully understood and
met.

Caution The CAUTION sign denotes a hazard. It calls attention to an
w operating procedure, practice, or the like, which, if not correctly
performed or adhered to, could result in damage to or destruction of
part or all of the product. Do not proceed beyond a CAUTION sign
until the indicated conditions are fully understood and met.

www.valuetronics.com
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This manual contains information required to install, operate, test, and
service the Hewlett-Packard 438A Power Meter. The power meter is
shown in FIGURE 1-1 with all of its externally supplied accessories.
This manual also documents Option 002 which adds the capability of
rear panel sensor inputs and a second reference oscillator output.

This section of the manual covers the instrument description, options,
accessories, specifications, and other basic information. The remaining
sections cover the following information.

Section 2 Installation
Section 3 Operation

Section 4 Performance Tests
Section 5 Adjustments
Section 6 Replaceable Parts
Section 7 Manual Changes
Section 8 Service

Two copies of the operating information are supplied with the power
meter. One copy is in the form of an Operating Manual and is simply a
copy of the first three sections of the Operating and Service Manual. It
should remain with the instrument for use by the operator. The other
copy provided is the Operating and Service Manual which should be
retained by the technicians responsible for the periodic servicing of the
instrument. Additional copies of either manual may be ordered through
your nearest Hewlett-Packard sales office. The part numbers are listed
on the title page of this manual.

1-1
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Figure 1-1. HP 438A Power Meter with Accessories Supplied.
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HP 438A General Information

1-2, Specifications Instrument specifications are listed in Table 1-1. These specifications
are the performance standards or limits against which the instrument
may be tested. Supplemental characteristics are listed in Table 1-2.
Supplemental characteristics are not warranted specifications, but are
typical characteristics included as additional information for the user.

1-3. Safety  This product is a Safety Class I instrument, that is, one provided

Considerations  with a protective earth terminal. The power meter and all related
documentation must be reviewed for familiarization with safety
markings and instructions before operation. Refer to the “Safety
Considerations” page found at the beginning of this manual for a
summary of the safety information. Safety information for installation,
performance testing, adjustment, and service will be found in
appropriate places throughout this manual.

1-4. Instruments  Attached to the rear panel of the instrument is a serial number plate.
Covered by this Manual The serial number is in the form: 0000A00000 and 0000100000, The
: first four digits and the letter constitute the serial number prefix.

‘The last five digits are the suffix. The prefix is the same for identical
instruments; it changes only when a configuration change is made to the
instrument. The suflix however, is assigned sequentially and is different
for each instrument. The contents of this manual apply directly to
instruments having the same serial number prefix(es) listed under Serial
Numbers on the title page.

1-5. Manual Changes  An instrument manufactured after the printing of this manual may have
Supplement  a serial number prefix that is not listed on the title page. This unlisted
serial number prefix indicates that the instrument is different from
those documented in the manual. If manual changes are needed, the
manual for this newer instrument is accompanied by a yellow Manual
Changes supplement. The supplement contains “change information”
that explains how to adapt this manual to the newer instrument.

In addition to change information, the supplement may contain
information for correcting errors in the manual. The supplement is
identified with the manual print date and part number, both of which
appear on the manual title page.

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

www.valuetronics.com
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1-6. Description  The HP 438A Power Meter is a microprocessor controlled dual channel
(A and B multiplexed) meter. It measures power in the range of —~70
to +44 dBm over the frequency range of 100 kHz to 26.5 GHz using
the existing Hewlett-Packard 8480 series power sensors. A 1.00 mW
50 MHz POWER REF (reference) is available for calibrating the meter
{0 the sensor’s sensitivity.

The meter displays power in the following modes; dBm, dB Rel
{relative), watts and % Rel (per cent relative). The measured ratio and
difference of two inputs can be displayed. The power ratio is displayed
in either dB or % while the power difference is displayed in either watts
or dBm. The ratio or difference power readings of a single sensor input
are displayed relative to a stored reference. Also displayed are the
possible error states of the meter.

Zeroing, calibration, and offsets are capabilities of the meter that can be
set either locally by the front panel keys or remotely over the Hewlett
Packard Interface Bus (H[P-IB). When these routines are finished the
meter resumes measuring and displaying the input power.

The meter has both manual and automatic ranging. In the AUTO
RANGE mode the meter automatically switches through its five ranges
and in the MNL RANGE (manual range) mode one of the five ranges
can be selected.

Memory capacity for saving up to 19 front panel settings is built into
the meter and can be accessed by using (STORE) and (RECALL)-

1-6. Options
1-7. Electrical Options

Option 002 provides the additional capability of having two power input
connectors on the rear panel in parallel with the front panel inputs and
a rear panel connector for an additional power reference oscillator. If
Option 002 was not initially ordered with the power meter, the option
can be added by ordering the Option 002 retrofit kit HP part number
00438-60044.

Option 004 deletes the two HP 11730A Sensor Cables normally supplied
with the power meter. Refer to paragraph “1-12. Cables” in this
section for other cables available.

1-8, Mechanical Option

A mechanical option kit is available containing hardware and
installation instructions for adding handles to the meter. To obtain
front handle kit Option 907 order HP part number 5061-9688.

www.valuetronics.com
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1-9. Accessories
Supplied

1-10. Accessories
Available
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General Information

‘I'he accessories supplied with the power meter are shown in T igure 1-1.
‘The line power cable will be supplied in one of several configurations,
depending upon the country of destination for the original shipment
from the factory. Refer to “Power Cables” in section 2 of this manual.
T'wo power sensor cables, HP part number 11730A, are supplied.

1-11. Rack Mounting Kits

These kits are very useful when the power meter is to be rack mounted.
It permits access to internal circuits and components, and access to the
rear paznel is possible without removing the instrument from the rack.

Rack mounting one power meter. Order HP part number 5062-3972.
This kit includes one rack flange and one extension adapter.

Rack mounting two power meters. Order the following: HP part number
5062-3974 two rack flanges, and HP part number 5061-9694 cabinet
locking hardware.

Rack mounting one power meter with slides. Order the following: HP
part number 5062-3996 support shelf, HP part number 1494-0064 two
slides, and HP part number 5062-4022 filler panel.

Rack mounting two power meters with slides. Ozder the following: HP
part number 5062-3966 support shelf, and HP part number 1494-0064
two slides.

1-12. Cables

Power sensor cables of various lengths are available. The model
numbers and lengths are listed below.

HP 11730A 1.5m (5it)
HP 11730B 3.0m (10ft)
P 11730C 6.1m (20 ft)
P 11730D 15.2m (50 ft)
P 11730E 30.5m (1004t)
HP 11730F 61.0m (200f)

1-5
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1-13. Recommended  Table 1-3 lists the test equipment recommended for use in testing,
Test Equipment adjusting, and servicing the power meter. If any of the recommended
equipment is not available, instruments with equivalent critical
specifications may be substituted.

Table 1-1 lists the power meter’s performance specifications. The
following conditions apply to all specifications:

a. The power meter must have a one-half hour warm-up for all
specifications.

b. The line voltage for all instruments must be 100, 120, 220, or 240
Vac +5%, —10%, and the line frequency must be 48 to 66 Hz.

¢. The ambient temperature must be 0° to 55°C.

www.valuetronics.com
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Table 1-1. Specifications

General Information

Electrical Characteristies

Performance Limits

Conditions

Meter
Frequency range

Power range
Dynamic range

Inputs

Rear panel output

Measurement modes

Display units

Resolution

Normal
High

Accuracy

Instrumentation, includes sensor
linearity?

Single channel mode:

Dual channel mode:?
(ratio or difference)

Zero set (digital settability of zero)

EMI

100 kHz to 26.5 GHsz
—70 dBm to +44 dBm
(100 pW to 26W)

50 dB total range

Channel A and B
(-1 volt analog

A, B, A-B, B—A, A/B, B/A
Watts or dBm
Percent or dB
Percent or dB

0.1% full seale (0.01 dB)
0.01 dB

0.01% full scale
0.001dB

+0.02 dB
Plus +£0.02 dB

Multiply single channel
specifications by 2

+0.5% full scale

+2% full scale

Radiated and Conducted Emissjons
and Radiated and Conducted
Susceptibility are within the
requirements of REA2, CE03,
RS561/03 and CSG1/02 called out in
MIL-STD-461C, and within the
requirements of VDE (871 and
CISPR Publication 11.

Sensor dependent

Sensor dependent

5 ranges of 10 dB steps for 50 dB
total

Multipiexed dual sensors

Without digital filtering 1kQ2
output impedance BNC connector
Normal or relative all modes
Absolute A, B, A—-B, B—-A

Ratio A/B, B/A

Relative

Auto filter watts or percent
dBm or dB

Manual filter watts or percent
dBm or dB

Within same calibration range
Outside calibration range

Most sensitive range. Decrease
percentage by a factor of 10 for
each higher range + one count.

If using the HP 8484A 8481D,
8485D, 8486D, or 8487D Power
Sensors

1 When operating in Range 5, add the corresponding sensor power linearity percentage.

2 Accuracy does not depend on the meter being in Normal or Relative mode.
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HF 43BA

Table t-1. Specifications (continued)

Electrical Characteristics

Performance Limits

Conditions

Power reference

Power reference accuracy

General

Operating temperature range

Power Requirements

Line Voltage

Line Frequency

Power Dissipation

Remote Operation
Compatibility

Memory

Operating and non-operating
environment

Safety
Net weight

Dimensions

1.00 mW

+1.2%
+0.9%

9° Ctob5° C

65 VA, 3b watts

100, 120, 220, or 24¢ Vac,
+5% to —10%

43 to 66 Hz
360 to 440 Hz

<10 VA (8 waits max)
HP-IB

HP-IB interface

Non-volatile

Temperature, humidity, shock, and
vibration type tested to
MIL-T-28800B Class V

requirements.
Meets requirements of IEC 348
5.9 kg {13 ibs.)

89mm H x 213mm W x 418mm D
(3.5 H x 8.4 W x 16.8 inches D)

(35 H x 84 W x 16.8 inches )

Internal 50 MHz oscillator factory
set to £0.7% traceable to National
Bureau of Standards.

Worst case

RSS for one year.

Maximum

All specified line voltages may be
used.

Litited to line voltages of 100 or
120 Vac.

All functions except power switch,
clear entry, HP-IB address

SH1, AH1, T5, TED, L3, LEO, SR1,
RL1, PP1, DC1, DT1, CO

(Contalns complete meter operating
state of both channels plus contents
of store/recall registers

EIA and IEC racking standards:
35 Hx 05 W x 17D

21 3mm

[PRNUNNOWSIY ¢ JP'S {0 JRR—.

418mm
i (16,800, ) ———pp]

FRONT VIEW

SIDE VIEW

12mm (B.5in.)

Note: For ordering cabinet accessories, the module sizes are 3-1/2H, 1/2MW, and 17D.

_J Ls—22mrn (P.785nm. 2 _J
i2mm (@.58in. 2

1-8
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General Information

Table 1-2. Supplemental Characteristics

Zero drift of sensors

As a % of full scale, 1 hour, at
constant temperature after 24 hours
WATTTUD,

Decrease percentage by a factor of
10 for each higher range,

Sensors:

HP 8481A, 84818, 8481H, 84824,
84828, 8482H, 8483A, 8485A,
RB486A, QR4B6A, WR4R6A  and
8487 A

Sensars:

HP 8484A 8481D, 8485D, 8486D,
and 84871

Measurement speed
Over HP-1B and free running
trigger.
Single channel
Dual channel
Channel switching delay

Power reference
Frequency
SWR.
Connector

Meter adjustments:
CAL FACTOR

ZERO

CAL ADIJ

OFFSET
Digital Filter Length

High/Low Power Limiis

STORE/RECALL Registers

REL

<+0.1% of full scale on range 1.

<+2.0% of full scale on range 1.

20 readings per second
2 readings per second
200 ms

50 MHz nominal
1.5 maximum
Type N female

Key pad entry or programmable. Sets calibration factor for the meter.
Overrides current value. Range: 1-150% in 0.1% increments.

Key pad entry or programmable. Zeros all 5 ranges, reference oscillator
automatically switched off during zeroing.

Automatic, key pad entry or programmable. Calibrates meter using
internal 1.00 mW reference or external reference oscillator.
Reference Cal Factor settable from 58.0% to 120.0%.

Key pad entry or programmable. Range: —99.99 to 4+99.99 dB in
0.01 dB increments.

Keypad entry or programmable. Averages power readings from 1 to 512
successive values in increments by factors of 2 (1, 2, 4, ... 258, 512).

Programmable only. Activates Service Request and flashing front panel
indicator. Individual channel values from —299.99 to +299.99 dBm in
3.001 dB increments.

Nineteen registers to store complete operating state of meter for later
recall,

Key pad entry or programmable. Displays all successive measurements
refative to the last displayed value when activated. Units are in dB or %.

www.valuetronics.com
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Table 1-3. Additional Supplemental Characteristics

Meter Noise

As a % of full scale, with constant temperature, range 1, measured over a one minute interval, and two
standard deviations.

Decrease noise by a factor of 10 for each higher range for all sensors and all filters.
Sensors:
HP 8481A, 84818, 8481H, 8482A, 84828, 8482H,
8483A, 8485A, RB486A, (Q8486A, W8486A, and
B487A:
Filter Number Noise {%)

] 6.0
2.4
1.8
1.9
0.7
0.5
0.4
0.3
0.2
0.15

WO oo =1 o O o b

Sensors:

HP 8484A, 8481D, 8485D, and 8487D:
Multiply noise levels by 4 for all filters.
Sensors:

HP R/Q8&486D:

Multiply noise levels by 6 for all filters.

Settling Time
0 to 99% settled readings over the bus. AUTO filter, range hold, 10 dB decreasing power step.

Single channel Range Settling Time
1 <3.0s
2 <1.0s
3 <150 ms
4-5 <100 ms
Manual filter, range hold, 10 dB decreasing power step.

Single channel Filter Number Response Time(s)
0.10
8.15
8.25
1.0
14
2.2
3.7
6.9
14.6G
27.0

W0 =1 DGR s LT BD e

Dual channel (ratio or difference mode}):
Approximately the sum of the individual response times of each channel, plus channel switching delay.

1-10
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HP 438A General Information
Tabie 1-4. Recommended Test Equipment
Instrument Critical Specifications Recommended Model Use!
Digital Voltmeter Range 0 to 20 Vde HP 3456A P AT
Resolution: §.01 Volt
Oscilloscope >200 MHz bandwidth HP 1725A T
Range Calibrator Calibration uncertainty HP 11683A PAT
+0.25%
Signature Multimeter Qualified Signiture HP 50058 T
Analysis
Frequency Counter Range: 10 Hz to 50 MHz HP 5328A Option 031 P, AT
Resolution: | Hz
Power Splitter Frequency: 50 Mhz HP 11667A O
Impedance: 50 Ohms
Connectors: Type N
Power Meter Range: 1 mW Transfer HP 432A PAT
Accuracy: 0.2% (Input to
output)
Thermistor Mount SWR: 1.05 at 50 MHz HP 478A-HT75 P, A
Accuracy: +0.5% at HP 478A-H76%
50 MHz

i *P=Performance Tests, A=Adjustments, T=Troubleshooting.
2 Calibrated by the National Institute of Standards and Technology {NIST) for this accuracy.

Table 1-5. Service Accessories

Accessory?t

Specification

Suggested Model

Open-end wrench
(SMC connectors)

1/4-inch

Utica Tool Co.?, Open End Standard,
Model No, OP82, 1/4-inch

Extender Board

36 contacts (2 x 18)

HP 08684-60018

Foam Pad

Conductive polyurethane foam,
12 x 12 x 0.25 inches

HP 4208-0004

1 Refer to section 8, “Service” for applications.

2 Utica Tool Company, Inc. Orangeburg, SC 29115 or the nearest Utica Tool Company distributor.

www.valuetronics.com
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Installation

2-1. Introduction  This section provides the information needed to install the power
meter. Included is information pertinent to the initial inspection, power
requirements, line voltage and fuse selection, operating environment,
instrument mounting, storage, and shipment.

2.2, Initial Inspection

Warning h To avoid hazardous electrical shock, do not perform electrical tests when
there are signs of shipping damage to any portion of the outer enclosure
(covers, panels and display).

Inspect the shipping container for damage. If the shipping container or
cushioning material is damaged, it should be kept until the contents of
the shipment have been checked for completeness and the instrument
has been checked mechanically and electrically. The procedures for
checking electrical performance are given in section 4, “Performance
Tests”. If the contents are incomplete, if there is a mechanical defect,
or if the instrument does not pass the performance tests, notify the
nearest Hewlett-Packard office. If the shipping container is damaged
or the cushioning shows signs of stress, notify the carrier and the
Hewlett-Packard office. Keep the shipping material for the carrier’s
inspection.

2-1
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2-3. Preparation for Use

Warning %

Caution w

2-2
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2-4. Power Requirements

To avoid the possibility of hazardous electrical shock, do not operate this
instrument at line voltages greater than 126.5 Vac with line frequencies
greater than 66 Hz. Leakage currents at these settings may exceed 3.5
mA.

This is a Safety Class | product (that is, it is provided with a protective
earth terminal). An uninterruptible safety earth ground must be provided
from the main power source to the product input wiring terminals through
the power cable set or supplied power cord set. Whenever it is likely
that the protection has been impaired, the instrument must be made
inoperative and secured against any unintended operation.

if this instrument is to be energized via an external autotransformer
(for voltage reduction), make sure the common terminal is connected to
neutral (that is, the grounded side of the line (Mains) supply).

The power meter Tequires a power source of any voltage between 90
and 126 Vac or between 198 and 252 Vac, 48 to 66 Hz, single phase.
The power meter has the additional capability of operating with line
frequencies of 360 to 440 Hz. However, operation at line frequencies
greater than 66 Hz is limited to a line voltage of 90 to 126 Vac. The
power consumption is less than 65 VA using either source.

2-5. installation Checklist

Before plugging the power meter into the line (Mains) voltage, ensure
the following steps are taken:

1. Check the line (Mains) voltage to ensure compatibility with
the power meter requirements. {See paragraph “2-4. Power
Requirements”).

2. Check the line voltage switches on the power meter’s rear panel to
ensure proper selection for the line (Mains) voltage. (See paragraph
“2-6. Line Voltage and Fuse Selection”).

3. Ensure that the fuse rating is appropriate for the line voltage used.
Fuse ratings are listed in Table 2-1.

4. FEnsure that the power cable to be used is the required type. (See
paragraph “2-7. Power Cable”).

BEFORE PLUGGING THIS INSTRUMENT into the line (Mains)
voltage, ensure that the correct voltage and fuse have been selected.

5. Plug in the power cable.



HP 438A ' Installation

2-8. Line Voltage and Fuse Selection

Caution BEFORE PLUGGING THIS INSTRUMENT into the Mains (line)
voltage, be sure that the correct operating voltage and fuse have been
selected.

A rear-panel line-power module permits operation from 90 to 126 Vac
sources or from 198 to 252 Vac sources. The number visible in the
window on the module indicates the nominal line voltage (100, 120, 220
or 240 Vac) to which the instrument must be connected. Verify that
the line voltage selection card and the fuse are matched to the power
source to be used. Refer to Figure 2-1, Line Voltage and Fuse Selection.
Table 2-1 lists the ratings and HP part numbers for the replaceable
fuses.

Selection of Operating Voltage
1. Slide cover and rotate FUSE PULL to left.

2. Select line (Mains) voltage by orienting PC board with desired
voltage on left side. Push board firmly into module slot.

3. Rotate FUSE PULL back into normal position and re-insert fuse
in holders, using caution to select correct fuse value.

Figure 2-1. Line Voltage and Fuse Selection

2.3
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Warning For protection against fire hazards, the line fuse should be a 250V
normal-blow fuse with the correct current rating.

Table 2-1. Fuse Ratings and Part Numbers

Line Voltage Rating Part Number
100/120V 1.0A, 260V 2110-0001
220/240V $.375 A, 250V 21106-0421

2-7. Power Cable

Warning % Before connecting this instrument, the protective earth terminal of the
instrument must be connected to the protective conductor of the (Mains)
power cord. The Mains plug shall be inserted only 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 cabie) without
a protective conductor {grounding). Grounding one conductor of a
two-conductor outiet is not sufficient protection.

This instrument is equipped with a three-wire power cable. When
connected to an appropriate ac power receptacle, this cable grounds

the instrument cabinet. The type of power cable plug shipped with

each instrument is determined by the country of destination. Refer

to Figure 2-2 for the part numbers of these power cables. Cables are
available in different lengths and some with right angle plugs to the
instrument. Check with you nearest HP service center for descriptions and
part numbers for these cables.

2-4

www.valuetronics.com



HP 438A Installation

HP 8128-1351 HP 812¢-1368 HP B812@-1889

BS 1363A PLUG NZSS 198/AS CEE 7 STD SHT VII, DIN 43441,
3112 PLUG VDE 0629

" NEUTRAL

EARTH
UNITED KINGDOM AUSTRALTA/NEW ZEALAND CONTINENTAL EUROPE

HP 8128-1378 HP 8128-1575 HP 8120-2104

NEMA 5-15P 1EC 328-Cl4 SEV 1811, 1950-24587

TYPE 12 PLUG

EARTH
NEUTRAL NEUTRAL ) 2
NEUTRAL
For interconnecting
U.S. 7CANADA |HP FASS system components
{NOT INTERCHANGEABLE WITH B128-4753) and peripherals SWITZERLAND

HP 8120-2858 HP B8128-4211
DHCR 18T PLUS 1EC 83,

STD 81
(SABS 184)

HP B120-4753
MIT1 41-8682 PLUG

NEUTRAL

REPUBLIC OF SOUTH AFRICA JAPAN
and INDIA | (NOT INTERCHANGEABLE WITH 8128-1378)

DENMARK

Figure 2-2. Power Cable and Line {Mains) Plug Part Numbers
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Installation HP 438A

2.8. HP-IB Address Selection and Configuring

The address can be selected from the front panel and stored in RAM.
When shipped from the factory the address of the instrument is 13,

When an address is stored in RAM and not lost, changing the internal
HP-IB switch will have no effect. The address that is stored in RAM can
be viewed on the front panel display by pressing {local) and will be
the valid address unless memory is lost. Memory lost is indicated by a
REL FRIL ERRORE message.

HP-1B addresses from 00 to 30 can be used. A list of allowable addresses
is given in Table 2-2. Table 2-2 shows the ASCII address codes to decimal
equivalents.

2-6
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— Table 2-2. Allowable HP-IB Addresses

ASCIT Address Codes

LISTEN TALK Decimal Equivalents!
SP 00
! 01
02
03
04
05
08
07
08
Y
10
11
12
132
14
15
16
17
I8
19
20
21
22
23
24
25
26
27
28
= 29
> 30

?

e T - - -

+

A0 B ke D Tl -
M ECdE N OYVORE-RES ~HOmEOm > 8

Halie RS I I 4

]

<

[ORUUU I W —

1 Decimal values are equivalent to the last five bits of both talk and listen addresses.
2 Decimal 13 is the factory set HP 437b address.

Use the following procedure to set the HP-IB address:

Turn the instrument off,

Press and hold the (local) key while turning the instrument on.

Wait for the Ent (enter) address message.

Release the key.

Key in the address using the keys representing the numbers.

2-7
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2-9. interconnections

The connection from meter to power sensor is made through HP 11730
series sensor cables having circular 12 contact male mating connectors.
The two frant panel connectors (Sensor A and Sensor B}, and the two
rear panel Option 002 connectors (SENSORS A,B) require this mating
connector,

The rear panel interface connector for the Hewlett Packard Interface

Bus is a 24 pin cornector. The HP-IB mating connector is shown in
Figure 2-3. Part numbers for mating connectors are included in the figure.
Note the two securing screws are metric.

2-10. Mating Connectors

Coaxial Connectors. The front-panel output POWER REF 1.00mW 50
MHz and the rear-panel Option 002 OSC (power reference oscillator)
output connectors require 50-ohm type N male mating connectors. The
rear panel RCDR (recorder) output signal connector requires a 50-ohm
BNC male mating connector. Both types must be compatible with

the specifications of US MIL-C-39012. The power reference oscillator
connectors are designed to be used with power sensors that have Type N
connectors.

2-11. Operating Environment

The operating environment is specified to be within the following

limitations:
Temperature .......ounvreee e iaaat e 0°C to +55°C
Humidity .o e e <95% relative
Altitude ..o <4570 metres (15 000 feet)

2-12. Bench Operation

The instrument cabinet has plastic feet and fold-away tilt stands for
convenience in bench operation. The plastic feet are designed to ensure
proper stacking with other instruments in similar housings, and the tilt
stands raise the front of the power meter for easier viewing of the front
panel.

2-8
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SIGNAL GROUND SHIELD <— CONNECT
P/0 TWISTED PAIR WITH 11 ATN 10 EARTH
SHOULD BE GROUNDED | P70 TWISTED PAIR WITH 1@ SRQ
P/0 TWISTED PAIR WITH 8 IFC
NEAR TERMINATION
OF OTHER WIRE OF P/0 TWISTED PAIR WITH 8 NDAC
TWISTED PAIR P/0 TWISTED PAIR WITH 7 NRFD
P/0 TWISTED PAIR WITH 6 DAV
REN EOI
D108 D104
0107 D103
DIOS D102
o10s% DioL

1S0_METRIC ®

THREAD M3.é_§hET§“““*‘<:;_/,///
24-PIN MICRO-RIBBON
(SERIE

73 CONNECTOR

4y]
e

Logic Levels

The Hewlett-Packard Interface Bus Logic Levels are TTL compatible, i.e., the true (1} state is 0.0
Vde to +0.4 Vdc and the false (0) state is +2.5 Vdc to +5.0 Vde.

Mating Connector
HP 1251-0293; Amphenol 57-30240.
Mating Cables Avallable

HP 10833A, 1 metre (3.3 ft), HP 10833B, 2 metres (6.6 ft)
HP 10833C, 4 metres {13.2 ft}, HP 10833D, 0.5 metre {1.6 ft)
Cabling Restrictions

1. A Hewlett-Packard Interface Bus system may contain no more than 2 metres (6.6 ft} of connecting
cable per instrument.

2. The maximum accumulative length of connecting cable for any Hewlett-Packard Interface Bus
system is 20.0 metres (65.6 ft).

Figure 2-3. Hewlett-Packard Interface Bus Connection

2-9
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2-13. Rack Mounting

The power meter may be rack mounted using Hewlett-Packard
sub-module cabinets, If it is desired to rack mount one power meter by
itself, order half-module kit, HP part number 5062-3972. If it is desired
to rack mounti two power meters or another HP product with the same
physical dimensions, side by side, order the following items:

1. Lock Link Kit, HP part number 5062-3994
2. Rack Mounting Flange Kit, HP part number 5062-3974

When rack mounting with a support shelf and slide kit order:

1. Shelf, HP part number 5062-3996
2. Slide Kit, HP part number 1494-0064

In addition to the rack mounting hardware, a front handle assembly
{two provided) is also available for the power meter. Order front handle
kit Option 807 HP part number 5061-9688.

Rack mounting information is provided with the rack mounting kits.

If a kit was not ordered as an option or an accessory with the power
meter, it may be purchased through the nearest Hewlett-Packard office.
Refer to “Mechanical Options” or “Mechanical Equipment Available” in
section 1. :

2-14. Storage and
Shipment  2-15. Environment

The instrument should be stored in a clean, dry environment. The
foliowing environmental limitations apply to both storage and shipment.

TemMPeTatlire . o.vutiietier e etrierniaerranronns —55° to +75°C
Humidity oo i e <95% relative
Altitude ... ..o <15 300 metres (50 000 feet)

2-10
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HP 438A Installation
2-16. Packaging

Tagging for Service, If the instrument is being returned to
Hewlett-Packard for service, please complete one of the blue repair tags
located at the end of this manual and atiach it to the instrument.

To minimize repair time, be as specific as possible when describing
the failure. Keep the following two items in mind when describing the
failure:

1. Describe what makes you think the instrument is failing. An
example might be “Power meter displays MO SEMSOR when a power
sensor is connected to the input port”,

2. H the failure only occurs under certain conditions, explain how to
duplicate the failure. An example might be “Power meter will not
make measurements in ranges 4 and 5.7

Original Packaging. Containers and materials identical to those used

in factory packaging are available through Hewlett-Packard offices.
Mark the container “IFRAGILE” to encourage careful handling. In any
correspondence, refer to the instrument by model number and full serial
number.,

Other Packaging. The following general instructions should be used for
repackaging with commercially available materials.

1. Wrap the instrument in heavy paper or plastic. If shipping to a
Hewlett-Packard office or service center, complete one of the blue
tags mentioned above and attach it to the instrument.

2. Use a strong shipping container. A double-wall carton made of
2.4 MPa (350 psi) test material is adequate,

3. Use enough shock-absorbing material (75 to 100 mm layer; 3 to 4
inches) around all sides of the instrument to provide a firm cushion
and prevent movement in the container. Protect the front panel with
an appropriate type of cushioning material to prevent damage during
shipment.

4. Seal the shipping container securely.

5. Mark the shipping container “FRAGILE” to encourage careful
handling.

www.valuetronics.com
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3-1. Introduction

3-2. Operating
Characteristics

3-3. Local Operation

www.valuetronics.com

This section provides operating information for the power meter.
Included in this section are general and detailed operating instructions,
descriptions of the front and rear panel, local and remote operator’s
instructions, and operator’s maintenance procedures.

Table 3-1 briefly summarizes the major operating characteristics of the
power meter. This table is not intended to be an in-depth listing of all
operations and ranges but gives an idea of the instrument’s capabilities.
For more information on the power meter’s capabilities refer to Table
1-1, Specifications and Table 1-2, Supplemental Characteristics. For
information on HP-IB capabilities, refer to the summary contained in
Table 3-3, HP-IB Message Reference Table.

Initial Turn-On Information, Instructions relating to the power meter’s
turn-on procedure are presented to acquaint the user with the general
operation of the instrument.

Information covering front panel operation of the power meter is given
in the sections described bejow. To rapidly learn the operation of the
instrument, begin with Major Operating Characteristics and Operator’s
Checks.

Panel Features. Front and rear panel features are described in

Figure 3-1 and Figure 3-2. The front panel has different colored keys
and lettering for different operating modes. The key has yellow
lettering and relates to the shifted capability of the (a), (B), and
keys as shown by the yellow lettering next to these keys. Blue keys,
blie numbers and all blue lettering are related and set the power meter
into its entry mode. When a blue key is pressed the display will show
that a Ent (enter) response is required. Also some of the keys have a
two letter mnemonic near them. This two letter mnemonic will be used
in remote programming of the power meter.

Simplified Operating Instructions. The instructions located on the
foldout provide a quick introduction to front panel operation of the
power meter. These instructions are designed to rapidly acquaint the
new user with basic operating procedures and therefore are not an
exhaustive listing of all power meter functions.

Detailed Operating instructions. The detailed operating instructions
provide the operating reference information for the power meter user.

3-1



Operation HP 438A

3-4. Remote Operation  The power meter is capable of remote operation via the Hewlett-
HP-IB  Packard Interface Bus (HP-IB). Instructions pertinent to HP-IB
operation cover considerations and instructions specific to remote
operation including capabilities, addressing, input and output formats,
the status byte, and service requests. At the end of the discussion is a
complete summary of all codes.

3-5. Operator’s
Maintenance

Warning b For continued protection against fire hazard, replace the line fuse with
a 250V fuse of the same rating only. Do not use repaired fuses or
short-circuited fuseholders.

Operator’s maintenance consists of replacing defective fuses. The
primary power fuse is located within the tine Power Module Assembly.
Refer to Figure 2-1 for instructions on how to change the fuse.

If the instrument does not operate properly and is being returned

to Hewlett-Packard for service, please complete one of the blue tags
located at the end of this manual! and attach it to the instrument. Refer
to section 2 for packaging instructions.

3-2
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HP 438A Operation

Table 3-1. Major Operating Characteristics

Power Range —70 dBm to -+44 dBm

(Sensor Dependant) . Auto or Manual 1 through 5 ranges, the power range of each sensor is
divided into five parts.
Power Sensor Range
HP8481B 0 to +44 dBm (1 mW to 25 W)
HP8482B 0 to +44 dBm (1 mW to 256 W)
HP3481H ~10 to 435 dBm (100 xW to 3 W)
HPB8482H ~10 to +35 dBm (100 yW to 3 W)
HP8481A —~30 to +20 dBm (1 sW to 100 mW)
HP8482A =30 to 420 dBm (1 W to 100 mW)
HP8485A ~30 to +20 dBm (1 pW to 100 mW)
HP8483A (75 )} -30 to +20 dBm (1 W to 100 mW)
HP R/Q8486A —30 to 420 dBm (1 W to 100 mW)
HP8481D ~70 to —20 dBm (100 pW to 10 W)
HP8484A —70 to ~20 dBm (100 pW to 10 W)
HP8485D =70 to —20 dBm (100 pW to 10 uW)
HP R/QR486D —70 to —20 dBm (100 pW to 10 g W)
HP8487D =70 to —20 dBm (100 pW to 10 xW)

Frequency Range 100 kHz to 33.0 GHz

(Sensor Dependent) ‘

Zeroing Calibration of the power meter to power sensor sensitivity

Calibration Factor! Compensation for mismatch and effective efficiency

Power Reference 1 mW at 50 MHz

Power Display dBm, dB Relative, Watis, and % Relative

Ratio and Difference Dual Inputs Ratio in dB or % Difference in dBm or Watts

Offset Compensation for gains or losses in test system

Digital Filtering Auto or Manual filters 0 through 9 A filter length or number of readings is
determined by two being raised to some power where that exponent is the
filter number.

Memory 19 registers for store and recall of front panel information. A twentieth
register is used for recall of power down information .

1 When using an older HP 8483A that specifies adjusting Lo 0.96 mW note that the following procedure should be used:
1. Set REF CF to 0.96 times the Ref Cal Factor on the label.
2. The power meter will autornatically adjust to 1.000 mW. Note that the cal factor value for 50 MHz power measurements
should be read for the plotted data on the sensor body. No special procedure is necessary for these measurements.

3-3
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HP 438A Operation

PRESET  Press to set the Power Meter to the following conditions:

Measurement Mode = Sensor A
Reference Oscillator = Off
Active Entry Channel = A
Measurement Units = Watts
REL Mode = Off
Measurement Parameters (set for Sensor A and Sensor B)

Cal Factor = 100.0%

Cal Adj = 100.0%

Offset = 0.00 dB

Auto Filter

Auto Range

In addition, default conditions are set for some remote-only functions.
Refer to Table 3-3, Response to Clear Message (and PRESET).

CALIBRATION  Connect the power sensor as shown.

HP 438A
POWER METER

: SE8B582

o

POWER
SENSOR

Press (ZERO) to zero the Power Meter. Each sensor must be zeroed
seperately for dual sensor operation.

CAL ADJ is used only during calibration for entering the sensor’s
calibration factor at 50 MHz (that is, the reference calibration factor}.
For example, to calibrate the Power Meter to the sensor with a
reference cal factor of 98%, press (CAL/AD.) (RECALL) (MNL/FILTER }

dBm/WATT

MEASUREMENT  The Power Meter can display single sensor (A or B), dual sensor
MODES  ratio (A/B or B/A) or dual sensor difference (A-B or B-A) power
measurements. In addition, measurements can be displayed relative to a
reference measurement.

SENSOR

To display the Sensor A power measurement on the front panel, press
®

Single sensor measurements are display in dBm or Watts.

To display the ratio of Sensor A divided by Sensor B, press A/B

on)

3-7
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Operation HP 438A

Ratio measurements are displayed in dB or %.

To display the difference between Sensor A and Sensor B, press
A-B (a).

Difference measurements are displayed in dBm or Watts.

REL
Press to enter and exit relative mode.

Once relative mode has been entered, the first power reading is saved
as a reference. Successive measurements are displayed relative to the
reference.

The REL arnunciator in the front panel display lights when the Power
Meter is in relative mode.

MEASUREMENT  Measurement parameter can be set for each sensor. Blue keys indicate
PARAMETERS  parameters that have selectable values. Values are selected in a Blue
Key-Data~ENTER format. Data consists of digits 0 through 9, £, and
the decimal point. Pressing any blue key activates the data functions of
the corresponding keys.

SET A and SETB

SET A and SET B allow measurement parameters to be entered for
Sensor A and Sensor B. For example, to designate channel A as the
active entry channel, press SET A ().

Any measurement parameters that are entered will apply to Sensor A
only, regardiess of the measurement mode displayed on the front panel.
CAL FACTOR

The calibration factor is the frequency response of the sensor relative
to 50 MHz. For example, to enter a calibration factor of 100%, press
{CAL/FACTOR) (CAL/AD]) (ZERO ) (ZERO] (dBm/WATT J.

FILTER

A digital filter averages measurement readings to reduced jitter. A
filter number (0 through 9) is entered to set the filter length. The filter
length is the number of readings averaged and is equal to 2 to the
power of the filter number (that is; from 1 to 512 in powers of 2).

selects the optimum filter length automatically.

Because of speed, resolution, and display considerations, the filter can
be set manually. Measurements with higher filter numbers are slower
and more settled; measurements with lower filter numbers are faster
and have more jitter. For example, to manually set the filter to 7 (filter
length of 128), press (MNL/FILTER) (AUTO/FILTER ) (dBm/WATT )

3-8
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MEASUREMENT UNITS

STORE and RECALL

www.valuetronics.com

Operation

RANGE

The Power Meter divides the sensor’s power range into five ranges of 10
dB each. Range 5 may be less that 10 dB if the sensor has a power
range of less than 50 dB. Range 1 is the most sensitive, and range 5 is
the least sensitive.

AUTO/RANGE ] sets the correct range automatically for the current

measurement.

Manual range is used primarily with the rear panel recorder output or
when faster readings are required. For example, to set range manualiy
to Range 3, press {MNL/RANGE ) {OFFSET ) (dBm/WATT ).

OFFSET

Offsets can be added to measurements to compensate for gain or loss in
the measurement system. For example, to add an offset of 20 dB, press
(OFESET ) (CAL/FACTOR) [ZERO ] (dBm/WATT)

Single sensor and difference measurements are displayed in units of
Watts or dBm. Ratio and relative measurements are displayed in either
percent of dB. Press to toggle from one measurement unit to
another.

The Power Meter can store up to 19 instrument configurations for recall
at a later time. For example, to store an instrument configuration in
storage register 10, press (STORE ) (CAL/ADJ) [ZERG ) (@Bm/WATT )

(RecALL) (OFFSET) (dBm/WATT ) recalls an intrument configuration stored
in register 3 and changes the Power Meter to the recalled parameters.
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3-6. Turn-On
Instructions

extension cords, autotransformers and devices connected to it should be
connected to a protective earth grounded socket. Any interruption of the
protective earth grounding will cause a potential shock hazard that could
result in personal injury.

Warning g Before the instrument is switched on, all protective earth terminals,

Only 250V normal blow fuses with the required rated current shoutld be
used. Do not use repaired fuses or short circuited fuseholders. To do so
could cause a shock or fire hazard.

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

3-7. Turn-On Turn-On Procedure. If the power meter is already plugged in, set the

LINE switch to ON.
If the power cable is not plugged in, follow these instructions.

On the rear panel:

1. Check the line voltage switch for correct voltage selection.

2. Check that the fuse rating is appropriate for the line voltage used
(see Figure 2-1). Fuse ratings are printed on the rear panel.

3. Plug in the power cable,

On the front panel, press the LINE switch to ON.

Note | Turn-On Configuration. The power meter turns on to the same control
ﬁ settings it had before line power was removed. An exception to this
is that it always turns on in the local mode. In addition some HP-IB
default conditions are enabled. Refer to “Turn on Default Conditions”

later in this section.

When the power meter is turned on, it will execute a power up sequence
which will be followed by an automatic RECALL 0. The power up
sequence will run some self test routines to verify the operation of
ROM, RAM, and display circuits. If any self test failures occur an error
message will be reported to the user on the front panel dispiay. If, for
some reason, RAM content was lost this error will be reported and all
storage registers initialized to put the power meter into the PRESET
state. Storage location 0 is also set to the PRESET state when a RAM
error occurs. This means the power meter will be in the PRESET state
when it begins operation. The internal HP-IB address switch is read
only when the memory content is lost. In all other cases the HP-IB
address that is entered from the front panel is the one saved in RAM.

3-10
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3-8. Error Messages

3-9. Power Reference
and Calibration

v

Note
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Operation

An internal battery is used to retain data in RAM during off periods.
The data restores the last control setup that was saved in storage
location zero and the other nineteen storage registers.

Power up error message numbers as well as other error messages
displayed on the front panel are listed and explained in Table 3-8, Error
Messages. As an example, if & ROM or RAM failure occurs, the power
meter will display an error code number in the range of 61 through 66
depending on the location in memory that has a problem.

A POWER REF of 1.00 mW at 50 MHz (factory set at £0.7% and
traceable to the National Institute of Standards and Technology
(NIST)) is available at the front panel for calibrating the power meter
to the sensor.

There are two buttons on the front panel dealing with calibration:
{caL ADJ) and (CAL FACTOR}. {CAL ADJ) is pressed when entering the
reference calibration {actor for your power sensor and should not need
to be reset until another sensor is used. is pressed when
frequency changes. To verify calibration on the power meter front
panel, (AL ADJ} and {CAL FACTOR) must be the same value,

Procedure

The Calibration Procedure which may appear on the power sensor label
does not apply to the HP 438A Power Meter.

Some sensors come with attenuators which may or may not need to be
connected for calibration.

Power Sensor Attenuator

HP 8481B disconnected

HP 84828 disconnected

HP 8481D connected

HP 8484A (P 11708A) connected
HP 8485D connected

HP R/Q8486D connected

HP 8487D connected

1. To calibrate the power sensor to the meter, first connect the sensor
to the POWER REF output. To see if your sensor requires an
attenuator for calibration see the list above.

2. Press the key and wait for the zeroing routine to finish.

3. Press and enter the reference calibration factor {Ref. CF)
which is printed on the sensor label. (If you have a power sensor
that does not specify the reference calibration factor, assume it to be

100%)

4. Press and wait for the calibration routine to finish. The
sensor is now calibrated.
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5. To see the results of the calibration, first make sure the OSC light is
on, then press and enter the same reference calibration
factor (Ref. CF) that you entered for CAL ADJ.

Press (ENTER). The display should now read 1 mi (0 dBm), except for
the following sensors:

Power Sensor Display
HP 8481B 1H

HP 8482B 1M

HP 8481D t pid
HP 8484A 1 ek
HP 8485D 1 pebd
HP R/Q8486D 1 g
HP 8487D 1 sl

3-10. Operator’s Checks  Operator’s Checks are procedures designed to verify the proper
operation of the power meter’s main capabilities. Two procedures are
provided as described below.

Basic Functional Checks

This procedure requires power sensors, cables, and a power splitter. It
assures the operator that most front panel controlled features are being
properly executed by the power meter.

HP-1B Functional Checks

These procedures require an HP-IB compatible computing controller,
an HP-IB interface, and connecting cable. The procedures check the
applicable bus messages summarized in Table 3-2. The HP-IB Checks
assume that front panel operation has been verified by performing the
Basic Front Panel Checks.

3-12
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Operation

3-11. Basic
Functional Checks

Equipment

Procedure

www.valuetronics.com

The functions of the power meter are checked using power sensors,
sensor cables, and a power splitter. These checks provide reasonable
assurance that most of the front panel controlled functions are being
executed by the power meter.

Power S5ensors {2) ...oveievii e HP 8480 Series
Sensor Cables {2) ... oot HP 11730 Series
Power Splitter ... HP 11667A
Adapter N(mYto N(m). ..o HP 1250-1528
Adapter APC-3.5(f) to N(m) ..ooov v HP 1250-1744

The following procedure was developed using power sensors HP 8485A
and HP 8481A. Using other sensors such as the HP 8481B will result in
different displays.

Turn on the power meter and observe the power up routine with no
power sensor connected to the inputs. During power up the diagnostics
stored in ROM are executed under microprocessor control and turn on
all the display segments and annunciators. This is followed by a shorter
flash of all dashes.

When the self-test is finished, the power meter will display no CH f or
E, MATT A or B, Errer 21 or 22, and flashing A or B. Since the power
meter stores the last active parameters in storage location 0 this stored
information is what will be recalled and displayed during power up.
This is the reason for the “A” or “B” information being displayed.

1. Verify that the power up internal diagnostics are exercised without
any error messages other than ro CH A, ERROR 21 or no CH B,
erpok 22 depending on which channel was active during power
down.

2. Press (PRESET). This sets the parameters for channel A and B to:

Cal Factor = 100.0%
Offset = 0.00 dB

Low Limit = 0.00 dB
High Limit = 0.00 dB
Auto Filter

Auto Range
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3.

4.

14,
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HP 438A
Set the power meter to the following conditions:

Measurement Mode.. ... ... .. it Sensor A
Reference Oscillator . ... ittt OFF
Active Entry Channel ... ... .. oo A
Measurement Units ... ... . i, Watt
Limits Checking ... e ceitre e OFF
Rel Mode. ... e OFF
Group Execute Trigger Mode ... ....... Trigger with Delay (GT2)
Trigger Mode ... i e Free Run

Connect a power sensor with associated cable to channel A input
as shown in Figure 3-3. The error message should disappear and
display will show either a power level, or FLERSE &, and Error 135.
Annunciators WATT A, 100% CF, and A on.

. Connect the power sensor to I mW POWER REF. Display will

show a power level.

HP 438A
POWER METER

POWER
SENSOR

Figure 3-3. Front Panel Checks Setup (1)

. Press (ZERQ). Wait approximately 15 seconds for the zeroing routine
to finish. Verify that display shows - - -~ = - - , with a walking

decimal peint. QObserve that the POWER REF OSC LED is off
during this routine.

. Press (AL ADJ). The power meter will display Ent - - -~ - - , and

annunciators %, 100.0% CF A, and rcF are on. Enter the REF
CAL FACTOR shown on the power sensor using blue numeric keys
and the key for a decimal point.

Press (ENTER). The power meter will display ~ - - - - , with a
walking decimal point and annunciators A, A. Wait approximately
5 seconds for the CAL ADJ routine. Observe that during CAL
ADJ the POWER REF OSC LED will be turned off and on.

. Press (cAL FACTOR). The power meter will display Ent ~ ~ - -

-, %, 100.0% CF A, and 1-150. Enter the CAL FACTOR at 50
?\/{Hz Press (ENTER). The CF displayed will be the one used in the
measurments.

. Turn on POWER REF OSC. The display will now read 1,886 -3,

with annunciators WATT, A, 100.0% CF, and A on.
Press (aBm WATT). Display will change to @, &3 dErn.
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13.

14.

15.

16.

17,
18,
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Press (B). Repeat steps 4 through 10 for channel B inputs.

Remove sensor from POWER REF OSC. Connect the equipment as
shown in FIGURE 3-4.

The power meter will display a power level. Annunciators WATT
B, 100.0% CF and B are on.

Press to display dBm. The power meter will now
display the loss through the power splitter. This number will be

used as an offset to get the power level displayed back to 1 mW.
Annunciators B, MNL, 100.0% CF, and B are on.

Press The power meter display reads Ert - - - - - ,
annunciators show dB, 0.00 B, and <99.99.

Key in a number equivalent to power loss through power splitter
using the blue keys representing the numbers and the key
for the decimal point. Press (ENTER).

An alternative is to just press which is in the blue
key mode. This takes the loss in dB through the splitter and uses it

as the offset to return to a display of 1 mW.

HP 438BA
POWER METER

ADAPTER

POWER
SENSCR

ADAPTER

1166874A
SENSOR
POWER a
SPLITTER g . p

Figure 3-4. Front Panel Checks Setup (2)

Press to return to channel A as the active channel. Repeat step
15 for channel A.

Press (B/a). Press to display the ratio in %.

The above checks have been using the AUTO RANGE and AUTO
FILTER modes.

To check the two MNL (manual) keys for RANGE and the
FILTER:

Press (MNL RANGE). The power meter will display Ent -.

Annunciators rag 3, 1-3, and A will be on for channel A.
Annunciators rng 1,1-5, and B will be on for channel B.
Press {MNL FILTER). The power meter will display Ent -
Annunciators FLt 1, 0-9, and A will be on for channel A.
Annunciators FLt 7, 0-9, and B will be on for channel B.
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19. Observe the rng and FLt number difference because of the sensor
being used.

i Several combinations of keys can be exercised at this time to further

Note .
@ familiarize yourself with the front panel operation.

3-12. HP-IB Checks

Description These procedures check the power meter’s ability to process or send the
HP-IB messages described in Table 3-2. Only the power meter, a power
sensor, a controller, and an HP-IB interface are needed to perform these
checks.

These procedures do not check that all the power meter program
codes are being properly interpreted and executed by the instrument.
However, if the power-up sequence and front panel operation are good,
the program codes, in all likelihood, will be correctly implemented.

The validity of these checks is based on the following assumptions:

1. The power meter performs properly when operated via the front
panel keys (that is, in local mode). This can be verified by the
“Basic Functional Checks” in this section.

2. The bus controller properly executes HP-IB operations.

3. The bus controlier’s interface properly executes the IIP-IB
operations.

If the power meter appears to fail any of these HP-IB checks,
the validity of the above assumptions should be confirmed before
attempting to service the instrument.

The select code of the controller’s HP-IB interface is assumed to be 7.
The address of the power meter is assumed to be 13 (its address set at
the factory). This particular select code-address combination (that is,
713) is not necessary for these checks to be valid. However, the program
lines presented here must be modified for any other combination.

These checks can be performed together or separately. Any special
requirements for a check are described at the beginning of the check.

3-16
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Initial Setup

Equipment

Remote and Local
Messages and LCL
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Operation

The test setup is the same for all of the checks. Connect the equipment
as shown in Figure 3-5.

HP 438A
POWER METER

CONTROLLER

e
g 58888832

POWER
SENSOR

Figure 3-5. HP-IB Functional Checks Setup

HP-1B Controller

.............. HP 9000 Series 200/300 (BASIC 2.0}
Power Sensor

........................................ HP 848x series

This check determines whether or not the power meter properly
switches from local to remote control, from remote to local control, and
whether or not key returns the instrument to local control.

Before beginning this check, set the LINE switch to OFF, then to ON,

Description Series 200/300
(BASIC)

Send the Remote message (by setting the Remote |REMOTE 713
Enable bus control line, REN, true and addressing
the power meter to listen}.

Check that the power meter’s RMT and LSN annunciators are on.

Description Series 200/300
(BASIC)
Send the Local message to the power meter LOCAL T13

Check that the power meter’s RMT annunciator is off but its LSN
annunciator is on.
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Operation
Description ' Series 200/300
{BASIC)
Send the Remote message to the power meter. REMOTE 713

Check that both the RMT and LSN annunciators are on. Press o1

the power meter. Check that the RMT annunciator is now off, but that
the LSN aannunciator remains on.

Sending the Data This check determines whether or not the power meter properly issues
Message  Data messages when addressed to talk.

Before beginning this check, set the power meter’s LINE switch to OFF,
then to ON. Press (tcL). (If an HP Series 200/300 controller is used, a
short program is requized to perform this check.}

Deseription Series 200/300
(BASIC)
Address the power meter to talk and store its 10 V=0
output in variable V, 20 ENTER 713;V
Display the value of V. 30 DISP V
40 END

Check that the power meter’s TLK annunciator is on. The controller
should display the same value as the one shown in the power meter’s
display. {Note that the power meter displays data using engineering
notation. The controiler may display the same value using a different
format.}

3-18
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Receiving the Data  This check determines whether or not the power meter properly receives
Message Data messages.

Description Series 200/300
{BASIC)
Send the first part of the Remote message REMOTE 7

(enabling the power meter to remote).

Address the power meter to listen {completing the |OUTPUT 713;
Remote message}, then send a Data message. “KB 95 EN”

Check that the power meter’s RMT and LSN annunciators are on and
that the display indicates the channel A cal factor is set to 95%.

Local Lockout and  This check determines whether or not the power meter properly
Clear Lockout/Set Local  receives the Local Lockout message, disabling all front panel keys
Messages {including (Lct)). This check also determines whether or not the Clear
Lockout/Set Local message is properly received and executed by the
power meter,

This check assumes the power meter is in remote mode.

Description Series 200/300
(BASIC)
Send the Local Lockout message. LOCAL LOCKOUT 7

Check that the RMT annunciator is on. Press the power meter’s
key. The RMT annunciator should remain on.

3-18
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Description Series 200/300
(BASIC)
Send the Clear Lockout/Set Local message. LOCAL 7

Check that the power meter’s RMT annunciator is off.

Description Series 200/300
(BASIC)
Return the power meter o remote mode if the REMOTE 713
remaining checks in this section are to be

performed.

Check that the power meter’s RMT annunciator is on.

Clear Message  This check determines whether or not the power meter properly
responds to the Clear message.

This check assumes that the power meter is in remote mode.

Description Series 200/360
(BASIC)

Send a Data message to set the cal factor to 98.5%. | QUTPUT T713;
“KB 98.5 EN”

Check that the power meter’s display indicates the channel A cal factor
is set to 98.5%.

Description Series 200/300
(BASIC)

Send the Clear message (setting the cal factor to  |CLEAR 713
1006%.

Check that the power meter’s display indicates the channel A cal factor
is set to 100%.

3-20
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Abort Message This check determines whether or not the power meter becomes
unaddressed when it receives the Abort message.

This check assumes the power meter is in remote mode.

Description Series 200/380
(BASIC)
Address the power meter to listen. QUTPUT 713

Check that the power meter’s LSN annunciator is on.

Description Series 200/300
(BASIC)

Send the Abort message, unaddressing the power | ABORTIO 713
meter from listening.

Check that the power meter’s LSN annunciator is off.

Status Byte Message  This check determines whether or not the power meter sends the Status
Byte message.

Before beginning this check, set the power meter’s LINE switch to OFF
then to ON and press (LcL).

Description Series 200/300
{BASIC)

Place the power meter in serial-poll mode (causing {SPOLL(713)
it to send the Status Byte message).

Check that the controller’s display reads 0.
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Require Service
Message

HP 438A

This check determines whether or not the power meter can issue the
Require Service message (set the SRQ bus control line true).

This check can be performed in either local or remote mode.

Description Series 206/300
{BASIC)
Send a Data message to set the Service Request OuUTPUT 713
Mask to 4. USING “2A,B”;

“@ir ,4

Send a Data message containing an entry error,
This causes the Require Service message to be sent.

QUTPUT 713,
“RM 15 EN”

Check that the power meter’s SRQ annunciator is on.

Deseription

Series 200/300
(BASIC)

Read the binary status of the controlier’s HP-1B
interface and store the data in variable V (in this
step, 7 is the interface’s select code, and 2 is a
status register for bus control lines).

10 V=0
20 STATUS 7.2,V

Display the value of the SRQ) bit {in this step, 6 is
the SRQ bit Tor the controller, numbered from 0).

30 DISP “SRQ=";
BIT(V,6)
40 END

Check that the SRQ value is 1, indicating that the power meter issued

the Require Service message.
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Status Bit Message This check determines whether or not the power meter sends the Status
Bit message.

This check can be performed in either local or remote mode. If the
power meter’s SRQ annunciator is off, perform the first part of the
Require Service message check before beginning this check.

Description Series 208,/300
(BASIC)

Configure the power meter to respond to a parallel |SEND 7;LISTEN
poll with positive-true logic on HP-IB data line 13 CMD 5 8CG 10
DIOS.

Place the power meter in parallel poll mode PPOLL(T)
{causing it to send the Status Bit message).

Check that the SRQ annunciator is on and that the response to the
parallel poll is 4, indicating that the power meter issued the Status Bit
message.

Description Series 200,/300
(BASIC)

Unconfigure the power meter from responding to a |SEND 7, LISTEN
paraliel poll. 13 CMD 5 8CG 18

Place the power meter in parallel POLL MODE. PPOLL(T)

Check that the SRQ annunciator is on and that the response to

the parallel poll is 0, indicating that the power meter is no longer
configured to respond to a parallel poll. To turn the SRQ annuciator off
set the LINE switch to OFF, then to ON.
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Trigger Message  This check determines whether or not the power meter responds to a
Trigger message.

This check assumes that the power meter is in remote mode.

Description Series 200/300
(BASIC)

Send a Data message to place the 10 QUTPUT 713;“TRO”
Power Meter in the Trigger Hold
mode. '

Send the Trigger message, 20 TRIGGER 713

Address the power meter to talk and |30 V=10

store the data in variable V. 40 ENTER 713;V
Display the value of V. 50 DISP V
60 END

Check that the power meter’s RMT and TLX annunciators are on and
that the controller displays the same value as the one shown in the
power meter’s display. (Note that the power meter displays data using
engineering notation. The controller may display the same value using a
different format.)
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Tabie 3-2. Message Reference Table

HP-1B Message Applicable Response Related Interface
Command Functions!
Data Yes All power meter operations, (except AH1, SH1, T5,
setting the LINE switch and setting TEQ, L3, LEO

the HP-IB address) and
remote-only functions are bus
programmable. All measurement
results are available to the bus.

Trigger Yes The power meter’s response to bus | GET DT1
command GET (Group Execute
Trigger) can be programmed. The
default Condition is Trigger With
Delay {GT2). I in remote and
addressed to listen, the power meter
makes a measurement according to
the previously programmed setup.

Clear Yes All HP-IB inputs and outputs are |DCL, SDC bC1
cancelled
Remote Yes Remote mode is enabled when the [REN RL1

REN bus control line is true.
Remote mode is not entered,
however, until the first time the
power meter is addressed to listen.
The front panel RMT annunciator
lights when the instrument is
actually in remote mode. When
entering remote mode, no
instrument settings or functions are
changed but all front panel keys,

except (LCL), are disabled.

1 Commands, control lines, and interface functions are defined by ANSI/IEEE Standard 488.1. Knowledge of these may not be
necessary if your controller’s manual describes programming in terms of the twelve messages in the “HP-IB Message” column.
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Table 3-2. Message Reference Table (continued)

HP 438A

HP-IB Message

Applicable

Response

Related

Command

Interface
Functions!

Local

Yes

The power meter returns to local
mode {front panel control). It
responds equally to the Go To
Local (GTL) hus command and the

front panel key.

GTL

RL1

Local Lockout

Yes

Disables all front panel keys,
including (LCL). Only the controller
can return the power meter to local
{front panel) control.

LLO

RL1

Clear Lockout/
Set Local

Yes

The power meter returns to local
mode {front panel control). Local
Lockout is cleared when the bus
control line goes faise.

REN

RL1

Pass Control/
Take Control

No

The power meter has no controller
capability.

Co

Require Service

Yes

The power meter sets the SRQ) bus
control Hne true if one of the
following conditions exists and has
been enabled fvia the Service
Request Mask) to send the message
for that condition: data ready,
cal/zero compleied, entry error,
measuremnent error, or over/under
Hinits.

SRQ

SR1

1 Commands, control lines, and interface functions are defined by ANSI/IEEE Standard 488.1, Knowledge of these may not be
necessary if your controller’s manual describes programming in terms of the twelve messages in the “HP-IB Message” column.
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Table 3-2. Message Relerence Table (continued)

Operation

HP-IB Message

Applicable

Response

Related
Command

Interface

Functions?

Status Byte

Yes

The power meter responds to a
Serial Poll Enable {SPE) bus
command by sending an 8-bit byte
when addressed to talk. If the
instrument is holding the SRQ bus
control line true (issning the
Require Service message}, bit
position 6 in the Status Byte and
the bit representing the condition
causing the Require Service message
to be issued will both be true. The
bits in the Status Byte are latched
but can be cleared by removing the
causing condition and then reading
the Status Byte or by receiving the
Clear Status {(CS) program code.

SPE, SPD

TH

Status Bit

Yes

The power meter responds to a
Parallel Poll Enable (PPE) bus
command by sending a bit on a
controller setected HP-IB data line.

PPE, PPD,
PPC, PPU

PP1

Abort

Yes

The power meter stops talking and
listening.

IFC

T5, TEO, L3,
LEO

Complete HP-IB capability as defir :d in ANSI/IEEE Standard 488.1 is:
SH1, AH1, T5, TEG, L3, LEQ, SR1, RL1, PP1, DCI, BTI, CO

1 Commands, control lines, and interface functions are defined by ANSI/TEEE Standard 488.1. Knowledge of these may not be
necessary if your controller’s manual describes programuning in terms of the twelve messages in the “HP-1B Message” column.
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3-13. Remote Operation, The power meter can be operated through the Hewlett-Packard
Hewlett-Packard Interface Bus (HP-IB). HP-IB is Hewlett-Packard’s implementation of
Interface Bug ANSI/IEEE Standard 488.1 and the identical ANSI Standard MCL.1.
Bus compatibility, programming, and data formats are described in the
following paragraphs.

All front panel functions are programmable via HP-IB except setting
the LINE switch and activating the key. The key is not
programmable because the shifted functions have their own program

codes. Additional functions are available in remote operation only.

A quick test of the power meter’s HP-IB interface is described in this
section under HP-IB Functional Checks. These checks verify that the
power meter can respond to or send each of the applicable bus messages
described in Table 3-2. For more information about HP-IB, refer to
ANSI/IEEE Standard 488.1 (or the identical ANSI Standard MC1.1),
the Hewlett-Packard Electronic Systems and Instruments catalog, and
the hooklet Improving Measurements in Engineering and Manufacturing
(HP part number 5952-0058).

3-14 HP-IB Compatibility  The power meter’s complete bus compatibility as defined by IEEE
Standard 488 (and the identical ANSI Standard MC1.1) is described
at the end of Table 3-2. Table 3-2 also summarizes the power meter’s
HP-IB capabilities in terms of the twelve messages in the “HP-IB
Message” column.

3-15. Remote Mode Remote Capability. The power meter communicates on the bus in both

remote and local modes. In remote, most of the power meter’s front
panel keys are disabled (exceptions are the LINE switch and the
key). Front panel displays, however, remain active and valid.

In remote, the power meter can be addressed to talk or listen. When
addressed to listen, the power meter responds to the Data, Trigger,
Clear (SDC), Remote, and Local messages. When addressed to

talk, the power meter can issue the Data and Status Byte messages.
Whether addressed or not, the power meter responds to the Clear
(DCL), Local Lockout, Clear Lockout/Set Local, and Abort messages.
In addition, the power meter may issue the Require Service and Status
Bit messages,

Local-to-Remote Changes. The power meter switches to remote
operation upon receipt of the Remote message. The Remote message
has two parts:

a. the remote enable bus control line (REN) is set true, and,
b. the device listen address is received once (while REN is true).

When the power meter switches to remote, the front panel RMT
annunciator turns on. The power meter’s control settings remain
unchanged with the local-to-remote transition.
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3-16. Local Mode

Note i

3-17. Addressing
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Operation

Local Capability. In local, the power meter’s front panel controls are
fully operational and the instrument will respond to the Remote
message. Whether it is addressed or not, it will also respond to the
Clear, Local Lockout, Clear Lockout/Set Local, and Abort messages.
When addressed to talk, the instrument can issue Data messages and
the Status Byte message. Whether addressed or not, the instrument
can issue the Require Service and Status Bit messages.

Remote-to-Local Changes. The power meter always switches from
remote to local whenever it receives the Local message (GTL) or the
Clear Lockout/Set Local message. (The Clear Lockout/Set Local
message sets the remote enable bus control line [REN] false.) If not in
Local Lockout mode, the power meter switches to local from remote
whenever the front panel key is pressed.

Locat Lockout. A local lockout is recommended for purely automatic
applications. Local lockout disables the key and allows
return-to-local only under program control.

Return-to-local can also be accomplished by setting the power meter’s
LINE switch to OFF, then to ON. However, this technique has some
disadvantages:

a. Many of the power meter’s parameters are set to default states. This
may cause the measured power reading to change.

b. There are several HP-IB conditions that reset to default states at
turn-on.

The power meter interprets the byte on the eight HP-IB data lines as
an address or a bus command if the bus is in the command mode. The
command mode is defined as the attention control line (ATN) being set
true and the interface clear control line (IFC) set false. Whenever the
power meter is addressed (whether in local or remote), either the talk
(TLK) or listen (LSN) annunciator on the front panel turns on.

The power meter’s HP-IB address is set in decimal from the front
panel, HP-IB address switches (set in binary) are located inside the
instrument. The only time the power meter reads the internal switches,
however, is when the internal RAM contents storing the front panel
address setting have been lost (for example, when the battery fails).
Additional information for setting the internal switches is located in
sections 2 and 8.

The power meter’s IIP-1B address can be set from the front panel as
follows:

a. Set power meter’s LINE switch from OFF to ON while pressing and
holding the key.

b. Release the key.
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c. Enter the desired HP-IB address in decimal (0--30) and then press
the key.

d. To display the current HP-IB address setting in the front panel
display, press and hold the key.

Listen Only Mode. The power meter is placed in Listen Only mode
when its HP-1B address is set to 40. The Listen Only mode is provided
to allow power meter to accept programming from devices other than
controliers.

Talk Only Mode. The power meter is placed in Talk Only mode when its
HP-IB address is set to 50. In this mode, the instrument is configured

to send data messages whenever the bus is in the data mode (attention
control line [ATN] false).

3.18. Turn-on Default Several HP-IB parameters are reset at turn-on. The parameters and
Conditions  their default conditions are listed below.

s HP-IB Local Mode

s Unaddressed

m Service Request Mask cleared
m Status Byte cleared

m Free Run Trigger Mode

GT2 (Trigger with Delay) response to Trigger message
w Paralle] Poll data line unassigned

m Display Enable active

3-19. Data Messages  The power meter communicates on the interface bus primarily with
Data messages. Data messages consist of one or more bytes sent over
the bus’ data lines when the bus is in the data mode (ATN bus control
line false). Unless it is set to Talk Only, the power meter receives Data
messages when addressed to listen. Unless it is set to Listen Only, the
power meter sends Data messages or the Status Byte message when
addressed to talk.

Virtually all instrument operations available in local mode can be
performed in remote mode via Data messages. The only exceptions
are: changing the LINE switch, activating the key, or changing
the HP-IB address. The power meter may also be triggered via Data
messages to make measurements at a particular time.
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3-20. Receiving the
Data Message

Note i

G
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The power meter responds to Data messages when it is enabled to
remote (REN bus control line true) and it is addressed to listen. The
ingtrument remains addressed to listen until it receives its talk address,
an Abort message, or a universal unlisten command.

Data input Format. The Data message string, or program string, consists
of a series of ASCII codes. Fach code is typically equivalent to a front
panel keystroke in local mode. Thus, for a given operation, the program
string syntax in remote mode is the same as the keysiroke sequence in
local mode. Example 1 shows a typical program string.

PRZECL 1ZBENCCILGTRZ

?RESET——_]_ _E—-—— ENTER
ZERD LOG (dBm)
CAL ADJ =t 188X REFERENCE OSCILLATOR ON

EXAMPLE 1: Typical Program String
Program Codes. All of the HP-IB codes normally used by the operator
to control the power meter are given in Table 3-6, HP-IB Code to
Parameter Summary. All front panel keys except (Lct) and {SHiFT)
have corresponding program codes. Lower case alpha characters are
interchangeable with upper case characters. The number “0” and the
letter “O” are not interchangeable.

Numeric data can be entered in fixed, floating point, or exponential
format,

All measurement parameter entries must be terminated with the
program code “EN”. (This is equivalent to pressing the key in
local mode.) All frequency entries must be terminated with HZ, KZ,
MZ, or GZ. For DUTY CYCLE (DY), CAL FAC (XB), and CAL {CL},
the percent sign (%) can be used in place of EN.

Turning Off Functions. When operating in local mode, OSC (reference
oscillator) and REL (relative mode) toggle on and off with successive
keystrokes. In remote mode these functions do not toggle on and off.
Instead, a specific program code is required to turn off each function.
Use RLO to turn off REL mode.and OCO to turn off the reference
oscillator.

Hold Range. When the power meter is addressed to listen and receives
program code RH {Range Hold}, it switches from auto range to manual
range using the current auto range value. If the power meter is already
in manual range mode no action is taken. No range number is entered
with this program code.
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Hold Filter. When the power meter is addressed to listen and receives
program code FH (Filter Hold), it switches from auto filter mode to
manual filter mode using the current auto filter value. If the power
meter is already in manual filter mode no action is taken. No filter
number is entered with this program code.

Limits. The limits checking function allows the power meter to monitor
the power present at each sensor and indicate when that power is
outside preset limits. Enabling the limits checking function and setting
limit values are available only via remote programming.

To set the the limits for a sensor, address the power meter to listen and
then send a Data message consisting of program code LL (limit low) or
LH (limit high), a numeric value, and program code EN (ENTER). The
allowable range for limit values is —299.999 to +299.999. Values entered
that are outside of this range cause the limit to be set to the minimum
or maximum value as appropriate. Limit values are entered in dBm and
converted automatically to Watts when necessary.

The limits checking function is enabled by program code LM1 and
disabled by program code LM{. When the limits checking function is
enabled, it uses the last values set for the high and low limits. PRESET
(and the Clear message) sets both the high and low limits for Sensors A
and B to 0.000 dBm and disables the limits checking function.

If the limits checking function is enabled and the input power exceeds
the high limit or is less than the low limit, the condition is indicated on
the front panel as well as over the bus. The out-of-limits condition is
indicated on the front panel by the flashing A and/or B annunciator.
The out-of-limits condition is indicated only for the sensor(s) used by
the current measurement mode. The out-of-limits condition can be
indicated over the bus by setting the Service Request Mask to enable
an out-of-limits condition to issue the Require Service message. This
condition can also be indicated by reading the Status Message.

Display Functions. The selection of display functions is available only
via remote programming. During local operation, the power meter
display is enabled to indicate measurement results, error codes, entries
in progress, and instrument status. In remote mode, two additional
display functions are allowed: display disable and display all.

Display Enable (DE). This function is identical to local operation

and is the function in effect when no other display function has been
selected. This is the display function at turn-on. This condition is also
established by PRESET and the Clear message.

Display Disable (DD). This function blanks out the front panel display.
All readings over the bus remain valid. This function is cleared by
sending another display function program code (DA or DE), by
PRESET, or by the Power Meter receiving the Clear message.
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Display All (DA). This function causes the power meter to turn on all
front panel display LED segments. It is used to verify that all display
segments are working properly. This function is cleared by sending
another display function program code (DE or DD), by PRESET, or
by the power meter receiving the Clear message. (At turn-on, all the
display segments light momentarily before the display enable becomes
active.)

Triggering Measurements with the Data Message. A feature that is only
available via remote programming is the selection of free run, standby,
or triggered operation of the power meter. During local operation the
power meter is aliowed to free run, ocutputting data to the display as
each measurement is completed. In remote, three additional operating
modes are allowed: hold, trigger immediate, and trigger with delay.

Hold (TRO). This mode is used to set up triggered measurements
(initiated by program codes TR1, TR2, and the Trigger message). In
trigger hold mode, internal settings can be altered by the instrument
itself or by the user via the bus. The instrument, however, is inhibited
from outputting any data to the front panel display or to the HP-IB
except as follows. The instrument will issue the Status Byte message if
serial polled.

The power meter leaves hold mode when it receives either the free
run, trigger immediate, or trigger with delay program codes, or the
Trigger message, or when it returns to local mode via the key.
Upon leaving hold, the front panel display is updated as the new
measurement cycle begins. The Status Byte will be affected by the
events that occur during the new measurement cycle.

Trigger Immediate (TR1). When the power meter receives the trigger
immediate program code, it makes one measurement in the shortest
possible time. The instrument then waits for the measurement results
to be read. While waiting, the instrument can process most bus
commands without losing the measurement results. However, if the
instrument receives GET (Group Execute Trigger), a new measurement
cycle will be executed. Once the measurement results are read onto

the bus, the power meter reverts to the hold mode. Measurement
results obtained via trigger immediate are normally valid only when the
instrument is in a steady, settled state.

Trigger with Delay (TR2), Triggering with delay is identical to trigger
immediate except the power meter inserts a settling-time delay before
taking the requested measurement. This settling time is a function of
the selected range and filter and is sufficient to produce valid, accurate
measurement results.
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Free Run (TR3). This mode is identical to local operation and is
the mode of operation in effect when no other trigger mode has
been selected. The measurement result data available to the bus is
constantly being updated as rapidly as the power meter can make
measurements. Entry into remote from local via the key sets
the power meter to the free run mode. (A local command from the
controlier does not return: the power meter to free run mode.)

Program Order Considerations. Although program string syntax
is virtually identical to keystroke order, some program order
considerations need highlighting,.

Trigger Immediate and Trigger with Delay. When either of the

trigger program codes TR1 or TR2 is received by the power meter,

3 measurement is immediately initiated. Once the measurement is
completed, some bus commands can be processed without aborting the
measurement. However, any HP-IB program code sent to the power
meter before the triggered measurement results have been completed
will abort the trigger. Thus, trigger codes should always appear at the
end of a program string, and the triggered measurement resulis must be
completed before any additional program codes that affect measurement
are sent,

ZERO and CAL ADJUST. Zero the power meter before performing a
calibration adjustment to avoid inaccurate measurement results.

OFFSET and Display Offset. The display offset program code (DO} is
only valid when it immediately {ollows the program code for OFFSET
(0S). When the Power Meter is addressed to listen and receives the
program string “OS DO EN” (a Data message), the offset that causes
the power meter display to read 0 dB or dBm, 1.000 mW, or 100%
(depending on the measurement units and measurement mode) is
entered.

3-21. Sending the Data  The power meter sends Data messages when addressed to talk. The
Message instrument remains configured to talk until it is unaddressed to talk by
the controller. To unaddress the power meter, the controller must send
the power meter’s listen address, a new talk address, an Abort message
or a universal untalk command.
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Data Qutput Format. As shown below, the output data is usually
formatted as a real constant in exponential form: first the sign, then a
digit, a decimal point, and four digits followed by the letter “E” and a
signed power-of-ten muitiplier. The string is terminated by a carriage
return (CR) and line feed (LF)}. The power meter sends an EOI with
the last byte of each output string.

*D.DODDE

+NNCRLF
SIGNED S-BIGIT MANTISSA —— _E————-—
INDICATES EXPONENT FOLLDOWS

LINE FEED

CARRIAGE RETURN

EXPONENT SIGN

EXPONENT MAGNITUDE

When an error is outpui fo the bus, it follows the same format
described above. As long as the front panel display indicates an error
condition, the Power Meter sends 9.0000E-+40 as the measured data
when addressed to talk. To determine the error code, it is necessary to
read the Status Message. Refer to the Status Message paragraph below
for additional information,

Exceptions to this format are the data output for the following
functions:

Learn Mode #1

Learn Mode #2

Status Message
Identification

Service Request Mask Value

Each of these five functions is enabled by first addressing the power
meter to listen. Then the power meter must receive a Data message
with the appropriate program code. When the power meter is
addressed to talk, it will output data for the selected function.

The outpuf format for these functions is described in the following
paragraphs. Service Request Mask Value is explained later under
Sending the Service Request Mask Value.
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L.earn Modes. In addition to being able to store front panel setups in
its own registers, the power meter has two learn modes that use the
controlier’s memory. One learn mode aliows the power meter to send
instrument configurations to the controller’s memory. The second learn
mode is a subset of the first and transfers only information that can be
stored in a STORE/RECALL register.

Whenever data is being transferred between controller and power meter,
it must do so in uninterrupted strings. If a data string is broken or
interrupted, the data could be lost or offset, and misinterpreted by the
power meter. An offset of data bytes can persist until EOI is read.

Learn Mode #1. After receiving an LP1 program code (Learn Mode
#1) and when addressed to talk, the power meter sends a string of
up to 128 ASCII characters containing information on the instrument
configuration. The last character is sent with EOI bus line true,

thus terminating the message. This data can then be stored in the
controller’s memory for future use.

When the power meter is addressed to listen, the ASCII data string can
be returned to the power meter. The power meter changes accordingly.

Table 3-3 shows the information contained in the string and the order
in which it is sent. "
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Table 3-3. Learn Mode #1 Output Format

Operation

Parameter

Output from Power Meter!

Trigger Mode
Measurement Mode
Sensor A Parameters

Cal Factor

Offset

Range

Filter

Low Limit

High Limit

Sensor B Parameters

Cal Factor

Offset

Range

Filter

Low Limmit

High Limit
Active Entry Channel
Measurement Units
Reference Oscillator Status
Group Trigger Mode

Limite Checking Status

Carriage Return Line Feed

TRx

AP, BP, AR, BR, AD, or BD
AE

KB xxx.x EN

0OS sxx.xx EN

RA or RM x EN

FA or FM x EN

LL sxxx.xxx EN

HL sxxx.xxx EN

BE

KB xxx.x EN
08 sxx.xx EN
RA or RM x EN
FA or FM x EN
LL sxxx.xxx EN
HL somxxx EN
AE or BE

LG or LN

OC0 or OC1
GTx

LMO or LM1

EOI

1 “s" indicates sign; “x” indicates a single digit

Learn Mode #2. After receiving the program code LP2 (Learn Mode
#2) and when addressed to talk, the power meter sends 2 ASCII
characters, @ and 2, followed by a string of 28 8-bit binary bytes. The
last byte is sent with EOI bus line true, thus terminating the message.
This binary data can then be stored in the controller’s memory.

The most straight-forward way to program the system controlier is to
use a ioop to read 30 binary characters and store them in an array.
Learn Mode 42 requires a controller that can transfer information in

binary form.
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This string contains the following information:

Measurement mode

REL mode status {on or off)

Reference oscillator status (on or off)
Current reference value if in REL mode
Measurement units (Log or Lin)

Cal Factor for each sensor

Offset for each sensor

Range for each sensor

Filter for each sensor

When the power meter is addressed to listen, the binary data can be
returned to the power meter. The power meter changes accordingly.

Status Message. This function enables the power meter’s current state
to be read under program control. After receiving an SM program
code {Status Message) and when addressed to talk, the power meter
sends a string of 23 ASCIH characters followed by carriage return
(CR), line feed (LF), and EOL The Status Message is updated only
after a measurement. The Status Message can be interpreted with the
information shown in Figure 3-6.
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10
20
30
40
50
60
70
86
80
160
110
120
130
140
150
160
170
180
180
200
210
220
230
240
250
260
270
280

Operation

I In order to obtain Measurement Units (£} in % and dB, enter the

% following program:

DIM Units$[7)
DIM Sm$[25]

PM=713

ENTER Pm;Dummy {Update Status Message

QUTPUT Pm;"SM"

ENTER PM;Sm$ {Read Status Message

]

¢ Check for Rel Mode or two channel operation

t

IF Sm$[18,18]="1" OR (VAL(Sm$[6,6])>1 AND VAL(Sm$[6,6])<6) THEN

SELECT Sm$[15,15] ! Check for Log or Linear Mode
CASE “OU
Units$=" 4"
CASE "1"
Units$=" dB"
CASE ELSE
Units$=" i
END SELECT
IF Sm$f18,18]="1%" THEN Units$=Units$e&"” Rel"
ELSE ! Not Rel mode or two channel operation
SELECT Sm$i15, i5] ! Check for Log or Linear Mode
CASE »o"
Units$="WATTS"
CASE "1"
Urnits$=" dBm"
END SELECT -
END IF
END
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identification, This function is used to identify the the power meter’s
model number and the irmware version. After receiving program code
71D and when addressed to talk, the power meter sends the following
string: HP438A ,VERX.XX. Where HP438A is the instrument model
number and VERX.XX is the firmware version number.

3-22. Receiving the The power meter responds to the Clear message by assuming the
Clear Message  same conditions as established by PRESET. Refer to Table 3-4. The
power meter responds equally to the Selected Device Clear (SDC) bus
command when addressed to listen, and the Device Clear (DCL) bus
command whether addressed or not.

3-23. Receiving the  When in remote and addressed to listen, the power meter responds to

Trigger Message 2 Trigger message (the Group Execute Trigger bus command [GET])
by executing one of the pre-programmed codes shown in Table 3-5.
If none of the codes has been preprogrammed (via a Data message),
the power meter responds to the Trigger message by executing one
settled-measurement cycle (GT2), which is the default condition at
turn-on. Refer to Triggering Measurements with the Data Message,
discussed earlier in this section.

Note i Hardware Errors NOT available via the Status Message

BCCccBOddER GHI JK

N B FGHIJKLM<CR> <LE >
MEASUREMENT ERROR CODE }

{SEE TABLE 3-8)

ENTRY ERROR CODE LINE FEED
(SEE TABLE 3-8) CARRIAGE RETURN
OPERATING MODE oo SENGOR B LIMITS STATUS
SENSOR A RANGE — SENSOR A LIMITS STATUS
SENSOR B RANGE LIMITS CHECKING STATUS
SENSOR A FILTER GROUP TRIGBGER MODE
SENSOR B FILTER TRIGGER MODE
MEASUREMENT UNITS REL MODE STATUS

0SC STATUS

ACTIVE ENTRY CHANNEL

Figure 3-6. Status Message Qutput Format
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Codes Used in Status Message
BB CC ce | DD dd E i3 G u I J K LM
Operating | Range | Filter { Measurement| Active Osc | REL | Trigger | Group Limits Sensor A
Mode Units Entry |[Status{ Mode | Mode |Trigger| Checking |& B Limits
Channel Status Mode Status Status
00=Sensor A |Manual {Manual
0l=Sensor B |Range jFiller [0=Watis A=A 0=0f {0=0ff |0=Free }0=GTO |0=Disabled|0=In limits
o2=A/B 01=1 |j00=1 00=0 1=dBm [B=B [1=On [Run 1=0ver
63=B/A 02=2 |0l=1 1=Hold }1=GT1 {l=Enabled |high limit
04=A-B (3=3 02==2
O5=B-A O4=d [ 03=3 2=GT2 2=Ender
08=Zeroing 055 [04=4 low limit
A 0525 3=0ver
06=6 high limit
07 =Zeroing Auto 07=7 and under
B Range |08=8 jow limit
08=Cal A 11=1 09=9
09=Cal B 1222 Auto
10==Ext Cal A [13=3 |Filter
11=Ext Cal B | 14==4 |10=0
' 15=5 |11=1
12222
13=3
14:=4
15=5
16=6
17=7
18=8
19=9
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Table 3-4. Response to a Clear Message (and PRESET)

Parameter Condition
Sensor A
CAL ADJ 160.0%
CAL FACTOR 100.0%
OFFSET 0.00 dB
Filter AUTO
Range AUTO
Low Limit 0.000 dBm
High Limit 0.000 dBm
Sensor B
CAL ADJ 100.0%
CAL FACTOR 100.0%
OFFSET (.00 dB
Filter AUTO
Range AUTO
Low Limit 0.000 dBm
High Limit 0.000 dBm
Display Sensor A
0sC Off
Entry Channel SET A
Measurement Untts WATT
Limits Checking Off
REL Off
Trigger Mode Free Run
Group Execute Trigger Mode | GT2
Display Function Display Enable

Table 3-5. Response to a Trigger Message

HP 438A

Program/Code Power Meter Response
G'To Ignore Group Execute Trigger
GT1 Trigger Immediate (TR1}
GT2 Trigger with Delay (TR2)
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3-24. Receiving the  The Remote message has two parts. First, the remote enable bus

Remote Message  control line (REM) is held true, then the device listen address is sent
by the controller. These two actions combine to place the power
meter in remote mode. Thus, the power meter is enabled to go into
remote when the controller begins the Remote message, but it does not
actually switch to remote until addressed to listen the first time. No
instrument settings are changed by the transition from local to remote.
When actually in remote, the power meter lights the front panel RMT
annunciator.

3-25. Receiving the  The Local message is the means by which the controller sends the Go
Local Message To Local (GTL) bus command. If addressed to listen, the power meter

returns to front panel control when it receives the Local message. If the
instrument was in local Jockout when the Local message was received,
front panel control is returned, but lockout is not cleared. Unless it
receives the Clear Lockout/Set Local message, the power meter will
return to local lockout the next time it goes to remote, No instrument
settings are changed by the transition from remote to local.

When the power meter goes to local mode, the front panel RMT
annunciator turns off. However, when the power meter is being
addressed (whether in local or remote), its front panel LSN or TLK
annunciator lights.

3-26. Receiving the The Local Lockout message is the means by which the controller sends

Local Lockout Message  the Local Lockout (LLO) bus command. If in remote, the power meter
responds to the Local Lockout message by disabling the front panel
LCL key. The local lockout mode prevents loss of system control due
to someone accidentally pressing front panel keys. If, while in local, the
power meter is enabled to remote (that is, REN set true) and it receives
the Local Lockout message, it will switch to remote mode with local
lock-out the first time it is addressed to listen. When in local lockout,
the power meter can be returned to local only by the controller {using
Local or Clear Lockout/Set Local messages) or by setting the LINE
switch to OFF and back to ON or by removing the bus cable.

3-27. Receiving the  The Clear Lockout/Set Local message is the means by which the
Clear Lockout/Set Local  controller sets the Remote Enable (REN) bus control line false. The
Message power meter returns to local mode (full front panel control) when it
receives the Clear Lockout/Set Local message. When the power meter
goes to local mode, the front panel RMT annunciator turns off.

3-28. Receiving the Pass Control Message

The power meter does not respond to the Pass Control message because
it cannot act as a controller.
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3-29. Sending the Require Service Message

The power meter sends the Require Service message by setting the
Service Request (SRQ) bus control line true, The instrument can send
the Require Service message in either local or remote mode. When the
power meter is sending the Require Service message, the front panel
SRQ annunciator lights. The Require Service message is cleared when a
serial poll is executed by the controller or when a “CS” {clear status)
program code is received via a Data message.

There are five conditions that can be enabled to cause the Require
Service message to be sent. These conditions, which are enabled by the
Service Request Mask, are described below,

Data Ready: When the power meter has a data point requested by a
trigger command.

Cal/Zero Completed: When the power meter has completed a
calibration or zeroing cycle.

Entry Error: When a number is entered that is out of the allowable
range for the selected parameter.

Measurement Error: When the power applied to the sensors is
incorrect for the current instrument configuration.

Over/Under Limits: When the limits checking function is enabled
and the measured power is greater than the high limit or lower than
the low limit.

Service Request Mask. The Service Request Mask determines which
bits can set the Status Byte’s RQS bit true (see Table 3-6). When the
RQS bit is true, the SRQ bus line is also true.

The Service Request Mask is set by the program code “@1” followed by
an 8-bit byte (a Data message). The value of the byte is determined by
summing the weight of each bit to be checked. Each bit, if true, enables
the corresponding condition to set the RQS bit true. At turn-on, the
Service Request Mask is cleared (that is, set to 0).

Sending the Service Request Mask Value (a Data Message). After
receiving an RV program code (Service Request Mask value) and when
addressed to talk, the Power Meter will send a single binary word (8
bits) that describes the present state of the mask. The bit pattern can
be interpreted with the information in Table 3-6.

Note i This byte is sent with the bus EOI line true, thus terminating the

'ﬁ message.
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3-30. Sending the Status Byte Message

After receiving a Serial Poll Enable (SPE) bus command and when
addressed to talk, the power meter sends the Status Byte message.

The Status Byte message consists of one 8-bit byte in which five of the
bits are set according to the conditions described under Sending the
Require Service Message. The bit pattern of the Status Byte is shown
in Table 3-6. Note that bits 6 and 8 are always set to 0. The remaining
bit is the RQS bit.

If one or more of the five conditions described above is both present
and enabled by the Service Request Mask, the bits corresponding

to the conditions and also bit 7, the RQS bit, are set true (and the
Require Service message is sent). If one or more of the five conditions
occurs but has not been enabled by the Service Request Mask, the
corresponding bits are still set true. However, if a condition has not
been enabled by the mask, it cannot cause the RQS bif to be set true.

Once the power meter receives the serial poll enable (SPE) bus
command, it is no longer able to alter the status byte. If a bit has been
enabled and that condition occurs after the RQS bit has been set true,
the bit is stored in a buffer and is read the next time the power meter
receives the SPE bus command.

Table 3-8, The Status Byte and Service Reguest Mask

Bit 7 5 4 3 2 1 0
Weight 128 32 16 8 4 2 1
Condition o RQS Bit 0 Over/Under { Measurement | Entry Error CalfZero Data Ready
Reguire Limit Error Complete
Service

www.valuetronics.com

After the Status Byte message has been sent, it will be cleared if

the Serial Poll Disable {SPD) bus command is received, if the Abort
message is received, or if the power meter is unaddressed to talk.
Bits stored in the buffer waiting to be read, however, are not cleared.
Regardless of whether or not the Status Byte message has been sent,
the Status Byte and any Require Service message pending will be
cleared if a Clear Status {CS) program code is received by the Power
Meter.

3-31. Sending the Status Bit Message

The power meter sends the Status Bit message (if configured to do so)
as part of the interface’s response to the Parallel Poll Enable (PPE)
bus command. In order for the power meter to respond to a PPE bus
command, the instrument must be assigned a single HP-1B data line
on which to respond by the controller. The controller also assigns the
logic sense of the bit. Both tasks are accomplished by the Parallel Poll
Configure (PPC) bus command. If the power meter is sending the
Require Service message, it will set its assigned status bit true. The
power meter can send the Status Bit message without being addressed
to talk.

3-45



Operation HP 438A

The data line on which the power meter is assigned to respond is .
cleared by sending the Parallel Poll Unconfigure (PPU) bus command.
At turn-on, the data line is unassigned.

3-32. Receiving the Abort Message

The Abort message is the means by which the controller sets the
Interface Clear (IFC) bus control line true. When the Abort message is
received, the Power Meter becomes unaddressed and stops talking and
listening.

3.33. HP-IB Syntax and Characteristics Summary

Address. Set in decimal from the front panel. Set the LINE switch to
ON while pressing the key. Release the key, enter the desired
address, and press the key. Factory set to 13.

Data input Format. Typically the same as front panel keystrokes in local
mode. All numeric entries sent over the HP-IB must be terminated
with program code “EN” (for ENTER).

Data Output Format. Qutput format when no other talk mode has been
defined:

+0.DDDDEENNCRLF
SIGNED S-DIGIT MANTISSA —— l —[——_——- LINE FEED
INDICATES EXPONENT FOLLOWS CARRIAGE RETURN

EXPONENT SIGN

EXPONENT MAGNITUDE

Output format for Learn Mode #1 (program code LP1). Up to 128
ASCII characters [EOI]

Output format for Learn Mode #2 (program code LP2). 30 bytes [EOI]

Output format for identification (program code 71 D). HP438AVERx.xx
[EOL

Output format for Status Message (program code $M). 23 ASCII
characters [EO]|

Output format for Service Request Mask Value (program code RV). 1
byte [EOT]

Return to Local. Front panel key if not locked out.
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Status Byte

Bit 7T 6 5 4 3 2 1 0
Weight 128 64 32 16 8 4 2 1
Service 0 RQS Bit G Over/Under |Measurement| Entry Error Cal/Zero | Data Ready
Request Require Limit Error Compiete

Condition Service
Notes:

The condition indicated in bits 15 must be enabled by the Service Request Mask to cause a Service Request Condition.
The mask is set with the @1 program code followed by an 8bit byte. The value of the byte is determined by summing
the weight of each bit to be checked.

The RQS bit {bit 7} is true when any of the conditions of bits 1-5 are enabled and occur.
Bits remailn set until the Status Byte is cleared.

Complete HP.IB capability {as described in TEEE Std 488-1878 and ANSI Std MC1.1):
SH1, AH1, Ts, TEQ, L4, LEg, SR1, RL1, PP1, DC1, Co.

Table 3-7. HP-IB Codes to Parameter Summary

HP-IB Parameter HP-IB Parameter
Code Code
AD Sensor A minus Sensor B measurement Lpl.? Low Limit
AB SET A LMol Disable limits checking function
AP Sensor A measurement YIRS Enable limits checking function
AR A /B ratio measurement Ln? Linear (Watts or %)
BD Sensor B minus Sensor A measurement LP1 Learn Mode #1
BE SET B LpP2 Learn Mode #2
BP Channel B measurement ocol Reference Oscillator off
BR B/A ratio measurement oci? Reference Oscillator on
oLl.2 CAL ADJ osl.2 OFFSET
cst Clear Status Byte PR! PRESET
Dal Display All RaAl AUTO RANGE
DD Display Disable rot2 RECALL
DE! Display Enable Ryt Range Hold
Do DSP - OFS RLo! Exit REL mode
EN? ENTER RL11 Enter REL mode
FA AUTO FILTER RM1:2 MNL RANGE
FH Filter Hold Rrv? Service Request Mask Value
FMI2 MNL FILTER sml Status Message
GTo! Ignore Group Execute Trigger (GET) bus g71.2 STORE
command TRo! Trigger Hold
eyt Trigger Immediate response to Group Execute TRl Trigger Immediate
Trigger 1 o .
GT2! Trigger with Delay response to Group Execute TRz Irigger with Delay
Teigger TRa! Trigger - Free Run
KBl:2 | GAL FACTOR ZE! ZERO
Lal Log {dB or dBm) @1l Prefix for Service Request Mask
L2 | High Limit 21t Identification

1 These commands are fully compatable with the HP 437B Power Meter HP-1B command codes.

2 Requires numeric entry followed by program code EN.
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Cal Adj

Description

CAL ADJ is used to calibrate the power meter and any compatible
power sensor to a known reference. During the calibration cycle, the
gain of the power meter is adjusted so that the front panel display reads
1.086—-2 (1 mW) when the sensor is connected to a 1.00 mW reference
oscillator.

Pressing the key enables entry of the reference calibration
factor for the active entry channel. The reference calibration factor is
the sensor’s calibration factor at 50 MHz. The allowable range of values
for CAL ADJ is 50.0 to 120.0%.

The power meter calibrates to an external reference source if the
entered reference calibration factor is negative. If the entered reference
calibration factor is positive, the power meter calibrates to the 1.00 mW
internal reference osciliator.

Procedure

Connect the sensor to either channel A or channel B via a power sensor
cable, and set the active entry channel accordingly. Press (zEro). (Be
sure that no RF power is applied to the sensor during the zero routine.)
When the power meter has finished zeroing, connect the sensor to the
1.00 mW reference oscillator. Press (CAL ADJ). Enter the reference
calibration factor in percent. Press (ENTER).

Both channels must be calibrated with their own sensors for dual sensor
measurements,

Example

To calibrate a sensor to the power meter with a reference cal factor of
98.5%:

LOCAL Function e, » Onta R

@370
3 8 5

Y HP-1B 3 [ —
Funet Lon

{program codes)
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Program Codes

Parameter Program Code

CAL ADJ CL

ENTER EN

indications
After the key has been pressed, the power meter will display
"EMT - — - ~". Once the reference cal factor has been entered, the

instrument goes through its calibration routine, and the display shows
eight dashes and a moving decimal point,

Comments

The reference calibration factor, which is entered via CAL ADJ, is used
only during calibration. Calibration factors entered via CAL FACTOR
are used for actual measurements.

Zero the active entry channel before entering the reference calibration
factor.

The reference calibration factor can be found on the body of the sensor.

A calibration should be performed whenever the power meter changes

power sensors or whenever the ambient temperature changes by more
than 5°C.

PRESET sets CAL ADJ to 100%. The gain of the power meter,
however, does not change until a new calibration is performed.

Pressing {CAL AD3) and then (ENTER} without entering any data causes

the power meter to initiate a calibration using the last entered value for
CAL ADJ.

Any command received during the calibration process aborts the
calibration and executes the function of the command received. The
rumber entered for CAL ADIJ, however, is stored as the last entered
value,

When using an older HP 8483A Power Sensor, enter a reference
calibration factor of 96%, even though 100% may be indicated on the
sensor’s cal factor label. Using this CAL ADJ value compensates

for mismatch between the 75-ohm sensor and the 50-chm reference
oscillator Newer HP 8483A Power Sensors have the correct reference cal
factor (96%) or less printed on the label and should be used.

If an HP 8484A Power Sensor with its associated HP 11708A Reference
Attenunator is used, the front panel display reads 1.880—£ instead of
1.BEA—2,

Offset settings are ignored during calibration.
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Error 57 occurs when the instrument is turned on and the internal
RAM contents have been lost. This is generally due to battery failure,
but may also occur when the power meter is powered down during
calibration or zeroing. The error is cleared after two seconds or by
selecting any other function. Ounce the error is cleared, the power meter
is configured to the PRESET state and the HP-IB address is read from
the internal address switch.

Because of the variety of sensor power ranges, the power meter always
auto ranges during calibration. After calibration the previous range
setiing is restored.

If the CAL ADJ entry is positive, the power meter first checks that the
sensor is connected to the reference oscillator by turning the oscillator
on and off and watching for a power level change on the sensor. If

the sensor is connected, the reference oscillator is turned on for the
calibration and returned to its former state upon completion of the
calibration.

Related Section
CAL FACTOLR

Error Messages
SET A and SET B
PRESET

ZERO
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Cal Factor

Description

The calibration factor compensates for mismatch losses and effective
efficiency over the frequency range of the power sensor.

Pressing the key enables entry of the calibration factor
for the sensor connected to the active entry channel. {A chart of

CAL FACTOR % versus Freguency is printed on each sensor and an
accompanying data sheet.) Calibration factor is entered in percent.
Valid entries for CAL FACTOR range from 1.0 to 150.0%. Front panel
numeric entry allows up to 4 digits. After the first four digits are
entered, succeeding digits are ignored. Only one digit to the right of the
decimal point is accepted. Data entered over the bus (in remote mode)
is rounded to the required resolution.

Procedure

Cal factor is entered separately for sensor A or sensor B. To enter the
cal factor for the active entry channel, press (CAL FACTOR), enter the cal
factor in percent, and thern press .

Exampie

To enter a cal factor of 99%:

LOCAL ~Function == Data N smEmerTN
(keystrokes?
@
g ]
KBSSEN

L HP-IB 3 ‘ | E——
Functlon J

(program codes)
prog Data

Program Codes

Parameter Program Code
CAL FACTOR KB
ENTER EN
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Indications
When the key is pressed, the front panel display shows
"EMT_ _ _". After a number has been entered and the key has

been pressed, the display returns to its previous mode.

The front panel displays the value of the calibration factor(s) used in
the current measurement.

Comments

During actual measurements, calibration factors entered via CAL
FACTOR are used. The reference calibration factor, which is entered
via CAL ADJ, is used only during the calibration cycle.

Pressing and then without entering any data sets
the calibration factor to 100%.

PRESET sets the calibration factor of both sensor A and sensor B to
100%.
Related Sections

CAL ADJ

PRESET

SET A and SET B
STORE and RECALL

3-52

www.valuetronics.com



HP 438A

dBm/WATT

dBm/WATT
(Logarithmic/Linear
Units)

www.valuetronics.com

Description

The key can be used to express measurement results in
logarithmic or linear units. The following table shows which units are

applicable to the individual measurement modes.

Measurement REL oft REL on!
Mode Lin Log Lin Log
Single Sensor Watt dBm % dB
Ratio % dB % dRB
Difference Watt dBm % dB

1 When REL (relative mode) is on, the measurement is compared to a reference value. The
reference value is the first value read when REL is activated.

The key allows any measurement result to be viewed in
logarithmic or linear format.

Procedure

Pressing the key alternates the display between the
logarithmic and the linear functions. When the measurement mode is

changed, the logarithmic or linear setting of the key remains
the same.

Example

If the power meter display reads 1.%8@8 i, to display this value in
dBm: '

LOCAL
(keystrokes)

i)

LG

\HP-IB 4

(program codes)
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Program Codes

Parameter Program Code
Logarithmic Units LG
{dBm or dB)
Linear Units LN
{Watis or %)

Indications
The status of the key can be determined by observing the

current measurement mode, the measurement unit annunciators, and
the table above.

Comments

Logarithmic units cannot be used with a measured value that is zero or
negative. If the value is zero or negative, Error 27 (illegal logarithmic
operation) will be displayed.

With REL mode off, logarithmic units cannot be used to display A-B
difference measurements where the SENSOR A power level is less than
the SENSOR B power level. Likewise {with REL mode off ), logarithmic
units cannot be used to display B-A difference measurements where the
SENSOR B power level is less than the SENSOR A power level.

PRESET sets the measurement units to Watts (linear units).

© With no power applied to the sensor, the displayed power in single
sensor measurement mode dirfts both negative and positive (about
zero). If the power meter is in logarithmic mode, negative drift results
in a log error (Error 27). This is normal and does not require corrective
action.

Related Sections

Error Messages

PRESET
REL (Relative Measurements)
SENSOR A-B and SENSOR B-A
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Error Messages

Description

The power meter generates error messages to indicate operating
problems, incorrect keyboard or HP-IB entries, and service related
problems,

Error messages are grouped as follows:

Errors 01 through 49. These are measurement errors, which indicate
that not all conditions have beer met to assure a calibrated
measurement. Measurement errors can usually be cleared by
readjusting the front panel controls or changing the equipment setup.

Errors 60 through 59 and 90 through 99. These are entry errors, which
indicate that an invalid keyboard or HP-IB entry has been made. These
errors require that a new entry or function selection be made.

Errors 60 through 89. These are service errors, which provide
service-related information. Service errors are discussed in section 8 of
the manual.

Error Displays

Errors are indicated on the front panel. The left side of the display
shows a brief message (eight characters or less) indicating the nature of
the problem. The right side of the display indicates the error code. In
addition, the channel on which the error occurs is indicated in the right
side of the display for some errors.

HP-IB Output Format

As long as the front pane} display indicates an error condition, the
instrument sends 9.0000E+40 as the measured data when addressed to
talk.

If an error condition generates SRQ, the status byte and status message
latch the error until the status message (program code SM) has been
read by the HP-IB controller. Once the status message has been read,
the status byte and status message are cleared if the error condition no
longer exists. If multiple errors occur, the status message indicates the
most recent error,
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If an error condition does not generate SRQ (for example, the Service
Request Mask has been set such that measurement or entry errors do
not set the status byte’s RQS bit true), the status byte and status
message latch all entry errors. Measurement errors, however, are
latched only if 9.0000E+40 has been sent over the HP-IB. The status
byte and status message are cleared by removing the cause of the error
and then reading the status message over the HP-IB.

Error Messages

Table 3-8, Error Messages, describes all measurement and entry errors.
The error code, front panel error display, message, and action typically
required to remove the error causing condition are given.
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Tahle 3-8. Error Messages

Exror Error Message Action Required
Code Display

Meassurement Errors

01 Canmat & | Power meter cannot zero sensor | Ensure that no RF power is being applied to
A sensor A.

02 Carmot & | Power meter cannot zero sensor | Ensure that no RF power is being applied to
B sensor B.

03 nc FEF Sensor A is not connected to Connect sensor A to reference oscillator. Fnter a
reference oscillator during negative reference cal factor if an external
calibration reference source is used. If error persists, check

ouput of reference osciilator.

04 no +rEF Sensor B is not connected to Connect sensor B to reference oscillator. Enter a
reference oscillator during negative reference cal factor if an external
calibration reference source is used. I error persists, check

ouput of reference oscillator.

05 Cal-Err Power meter cannot calibrate Check sensor A connection to reference oscillator.
sensor A Reference must be 1 mW.

06 Cal-Err Power meter cannot calibrate Check sensor B connection to reference oscillator.
sensor B Reference must be 1 mW,

11 imPut-0L | Input overload on sensor A Reduce input power to sensor A.1

12 inPut-0L  [Ioput overload on sensor B Reduce input power to sensor B.}

15 FLERSE 8 | Sensor A’s zero reference has Zero sensor A. If error persists, check input power.
drifted negative

16 FLERSE 8 | Semsor B's zero reference has Zero sensor B. If error persists, check input power.
drifted negative

17 up g Input power on sensor A is too | Select a higher range or reduce input power to
high for current range sensor A.2

18 = gt Input power on sensor B is too | Select a higher range or reduce input power to
high for current range sensor B.2

25 CALEL OF Overflow error Change either the input power, offset, cal factor

or measurement mode.?

t This error occurs when the input power exceeds 120% of the full-scale power for range 5 and only when the power meter is on
range 5.

2 This error occurs when the power meter is on manual range and the input power exceeds 120% of full-scale for ranges 1,2,3, and
4.

3 Power calculations result in a value that is too large to calculate or display. The combination of input power, offset, cal factor
and measurement mode results in a value whose absolute value is greater than 3.4028E4-38,
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Table 3-8, Error Messages (continued)

Error Ervor Message Action Required
Code Display
Measurement Frrors (continued)

26 CALC UF Underflow error Change either the imput power, offset, cal factor
or measurement mode.!

27 L Err lllegal logarithmic operation Change to linear measurement units, zero the
power meter with no RE input power, or increase
input power to greater than (0 Watis.

28 reEl Err Invalid or missing reference value | Exit REL mode.2

31 Fo Choa Channel A does not have a Ceonnect a sensor to channel A or change channels

sensor connected to it (assuming a sensor is connected to channel B}.
32 nia Ch b Channel B does not have a Connect a sensor to channel B or change channels
sensor connected to it (assuming a sensor is connected to channel A).
33 ? imPuts | Both front and rear sensor A Remove one of the 2 sensors connected to sensor
inputs have sensors connected A input,
{Option 002 only)
34 Z irmPut=z  jBoth front and rear sensor B Remove one of the 2 sensors connected to sensor
inputs have sensors connected B input.
(Option 002 only)

1 Power calculations result in a value that is too smal} to calculate or display. The combination of input power, offset, cal factor
and measurement mode results in a value whose absolute value is greater than 1.1755E-38.

2 This error is cleared after two seconds or by selection of any other function.
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Table 3-8. Error Messages {continued)

Error Error Message Action Required
Code Display
Entry Errors
50 CF Erroce | Entered cal factor is out of range | Re-enter value between 1.0 and 150.0!
51 03 Erroe Entered offset is out of range Re-enter value between —99.99 and
+99.99
52 rg Error | Entered range number is out of | Re-enter range number between 1 and 5!
range
53 FL. Error | Entered filter number is out of | Re-enter filter number between () and 9.2
range
54 rc Error | Entered recall register number is | Re-enter register number between 0 and 19.}
out of range
55 st Error | Entered storage register number | Re-enter register number between 1 and 191
is out of range
56 rOF Err Entered reference cal factor is Re-enter CAL ADIJ value between 50.0 and 120.0%
out of range
57 rCL Faib. | Continuous memory failure Refer to footnote below?
58 Ad Erra- | Entered HP-IB address is out of | Re-enter HP-IB address between range 0-30,
range 40-49, or 50~-59.1
90 HP-IB data without valid prefix [ Check, then re-enter valid prefix with data.
91 Invalid HP-1B code Check, then re-enter correct HP-IB code.
Hardware Errors
6169 Service-related errors Refer to Service-Related Errors in section 8,
“Service”

1 This error indication is cleared after two seconds or by selecting any function. {The selected function will be executed.) When
the error is cleared, the parameter that caused the error remains unchanged from its previous value.

2 Error 57 occurs when the instrument is turned on and the internal RAM contents have been lost, This is generally due to battery
failure, but may alsc occur when the power meter is powered down during the end of a zero or calibration sequence. The error
indication is cleared after two seconds or by selecting another function. (The selected function will be executed). Once the error
indication is cleared, the power meter is configured in the PRESET state and the HP- IB address is taken from the value defined
on the internal address switch.

Note

i Hardware Errors NOT reported via SRQ.

v
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Filters

(Includes AUTO FILTER
and MNL Filter) Description

The purpose of filtering is to reduce jitter in the display. Measured
values are averaged iii with previous values before being displayed.

The power meter uses a variable digital filter to average power readings.
The value shown in the display is the average of the last 2N readings,
where 2N is the filter length and N is the filter number. The filter
length can range from 1 (2°) to 512 (2°). '

When a new power measurement is input to the filter, it is saved and
the oldest reading is discarded. If the power meter’s configuration
changes such that the values in the filter are no longer valid (for
example, a change in measurement mode, range or filter setting), the
filter contents are set to zero. The filter starts filling up again, and the
power meter displays the average of the accumulated power readings.

The filter length can be selected automatically (via AUTO FILTER)
or manually (via MNL FILTER). For most applications, auto filter is
the best mode of operation. Manual filter mode is useful mainly in
specialized applications requiring high resolution or fast settling times.

In auto filter mode, the power meter automatically sets the filter length
to satisfy the filtering requirements for most power measurements. The
filter length depends solely upon the power range in which the power
meter is currently operating. The following table lists the filter length
and filter number for each range when the power meter is in auto filter

mode.
Auto Filter Setting for Each Range
Range Filter Length Filter Number
1 128 7
2 8 3
3 2 1
4 1 0
5 ! 0
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When the filtering is selected automatically, the resolution is four
significant digits for measurements displayed in Watts or percent. The
resolution is 0.01 dB for measurements displayed in dB or dBm.

In manual filtter mode, the filter length is selected by entering a filter
number between 0 and 9. Refer to the following table to cross-reference
filter numbers to filter lengths.

Filter Number Filter Length
0 1

—
[~ S ]

16
32
64
128
256
512

WO0e ~F v s Lo DN

The filter length is independent of the measurement power range when
the filter length is set manually.

An additional feature of the power meter is the hold filter mode. Hold
filter mode provides a means of switching from auto filter mode to
manual filter mode while retaining the auto filter setting.

Procedure

The filter length is set for the active entry channel. For dual sensor
measurements, the filter length should be set for each sensor. To
automatically select the filter length, press (auTo FILTER). To manually
select the filter length, press (ML FILTER), enter a number (0-9), and
then press (ENTER). {The filter length is the result of 2 being raised

to the power of the filter number.) To select hold filter mode, press

and then (ENTER).
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Example
To manually set the filter length to 128 (filter number=7):

LOCAL ~Fungtion == o by — P Erbarem,
(Keystrokes) ] “ 9
G
7
FM7EN

Function
(program codes?

Outa

Program Codes

Parameter Program Code
AUTO FILTER FA
MNL FILTER FM
Hold filter FH
ENTER EN

Indications

The MNL annunciator on the front panel display lights when the power
meter is in manual filter or manual range mode. There is no front panel
indication when the power meter is in auto filter mode.

Comments

By manually selecting a filter length that is significantly longer than
the auto filter mode default length, the resolution of the display can

be extended to five digits in Watts or to 0.001 in dBm on some power
ranges. The range setting and filter number required for high resolution
is defined in the following table.
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Range Filter Numnber Required
for High Resolution

1 High resolution not available
2 8,9

3 5,6,7,89

4 4,56, 7,8,9

5 3,4,5,6,7,8,9

In auto filter mode, the average of the last four values entered

into the filter is compared to the average of the entire filter. If the
difference between the two averages is greater than 12.5%, the contents
of the digital filter are set to zero. The filter then starts storing

new measurement values, and power meter displays the average of
accumulated power readings. This feature shortens the settling time of
the power meter when the input power changes substantially.

Only one digit is allowed for MNL FILTER data entries. If a second
digit is entered, it replaces the one that is already there. The Q
{decimal point) and keys are ignored,

PRESET sets both sensor A and sensor B to auto filter mode.

Related Sections

PRESET

Range

SET A and SET B
STORE and RECALL
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Limits

Description

The limits checking function allows the power meter to monitor the
power level on each sensor and to indicate when that power is outside
preset limits. High and low limits can be set, and the limits checking
function is enabled only via remote programming.

Limit values are entered in dBm and need not be the same for each
sensor. Allowable values range from ~299.999 to +299.999 dBm.
Values entered outside this range cause the limit to be set to the
minimum or maximum value as appropriate.

When the limits checking function is enabled, the power meter uses the
last high and low limit values set for each sensor.

Procedure

To set a high limit or a low limit for the active entry channel:

a. Address the power meter to listen.

b. Send a program string (in a Data message) consisting of program
code LL (limit low) or LH (limit high), a numeric value, and
program code EN (ENTER).

To enable the limits checking function, address the power meter to
listen and then send a Data message with program code LM1. The
limits checking function is disabled by program code LMO.

Example

To set sensor A’s low limit to +10 dBm and high limit to 420 dBm,
and to enable the limits checking function:

LOCAL
(Keystrokes? (rot avallable In locall

AELL 1ENLH20ENLM]

L\ HP-IE | i
limits
SET A

Chacking
{program codes)

Low Limlt

High Lisi%
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Program Codes

Parameter Program Code

Low Limit LL

High Limit LH
Enable Limits Checking LM1
Disable Limits checking LMo

Indications

If the limits checking function is enabled and the input power exceeds
the high limit or is less than the low limit, the out-of-limits condition
is indicated on the front panel by a flashing A or B annunciator,
depending on the measurement mode. The out-of-limits condition is
indicated only for sensors used in the current measurement. For dual
sensor measurements, the out-of-limits condition is indjcated for the
sensor(s) out of limits,

The out-of-limits condition can be indicated over the bus by setting the
Service Request Mask to enable an out-of-limits condition to issue the
Require Service Message, thus lighting the SRQ annunciator on the
front panel.

Commaents

PRESET sets both the high and low limits for each sensor to
0.000 dBm and disables the limits checking function.

Limits are checked against measured power plus offsets.

By setting the low limit to a value greater than the high limit (or
setting the high limit to a value less than the low limit), a region
can be defined. An out-of-limits condition occurs anytime displayed

power drifts into this region (assuming the limits checking function is
enabled).

If the limits checking function is enabled in remote mode and then the
Power Meter is switched to local operation, the limits checking function
remains enabled.

High anrd low limits cannot be stored or recalled.

Related Sections

PRESET

Remote Operation, HP-IB
SET A and SET B
STORE and RECALL

3-65

www.valuetronics.com



Offset HP 438A

Offset

Description

Offset values can be entered to each channel to compensate for gain
or loss. The offset is added to the measured power before the result is
displayed.

Offsets are entered in dB. The allowable range of values is ~99.99

to +99.99dB in 0.01dB increments. Use positive values for gain and
negative values for loss. Pressing the key and then the
key (without entering any data) sets the offset of the active entry
channel to 0.00dB.

The display offset function provides another method for entering offset
values. Pressing (OFfSET ), (DSP_— OFs}, and then automatically
enters the offset necessary for the power meter’s display to indicate (.00
dB or dBm for logarithmic units, or 100% or 1.00 mW for linear units,
depending on the measurement mode. Existing offsets are taken into
account in the calculation of the display offset value.

Procedure

To enter an offset for the active entry channel, press (OFFSET), enter a
value between —99.99 and +99.99dB and then press (ENTER).

To enter the offset necessary for the power meter to display 0.00dB or
dBm, 100%, or 1.00 mW (depending on the measurement mode), press

(GFFSET), (DSP—0OFs), and then (ENTER).

Examples

To add a 20dB offset to channel B (assuming that channel B is the
active entry channel):

LGCAL sFunction ey Dats %, P~ Entenssy

{Keystrokes) Y
G2

OS20EN

=D ) e

Frnet fon
(program codes)
Bata
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Ofiset

The next example uses the display offset function to compensate for
the coupling factor of a directional coupler. Connect sensor A to the
coupler’s test port, and connect sensor B to the coupler’s incident port.
To enter the correct offset for sensor B to read the power emerging from
the directional coupler {correcting for any main line insertion loss as
well as coupling factor):

LOCAL r=Sengore=y eFunction == ~Functlon== ~Entor—
DEP-»0F S

{Keystraokes)

BPOSDOEN
m s l } ‘[w-——ointar‘
(program codes) Functton I Functlon
Program Codes
Pavameter Program Code

OFFSET 08

Display Offset DO

ENTER EN

Indications

When an offset is added to a measurement, the front panel displays the
value of the offset and the “dB0OS” annunciator lights.

Comments

A dB offset can be added to a sensor whose display is in Watts. The
power meter automatically converts the dB offset to Watts and adds
that value to the sensor’s measured power.
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The following equations are used to calculate the value that is entered
for the display offset function.

For measurement modes A-B or A/B:
Display Offset of active entry channel =
a. Current OFFSET (active entry channel)

Power(B)+OFFSET(B
- 10 % LOG {pozzr%Ag@oFF‘SETEA;]'

b. Current OFFSET (active entry channel)
Power{BY+OFFSET{B
+ 10 LOG {Power(/a%JrOFFSET(A)]'
¢, Current OFFSET (active entry channel}
— 10 + LOG [Power {active entry channel)].

If the display OFFSET value as calculated above results in an illegal
OFFSET entry value, the number 933, 9 will be displayed. The power
meter generates Error 51 (OFFSET entry error) if an attempt to enter
the illegal value is made.

Display offset function ignores REL mode when calculating the offset
value.

PRESET sets both the sensor A and sensor B offset values to 0.00dB.

The DSP—OFS function is only active when it is preceeded by
OFFSET.

Related Sections dBm/WATT {Logarithmic/Linear Units)
Error Messages
PRESET
REL (Relative Measurements)
SET A and SET B
STORE and RECALL
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Description

The key sets the power meter to a known state. Preset

conditions are shown in Table 3-9.

Table 3-9. PRESET Conditions

Group Trigger Mode
Display Function

Parameter Condition
Sensor A and B
CAL ADJ 160.0%
CAL FACTOR 100.0%
OFFSET 0.00 dB
Filter AUTO
Range AUTO
Measurement Mode Sensor A
Reference Oscillator (OSC) | Off
Active Entry Channel A
Measurement Units Waltts
REL Off
Remote Only Functions
Sensors A and B
Low Limit 0.060 dBm
High Limit 0.000 dBm
Limits checking Disabled
Trigger Mode Free Run

Trigger with Delay

Display Enable

Procedure

To set the power meter to the conditions indicated in Table 3-9, press

the key.

Program Codes

The program code for PRESET is PR.
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Comments

PRESET does not aflfect zero and calibration information stored for
each sensor. Although PRESET sets the CAL ADJ value to 100.0%, it
does not initiate a calibration using the new value for CAL ADJ.

PRESET produces the same results as the Device Clear command over
the HP-1B.

Storage register 0 is set to the preset condition when a continuous
memory error (Error 57) occars.

Related Sections

CAL ADJ

CAL FACTOR

dBm/WATT (Logarithmic/Linear Units)
Error Messages

Filters

Limits

OFFSET

Range

REL {Relative Measurements})

STORE and RECALL
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Range

(Includes AUTO RANGE and MNL RANGE)

Description

‘The power meter divides each sensor’s power range into 5 ranges of
10dB each. Range 1 is the most sensitive (lowest power levels), and
Range § is the least sensitive (highest power levels). Range 5 can be
less than 10 dB if the sensor’s power range is less than 50 dB. The
range can be set either automatically or manually for the active entry
channel.

AUTO RANGE automatically selects the correct range for the current
measurement.

MNL RANGE enables the range to be selected manually. Valid range
numbers are 1 through 5. Only one digit is permitted for range entries.
If a second digit is entered, it replaces the first digit.

Another feature of the power meter is the hold range mode. Hold range
provides a means of switching from auto range to manual range while
retaining the current auto range setting.

Procedure

To select auto range, press (AUTO RANGE). To select manual range, press
(MNL RANGE), enter a numeric value and then press (ENTER). To select
hold range mode, press the key and then the key.

Example

To select range 3 manually:

LOCAL A=Function == s DB m————— FEntar oy
8 itrokes) {
Keysirokes L o
3
RM3EN

\ HP-IB 4 mmm;T[Ei:i:““"

Fungtlon
{program codes)
Data
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Program Codes

Parameter Program Code
AUTO RANGE RA
MNL RANGE RM
Hold Range RH
ENTER EN

Indications

The MNL annunciator on the front panel display lights when the
power meter is in manual or hold range mode, or manual or hoid filter
mode. There is no front pane! indication when the power meter is auto
ranging.

Comments
PRESET sets both sensor A and sensor B to AUTO RANGE.

If you are only interested in power readings in one range, manual range
can be used for faster readings.

Use manual range when using the rear panel RCDR output so that
the power meter does not change ranges while outputting data. The
recorder output provides a 0 to 1 Vdc output for each range.

Pressing the key when the power meter is already in auto

range mode causes the instrument to step down one range, if possible.
(There is a 20% overlap on ranges.) If the power reading can be
displayed on either range, the power meter stays on the lower range. In
linear mode, this provides a means for down ranging to obtain greater
resolution in borderline situations. For example, with an HP 8481A
power sensor measuring a power level of 1.153 mW, the range could

be either range 4 {1 to 10 mW) or range 3 (0.1 to 1.2 mW with 20%
overrange). The display in range 4 would read 1.1% mid, but in range 3
would read 1.15% mil

Related Sections

Frror Messages
PRESET
Recorder Output
SET A and SET B

3-72

www.valuetronics.com



HP 438A Recorder Quiput
U M

Recorder Output

Description

The rear panel RCDR output produces a dc voltage that corresponds
to the power level in Watts of sensor A or sensor B, depending on the
measurement mode. Only single sensor power measurements produce
a valid dc output voltage at the RCDR output. The RCDR output is
disabled (OV) during dual sensor and relative measurements. This dc
voltage ranges from 0 to +1.0 Vdc. For each of the Power Meter’s five
ranges, +1.0 Vdc corresponds to a full-scale indication. The output
impedance is 1 k.

Some uses of the RCDR output include recording swept measurements
on an X-Y recorder, leveling input for external ALC, or monitoring
output power on a strip chart recorder. A setup for recording swept
measurements is shown in Figure 3-7.

HP 4384
SWEEP OSCILLATOR POWER METER
DEVICE UNDER TEST

RCOR

@ FEEEEES S

SWEEP CUT |ar ouT 'm tnur
X-Y

RECDRDER

Y X-AX1S (FREQUENCY) J l Y~-AX1S (POWER)

Figure 3-7. Test Setup For Recording Swept Measurements
Comments
Cal factor and offsets have no effect on the recorder output.
The most stable results are obtained on ranges 3, 4, and 5.

Use MNL RANGE when using the RCDR output to prevent the power
meter from changing ranges while outputting data.

Related Sections

Range
REL (Relative Measurements)
SENSOR A and SENSOR B
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Rel
(Relative
Measurements)  Description
Relative mode permits any measurement result to be compared in dB
or % to a reference value. Pressing the REL key enters or exits relative
mode. Once relative mode has been entered, the first reading is saved
as a reference value. Successive measurements are displayed relative to
the reference value.
If a new measurement mode is selected while relative mode is enabled,
REL is disabled and the reference value is lost.
Procedure
Press to toggle in and out of relative mode.
Press to alternate between dB and percent.
Example
To enter relative mode and make relative measurements {assuming that
the Power Meter is not in relative mode):
LOCAL
(keystrokes)
REL
RL.1
{program codes)
Program Codes
Parameter Program Code
Enter REL Mode RL1
Exit REL Mode RLO
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Rel

Indications

When the power meter is displaying a relative measurement, the REL
annunciator on the front panel display lights. The displayed value is the
measurement result relative to the reference in dB or %.

Comments

Relative measurements cannot be output via the rear panel RCDR
output.

If the reference is zero or negative power, the measurement result can
be displayed in dB as long as the measured power does not change
signs {that is, positive to negative or vice versa)} while REL mode is on.
If the measured power does change signs while displaying dB in REL
mode, Error 27 (illegal logarithmic operation) occurs.

If a negative reference is used, the ratio indication {%) will be displayed
in absolute value.

The reference value is stored if the power meter is in REL mode when
the instrument configuration is saved.

The reference value, once set, cannot be read.

Related Sections

dBm/WATT (Logarithmic/Linear Measurement Units)
SENSOR A and SENSOR B

SENSOR A-B and SENSOR B-A

SENSOR A/B and SENSOR B/A

STORE and RECALL
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Sensor A and Sensor B

{Single Sensor
Measurements) Description

SENSOR A and SENSOR B cause the power meter to make single
sensor measurements. Absolute power is displayed for the selected
sensor in either dBm or Watts. In addition, SENSOR A sets the active
entry channel to A, and SENSOR B sets the active entry channel to B.

Procedure

To select a single sensor measurement mode, press or
(sEnsOR B).

Exampie

- To select SENSOR A as the measurement mode:

L OCAL 2 Saneor e,

{keystrokes) ' (:]

' p

(program codes)

Program Codes

Parameter Program Code
SENSOR A AP
SENSOR B BP

Indications

The middle block of annunciators on the front panel display indicate
the measurement mode and the measurement units. The cal factor and
offset {(if any) for the selected sensor are also indicated in the front
panel display.

3-76

www.valuetronics.com



HP 438A

www.valuetronics.com

Sensor A and Sensor B

Comments

Filter, range, offset, cal factor, and limits can be set for the selected
SEensor.

PRESET sets the measurement mode to SENSOR A.

Single sensor measurements can be displayed relative to a stored
reference. In REL mode readings are dislayed in either dB or percent.

Changing the measurement mode causes the contents of the digital filter
to be discarded.

Related Sections

CAL FACTOR

dBm/WATT (Logarithniic/Linear Units}
Filters

OFFSET

PRESET

Range

REL {Relative Measurements)

SET A and SET B

STORE and RECALL

377
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Sensor A—B and Sensor B—-A

(Dual Sensor Difference
Measurements) Description

SENSOR A-B and SENSOR B-~A cause the power meter to make
dual sensor difference measurements. The power meter displays the
numerical difference of the power values of both sensors. The power
values for sensors A and B include all offsets and cal factors that have
been set for each individual channel. Measurement results are displayed
in either dBm or Watts. In addition, A—B sets A as the active entry
channel, and B—A sets B as the active entry channel.

Procedure

To make a difference measurement, press the key and then select
A~B or B—A, as desired.

Example

To select B— A measurement mode:

LOCAL

(Keystrokes?

l l Sansor j

{programn coades)

Program Codes

Parameter Program Code
SENSOR A-B AD
SENSOR B-— A BD
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Sensor A-B and Sensor B-A

Indications

The middle block of annunciators on the front panel display indicate
the measurement mode {either A~B or B—~A) and the measurement
units (either dBm or Watts).

Comments

Cal factor, offset, range, limits, and filter are set separately for each
SEnsor.

Logarithmic units (dBm) cannot be used in A~B difference
measurements where the sensor A power level is less than the sensor

B power level. Likewise, logarithmic units cannot be used in B~A
difference measurements where the sensor B power level is less than the
sensor A power level,

Difference measurements can be displayed relative to a stored reference.
In REL mode, readings are displayed in either dB or percent,

Changing the measurement mode causes the contents of the digital filter
to be discarded. The filter buffer then starts filling up with values from
the new measurement mode. The power meter displays the average of
the accumulated readings.

Related Sections

Cal Factor

dBm/Watt (Logarithmic/Linear Measurement Units)
Filters

Limits

OFFSET PRESET

PRESET

Range

REL (Relative Measurements)

SET A and SET B

STORE and RECALL
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Sensor A/B and Sensor B/A

(Dual Sensor Ratio
Measurements) Description

SENSOR A/B and SENSOR B/A cause the power meter to make dual
sensor ratio measurements. The power meter displays the ratio of the
sensors’ power values in either dB or percent. The power value of each
sensor includes offsets and cal factors in addition to measured power.
Also, A/B sets A as the active entry channel, and B/A sets B as the

active entry channel.

Procedure

To make B/A ratio measurements, press (B/A). To make A/B ratio
measutements, press the (SHIFT) key and then (8/A).

Example

To make B/A ratio measurements:

LOCAL
(Keystrokes)

BrA

\HP-IB g

(program codes)

Sensor _——jB

Program Codes

Parameter

Program Code

SENSOR A/B
SENSOR B/A

AR
BR
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Sensor A/B and Sensor B/A

indications

The middle block of annunciators on the front panel display indicate
the measurement mode (A/B or B/A) and the measurement units (dB

or %).

Comments

Cal factor, range, filter, limits, and offset are set separately for each
Sensor.

Ratio measurements can be displayed relative to a stored reference. In
REL mode, readings are displayed in either dB or percent.

Changing the measurement mode causes the contents of the digital filter
to be discarded. The filter buffer then starts filling up with values from
the new measurement mode. The power meter displays the average of
the accumulated readings.

Ratios where the denominator is equal to zero cause Error 27 (log error)
to be displayed.

Logarithmic measurement units (dB) cannot be used if the ratio is
negative. To do so would cause Error 27 (log error) to be displayed.

Reiated Sections

CAL FACTOR

dBm/WATT (Logarithmic/Linear Units)
Error Messages

Filters

Limits

OFFSET

Range

REL

SET A and SET B

STORE and RECALL
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Set A and Set B

Description

SET A and SET B are used to select the channel on which
measurement parameter changes are to be made. Measurement
parameters consist of the following:

Cal Adj (reference calibration factor)
Cal Factor

Filters

Limits

Offset

Range

Zero

SET A and SET B allow measurement parameters to be set for one
channe! while working in any measurement mode.

Selecting measurement mode SENSOR A, A-B, or A/B automatically
sets the active entry chanmnel to channel A. Selecting measurement mode
SENSOR B, B—A, or B/A automatically sets the active entry channel
to channel B.

Procedure

To select the active entry channel, press for channel A or

for channel B.

Example

To designate channel B as the active entry channel:

LOCAL
(keysirokes) wr[:]

BE

\HP-IB g

{program codes)
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Program Codes

Set A and SetB

Parameter Program Code
SET A AE
SET B BE

Indications

When a measurement parameter is being entered, an annunciator on
the right side of the display lights to indicate the active entry channel.

Comments

PRESET sets the active entry channel to A.

Related Sections

CAL ADJ
Cal Factor
Filters
Limits
OFFSET
PRESET
Range

SENSOR A and SENSOR B
SENSOR A-B and SENSOR B-A
SENSOR A/B and SENSOR B/A
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Store and Recall
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Description

The power meter can store instrument configurations for recall at
a later time. The following information can be stored in the power
meter’s internal registers:

Measurement Mode

REL mode status (on or off'}
Reference value if in REL mode
Reference Oscillator status (on or off)
Active entry channel (A or B}
Measurement units {logarithmic or linear)
Cal factor for each sensor

Offset for each sensor

Range for each sensor

Filter for each sensor

Cal Adj value for each sensor

Registers 1 through 19 are available for storing instrument
configurations. Registers 0 through 19 are available for recall. Register
0 always contains the previous power meter configuration. Thus,
RECALL 0 provides a way to recover from an entry error.

Procedure

To store an instrument configuration, press (STORE), enter a number
from 1 to 19, and then press {(ENTER).

To recall an instrument configuration, press (RECALL), enter a number
from 0 to 19, and then press (ENTER).

Example

To recall an instrument configuration that has been stored in register 2:

LOCAL Funct ion == e (e, om—" reEinter
{Kaeystrokes)
&)
2
RC2EN

U HP-IB [ —
Funstlon

(program codes)
Data
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Store and Recall

Program Codes

Parameter Program Code
RECALL RC
STORE ST
ENTER EN

Indications

When the stored contents of a register are recalled, the power meter
changes to the recalled parameter values.

The power meter executes a RECALL 0 at power-up. This places the
power meter in the same state that it was in when power was removed.

The Cal Adj value (reference calibration factor) for each sensor can be
stored and recalled but the internal calibration settings are not stored.

PRESET has no effect on the storage registers 1 through 19. Register
0, however, is set to the PRESET conditions when the key is

pressed.

Storage register 0 is set to the PRESET state when a continuous
memory error (Error 57} occurs.

High and low limits cannot be stored,

Related Sections

CAL ADJ

CAL FACTOR

dBm/WATT (Logarithmic/Linear Units)
Error Messages

Filters

Limits

OFFSET

PRESET

Range

REL {Relative Measurements)
SET A and SET B
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Zero
Description
ZEROQ is used to adjust the power meter’s internal circuitry for a 0
power indication when no power is applied to the sensor. Pressing the
key automatically zeroes all five of the power meter’s ranges. For
dual sensor measurements, each channel of the power meter must be
zeroed separately.
Note | Be sure that no power is applied to the sensor while the power meter is
% zeroing. Any applied RF input power introduces an offset that affects
all subsequent measurements.
Procedure
To zero the power meter to the sensor connected to the active entry
channel, press (ZERO).
Example
To zero the power meter:
LOCAL
{keystrokes)
ZE
{program codes3
Program Codes
Parametoer Program Code
ZERO ZE
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Zero

Indications

The power meter display shows eight dashes and a moving decimal
point while zeroing. When the zeroing is completed, new zero values are
stored and the instrument is returned to its previous state.

Comments
Zero the power meter before entering the reference calibration factor.

The power meter’s internal reference oscillator automatically turns off
during zeroing. If the reference oscillator was on before the zeroing was
initiated it will be returned to the on state when zeroing is completed.

To determine whether or not the power meter needs to be zeroed,
remove any power to the sensor and then read the front panel display.
If the display dees not indicate 0 power, the power meter needs to be
zeroed. Any residual nonzero reading, if not corrected, will be added to
all subsequent measurements, resulting in an error. This error may be
insignificant when measuring moderate to high power values, but it can
be unacceptable when measuring low power values.

Error 57 (recall fail) occurs when the power meter is turned on and the
internal RAM contents have been lost. This is generally due to battery
failure but may also occur when the instrument is powered down while
Zeroing.

For best accuracy, HP 8484A Power Sensors should be connected to a
device with the RF power off before zeroing.

Zeroing data cannot be stored and recalled, but it is remembered when
the instrument is turned off.

PLEASE 0 (Error 15 or 16, sensor dependent) is displayed when the
zero reference drifts negative.

Related Sections

CAL ADJ

Error Messages

Range

STORE and RECALL
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4-1. Introduction

Note 1

4-2, Equipment
Required

4-3, Performance Test
Record

4-4. Performance Tests
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The procedures in this section test the instrument’s electrical
performance using the specifications of Table 1-1 as the performance
standards. All tests can be performed without access to the interior
of the instrument. A simpler operational test is included in section 3
under “Basic Functional Checks”.

If the performance tests are to be considered valid, the following
conditions must be met:

a. The power meter must have a 1 hour warm-up for all specifications.

b. The line voltage for ail instruments must be 100, 120, 220, or
240 Vac +5%, —10%; and the line frequency must be 48 to 66 Hz.
‘The power meter has the additional capability of operating on line
frequencies of 360 to 440 Hz, but the line voltage is limited to a
nominal 100 or 120 Vac.

c. The ambient temperature must be 0°C to 55°C.

Equipment required for the performance tests is listed in Table 1-3,
“Recommended Test Equipment”. Any equipment that satisfies the
critical specifications given in the table may be substituted.

Results of the performance test may be tabulated in Table 4-1,
Performance Test Record. The Performance Test Record lists al}

of the performance test specifications and the acceptable limits for
each specification. If performance test results are recorded during an
incoming inspection of the instrument, they can be used for comparison
during periodic maintenance or troubleshooting procedures. The test
results may also prove useful in verifying proper adjustments after
repairs are made.

The performance tests given in this section are suitable for incoming
inspection, troubleshooting, or preventive maintenance. During any
performance test, all shields and connecting hardware must be in place.
The tests are designed to verify published instrument specifications.
Perform the tests in the order given and record the data on the test
card and/or in the data spaces provided at the end of each procedure.
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4-5. Calibration Cycle  This instrument requires periodic verification of performance to ensure
that it is operating within specified tolerances. The performance tests
described in this section should be performed at least once each year;
under conditions of heavy usage or severe operating environments, the
tests should be more frequent. Adjustments that may be required are
described in section 5, “Adjustments”.

4-6, Abbreviated Refer to section 3, “Operation”, for a Basic Functional Checks test.
Performance Test

4-7. Test Procedures It is assumed that the person performing the following tests
understands how to operate the specified test equipment. Equipment
settings, other than those for the power meter, are stated in general
terms. It is also assumed that the technician will select the power
sensor, cables, adapters and probes required for test setups llustrated
in this section.

4-2
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4-8. Zero Carryover
Test

Specification

Description

Equipment

Procedure

www.valuetronics.com

Electrical Performance Limits Conditions
Characteristics
Accuracy:
Zero set {Digital +0.5% full scale Most sensitive
settability of zero} range.Decrease

41 count.

percentage by factor of
10 for each higher range

After the power meter is initially zeroed, the change in the digital

readout is monitored as the power meter is stepped through its ranges.

This test also takes drift and noise into account, since drift, noise and

zero carryover readings cannot be separated.

HP 438A
POWER METER

@ 7 CAL IBRATOR

POWER
METER

Figure 4-1. Zero Carryover Test Setup

Range . e e HP 11683A
POWeT SO0 ot e e HP 11730A

1. Connect the equipment as shown in Figure 4.1,

2. Set the power meter controls as follows:

LINE o e e ON

PRESS e PRESET
3. Set the range calibrator switches as follows:

FUNCTION . i STANDBY

LINE e ON

4. Press the power meter’s switch and wait (approximately 15 to
17 seconds) for the display to reappear and stabilize. Verify that the

reading is &.85 £0.06.
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]  The power meter is now zeroed on range 1 (most sensitive).

v

Note

5. Press (MNL RANGE}, 1, {ENTER].

6. After the power meter reading has stabilized, verify that the

indication is within the limits shown.

Power Meter Min Actual Actual Max
Range Results A Results B
1 —0.06 pW 0.06 uW
2 -0.1 pW 0.1 pW
3 —0.001 mW 0.001 mW
4 —0.01 mW 0.01 mW
5 —0.1 mW —— 0.1 mW

7. Repeat steps 5 and 6 by entering 2., then 3

8. Repeat steps 2 through 7 for Channel B by pressing (8] in step 2.

9. Repeat steps 2 through 7 for Channel A and B when rear panel
Option 002 inputs are installed.
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4-9. Instrument
Accuracy Test

Specification

Characteristics

Electrical Performance Limits

Conditions

Accuracy:

Instrumentation,
includes sensor
linearity.!

Single channel mode +0.2%

Plus 4:0.02 dB

{Ratio or difference) specification by 2

Dual channel mode Multiply single channel

‘Within same calibration
range

Qutside calibration
range

1 When operating in range 5 add the corresponding sensor power linearity percentage.

Description  After the power meter is initially calibrated on the 1 mW range, the
readout is monitored as the range calibrator is switched to provide
reference inputs corresponding to each of the power meter operating

ranges.
HP 4384
POWER METER
RANGE
E ggggmgmm CALTBRATOR
@®
A POMER
METER
Figure 4-2. Instrument Accuracy Test Setup
Equipment Range Calibrator ... ..o i e HP 11683A
Power Sensor Cable .. ... HP 11730A
Procedure 1. Connect the equipment as shown in Figure 4-2.
2. Set the power meter controls as follows:
LINE e ON
SENSOR e e A
PRESS (e PRESET
4-5
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7.

HP 438A
. Set the range calibrator switches as follows:
FUNCTION oot STANDBY
POLARITY .o e NORMAL
RANGE ..ot e 1mW
LINE ¢ e ON

. Press the power meter key, and wait for the readout to

reappear. Verify that the reading is 6.83 £0.06 pW.

. Set the range calibrator FUNCTION switch to CALIBRATE.
. Press the power meter key, then press the key to get a

minus (—) sign, then press (EnTer). The minus sign indicates
use of an external reference source. If the minus sign is not used
there will be a 0 REF error on the display.

Verify that the power meter display reads 1,888 £0.006 mW.

Note

§ The range calibrator output level is adjustable in 5dB increments.
W Thus, the 3 4W, 30 W, 300 W, 3 mW, and 30 mW legends on

the RANGE switch are approximations. The true values for these
settings are 3.16, 31.6, and 316 pW, 3.16 mW and 31.6 mW. It may be
necessaly to re-zero the meter before each measurement.

8.

10.

11.

12.
13.

14.

4-6

www.valuetronics.com

Set the range calibrator RANGE switch to the positions shown in
the following table. For each setting, verify that the power meter
autoranges properly, and that the display is within the limits
gshown.

. Set the range calibrator RANGE switch to STANDBY. Connect the

calibrator to channel B.

Press the power meter channel (k) and repeat steps 4 through 6 to
test channel B.

Set the power meter dBm/WATT switch to the dBm position and
verify that the display changes to the dBm mode, and that the .
indication is within 20.00 +£0.04 dBm.

1986dBm___ 20.04 dBm

Set the range calibrator RANGE switch to —10 dBn.
Verify that the power meter displays —10.00 :£0.04 dBm.

w396 dBm.________ ~10.04 dBmn

Press the power meter key and verify that the display
indicates @, 69 £0.01dB.
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Range Calibrator Actual Results

Setting Min Max
3 uW 3.13 pW —-— 3.18 uW
10 pW 9.90 pW — 18.10 pW
30 pW 31.3 W — 31.9 pW
100 W 9.0 W - 101.0 pW
300 pW 6.314 mW - 0.318 mW
1 mW 0.995 mW - 1.005 mW
3 mW 3.13 mW - 3.19 mW
16 mW 9.90 mW - 10.10 mW
30 mW 31.3 mW - 31.9 mW
100 mW 99.0 mW e 101.0 mW

Note i It is not necessary to check instrument accuracy in dBm. The
% power meter uses the same internal circuitry to measure power and
mathematically converts watts to dBm.

4.7
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4-10. Power
Reference Level
Test

Specification

Electrical Performance Limits Characteristics
Characteristics

Power reference 1.0 mW Internal 50 MHz
oscillator factory set to
+0.7% traceable to
National Bureau of
Standards.

Power reference +1.2% Worst case.

Accuracy +0.9% RSS for one year.

Description  The power reference oscillator output is factory adjusted to 1 mW
+0.7%. To achieve this accuracy, Hewlett-Packard employs a special
measurement system accurate to 0.5% (traceable to the National
Bureau of Standards) and altows for a transfer error of £0.2% in
making the adjustment. If an equivalent measurement system is
employed for verification, the power reference oscillator output can
be verified to 1 mW +1.9% (£1.2% accuracy plus £0.5% verification
system error plus +£0.2% transfer error=1.9% maximum error).

The power reference oscillator can be set to +0.7% using the same
equipment and following the adjustment procedure. To ensure
maximum accuracy in verifying the power reference oscillator output,
the following procedure provides step by step instructions for using
specified Hewlett-Packard test instruments of known capability. If
equivalent test instruments are used, signal acquisition criteria may
vary and reference should be made to the manufacturer’s guidelines for
operating the instruments.

Note i The power meter may be returned to the nearest Hewlett-Packard office
% to have the power reference oscillator checked and/or adjusted. Refer to

section 2, “Packaging”.

4-8
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R
HP 43BA
POWER METER METER

DIGITAL VOLTMETER

POWER REF
1.88 mW

58 MHz THERMISTOR
MOUNT

Figure 4-3. Power Reference Level Test Setup

Equipment Test Power Metar ... HP 432A
Thermistor Mount .............. ... ... HP 478A Option H75/H76
Digital Voltmeter (DVM) ... i HP 3456A

Procedure 1. Set the DVM to measure resistance. Connect the DVM between the
Vrf connector on the rear panel of the test power meter, and pin 1
on the thermistor mount end of the test power meter inferconnect
cable.

2. Round the DVM reading to two decimal places. Record this value
as the internal bridge resistance (R) of the fest power meter
(approximately 200 ohms).

R,

3. Connect the test power meter to the power meter as shown in
Figure 4-3.

4. Set the power meter LINE switch to ON and the OSC switch off
(LED off).

Note ] Wait thirty minutes for the test power meter thermistor mount to
% stabilize before proceeding to the next step.

3. Set the test power meter RANGE switch to Coarse Zero and
adjust the front panel Coarse Zero control to obtain a zero meter
indication.

6. Fine Zero the test power meter on the most sensitive range, then
set the test power meter RANGE switch to 1 mW.

Note i Ensure that DVM input leads are isolated from chassis ground when
ﬁ performing the next step.

7. Set the DVM to measure microvolts, Connect the positive and
Jnegative input leads, respectively, to the Vecomp and Vil connectors
on the rear panel of the test power meter.

4-9
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8. Observe the reading on the DVM. If less than 400 microvolts,
proceed to the next siep. If 400 microvolts or greater, press and
kold the test power meter Fine Zero switch and adjust the Coarse
Zero control so that the DVM indicates 200 microvolts or less.
Then release the I'ine Zero switch and proceed to the next step.

9. Round the DVM reading to the nearest microvolt. Record this
value as V0.

V0.

10. Set the power meter OSC switch to ON (LED on). Record the
reading observed on the DVM as V1.

Vi

11. Disconnect the DVM negative input lead from the Vrf connector
on the test power meter. Reconnect it to test power meter chassis
ground.

Observe the DVM reading. Record the reading as Vcomp.

V comp

12, Calculate the power reference oscillator output level (Prf) from the
following formula:
Prf= chomp(V1 - Vo) + V02 - Vlz
4R(CalibrationFactor)

Where:

Pri=power reference oscillator output level

Veomp=previously recorded value

V1=previously recorded value

V0=previously recorded value

R=previously recorded value

Calibration Factor=value for thermistor mount at 50 MHz
“{traceable to the National Bureau of Standards).

13. Verify that Prf is within the limits shown in the following table.
Record the reading.

Min Actual Max

0.981 mW 1.019 mW

4-10
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Table 4-1. Performance Test Record

Hewlett-Packard Company

Model HP 438A
Power Meter

Serial Number

"ested hy

Performance Tests

www.valuetronics.com

Paragraph Test Minimum Actual Maxinnim
Number Result Result Result
4-8. Zero Carryover
Power Meter Range
1 —0.06 pW — .06 pW
2 0.1 pW e 6.1 W
3 =0.001mW - . (.001 mW
4 —0.01 mW .01 mW
5 0.1 mW 3.1 mW
4-9. Instrument Accuracy
Watt Mode
3 pW 3.13 W — 3.19 pW
10 4 W 9.90 W — 10.10 pW
30 pW 31.3 pW S 31.9 pW
100 pW 99.0 pW - 1610 pW
300 oW 0.313 mW ¢.319 mW
1 mW 0.995 mW 1.005 mW
3 mwW 3.13 mW 3.19 mW
10 mW 3.90 mW ——— 10.10 mW
30 mW 31.3 mW 31.9 mW
100 mW 99.0 mW 101.0 mW
dBm Mode
20 dBm 19.96 dBm 20.04 dBm
~10 dBm -9.96 dBm —10.04 dBm
Rel Mode —0.61 dBm +0.01 dBm
4-10. Power Reference
Prf 981 mW e 1.019 mW
4-11



Adjustments

5-1. Introduction

5-2, Safety
Considerations

Warning g

5-3. Equipment
Required

5-4, Factory Selected
Components

www.valuetronics.com

This section contains adjustments and checks that ensure proper
performance of the power meter. Adjustments are not required on
any fixed periodic basis, and normally are performed only after a
performance test has indicated that some parameters are out of
specification. Performance tests should be completed after any repairs
that may have altered the characteristics of the instrument. The test
resuits will malke it possible to determine whether or not adjustments
are required. Allow 60 minutes for the power meter to warm up, and
then remove the top and bottom covers, also loosen the screws holding
the A3 CPU Assembly and A5 Main Amplifier Assembly for access to
the test and adjustment points.

To determine which performance tests and adjustments to perform after
a repair, refer to paragraph “5-6. Post-Repair Adjustments”.

This section contains a warning that must be followed for your
protection and to avoid damage to the equipment being used.

Adjustments described in this section are performed with power applied
to the instrument and with protective covers removed. Maintenance
should be performed only by trained personnel who are aware of the
hazards involved. When the maintenance procedure can be performed
without power, the power should be removed.

Most of the adjustment procedures include a list of recommended test
equipment, and the test equipment is also identified on the test setup
diagrams. If substitutions must be made, the equipment used must
meet the critical specification listed in Table 1-3 in section 1.

Factory sclected components are identified on the schematics and parts
lists by an asterisk(*} which follows the reference designator. The
nominal value of the selected component is shown. Table 5-1 lists the
reference designator, the service sheet where the component is shown,
the value range, and the basis for selecting a particular value.
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5.5. Interrelated The —15V adjustment on the A9 Regulator Assembly should be the
Adjustments  first item checked during any adjustment procedure. The —15V source
and the +15V source are such that they are equal but opposite in sign.
The +5V (D) digital is measured and adjusted second before the other
adjustment procedures are started,

Note ] Make adjustments only in the order specified.

v

5-6. Post-Repair  Table 5-2 lists the adjustments related to repairs or replacement of any
Adjustments of the assemblies.

Table 5-1, Factory Selected Components

Reference Service Range of Basis of Selection

Designator Sheet Values
G1lA1RZ i1 825¢) with | If the reference power is outside the range of 1.000 £0.0007 mW
GlAIVR2 511V between 0°C and 55°C, and if the G1AIR2, G1A2VR2 combination
combination Zener or is 8250 5.11 V then change the G1A1R2, GIAIVR2 combination to
{G2A1R2 14708 with | 14700 8.25 V. However, if the GIALIR2, GLAIVR2 combination is
G2A1VR2 825V already 14702 8.25 V, then a problem exists elsewhere.
Option 002) Zener

Table 5-2. Post-Repair Adjustments, Tests, and Checks

Assembly Repaired Related Adjustment or Reference
Performance Test Service
Sheet
Al Keyboard None 1
A2 Display None 5
A3 Central Processing Unit 5-7, 5-8, 5-9 1,2, 3,4
Ad Input Amplifier 5-7, 5-8, 5-10, 5-11 6
AS Main Amplifier 5-7, 5.8, 59 7,8
A8 Rectifier 4-10, 4-11, 4-12, 4-13, 5-7, 5-8 9
A9 Regulator 4.8, 4-9, 5-7, 5-8 g, 10
G1 50 MHz Reference Oscillator 5-7, 5-8, 5-12, 5-13 11

5.2
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Adjustments

5-7. £15 Volt Power
Supply Adjustment

Reference

Description

Equipment

Procedure

www.valuetronics.com

Service Sheet 10

The +15 volt supply is measured, then the —15 volt supply is measured
and adjusted so that the supplies are equal in amplitude but of opposite
sign.

HP 438A
POWER METER “15v ASTRB
::: el DIGITAL VOLTMETER
ST T
S 8558555 TLUL -
7
Figure 5-1. Power Supply Adjustments Setup
Digital Voltmeter (DVM) ... ... ... . HP 3456A

1. Remove the top and bottom covers of the power meter. Loosen the
screws that secure the A3 CPU Assembly. Turn the instrument ON
and allow for warm-up,

2. Connect the DVM between the +15V testpoint AOTPS8 and chassis
ground. Measure and record the vaiue of the +15 volts. The voltage
should be between 14.25 and 15.75 Vdc.

+15V

3. Connect the DVM between the ~15V testpoint A9TP7 and chassis
ground. Adjust —15V, A9R16, until the DVM reading is within 0.05
Vdc of the numerical value from step 2. Ignore the difference in sign
for this adjustment.

5-3
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HP 438A

5-8. +5 Volt Power

Supply Adjustment
Reference
Description
Equipment
Procedure
5.4

Service Sheet 9
The +5 volt supply is measured and adjusted.
Digital Voltmeter (DVM) ..ot HP 3456A

1. See Figure 5-1. Connect the DVM between the +5V testpoint
A9TP4 and ground. Adjust +5V, A9F3 until the DVM reads 5. 5%
+0.05 volts.

www.valuetronics.com



HP 438A

Adjustments

5-9. Analog to
Digital Converter
Slope Adjustment

Reference

Description

Equipment

Procedure

Note i

v

www.valuetronics.com

Service Sheet 8

The Analog to Digital Converter is adjusted for a central reading.

HP 4384
POWER METER

OIGITAL VOLTMETER

f Y oo Tom o Y T
DggDogg

ASTFZ B GND tt ABTPR +2.5V REF

Figure 5-2. Analog to Digital Converter Slope Adjustment Setup

Digital Voltmeter (DVM) ...t HP 3456A

1. Turn the power meter OFF. Place all 4 switches of A351 to the test
position. This would be positions where the switches are all opposite
to the normal operating position.

A3S1 can be loaded on the printed circuit board so that it has one of
the two orientations shown.

A 2 3 R |~ DEPRESSED=@
l o1 . l ca .
- DEPRESSED=1
NORMAL

& o OPERATION

8 4 2 1
MSE .88
|~ DEPRESSED=0D
| 4o]
|~ DEPRESSE{)=}
NORMAL
£a OPERATION
E
)
FRONT
PANEL

5-5
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HP 438A

. Turn the power meter ON. The instrument should now display

 ___ __.Connect the DVM between B-GND A5TP2 and
+2.5V REF A5TPS testpoints on A5. Read the DVM.

. Enter the reading to 5 digits (4 decimal places) into the power meter

by entering the numbers into the keyboard, then pressing (ENTER).

. Adjust the ADC SLOPE, A5R61, so that the display reading is

centered about zero. {The reading may be from +5.00 to —5.00, try
to get as close to zero as possible.)

. Turn the power meter OFF. Return A351 to its original position.
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Adjustments

5-10. 220 Hz
Frequency
Adjustment

Reference

Description

Equipment

Procedure

www.valuetronics.com

Service Sheet 6

The 220 Hz is adjusted for maximum power meter readout.

HP 43B8A
POWER METER

g Shror
2BEEE8,

Figure 5-3. 220 Hz Frequency Adjustment Setup

Range Calibrator ... ... ... . i i HP 11683A

. Turn both the power meter and the range calibrator ON. Set the

range calibrator controls as follows:

LN e ON
RANGE ... e 1 mW
FUNCTION ... i STANDBY
POLARITY ... NORMAL

. Connect the range calibrator output to channel A using the sensor

cable. Press on the power meter then press (ZERO), and

allow time {(approximately 15 to 17 seconds) for the power meter
zeroing process.

. Set the range calibrator function switch to calibrate.

. On the power meter press (CAL ADJ), (=), (z00), then (ENTER). This

procedure allows the power meter to calibrate using an external
reference, the range calibrator output.

. Adjust 220 Hz, A4R43, for the maximum front pane! reading.

5.7
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A O U
5-11. Ranges 4 and
5 Shaper
Adjustment,
Channel A and B
Reference  Service Sheet 6
Description  Ranges 4 and 5 Shaper circuits are adjusted for proper gain.
HE 4384
POWER METER
EC:] CALYBRATOR
EBBBBBT‘:’D“ I
G0 B @@
A 18 POWER
3 METER
Figure 5-4. Ranges 4 and 5 Shaper Adjustment Setup
Equipment Range Calibrator ... ... HP 11683A
Procedure 1. Connect range calibrator to channel A input connector.
2. Set the range calibrator controls as follows:
LINE o e ON
RANGE . e i e 1 mW
FUNCTION e STANDBY
POLARITY . i NORMAL
3. Turn the power meter ON. Press (PRESET). After zeroing the power

10.

5-8
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meter, set the range calibrator to calibrate, then press (CAL ADJ},
(=), (100}, and (EXTER) on the power meter.

. Set the range calibrator range to 10 mW,

. Adjust RNG 4, A4R26, until the power meter reads 18,988 £0.01
mw,

. Set the range calibrator range to 100 mW.

. Adjust RNG 5, A4R34, until the power meter reads 18,6 0.1
mw.

. Repeat steps 4 through 7 to check that interaction between steps
has not caused a shift in settings.

. Repeat the procedure for channel B of the power meter by making
connection to channel B from the range calibrator.

Repeat the above procedure, starting with step 3, except press
on the power meter. Adjust RNG 4 SHP, A4R27, and RNG 5 SHP,
A4R35, as in steps 5 and 7 above.
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Adjustments

5-12. Power
Reference Oscillator
Frequency
Adjustment

Note 1

v

Reference

Description

Equipment

Procedure

www.valuetronics.com

Adjustment of the Power Reference Oscillator frequency may also affect
the output level of the oscillator. Thus after the frequency is adjusted
50.0 0.5 MHz, the output level should be checked as described in
section 4. A procedure for adjusting the output to the specified level is
provided in the next paragraph.

Service Sheet 11

Variable inductor G1A1L1 is adjusted to set the power reference
oscillator cutput frequency to 50.0 :£:0.5 MHz,

HP 4384
POWER METER

FRECQUENCY COUNTER

PUWER REF
1.28 m¥ 58 MHz

Figure 5-5. Power Reference Oscillator Frequency Adjustment Setup

Frequency Counter .........coooiiiivinnnnne. HP 5328A Option 031

1. Connect the equipment as shown in Figure 5-5 and set up the
counter to measure frequency.

2. Set the power meter LINE switch to ON (in) and the POWER REF
0SC switch to off (LED off).

3. Set the power meter POWER REF OSC switch to on (LED on) and
observe the indication on the counter. If the counter display reads
=6, 8 £0.5 MHz, no adjustment of the power reference oscillator
frequency is necessary. If it is not within these limits, adjust the
power reference oscillator frequency as described in steps 4 and 5.

4, Remove the power meter top cover, and loosen the screws holding
the A3 CPU Assembly. Swing the assembly out. The screwdriver
adjustment is accessible through a hole in the deck.

5. Adjust G1A1L! to obtain a 35,82 £0.5 MHz indication on the |
counter.
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5-13. Power
Reference Oscillator
Level Adjustment

Reference

Description

Note

Equipment

Procedure

5-10

Service Sheet 11

The power reference oscillator is factory-adjusted to 1.0 mW £0.7%
using a special measurement system accurate to 0.5% (traceable to the
National Institute of Standards and Technology) and allowing for a
0.2% transfer error. To ensure maximum accuracy in readjusting the
power reference oscillator, the following procedure provides step-by-step
instructions for using specified Hewlett-Packard instruments of known
capability. If equivalent instruments are used, signal acquisition
criteria may vary and reference should be made to the manufacturer’s
guidelines for operating the equipment.

The power meter may be returned to the nearest HP office to have the
power reference oscillator checked and/or adjusted. Refer to section 2,
“Packaging™.

g

HP 4384

POWER _METER METER, oy
Veowe |
LSO DIGITAL VOLTMETER
3

POWER REF
1.0¢ mw

S8 MHz . THERMISTOR
MOUNT

Figure 5-6. Power Reference Oscillator Level Adjustment Setup

Test Power Meter ... i i i i HP 432A
Thermistor Mount...........oo it .. HP 478A-H75/H76
Digital Voltmeter (DVM) ..o e HFP 3456A

1. Set the DVM to measure resistance and connect the DVM between
the Vif connector on the rear panel of the test power meter and pin
1 on the thermistor mount end of the test power meter interconnect
cable.

2. Round the DVM reading to two decimal places. Record this value
as the internal bridge resistance (R) of the test power meter
{approximately 200 ohms).

R (Internal Bridge Resistance}

3. Connect the test power meter to the power meter as shown in
Figure 5-5.

www.valuetronics.com
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4. Set the power meter LINE switch to ON and the POWER REF
OSC switch to OFF. Wait thirty minutes for the test power meter
thermistor mount to stabilize before proceeding to the next step.

5. Set the test power meter range switch to coarse zero. Adjust the
front panel coarse zero control to obtain a zero meter indication.

6. Fine zero the test power meter on the most sensitive range, then set
the test power meter range switch to 1 mW.

Note

Ensure that the DVM input leads are isolated from chassis ground
% when performing the next step.

7. Set the DVM to measure microvolts, Connect the positive and
negative input leads, respectively, to the Vcomp and Vif connectors
on the rear panel of the test power meter.

8. Observe the reading on the DVM. If less than 400 microvolts,
proceed to the next step. If 400 microvolts or greater, press and
hold the test power meter fine zero switch and adjust the coarse
zero control so that the DVM reads 200 microvolts or less. Then
refease the fine zero switch and proceed to the next step,

9. Round the DVM reading to the nearest microvolt. Record this
value as V0.

Vo

10. Disconnect the DVM negative input lead from the Vrf connector on
the test power meter. Reconnect the lead to chassis ground.

11. Set the power meter POWER REF OSC to ON. Record the reading
observed on the DVM as Vcomp.

Veomp

12. Disconnect the DVM negative input lead from chassis ground.
Reconnect it to the Vrf connector on the rear panel of the test
power meter. The DVM is now set up to measure V1 which
represents the power reference oscillator output level.

13. Calculate the value of V1 equal to 1 mW from the following
equation:

www.valuetronics.com
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Vi — Vo = Veomp — vV (Voomp)? — (10-3)(4RYEFFECTIVE EFFICIENCY)

Where:

Vg = previously recorded value

Vooump = previously recorded value

1073 = 1 milliwatt

R = previously recorded value

EFFECTIVE EFFICIENCY = value for thermister mount at
50 MHz (traceable to the National Institute of Standards and
Technology).

14. Remove the power meter top cover and adjust the LEVEL
ADJUST potentiometer G1IAIR4 so that the DVM reads the
calculated value of V.

Typical Calulations

1. ACCURACY:
DVM Measurements: (Vcomp) =0.018%
(Vi — Vo) £0.023%
(R) 0.03%
Math Assumptions: +0.01%
EFFECTIVE EFFICIENCY CAL (NIST): +0.6%
MISMATCH UNCERTAINTY: £0.1%
(Source & Mount SWR <1.05) <0.7%
2. MATH ASSUMPTIONS:
Pap = Weomp(Vi-Va)4Va-VE
(AR (EFFECTIVE EFFICIENCY)
Assume:
Vo? — Vi? = (V1 — Vo) —(Vy — V)2 = ~V;? + 2V; — Vi
Want:
Vo2 — Vi

Therefore error:

=(V;? + 2ViVo — Vi) — (Vo2 — V1?)
= —2Vo? + 2V Vg = 2Vg(Vy — V)

If:

2Ve(Vy — Ve)<<2Veomp (V1 — Vo)
That is:

if Vo<<Vcomp, then the error is negligible.

5-12
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For example:
If Voomp ~ 4 volts and Vo <400 uV, then the error is <0.01%.
(typically Vo can be set to <50 pV).

3. Derivation of the formula for V4 — Vg
Veomp(Vi~Vo)+V2i-V7

Prp = (ARY(EFFECTIVE ET EF'F_EI_OIEN“_CY)

Desired Pprp = 1 mW = 10673 W

Therefore:
10-3 = Woonr(Vi—Ve)+VE-V2

- i4R}iEFFECTIVE EFFICIENCY)
Let

(4R)(EFFECTIVE EFFICIENCY)}(107%) = K
Substitute —(Vy ~ Vg)? for Vo2 ~ V42

(see Math Assumptions under Accuracy)

Then

0= (Vi = Vo)’ 2Veomp (Vi — Vo) + K

or

Vi—Vo=Voomp — /(Voomp): — K

5-13
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Replaceable Parts

6-1. Introduction This section contains information for ordering parts. Table 6-1 ists part
nambers for restored assemblies. Table 6-2 lists abbreviations used in
the parts list and throughout the manual. Table 6-3 lists all replaceable
parts in reference designator order. Table 6-4 contains the names and
addresses that correspond to the manufacturer’s code numbers.

6-2. Abbreviations  Table 6-2 lists abbreviations used in the parts list, schematics, and
throughout the manual. In some cases, two forms of the abbreviation
are used, one all in capital letters, and one partial or no capitals.

This occurs because the abbreviations in the parts list are always all
capitals. However, in the schematics and other parts of the manual,
other abbreviation forms are used with both lower case and upper case
letters.

6-3. Replaceable Parts  Table 6-3 is the list of replaceable parts and is organized as follows:
List

a. Flectrical assemblies and their components in alphanumeric order by
reference designation.

b. Chassis-mounted parts in alphanumeric order by reference
designation.

c. Mechanical parts.

The information given for each part consists of the following:
a. The Hewlett-Packard part number.

b. Part number check digit (CD).

c. ‘Total quantity (Qty) used in the instrument.

d. Part description.

e. Five-digit code that represents a typical manufacturer.

f. Manufacturers part number.

Note | The total quantity for each part is given only once, that is, at the first
% occurrence of the part number in the list. The total quantities for
optional assemblies are totalled by assembly and not integrated into the

standard list.

6-1
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6-4. Factory Selected Parts marked with an asterisk (*) are factory selected parts. The value
Parts (*) listed in the parts list js the nominal value. Refer to sections 5 and 6
of this manual for information on determiring what value to use for
repiacement.

6-5. Parts List  Parts marked with a dagger () are different in power meters with serial
Backdating (1) number prefixes lower than the one that this manual applies to directly.

6-6. Parts List Updating  Production changes to power meters made after the publication date of
(Change Sheet) this manual are accompanied by a change in the serial number prefix.
Changes to the parts list are recorded by serial number prefix on a
MANUAL CHANGES supplement. Also, parts list errors are noted in
the ERRATA portion of the MANUAL CHANGES supplement.

6-7. lllustrated Parts  Most mechanical parts are identified in Figure 6-1 through Figure 6-3.
Breakdown  These figures are located at the end of the replaceable parts table.

6-8. Ordering To order a part listed in the replaceable parts table, include the
information  Hewlett-Packard part number (with the check digit), and the quantity
required. Address the order to the nearest Hewlett-Packard office. The
check digit will ensure accurate and timely processing of your order.

To order a part that is not listed in the replaceable parts table, include
the instrument model number, instrument serial number, description
and function of the part, and the number of parts required. Address the
order to the nearest Hewlett-Packard office.

A Within the USA, it is better to order directly from the HP Parts
'# Center in Mountain View, California. Ask your nearest HP office for
information and forms for the “Direct Mail Order System”.

Note

§-2
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6-9. Recommended
Spares List

6-10. Restored
Assemblies

Replaceable Parts

Stocking spare parts for an instrument is often done to ensure quick
return to service after a malfunction occurs. Hewlett-Packard prepares
a “Recommended Spares” list for this instrument. The contents

of the list are based on faillure reports and repair data. Quantities
given are for one year of parts support. A complimentary copy of

the “Recommended Spares” list may be requested from your nearest
Hewlett-Packard office,

When stocking parts to support more than one Signal Generator or

to support a variety of Hewlett- Packard instruments, it may be more
economical to work from one consolidated list rather than simply
adding together stocking quantities from the individual instrument lists.
Hewlett-Packard will prepare consolidated “Recommended Spares” lists
for any number or combination of instruments. Contact your nearest
Hewlett-Packard office for details.

Table 6-1 lists assemblies within the instrument that may be replaced
on an exchange basis, thus affording a considerable cost saving.
Exchange, {actory-repaired and tested assemblies are available only on a
trade-in basis; therefore, the defective assemblies must be returned for
credit. For this reason, assemblies required for spare parts stock must
be ordered by the new assembly part number.

Table 6-1. Part Numbers for Restored Assemblies

Part Number!
Reference Description
Designation Restored Assembly New Assembly
A2 Central Processing Unit Assembly 00438-69103 00438-60103
Ab Main Amplifier Assemb}y 00438-69005 60438-60005

1 When ordering extra assemblies for spare parts stock, use new assembly part number only. Restored orders require return of the

defective part.

2 If you have a 00438-68003 or 00438-60003 you must order a 00438-80105 kit for replacement.
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HP 438A

Table 6-2. Reference Designations and Abbreviations (1 of 2)

A e assembly
AT ... ... attenuator; isolator;
termination

B ..o far; motor
BT ... battery
C o e e capacitor
CP o coupler
CR. . ... diode; diode thyristor;
varactor

PC L directional coupler
DL ... ..o defay line
DS . ... annunciater; signaling
device (audible or visual); lamp;
LED

A i ampere
B ... alternating current
ACCESS ... ... ..., accessory
ADY Lo adjustment
AlD oL analog-to.digital
AF ... . ... .. audio frequency
AFC . automatic freguency
conirol

AGC .. automatic gain conirol
AL oo afuminum
ALC .. automatic level consrol
AM . amplitude modulatier
AMPL . ... ... ...... amplifier
APC autematic phase control
ABSY . . asaemnbly
AUX ... aaxiliary
AVE it cr i average
AWG . American wire gauge
BAL ... balance
BCD . binary coded decimal
BD oo board
BE CU ..... beryilium cepper
BFO . beat frequency osciliator
BH ....... . ... binder head
BKDN ... ... .. breakdown
B . bandpass
BPF ... bandpass filter
BRS ... .o brass
BWOQO backward-wave oscillator
CAL .. ... i cafibrate
CCW oot vn s countercliockwise
CER ........... .. ceramic
CHAN ... ... ... channel
[ S centimeser
[#).%Co SN cabiret mount only
COAX ............... coaxial
COEF ............ coefficient
COM ... .. .. COTALNOR
COMP ... ........ composition
COMPL ........... complete
CONN .......... ., conpecior
TP cadmium plate
CRT ... ..., cathode-ray tube
CTY. complementary transistor
legic

CW ... ... continuous wave
EW il clockwise

REFERENCE DESIGNATIONS

E  miscellanecus ¢lectrical part

F oo fuse
FL ..o i filier
H. ... ... hardware
HY ... girculator
J ..., . ... electrical connector
(stationary portion}; jack

Ko relay
L., . coil; inductor
M. meter
MP . miscellaneous mechanical
part

P electrical connector (movable
portien); plug

Q... transisior; SCR; triode
thyristor
oo resistor
BT ... .......... thermistor
b J P switch
T ... ............ sransformer
T ... terminal board
TC ............ thermocouple
TP .o test point
U integrated circuit;
microcircuit

ABBREVIATIONS

CW ... .4 ... .. ..... CERliINELTE
DA Lo digitai-to-analog
4B ... decibet
dBm decibel referred to } mW
de ..o direct current
deg ...... degree (temperature

interval or difference)
. degree {plane angle)

o
4¢  degree Celsius (centigrade)

HET ..o heteradyne
HEX . hexagonal
HD ... . head
HDW ... .. ... ... hardware
HFE ... high frequency
HG oo o mercury
HI oo high
HE ... ... Hewlett-Packard
HPF . high-pass filter

OF ... degree Fahrenhelt HR .. hour (used in Parts List)
OK ............ degree Kelvin MV ............. high voliage
DEPC ...... deposited carbon Hz o oo Hertz
DET ... detector 1C ... ... ... integrated circuit
diam ... .o diameter ... .. ..., inside diameter
DIA .. diameter (used in Parts IF . .. . intermediate frequency
List) TMPG ... L impregnated
DIFF AMPL ...... differential ... inch
amplifier INCD ... ..., inncandescent
div ... division INCL ... include{s)
DPDT ... double-pole, INP . input
double-throw NS . insulation
DR ..o drive INT . . internal
Dse oL double sideband KE o kilogram
DL . dicde transistor logic Kz o e kilohertz
DVM . digital veltmeter ®EE o e kilohm
ECL . emitter coupled fogic kY ... ... ... .. kilovol
EMF ... .. electromotive force oo pound
EDP electronic data processing LG L ... induciance-capacitance
ELECT .......... electrolytic LED ..., light-emitting diode
ENCAP ... _..... encapsulated LF ... ...... .. lew frequency
BXT ... e external LG e long
B farad LH ... left hand
FET . feld-eflect transistor LIM oo Hreit
FIF ... flip-flop LiN linear taper (used in Parts
flat head List)
FILH ... fillister head PR oo linear
FM . ... frequency modulation LK WASH ... ... lack washer
FP ... ... ... front panel | 710 iow; local oscilfator
FREQ ..... ....... frequency LOG .. legarithmic taper {used
FXD ... fixed in Parts List)
B oo gram Jog e logrithm(ic)
GE .............. germanium LPEF ... ... low pass filter
GHz ..... gigaherty W low veltage
glass m . ......... metre {distance}
GRD ..o ground{ed) mA L. mitfarnpere
H oo e henry MAX ... .o maximanm
B hour MO megohm
NOTE

All abbreviations in the Parts List appear in uppercase.

Voo electron tube
VR ........ voltage regulator;
breakdown diode

W ... cable; transmission path;
wire

P socket
Y crystal unit (piezoelectric or
guartz}

% .. tuned cavity; tuned circuit

MEG meg (10%) (used in Parts

List}

MET FLM ........ metad film
MET OX ...... metallic oxide
MF ... ... medinm frequency;
microfarad {used in Parts List)
MPR . ... manufaciurer
ERE o milligram
MHz ............. megaheriz
. milltheary

. mho

minimum

ma ... minute (time}
.. % ... minuate {plane angle}
MINAT . rminiature
IR ..o millimetre
MOD ... modulator
MOM ... ... ... motnentary
MOS ... metal-oxide
semiconductor

Fi T millisecond
MG ... .......... mounting
MTR meter (indicating device}
mV o s millivelt
mvac ... ... millivolt, ac
wmVde ... millivolt, de
mVpk miliivoit, peak
mVp-p . millivoit, peak-to-peak
mVems ... .. millivolt, rms
mW L milliwats
MUX ... multiplex
MY ..o mylar
BA oo microampere
microfarad

microhenty

............ micromho
microsecond

................ microvolt
wvac .. ... microvelt, ac
wVde ... microvolt, de
uVpk ... microvoit, peak
uVp-p microvelt, peak-to-peak
u¥rms ... microvelt, rms
rW oL microwatt

6-4
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Replaceabie Parts

Table 6-2. Reference Designations and Abbreviations (2 of 2)

A L nanoampere
NC . .......... no connection
NfC . ....... nermally closed
.................... neon
..... negative

. ... nanofarad

NIPL ........... nickel plate
NG normally open
NOM ... ... ... .. nominal
NORM .............. rormal
NPN negative-positive-negative
NPO ....... negative-positive
28T0 . . ... .. {zero temperature
coefficient)

NRFR .. aot recommended {or
field repiacement

NSR .......... not separately
repiaceable

TS oo s nanosecond
nW o nanowatt
oBD . erder by description
L outside diameter
CH ... o aval head
SP AMPL ... ... operational
ampiifier

QP . option
OB5C . . escillater
OX o oxide
O it ounce
|7 2 ohm
P ... peak {used in Parts List}
PAM ........ puise-amplitude
modalation

PC ... printed circuit
PCM .. pulse.code modulation;
pulse-caunt modulation

PDM . pulse-duration
modalation

PF picofarad
PH BRZ . phosphor bronze
PHL ... ... ... ... Parillips
PIN ........ positive-intrinsic.
negative

ABBREVIATIONS {cont’d)

PIV ... .. peak inverss voltage
pk . peak
PL oo phase lock
PLO . phase lock oscillator
PM ... phase modulation

FNP positive-pegative-positive

........ rack and panel
teverse working voltage
... scattering paramaeter

.......... second (time)

. secend (plane angle)
....... slow-blow {fuse)

PjO . oo part of | (used in Parks List)
POLY ........... polystyrene SCR silicon controlied rectifier;
POGRC ... .. porcelain screw
PGS positive, position(s) {used SE .. seleniam
in Parts List) SECT ... sections
POSN . .......... ... position SEMICON ... .. semiconductor
| e bt S potentiomeier SHF . super-high frequency
PP oL peak-to.peak Sy silicen
PP peak-to-peak {used in Parts Si o sitver
Lisy) SL o slide
PPM ... .. ..... puls¢-position SNR .. ... signal-te-nolse ratio
moedulation SPRT ... .. single-pole,
PREAMPL ...... preamplifier double-throw
PRF pulse-repetition freguency SPG . e . spring
PRR . ... pulse repetition rate SR ..o split ring
P5 .. .......... ... picosecond SPST  single-pole, single-throw
PT .. point SSB ..., singie sideband
PTM .. pulse-time modulation S8T .. L stainiess steef
PWM . pulse-width modulation STL ... . o steet
PWYV . peak working vollage 5Q e . sQuare
RC . ... resistance-capacitance SWR ..... standing-wave ratio
RECT .............. rectifier SYNC .. ... ... synchronize
REF . .. ... ... reference T . . timed (slow-blow fuse)
REG ............ .. regulated TA .. tantalum
REPL N . replaceabie TC  ternperature compensating
RF .......... radio (requency TD . . time delay
RFI . radio frequency TERM ............. terminal
interference TET L. thin-filr trapsistor
BH ... round head; right hand TGL ... o toggle
RLC . reslstance-indurtance. THE ... .. .. thread
capacitance THRU ......... .. ... through
RMG . rack mount only T . . titanium
[3's T-I N root-mean-sguare TOL oo L tolerance
RND ...... . .. ... round TRIM . ... ... ... .. trimmer
RAM .. random-access memory TSTR ... ... ... transistor
ROM ...... read-only memory TTL transistor-transister logic
MULTIPLIERS
Abbreviation - Prefix Multiple
T tera 10%2
G giga 10°
M mega 168
k kilo 10°
da deka 10
d deci 101
¢ centd 107
m milli 10~
i wmicro 10—¢
n nano 0%
P pico 10712
f fernto 10718
a atto 1078

NOTE

All abbreviations in the Parts List appear in uppercase.

TV o tejevision
. television interference
. traveling wave tube
Ui micra (10™%)
{used in Parts List)

UF . microfarad (used in Parts
List)

. ultra-high frequency
. unregulated
......... volt
. voltampere
....... volts, ac
............... variable

VOO Lo voltage.controtied
oscillator

Vde ...l voits, d¢
VDOW ... .. velts, de, working
(used in Parts List)

V{F) .. . velts, filtered
VRO ... . variable.frequency
oscillator

VEF ..., very-high frequency
Vpk ool voits, peak
Vp-p .. ... voits, peak-to-peak
Vims oo volts, rms
VSWR. . voltage standing-wave
ratic

VTO voltage-tuned oscillator
VTVM vacuum-tube voltmeter
k70,9 RN volts, switched
W oo watt
W with
WIV .. working inverse voltage
WW ... wirgwound
WO o without
YIG .. ... yitriemeiron.garnet
% - .. characteristic impedance

www.valuetronics.com
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Table 6-3. Replaceable Parts

Reference HP CiQty Description Mir Manufacturer
Designation| Part No. D Code Part Number
Al 00438-60001 ;1] 1 [BD AY KEY 28480 | 00438-60001
A1} 1200-0507 {8| 1 |SOCKET-IC-DIP 16-CONT DIP-SLDR 02194 | ICN-163B-53-G30
AIMP1 5041-2839 |0} 1 |KEY A 28480 | 5041-2839
AIMP2 5041-2840 |31 1 [KEY B 28480 § 5041-2840
AIMP3 5041-2842 |53] 1 (KEY B/A 28480 { 5041-2842
A1MP4 5041.0309 |5} 1 JKEY 1/4 (BLANK) 28480 | 5041-0309
A1MPS3 5041-2841 141 t |KEY ZERO 28480 | 5041-2841
AIMPS 5041-2850 5| 1 |KEY CAL ADJ 28480 | 5041-2850
AIMPT 5041-2851 |6} 1 |KEY FACTOR 28480 | 5041-2851
A1MPS 5041.2854 {9] 1 [KEY OFFSET MNL 28480 | 5041-2854
AiIMP9 5041-2844 | 7| 1 |KEY STCRE 28480 15041-2844
A1MP10 5041-2849 |2 1 {KEY REL 28480 1 5041-2849
A1IMP11 5041-2848 i1} 1 JKEY DBM WATT 28480 | 5041-2848
A1MP12 5041-2886 {7 | 1 |KEY LCL 28480 | 5041-2886
AIMP13 3041-2838 {9 1 [KEY SHIFT 28480 [ 5041-2838
AIMP14 5041-0309 |3 1 [KEY 1/4 (BLANK} 28480 §{ 5641-0309
A1MP15 5041-2846 |9 | 1 |KEY AUTO RANGE 28480 { 5041-2846
A1MP16 5041-2852 |7: 1 |KEY RANGE 28480 | 5041-2852
AIMP17 5041-2847 (0] 1 |KEY FILTER 28480 | 5041-2847
AIMP18 5041-2853 | 8] 1 |{KEY MNL FILTER 28480 | 5041-2853
AIMP19 5041-2845 | 8] 1 |KEY RECALL 28480 | 5041-2845
AIMP20 5041.2855 10| 1 JKEY PRE SET 28480 | 50412855
AIMP2ZL 5041-2843 |6} 1 |KEY 08C 28480 | 5041-2843
Al181 5060-9436 7] 1 |SWITCH-PB SPET-NO MOM 04486 | 55609436
A1S52 5060-9436 17| 1 |{SWITCH-PB SPST-NG MOM 04486 | 55660-9436
A1S3 5060-9436 | 7] 1 !SWITCH-PB SPST-NO MOM 04486 | 5560-9436
Al154 5060-9436 | 7] t 1SWITCH-PB SPST-NO MOM 04486 ; 5560-9436
Al1S85 5060-9436 [ 71 1 |SWITCH-PB SPST-NO MOM 04486 | 5560-9436
Al188 5060-9436 | 7{ 1 |SWITCH-PB SPST-NO MGM 04486 | 5560-2436
A1S87 5060-9436 {7| 1 [SWITCH-PB SPST-NO MOM 04486 | 5560-9436
A1S8 5060-9436 [ 7| 1 [SWITCH-PB SPST-NO MOM 04486 | 5560-9436
A159 5060-9436 | 7| 1 {SWITCH-PB SPST-NO MOM 04486 | 5560-9436
A1810 5060-9436 (7} 1 |SWITCH-PB SPST-NO MOM 04486 | 5560-9436
A1S11 5060-9436 [ 7] 1 |SWITCH-PB SPST-NO MOM 04486 | 5560-9436
A1512 50609436 7| 1 [SWITCH-PB SPST-NO MOM 04486 | 5560-9436
A1813 5060-9436 |71 1 {SWITCH-PB SPST-NO MOM 04486 | 5560-0436
A1514 5060-9436 | 7] 1 |SWITCH-PB SPST-NO MOM 04486 | 5560-9436
Al515 5060-9436 |71 1 |SWITCH.PB SPST-NO MOM 04486 | 5560-9436
Al816 5060-9436 |7} 1 [SWITCH-PB $PST-NO MOM 04486 | 5560-9436
A1817 5060-9436 {7] 1 [SWITCH-PB SPST-NO MOM 04486 | 5560-8436

6-6
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Table 6-3. Replaceable Parts {continued)

Replaceable Parts

Reference HP ClQty Description Mir Manufacturer
Designation] Part No. | D Code Part Number
AlS18 5060-9438 | 7| 1 [SWITCH-PB SPST-NO MOM 04486 | 5560-9436
A1519 5080-9436 [ 7] 1 [SWITCH-PB SPST-NO MOM 04486 | 5560-9436
Al820 5060-9436 [ 7] 1 [SWITCH-PB SPS8T-NO MOM 04486 | 5560-9436
AlsS21 5060-9436 71 1 [SWITCH-PB SPST-NO MOM 04486 | 5560-9436
AlW4 00438-6003319{ 1 [CABLE AY KEY BD 28480 | 00438-606033
AZ 00438600021 2] 1 [BD AY DISPLAY 28480 | 00438-60002
A2DS1 1996-1076 [ 2] 1 [DISPLAY-SOL-STA RED 01542 | HDXSP-3533/HLMP-2620
A2D512 1990-0587 8| 1 [DISPLAY-NUM-S3EG 5-CHAR 11-H 01542 | 5082-7415
A2DS513 1996-0587 [ 8| 1 [DISPLAY-NUM-SEG 5-CHAR .11-H 01542 | 5082-7415
A2D516 19906-0665 (3| 1 [LED-LAMP LUM.INT=1MCD IF=30MA-MAX BVR=5V | 01542
A2l 1252-0242 18| 1 [CONN-POST TYPE .100-PIN.SPCG 34-CONT 04726 | 3431-6202
A2MP1 0380-0059 15} 4 [SPACER-RVT-ON .25-IN-LG .152-IN-ID 01461
A2MP2 00438-800061 8 | 1 LABEL-INFO 28480 | 00438-80G006
A2WS 00438-60031§ 7| 1 | CBL AY DISPLAY 28480  00438.60031
A2XA1 1200-1617 4| 1 |SOCKET.IC.DIP 14-CONT DIP DIP-SLDR 06665 { 1C5-314-HGT
A2XA2 1200-1617 {4 1 [SOCKET-IC-DIP 14-CONT DIP DIP-SLDR 06665 | ICS-314-HGT
A2XA3 1200-1817 |4 | 1 |SOCKET-IC-DIP 14-CONT DIP DIP-SLDR 06665 | ICS-314-HGT
A2X A4 1200-1617 4| 1 {SOCKET-IC-DIP 14-CONT DIF DIP-SLDR 06665 | ICS-314-HGT
A2XAS 1200-1617 14| 1 {SOCKET-IC-DIP 14-CONT DIP DIP-SLDR 06665 {1CS-314.HGT
A2XAS 1200-1617 {4 1 |SOCKET-IC-DIP 14-CONT DIP DIP-SLDR 06665 | 1C5-314-HGT
A2XAY 1200-1617 14| 1 (SOCKET-IC-DIP 14-CONT DIP DIP-SLDR 06665 | ICS-314-HGT
A2XAS 1200-1617 {4 1 jSOCKET-IC-DIF 14.CONT DIP DIP-SLDR 06665 ] 1CS-314-HGT
A2XA9 12001816 |3{ 1 |SOCKET-IC-DIP 16-CONT DIP DIP-SLDR 06665 | SEP-20363-01
AZXA10 1200-1616 |3 1 {SOCKET-IC-DIF 16-CONT DIP DIP-SLDR 06665 | SEP-20363-01
A2X A1l 1200-1616 13| 1 |SOCKET-IC-DIP 16-CONT DIP DIP-SLDR 06665 | SEP-20363-01
A2XA12 1200-1617 | 4 1 [SOCKET-1C-DIP 14.CONT DIP DIP-SLDR 06665 | 1C5-314-HGT
A2XA13 1200-1617 |4 | 1 [SOCKET-IC-DIP 14-CONT DiP BIP-SLDR 06665 | 1C8-314-HGT
AZXA14 1200-1616 |3 1 SOCKET-IC-DIP 16-CONT DIP DIP-SLDR 06665 | SEP-20363-01
A2XA1S 1200-1616 |3 1 {SOCKET-IC-DIP 16-CONT DIP DIP-SLDR 06665 | SEP-20363-01
A3 0043860103141 1 | MICROPROCR BD AY 28480 | 06438-60103
A3BT1 1420-0314 {21 1 [BATTERY 3V .16A-HR LITHIUM POLYCARBON 08709 | BR-2325
A3C1 0180-2815 |1 1t [CAP-FXD 100uF +-20% 10 V TA 04200 | 199D 1147
A3C2 0180-2620 |6} 1 JCAP-FXD 2.2aF +-10% 50 V TA 04200 | 189D1134
A3C3 0160-4554 {71 1 |CAP-FXD 0.01uF +-20% 506 V CER X7TR 02010 | SA105C103MAAH
A3C4 01604554 71 1 |CAP-FXD 0.01uF -20% 5¢ V CER X7R 02010 | SA105CH03MAAH
A3Cs 0180-1745 (41 1 |CAP-FXD 1.5uF +-18% 20 V TA 04200 | 130D155X9020A2-DYS
ABCGI 0160-4534 [ 7| 1 |CAP-FXD 0.01aF +-20% 56 V CER X7R 02010 | SA105C103MAAH
A3C7 0160-4554 | 7] 1 |CAP-FXD 0.01aF +.20% 50 V CER X7R 02010 | SA105C103MAAH
A3C8 0160-4554 | 7| 1 |CAP-FXD 0.01aF +-20% 5¢ V CER X7R 02010 | SA105C1O3MAAH
A3C9 0166-05T4 3| 1 |CAP.FXD 0.022uF 4+-20% 106V CER X7R 02010 ; SR201C223MAAH

0180-2617 |1 1 [CAP-FXD 6.8uF +-16% 35 V TA 042001 199D1131

A3C10
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Table 6-3. Replaceable Parts (continued)

Reference HP ClQty Deseription Mifr Manufacturer
Designation} Part No. |D Code Part Number
A3C11 0160-4554 1 7] 1 |CAP-FXD 0.01ul" +-20% 50 V CER X7TR 02010 | SA105C103MAAH
A3C12 0160-4554 17| 1 |CAP-FXD 0.01uF +-20% 50 V CER X7R 02010 | SA105C103MAAH
A3C13 0160-4554 171 1 [CAP-FXD 0.03uF +-20% 50 V CER X7R 02010 ; SA105C103MAAH
A3CH4 0160-4554 |71 1 PCAP-FXD 0.01uF +-20% 50 V CER X7R 02010 | SA105C103MAAH
A3C15 0160-3455 | 5| 1 |CAP-FXD 470pF +-10% 1 kV CER X5E 09538 | 838-546 X5E 471K
A3C16 0180-0374 (3| 1 |CAP-FXD 10uF +-16% 20V TA 04200 | 150D106X9020B2-DYS
A3CHT 0160-3874 12| 1 |CAP-FXD 10pF +-5% 200 V CER CoG 06352 | FD12C0G2D100D
A3CL8 0180-2620 |61 1 [CAP-FXD 2.2uF +-10% 50 V TA 04200 | 199D1134
A3C19 0160-4554 | 7| 1 |CAP-FXD 0.01uF +-20% 50 V CER X7R 02010 | SA105C103MAAH
A3C20 0160-4554 [7] 1 |CAP-FXD 0.00uF +-20% 50 V CER X7R 02016 | SA105C103MAAH
A3C21 0160-4554 17| 1 |CAP-FXD 0.01uF +-20% 50 V CER X7R 02010 | SA105C103MAAH
A3C22 0160-4554 | 7! 1 [CAP-FXD 0.01uF +-20% 30 V CER X7R 02010 | SA105C103MAAH
A3C23 0160-4554 | 7| 1 |CAP-FXD 0.01aF +-20% 50 V CER X7R 02010 | SA105C103MAAH
A3C24 01604554 [7| 1 |CAP-FXD 0.01uF +-20% 50 V CER X7R 02010 [ SA105C103MAAH
A3C25 0160-4554 17| 1 |CAP-FXD 0.01uF +-20% 50 V CER X7R 02010 | SA105C103MAAH
A3C26 0160-4554 |7} 1 |CAP-FXD 0.01uF +-20% 50 V CER X7R 02010 | SA105C103MAAH
A3C27 0160-4554 | 7] 1 ICAP-FXD 0.01aF +-20% 50 V CER X7R 02010 | SA105C103MAAH
A3C28 0180-4554 |71 1 |CAP-FXD 0.01uF +-20% 50V CER X7R 02010 | SA105C103MAAH
A3C29 0160-4554 17| 1 |CAP-FXD 0.01aF +-20% 50 V CER X7R 02010 | SA105C103MAAH
A3C30 0160-4554 | 7] 1 |CAP-FXD 0.01uF +-20% 50 V CER X7R 02010 | SA105C103MAAH
A3C31 0160-4554 | 7] 1 1CAP-FXD 0.01uF +-20% 50 V CER X7R 02010 | SA105C103MAAH
A3C32 0160-4554 [ 7] 1 |CAP-FXD 0.01aF +-20% 50 V CER X7R 42010 | SA105C103MAAH
A3C33 0160-4554 ! 7] 1t |CAP-FXD 0.01uF +-20% 50 V CER XTR 062010 | SA105C103MAAH
A3C34 0160-4554 {7} 1 |CAP-FXD 0.01uF +-20% 3¢ V CER XTR 02010 | SA105C163MAAH
A3035 0160-4554 |71 1 [CAP-FXD 0.81uF +-20% 50 V CER X7R 02010} SA105C103MAAH
A3C36 0160-4554 | 7| 1 |CAP-FXD 0.01uF +-20% 50 V CER X7R 02010 | SA105C103MAAH
A3C37 0160-4554 [7| 1 |CAP-FXD 0.01uF +-20% 50 V CER X7R 02018 | SA105C103MAAH
A3C38 0160-4554 |7} 1 |CAP-FXD 0.01uF 4-20% 56 V CER XTR 02010 | SA105C103MAAH
A3C39 0160-4554 |71 1 JCAP-FXD 0.01aF +-20% 30 V CER X7R 02010 | SA105C103MAAH
A3C40 0160-4554 | 7| 1 JCAP-FXD 0.01uF +-20% 50 V CER X7R 02010 FSA105CI03MAAH
A3C41 0160-4554¢ 17| 1 |CAP-FXD 0.01uF +-20% 50 V CER X7R 02010 | SA105C103MAAH
A3C42 0160-4554 |7} 1 |CAP-FXD 0.01uF +-20% 50 V CER X7R 02010 | SA105C103MAAH
A3C43 p160-4554 |71 1 [CAP-FXD 0.01aF +-20% 50 V CER X7R 02010 | SA105C103MAAH
A3044 0160-4554 [7| 1 |CAP-FXD 0.01uF +-20% 50 V CER X7R 02010 | SA105C103MAAH
A3CR1 1001-0376 6] 1 |DIODE-GEN PRP 35V 50MA DO-35 00046 | S303
A3CR2 1901-1085 |6 1 |DIODE-SCHOTTRY SM 51CG 02062 | 5382-2835
A3CR3 1901-053¢ | 3] 1 [DIODE.SCHOTTKY SM SIG 02062 | 50825510
A3CRs 1906-0275 |4| 1 |DIODE-ARRAY 04200 | TND908
A3CR7 1906-0275 4| 1 |DIODE-ARRAY 04200 | TND908
A3CRS 1906-0275 |4} 1 |DIODE-ARRAY 04206 | TNDS08
A3DS: 1690-0933 | 8] 1 jLED-LAMP ARRAY LUM-INT=500UCD 01542 | BLMP-6204
A3DS2 1990-0933 | 8| 1 |LED-LAMP ARRAY LUM-INT=500UCD 01542 | HLMP-6204
A3J1 1252-1276 0] 1 |CONN.POST TYPE .100-PIN-SPCG 24-CONT 01380 | 499345-5
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Table 6-3. Replaceable Parts (continued)

Repiaceable Parts

Reference H?P ClQty Description Mir Manufacturer
Designation] Part No. | D Code Part Number
A3J2 1252-3489 |1 | 1 JCONN-POST TYPE 100-PIN-SPCG 3.CONT 02946 | 87499-102
A3J3 1251-8106 |7 1 JCONN.POST TYPE .100-PIN-SPCG 20-CONT 04726 | 3592-6002
A3l4 1200-1205 6] 1 [SOCKET-IC-DIP 16-CONT DIP DIP-SLDR 01380 | 2-641610-2
A3l 1251-8601 7| 1 jCONN-POST TYPE .100.PIN-SPCG 34-CONT 04726 | 3594-6002
A3lJe 1251-8935 (0] 1 CONN-POST TYPE .1800-PIN-SPCG 2.CONT (02948 | 65806-077
A3MP1 1406.1210 |7 1 HOLDER-BAT 1.WD 10476 { BHO06
A3MP2 12609638 | 7| 1 {SOCKET-IC-DIP 14-CONT DIP RIP.SLDR 02414 | DILB14P-308T
A3MP3 1200-0654 7| 2 (SOCKET-IC-DIF 40-CONT DIP DIP-SLDR 02414 { DILB40P-308T
A3MP4 0340-0944 | 3 1 JINSULATOR-IC NYLON BLACK 03724 1 814-060
A3MPS5 1200-0567 [ 1] 3 [SOCKET-IC-DIP 28-CONT DIP DIP.SLDR 02414 § DILB28P-308T
A3MPS6 00438-200201 9 3 {HINGE RIVETED 28480 ] 00438-20028
A3MP7 0403-0179 [0 | 3 {BUMPER FOGT-ADM MTG 04726 18J 5012 BLK
A3MPS8 2190.0731 [9| 3 | WASHER-FL NM NGO, 4 115-IN-ID .26-IN-OD 02648
A3MP9 3050-0891 [ T| 3 | WASHER-FL MTLC 3.6 3.3-MM-ID 6.85-MM-0OD 06691
A3MP10 0515-0168 14| 3 [SCREW-MACHINE ASSEMBLY M3.5 X 0.6 saMM-LG 01125
A3MP11 0361-0009 5| 3 IRIVET-SEMITUB CVH .123DTA .188LG 02531 | R-4012
A30Q1 1853-0281 |9 1 I TRANSISTOR PNP 2N2907A S TO-18 PD=400MW Q2037 ] 2N2BOTA
A3Q2 1853-6281 |91 1 jJTRANSISTOR PNP 2N2007A ST TQ-18 PD=400MW 02037 | 2N2907A
A3Q3 18530281 |9 1 | TRANSISTOR PNP 2N2907A 5 T0-18 PD=400MW 02037 | 2N290OTA
A3Q4 1853-0281 |9 1 |{TRANSISTOR PNP 2N2907A ST T0-18 PD=400MW 02037 { 2N2907A
A3Q5 18530281 | 9 1 | TRANSISTOR PNP 2N2907A S TO-18 PD=400MW 02037 { 2N2907A
A3Q6 1853.0281 9] 1 JTRANSISTOR PNP 2N2807A SI TO-18 PD=400MW 02037 | 2N2907A
A3Q7 1853-0281 19} 1 |TRANSISTOR PNP 2N200TA SI TO-18 PD=400MW 02037 | 2N2907A
A3Q8 1853-0281 |9 1 |TRANSISTOR PNP 2N2907A 51 TO-18 PD=400MW 02037 { 2N29O7A
A3Qe 1853-0281 {9} 1 |TRANSISTOR PNP 2N2S07A SIT0-18 PD=400MW 02037 { ZN28OYA
A3Q10 18530281 {9} 1 |TRANSISTOR PNP 2N2907A S17TO0-18 PD=400MW 02037 | 2N296TA
A3Q11 i853-0281 191 1 |TRANSISTCR PNP 2N2907A SITO-18 PD=400MW 02037 | ZN290OTA
A3Q12 1853-0281 {92} 1 |TRANSISTCOR PNP 2N2907A SI TO-18 PD=400MW 02037 | 2N2907A
A3Q13 1853-0281 |97 1 |TRANSISTOR PNP 2N290TA SI TC-18 PD=400MW 02037 | 2N2SOTA
A3Q14 1853-0281 {9 1 |TRANSISTOR PNP 2N2907A SI TC-18 PD=400MW 02037 | 2N290TA
A3Q15 1853-0281 | @ 1 | TRANSISTOR PNP 2N2907A ST TC-18 PD=400MW 02037 | 2N290TA
A3Qils 1853-0281 {61 1 |TRANSISTOR PNP 2N2907A 51 TC-18 PD=400MW 02037 | 2N280TA
A3Q17 1853-0281 |9 1 | TRANSISTOR PNP 2N2907TA SI TG-18 PD=400MW 02037 | 2N260TA
A3Q18 1853-0281 (&1 1 | TRANSISTOR PNP 2N2907A SI TOC-18 PD=400MW (2037 | ZN2807A
A3Q19 1853-0281 |9 1 ' TRANSISTOR PNP 2N2907TA 81 TO-18 PD=400MW 02037 | 2N260TA
A3Q20 1854-0477 | 7 1 ' TRANSISTOR NIPN 2N2222A 51 TO-18 PDe=500MW 02037 | 2N2222A
A3R1 1810-028¢ |81 1 |NETWORK-RES 10-8IP 10.0K OHM X 9 05524 | MSP10ACL
A3R2 1810-0280 |8 1 I NETWORK-RES 10-51P 100K OHM X 9 05524 | MSP10AO1
A3R3 0698-7283 | 4 1 JRESISTOR 909K +-1% 05W TF TC=0-+-100 05524 | CMF-50-2
A3R4 0698-7T268 | 5 1 JRESISTOR 21.8K 4+-1% .05W TF TC=0+-100 05524 | OMF-50-2
A3RS 0698-7268 | 5 1 JRESISTOR 21.5K +-1% .05W TF TC=04-100 05524 | CMF-50-2
A3R6 0698.7212 19 1 |RESISTOR 100 +-1% .05W TF TC=04-100 05524 | CMF.50-2
A3R7 0698-7212 |9 1 |RESISTOR 100 +-1% 05W TF TC=04-100 05524 | CMF-50-2

www.valuetronics.com

6-8



Replaceable Parts HP 438A
Table 6-3. Replaceable Parts (continued)

Reference HP CiQty Description Mir Manufacturer
Designation]| Part No. 1D Code Part Number
A3RS 0698-7236 171 1 [RESISTOR 1K +-1% .05W TF TC=0+-100 05524 | CMF-50-2
A3Re 1810-028¢ |81 1 INETWORK-RES 10-81P 10.0K OHM X 9 05524 | MSP10AGL
A3RI10 0698-7268 |51 1 JRESISTOR 21.5K +-1% .05W TF TC=0+-100 05524 | CMF-50-2
A3R1t 0698-T268 | 5 1 |RESISTOR 21.5K +-1% .05W TF TC=04-100 05524 | CMF-.50-2
A3R12 0698-7268 §5 1 |RESISTOR 21.5K +-1% .03W TF TC=0+-100 05524 { CMF-50-2
A3R13 0698-7269 | 6] 1 |RESISTOR 23.7K +-1% .05W TF TC=0+-100 05524 | CMF-50-2
A3R14 0698-3460 |1 1 |RESISTOR 422K +1% .125W T¥ TC=0+-100 05524 | CCPF-85-1, T-1
A3R15 0698.7236 |7 1 {RESISTOR 1K 4-1% .058W TF TC=0+-100 05524 | CMF-50-2
A3R18 0698-7212 19 1 |RESISTOR 100 +-1% .05W TF TC=0+-100 05524 | CMF-50-2
A3R17 0698-7220 191 1 |RESISTOR 218 +-1% .068W TF TO=04-100 05524 | CMF-50-2
A3R18 0698-7220 9| 1 |RESISTOR 215 +-1% .08W TF TC=0+-100 05524 | CMF-50-2
A3R19 peoR-7220 19| 1 |RESISTOR 215 +-1% .068W TF TC=0+-100 05524 | CMF-50-2
A3R20 06987220 |9} 1 IRESISTOR 215 +-1% 05W TF TC=0+-100 05524 | CMF-50-2
A3R21 0698-7220 | 9! 1 IRESISTOR 215 +-1% .06W TF TC=0+-100 05524 | CMF-50-2
A3R22 0698-7220 [ 9] 1 |RESISTOR 215 +-1% .08W TF TC=0+-100 05524 | CMF-50.2
A3R23 0608-7253 {8 | 1 |RESISTOR 5.11K +-1% .05W TF TC=0+-100 05524 § CMF-50-2
A3R24 0757-0317 {71 1 |RESISTOR 1.33K +-1% .125W TF TC=0+-100 05524 { CCF-55-1, T1
A3R2Z5 0698-7260 {7} 1 IRESISTOR 10K +-1% .05W TTF TC=0+-100 05524 | CMF-50-2
A3Rz28 0698-7260 |71 1 JRESISTOR 10K +1% .05W TF TC=0+4-100 05524 | CMF-50-2
A3R2T 0698-7236 |71 1 |[RESISTOR 1K +-1% .05W TF TO=04-100 05524 | CMF-50-2
A3R28 0698-7220 {9 1 |RESISTOR 215 4+-1% .05W TF TC=0+4-100 05524 | CMF-50-2
A3R29 0698.7212 19| 1 |RESISTOR 100 +-1% .05W TF TC=0+-100 05524 i CMF-50-2
A3R30 1810-0273 | 9| 1 |NETWORK-RES 10-8IF 470.0 OHM X ¢ 05524 { MSP10A01
A3R31 1810-0265 t9! 1 INETWORK-RES 16-DIP 680.0 OHM X 8 03744 | 4116R-001-681
A3R32 1810-0265 9] 1 INETWORK-RES 16-DIP 680.0 OHM X 8 03744 | 4116R-001-681
A3R33 1810-0247 {71 1 |NETWORK-RES 16-DIP 220.6 OHM X 8 02483 | 761-3-R220
A3R34 0698-7232 |31 1 |RESISTOR 681 +-1% .08W TF TC=0+4-100 05524 | CMF-50-2
A3R35 1816-0247 |7} 1 [NETWORK-RES 16-DIP 2200 OHM X 8 02483 {761-3-R220
A3R36 1810-0247 |71 1 INETWORK-RES 16-DIP 220.0 OHM X 8 02483 | 761-3-R220
A3R37 0698.3430 157 1 |RESISTOR 21.5 4+-1% .125W TF TC=04-1G60 05524 | CCF-55-1, T-1
A3R38 0608-3430 15| 1 [RESISTOR 21.5 +-1% .125W TF TC=0+-100 05524  CCF-55-1, T-1
A3R39 1810-0411 | 7] 1 |NETWORK-RES 10-8IP 50.6 OHM X & (5524 { MSP10AO:
A3R40 0757-00984 | 4| 1 |[RESISTOR 10 +-1% 5W TF TC=0+-100 05524 { CMF-65-2
A3R41 0698-3430 |5 1 IRESISTOR 21.5 +-1% .125W TF TC=0+-100 05524 | CCF-55-1, T-1
A3R42 0608-3430 I5] 1 |RESISTOR 21.5 +1% .126W TF TC=0+-100 05524 | CCF-55-1, T-1
A3R43 0757-0984 ] 4| 1 [RESISTOR 10 +-1% .5W TF TC=0+-100 05524 | CMF-65-2
A3R44 0698-3430 |51 1 |RESISTOR 21.5 +-1% .126W TF TC=0+-100 05524 {CCF-55-1, T-1
A3R45 0698.3430 | 5| 1 |RESISTOR 21.5 4+-1% .128W TF TC=0+4-100 05524 { COF-55-1, T-1
A3R46 0698-3430 | 5| 1 (RESISTOR 21.5 +-1% .125W TF TC=0+.100 05524 | CCF-55-1, T-1
A3R47 0698.3430 15! 1 |RESISTOR 21.5 4+-1% .125W T TC=0+4-100 05524 | CCF-55-1, T-1
A3R48 0608-3430 {51 1 |RESISTOR 21.5 +-1% .125W TF TCw=0+-100 05524 | CCF-55-1, T-1
A3R49 1810-0273 (9| 1 |NETWORK-RES 10-5IP 470.0 OHM X 9 05524 | MSP10AOL
A3R30 0698-7220 {91 1 |RESISTOR 215 +-1% .05W TF TC=04--100 05524 CMF-50-2
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HP 438A Replaceable Parts

Table 6-3. Replaceable Parts {continued)

Reference HP CiQty Description Mir Manufacturer
Designation| Part No. |D Code Part Number
A3R51 06987220 | 9 1 {RESISTCR 215 +-1% .05W TF TC=0+4-100 05524 | CMFPF-50-2
A3R52 06987220 |9} 1 IRESISTOR 215 +-1% .05W TF TC=0+4-100 05524 | CMF-50-2
A351 3101-2172 |0} 1 {SWITCH-DIP RKR 4-SPDT 6.05A 30VDC 04990 | T65C045
A382 3101.2761 |3 1 ISWITCH-DIP SL 7-1A 0.1A 30VDC 04990 | 90B0OTS
A3TP1 0360-0535 [0} ¥ JCONNECTOR-SGL CONT TML-TS-PT 04055
A3TP2 0360-0535 [0 1 |CONNECTOR-SGL CONT TML-TS.PT 04055
A3TP3 0360-0535 10{ 1 |CONNECTOR-SGL CONT TML-TS-PT 04055
A3TP4 4360-0535 (0| 1 JCONNECTOR-SGL CONT TML-TS-PT 04055
A3TP5 0360-0535 10| 1 [CONNECTOR-SGL CONT TML-TS-PT 04055
A3TP6 0360-0535 |0} 1 |CONNECTOR-SGL CONT TML-TS-PT (4055
A3TP7 0360-0535 {0 1 |CONNECTOR-8GL CONT TML.TS-PT 04055
A3TP8 0360-0535 {0| 1 [CONNECTOR-SGL CONT TML-TS-PT 04055
A3TPY 0360-0535 | 0| 1 [CONNECTOR-SGL CONT TML-TS-PT 04055
A3TP10 0360-0335 [0 1 {CONNECTOR-3GL CONT TML-TS-PT 04055
A3TP11 0360-0535 01 1 }CONNECTOR-3GL CONT TML-TS-PT 04055
A3TP12 0360-0535 [ 0i t JCONNECTOR-8GL CONT TML-TS-PT 04055
A3U1L 1820-2075 (4] 1 |IC TRANSCEIVER TTL/LS BUS OCTL 01698 | SN741,5245N
A3U2 1820-2024 {3 | 1 |IC DRVR TTL/LS BUS OCTL 01698 | SN74L5244N
A3U3 1820-2024 |3 1 |ICDRVR TTL/LS BUS OCTL 01698 | SN741.8244N
A3U4 1820-1858 |9 1 |IC FF TTL/LS D-TYPE POS-EDGE-TRIG COM 01698 | SN74LS37TTN
A3Us 1820-1838 |9 1 [ICFF TTL/LS D-TYPE POS-EDGE-TRIG COM 01698 § SN74L5377N
A3Us 1820-1858 |9 | 1 {ICFF TTL/LS D-TYPE POS-EDGE-TRIG COM 01698 | SN74LS377N
A3U8 1820-207% |4 1 (IC TRANSCEIVER TTL/LS BUS CCTL 01668 { SN7T4EL8245N
A3U9 00438800364} 1 jPROM PROGRAMMED 28480 | 00438-806038
AzlU11 1820-2024 §3] 1 |IC DRVR TTL/LS BUS OCTL 01698 | SN741.5244N
A3UL3 18183183 |21 1 |IC 64K SRAM 150.-NS CMOS 06347 | HM6264ALP-15
A3UL4 1820-1212 19| 1 JICFF TTL/LS J-K NEG-EDGE-TRIG 01698 | SN7T4LE112AN
A3U15 1820-2024 |31 1 |IC DRVR TTL/LS BUS GCTL 01698 | SNT41.5244N
A3U18 1820-3513 | 7| 1 |IC-INTERFACE XCVR MISC/UNKNOWN 03406 | DST5161AN
A3U17 1820-3431 |8} 1 |IC-INTERFACE XCVR MISC/UNKNGWN 03406 | DS75160AN
A3U18 1820-2024 {3 1 {1C DRVR TTL/LS BUS CCTL 01698 ] SNT4L5244N
A3d19 1820-2624 191 1 | IC-MPU; CLK FREQ=2 MHZ, ENHANCED 8800 02037 | MC68BOSP
A3U20 1820-2705 (7] 1 |IC-8BIT/16-BIT SYSTEM TIMING CONTROLLER 03794 | AM9513APC
A3U21 18202083 {3 | 1 |IC-PERIPHERAL INTERFACE ADAPTER;CLK=2MHZ |02037 | MC68B21P
A3U22 1820-2083 13| 1 |IC-PERIPHERAL INTERFACE ADAPTER;CLK=2MHZ | 02037 | MC88B21P
AzUa3 1820-1427 {81} 1 {IC DCDR TTL/LS BIN 2.TO-4.LINE DUAL 01698 | SN74LS156N
A3U24 1820-0668 | 7| 1 {IC DRVR TTL BUS HEX 01698 { SN7407TN
A3Uz25 1820-0668 [ 7| 1 [IC DRVR TTL BUS HEX 01698 | SN7407TN
A3U26 1820:0668 [ 71 1 (1C DRVR TTL BUS HEX 01698 | SN7407TN
A3U27 18201218 i3} 1 {IC DCDR TTL/LS BIN 3-TO-8-LINE 3-INP 01698 | SN741.5138N
A3LI28 00438.8001317 1 1 |PAL PROGRAMMED 28480 | 00438-80013
A3ij29 1820-2548 | 7| 1 |IC-GPIB TALKER/LISTENER 03811 | P8261.A SELECTED
A3U30 1820-2024 (3} 1 |IC DRVR TTL/LS BUS OCTL 01698 | SN74L.5244N
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Replaceable Parls HP 438A
Table 6-3. Replaceable Parts (continued)

Reference HP CiQty Description Mir Manufacturer
Designation| Part No. |D Code Part Number
A3U3:1 1820-31729 (3] 1 |IC LCH TTL/LS ADDRESSABLE 8-BIT 02037 | SN7T4LS259N
A3U32 1820-1728 3] 1 [ICLCH TTL/LS ADDRESSABLE 8-BIT 02037 [ SNT4LS259N
A3U32 1820-1281 i2] 1 [IC DCDR TTL/LS BIN 2-TO-4.LINE DUAL 01698 | SN74LS139AN
A3U34 1820-3753 i3] 1 {IC FF CMOS D-TYPE POS-EDGE-TRIG 03406 | MM74C74N
A3U35 1826-0175 ]3| 1 [IC COMPARATOR GP DUAL 14 PIN DIP-P 03406 | ELM319N
A3U3s 18201197 | 9] 1 [IC GATE TTL/LS NAND QUAD 2-INP 01698 | SN74LSOON
A3U37 1820-1199 |1 1 JIC INV TTL/LS HEX 1-INF 01698 | SNT4LS04N
A3U38 1820-1212 |81 1 |IC FF TTL/LS }K NEG-EDGE-TRIG 01698 | SN7T4L5112AN
A3U39 1820-2075 (4| 1 }IC TRANSCEIVER TTL/LS BUS CCTL 01698 | SNT4L5245N
A3U40 1820-1838 [5| 1 |IC FF TTL/LS D-TYPE POS-EDGE-TRIG COM 01698 { SNT4LS377N
A3U41 1820-0668 {7] 1 |IC DRVR TTL BUS HEX 01698 | SNT40TN
A3U42 1820-0668 {7] @ [IC DRVR TTL BUS HEX 01698 | SNT407N
A3U43 1820-1851 [ 2| 1 }IC ENCDR TTL/LS PRIORITY 8- TQ-3-LINE (01698 | SNT4LS148N
A3U44 1820-2130 | 2| 1 {IC SWITCH CUR QUAD 16 PIN DIP-P 13307 | ULN-2074B
A3U45 1820-2130 {2i 1 |[IC SWITCH CUR QUAD 16 PIN DIP-P 13307 | ULN-2074B
A3U48 1820-2130 |21 1 |IC SWITCH CUR QUAD 16 PIN DIP-P 13307 | ULN-2074B
A3We 00438-60034 | O 1 CABLE AY MICRO 28480 § 00438-60034
A3Y1 1813-0130 [ 3] ¥ |CLOCK-OSCILLATOR-XTAL 16.0-MHZ 0.05% 01417 § H3-102-16.000MHZ
Ad 00438-60004]1 41 1 IBD AY AMPL INPUT 28484 | 00438-60004
A4 0180-2139 |2 1 CAP-FXD 10uF +-20% 60 V WT-SLG-TA-ELCTLT 04200 | 1090106X0060C2-DYP
A4C2 0180-213% |21 1 |CAP-FXD 10uF +-20% 60 V WT.SLG-TA-ELCTLT 04200 | 109D106X0060C2-DYP
A4C4 0160-4554 | 7 1 | CAP-FXD 0.01uF +-20% 50 V CER X7R 02010 { SAI05C1LO3MAAH
A4Cs 0160-4554 |71 1 |CAP-FXD 0.01uF +.20% 50 V CER X7R. 02010 I SA105C103MAAH
A4CT 0i80-2139 |2 1 |CAP-FXD 10uF +-20% 60 V WT.3LG-TA-ELCTLT ‘04200 { 108D106X0060C2-DYP
Ad4C8 0180-2139 12| 1 | CAP-FXD 10uF +-20% *;"5{3 ¥ WT-SLG-TA-ELCTLT 04200 | 108D 106X0060C2-DYP
A4C9 0180-2206 {4 1 CAP-FXD 60uF +-10% 6 V TA 04200 | 150D606X9006B2-DYS
A4C10 0180-2206 |4} 1 |CAP-FXD 60uF +-10% 6 V TA 04200 | 150D606X 50088 2-DYS
A4C11 0160-0160 | 3f 1 |CAP-FXD 8200pF +-10% 200 V POLYE-FL, 05176 | HEW238T
A4C12 0160-0160 |37 1 |CAP-FXD 8200pF +-10% 200 V POLYE-FL 05176 [HEW?238T
A4C13 O18G-0228 | 6 1 | CAP-FXD 22uF +-10% 15 V TA 04200 | 150D226X9015B2-DYS
A4C14 0180-0228 16! 1 [JCAP-FXD 22uF 4-10% 15 V TA 04200 §150D226X9015B2-DYS
A4C1s 0180.0228 {6 1 CAP-FXD 22uF +-10% 15 V TA 04200 {1500226X98015B2-DYS
A4C16 0180-0228 | 6 1 JCAP-FXD 22uF +-10% 15 V TA 04200 [ 150D226X9015B2-DYS
A4C1T 0180-0374 | 3 1 CAP-FXI} 10uF +-10% 20 V TA 04200 | 15002106X802082-DYS
A4C18 0180-0374 {3 1 {CAP-FXD 10uF +-10% 20V TA 64200 | 150D106X80208B2-DYS
Ag4C19 0180-0228 | 7] 1 |CAP-FXD 33uF +-18% 10V TA 04200 | 150D336X9010B2-DYS
A4C20 0160-3439 15| 1 |CAP.FXD 0.039uF +-5% 200 V POLYC-MET 05176 | HEW.249
A4C21 0160-343% 15| 1t [CAP-FXD 0.039uF +-5% 200 V POLYC-MET 05176 {HEW-249
A4C22 0160-4554 {71 1 [CAP.-FXD 0.01uF +-20% 506 V CER X7R 02010 {SA105C103MAAH
A4CR1 1901-0805 4] 1 {DIODE-SCHOTTKY SM 5IG 02062 | QSCH1186
A4CR2 1901-0898 (4} 1 |DIODR-SCHOTTKY SM SIG 02062 | QSCH1186
A4CR3 1901.0895 |41 1 |DIODE-SCHOTTKY SM SIG 02062 | Q8CH1186
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HP 438A

Table 6-3. Replaceable Parts (continued)

Replaceable Parts

Reference HP ClQty Deseription Mir Manufacturer
Designation! Part No. |D Code Part Number
A4CR4 1901-0895 [4] 1 |DIODE-SCHOTTKY SM SIG 02062 | QSCH1188
AdJ1 1252-3487 19| 1 |CONN-POST TYPE .180-PIN-3PCG 5.CONT 02946 | 87499-104
A4J2 1252-3489 i1 1 | CONN-POST TYPE 106-PIN-SPCG 3-CONT 02946 | 87499-102
Ad4J3 1252-3488 j0| 1 |CONN-POST TYPLE 100-PIN-SPCG 4-CONT 02946 | 87499-103
AdJ4 1252-3488 0| 1 (CONN-POST TYPE .106-PIN-SPCG 4-CONT 02946 | 87499-103
A4¥s 1252-3487 (91 1 jCONN-POST TYPE .100-PIN-SPCG 5-CONT 02946 | 87499-104
A4l6 1250-1255 (11 1 {CONNECTOR-RF 5SMB M PC 50.-OHM 05769 | 51-051-0000
A4J7 1252-3487 |91 1 jJCONN-POST TYPE .100-PIN-SPCG 5-CONT 02946 | 87499-104
AqJ8 1252-3488 (0§ 1 |CONN-POST TYPE .100-PIN-SFCG 4.CONT 02046 | 87499-103
A4J9 1252-3488 { 0] 1 [CONN-POST TYPE .100-PIN-SPCG 4-CONT 2946 | 87498-103
A4J10 1251-8248 |8 1 [CONN-POST TYPE .100-PIN.SPCG 26-CONT 04726 | 3593-6002
A4T11 1252-3487 (9| 1 [CONN-POST TYPE .100-PIN-S8PCG 5-CONT 02946 | 87459-104
Ad4J12 1251-0600 {0 | 1 |CONNECTOR-SGL CONT PIN 1.14-MM-BSC-SZ SQ 03418 | 16-06-0034
A4J13 12510600 |0 1 [CONNECTOR-SGL CONT PIN 1.14-MM-BSC-87 5Q 03418 | 16-06-0034
Ad4J14 1251-0600 [0 1 |CONNECTOR-SGL CONT PIN 1.14-MM-BSC-3Z 5Q 03418 { 16-06-0034
A4J15 12510600 [0] 1 [CONNEQOTOR-SGL CONT PIN 1.14.MM-BSC-5Z 5Q 03418 | 16-06-0034
A4l 0100-3922 4| 1 [INDUCTOR-FIXED Z > 1200 OHMS 120 TO 650 03259 114067
A4L2 §103-3922 (4| 1 HINDUCTOR-FIXED 2 > 1200 OHMS 120 TO 650 03259 | 14067
A4L3 9100-2247 14| 1 {INDUCTOR RF-CH-MLD 108NH +-10% 03273 | 10M100K
A4L4 9100-3922 (4 1 |INDUCTOR-FIXED Z > 1200 OHMS 120 TO 65¢ 03259 | 14067
A4Ls 9100-3922 |4 1 |INDUCTOR-FIXED Z > 1200 OHMS 120 TO 650 03259 | 14067
A4Q1 1854-0810 |2 1 [ TRANSISTOR NPN SI PD=625MW FT=200MHZ 02037
A4Q2 1854-0810 | 2] 1 |TRANSISTOR NPN 81 PD=625MW FT=200MHZ 02037
A4Q3 1854-0810 2| 1 |TRANSISTOR NPN SI PD=825MW FT=200MHZ 02037
AdQ4 1833.0458 3| 1 |TRANSISTOR PNP SI PD=625MW FT=200MHZ 02037
A4Q5 1853-0459 31 1 [TRANSISTOR PNP 8] PD=625MW FT=200MHZ 062037
A4R1 0811-1557 15 1 [RESISTOR 15 +-5% 3W PWI TC=0+-20 05524 | RS-2B
AdR2 0757-0346 12| 1 IRESISTOR 16 +-1% .125W TT TC=0+-100 058524 | COF-55-1, T1
A4R3 0757-0346 12| 1 (RESISTOR 106 +-1% .125W TF TCw=04--104 05524 | CCF-55-1, T-1
A4R4 06983447 |41 1 |RESISTOR 422 +-1% .125W TF TC=04-100 05524 | COF-55-1, T-1
A4RS 07570346 |21 1 |RESISTOR 10 4-1% .125W TF TC=0+4-100 05524 | CCF-55-1, T-1-
A4R6 0757-0346 | 2 1 |RESISTOR 10 +-1% .125W TF TC=0+-100 05524 | CCF-55-1, T-1
A4RY 0698-3447 | 4 1 JRESISTOR 422 +-1% .125W TF TC=0+-100 05524 | CCF-55-1, T-1
A4RB 0698-3450 {9 1 |RESISTOR 42.2K +-1% .125W TF TC=0+-100 05524 | CCF-55-1, T-1
A4R9 06983450 [9| 1 |RESISTOR 42.2K +-1% .125W TF TC=0+4-100 05524 | CCF-55-1, T-1
A4R10 0757-0465 | 6| 1 |RESISTOR 100K +-1% .125W TF TC=0+-100 05524 | CCF-55-1, T-1
A4R11 0757-0485 16| 1 |RESISTOR 100K +4-1% .125W TF TC=0+-100 05524 | COF-55-1, T-1
A4R12 0698-3156 ;2| 1 [{RESISTOR 14.7K +-1% .125W TF TC=0+4-100 05524 | CCF-55-1, T-1
A4R13 0698-3156 2| 1 [RESISTOR 14.7K +-1% .125W TF TC=0+-100 05524 | CC¥F-55-1, T-1
A4R14 0757-0459 18| 1 jRESISTOR 58.2K +-1% .125W TF TC=0+-100 05524 | CCF-55-1, T-1
A4R15 0757-0459 {8 | 1 |RESISTOR 58.2K +-1% .125W TF TC=06+-100 05524 | CCF-55-1, T-1
A4R16 06983159 |51 1 |RESISTOR 261K +-1% .125W TF TC=0+-100 05524 | CCF-55-1, T-1
A4R17 G698-3159 |5 1 |RESISTOR 26.1K +-1% .125W TF TC=0+4-100 05524 | COF-55-1, T+1
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Table 6-3. Replaceable Parts (continued)

Reference HP C|Qty Description Mifr Manufacturer
Designation] Part No. |D Code Part Number
A4R18 0698-3450 9| 1 [RESISTOR 42.2K +-1% .125W TF TC=0+-100 05524 | CCF-55-1, T-1
A4R19 06983450 [ 9 1 |RESISTOR 42.2I< +-1% .126W TF TC=04-100 05524 | CCF-55-1, T+1
A4R20 0757-0444 §1 1 |RESISTOR 121K +-1% .125W TF TC=0+-100 05524 | CCF-55-1, T-1
AdR21 07570442 |9 1 [RESISTOR 1K +-1% .125W TF TC=0+4-100 05524 | CCF-55-1, T-1
A4R22 0757-0444 |1 1 [RESISTOR 12.1K +-1% .125W TF TC=0+4-100 05524 { CCF-55-1, T-1
A4R23 0757-0442 | 9 1 (RESISTOR 10K +-1% .125W TF TC=0+-100 05524 | CCF-55-1, T-1
A4R24 0757-0463 1 4 1 JRESISTOR 825K +-1% .125W TF TC=0+4-100 05524 | CCF-55-1, T-1
A4R25 0757-0463 (4] 1 |RESISTOR 825K +-1% .125W TF TC=0+4-100 05524 | CCF-55-1, T-1
A4R26 2106-2655 (1| 1 |RESISTOR-TRMR 100K 10% TKF TOP-ADJ 1-TRN 04568 { 82PR100K
A4R27 2100-2655 [1| 1 |RESISTOR-TRMR 100K 16% TKF TOP-ADJ 1-TRN 04568 | 82PR100K
A4R28 0698-3451 {0} 1 |RESISTOR 133K +-1% .125W TF TC=0+-100 05524 | CCF-55-1, T-1
A4R29 06983451 101 1 |RESISTOR 133K +-1% .125W TF TC=0+-100 05524 } CCF.55-1, T-1
A4R30 0898-3160 181 1 [RESISTOR 3:1.6K +-1% .128W TF TC=0+-100 05524 | CCF-55-1, T-1
A4R31 0698.3160 | 8| 1 {RESISTOR 31.6K +-1% .125W TF TC=0+4-100 05524 { CCF-55-1, T-1
A4R32 0668-0083 | 8 1 {RESISTOR 1.96IK 4-1% .125W TF TC=0+4-1060 05524 { COP-55-1, T-1
A4R33 0688.0083 | 8] 1 |RESISTOR 1.98K +-1% .126W TF TC=0+-100 05524 | CCF-55-1, T-1
A4R34 2100-2655 |1 1 |RESISTOR-TRMR 100K 10% TKF TOP-ADJ 1. TRN 04568 | 82PR100K
A4R35 2100.2655 31 1 {RESISTOR-TRMR 100K 16% TIKF TOP-ADJ 1.TRN 04568 | 82PR100K
A4R38 0698.0084 {91 1 |RESISTOR 215K +-1% .125W TF TC=0+-100 05524 | CCF-55-1, T-1
A4R37 0808-0084 | 9] 1 (RESISTOR 2.15K +-1% .125W TF TC=0+-100 05524 | CCF-55-1, T-1
A4R38 0757-0465 (6| 1 (RESISTOR 100K +-1% .125W TF TC=0+-100 05524 | CCF-55-1, T-1
A4R39 0757-0485 | 6 1 {RESISTOR 100K +-1% .125W TF TC=0+-100 05524 | CCF-38-1, T-1
A4R40 0698-3154 0] 1 |RESISTOR 4.22K +-1% .125W TF TC=0+4-100 05524 | CCF-55-1, T-1
A4R41 0757-0200 |71 1 |RESISTOR 5.82K +-1% .125W TF TC=06+-100 05524 | CCF-85-1, T-1
A4dRA2 9757-0460 {1t} 1 |[RESISTOR 61.9K +-1% .125W TF TC=0+4-100 05524 | CCE-55-1, T-1
A4R43 21002030 |6] 1 [RESISTOR-TRMR 20K 10% TKF TOP-ADJ 1-TRN 04568 | 82PR20K
A4R44 G757-0460 |1 1 IRESISTOR 61.9K +-1% .125W TF TC=0+-100 05524 {CCF-55-1, T-1
A4R45 0698-3154 |0 1 {RESISTOR 4.22K +-1% .125W TF TC=0+-100 05524 | CCF-55-1, T-1
A4R46 0757-0200 | 7 t |RESISTOR 5.62K +-1% .125W TF TC=0+-100 05524 | CCF-55-1, T-1
A4R47 0757-0279 0] 1 |RESISTOR 3.16K +-1% .125W TF TC=G+-100 05524 | CCF.55-1, T-1
A4R48 0757.0280 13| 1 |RESISTOR 1K +-1% .125W TF TC=04-100 05524 | CCF-55-1, T-1
A4RA49 0757-0422 151 1 |RESISTOR 909 +-1% .125W TF TC=04-100 05524 | COF-55-1, T-1
A4R50 0698-3446 |31 1 |RESISTOR 383 +-1% .125W TT TC=0+-160 05524 | CCF-55-1, T-1
A4RSEL 0600-2624 [¢] 1 IRESISTOR 2.61K +-0.1% .3125W TF TC=0+4-25 05524 | CMF-55-1
A4R52 0699-2623 | 8| 1 |RESISTOR 2.58K +-0.1% .125W TF TC=0+4-25 05524 | CMF-55-1
A4R53 0698-3441 | 8 1 |RESISTOR 215 +-1% .125W TF TC=0+-100 05524 | CCF-55-1, T-1
A4dR54 0698-3441 8] 1 |RESISTGR 215 +-1% .125W TF TC=0+4-100 05524 { CCF-583-1, T-1
A4RS55 0698-3441 [ 8 1 |RESISTOR 215 +-1% .125W TF TC=0+-100 05524 | CCF-55.1, Tv1
A4R56 0698-3441 | 8 1 |RESISTOR 215 -+1% .126W TF TC=0+-100 05524 | CCF-55-1, T-1
A4TP1 0360-0535 (01 1 |CONNECTOR-SGL CONT TML-TS-PT 04055
A4TP2 0360-0535 | 0| 1 iCONNECTOR-SGL CONT TMIL-TS-PT 04055
A4TP3 0360-06535 {0 1 JCONNECTOR-SGL CONT TML-TS-PT 04085
A4TP4 0360-0535 0| 1 |CONNECTOR-SGL CONT TML-T5-PT 84055
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Table 8-3. Replaceable Parts (continued)

Replaceable Parts

Reference HP ClQty Description Mir Manufacturer
Designation] Part No. ID Caode Part Number
A4TPs 0360-0535 10| 1 |CONNECTOR-SGL CONT TML-TS-PT 04055
A4TPs 0360-0535 [0 1 |CONNECTOR-SGL CONT TML-TS-PT 04055
A4TP7 0360-0535 [0} 1 |CONNECTOR-SGL CONT TML-TS-PT 04055
A4TPS8 0360-0535 10} 1 |CONNECTOR-SGL CONT TML-TS-PT 04055
A4TPY 0360-0535 0] 1 | CONNECTOR-SGL CONT TML-TS-PT 04055
A4TPLIO 0360-0335 {0 CONNECTOR-SGL CONT TML-TS-PT 04055
A4l 1826-0547 {31 1 |IC OP AMP LOW-BIAS-H-IMPD DUAL 8 PIN 01698 | TLO72ACP
A4U2 1826-1016 {6 1 |ANALOG SWITCII 4 SPST 16 -CERDIP 02883 | DG201ABK
A4UJ3 1826-0547 {31 1 {IC OP AMP LOW-BIAS-H.IMPD DUAL 8 PIN 01698 | TLO72ZACP
A4U4 1826-1019 | 6 1 ANALOG SWITCH 4 SPST 16 -CERDIP 02883 | DG201ABK
Aqls 1826-0600 [9] 1 }IC OP AMP LOW-BIAS-H-IMPD QUAD 14 PIN 01698 | TLOT4ACN
A4VR1 1902-3002 |3 1 [DIODE-ZNR 2.37V 5% DO-7 PD= AW TC=-.074% 02037
A4VR2 1902-3002 |3 1 [DIODE-ZNR 2.37V 5% DO.7 Plim 4W TC=-.074% 02037
A4VR3 1902-3002 | 3] 1 IDIODE-ZNR 2.37V 3% DO-7 PD=4W TC=-.074% 02037
A4VR4 1802-3002 |31 1t {DIODE-ZNR 2.37V 5% DO.7 PD= AW TC=-.074% 02037
A4WEL 8159-06005 {0 1 (RESISTOR O CWM 01339 | L-2007-1
A4W2 81580005 |6} 1 |RESISTOR o0 CWM 01339 { [-2007-1
A4W3 B159-0005 |0 * JRESISTOR 0 CWM 081339 | L-2007-1
AdW4 8159-0005 G| 1 {RESISTOR 6 CWM 01339 [ L-2007-1
A4Ws 8159-0005 |G| 1 [RESISTOR ¢ CWM {01339 | L-2007-1
AdWe 8159.0005 [0 1 |RESISTOR 0 OWM 01339 | L-2007-1
A4W9 8159.0005 (G| 1 [RESISTOR 0 CWM 01339 | L-2007-1
A4W10 8159-0005 (6| 1 [RESISTOR 0 CWM 01339 | L-2007-1
A4W11 8158.0005 (0| 1 |RESISTOR 0 CWM 01339 | 1-2007-1
AdW1z2 81580005 {0} 1 (RESISTOR 0 CWM 01339 1 L-2007-1
A4W13 00438-600401 8 1 |CABLE AY AMP SIG 28480 1 00438-60040
A5 00438-600051 51 1 |BD AY MAIN AMPL 28480 ] 60438-60005
A5C1 0180-0291 |13 1 [CAP-FXD 1uF +-10% 35 V TA 04200 | 150D105X9035A2-DYS
A5C2 0180-0291 {3 1 [CAP.-FXD 1uF +-10% 35 V TA 04200 | 150D105X9035A.2-DYS
ASC3 0180-0197 | 8 1 CAP-FXD 2.2uF +-10% 20 V TA 04200 | 150D225X9020A2-DYS
ABC4 0160-4554 | 7| 1 [ CAP-FXD ¢.01uF +-20% 50 V CER X7R 02010} SA105C103MAAH
AsCS 0160-6294 8| 1 (CAP-FXD 1000pF +-5% 50 V CER CoG 06352 | DA13COG1H102J
A5C6 0160-4554 |7 1t {CAP-FXD 0.01uF 4-20% 56 V CER X7R 02010 | 5A105CI03MAAH
A3CE 0160-0127 (2| 1 |CAP-FXD 1u¥ +.20% 50 V CER Z5U 02010 | SR835E105MAAH
A5C9 0160-2290 14| 1 JCAP-FXD 0.15uF 4-10% 80 V POLYE-FL 05176 | HEW-238T
A5C10 0160-3336 |1 1 JCAP-FXD 100pF +-10% 30 V CER XTR 02010 | SATO2A101KAAH
A5C11 0160-3336 [1]| 1 |[CAP-FXD 100pF +-186% 50 V CER X7R 02010 [ SAI02A101KAAR
AsCi1z2 0i60-3338 [1| 1 |CAP-FXD 100pF 4-10% 50 V CER X7R 02010 | SA102A101KAAH
AsC13 0180-0197 8| 1 |CAP-FXD 2.2uF +-10% 20 V TA 04200 | 150D225X9G20A2-DYS
A5C14 0180-0197 (8| 1 {CAP-FXD 2.2uF 4+-10% 20V TA 04200 | 150D2258X9020A2-DYS
A5C1Ss 0180-0197 |81 1 |CAP-FXD 2.2uF +-10% 20 V TA 04200 { 150D225X9020A2-DYS
A5C16 0180-0197 {81 1 [CAP-FXD 2.20F +10% 20V TA 04200 {150D225X9020A2.-DYS
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Table 6-3. Replaceable Parts {continued)

Reference HP ClQty Description Mir Manufacturer
Designation|{ Part No., |D Code Part Number
A5C17 0160-2199 | 2 1 [ CAP-FXD 30pF +-5% 300 V MICA 02387 | CD15ED300J03
A5C18 0160-2199 {2 1 {CAP-FXD 30pF 4+-5% 300 V MICA 62367 | CD15ED300J03
ABCLH 01603762 | 7] 1 |CAP-FXD 0.68aF +-53% 50 V POLYC-MET 05176 | HEW-249
A5C20 0160-3702 1 5] 1 |CAP-FXD 0.027u0F +-5% 50 V POLYC-MET 05176 | HEW-249
A5C21 0160-3402 ¢ 2 1 |CAP-FXD tuF +-5% 50 V POLYC-MET 05176 | HEW.249
A5C22 0160-3661 |51 1 |CAP-FXD 0.1uF «+-5% 50 V FPOLYC-MET 05176  HEW-249
A3C23 0180-0373 | 2 1 |CAP-FXD 6.68ulF +-106% 35 V TA 04200 1 15000684X9035A2-DYS
ABC24 0180-0373 [ 27 1 [CAP-FXD 0.68uF 4-10% 35 V TA 04200 1150D684X8033A2-DYS
ABC25 0160-4557 |G| 1 |CAP-FXD 01uF +-20% 50 V CER X7R 02010 | SA305C104MAAH
A5(26 01860-3402 | 2 1 iCAP.FXD 1uF +-5% 50 V POLYC.-MET 05176 | HEW-249
ASC2T 0160-3439 [ 5] 1 JCAP-FXD 0.039uF +-5% 200 V POLYC-MET 05176 | HEW.249
A5C28 0160-3661 | 5| t |CAP-FXD 0.1uF +-3% 50 V POLYC-MET 05176 | HEW-249
ABC28 0160-0160 131 1 |CAP-FXD 8200pF +-10% 200 V POLYE-FL 05176 | HEW238T
ABC30 0160-4325 {0 1 |CAP-FXD 0.33uF 4-5% 50 V POLYC-MET 05176 { HEW.249
ABC31 0160-0161 |47 1 |CAP-FXD 6.01uF +-10% 200 V POLYE-FL 05176 | HEW238T
A5C32 0160-0168 |1 1 [CAP-FXD 6.1uF 4-10% 200 V POLYE-FL 05176 | HEW238T
A5C33 0160-0185 |61 1 [CAP-FXD 3300pF +-18% 200 V POLYE-FL 05176 |HEW2387
A5C34 0160-2291 |51 1 JCAP-FXD 0.18uF +-10% 80 V POLYE-FL 05176 | HEW-238T
A5C35 0160-7136 | 7] 1 1CAP-FXD 0.1uF 4+-1% 100 V POLYP-FL 05176 | HEW860
ABC36 0160-2199 | 2| 1 |CAP-FXD 30pF +-5% 300 V MICA 02367 | CD13ED300]03
ASCR1 1901-06050 |31 1 {DIODE-SWITCHING 80V 200MA 2NS DC-35 (3406
ABJ1 12518935 (0! 1 |CONN-POST TYPE .100.PIN-SPCG 2-CONT (02946 | 65806-077
A5J2 1251-8106 | 7] 1 [CONN-POST TYPE .100-PIN-SPCG 20-CONT 04726 { 3592-6002
A5J3 1251-8248 8| 1 |CONN-POST TYPE .100-PIN-SPCG 26-CONT 04726 {3593-6002
AbBJ4 1250-1377 18! 1 JCONNECTOR-RF SMB M PC 50-OHM 02788 | 5164-5003-09
ASL1 9140-0210 |1 i |INDUCTOR RF-CH-MLD 160UH +-5% 05826 | 1537-76
ASMP1 0361-0009 |5} 2 |RIVET-SEMITUB OVH .123DIA .188LG 02531 | R-4012
ABMP2 00438.20026 | 91 2 |HINGE RIVETED 28480 | 00438-20029
AsQ1 1853-0459 |31 1 [ TRANSISTOR PNP 8] PD=0625MW FT=200MHZ 02037
ABQ2 1853-0459 [3| 1 {TRANSISTOR PNP 5] PD=625MW FT=200MHZ 02037
A5Q3 1855-0420 (2! 1 |{TRANSISTOR J-FET 2N4391 N-CHAN D-MODE 02883 | 2N4391
A5Q4 1853-04598 13] 1 |TRANSISTOR PNP 81 PD=@g25MW FT=200MHZ 02087
ABQS 18540810 {2] 1 |'TRANSISTOR NPN 8! PD=625MW FT=200MHZ 062037
A5Q8 1853-0459 |31 1 [TRANSISTOR PNP S PD=625MW FT=200MHZ 42037
AsQT 1854-0810 | 2 1 | TRANSISTOR NPN §1 PD=625MW FT=200MHZ 02037
ASQS8 1855.0414 | 4] 1 {TRANSISTOR J-FET 2N4383 N-CHAN D-MODE 02883 1 2N4393
ABQ9 1853-0314 9] 1 I'TRANSISTOR PNP 2N2805A S1 TO-39 PD=600MW 02037 1 2N29805A
A5R1 1810-0280 {8{ 1 |NETWORK-RES 10-SIP 16.0IX OHM X & 05524 { MSP10AO
ASRZ 0757-0279 {0 1 |RESISTOR 3.16K +-1% .125W TT TC=0+-100 05524 [ CCF-55-1, T-1
ABR3 1810-0280 | 8] 1 |NETWORK-RES 10-5iP 10.0K OHM X 9 05524 | MSP10AQ1
A5R4 0699-0842 19! 1 |RESISTOR 6.16K +-0.1% .125W TF TC=0+-25 01074 | H8
ABRS 0698-3444 | 1 1 RESISTOR 316 +-1% .125W TF TC=0+-100 05524 | CCF-55-1, T-1
ASR6 0757-0274 |51 1 {RESISTOR 1.21K +-1% .125W TF TC=04-100 05524 | CCF-55-1, T-1
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Table 6-3. Replaceable Parts (continued)

Reference HP C{Qty Description Mifr Manufacturer
Designation] Part No. |D Code Part Number
ABRY 0757-0439 | 4 1 RESISTOR 681K +-1% .125W TF TC=0-+-160 05524 1 CCF.55-1, 1.1
A5RS 0698-3441 |8 | 1 JRESISTOR 215 +-1% .125W TF TC=0+-3100 05524 | CCP-55-1, T-1
A5R9 Q757-0123 | 3 1 RESISTOR 34.8K 4-1% .125W TF TC=0+-180 05524 | COF-55-1, T-1
A5R10 Q757-0279 0] 1 JRESISTOR 3.16K +-1% .125W TF TC=0+-100 05524 | CCF-55-1, T-1
AS5R11 0698-8638 | 5 1 {RESISTOR 3.16K +-0.1% .125W TF TC=04--25 05524 | CMF-55.1
ABR12 0698-8638 {5 1 |RESISTOR 3.16K +-0.1% .128W TF TC=0+4-25 05524 | CMF-55-1
A5R13 0699-0842 19 1 |RESISTOR 6.19K +-0.1% .125W TF TC=0+4-25 01674 | H8
AS5R14 0757-0420 |3 1 [RESISTOR 750 4-1% .125W TF TC=0+-100 05524 | CCF-55-1, T-1
A5R15 0699-0148 | 8 1 {RESISTOR 318K +.0.1% .1W TF TC=04-15 05524 | PTF-56-7
ABRI6 0757-0200¢ | 5 1 |RESISTOR 8.19K +-1% .125W TF TC=0+-100 05524 | CCF-55-1, T-1
ABRLIT 06990924 |81 1 |RESISTOR 11K +4-0.1% .125W TF TC=0+-25 01074 | H8
A35R18 0757-0280 | 3] 1 |RESISTOR 1K +1% .125W TF TC=0+-180 05524 | CCF-55-1, T-1
A5R19 0757-0465 | 6| 1 |RESISTOR 100K +-1% .125W TF TC=0+4-100 053524 | CCF-55-1, T-1
A5R26 0757-0442 9 1 RESISTOR 10K +-1% .125W TF TC=0+-100 05524 | COF-55-1, T-1
AS5R21 0757.0465 | 8 t [RESISTOR 100K +-1% .125W TF TC=0+4-100 05524 { CCF-55-1, T-1
A5R22 07570442 |91 1 [RESISTOR 10K +-1% .125W TF TC=0+-100 05524 | COF-55-1, T-1
A5R23 0811-3351 |11 1 IRESISTOR 11K +-0.625% .05W PN TC=04-10 03123 140
ASR24 0811-3348 |6 1 {RESISTOR 111.11 +4-0.0258% .05W PN 93123 § 140
ABR25 a757-0465 16 1 |RESISTOR 100K +-1% .125W TF TC=0+-100 05524 § CC¥-55-1, T-1
AS5R26 0757.0442 9 1 {RESISTOR 10¥ 4+-1% .125W TF TC=04-100 05524 | CCF-55.1, T-1
ABR27 0757-0442 {9 1 |RESISTOR 10K +-1% .125W TF TC=0+4-100 05524 { CCP-55-1, T-1
ABR28 G688-3156 12 1 RESISTOR 14.7K +-1% .125W TF TC=0+-100 05524 | COF-55-1, T-1
ABR28 0698-3156 |2 1 RESISTOR 14.7K +-1% .125W TF TC=0-+-100 05524 | CCF-55-1, T-1
ASR30 0698-3156 |2 3 RESISTOR 14.7K +-1% .125W TF TC=0+-100 05524 | CCF-85-1, -1
ABR31 (6983156 | 2 1 [|RESISTOR 1471 4+1% 125W TF TC=0+-100 05524 | CCF-55-1, I-1
ASR32 0698-3158 |41 1 [|RESISTOR 23.7K +-1% .125W TF TC=0+-100 05524 | CCF-55-1, T-1
AS5R33 06983158 |41 1 IRESISTOR 23.7K +-1% .125W TF TC=0+-100 05524 | CCF-55-1, T-1
AS5R34 0688-3158 4] 1 (RESISTOR 23.7K +-1% .125W TF TC=0+-100 05524 | CCF.55.1, T-1
A5R35 0698-3158 14| 1 |RESISTOR 23.7K +-1% .125W TF TC=0+-108 05524 ; CCF-55-1, T-1
A5R36 0698-3442 (9] 1 RESISTOR 237 4+-1% .125W TF TC=0+-100 05524 § CCF-55-1, T-1
ASR3Y 06083441 {8 1 JRESISTOR 215 +-1% .125W TF TC=0+-100 05524 | CCF-55-1, T-1
ABR38 0757-0442 (9] 1 [RESISTOR 10K +-1% .125W TF TC=0+-10¢ 45524 { CCF-55-1, T-1
A5R39 0698-3441 | 8 1 |RESISTOR 215 +-1% .125W TF TC=0+-100 05524 { CCEF-55-1, T-1
A5R40 0757-1094 19| 1 [RESISTOR 147K +-1% .125W TF TC=0+-100 05524 [ CCF-55-1, T-1
ABR41 0757-0461 | 2 1 RESISTOR 68.1K +-1% .125W TF TC=0+-100 05524 | CCF-55.1, T-1
A5R42 0757-0485 {6} 1 |RESISTOR 100K +-1% .125W TF TC=0+-100 03524 | CCF-55-1, T-1
ASR43 07570463 {4 ¢ |RESISTOR 82.51€ +-1% .125W TF TC=(4-100 05524 | CCF-55.1, T-1
A5H44 0698-3453 | 2] 1t |RESISTOR 196K +4-1% .125W TF TC=0+-100 05524 | CCF-55-1, T-1
A5R45 0757-0470 |31 1 [RESISTOR 162K +-1% .125W TF TCw=6+4-100 05524 | CCF-55-1, T-1
A5R46 Q757-0288 |1 1 |RESISTOR 9.09K +-1% .128W TF TC=0+-100 05524 [ CCF-55-1, T-1
A5R4T 0698-3157 [3] 1 JRESISTOR 198K +-1% .125W TF TC=0+4-100 03524 | CCF-55-1, T-1
ABRA48 0658.3161 | 9 1 RESISTOR 383K +-1% .125W TF TC=0+-100 08524 | COP.55.1, T-1
A5R49 0757-0462 13| 1 [RESISTOR 75K +-1% .125W TF TC=04-108 05524 | CCF-55-1, T-1
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Table 6-3. Replaceable Parts {continued)

Reference HP CiQty Description Mir Manufacturer
Designation} Part No. |D Code Part Number
A5R50 0757-0444 |1 1 [RESISTOR 12.1K +-1% .125W TI" TC=0+-100 05524 | CCPF-55-1, T-1
ABRS51 0698-3162 |0} 1 (RESISTOR 46.4K +-1% .125W TF TC=0+-100 05524 { CCP-55-1, T-1
ABRB2 §757-0280 |31 1 JRESISTOR 1K +-1% .125W TF TC=0+-100 05524 | CCF-55-1, T-1
AB5RB3 0811-3350 0] 1 [RESISTOR 10K 4+-0.025% .63W PN TC=0+4-18 03123 | 140
ASR54 0811-3348 71 1 |RESISTOR 1K #4-0.025% .08W PN TC=04-10 03123 140
ASRE5 0811-3348 i6| 1 [RESISTOR 111.11 +-0.025% .05W PN (3123|140
A5R56 0698-3455 14| 1 [RESISTOR 261K +-1% .125W TF TC=0+-100 05524 | CCF-55-1, T-1
ABRST 0757-0274 |5 1 |RESISTOR 1.21K +-1% .125W TF TC=0+4-100 05524 | CCF-55-1, T-1
AS5RS58 0757-0442 | 9] 1 |RESISTOR 10K +-1% .125W TF TC=0+-100 05524 | CCF-55-1, T-1
A5R59 0698-6360 [ 6| 1 [RESISTOR 10K +-0.1% .125W TF TC=0+-25 05524 | CMF.55-1, T-9
A5REB0 0757-0199 (3| 1 [RESISTOR 21.5K +-1% .125W TF TC=0+-100 05524 { COF-55-1, T-1
AsRe1 2100-8109 |2} 1 IRESISTOR-TRMR 2K 10% TKF SIDE-ADJ 17-TRN 04568 1 89PR2K
ASRe62 0757-0440 |7} 1 IRESISTOR 7.5K +-1% .125W TF TC=0+-100 05524 { COF-55-1, T-1
ASRE3 0757-0123 13! 1 RESISTOR 34.8K +-1% .125W TF TC=0+-100 05524 | CCPF-55-1, T-1
A5H64 0699-0148 |8 1 |RESISTOR 31.6K +-0.1% .1W TF TC=0+-15 05524 | PTF-56-7
ABRE5 0699-1172 ;10| 1 |RESISTOR 200K +-0.1% .1W T TC=+450+-5 02499 | MTR5-+50PPM/DEG

C-200K-0.1%

A5Ré66 0698-3160 {8] 1 [RESISTOR 31.8K +-1% .125W TF TC=0+-100 05524 | CCF-55-1, T-1
ABR8T 0698-3136 {8 1 |RESISTOR 17.8K +-1% 126W TF TC=04-100 05524  CCF-55-1, T-1
A5R68 0698-3450 {9 1 |[RESISTOR 42.2K +-1% .125W TF TC=0+4-100 05524 | CCF-55-1, T-1
A5SR6Y g757-0278 19 I RESISTOR 1.78K +-1% .125W TF TC=0-4-10) 05524 § CCF-55-1, T-1
ABRTO 0757-0280 |31 1 JRESISTOR 1K 4-1% .128W TF TC=0+-100 05524 | CCF.55-1, T-1
ABRTI 0699-0148 18| 1 JRESISTOR 216K +4-01% .1W TF TC=04-15 05524 { PTF.56-7
ASRT2 0698-3156 |2| 1 |RESISTOR 14.7K +-1% .1258W TF TC=0+-100 05524 | CCF-55-1, T-1
ABR73 0757-0465 [ 6] 1 |RESISTOR 100K +4-1% .128W TF TC=0+4-100 05524 | CCF-55-1, T-1
ASR74 0698-3449 16| 1 [RESISTOR 28.7K +-1% .125W TF TC=0+-100 05524 | CCF-55-1, B-1
ABRTS O757-0465 {6} 1 [RESISTOR 100K +-1% .125W TF TCO=0+-100 05524 | COF-55-1, T-1
ASRT6 0757-0441 {81 1 iRESISTOR 8.25K +-1% .125W TF TC=0+-100 05524 { CCF-55.1, T-1
ASRTY 0698-3150 [6; 1 |RESISTOR 2.37K +-1% .125W TF TCO=0+4-100 05524 § CCF-55-1, T-1
ASR79 0757-0419 10| 1 |RESISTOR 681 +-1% .125W TF TC=0+-100 05524 { CCF-55-1, T-1
ABRB0 0757-G280 13| 1 |RESISTOR 1K 4-1% .125W TF TC=04-160 05524 | COF-55-1, T-1
AB5R81 0757-0465 6| 1 [RESISTOR 100K +-1% .125W TF TC=0+4-100 45524 | CCF-55-1, T-1
A5R82 0757-0280 (3] 1 |RESISTOR 1K +-1% .125W TF TC=0+4-100 05524 | CCF-55-1, T-1
ASRS83 0757-0442 [ 9] 1 |RESISTOR 10K +-1% .125W TF TC=04-100 05524 | CCF-55-1, T-1
A5R84 0698-3156 | 2| 1 [RESISTOR 14.7K +-1% .125W TF TC=0+-100 05524 | CCF-55.1, T-1
A5TP1 0360-0535 |01 1 {CONNECTOR-5GL CONT TML-TS-PT 04055

A5TP2 0360-0535 [0] 1 {CONNECTOR-S3GL CONT TML-TS-PT 04055

ASTP3 0360-0535 0] 1 |CONNECTOR-3GL CONT TML-TS-PT 04055

ASTP4 0360-0535 10| 1 |CONNECTOR-SGL CONT TML-TS-PT 04055

ASTPS 0360-0535 {0 1 |CONNECTOR-SGL CONT TML-TS.PT 04055

A5TPE 0360-0535 {0 1 |CONNECTOR-SGL CONT TML-TS-PT 04055

ASTPT 0360-0535 |0 1 |CONNECTOR-5GL CONT TML-TS-PT 04055

As5TP8 0360-0535 [0| 1 JCONNECTOR-SGL CONT TML-TS-PT 04055

A5TP9 0360-0535 {0 1 JCONNECTOR-SGL CONT TML-TS-PT 04055
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Table 6-3. Replaceable Parts (continued)

Replaceable Parts

Reference HP ClQty Description Mir Manufacturer
Designation| Part No. |D Code Part Number
ASTP1C 0360-0535 {0 1 |CONNECTOR-SGL CONT TML-TS-PT 04055
A5STP11 0360-0535 |CGi 1 [CONNECTOR-SGL CONT TML-TS-PT 04055
A5TP12 (4360-0535 |01 1 [CONNECTOR-SGL CONT TML-TS-PT 04055
A5TP13 0360-0535 [0} 1 1 CONNECTOR-SGL CONT TML-TS-PT 04055
A5TP14 03680-0535 [0} 1 {CONNECTOR-SGL CONT TML-TS-PT 04055
A5TP15 0360-0535 0] 1 {CONNECTOR-SGL CONT TML-TS-PT 04055
A5TP16 0360-0535 10| 1 |CONNECTOR-SGL CONT TML-TS-PT 04055
A5TPLT 0363-0535 0| 1 {CONNECTOR-SGL CONT TML-TS-PT 04055
ASTP18 0360-0535 |0 1 |CONNECTOR-SGL CONT TML-TS-PT 04055
A5TP19 0360-0835 0| t | CONNECTOR-SGL CONT TML-TS-PT 04055
ABTP20 0360-0535 |0] t |CONNECTOR.SGL CONT TMi~TS-PT 04055
AsUL 1826.1460 (1} 1 11COP AMP GP 8 PIN DIP-P 04078 | LM201AN
AsU2 1826-0471 (2] 1 |IC OP AMP LOW-DRIFT 8 PIN TO-99 02186 | OP-07CJ3 SELECTED
AsU3 1826-0921 | 7] 1 |{D/A 10-BIT 16-CBRZ CMOS 03285 | AD7533CD
AsU4 1820-1997 {7 1 |ICFF TTL/LS D-TYPE POS-EDGE-TRIG PRL-IN 03406 | DM74L.S374N
ABUS 1820-1934 |2 1 [D/A 8BIT 16-CERDIP BPLR 02180 § DAC-08EQ
A5US 1820-1997 |7 1 [ICFF TTL/LS D-TYPE POS-EDGE-TRIG PRE-IN 03406 | DM74LS374N
AsUT 1826-0008 [ 97 1 {IC COMPARATOR PRCN 8 PIN TO-99 03406 | LM211H
A5US8 1826-0026 [ 3| 1 jIC COMPARATOR PRCN 8 PIN TO-99 03406 } LM311H
AsUD 1826-0471 2| 1 |IC OGP AMP LOW.DRIFT 8 PIN T0-99 02180 | OP-07CJ SELECTED
AsULG 1820-1934 {2 1 D/A 8-BIT 16-CERDIP BPLR (02180 { DAC-0BEQ
AsU11 1820-1997 | 7 ¥ OHIC PR ETL/LS DYTYPE POS-EDGE-TRIG PRL-IN 03408 i DM74L.8374N
AsU1L2 1826-0644 || 1 [IC V RGLTR-V-REF-FXD 2.5V 8-DIP-C PRG 82037
AsU13 18201199 {1 | 1 |ICINV TTL/LS HEX 1-INP 01698 | SNT4L504N
A5U14 1820-1997 |7t 1 |ICFF TTL/LS D-TYPE POS-EDGE-TRIG PRL-IN 03406 | DM74LS374N
A5UL5 1820-1216 |3 1 [IC DCDR TTL/‘LS BIN 3-7T0-8-LINE 3-INP 01698 | SNT4L.5138N
AsU1e 1820-1997 7] 1 [ICFF TTL/LS D-TYPE POS-EDGE-TRIG PRL-IN 03406 | DM74L.8374N
ABULY 1826-0574 16| 1 11C OP AMP LOW-DRIFT 8 PIN TO-99 03406 | OPOTDJ
AsUns 1820-2024 {3 | 1 JIC DRVR TTL/LS BUS OCTL 01698 [ SN74LS244N
A3U19 1826.1021 |0 1 JANALOG MULTIPLEXER CHNL 16 -DIP-P 02883 | DG50BACT
AsU20 1826-1018 (8 1 |ANALOG SWITCH 4 SPST 16 -CERDIP 02883 | DG201ABK
ABU21 1826-1016 (6] 1 [ANALOG SWITCH 4 SPST 16 -CERDIP 02883 i DG201ABK
A5U22 1826-1019 (6] 1 [ANALOG SWITCH 4 SPST 15 -CERDIP 02883 | DG201ABK
AsUz23 1826-06800 [ 9] 1 |ICOP AMP LOW-BIAS-H.IMPD QUAD 14 PIN 01698 | TLOT4ACN
AsU24 18260600 [ 9| 1 JIC OP AMP LOW-RIAS-H-IMPD QUAD 14 PIN 01698 | TLOT4ACN
AsU2s 1826-1019 |6 1 |ANALOG SWITCH 4 SPST 16 -CERDIP 02883 | DG201ABK
AsU26 1826-1460 [ 1} 1 |IC OP AMP GP 8 PIN DIP.P 04078 | LM201AN
ABU27 1826-1460 |1 1 IC OP AMP GP 8 PIN DIP-P 04078 | LM201AN
A5U28 1826-0471 j2| 1 }IC OP AMP LOW-DRIFT 8 PIN TC-99 02180 | OP-07CJ SELECTED
AS5VRI1 19G2-0680 {7 1 {DIODE-ZNR 1N827 6.2V 5% DO-7 PD= 4W 02037 | 1N82T
ABVR2 1802-0947 19 1 |DICDE-ZNR 3.8V 5% DO-35 PD=.4W TC0=-.036% 02037
ASVR3 1902-0680 | 7 1 | DIODE-ZNR IN827 6.2V 5% DO-7T PD=4W 02037 § INS27
A5W11 00438-80035| 1 1 CBL AY ANALG INP 28480 1 00438-80035
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Table 6-3. Replaceable Parts {continued)

Reference HP ClQty Description Mir Manufacturer
Designation] Part No. {D Code Part Number
A8 00438-60008 { 81 1 |BD AY RECTIFIER 284801 00438-60008
ABC1 0160-4554 | 7| 1 [CAP-FXD 0.01uF 4+-20% 50 V CER X7R 02010 { SA105C103MAAH
ABC? 0160-4554 { 7] 1 |CAP-FXD ¢.01uF +-20% 50 V CER X7R 02018 {SAI05C103MAAH
ABCS 0180-0291 {3] 1 |CAP-FXD 1uF +-10% 35 V TA 04200 | 150D105X9035A2-DYS
A8CR1 1901-0028 |5{ 1 |DIODE-PWR RECT 400V 750MA DO-29 02664 | SS5117
ABCR2 198031-6028 |5 1 {DIODE-PWR RECT 400V 750MA DO-29 02664 1855117
ABCR3 1906-0231 [2| 1 {DIODE-CT-RECT 200V 15A 12928 {R712
A8SMP1 0515-1087 8| 1 |SCREW-MACH M3 X 05 1MMM-LG PAN-HD 0171%

ASMP2 0515-1087 8| 1 [SCREW-MACH M3 X 0.5 IMM-LG PAN-HD 01711
(| ASMP3 0515-1087 (&} 1 [SCREW-MACH M3 X 0.5 1dMM-LG PAN-HD 01711
ASMP4 0515-1087 j&| 1 |SCREW-MACH M3 X 0.5 14MM-LG PAN-ED 01711
ABMP3 0515-1087 18| 1 |SCREW-MACH M3 X 0.5 14MM-LG PAN-HD 81711
ASMP6 0515-1087 {81 1 [SCREW-MACH M3 X 0.5 14MM-LG PAN-HED 01711
ASMP7 0596-1076 §3] 1 | THREADED INSERT-NUT M3 X 0.5 1.5-MM-LG 93981 | KFS2-M3
ASMPS a590-1076 13| 1 [THREADED INSERT-NUT M3 X 0.5 1.5-MM-LG 03981 | KFS2-M3
ASMP9 0590-1076 i3] 1 [ THREADED INSERT-NUT M3 X 0.5 1.5-MM-L.G 03981 | KFS2-M3
AsMP10 0590-1076 13| 1 [THREADED INSERT-NUT M3 X 0.5 1.5-MM-LG 63081 | KFS2-M3
AsSMP11 0590-1076 {3| 1 [ THREADED INSERT-NUT M3 X 0.5 1.5-MM-LG 03081 | KFS2-M3
AsSMP12 0590-1076 {3] 1 I'THREADED INSERT-NUT M3 X 0.5 1.5-MM-L.G 03981 | KFS2-M23
A8MP13 1200-0081 14| t INSULATOR-T'LG-BSHG NYLON 03380 {974 307
- | ASMP14 1200-0081 |4 | ¥ JINSULATOR-FLG-BSHG NYLGN (3380} 974 307
ABMP15 1200-0081 {4} ¥ JINSULATOR-FLG-BSHG NYLON 03380 {974 307
ABMP16 1200-0081 |4} 1 |INSULATOR-FLG-BSHG NYLON 03380 1974 307
ASMP17 1200-0081 {4} 1 |INSULATOR-FLG-BSHG NYLON 03380 | 974 307
ABMP18 1200-0081 |41 1 |[INSULATOR-FLG-BSHG NYLON 03380 | 974 307
ASMP19 1251-2313 {6] 1 |CONNECTOR-SGL CONT SK'T .04-IN-BSC-SZ RND (01380 | 3-332070-5
A8BMP20 12512313 |6] 1 |CONNECTOR-SGL CONT SKT .04-IN-BSC-5Z RND 01380 | 3-332070-5
AsMP21 1251-2313 |81 1 |CONNECTOR-SGL CONT SKT .04-IN-BSC.8Z RND 01380 | 3-332070-5
ASMP22 1251-2313 | 6] 1 |CONNECTOR-SGL CONT SKT .04-IN-BSC-5Z RND 01380 {3-332070-5
ABMP23 1253-2313 | 6| 1 |CONNECTOR-SGL CONT SKT .04-IN-BSC-8Z RND 01380 ] 3-332070-5
ASMP24 1251-2313 [ 6| 1 |CONNECTOR-SGL CONT SKT .04-IN-BS3C-SZ RND 01380 {3-332070-5
ASMP25 2190-0003 (8] 1 | WASHER-LK HLCL NO. 4 .115-IN-TD 04939
AsMP26 2190-6003 18| 1 [WASHER-LK HLCL NO. 4 115 IN.ID 04939
ASMP27 2190-0003 (8| 1 |WASHER-LK HLCL NG. 4 .115-IN-ID 04939
A8MP28 2190-0003 {81 1 [WASHER.LK HLCL NG, 4 118.IN-ID 04539
ASMP29 2190-0003 {8 1 [WASHER-LK HLCL NO. 4 ,115-IN-ID 04539
ABMP30 2190-0003 {8 1 [WASHER-LK HLCL NO. 4 .115-IN-ID 04539
A8BMP31 00438-20021 1 1 1 [HEATSINK RECT. 28480 | 00438-20021
ASMP32 6040-0239 |9 HEAT SINK COMPOUND SIL 021231120
ABR1 0668-3438 (3] t RESISTOR 147 +-1% .125W TF TC=0+-100 05524 | CCF-55-1, T-1
A8U1 1826-0423 |4] 1 ICV RGLTR-ADJ-POS 1.2/37V TO-3 PKG 03406 | LM317K
A8U2 1826-0677 |0} ¥ |IC ¥V RGLTR-ADJ.POS 1.2/32V TO-3 PRG 93406 | LM338K
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Table 6-3. Replaceable Parts (continued)

Replaceable Parts

Reference Hp CiQty Description M1y Manufacturer
Designation| Part No. |D Code Part Number
A9 0043860009 | & 1 BD AY REGULATOR 28480 | 0043860009
Ao9Cl 01800291 |3 1 |CAP-FXD 1uF +-10% 35 V TA 04260 1 150D105X9035A2-DYS
ASC2 H60-0163 (6] 1 |CAP-FXD 0.033ul" +-10% 200 V POLYE-FL 05176 | HEW233T
ASC3 0160-0161 [4{ 1t |CAP-FXD 0.01ul +-10% 200 V POLYE-FIL, 05176 | HEW238T
A9C4 0180-02681 | 3] 1 [CAP-FXD luF +-10% 35 V TA 042001 150D105X9035A2-DYS
A9CS 8160-0161 [ 4| 1 |CAP-FXD 0.01uF +-196% 200 V POLYE-FL 05176 | HEW2387T
AaCe 0160-4554 | 7 1 CAP-FXD 0.01ul +-20% 50 V CER X7R 02010 { SA105C103MAAH
A9CT 0180-0281 {3 | 1 [CAPFXD 1uF +-10% 35 V TA 04200 | 130D105X9035A2-DYS
A9CS8 0164.0127 12 1 CAP-FXD 1uF +-20% 50 V CER Z5U 02010 | SR835E105MAAH
A9CY 0163-3638 {6 | 1 |CAP-FXD 0.22uF +82% -20% 200 V CER X5V 02010 { SR402E2247ZAAH
ASCL0 0160-6437 |9 1 {CAP-FXD 1uF +-10% 50 V CER Y5R 06352 | FD41Y5R1H105K
AsCi1: 0180-049% 15 1 JCAP-FXD 10ulF +-20% 25 V TA 04200 | 199D1112
A9C12 0180-1743 {2 1 PCAP-FXD 6.1uF +-10% 35 V TA 04200 | 150D 104X 9035A2-DYS
A8C13 0180.0281 |3 1 CAP-FXD 1uF +-10% 35 V TA 04200 | 150D105X0035A2-DYS
ASCR1 1901-0028 | 5 1 DIODE-PWR RECT 400V 750MA DO-29 02664 | 385117
ABCR2 1901-6028 |51 1 [DIODE-PWR RECT 400V 730MA DO-29 02664 | 855117
A9CR3 1901-0418 |7} 1 [DIODE-PWR RECT 400V 1.5A 02037
A9CR4 1901-0028 |5 1 DIODE-PWR RIECT 400V 750MA DO-29 02664 | 885117
ASCRS 1801-0418 [7{ 1 |DIODE-PWR RECT 400V 1.5A 02037
A9CRG 19801-0028 |5 1 | DIODE-PWR RECT 400V 750MA DO-29 02664 { 555117
A9CR7 1901-6628 |51 1 [{DIODE-PWR RECT 400V 750MA DO-2¢ 02664 | 855117
ASCRS 1901-6050 (3| 1 |DIODE-SWITCHING 80V 200MA ZNS DO-35 03406
A9CRo 1901-0050 |3 1 |DIODE-SWITCHING 80V 200MA 2NS DO-35 03406
ASCR10 1901-0028 {51 1 |DIODE-PWR RECT 400V 750MA DO-28 02664 | SS5117
A9CR11 1901-0418 (7| 1 |DIODE-PWR RECT 400V 1.5A 02037
A9DS1 1990-0486 | 6| ¥ |LED-LAMP LUM-INT=2MCD IF=25MA-MAX BVR=5V | 01342 { HLMP-1301
ASDS2 1990-0486 | 6| 1 JLED.-LAMP LUM-INT=2MCD IF=25MA-MAX BVR=5V | 01542 | HLMP.1301
A9DS3 1990-0486 {6 1 |LED-LAMP LUM-INT=2MOCD [F=25MA-MAX BVR=5V [ 01542 | HLMP-1301
A9DS4 1690-0486 | 6| 1 |LED-LAMP LUM-INT=2MCD IF=25MA-MAX BVR=5V | 01542 | HLMP-1301
AIMP1 03600535 {0] 1 |CONNECTOR-SGL CONT TML-TS-PT 04055
ASMP2 0360-0535 |G| 1 [CONNECTOR-SGL CONT TML-TS-PT 04058
AOMP3 0360-0535 |G| I | CONNECTOR-SGL CONT TML-TS-PT 04055
ASMP4 0360-0535 | 0] 1 [CONNECTOR-SCGL CONT TML-TS.PT 04055
ASMPS 0360-0535 0] 1 [CONNECTOR-SGL CONT TML-TS-PT 04055
ASMPs 03600535 6] 1 |[|CONNECTOR-SGL CONT TML-TS.PT 04055
ASMP7 0360-0535 |G 1 |CONNECTOR-SGL CONT TML-TS-PT 04058
ASMPS 0360-0535 {01 1 |CONNECTOR-SGL CONT TML-TS-PT 04055
ASMP9 0515-0925 |1 1 | SCREW-MACH M3 X 0.5 10MM-LG PAN-HD G9908
ASMP10 0515-0925 |1 1 {SCREW-MACH M3 X 0.5 10MM-LG PAN-ED 09908
ASMP11 0535-0004 |9 1 |NUT-HEX DBL-CHAM M3 X 0.5 2.0MM-THIK 06691
ASMP12 0535-0004 |9 1 |NUT-HEX DBL-CHAM M3 X 0.5 2.0MM-THIK 06691
ASMP13 1205-0011 [0} 1 jHEAT SINK TG-5/T0-38-CS 05792 | TXBF-032-025B
ASMP14 1205-0353 |31 1 JHEAT SINK 5GL PLSTC-PWR-CS 02608 | 60738
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Table 6-3. Replaceable Parts (continued)

Reference HP CiQty Description Mir Manufacturer
Designation] Part No. [D Code Part Number
AIMP15 1205-0353 | 3| 1 1HEAT SINK SGIL PLETC-PWR-CS 02608 (60738
ASMP16 2190-0003 18 1 JWASHER-LK HLCL NO. 4 .115-IN-1D 04939
AoMP17 2190-0003 {8} 1 [WASHER-LK HLCL NO. 4 .113-IN-ID 04939
AGMP18 3050.0105 (6] 1 |WASHER-FL MTLC NO. 4 .125-IN-1D 04821
A9MP15 3050-0105 | 6] 1 |WASHER-FL MTLC NO. 4 125 IN-ID 04821
ASMP20 3000-9043 |61 1 |PIN 28480 § 5000-9043
ASMP21 5040-6843 [ 2| 1 [EXTRACTOR 28480 | 5040.6843
AIMP22 08673-20063 1 2 2 (BUSHING 28480 | 08673-20063
ASMP23 6640-0239 |9 HEAT SINK COMPOUND SIL 021231120
A9Q1 1884-0244 (9% 1 [ THYRISTOR-SCR VREM=400 28480 | 1884-0244
A9Q2 1884-G244 [ 9] 1 {THYRISTOR-SCR VREM=400 28480 | 1884-0244
A9RI1 0757-1094 |9 | 1 |RESISTOR 1.47K +-1% .125W TF TC=04-100 05524 | CCF-55-1, T-1
A9R?2 o757-0280 13l 1 IRESISTOR 1K +-1% .125W TF TC=0+4-100 05524 { CCF-55-1, T-1
ASR3 2100-2633 {5| 1 |RESISTOR-TRMR 1K 10% TKF SIDE-ADJ 1-TRN 04568 | 82PARIK
A9R4 0757-0280 |31 1 |RESISTOR 1K +-1% .126W TF TC=0+4-100 05524 | CCF-55-1, T-1
A9RS 0757-0280 | 3] 1 |[RESISTOR IK +-1% .125W TF TC=04-100 05524 | CCF-55-1, T-1
A9RS 0757-0418 9| 1 [RESISTOR 619 +-1% .125W TF TC=0+-100 05524 { CCF-55-1, T-1
ASR7 0757-0307 13] 1 IRESISTOR 881 +-1% .125W TF TC=0+-100 05524 | CCF-35-1, T-1
ASRE 0757-0288 |1 1 |RESISTOR $.09K +-1% .125W TF TC=0+4-100 05524 | COF.55-1, T-1
A9R9 0698-3447 | 4 1 |RESISTOR 422 +-1% 128W TF TC=0+-100 05524 | CCF-55-1, T-1
A9R10 0698-3447 1 4 1 |RESISTOR 422 4-1% .125W TF TC=0+4-100 05524 | CCF-55-1, T-1
A9RI1 0698.2154 |01 1 |RESISTOR 4.22K +-1% .125W TF TC=0+4-160 05524 | CCF-55-1, -1
ABR12 0698-3444 |1 1 IRESISTOR 318 +1% 125W TF TC=0+-100 05524 | CCF-85-1, T-1
A9R13 0757-0440 17| 1 IRESISTOR 7.5K +1% .125W TF TC=0+-100 05524 | CCF-55-1, T-1
A9R14 0757-0440 17} 1 [RESISTOR 7.5K 4+-1% .125W TF TC=0+-100 05524 | CCF-55-1, T+1
A9R15 0757-0398 | 4 1 |RESISTOR 75 +-1% .1?.5\'\’ TF TC=0+4-106 05524 | CCF-55-1, T-1
A9RI16 2100-2633 |51 1 |RESISTOR-TRMR 1K 10% TKF SIDE.ADI 1-TRN 04568 [ 82PARIK
A9R17 0757.1084 |9 1 [RESISTOR 147K +-1% .125W TF TC=0+-100 05524 | CCF-585-1, T-1
ASR18 0757-1094 8 1 [RESISTOR 1.47K +-1% .125W TF TC=0+4-100 05524 | CCF-55-1, T-1
AgUl 1826-9607 |6} 1 |IC V RGLTR-FXD-POS 14.7/15.3V TG-220 PKG 03406 | LM340AT-15
ABU2 1826-0527 1o 1 |IC V RGLTR-ADJ-NEG 1.2/37V 3-T0-220 PKG 03406 | LM337T
AOVR1 1902-0852 |61 1 |DIODE-ZNR 5.8V 5% DO-35 PD=.4W TC=+.046% 02037 1 SZ30035-10RL,
ASVR2 1902-0176 1 6 1 iDIODE-ZNR 47V 3% PD=1W [R=5UA 32037
AlQ 00438-60006 [ 6{ 1 |BD AY MOTHER 28480 { 00438-60006
A10C1 0180-3286 | 2| 1 [CAP-FXD +75% -10% 15 V AL-ELCTLT 04260 | 36DE183G015EAZFP
A1002 0180-3283 9] 1 ICAP-FXD 2200uF +75% -10% 80 V AL-ELCTLT 04200 | 36DE1056
A10C3 0180-3282 (8| 1 lCAP-FXD 680uF +100% -10% 50 V AL-ELCTLT 04200 | 6740183
A10C4 0160-3638 |6l 1 {CAP-FXD 0.22uF +80% -20% 200 V CER X5V 02010 | SR402E224ZAAH
A16Cs 0180-3743 [ 2 1 {CAP-FXD 0.1uF +.10% 35 V TA 04200 | 1500104X9035A.2-DYS
A10086 0160-4554 | 7| 1 |CAP-FXD 0.01aF 4-20% 50 V CER X7TR 02010 | SA105C103MAAH
A10CT 0160-4554 | 7] 1 JCAP-FXD 0.01uF +.20% 50 V CER X7R 02010 i SA105C103MAAH
A10C8 0160-4554 | 7 1 {CAP-FXD 0.01uF +-20% 50 V CER XTR 02010 {SA105C103M A AH
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Table 6-3. Replaceable Parts (continued)

Replaceable Parls

Reference He C|Qty Description Mir Manufacturer
Designation] Part No. |D Code Part Number
A10C9 0160-4554 | 7{ 1 [CAP-FXD 0.01uF +.20% 50 V CER X7TR 02010 | SA105C103MAAH
A10CR1 1901-0028 |51 1 |DIODE-PWR RECT 400V 750MA DO-29 02664 | 555117
A10CR2 1901-0028 (5| 1 |DIODE-PWR RECT 400V 750MA DO-29 02664 | 885117
Aloq 1252-3491 (51 1 [CONN-POST TYPE .100-PIN-SPCG 8- CONT 02946 | 87200-107
Al0J2 1251-0600 10| 1 |CONNECTOR-5GL CONT PIN 1.14-MM-BSC-8Z 5Q 03418 | 16-06-0034
A10J3 1251-0606 10| 1 |CONNECTOR-SGL CONT PIN 1.14-MM-BSC.8Z 8Q 03418 | 16-06-0034
Al10J4 1251-3638 {0} 1 |CONN-POST TYPE .156-PIN-SPCG 6-CONT 03418 | 26-60-1060
AIOMP1 0515-0925 |1 1 |SCREW-MACH M3 X 0.5 10MM-LG PAN-HD 09908
A10MP2 05350004 {9 1 |NUT-HEX DBL-CHAM M3 X 0.5 2.8MM-THRK 066581
A10MP3 1205-0353 {3 1 |HEAT SINK SGL PLSTC-PWR-CS 02608 | 60738
AlG0MPse 2180-0003 |8 | 1 |WASHER-LK HLCL NG. 4 .115.IN-ID 04939
AIOMP7 2200-0103 2| 1 [SCREW-MACH 4.49 ,25-IN-LG PAN-HD-POZI 04771
A10MPS8 3050-0105 16| 1 | WASHER-FL MTLC NO. 4 125 IN-ID 04821
A10MPY 5040-0170 6] 1 |SUPPORT BOARD 28480 | 5040-0170
A1GMP1O 08673-200631 2 | 1 |BUSHING 28480 1 0B673-20063
Al10MP11 8040-0239 1 9 HEAT SINK COMPOUND SIL 021231120
A10TP1 0360-0535 (0| 1 [CONNECTOR-SGL CONT TML-TS-PT 04055
Al6U1L 1826-G147 (9| 1 |IC V RCGLTR-FXD-POS 11.5/12.5V TO-220 PKG 02037 | UAT812UC
Al10W1 8159-0005 0| 1 [RESISTOR 0CWM 01339 {-2007-1
A10XAS 1251-8116 (9] 1 |CONNECTOR-PC EDGE 18-CONT/ROW 2-ROWS 04068 1252-18-50-123
A10XA9 1251-8116 [ 2] 1 |CONNECTOR-PC EDGE 18-CONT/ROW 2.ROWS 04068 | 252-18-50.123
G1 00438-600101 2 1 i50MBZ OSC BD AY 28480  00438-60010
G1A1 00436-60011 ¢ 1 1 {BD AY 50MHZ GSC 28480 1 00436-60011
G1A1C1 0160-3879 |71 1t 1CAP-FXD 0.91uF +-20% 100 V CER X7TR 02010 SR201C103MAAH
G1A1C4 0160-3879 1 7] 1 jCAP-FXD 0.01uF 4-20% 100 V CER X7R 02010 SR201C103MAAH
G1A1Cs 0163-3879 [ 7] 1t {CAP-FXD 0.01uF 4-20% 100 V CER X7TR 02010 SR201C103MAAH
G1A1C6 0160-2027 151 1 |CAP-FXD 300pF +-5% 500 V MICA 02367 § CD15FD301J03
G1A1C7 O183-3070 |0 1 {CAP-FXD 100plF +-5% 360 V MICA 02367 | CD15FD161JO3
G1A1C8 018G-0100 3] 1 |CAP-FXD 4.7ul" +-10% 35 V TA 04200 § 150D475X9035B2-DYS
G1A1C9 01606-2255 |11 t 1CAP-FXD 8.2pF +-2.05% 500 V CER C0G 09538 | 301-000-COH0-829C
G1A1C10 0160-3878 |6} 1 {CAP.-FXD 1000pF +-20% 100 V CER X7R 02010 { SR201C102MAAH
G1A1C11 Q160-0179 41 1 {CAP-FXD 33pF +-5% 300 V MICA 02367 ; CD15ED330103
G1A1C12 0160-3879 {71 1 1CAP-FXD 0.01ul" 4+-20% 180 V CER X7R 02010 ; SR201C103MAAH
G1A1C13 0160-7088 |81 1 JCAP-FXD 36pF +-2% 300 V GL 02010} TY08-360G
G1A1014 0160-7087 7] 1 |{CAP-FXD 200pF +4-2% 300V GL 02010 CY06C201G
G1A1CR1 1901-0518 | 8 I | DNODE-SCHOTTKY SM 8IG 02062 | 5082-5509
G1A1CR2 1901-0518 (8} 1 {DIODE-SCHOTTKY SM SIG 02062 | 5082-5509
G1A1CR3 0122-0209 |9} 1 [DIODE-VVC 82PF 5% C 2/C20-MIN=2 02037
GilAw 12506-1220 [0 1 jCONNECTOR-REF SMC M PC 50-OHM 05769 { 050-051-0108-220
GlAtll 00436-80001 | 1 1 jCOIL VARIABLE 28480 | 00436-80001
G1AiL2 9140-0i44 0 1 {INDUCTOR RF-CH-MLD 4.7UH +-10% 05826 § 1025-36
G1AiL3 00436-800021 21 1 {COIL 3 1/2 TURNS 28480 ; 00436-230002
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Table 6-3. Replaceable Parts (continued)

Reference HP CiQty Description Mir Manufacturer
Designation] Part No. {D Code Part Number
G1A1Q1 1854.0247 9| 1 |'TRANSISTOR NFPN §170-239 PD=1W FT=800MHZ 02037
G1A1Q2 1854-0810 | 2] 1 | TRANSISTOR NPN SI PD=625MW FT=200MHEZ 02037
GiAIRI a757-0442 | 9 1 [RESISTOR 10K +-1% .125W TF TC=0-+.100 05524 | CCEF-55-1, 'T-1
GilAi1R2* 0757-1094 | 8 1 IRESISTOR 147K 1% 1258W TF TC=04-100 05524 | CCF.55-1, T-1
G1A1R3 08113234 |9 1 |{RESISTOR 10K +-1% .03W PN TC=0+4-10 031231140
G1A1R4 2100-3109 {21 1 |RESISTOR-TRMR 2K 10% TKT SIDE-ADJT 17-TRN 04568 : 89PR2K
G1AIRS 08113682 |1 1 |RESISTOR 6.8K +-1% .05W PN TC=0+4-10 031231140
G1AIRS 0757-0440 | 7 1 IRESISTOR 7.5K +-1% .125W TF TC=0+-100 05524 | CCPF-535-1, F-1
G1A1RT 0698-7284 I 5 1 {RESISTOR 100K #-1% .05W TF TC=0-+-100 05524 | CMF-50-2
G1A1R8 0757-0465 t6] 1 |RESISTOR 100K +-1% .125W TF TC=0+4-100 05524 | CCF-55-1, T-1
G1lA1R9 0698-7284 [ 5| 1 |RESISTOR 100K 4-1% .05W TF TC=04-100 05524 § CMF-30-2
G1AIRIO Q757-028G |3 1 |RESISTOR 1K +-1% .125W TF TC=0+-100 05524 | CCF-55-1, T-1
GiAiRiIl 0757-0280 |3 1 |RESISTOR 1K +-1% .125W TTI" TC=0+4-100 05524 | CCF-55-1, T-1
G1A1R12 0757-0442 9l 1 1RESISTOR 10K 4-1% .125W TF TCx04-100 05524 | CC¥F-55-1, T-1
G1A1R13 6757-0438 |12] 1 |RESISTOR 511K +-1% .125W TF TC=0+4-100 05524 | CCF-55-1, T-1
G1A1R14 07570398 |4 1 [RESISTOR 75 +-1% .125W TF TC=04-100 (5524 | CCF-55-1, T-1
G1AIRIS o7587-0317 {71 1 |RESISTOR 1.33K +-1% .1258W TF "TC=0+.100 05524 | CCF-55.1, F-1
Gi1A1R16 0608-6384 (01 1 [RESISTOR 50 +-0.1% .128W TF TC=0+-25 05524 | CMF-55.1, T-9
G1A1TPI 1251-0600 10} 1 {CONNECTOR-SGL CONT PIN 1.14-MM-BSC-8Z 8Q 03418 | 16-06-0034
G1A1TP2 12510600 0] 1 |CONNECTOR-SGL CONT PIN 1.14-MM-B5C-52 5Q 03418 | 16-06-0034
G1A1UL 1826.0013 (8| 1 (IC OP AMP LOW-NOISE 8 PIN TO-99 (3285 { ADT41CH
GrLAIU2 1820-0223 |6 1 |[IC OP AMP GP § PIN TOQ-99 03406 ] LM301AH
GiAIVRI 1902-0680 | 7 1 IDIODE-ZNR 1N827 6.2V 5% DO-T PD=.aW 02037 | 1INB27
GlAIVR2* 1902-0956 0! 1 |DIODE.ZNR 8.2V 5% D035 PD=.AW TC=+.063% 02037
Gi1ce2 0160-3036 | 8 1 {CAP-FXD 3000pF +80% -20% 0 V CER X5V 03746 | 54-713-011-X5V-5022
G1C3 0160-3036 | 8| 1 |CAP-FXD 5000pF +80% -20% 0 V CER X35V 03746 | 54-713-011-X5V-502Z
GiMP2 2190-000¢ | 4| 2 I'WASHER.-LK INTL T NO. 8 .168-IN-ID 02440 {1 820-BC
GiMP3 2190-0124 14§ 1 jWASHER-LK INTL T NO. 10 .165-IN-ID 05769 | 3002-26
G1MP5 2580.0002 14| 2 |NUT-HEX-DBL-CHAM $-32-THD .085-IN-THK 04939
G1MP6 2956-0078 | 9 1 I NUT.HEX-DBL-CHAM 16-32-THD .067-IN-THK (4637 | 500220
GIMPS 7100-1204 | 9 1 |CAN-RECT .72.IN-DP-QOUT 1.958-IN.WD.OUT 01932
G2 00438-600101 21 1 (50MHZ OSC BD AY {(OPTION 002 ONLY) 28480 | 00438-60010
81 00438-600471 5 1 |FAN ASSY 28480 § (043860047
631 0160-40685 | 5 1 |CAP-FXD 0.1UF +-20% 250VAC(RMS) {PART OF $1} 28480 1 0160-4065
C2 0160-4554 | 7] 1 |CAP-FXD 0.01uF +-20% 50 V CER X7R 02010 | SA105C103MAAH
F1 2110-0001 8 1 {FUSE 1A 250V NTD 1.25X%.25 UL (PART OF S1) 759151312001
F2 2110-0421 |67 1 |FUSE (INCH) 3754 250V TD FE UL 02805  MDL-3/8
J7 1950-0083 | 1| 1 |CONNECTOR-RF BNC FEM SGL-HOLE-FR 50-OHM 05879 {31-221-1020
MP1 5021.-8413 {8| 1 |FRAME-FRT88.1H 28480 | 5021-8413
MP2 00438-00018 | 4| 1 |PANEL-FRONT 28480 | 00438-00018
MP3 00438-20035¢ 7 1 {FRAME-REAR 28480 | 00438-206035
MP4 5041-8803 {0] 1 {TRIM STRIP _ 28480 § 5041-8803
MP35 5001-0538 {8 2 [|TRIM SIDE 3 1/2 28480 | 5001-05638
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Table 6-3. Replaceable Parts (continued)

Replaceable Parts

Reference Hre C{Qty Description Mir Manufaciurer
Designation] Part No. |D Code Part Number
MPé& 5062-3914 {8} 1 |COVER-UTOP,PRF 28480 ¢ 5062-3914
MP7 5062-3864 {7 1 [COVER-BTM,U TOP 28480 | 5062-3864
MP13 1460-1345 15§ 2 |[TILT STAND 88T 00359
MP14 00438-00019: 5 1 |REAR PANEL 28480 | G0438-00018
MP15 5041-880%1 (& 4 |FOOT FULL-1/2MQCD 28480 | 5041-8801
MP1s 3180-0483 (6| 1 JFAN GRILLE 10938 | 08147
MP17 0624-0458 | 6] 4 |SCREW-TPG 8-16 .375.IN-LLG PAN-HD-POZI 05610 | PLASTITE
MP21 2190-0016 | 3| 1 § WASHER-LX INTL T 3/8 IN 377.IN-ID 04805 | 1920-02
Mp22 2950-0043 (8| 1 (NUT-HEX-DBL-CHAM 3/8-32.THD .094-IN-THK 04605 | 28200-10-101
MP23 8960-0133 | 2| 1 (PLUG-HOLE TR-HD FOR .438-D-HOLE BRS 04507 | BS-51043-K1108
MP24 6960-0024 |0} 2 PLUG-HOLE TR-HD FOR 688-D-HOLE NYL 03480 | 2673 {BLACK)
MP25 5021-5831 16} 2 (SIDESTRUT 28480 | 5021-5831
MP33 004380001218} 1 {SUPPORT CABLE 28480 | 00438-00912
MP36 00438-00017{3 | 1 [PANEL-SUB 28480 § 00438-00017
MP37 00438-200201 0| 1 [SCREEN RFI 28480 | 00438-26020
MP38 00438-2002313 | 1 {WINDOW 28480 1 00438-20023
MP39 5040-6889 (6| 1 [LIGHT PIPE 19MM 28480 { 5040-6889
MP41 00438-20036|8| 1 :SUPPRT-BOT 8 PNL 28480 ; 00438-20036
MP42 004382003719 | 1 [SUPPRT-TOP S PNL 28480 { 00438-20037
MP43 00438-60012 |8 | 1 [SUPPORT CABLE 28480 | 00438-00012
MP44 2190-0104 | 0] 1 [WASHER-LIK INTL T 7/16 IN 439-IN-1D 04805 11922-04
MP45 2950-0132 | 6] 2 |NUT-HEX-DBL-CHAM 7/16-28-THD .094-IN-THK 64604 | TE500NP
MP4g 00436-200141 01 2 | WASHR MOUNT CONN 28480 | 00436-20014
MP47 1251-3362 {71 2 |NUT-AUDIO CONN 05879 | 81-T-422.6-9
MP483 0510-1148 12 5 |RETAINER-PUSH-ON KB-TO-SHFT EXT 11544 | 669
MP49 7120-3104 {4] 2 |WIRE MARKER SGL-LTR=A PLSTC-SPR-CLP PVC 02154 | C8P-LETTER A
MP50 T120-3105 [ 5] 2 | WIRE MARKER SGL-LTR=B PLSTC-SPR-CLP PVC 02154 | C8P-LETTER B
MPs52 2200-0164 157 1 |SCREW-MACH 4-40 .188-IN-LG UNCT 82 DEG 04771
MP53 22000166 171 8 |SCREW-MACH 440 312-IN-LG 82 BEG 04771
MP54 5041-1682 193 1 |[KEY CAP LINE 28480 | 5041-1682
MPs55 0362-0227 {11 2 [CONNECTOR-8GIL CONT SKT 1.14-MM-BSC-SZ SQ 27264 | 02-05.5223
MPs7 0360-1190 51 1 |TERMINAL-SLDR LUG PL-MTG FOR-#3/8-SCR 04880 | 720-.380H
MP75 004380000155 1 |DECK 28480 | 00438-00001
MP76 00438-20031 ¢ 3 BOARD SUPPORT 28480 | 00438-20031
MP7T7 00438-200261 6 { 1 |PUSHROD (SWITCH} 28480 | 00438-20026
MFP78 00438-20025135 ¢ 1 |CLIP PUSHROD 28480 | 00438-20025
MP79 00438-00002:3 ¢ 1 [SUPPORT AMPLIFER 28480 | 00438-06009
MPS81 7120-4163 ;7| 1 |LABEL-WARNING 5 IN-WD 1-IN-LG AL 22670
MP82 G0438-00062 6 | 1 |SHIELD INPUT AMP 28480 | 00438-00002
MP385 05150886 3| 4 [SCREW-MACIH M3 X 6.5 SMM-LG PAN-HD 09908
MPo1 2200-0164 [ 5| @ [SCREW-MACH 4-40 .188-IN-LG UNCT 82 DEG 04771
MP100 1400-0249 [ 6| 2 |CABLE TIE .062..625-D1A .091-WD NYL 04225 1 TY.23M-8
51 00438-60041 [ 8 [ 1 [SWITCH PUSHBUTTON LINE ON OFF KIT 28480 ] 00438-60041
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Table 6-3. Replaceable Parts (continued)

Iieference HTP ClQty Description Mir Manufacturer
Designation| Part No. 1D Code Part Number
T1 9100-4342 | 4] 1 |TRANSFORMER 28480 | 9100-4342
U1 0960-0443 1| 1 |LINE MODULE-FILTERED (PART OF 51) 28480 | 0960-0443
W1 00438-60050E 0 1 jCABLE AY-FRONT 28480 | 00438-60050
W2 00438-60050] 0| 1 |CABLE AY-FRONT 28480 § (0438-60050
W3 00438-60026 10| 1 |CBL AY REF OSC 28480 { 00438-60026
W4 SEE A1W4
W5 SEE A2W35
w6 SEE A3Wé
WT 00438-60046 1 4 | 1 (CABLE ASSY-HP IB 28480 | 0043860046
ws 00438.60038 {4 | 1 |LINE SWITCH AY 28480 | 00438-60038
W9 00438-60052 1 | WIRING HARNESS 28480 | 60438-60052
Wil SEE A4W13
Wil SEE ASWi1
Wiz 8120-1378 11| 1 {OPT-903 18-AWG 3-CONID 80-IN-LG 02805 | CH7081
W13 G0438-60051 | 1| 1 |CABLE AY-REAR (OPTION 002 ONLY) 28480 | 00438-60051
Wi4 00438-60051 |1} 1 [CABLE AY-REAR {OPTION 002 ONLY) 28480 1 00438-600561
Wis 00438-60026 | 01 1 |CBL AY REF OSC (OPTIGN 002 ONLY) 28480 | 00438-60026
Wi6 00438-60048 | 6| 1 | WIRING HARNESS 28486 | 00438-60048
W17, Wi8 11730A 2 {POWER SENSOR CABLE (5 FT.) {DELETED WITH 28480 | 11730A

OPTION 004)
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HP 438A

FRONT PANEL

mMP78

A2

MPB1 — 4 SCREWS
INTO STAND OFFS

(O

MP46

Figure §-1. Front Panel lllustrated Parls Breakdown
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REAR PANEL
B1
MP47
ONLY OPT. 002 s
MP46 /
ONLY
MPOT  MP33 J4aopT.oNLY 01902 s
\ 1= W,/fi;;g/' 72
. e e MP22 4
] e I MP21
sopt.onLy | ; = wps7
P/O W14 ﬂ/

J6 OPT. ONLY

P/O W1B
MP16
MP17

MP14

U

Figure 6-2. Rear Pane! lHustrated Parts Breakdown
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CABINET PARTS

Figure 6-3. Cabinet Parts
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Replaceable Parts

8-30

Table 8-4. Code list of Manufacturers

Mir Manufacturer Address Zip Code
Code Name

D3976 | BUEHLER GEBR NACHFOLGER GMBIHI NURNRBERG GM 7750
50545 | NIPPON ELECTRIC CO TOKYC JFP

00000 | ANY SATISFACTORY SUPPLIER

01121 | ALLEN-BRADLEY CC INC EL PASO TX US 79935
01295 'TT INC SEMICOND COMPONENTS DIV DALLAS TX 75222
02111 [ SPECTROL ELECTRONICS CORP CITY CGF IND CA 91745
03127 i CHEMCENTRAL CHICAGO 1L US 80638
03888 | K D I PYROFILM WHIPPANY NJ 07981
04713 {MOTOROLA SEMICONDUCTOR PRODUCTS | PHOENIX AZ 83068
04729 | UNICORP ORANGE NJ Q7050
05820 | EG & G WAKEFIELD ENGR INC WAKEFIELD MA US 01880
26001 | MEPCO/ELECTRA INC MORRISTOWN NJ US 07960
06229 | ELECTROVERT INC ELMFORD NY 10553
06383 | PANDUIT CCRP TINLEY PARK IL 60477
06665 | PRECISION MONOLITHICS INC. SANTA CLARA CA 95050
07283 [ FAIRCHILD CORP MOUNTAIN VIEW CA US 94042
10960 : T b R ELECTRONICS INC BRISTOL RI (2809
13103 | THERMALLCOY CO DALLAS TX 75234
13606 | SPRAGUE ELECTRIC SEMICON DIV CONCORD NH 03301
16299 | CORNING ELECTRONICS RALEIGH NC US 27604
19701 | MEPCO/ELECTRA INC MINERAL WELLS TX US 76067
20940 | MICRO--OHM CORP EL MONTE CA 91731
240468 | TRANSITRON ELECTRONIC CORP WAKEFIELD MA 01880
24546 [ CORNING ELECTRONICS SANTA CLARA CA US A50590
25088 [ SIEMENS CORP ISELIN NJ G8830
27014 { NATIONAL SEMICONDUCTOR CORTE SANTA CLARA CA 95051
28480 | HEWLETT-PACKARD CO CORP HG PALGO ALTO CA 94304
31585 | RCA CORP SOLID STATE DIV SCMERVILLE NJ

30083 | MEPCO/ELECTRA CORP SAN DIEGO CA 92121
56289 | SPRAGUE ELECTRIC CO NORTH ADAMS MA 01247
73138 | BECKMAN INDUSTRIAL CORP FULLERTON CA US 92632
75915 | LITTLEFUSE INC DES PLAINES IL US 60018
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MANUAL CHANGES

Note i This manual does not contain any backdating information. If
w backdating information is required for operating or repairing your HP
438A with serial prefix 2822A or 2839U and below, you must puzchase

manual part number 0043850015,
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Service

8-1. Introduction

8-2. Service Sheets

8-5. Safety
Considerations

www.valuetronics.com

This section contains information required for servicing the power
meter. [t includes block diagrams with theory and troubleshooting,
schematic diagrams, schematic diagram notes, and after service safety
checks.

The pages in the last part of this section are called the service sheets
(S9). They contain block diagrams, schematic diagrams, supplemental
diagrams, and associated information.

8-3. Block Diagrams

The block diagrams and related service information are found on
Service Sheets BD1, BD2 and BD3. BD1 is an overall block diagram
that shows the major functional sections of the power meter. It serves
as an index to the more detailed information on the succeeding service
sheets and is the starting point for most troubleshooting procedures.
BD2 shows the Controller Section with connections to BD3 the
Amplifier Sectiomn.

8-4. Schematic Diagrams

The schematic diagrams and their associated information are presented
in Service Sheets 1 through 11. These diagrams, in functional
groupings, are designed to aid in understanding the principles of
operation and to aid in troubleshooting the power meter. Refer to the
paragraph entitled Trouble shooting for additional information.

8-6. Before Applying Power

Verify that the instrument is properly set to operate from the available
line voltage and that the correct fuse is installed. An uninterrupted
safety earth ground must be provided from the main power source to
the instrument input wiring terminals, power cord, or supplied power
cord set. '

8-7. Warnings and Cautions

Pay attention to the WARNINGS and CAUTIONS. They must be
followed for your protection and to avoid damage to the equipment.



Service HP 438A

Warning g Maintenance described herein must be performed with power supplied o
the instrument and with protective covers removed. Such maintenance
should be performed only by service trained personnel who are aware
of the hazards involved (for example, fire and electrical shock). Where
maintenance can be performed without power applied, the power should
be removed.

Any interruption of the protective (grounding) conductor (inside or
outside of the instrument) or disconnection of the protective earth
terminal will create a potential shock hazard and could result in personal
injury. Grounding one conductor of a two-conductor outlet is not
sufficient. Whenever it is likely that the protection has been impaired, the
instrument must be made inoperative (that is, secured against unintended
operation).

If the instrument is to be energized via an autotransformer (for voitage
reduction) make sure the common terminal is connected to neutral {that
is, the grounded side of the mains supply).

Capacitors inside the instrument may still be charged even if the
instrument is disconnected from the power source.

Make sure that only 250 volt normal-blow fuses with the specitied
current rating are used for replacement. Do not use repaired fuses
or short-circuited fuseholders. To do so could create a shock or fire
hazard.

Caution Some printed circuit boards contain devices that may be damaged if the
¢ board is removed or installed while the power is on. Verify that the
LINE switch is OFF or that the power cord is unplugged before you
remove ar install a printed circuit board.

After removing MOS devices from sockets, store the devices with the
pins in conductive foam. This will prevent accidental damage from a
static discharge.

8-8. Recommended  Test equipment and test accessories required to maintain the power
Test Equipment and  meter are listed in Table 1-3, Recommended Test Equipment.
Accessories  Lquipment other than that listed may be used if it meets the critical
specifications listed.

8-9. Service Tools, Aids,
and Information  8-10. Service Tools

Equipment recommended for use when changing components on printed
circuit boards is listed in Table 8-1. The following unique service tools
will make servicing of this instrument much easier.

Pozidriv Screwdrivers. Many screws in the power meter appear to be
Phillips type, but they are not. To avoid damage to the screw heads,
Pozidriv screwdrivers should be used. The Pozidriv No. 1 size can be

8-2
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ordered as P part number 8710-0899, and the Pozidriv No. 2 size can
be ordered as HP part number 8710-0900.

Tuning Tools. For adjustments requiring non-metallic tuning tools,
use the blade tuning tool HP part number 8710-0033 or hex tuning
tool(JFD Model No. 5284) IIP part number 8710-1010. For other
adjustments, an ordinary small screwdriver is sufficient. No matter
which tool is used, never force any adjustment control against its
stops. This is especially critical when adjusting variable inductors or
capacitors.

Heat Staking Tool. The front-panel pushbutton switches have small
plastic pins that protrude through the printed circuit board, and the
pins are then flattened with a heated tool that softens the plastic.
The heat staking tool is a standard soldering iron with a special tip
attached.

8-11. Assembly Locations

Printed circuit board assemblies are numbered sequentially from front
to back. For example, Al is part of the front panel assembly.

8-12. Parts and Cable Locations

The locations of individual components on the printed circuit boards
and other assemblies are shown adjacent to the schematic diagrams
on the appropriate Service Sheet. The complete reference designator
consists of the assembly designator plus the part designator. For
example, AGRY is resistor R on the A6 assembly. For specific
component descriptions and ordering information, refer to Table 6-3,
Replaceable Parts. Chassis, frame, and other mechanical parts are
identified in Figure 6-1 through Figure 6-3.

Mechanical parts have reference designators that begin with the letters
MP. Mechanical parts such as screws, washers, and nuts are listed in
the replaceable parts list. To find the part number and description

of a mechanical part, find the part in one of the figures in section 6

or section 8. The part in the figure will be labeled with its reference
designator. Look up the reference designator in Table 6-3, Replaceable
Parts.

The power meter has a mixture of Unified National (inch) and
metric screws. The metric screws are defined by Industrial Fasteners
publication (II'l 500} and are identified in the replaceable parts list as
metric {M). Unified National screws have a dull steel gray appearance
and the metric screws have a shiny silver appearance. Do not use a
metric screw in a Unified National nut, thread damage will result.

8-13, Test Point and Adjustment Locations

Most test points and adjustments are indicated on individual circuit
board assemblies. Test points and adjustments can also be found on
the compornent locator diagrams adjacent to the assembly chematic
diagrams.
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8-14, Service Aids on Printed Circuit Boards

HP 438A

The service aids on the printed circuit boards include test points,
indicator LEDs, reference designators, adjustment names, and assembly

part numbers.

8-15. Other Service Bocuments

Service Notes, Manual Changes Supplements, Application Notes, and
other service literature are available from Hewlett Packard. For further

information, contact your nearest Hewlett Packard office.

Table 8-1. Etched Circuit Soldering Equipment

Circuit board
repair wiring

guage (AWG) 0.640 in.
diameter preferred

Item Use Specification Item Reconmnended HP Part No.
Soldering Tool | Soldering, Wattage: 36W Ungar No. 135 8690-0167
Heat Staking |Tip Temp: 396-440°C Ungar Division
(735-825°F) Eldon Ind. Corp.
Compton, CA 80220
Soldering Tip |Soldering, Shape: Chisel Ungar PL113% 8690-0007
Unsoldering
Soldering Tip |Heat Staking |HP 5020-8160 or modified 5020-8160
Shape: Ungar PL11
Cupped
De-Solder Aid | To remove Suction Device Seldapullt by Edsyn Co., £690-0060
molten solder Van Nuys, CA §1406
from
connection
Rosin (flux) | To remove Must not dissolve etched Freon 8500-0232
Solvent excess flux cirenit base board
from soldered
area before
application of
protectiove
coating
Solder Component Rosin {flux core, high tin 8090-0607
replacement; |content (63/37 tin/icad), 18

1 For working on circuit beards; for general purpose work, use No. 555 Handle {8690-0261} and No. 4037 Heating Unit
47%-56% W (HP 8690.0008); tip temperature of 850-200°F; and Ungar No. PL113 L chisel tip.

8-4
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8-16. Troubleshoaoting
8-17. Service Related Error Messages

The power meter generates error messages to indicate operating
problems, incorrect keyboard entries or service related problems. The
error message is generally cleared when the error condition is removed.
Refer to Service Sheet 2 for further troubleshooting when a ROM or
RAM error message appears.

Service error messages from the power up diagnostic are 61 through 66.
These errors are displayed when a problem with ROM or RAM has
been detected. A list of the ervors follows:

61 A3U9 ROM address 8000H through 09FFFH

62 A3U9 ROM address 0AO00H through 0BFFFI

63 A3UL0 ROM address 0CO00H through ODFFFH
64 A3U10 ROM address OEQOOH through OFFFFH
65 A3U12 RAM address 860H through 0FFFH

66 A3UL3 RAM address 0 through 7TFFH

8-18. After Service  Visually inspect the interior of instrument for any signs of abnormal
Safety Checks internally generated heat, such as discolored printed circuit boards or
components, damaged insulation, or evidence or arcing. Determine and
remedy the cause of any such condition,

Using a suitable ohmmeter, check the resistance from the instrument
enclosure to the ground pin on the power cord plug. The reading
must be less than onre ohm. Flex the power cord while making this
measurement to determine whether intermittent discontinuities exist.

Check any indicated front or rear panel ground terminals that are
marked, using the above procedures.

Check the resistance from the instrument enclosure to the line and
neutral {tied together) with the power switch ON and the power source
disconnected. The minimum acceptable resistance is two megohms.
Replace any component which results in a failure.

Check the line fuse to verify that a correctly rated fuse is installed.

B-5
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Tabie 8-2. Schematic Diagram Notes (1 of 8)

HP 438A

Assembly part number

Stage name

Test point symbols, Stars are numbered or lettered for casy correlation
of sehematic diagrams, procedures, and locator illustrations.

Arrow connecting star to mess- Star shown connected to

urement poini signifies no circuitl sipnifies measuring aid

measuring aid provided. {metal post, circuit pad, eic.)
provided.

Plug-in connection information.
Socket desigration for A2 assembly,

Number indicates
Assembly name pin of socket (XA2).
Assembly design;m?x\\\
—~—

A2 DC REGULATOR ASSY (08708-60007}

Intexrconnection information.

Circled tetter indicates eireuit
path continues on another
schematie diagram. Leok for
same circled letter on service
shect indicated by adjacent
hold number (3, in this

example}

947

XA2
SE??IETSOR \ t I i
A REGULATOR s, . > S ] m
XA2 : 3
X 13
|
'l 1 Fd % Y 7 N (94} famy l
ol V4 pairy %
|
18540071 :
AEFERENCE aesamu:c»;s{::!:m Eu}imfo_...‘.;.“:
ety e sl Pl e
2 15 ARG OEGNATIONS OF CTHER (OMPONENTS ARE
Rl"' L €1* TOMPLE TE &Y SHOWN
2500 8 pF 4
; A (-

/

~J

By

REFERENCE DESIGNATION

433 not mounted
oh assembly A2,

Non-plug-in
cananection
information.
Solder point
named.

Circuit board common .
Connector symbols within the NG PREFIX AZ ASSY
Dagger indicates borderlines of circuit assemb- Y 1
circuit change, See lies signify ecnnections 1o the
section VIL assembly which are separate from A 01
7 ) those made through the integral XA2 Rl
Conducting connection plug part of the assembly.
Lo chassis or frame. NGT ASSIGRED

Wire color code. Code used (MIL-S8TD-681} is the
same as the resistor color code. Firmst number
identifies the base color, second number the wider here.
stripe, and the third number the narrower stripe.

Example:

denotes white base, veliow
wide stripe, violet narrow stripe.

Asterisk indicates factory
selected components, (See
section V}.

Value selected for hest operation.
Value shown is average ¢r most
commonty selected value.

Helerence designators dejeted
by circuil changes are listed

Large numbers in lower right
corners of schematic diagrams
are service sheet numbers.
They are provided for ¢on-
List of all the reference desig- venience in tracing inter

nations on the diagram. connections.

Assembly reference designator(s).

8-6
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Table 8-1. Schematic Diagram Notes (2 of §)

SCHEMATIC DIAGRAM NOTES

» Asterisk denotes a factory-selected value. Value shown is typical.
¥ Dagger indicates circuit change. See Section VII.
/] Tool-aided adjustment. O Manual control.
T Encloses front-panel designation.
O Encloses rear-panel designation.
- ‘Circuit assembly borderline.
wwwwww Other assembly horderline.
= Heavy line with arrows indicates path and direction of main signal.

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

— Indicates stripline ti.e., RF transmission line above ground).
$ cW Wiper moves toward ew with clockwise rotation of control (as viewed from shaft or
knob).
g Numbered Test Point
measurement aid provided.
O Encloses wire or cable color code. Code used is the same as the resistor color code.

First number identifies the base color, second number identifies the wider stripe,
and the third number identifies the narrower stripe, e.g., denotes white base,
vellow wide stripe, violet narrow stripe.

+ A direct conducting connection to earth, or a conducting connection to a structure
that has a similar function (e.g., the frame of an air, sea, or land vehicle).

h A conducting connection to a chassis or frame.
<7 Common connections. All like-designation points are connected.
(KN 12 Letters = off-page connection, e.g., LAKIR

Number = Service Sheet number for off-page connection, e.g., 1 2

THIS )
‘& PAGE Number (only} = on-page connection.

8-7
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Table 8-1. Schematic Diagram Notes (3 of 8)

4

-

SCHEMATIC DIAGRAM NOTES

Indicates multiple paths represented by only one line. Letters or names identify
individual paths. Numbers indicate number of paths represented by the line.

Coaxial or shielded cable.

Relay. Contact moves in direction of arrow when energized.

Indicates a pushbutton switch with a momentary (ON) position.

Indicates a PIN diode.

Indicates a current regulation diode.

Indicates a voltage regulation diode.

Indicates a Schottky (hot-carrier} diode.

Multiple transistors in a single package—physical location of the pins is shown in
package outline on schematic,

Identification of logic families as shown ¢in this case, ECL).

Indicates an opto-isolator of a LED and a photoresistor packaged together. The
resistance of the photoresistor is a function of the current flowing through the LED.

8-8
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Table 8-1, Schematic Diagram Notes (4 of 8)

DIGITAL SYMBOLOGY REFERENCE INFORMATION

tnput and Output Indicators

Implied Indicator—Absence of polarity indicator (see below} implies that the
active state is a relative high voltage level. Absence of negation indicator (see
below) implies that the active state is a relative high voltage level at the input or
output.

Polarity Indicator—The active state is a relatively low voltage level.

Dynamic Indicator—The active state is a transition from a relative low to a
relative high voltage level.

Inhibit Input-—Input that, when active, inhibits {blocks) the active state outputs of
a digital device.

Analog Input—Input that is a continuous signal function (e.g., a sine wave}.

Polarity Indicator used with Inhibit Indicator—Indicates that the relatively low
level signal inhibits (blocks) the active state outputs of a digital device.

Qutput Delay—Binary output changes state only after the referenced input (m)
returns to its inactive state (m should be replaced by appropriate dependency or
function symboeols).

Open Collector Qutput—Cutput that must form part of a distributed connection.

www.valuetronics.com
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Table 8-1. Schematic Diagram Notes (5 of 8)

3-8STATE

XY

X—Y
(Functional
Labels)

MUX

DEMUX

CcrPU

PIO

SMI

DIGITAL SYMBOLOGY REFERENCE INFORMATION
Input and Output Indicators (Cont'd)

Three-state Quiput—Indicates outputs that can have a high impedance (dis-
connect) state in addition to the normal binary logic states.

Combinational Logic Symbois and Functions
AND-—All inputs must be active for the output to be active.
OR—One or more inputs being active will cause the output to be active.

Logic Threshold—m or more inputs being active will cause the output to be active
{replace m with a number).

EXCLUSIVE OR-—Qutputwill be active when one (and only one)input is active.

m and only m—QOutput will be active when m (and only m) inputs are active
(replace m with a number).

Logic Identity—Quitput will be active only when all or none of theinputs are active
(i.e., when all inputs are identical, output wiil be active).

Amplifier—The output will be active only when the input is active (can be used
with polarity or logic indicator at input or sutput to signify inversion).

Signal Level Converter—Input level(s) are different than output level(s).

Bilateral Switch—Binary controlled switch which acts as an on/off switch to
analog or binary signals flowing in both directions. Dependency notation should
be used toindicate affecting /affected inputs and outputs, Note: amplifier symbol
(with dependency notation) should be read to indicate unilateral switching.

Coder—Input code (X) is converted to output code (Y} per weighted values or a
table.

The following labels are to be used as necessary to ensure rapid identification of
device function.

Multiplexer—The output is dependent only on the selected input.
Demultiplexer—Only the selected output is a function of the input.
Central Processing Unit

Peripheral Input/Output

Static Memory Interface

8-10
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Table 8-1. Schematic Diagram Notes (6 of 8)

1L

FF

{Functional
Labels|

DIGITAL SYMBOLOGY REFERENCE INFORMATION

Sequential Logic Functions

Manostable—Single shot multivibrator. Output becomes active when the input
becomes active. Output remains active (even if the input becomes inactive) for a
period of time that is characteristic of the device and/or circuit.

Oscillator—The output is a uniform repetitive signal which alternates between the
high and low state values. If an input is shown, then the cutput will be activeif and
only if the input is in the active state,

Fhip-Flop—Binary element with two stable states, set and reset. When the flip-flop
is set, its outputs will be in their active states. When the flip-flop is reset, its outputs
will be in their inactive states,

Toggle Input—When active, causes the flip-fiop to change states,
Set Input—When active, causes the flip-flop to set.

Reset Input—When active, causes the flip-flop to reset.

d Input—Analogous to set input.

K Input—Analogous to reset input.

Data Input—Always enabied by another input (generally a C input—see Depen-
dency Notation). When the DD input is dependency-enabled, a high level at D will set
the flip-flop; a low level will reset the flip-flop. Note: strictly speaking, D inputs
have no active or inactive states—they are just enabled or disabled.

Count-Up Input—When active, increments the contents (counti of a counter by
“m” ecounts (m is replaced with a number).

Count-Down Input—When active, decrements the contents (count) of a counter by
“m” counts (m is replaced with a number).

Shift Right (Down) Input—When active, causes the contents of a shift register to
shift to the right or down “m” places (m is repiaced with a number),

Shift Left (Up) Input—When active, causes the contents of a shift register to shift to
the left or up “m” places (m is replaced with a number).

NOTE

For the four functions shown above, if m is one, it is omitted.

The following functional labels are to be used as necessary in symbol build-ups to
ensure rapid identification of device function.
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Table 8-1. Schematic Diagram Notes (7 of 8)

mCNTR

REG

SREG

ROM

RAM

mAm

Cm

vm

Fm

DIGITAL SYMBOLOGY REFERENCE INFORMATION
Sequential Logic Functions {Cont'd)

Counter—Array of flip-flops connected to form a counter with modulus m (m is
replaced with a number that indicates the number of states: 5 CNTR, 10 CN'TR,
etc.). '

Register—Array of unconnected flip-flops that form a simple register or latch.

Shift Register—Array of flip-flops that form a register with internal connections
that permit shifting the contents from flip-flop to flip-flop.

Read Only Memory-—Addressable memory with read-out capability only.

Random Access Memory—Addressable memory with read-in and read-out
capability.

Dependency Notation

Address Dependency--Binary affecting inputs of affected outputs. The m prefix is
replaced with anumber that differentiates between several address inputs, indicates
dependency, or indicates demultiplexing and multiplexing of address inputs and
outputs. The m suffix indicates the number of celis that can be addressed.

Gate (AND) Dependency—Binary affecting input with an AND relationship to
those inputs or outputs labeled with the same identifier. The m is replaced with a
number or letter (the identifier}.

Control Dependency—Binary affecting input used where more than a simple AND
relationship exists between the C input and the affected inputs and outputs (used
only with D-type flip-flops).

OR Dependency--Binary affecting input with an OR relationship to those inputs or
outputs labeled with the same identifier. The m is replaced with a number or the
letter {the identifier:,

Free Dependency-—Binary affecting input acting as a connect switch when active
and a disconnect when inactive. Used to control the 3-state behavior of a
3-state device.

NOTE

The identifier (m) is omitted if it is one-~that is, when there is only one dependency
relationship of that kind in a particular device. When this is done, the dependency
indicatoritself (G, C, F,or V) is used to prefix or suffix the affected {dependent} input
or output.

8-12
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Table 8-1. Schematic Diagram Notes (8 of 8)

DIGITAL SYMBOLOGY REFERENCE INFORMATION

Miscellaneous

iT Schmitt Trigger—Input characterized by hysterisis; one threshold for pesitive
going signals and a second threshold for negative going signals.

Active Active State-—~A binary physical or logical state that corresponds to the true state of

an input, an output, or a function. The opposite of the inactive state.

Enable Enabied Condition—A logical state that occurs when dependency conditions are
satisfied. Although not explicitly stated in the definitions listed above, functions

are assumed to be enabled when their behavior is described. A convenient way to
think of it is as follows:

A function becomes active when;
* it is enabled (dependency conditions-—if any—are satisfied)
¢ and its external stimuls (e.g., voltage level) enters the active state.

8-13
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Service Sheet BD1 Overall Block Diagram

Principles of Operation
General

The power meter is a microprocessor controlled dual channel power
meter with a built in 1 mW 50 MHz power reference. Figure 8-1
shows a simplified overall diagram of the power meter. For purposes of
explanation and troubleshooting the power meter is divided into the
following three functional sections:

1. The Controller Section.
2. The Amplifier Section.
3. The Power Supply Section.

CONTROLLER SECTION

sl A3 CENTRAL AZ DISPLAY
PROCESSING UNIT ,—’
bl S
Al KEYBOARD [o ’ml
1 1,2,3,4 5
AMPLIFIER SECTION
SENSOR A » :
A4 INPUT AS MAIN AMPLIFIER pom——
AMPLIFIER |ot—m > RCDR |
SENSOR 8 - 5 7.8
3
23 POWER SUPPLY
53 MHz SECTION
REFERENCE o LM
OSCILLATOR Se MHz AB, AY, A1D UsED
POWER SUPPLIES
11 CHE 3 THROUGHQUT
INSTRUMENT
8,18

Figure 8-1. Power Meter Simplified Overall Diagram

The Controller Section enables the functions that the user requests by
pressing {ront panel keys (local operation) or by HP-IB program codes
(remote operation}. The overall power range and frequency response of
the power meter is determined by the power sensors that are connected
to channel A and channel B.

www.valuetronics.com



HP 438A Service Sheet BD1

Under microprocessor control, the analog power inputs from the power
sensors are measured and digitized by the Amplifier Section. The
Controller Section calculates and displays the measurement result in the
requested units.

The following discussion explains Figure 8-9 Overall Block Diagram.

Controller Section {/ 2>

The microprocessor based Controller Section consists of the following
assemblies:

1. Al Keyboard Assembly.

2. A2 Display Assembly.

3. A3 Central Processing Unit (CPU).
4. A1l HP-IB Assembly.

The CPU provides the timing, calculation, and control for the
instrument. The microprocessor executes instructions stored in the read
only memory {ROM). Data is exchanged between the microprocessor
and the other blocks of the CPU over the data bus (DO-D7). The
elements of the CPU are enabled to respond to the data on the data
bus by control signals. These signals are derived from the address bus
(AO-A15) by the address and control decoders. Data values that must
be stored are placed in the random access memory (RAM).

The CPU sends and receives data to and from other assemblies through
the keyvboard interface, HP-IB interface, and the analog input/output
(I/0) interface. It also sends data to the display through the display
interface. The display indicates the current status of the power meter.
This status information can consist of the current measurement
configuration and results, or one of the error messages contained in
Table 3-8.

A simplified flowchart of the interrupt control routine for the power
meter is shown in Figure 8-2.

Note

] There are no asynchronous interrupts.

8-15
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The key to understanding the operation of the firmware is to
understand that it resides in ROM and is interrupted at 1 ms intervals
by a hardware generated interrupt. During these 1 ms intervals the
firmware accomplishes the required configuration changes, calculations,
and updates to perform all of the power meter’s defined functions.

1 ms
INTERRUPT

SCAN AND SOFTWARE
DEBQUNCE XEYBOARD
INPUTS

!

REFRESH DISPLAYED
INFORMATION

!

BTART ANG MONITOR
ADC

3

INPUT VALUE YO
DIGITAL FILTER
WHEN REQUIRED

PERFORM 1, \ PERFORM
TASK 2 . TASK 1

Figure 8-2. Interrupt Control Routine Flowchart

The firmware has the following three main routines:

1. The interrupt routine provides synchronous control of ail power
meter functions.

2. The task 1 routine primarily handles user commands (both front
panel and HP-1B). A flowchart of the Task 1 routine is shown in
Figure 8-3.

3. The task 2 routine primarily handles the mathematical calculations
for the required measurement results and sets error flags when
required. A flowchart of the Task 2 routine is shown in Figure 8-4.
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HP-1B
FUNCT 10N
PENDINGT

PERFORM HP-18
FUNCTION

PERFORM APPLICABLE
KEYBOARD COMMAND
ROUTINE

KEYBOARD
COMMANG
PENDING?

FORMAT DATA AND
UPDATE DISPLAY o
BUFFERS

Figure 8-3., Task 1 Flowchart

When the instrument powers up, the status byte is set to 0 and a
GT2 {trigger with delay response to group execute trigger) command
is executed (refer to section 3 for an explanation of the status byte).
After power up, hardware generated interrupfs occur every 1 ms.
Each interrupt causes the interrupt routine to perform the following
functions:

1. Scan the keyboard inputs to determine if a key has been pressed.
This subroutine also debounces the keyboard input by verifying that
after approximately 10 ms the same key pressed indication is still
present.

2. Refresh the front panel display information. This sequence does not
change any information, it only allows the display to be refreshed at
a rate that provides flicker {ree operation.

3. Start and monitor the analog to digital conversion (ADC). Once the
ADC is started its operation is independent of the software.

4. Input the power measurement value to the digital filter when
required. The digital filter is updated every 50 ms (every 50
interrupts). This update rate is maintained regardless of the state of
the instrument, HP-IB activity, or front panel activity.

B-17
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TABK 2 =

GET MEASUREMENT
RESULTS FROM
DIGITAL FILTER

YES | UPDATE HARDWARE
CONF IGURATION
AS NEEDED

ANY ERRORS?

FORMAT
MEASUREMENT
RESULTS FOR TASK 1

ERROR CLEARED?

FLAG ERROR STATE
10 TASK 1 1O
DISPLAY ERROR

CONBITION

Y

Figure 8-4. Task 2 Flowchart

When the interrupt routine is finished, it returns to either task 1 or 2.
The software logic requires that the returns alternate between task 1
and task 2 and that it pass control to the task that was not interrupted.
This allows both tasks to have anr equal amount of execution time
independent of what each is working on. This method of sharing
execution time cnsures that a high level of HP-IB activity does not slow
down mathematical calculations nor does mathematical activity slow
down the HP-IB response time.

When task 1 is exceuting, it performs the following functions:

1. Determine if any HP-IB fanction is pending and, if it is, perform it.
These functions can consist of sending or receiving data over HP- IB
or executing HP-13 commands.

2. Determine if any keyboard command is pending and, if if is, perform
it. All key functions have individual routines that are performed
each time the key is pressed.

3. Determine if there is new data available. This data can be an
updated measurement result, new power meter configuration or an
error message. If there is new data, the display data buffers are
updated and the new information is displayed when the display is
refreshed during the interrupt routine.

When task 2 is executing, it performs the following functions:

8-18
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1. Gets the last measurement result from the software digital filter.
This outpul is the average output of the digital filter at that time. A
detailed explanation of the digital filter is contained in Service Sheet
BD1.

2. Checks to determine if any error conditions exist. Some error
conditions can be cleared by updating the hardware configuration.
For example, the power meter can autorange to a different range
as required. If the error is cleared, task 2 loops back and begins
again. If the error can not be cleared, an error flag is set and the
appropriate error message is passed to task 1.

3. If no error condition exists, the measurement result is formatted and
passed to task 1.

Fither task 1 or 2 continues to run until the next 1 ms interrupt. The
interrupt routine is then executed and the sequence repeated for the
other task.

When the power meter is in local operation the keyboard can be used
to select the required measurement configuration. The instrument
remembers the last measurement configuration entered prior to turning
off power and returns to that configuration when power is turned on.
The last measurement configuration that is saved in RAM is battery
protected by disabling the write to RAM capability.

When the power meter is in remote operation, with local lockout set,
all front panel keys except the LINE ON/OFF are disabled. The
measurement configuration is selected by programmed inputs applied
through the HP-1B. Remote operation can only be enabled via HP-IB.

Amplifier Section Z 3>

The Amplifier Section consists of the following assemblies:
1. A4 Tnput Amplifier.

2. AS Main Amplifier,

3. GI1 30 MIlz Reference Osciliator.

Ie addition, Option 002 adds two rear panel sensor input ports in
parallel with front panel inputs and a second 50 MHz Reference
Oscillator {G2) with its cutput on the rear panel.

All of the operating functions of the Amplifier Section are enabled

and sequenced by the control signals from the CPU. As required, the
correct sensor input is applied through channel A or B of the A4 Input
Amplifier Assembly to the A5 Main Amplifier Assembly. The primary
function of the main amplifier is to selectively attenuate, amplify, filter,
and digitize the input signal under the direction of the CPU. This
allows the CPU to obtain the necessary data to compute and display
the measurement results.
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In addition to the primary signal flow, other signals, such as the
power sensor resistor signal, can be applied through the multiplexer
and digitized. The CPU uses the results of these measurements to
determine if any changes or correciions are required.

The 50 MUz Reference Oscillator (G1) is enabled by the CPU when
either the or entry mode (calibration) key is pressed.
The oscillator is turned off manually if the key is pressed again or
automatically at the end of the calibration cycle. If the optional rear
panel reference oscillator is installed, both oscillators are turned on and
off at the same time. Each oscillator provides an independent 1 mW 50
MHz output that can be used for calibration or as a signal source when
troubleshooting.

Power Supply Section {/ 1>

The following five power supplies are isolated to reduce the unwanted
interaction in the power meter:

1. The +5 V digital power supply.

2. The pulsed 45 V display power supply. This power supply is enabled
by the CPU timer cirenit,

3. The 415 V analog power supply.
4. The =15 V analog power supply.
5. The +10.4 V power supply for the fan.

Because of the high precision requirements, the power meter uses
separate grounding points for each type of digital and analog signal.
Grounding is very important. B-GND is the chassis or earth ground
point that is connected to the protective earth terminal of the power
receptacie. B-GND is defined as a point at the rear panel RCDR BNC
connector. See [Migure 8-5 for a simplified diagram of the distribution of
the grounds used on the different boards. The grounds are defined as
follows:

1. The main instroment ground at the RCDR BNC connector.

2. The A-GND is defined as the ground at the sensor bulkhead that is
supplied to the input being measured. The A-GND is not a true
ground, but a reference for the signal being amplified through
the bandpass amplifiers. The A-GND is created on the A5 Main
Amplifier Assombly and applied to the A4 Input Amplifier Assembly.
A detailed expianation of the creation of the A-GNI) is provided on
Service Sheet 8.

3. The B-GND is the low current analog ground. It is applied directly
to the main amplifier from the main instrument ground. It is used
on the main amplifier filters and the analog to digital conversion

(ADC).

4. The C-GND is the high current main analog ground. The C-GND is
tied to the main instrument ground on the A9 Regulator Assembly
and is used on the input amplifier and main amplifier assemblies.

8-20

www.valuetronics.com



HP 438A

Troubleshooting Hints

www.valuetronics.com

Service Sheet BD1

5. The D-GND is the main digital ground. The D-GND is tied to the
main instrument ground on the AI0 Interconnect Assembly and is
applied to the A3 Central Processing Unit Assembly (CPU). From
the CPU it is applied to the main amplifier.

6. The display ground is the ground for the display drivers. The
dispiay ground is tied to the main instrument ground on the A10
Interconnect Assembly. It is applied to the CPU display driver
circuits and used only by the +5 V pulsed power supply.

B-GNR
MAIN ANALDG
’L.UW CURRENTY
RECDORDER (RCDRY
e / et COTPUT
BNC CONNETTOR
AMPLIFIER INPUT SISV PDHE::NE‘/
- FMN
ASSEMALY AMPLIFLIER 15Y SUPPLY lo0
ABSEMBLY [ p-gne ASSEMBELY |e18.4v
X a4 AB, AS, A1
a1 - REAR PA
et I A +8Y DIBITAL ; R PANEL
+5V 0-GND (DIBITALY
DIGITAL)

CENTRAL :

PROCESSING : DisPLAY

ASSEMBLY gt ORIVER

; +5V DISPLAY
CPULSED ON & OFF)
DISPLAY GND

Figure 8-5. Simplified Power Supply Grounding

To begin this troubleshooting it is assumed that section 2 Instaliation,
Line Voltage and Fuse Selection checks are completed.

The troubleshooting checks on this service sheet are used to isolate a
malfunction to one of the three major sections; Controller Section,
Amplifier Section, or Power Supply Section. A symbol with a check
mark and a number is nsed to show the order of the checks. This
symbol is shown on the block diagram to locate the section that the
trouble shooting relates to. The checks start with the Power Supply
Section, move on to the Controlier Section and then to the Amplifier
Section. The checks are easy to perform and provide key information.
In most instances the checks isolate a failure to a major assembly.
The comments associated with each procedure summarize the known
information as a result of passing or fziling the check.

Test Equipment

Ol o800Pe L e HP1740A
Power Sensor (1 or 2) ... oo HP 8480 series
Sensor Cable . oo i e HP 11730A
Range Calibrator .o i i HP 11683A
Digital Voltmeter (DVM) ... . ..., e HP 3456A
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Figure 8-6. Power Meter Service Position
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Power Supply Section {/ 1>

Procedure. To perform the line check remove the power meters’ top and
bottom covers., Unscrew the three captive screws holding the A3 CPU
Assembly and the two captive screws holding the A5 Main Amplifier
Assembly. Swing the hinged printed circuit boards out to the service
position. See [Migure 8-6 showing this position. After the covers are
removed and the assemblies are in the service position connect the

line power cable. Press the LINE key to the ON position. The normal
indications are:

1. The fan runs indicating line voltage or Mains (ac) power is present
at the transformer, that it is being rectified, and regulated giving the
voltage necessary for the motor control module to drive the dc fan.

2. The four red LEDs (light emitting diodes) on the A9 Regulator
Assembly are lighted indicating that the regulated supplies are
operating. This does not mean that the supplies are within the
reguired tolerances,

Abnormal Indications. If an abnormal indication occurs:
1. Check rear panel line fuse.

2. Measure the individual regulated supplies. Test points and levels are
shown on this block diagram. The +15 Vdc and —15 Vde supplies
should be equal but of opposite polarity and within 0.05 Vdc of
each other. Measure 415 Vde (14.25 Vde to 15.75 Vdc) at A9TPS.
Measure the —15 Vdc at A9TP7 and adjust it if necessary to match
the +15 Vdec supply. Measure the +5 Vdc at A9TP4 and adjust it if
necessary to 5.00 £0.05 Vdc. If the supplies are found to be in error
and cannot he adjusted refer to Service Sheets 9 and 10 for more
details. -

Controller Section {/ 2>

If the Furn-on and Operator’s Checks were completed in section 3 the
Controller Section {Z 2 » can be skipped. In that case proceed to

Amplifier Check {/ 3>

Procedure. To verily the controller power up routine press the LINE
key to cycle from the power OFF to power ON condition. This will
initiate a diagnostic routine stored in ROM. This routine is a check of
ROM, RAM, and the displays. Observe the front panel seven segment
displays and annunciators. The normal indications are:

1. All front panel indicators are lighted to provide a visual inspection of
each front panel display segment and annunciator.

2. All the display segments (large and small) will display the number
eight. The center three columns and the two right-hand columns of
annunciators will be lighted.

3. When the power up routine is completed and after a short flash of all
dashes the display will show some message defining the next step to
be taken. This message will be self explanatory.
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Abnormal Indication. If an abnormal indication occurs:

1. If all displays fail to light, check the +5V display enable CLK (clock)
at AOTP1 with the oscilloscope. The waveform shouid be as shown
in Figure 8-7.

92, When only one of the display segments or annunciators fails to light,
check respective components and display drive circuits. Refer to
Controiler Section Troubleshooting BD2.

5
48V -3 T
WD ,
oV,
02V -,
2 ~p izt S

0.2 ms/DIV

Figure 8-7. Display Enable Waveform

Amplifier Section <& 3>

As a check of the Amplifier Section, two approches can be taken
depending on the test equipment available. If only a power is available
it can be used with the | mW POWER REF to set up some known
conditions for troubleshooting. If the HP 11683A Range Calibrator is
available it can used as a variable source for checking the ranges.

Procedure one. Connect a power sensor to channel A and to the

POWER REF (1.00 mW 506 M1z). Press (PRESET). Press and
wait for routine to finish. Press and enter ref cal factor, wait
for routine to finish. Press the POWER REF (osciliator) key to

turn on the 50 Mz signal. Press and enter ref cal factor

value. The normal indication is:

1. The display should indicate as shown in Table 8-3 and channel A.
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Table 8-3. Power Displayed for 1 mW Power Reference

Power Sensor Displayed Power

HP 8481B (atteruator disconnected) |1.000 Watt
HP 85828 (attenuator disconnected) |[1.000 Watt

HP 8481H 160.0 —~3 Watt (mW)
HP 8482H 100.0 -3 Watt (mW)
HP 8485A 1.000 —3 Watt (mW)
HP 8481A 1.000 —3 Watt (mW)
HP 8482A 1.000 —3 Watt (mW)
HP 8483A (7502} 1.000 —3 Watt (mW)

HP 8484A (with TP 11708A 50 MHz |1.0000 —6 (u/W)
Reference Attenuator)

Abnormal Indication. If an abnormal indication occurs:
1. An error message indicating a faulty sensor. Try a second sensor.

2. Display shows no REF (no power reference). Check the plus and
minus 15 Vde power supplies, connected to the reference oscillator.
Refer to A4 Input Amplifier Assembly on Service Sheet 6.

3. The COMP OUT (comparator out) or RAMP END signal at test
point A5TP4 is not as shown in Figure 8-8. Refer to Amplifier
Section Troubleshooting BD3.

4. The RCDR {rear panel recorder) BNC output is not 1 Vdc. Refer to
troubleshooting BD3.

1V/DIV

5 ms/DIV

Figure 8-8. Ramp End Waveform
Procedure two. Connect the range calibrator to the power meter using
the HP 11730A power sensor cable. Set up the controls to use the range
calibrator as a controlled source.
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FUNCTION e e eransanceens STANDBY
POLARITY oottt NORMAL
RANGE i e ImW
LIN D e e e e e ON

1. Set the power meter control.

The normal indications are:
9. The display should indicate #,5% £ —& WATT (micro/W)
3. Change the range calibrator control setting.

FUNCTION e CALIBRATE

4. Set the power meter controls.

Press (CAL ADJ), (=) (SET_A), (100), and (ENTER). (The minus sign is

needed when an external power reference source is used.)

The display should read 1.&o0 —2 WATT (mW) and follow the range
calibrator as the range is changed.

Abnormal indication. 1f an abnormal indication occurs.

1. Channel A or channel B problems can be narrowed down by
connecting the power sensor to the opposite channel and observing
the results.

2. The connecting cable from the front panel A or B connector to
channel A or B on the amplifier can also be switched at the point
where it connects to the A4 Input Amplifier Assembly. This
indicates a problem with a cable or with the input amplifier analog
circuitry. Refer to troubleshoot BD3.
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Principles of Operation
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General

As shown on the block diagram, the A3 Central Processing Unit (CPU)
is the major physicai component of the controller. The controller can be
divided into the following five functional sections:

1. The data input/output circuits {Service Sheet 1). These circuits
consist of the A1 Keyhoard Assembly, the A1l HP-IB Interface
Assembly, and part of the A3 CPU Assembly.

2. The microprocessor and memory circuits (Service Sheet 2. These
circuits are al contained on the A3 CPTU.

3. The timer and peripheral interface adapter (PIA) circuits (Service
Sheet 3). These circuits are all contained on the A3 CPU.

4. The display drivers {Service Sheet 4). These circuits are all
contained on the A3 CPU.

5. The front panel display circuits (Service Sheet 5). These circuits are
all contained in the A2 Display Assembly.

The CPU controls the rest of the instrument by using the following
three buses to enable, address, and transfer data to the other sections of
the instrument:

1. The control bus is derived from part of the address bus and
hardware generated signals such as power fail or free run. These
signals are used to enable specific digital circuits when they are
required to perform their designated functions.

2. The address bus controls access to the ROM and RAM. It also
supplies inputs to the control decode circuits.

3. The data bus transfers information throughout the controlier.
Note that the data bus is buffered at the data inputs to the
microprocessor, at the ROM and RAM outputs, at the HP-IB
circuits and at the 1/0O interface. These buffers provide the required
signal strength to drive the associated circuits. They also help to
isolate problems and aid in locating a malfunction when one occurs.

Data Input/Output Section

The Al Keyboard Assembly is used during local operation to select
the measurement configuration of the power meter. When a key

is pressed, the keyboard priority encoder in the CPU encodes and
stores this information in the cathode data display and keyboard scan
PIA (Peripheral Interface Adapter). When the PIA is enabled, this
information is transferred to the microprocessor and the appropriate
changes to the instrument are initiated.
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The A1l HP-IB Assembly is used during remote operation to interface
the HP-IB to the HP-IB interface management and transceiver circuits
on the CPU. These circuits manage the exchange of the bi-directional
information between the CPU and the HP-IB.

The HP-IB assembly also contains the manual HP-IB address switch.
The output from this switch is applied to the HP-IB address buffer on
the CPU. Note that the preset HP-IB address that is selected on the

switch is only read by the CPU if the current HP-IB address set from
the front panel and stored in RAM is lost.

Microprocessor and Memory Circuits

The microprocessor ard memory circuits with their associated busses
form the kernel of the CPU. The microprocessor reads the permanently
stored programs in the ROM and uses these instructions to control

the operation of the power meter. During troubleshooting this kernel
can be jsolated and exercised by grounding A3TP4 FREE RUN prior
to applying power. The clock and timer interrupt circuits provide the
synchronization required for correct operation of the CPU.

The address and control decode circuits derive the digital control
signals from part of the address bus and hardware monitoring inputs.
This process is described in detail on Service Sheet 2. These control
signals are used to enable different digital circuits when required by the
InicTOProCessor.

The RAM is used for temporary data storage while the power meter is
operating. However, combined with the reset power fail, RAM chip
enable, and the battery circuits, part of the RAM is used to store
data when the power meter if turned off. The following information is
retained when power is turned off:

1. The current front panel setup.

2. Any other front panel setup that has been saved using the
key, or the HP-IB program code ST.

3. The current zeroing and calibration data. Additional information on

the zeroing and calibration software routines is contained in Service
Sheet 3.

When power is applied to the instrument it goes through its pretest
routine and the reset power fail resets the CPU to a predetermined
hardware configuration. The CPU then retrieves the last front panel
setup stored in RAM and establishes the required measurement
configuration. This controlled restart ensures that the power meter
always starts operation from a known configuration.

When power is turned off (or lost), the combined action of the reset
power fail and RAM chip enable circuits protect the data stored in the
RAM. This is accomplished by immediately disabling the input/output
functions of the RAM and applying the battery voltage to the Vee
input of the portion of RAM used for data storage when power is off.
The input /output functions are disabled to prevent any false data {rom
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being stored while the power level is dropping. The required restart
data is always present in RAM.

The service function switch and buffer can select and initiate diagnostic
programs that are used when troubleshooting the power meter. A list of
the available diagnostic programs and instructions on how to run them
are contained in the troubleshooting section of this service sheet.

Timer A/D, PIA, and Latch Circuits

The two main purposes of the timer A/D or ADC (analog to digital
converter) circuit are to time the A/D conversion in the A5 Main
Amplifier Assembly and supply the 1 ms software interrupt to the timer
interrupt latch. The 4 MHz input clocks the timer A/D circuit. The
start ramp signal starts the internal counter at the same time as the
ramp generator in the main amplifier is started. When the measured
input signal and the ramp generator output are equal, the ramp end
signal from the main amplifier stops the counter. The counter output is
read to the microprocessor under software control. The microprocessor
uses this data to perform the required computations and displays the
results on the front panel A2 Display Assembly.

The analog I/O PIA (input/output peripheral interface adapter) applies
the required measurement configuration control signals to the main
amplifier.

The cathode data display and keyboard scan PIA controls the
addressable data display latch circuit and the inputs and outputs to
the Al Keyboard Assembly. The addressable data display latch circuit
controls the cathode data display drivers.

The LED data latch is enabled by the anode data display and LED
address decode circuit and controlled directly by the microprocessor.
The LED lighting patterns are used to obtain circuit information when
troubleshooting the instrument. Additional information on how to use
the LED information is contained in the troubleshooting section of this
service sheet.

The anode data display and LED address decode circuit also selectively
enables one of the anode data display latches.
Display Drivers

The anode and cathode display drivers are used to refresh the front

panel display. The sequence of the drivers is controlled by the CPU

through the anode data display latches and addressable data display
latch and drivers (Service Sheet 3}.

Display Assembly

The A2 Display Assembly displays the current instrument configuration
and the appropriate measurement result or error message.
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Troubleshooting Hints The troubleshooting checks on this service sheet are used to narrow
down a malfunction to one of the following assemblies; Al Keyboard
Assembly, A1l HP-IB Assembly, A3 Central Processing Unit (CPU)
Assembly, or the A2 Display Assembly. The A3 CPU is the major
block. Its schematic diagrams are on Service Sheets one through four
(8S1, §52, 553, SS4) as shown in the lower right-hand corner of the
solid line boxes.

The checks will cover changing switch positions of the service function
switch (A351) on the A3 CPU, exercising the front panel keys,
monitoring the front panel displays, and checking some signatures.
When these checks pass, it can be assumed that a major portion of the
circuitry is functioning,.

Test Equipment
Signature Multimeter ...... ... HP 5005B

Service Function Switch

The service function switch A3S1 contains four single pole double throw
toggle switches that are provided to control data bus bits (D0 through
D7) going to the microprocessor. With the power meter in the service
position these switches can be set to several positions corresponding

to some diagnostic routines. The routines can either be for manunal or
automatic tests of the digital circuitry.

A381 can be loaded on the printed circuit board in either of the two
positions shown in Figure 8-10. ‘

|~ DEPRESSED=@

|- DEPRESSED=1
NGRMAL
OPERATION

8 4 2 1

“ I |~ DEPRESSED=0
¥ 2 [
‘ - DEPRESSED=1
: NORMAL
=" =

@ DPERATION
@ £3 19 @
Z H

FRONT
PANEL

Figure 8-10. Service Function Switch
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Table 8-4. Test Switch Pattern

MSBi 4 2 | LSB Decimal Tests
8 1 Equivalent
1 1 1 H 15 Normal Operation
1 1 1 0 14 Extended Test Mode
0 i 0 i 5 Manual Display Check
0 i H 0 4 Automatic Display Check
] G 1 1 3 Keyboard Manual Check
0 a ! 0 2 Memory Check (RAM)
] 0 { 1 i Signature Analysis
¢ 0 0 0 ¢ A to D Adjustment

Service Function Switch Checks

In normal operation with the switch in the all ones, or normal operating
position, the power up routine can be executed. This diagnostic
performs a check of ROM, RAM, and displays as was mentioned earlier.
However, by changing the least significant bit (LSB) from a zero to a
one on the switch an extended test mode can be accessed.

Extended Test Mode Check

Set the switch to decimal 14. This enables an extended test mode for
the calibration and zeroing errors reporting routine. This position also
allows for HP-IB control of the DACS (digital to analog converters)

as well as a check of the variable gain amplifier. The checking of the
DACS and the variable gain amplifier will be performed at the service
sheet level of troubleshooting. The normal indication is:

This display will show ro ©H R if a power sensor is not connected and
FLEAZE & if a power sensor is connected but has not been zeroed.

If a problem is detected in the extended test mode an error number will
be displayed. The explanation of these errors and their relationship to
the zeroing and calibration routines will be given on Service Sheet 1.

Marnual Display Check

set switch to decimal 5. This will enable a manual test of the front
panel displays. Repeated pressing of the (A) key will light each LED
segment and annuciators. The normal indication is:

All segments of the large LED’s, all of the smaller number eights,
and all of the annunciators will light, one at a time as the (A) key is
pressed. Continue to press until the sequence starts to repeat.

If any of the displays fail to light refer to Service Sheets 4 and 5.
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Automatic Dispiay Check

Set switch to decimal 4. This check is similar to the manual
display check except the displays are lighted and sequenced through
automatically. The normal indication is:

At turn on all displays will be lit. This will be followed by a walking
through turn on of each LED segment large and small. Then the
annunciators will be turned on in two groups.

If any of the displays fail to light refer to Service Sheets 1, 3, 4, and 5.

Keyboard Manual Check
Set the switch to decimal 3.

Fach front panel key can be pressed and a corresponding number
will be displayed (01 through 21) starting with key (o). Refer to the
following list:

A =91

B =02

B/A =03

SHIFT = 04

SET A =05

SET B = 06

PRE SET = 07
ZERO = 08

AUTO RANGE = 09
CAL ADJ =10
MNL RANGE = 11
CAL FACTOR = 12
AUTO FILTER = 13
OFFSET = 14
MNL FILTER = 15
O8C = 16

STORE = 17
RECALL = 18

REL = 19

dBm WATT = 20
LCL = 21
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o The normal indication is:

Fhe display shows @3 at turn on. This increments to 81 when the
key is pressed and so on through the keyboard as each key is pressed up
to 21 for the key.

When a key is pressed and the number doesn’t change to the number
corresponding to that key then either the key or associated circuitry
could be the problem. Refer to Service Sheets 1, 3, 4, and 5.

Memory (RAM) Check

Set the switch to decimal 2.

The front panel display is blank during this check. To verify the check
is being run observe the anode data bus bits ADO through AD7 LED’s
on the A3 CPU Assembly near A351. At the next power up there

will be a momentary rcl (recall) Fail error message since information
in memory was written over during this test routine. The normal
indications are:

The data bus bit pattern changes as shown in Table 8-5.

Table 8-5. Data Bus Test Pattern

Bits Bit Paitern
Start Test 1 Test 1 Test 1 Test 2 Tests Restart
Start Complete  Complete | Complete
RAM 1 A3U12 Do ) 1 0 1 0 {0 1
D1 0 1 0 1 0 ¥ 1
RAM 2 A3U13 D2 0 0 1 0 1 1 0
D3 0 0 1 0 1 1 0
How many éimes the D4 iy 0 0 1 0 1 0
test was executed D& { 0 0 0 1 1 0
and passed? D6 0 0 0 0 0 1 0
D7 ] 0 0 0 0 1 0

If a RAM failure occurs the test will flash LED’s for bits D0, D1
indicating a problem with A3U12, or flash LED’s for bits D2, D3 when
A3U13 has a problem.
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Signature Analysis Check
Set the switch to decimal 1.

This is a check that uses programmed signatures as a method of
troubleshooting. Correct signatures at the peripheral interface adapter
(PIA) for the analog input/output give a high confidence factor that a
major portion of the digital circuitry is working.

Signature Muitimeter Control Settings

FPUNCTION . e oe e SIGNATURE NORM
THRESHOLD .. «\ v oot e e et TTL
POLARITY . v oo e e e et eeaen CLOCK \
START /

STOP \

Signature Multimeter Pod Connections

Connect:
START/ST/SP green to A3TPY STRT 2
STOP 2
STOP/QUAL red to A3ITPYSTRT 2
STOP 2
CLOCK yellow to A3TP6 CLK SA
black to A3TP7 GND

The normal indication is to have valid signatures at the analog I/O
(input/output) peripheral interface adapter A3U21.

Valid signatures at A3U21 the analog I/O (input/output) peripheral
interface adapter.

A Version 5.0 is used on 00438-60103 boards which require a single
v EPROM (00438-80036). Version 2.0 is used on 00438-60003 boards
which require 2 EPROM’s (00438-80037 and 00438-80038).

Note

In order to use the following signatures to repair your A3 board, you
must have one of the preceeding versions of EPROM.
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Pin Signature Pin Signature
Numnber 5.0 2.0 Number 5.0 2.4
U211 0000 0060 23 7137 7137

2 3FP3 ACE5 24 SUCF 9UCF
3 1F0F 5554 26 HF47 P3A4
4 8P0P 4P01 27 421 ABTS
9 QUCF SUCF 28 G010 P5CC
16 AlPD AIPC 29 ATET 8P88

It 1PHD IPHD 30 1364 8377

12 5414 6414 31 75CF U647
13 F016 F016 32 1306 48A06
14 86FPF 86PF 33 1A5H AHA7
15 B2AA H2AA 34 UCF 9UCF
18 SuCr 9UCF 35 9CF2 9CF2
19 3176 F229 36 445K 445H

20 9UCF 9UCF 39 9UCF 9uCr
21 6H64 AHG4 40 0001 0601

22 SUCTF 9UCF

If any of the signatures are different from those given, troubleshoot the
bad signal line by referring to Service Sheet 3.
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Service Sheet BD3 Amplifier Section

Principies of Operation -
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General

As shown on the block diagram the A4 Input Amplifier Assembly and
the A5 Main Amplifier Assembly are the major physical components.
The Amplifier Section can be divided into the following five functional
sections:

i. The connected power sensor. (Not shown on the block diagram refer
to the Power Sensor Operating and Service Manual.)

2. The input amplifier circuits (Service Sheet 6). These circuits are on
the A4 Input Amplifier Assembly.

3. The digital I/O and DAC circuits (Service Sheet 7). These circuits
are all contained on the A5 Main Amplifier Assembly.

4. The amplifier, detector, and comparator circuits (Service Sheet 8).
These circuits are all contained on the A5 Main Amplifier Assembly.

5. The 1 mW 50 MHz Power Reference circuits (Service Sheet 11)

Connected Power Sensor and Input Amplifier Circuits

The connected power sensors determine the frequency range, dynamic
range, and measurement accuracy of the combined power sensor

and power meter. A simplified block diagram of the interconnection
between the power sensors, the two channels of the input amplifier,
and the monitoring circuits in the main amplifier is shown in Figure
8-12. The basic operation of these circuits is described in the following
paragraphs.

The power sensor dissipates the RF input power into a 50 or 75 ohm
impedance and generates a dc voltage proportional to the RF input
power level.

The 220 Hz multivibrator provides the 220 Hz drive signals to the
power sensors which are modulated by the de voltage. The resulting
sensor output is a 220 Hz signal that is proportional in amplitude to the
RF input power level and is in phase with the 220 Hz reference signal
that is applied to the synchronous phase detector in the power meter’s
main amplifier.

The shaping feedback circuit serves to reduce the gain of the input
amplifier at higher power levels. This reduction in gain is required
to offset the improved efficiency of the power sensing elements at the
higher power levels.

The sensor resistor input to the sensor resistor circuit in the

main amplifier is used by the controller to determine which model
power sensor is connected to an input channel. Note that any two
HP 848X series power sensors can be connected to the power meter.
The controller is able to adjust the individual channel input to the
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connected power sensor and provide the correct measurement result for
each channel. If the Option 002 rear panel input ports are present, the
controller can determine if more than one power sensor is connected to
the same channel input. For example, if power sensors are connected
to both the front panel and real panel A inputs, error message 33,
FinPutS is displayed.

The output from the auto zero DAC on the main amplifier is set by the
controller and in conjunction with stored values in the software is used
to remove any dec offset voltage associated with the individual power

SENSGrS.
/mm HP B480X% \ / HP 4538A w——__—-u-\
I
SELECTED
ANPLIFIED AL
o
228 Wz ¥
SAMPLED AC %‘@
\% SHAPING l::} é

AMA
v

i |

—~LSY

v

Figure 8-12. Simplified Power Sensor and Input Amplifier Diagram

The controller sets the miscellanecus buffer on the main amplifier to
connect the following signal paths for the selected input channel:

1. The amplified ac output.
2, The sensor resistor input.

3. The sensor ground reference to the A-GND circuit on the main
amplifier.

The power sensor and the A4 Input Amplifier Assembly function
together to amplify the modulated 220 Hz signal by a factor of
approximately 600.
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Digital 1/0 and DAC Circuits

The digital /O circuits interpret the control signals from the CPU
{central processing unit) controller and set the input amplifier and the
main amplifier to the correct configuration to perform the required
measurement. The outputs from the digital /O circuits are stored in
the fiip-flop registers of the miscellaneous buffer, the zero DAC (Digital
to Analog Converter) buffer, and the gain/attennator buffer.

Figure 8-13 is a simplified block diagram of the zeroing loop. When

the key is pressed, or the HP-IB program code ZE is given, the
software zeroing routine is initiated. The auto zeroing DAC output is
used to zero the input from the power sensor with no RF signal applied.
The DAC output is applied to the power sensor, is chopped in the
sensor then the output from the sensor goes through the entire power
meter amplifier chain.

HP 848X -€— | —® HP 4384

1NPUT ,‘ > ¢ :> » LP
POWER — ™ ~——| CHOPPER FILTER

|
|
i
[
l
!
it | € o RUTO=ZER
H
|
i
|

1 maA

r==——77
| Y
| VOLTAGE | 150

DIVIDER *84 ppm/°C
| |
; ~67 dB
L]

Figure 8-13. Simplified Zeroing Block Diagram

The CPU sets the output of the auto zeroing DAC to get the output
from the low pass filter (Service Sheet 8) as close to zero as possible.
The remaining offset is computed and stored as a series of 10 values for
all combinations of the slow and fast filters and the 5 ranges. These
values in conjunction with the computed DAC setting are used to
determine the zero level for all input signals until the meter is zeroed
again.

‘The stable current source supplies reference current for the zeroing
DAC and the offset removal DAC.

The offset removal DAC is controlled by the CPU and subtracts

the offsets introduced by the amplifier chain to produce the analog
recorder outpat. The output of the DAC is summed with the output
from the amplifier chain. The resulting signal is buffered and supplies
the reference current for the gain DAC. This circuit is the hardware
equivalent of the 10 computed values used by the CPU to determine the
correct zeroing adjustments for the measurement that is being made.
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The gain DAC is controlled by the CPU and multiplies the reference
signal by some gain such that the recorder output equals one volt for
full scale. The setting of the gain DAC is determined at the time of
calibration. The output of the DAC is buffered and applied to the rear
panel RCDR (recorder) output through a 1 k{} resistor.

Amplifier, Detector, Filter, and Comparator Circuits

The settings of the two range attenuators and the variable gain
amplifier are controlled by the CPU through the gain/attenuator buffer.
The range attenuators are set to match the front panel selected range if
in MNL RANGE mode or the CPU selected range if in AUTO RANGE
mode. The variable gain amplifier is set to provide an output from

the low pass filter between 3.02 and 3.63 Vdc. The setting required is
determined during calibration (CAL ADJ). Calibration is described
later. :

The bandpass amplifiers consist of several active stages and RC
networks. The bandpass response peaks at approximately 230 Hz with
0 degrees of phase shift.

The synchronous phase detector rectifies the output from the bandpass
amplifier by multiplying the input by + or —~1. Thus, the output of the
detector is a signal whose filtered dc value is proportional fo the true
amplitude of the 220 Hz input signal.

The low pass filter consists of a slow filter and a fast fiiter. The input
from the detector is applied to botk. These filters are related to the
digital filter number. If the digital filter number is 0, 1, or 2 the fast
filter is active. I the number is 3 through 9 the slow filter is active.
The CPU selects the output of the required filter. The low pass

filter output that is selected is determined by the digital filter that is
selected. It is important to understand that the digital filter is not a
circuit. Tt is an averaging function that is performed by the software

and controlled by the front panel (AUTO FiLTER) and (MNL FiLTER) keys.

The selection of the slow and fast filters is determined as follows:

1. If the digital filter number is 0, 1, or 2, the fast low pass filter
{45 ms) is selected.

2. If the digital filter number is 3 through 9, the slow low pass filter
(800 ms) is selected.

A detailed description of digital filtering is provided later in this service
sheet. The output of the low pass filter is buffered and applied to the
following two circuits:

1. The summing point of the offset removal DAC (Service Sheet 7).
The use of this output was described previously.

2. The Analog/Digital Input Multiplexer.

The Analog/Digital Multiplexer can select any one of the following
signals as the ADC (analog to digital converter} input to the
comparator:
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. The low pass filter cutput,

The front and or rear sensor resistors for sensors connected to
channeis A or B.

The B-GND (0V).
The auto zero DAC output (this signal is only selected for testing).

. The offset removal DAC output {this signal is selected during the

zeroing routine).

. The gain DAC output (this signal is only selected during the

calibration routine).

The Analog-to-Digital Converter {ADC) in the power meter consists of
the following three parts:

1.
2.
3.

The ramp generator and comparator circuits in the main amplifier.
The timer A/D and software interrupt circuit in the CPU.

The software routine that controls these circuits.

cry

START RAMP
4 Mz COUNTER OUT
TIMER A/D |— TG MICROPROCESSOR

oy
-

RAMP END

3

COMPARATOR

START RaMP
o RAMP
+2.5Y REF GENERATOR

MAIN AMPLIFIER

Figure 8-14. Simplified Analog to Digital (A/D) Converter Block Diagram

Figure 8-14 Simplified A/D Converter Block Diagram shows the
relationship between the CPU and the main amplifier circuits. The
method of digitizing the input signal is identical for all input signals.
The sequence is as follows:

1.

The selected signal from the analog/digital input multiplexer is
applied to the ADC input of the comparator.

The CPU generates the start ramp signal. This signal is applied
simultaneously to the timer A/D in the CPU and the ramp
generator in the main amplifier.

. The timer A/D) starts counting at a 4 MHz rate.

Using the 2.5 V reference input, the ramp generator produces a
positive linear ramp,
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5. When the ramp voltage equals the ADC input voitage, the
comparator sends the ramp end signal to the timer A/D circuit in
the CPU. The counter is stopped at the count that represents the
vaJue of the ADC input signal. This information is used by the
microprocessor to compute the measurement value. This value can
then be used in any other computations required to obtain the final
displayed informatien.

1 mW 50 MHz Power Reference Circuit

The G1 50 MHz Reference Oscillator provides a 50.0 £0.5 MHz output
at 1.0 mW £ 0.7%. This output is used during operation to calibrate
the individaal power sensors used with the power meter. It can also be
used during the Operator’s Check and troubleshooting procedures as a
signal source.

As explained previously, the zeroing software routine determines the
setting for the auto zero DAC, calculates and stores 10 offset values for
the 10 combinations of the two low pass filters and the five available
ranges. For correct calibration, the connected power sensor and the
power meter must be zeroed prior to calibration.

The main functions of the power sensor calibration software routine are
as follows:

1. Verify an appropriate power source and a power sensor are connected
to the power meter. In some cases, the power source is the power
meter’s I mW 50 MIz Reference output.

2. Set the range attenuators and the low pass and digital filters to the
correct settings for the connected power sensor.

3. Set the variable gain amplifier so that the ADC output indicates
between 3.02 and 3.63 Vdc.

4. Calculate and scale the 10 zeroing offset values to provide more
accurate power measurements.

5. Calculate the offset DAC settings to match these new values,

6. Find the gain DAC settings required to provide a full scale 1 Vde
output at the rear panel RCDR (recorder) connector.

After the power sensor and power meter are correctly zeroed and
calibrated, they can be used to make power measurements within the
specified parameters of the combined instruments.

Digital Filter Software Routine (Digital Fiiter)

The most important point to understand about the digital filter is
that it is a software routine and not a hardware component. It does,
however, have a direct bearing on the selection of the slow or fast low
pass filter. The selected combination of these two filters determine the
speed, resolution, and stability (jitter) of the final measurement result.

The digital filter is an averaging filter. The value returned by the
digital filter is the average of the last N power readings, where N is the
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filter length. The filter length is determined by two being raised to
some power where that power is the filter range number zero through
nine. The filter number can be manually selected using the front

panel key or automatically selected by the software if the

key is active. The relationship between the selected filter
number and the filter length is as follows:

Filter Filter Length
Number {Number of Readings)
: 1

2

4

8
16
32
64
128
256
512

Ol B e O

B e KN S LR

The troubleshooting checks on this service sheet are used to narrow
down a malfunction to one of the following assemblies; A4 Input
Amplifier Assembly, A5 Main Amplifier Assembly, and G1 50 MHz
Reference Oscillator. The major part of this service sheet is the

A5 Main Amplifier Assembly and its schematic diagrams are on Service
Sheets 7 and 8. The A4 Input Amplifier Assembly schematic diagram
is on Service Sheet 6 and G1 50 MHz Reference Oscillator schematic
diagram is on Service Sheet 11.

The checks will cover selected inputs and outputs of these major
assemblies. The checks attempt to verify a good interface between
the power sensor and the input amplifier so that the zeroing loop

is completed and that analog to digital conversion {ADC) is being

accomplished by the CPU and main amplifier connections.

Test Equipment

Oscilloscope. . oo HP 1740A
Power Sensor .. ...t HP 8480 series
Sensor Cable. .. ..o i HP 11730A
Digital Voltmeter (DVM) ..o HP 3456A

Power Sensor to First Amplifier Interface Check

Assuming at this point that BD1 Amplifier & 3> has been completed
and the comparator output RAMP END signal was incorrect or that
the RCDR (rear panel recorder) BNC output is not 1 Vde.

Connect power sensor to channel A or channel B and the 1 mW
POWER REF. The normal indication is:
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The display should read t.@ag —& WATT (mW) and channel A or B
depending on the active channel.

Il any abnormal indication occurs:

1. The selected amplified ac is not as shown in Figure 8-15 at test point
A4TP3 or A4TP4 depending on which channel is active. Refer to A4
Input Amplifier Assembly on Service Sheet 6.

0.05v/DIV " FA W

1 ms/DIV
Figure 8-15. Selected Amplified AC
2. The phase detector drive is not as shown in Figure 8-16 at test point

A4TP5 or A4ATP6. Refer to A4 Input Amplifier Assembly on Service
Sheet 6.

ov--

2

2V/DIV 4

8

2104 10 bt

1 ms/DIV
Figure 8-16. Phase Detector Drive

If the RAMP END signal is wrong and steps 1 and 2 are correct, go
to Service Sheet 8.

If the RCDR signal is wrong and steps 1 and 2 are correct, go to
Service Sheet 7.
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General

The following troubleshooting is for Service Sheets 1 through 4.
Extended Test Mode allows the power meter to report calibration and
zeroing errors. Signature Analysis, in most cases, will isolate a problem
to the component level.

Extended Test Mode

Turn off the power meter. To put the power meter into extended test
mode set A351 to decimal 14 as shown in Figure 8-18. Turn on the

power meter.
' FRONT
8 PANEL
3 l

Figure 8-18. A3S81 Decimal 14 Setting

Extended test mode allows for HP-IB control of the DAC’s and Variable
Gain Amplifier. When the power meter is in extended test mode, the
following calibration and zeroing error messages may be displayed on
the microprocessor board LED’s (A3DS1).
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Table 8-8. Extended Test Mode Error Messages

LED Display
D3 D2 D1 DO

Description

00012

4010

0011

01060

0101

011¢0

6111

16040

i001

10610

1011

1100

1101

The power meter thinks that there is no sensor connected. If a sensor is connected, the
problem could be caused by a bad sensor, sensor cable, or Sensor Resistor Selection
circuit (see Service Sheet 8).

The Zero DAC was set to its maximum value {255) but a valid zero could not be
achieved, This would indicate that the voltage at the A/D converter was too high
(>140mV) for the Zero DAC to correct. This could happen if power is applied to the
sensor during ZEROing or if there was a failure in the Amplifier Section {see BD3).

The Zero DAC was set to its minimum value (0) but a valid zero could not be achieved,
This would indicate that the voltage at the A/D converter was too low {<—140 mV} for
the Zero DAC to correct. This could happen if there was a failure in the Amplifier
Section {zee BD3I).

After the Zevo DAC was set, the digitally filtered voltage on RANGE 1 was not between
-140 and 4140 mV.

After the Zero DAC was set, the digitally filtered voltage on RANGE 2 was not between
—140 to 4140 mV.

After the Zero DAC was set, the digitally filtered voltage on RANGE & was not between
~140 to +140 mV.

With Offset DAC set to 64, the offset voltage is not between 0 and 750 mV or with the
Offset DAC set to 192, the offset voltage is not less than 0 V. This problem is most likely
caused by the Offset DAC Buffer or Offset Removal DAC circuits on Service Sheet 7.

Offset DAC setting for one or more of the 10 calculated offset voltages would be less
than zero or greater than 255,

While trying to execute the. CAL ADJ procedure, a variable gain amplifier setting which
would result in a valid CAL voltage {3.18 to 3.85 V at the A/D converter} could not be
achieved.

A/D converter overflowed during the CAL ADJ procedure. This could be caused by a
failure in the Amplifier Section (BD3) or applying too much power to the sensor (that
is, connecting the HP 8484A without the HP 11708A Attenuator).

The A/D converter returned a count (proportional to voltage) for BGND that was out
of range. This could be an A/D converter problem or a BGND problem.

1V at the recorder output (RCDR) could not be achieved with a normal setting of the
Gain DAC. The moss likely cause of this problem would be one of the Gain
Compensation amplifiers, the Gain DAC Buffer, or the Gain DAC. However, an
incorrect voltage from the filter output of Service Sheet 8 could also cause the problem.

When the power meter turned its internal Power Reference Oscillator on and off to
make sure that there was a sensor connected, the A/D converter detected that there was
always power applied to the sensor. Possibly the sensor was connected to an external
veference or the power meter may have been unable o turn off its internal Power
Reference Oscillator. A failure in the power sensor, power sensor cable, or Amplifier
Section could also cause the problem.
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Service Sheets 1—4

HP-IB Commands in Extended Test Mode

The Extended Test Mode also allows the Zero DAC, Gain DAC, Offset
DAC, and the Variable Gain Amplifier to be set over IIP-IB for testing

purposes only. The Extended Test Mode commands are as indicated in
Table 8-7 below,

Tahle 8-7. HP-IB Commands in Extended Test Mode

Command Description

ZDA Cause the system to accept the next number sent and use it
as the zero DAC setting for channel A. Valid range of
numbers are 0-255,

yARY: Cause the system to accept the next number sent and use it
as the zero DAC setting for channel B. Valid range of
numbers are 0-255.

GDA Cause the system to accept the next number sent and use it
as the gain DAC setting for channel A. Valid range of
numbers are (-255. '

GDB Cause the system to accept the next number sent and use it
as the gain DAC setting for channel B. Valid range of
numbers are 0-255.

ODA Cause the system to accept the next number sent and use it
as the offset DAC setting for channel A. Valid range of
numbers are 0-255..

ODB Cause the system to accept the next number sent and use it
as the offset DAC setting for channel B. Valid range of
numbers are (-255.

VGA | Cause the systemn to accept the next number sent and use it
as the variable gain amp setting for channel A. Valid range of
numbers are (-15.

VGB Cause the system to accept the next number sent and use it
as the variable gain amp setting for channel B. Valid range of
numbers are 0-15.

1. To set the Zero DAC to the value 152 using BASIC, type:
BUTPUT 713;"ZDALS2ENY

Do not include any spaces in the command string.

2. Version 5.0 is used on 00438-60103 boards which require a single
EPROM (00438-80036). Version 2.0 is used on 00438-60003 boards
which require 2 EPROM’s {00438-80037 and 00438-80038).

In order to use the following signatures to repair your A3 board, you
must have one of the preceeding versions of EPROM.
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Signature Analysis Mode Checks

In most cases, the Signature Analysis procedures will isolate a problem

to the component level.

Next to each check, in parentheses, is the component being checked and

the Service Sheet where the component is located.

The procedures must be done in the order shown. All checks up to and

including Miscellaneous Checks must be done.

Test Equipment

Signature Analyzer
Oscllloscope o i e e HP 1725A

.......................................

Free Run Signature Analysis

General.

of the following:

u Data Bus

n Address Decoding

m Address Bus

w The contents and operation of ROM.

The signatures represent firmware for ROM’s with HP part number
00438-80036 (A3U9), version 5.0 or with part numbers 00435-80037 and
00438-80038 (A3U9-U10), version 2.0. {To find your firmware version

use the HP-IB command, 71D .}

Memory Data Bus Signatures.

Note

v

i If the Data Bus signatures are normal, then the Address Bus does not
need to be checked.

8-54
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. Connect the signature analyzer as shown below:
Signature Analyzer Pod A3 Assembly
Start A3TP11
Stop A3TPI11
Clock A3TP6
Ground A3TP7
. Set the controls on the signature analyzer as shown below:
FUNCTION Lo it NORM
Clock oot e e \ falling edge
Start e / rising edge
]2 O \ falling edge
. With the power meter off, connect a jumper from A3TP4 to ground.

Ensure that switch A351 is set to the NORMAL position (1111).
The least significant bit is the switch that is closest to the edge of
the printed circuit board. When the switches are set towards the

front panel of the instrument, they are set to one.

HP 5005B

Free Run Signature Analysis is to be used to verify operation



HP 438A Service Sheets 1—4

5. Turn the power meter on and use the following signatures to verify

that the signature analyzer has been set up properly.

FBV (0001)
GND oot (0000)

Note A If the microprocessor will not go into Free Run, perform the Free Run
.g Mode Troubleshooting near the end of Free Ruan Signature Analysis.

6. Verify the signatures in Table 8-8.

If all signatures are correct, continue with the Chip Select signatures.

Table 8-8. Memory Data Bus Buffer Signatures

Pin Signal Signature
Number Name 5.0 2.0
Us-11 PD3 Ficl 19C7
12 PD2 P177 (320
13 PD4 PogU 7526
14 PD1 0C80 TE7PR
15 PD5 408D 7917
16 PIX 9839 PUH7
17 PD8& H793 18F2
18 PD7 U73C 1¥C8

Table 8-9. Memory Data Bus Buffer Signatures

If any signature is incorrect, verify the signatures in Table 8-9

Pin Signal Signature
Number Name 5.0 20

U8-2 /o7 U73C 1FC8
3 I/06 H793 1872
4 1/00 0839 PUHT
5 1/05 4001 7817
8 1/01 0Ca0 TF7P
7 1/04 POYV 7526
8 1/02 P177 6320
9 1703 F7CH 19C7

If all signatures are correct, replace U8. If any signature is incorrect,
verify the Chip Select signatures.
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Chip Select Signatures.

1. Set the controls on the signature analyser as follows:

P / (rising edge)
7o + S / (rising edge)
Clock oo \ (falling edge)

2. Verify the signatures in Table 8-10.

Table 8-10. Chip Select Signatures

Pin Number Signal Signature
5.0 2.0 Name 5.0 2.0
U28-16 U28-12 NRAME 4PG8 4P08
17 13 STAT2/STOP2 F2A4 F2A4
18 14 NSWE 0000 0000
14 15 NROMIE 0001 0001
20 16 NMEME 4P0A 4P0A
21 17 NIRT 0003 0003
22 18 NIOE 12U1 1201
23 19 NADS 6H4C 6HA4C

If all signatures are correct and you have version 2.0, continue with
step 3. If you have version 5.0, proceed to step 4. If any signature is
incorrect, verify the signatures in Table 8-11.

Table 8-11. Chip Select Signatures

Pin Number Signal Signature

5.0 2.0 Name 5.0 2.0

U28-1 U28-1 R/NW 0003 0003

2 2 NFREERUN G00G 0006
3 3 BS G000 0000
4 4 BA G000 0000
5 5 PA12 4FCA 4FCA
6 6 PALS 3002 00602
3 8 PAl4 quUP1 9UP!
9 g PA13 4868 4868
19 10 NPWR FAIL 0003 6003
11 PA1l 6U28

13 PA1G 37C5H

If the signature for pin 2 is incorrect, verify that A3TP4 is grounded
or look for an open trace.

If the signature for pin 10 is incorrect, perform the troubleshooting
for the Reset/Power Fail circuit.

If any other signature is incorrect, replace U19.
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If all signatures are correct, replace U28.

Lo 3. {Applies to version 2.0 only.) Verify the signatures in the table

helow,
Chip Select Signatures
Pin Signature
U7-4 3838
5 7633
10 PACH
12 PACU

If all signatures are correct, continue with step 4.
If any of the signatures are incorrect, verify the signature in the

foliowing table.

Chip Select Signatures

Pin Signature

Al4

5UP1

U7-13

If the signature is correct, replace U7. If the signature is incorrect,
replace U19.
4. Verify the signatures in Table 8-12.

Table 8-12. Chip Select Signatures

www.valuetronics.com

Pin Number Signal Signature
5.0 2.0 Name 5.0 2.0
Uls-3 U15-3 NRESET 0003 0003
5 5 AD [nuay yuyuu
7 7 Al FFFF FEFTE
9 9 A2 8484 8484
i2 12 R/NW2 (004 0003
14 14 NWR, 0003 0003
Ul13-22 U13-26 NRD * *
U9-22 U9-22 NOE * *
* The probe should blink indicating signal activity,

If all the signatures are correct, perform the Signature Analysis

Mode Checks.

If any of the signatures are incorrect, verify the signatures in

Table 8-13.
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Table 8-13. Chip Select Signatures
Pin Signal Signature
Number Name 5.0 2.0
Uis-2 R * *
4 o * *
& R 0003 0603
8 R/NW 0003 0803
11 PA2 8484 8484
13 PAl FEFFF FFFF
15 PAG ouuy Uuuu
17 NRESET 0003 8003
* The probe should blink indicating signal activity.

If the signature for pin 2 is incorrect, replace U37 and/or R17.

If the signature for pin 4 is incorrect, replace U36 and/or R20.

If the signature for pin 6 is incorrect, check for a TTL low at U37
pin 8. If pin 8 is a TTL low, replace U36. If pin 8 is not a TTL low,

replace U37.

If the signatures for pins 11, 13 and 15 are incorrect, replace U19.

If the signature for pin 17 is incorrect, troubleshoot the Reset/Power

Fail circuit.

Note

G

incorrect, continue with the Address Bus Signatures.

If the Memory Data Bus and Chip Select Signatures are correct,
perform the Signature Analysis Mode Checks. If the signatures are

Address Bus Signatures

1. Set the controls on the signature analyzer as follows:

2. Verify the signatures in Table 8-14.
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Table 8-14. Address Bus Signatures
Pin Signal Signature
Number Name 5.0 2.0
U18-3 A7 HC89 HC89
5 AB 52F8 B2T8
7 A3 5H21 5HZ1
9 Al CCCC CCCC
12 AD 5555 5555
14 A2 TF7F TE7E
16 A4 0AFA OAFA
18 Ab UPFH UPFRE

If all signatures are correct, continue with step 3.

If any signature is incorrect, verify the signatures in Table 8-15.

Table 8-15, Address Bus Signatures

Pin Signal Signature
Number Name 5.0 2.0

U19-8 PAO 5555 5535
9 PAl CCCC CCCO
10 PA2 7FTF TFTF
11 PA3 5H21 5H21
12 PA4 0AFA 0AFA
13 PAG UPFH UPFH
14 PAS 52F8 52F8
15 PAT HC89 HC89

If any signature is incorrect, continue with step 3. If all signatures

for pins 8 through 15 are correct, replace U18.

3. Verify the signatures in Table 8-16.

Table 8-16. Address Bus Signatures

Pin Signal Signature
Number Name 5.0 2.0

U39-3 Al2 3C96 3C96
5 A9 HPPO HPPO
7 Al4 755U 755U
9 Al3 3827 3827
i2 02 * *
14 Al10 1293 1293
16 All HAPT HAPT
18 A8 2H70 2H70

* The probe should blink indicating signal activity.
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If any of the signatures are correct, verify the signatures in
Table 8-17.
Table 8-17. Address Bus Signatures
Pin Signal Signature
Number Name 5.0 2.0
T19-16 PAS 2H70 2H7D
17 PAS HPPO HPPO
18 PALD 1263 1293
19 PA1l HAPT HAPT
20 PAL2 3C98 3C96
21 PA13 3827 3827
22 PAl4 7550 7550

If all of the signatures are correct, replace U30.

If the signatures in Table 8-15 or Table 8-17 are incorrect, perform
Free Run Mode Troubleshooting. 1f Free Run Mode Troubleshooting
is normal replace U19.

If the Address Bus signatures are correct, perform the Memory Data
Bus Tests.

Reset/Power Fail Test Voltage Checks

1.
2.

Ensure the power meter is turned on.

Verify that U19 pin 37 is a TTL high. If the measured voltage
is correct, go to the Timing Check. If the measured voltage is
incorrect, go to step 3.

. Verify that U35 pin 5 is +2.5 Vde. If pin 5 is incorrect, check the +5

volt supply, R4 and R5. If pin 5 is correct, go to step 4.

. Verify that U35 pin 4 is +5 Vdec. If pin 4 is correct, replace U35, If

pin 4 is incorrect, go to step 5.

. Verify that U35 pin 7 is +5 Vdc. If pin 7 is correct, replace C5 or

R3. If pin 7 is incorrect, go to step 6.

. Verify that U35 pin 10 is approximately +2.5 Vdec. If pin 10 is

correct, go to step 7. If pin 10 is incorrect, check R10, R11 and C16.

. Verify that U35 pin 9 is >2.5 Vde. If the voltage at pin 9 is

incorrect, check R12-R14 and C15.

Timing Check

1.

2.
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Connect the oscilloscope to U19 pin 37. Connect the oscilloscope’s
External Trigger Input to A3TPS.

Set the controls on the oscilloscope as follows:

Vertical Scale ... ..o i 2 volts/division
Horizontal Scale ..........c.ciiiiiiiiiat 20 ms/division
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Trigger Mode ... i, Normal, external
Trigger Level ... Slightly positive
Trigger oo e Positive Edge

3. At turn on, the oscilloscope should display a waveform that is at
0 voits for >80 ms and then goes to +5 volts.

The following procedure is to be used if Free Run Mode will not
operate.

Free Run Mode Troubleshocting

1. Verify that U28 pin 14 is a TTL low. If pin 14 is correct, go to step

2. If pin 14 is incorrect, verify that U28 pin 2 is 0 volts. If pin 2
is incorrect, check for an open trace to TP4 or verify that TP4 is
grounded. If pin 2 is 0 volts, replace U28.

. Verify lines D0-D7 (at U19) are as shown in Table 8-18.

Table 8-18. Data Line Logic Levels

Test Node Data Line TTL Logic
U19 Pin 31 Bo 1

30 D1 1

29 D2 1

28 D3 1

27 D4 1

25 D5 0

25 D6 1

24 D7 0

If there is activity on the data lines, verify that Ul pin 19is a TTL
high. If pin 19 is correct, replace Ul. If pin 19 is incorrect, replace
T37.

If there is no activity on the data lines and the logic levels are
incorrect, verify that the Service Function Switch {A351) is set to
the proper position. When set to the proper position, U3 pins 4, 6, 8
and 11 are TTL hLighs.

If pins 4, 6, 8 and 11 are incorrect, set the switch to all “1s” or
replace the switch.

if pins 4, 6, 8 and 11 are correct, replace U3.

3. Verify that U19 pins 2, 4, and 40 are TTL highs. If pins 2, 4, and 40

are not TTL highs, replace RS,

. Verify there is a 2 MHz clock signal at TP6.

If TP6 does not have a 2 MHz clock, check for an 8 MHz clock at
U19 pin 38. If the 8 MHz clock is present, replace R16 or Ul19. I the
8 MHz signal is not present, check the Clock circuit.
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5. Verify that U19 pin 3 is a TTL high. If pin 3 is not a TTL high or
there is a signal present, verify there is a TTL low at U38 pin 13.

1f U38 pin 13 is correct, temporarily ground U38 pin 10 and verify
that U38 pin 9 goes to a TTL high. If pin 9 is incorrect, replace
U38. If pin 9 is correct, replace U38 or U20.

6. Verify TP5 is a T'TL high (>3.5 Vdc). If TP5 is incorrect, replace
U19.

7. Verify TP11 is a square wave of approximately 15 Hz and 5 volts
peak-to-peak. If TP11 is incorrecst, replace U19.

If no failures were found, the microprocessor should be in Free Run
Mode.

Data Bus Tests

1. Connect the signature analyzer as described under Free Run
Signature Analysis. Turn the power meter OFF. Remove ROM U9
for version 5.0, or ROMs U9 and U10 for version 2.0.

2. Turn the power meter ON. Verify that the signature of each data line
is either low {0000) or high (0001). If any other signature is seen,
then one of the RAMzs is probably defective.

If the signatures with the ROM in the circuit were low (0000) or
high {0001), then U8 is most likely defective.

If the data bus signatures are correct, then the problem is U9 for
version 5.0, or ROMs U9 and U10 for version 2.0.

i Tree Run Signature Analysis must be performed before attempting
Programmed Signature Analysis.

Note

&

Microprocessor Data Bus Buffer Check {(U1—Service Sheet 1).
1. Connect the signature analyzer to the A3 assembly as follows:

Signature Analyzer Pod A3 Assembly

Start/Stop A3TP9

Qual U1 Pin 19

Clock A3TP6

Ground A3TP7

2. Make the following settings on the signature analyzer:

Punction ..o e e QUAL
Clock oo (falling edge)
SEATL et {rising edge)
Stop v e (falling edge)
Qual e e LO

3. Set switch A3S1 to 0001. The least signifiant bit is the switch that is
closest to the edge of the printed circuit board. When the switches
are set towards the front panel of the instrument, they are set to
one. Turn the instrument off then back on again.
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4, Verify the signatures for +5 volts and ground are as shown below:

Rev. 5.0 Rev. 2.0
+5 volts  (A3TP8} (9UCE) (TPUD)
Ground {0000) (0000)

If Signature Analysis Mode will not run, perform the Signature Analysis
Mode Troubleshooting under “Miscellaneous Checks”.

Note

€

5. Verity the signatures in Table 8-19.

Table 8-19. Microprocessor Data Bus Buffer Sighatures

www.valuetronics.com

Pin Signal Signature
Number Name 5.0 2.0

Ul1.2 PD7 PUH1 CU45
3 PD6 APOP C8359
4 PDG 1002 43FA
5 PD5 PG40 9900
6 PD1 FOFA 0328
7 PD4 TU34 UFF3
8 PD2 2388 8P33
9 PD3 7992 P648

If all signatures are correct, perform the Miscellaneous Tests.

If any signature is incorrect, move the QUAL line to Ul pin 1, set
QUAL to “High” and verify the signatures for +5 volts (version
2.0-—A988, version 5.0—F039) and ground (0000) are as shown.

Verify the signatures in Table 8-20.

Table 8-20. Microprocessor Data Bus Buffer Signatures

Pin Signal Signature
Number Name 5.0 2.0

Ul-2 PD7 $u27 au27
3 PD6 P48H P48
4 PDO 97C4 97C4
51 PD5 940U 940U
8 PD1 ZAAC 2AAC
7 PD4 UTFA UTFA
8 PD2 8305 8301
9 PD3 HU5P HUBP

If any signature was incorrect, replace Ul,
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If all the signatures were correct, set QUAL to “LO” and verify the
signatures in Table 8-21.

Table 8-21. Microprocessor Data Bus Buffer Signatures

Pin Signal Signature
Number Name 5.0 2.0

U1-2 PD7 1390 4P43
3 PD6 4899 2266
4 PDo F7UA 1UPA
5 PD5 1F95 7256
8 PDI1 ETA8 5PA2
7 PD4 971ip 5FT7Y
8 PD2 5386 4P1A
9 PD3 47H9 1U85

If any signature is incorrect, replace Ul.

If all signatures are correct, perform the “Memory Date Bus Buffer

Check™.

Memory Data Bus Buffer Check (U8-Service Sheet 2).

1. Move the QUAL line to U8 pin 1, set QUAL to “LO” and verify the
signatures for +5 volts (version 5.0 — 7610, version 2.0 — H843}
and ground (0000) are as shown.

2. Verify the signatures in Table 8-22.

Table 8-22. Meory Data Bus Buffer Signatures

Pin Signal Signature
Number Name 5.0 2.0

Us-2 1/07 PCOT AF38
3 1/08 H7C2 5PFC
4 1/00 UsH7 H75U
5 I/O5 PCOG AF38
6 1/01 9UCA TPPC
7 I/04 1U8F P30
8 1702 H286 4A1A
9 1/03 1U5L THTY

If all signatures are correct, perform the “RAM Check”.

If any of the signatures are incorrect, replace US.

RAM Check (Version 2.0, U12 and U13-—Service Sheet 2 and Version

5.0, U13—Service Sheet 3).
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Note 4 For the RAM Check to be valid, the Microprocessor Data Bus Buffer
% and Meory Data Bus Buffer must be operating properly.
1. Set Switch A3S1 to 2 (0010). The least significant bit of A351 is
closest to the edge of the printed circuit board. When the switches
are set towards the front panel of the power eter, they are set to “17.
The front panel dispiay is blank during this check. To verify the
check is being run, observe the anode data bus bits ADO through
AD7T LED’s on the A3 Assembly near A351. At the next power
up there will be a momentary rel (recall} Fail error message since
information in memory was written over during this test routine.
The normal indications are:
The data bus bit pattern changes as shown in Table 8-23.
Table 8-23. Data Bus Test Pattern
Bits Bit Pattern
Start Test 1 Test 1 Test 1 Test 2 Tests TRestart
Start Complete | Complete | Complete
RAM 1 A3U12 Do 0 1 0 1 G 0 1
D1 0 1 0 1 G i) 1
RAM 2 A3U13 D2 G 0 1 0 1 1 0
D3 G 0 1 0 1 1 0
How many times the D4 0 0 0 1 0 1 0
test was executed D5 Q0 0 0 G 1 1 0
and passed? D& 0 0 6 0 0 1 0
D7 0 G G gl { 1 0

Note

G

www.valuetronics.com

D4—D7 count in binary. For version 5.0, ignore RAM 1 A3U12—not
used.

If a RAM failure occurs the test will flash LED’s for bits D9, D1
indicating a proble with A3U12, or flash LED’s for bits D2, D3 when
A3U13 has a problem.

2. Reset A3S1 to 1 (0001). If RAM is operating properly, perform “I/0
Data Bus Buffer Check”.

1/O Data Bus Buffer Check (U39-—S8ervice Sheet 1).

1. Move the QUAL line to U39 pin 19, set QUAL to “LO”" and verify
the signatures for +5 volts (versions 5.0 and 2.0, 2881) and ground
(0000) are as shown.

2. Verify the signatures in Table 8-24.
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Table 8-24. /0 Data Bus Buffer Signatures
Pin Signal Signature
Number Name 5.0 2.0
U39-2 ID7 F3Ug F3U9
3 D8 U603 U603
4 IDY 44F9 44F9
5 D5 2832 2832
6 ID1 AQUH A0UH
7 ID4 011A 011A
8 D2 P133 P133
9 1D3 7208 7208

If all the signatures are correct, perform the “Miscellaneous Checks”.

If any of the signatures are incorrect, go to step 3.

3. Move the QUAL line to U39 pin 1, set QUAL to “L0O” and verify
the signatures for +5 volts {version 5.0 — 7610, version 2.0 — H843)

and ground {0000) are as shown.

. Verify the signatures in Table 825,

Table 8-25. I/O Data Bus Buffer Signatures

Pin Signal Signature
Number Name 5.0 2.0

U39-2 D7 228F §A32
3 DS 7960 P583
4 IDO 9HHEP TTT8
5 IDb 5FC3 T2FH
6 IDi 6U3U CFUP
7 b4 0CHF 2070
8 D2 §9HP 277TA
9 1D3 F315 0F56

If any signature is incorrect, replace U38.

If all signatures are correct, connect the signature analyzer as

follows:

5. Make the following settings on the signature analyzer:

Function

www.valuetronics.com
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6. Verify the signatures for +5 volts (version 5.0 and 2.0, 9UCF) and
ground {0000) are as shown.

7. Verify the signatures in Table 8-26.

Table 8-26. I/O and Display Address Decode Signatures

Test Node Signal Name Signatures
A3U27 Pin 11 NCSs4 7137
12 NCS3 TALC
13 NCS2 12H3
14 NCS1 9HPT
15 NCSO PFPO
A3U33 Pin 9 NY3 10HO
10 NY2 TH33
11 NY1 FP4P
12 NYO Al1US

If all signatures are correct, perform the “Analog I/O PIA Check”.

If any signature is incorrect, replace the integrated circuit associated
with the bad signature.

Analog I/O PIA Check (U21—Service Sheet 3).
1. Connect the QUAL line to U21 pin 23.

Verify that the controls on the signature analyzer are set as follows:

Fanction ..o e e QUAL
Clock oo falling edge
Start o rising edge
0 falling edge
Qual o i LO edge

2. Verily the signatures for +5 volts (versions 5.0 and 2.0, 494F) and
ground (0000} are as shown.

3. Verify the signatures in Table 8-27.
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Table 8-27. Analog 1/O PIA Signatures

HP 438A

Pin Signal Signature
Number Name 5.0 2.0

U21-26 ID7 14CH 14CH
27 D8 TUBS TUEB
28 ID5 1284 1284
29 D4 2PTA 2PTA
30 D3 0088 6C88
31 D2 AC9T ACI7
32 D1 PaPs PoPs
33 DO UPs2 UP62
2 AAD HP88 HPG6
3 AAl F102 Fio2
4 AA2 JHGE 3HG6
10 AADO USFH USFH
11 AAD1 (45U 045U
12 AAD2 62A3 62A3
13 AATDY3 05F4 05I4
14 AADA4 a73H 973H
15 AADS 8042 8942
18 AADS 3UC4 30C4
17 AAD7 8AGP 8AS5P

If any signature is incorrect, replace U21,

¥f all signatures are correct, perform the “Cathode Data Display and

Keyboard Scan PIA Check”.

Cathode Data Display and Keyboard Scan PIA Check (U22—Service
Sheet 3}.

Move the QUAL line to U22 pin 23, set QUAL to “LO” and verify
that the signatures for +5 volts {versions 5.0 and 2.0, A20U) and

1.
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ground (0000) are as shown.

. Verify the signatures in Table 8-28.
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Table 8-28.
Cathode Data Display and Keyhoard Scan PIA Signatures
Pin Signal Signature
Number Name 5.0 2.0
U22-26 1D7 0060 0000
27 1D8 0000 0000
28 D5 0000 0000
29 1D4 1041 104F
36 13 0291 029F
31 D2 203C 2C3C
32 ibl H733 H733
33 ibo 8HASZ 8HAS3
2 PAD 3C8U 3C8Y
3 PA1 ATHU ATHU
4 KPE( A20U A20U
5 KPE!L A20U A200
6 KPE2 AZ0U A20U
9 KPE 0000 0000
10 PBG 8775 8776
11 PBi 666H 6661
12 PB2 3UCs JUCs
13 B3 014P 014P
14 PB4 8HA7 8HAT
15 PBS 0060 0000
19 CB2 * *
* The probe should blink indicating signal activity.

If all signatures are correct, perform the “Timer A/D and Software

Check™.

If the signatures for pins 4, 5, 6 or 9 were incorrect, perform the

“Miscellaneous Checks”. If the signatures for any other pins were
incorrect, replace U22,

Timer A/D and Software Check (U20—Service Sheet 3).

1. Move the QUAL line to U20 pin 10, set QUAL to “LO” and verify
the signatures for +5 volts (versions 5.0 and 2.0, HFC3) and ground

(0000) are as shown.

2. Verify the signatures in Table 8-26.
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Table 8-28. Timer A/D and Software Signatures

Pin Signal Signature
Number Name 5.0 2.0

U20-12 DO UCs2 UC82
13 1D1 TCa2 ucaz2
14 b2 cuop CUOP
15 1D3 G600 0000
16 1D4 FCUF FCUF
17 ID5 SAUA 6AUA
i8 D6 HAU4 H5U4
19 ID7 U2F5 U2F5

Verify the signal at U20 pin 2 is 2 kHz and U20 pin 3 is 1 kHz.

I the signatures and frequencies are correct, perform the “HP-IB
Interface Check”.

If any signature or frequency is incorrect, verify that 4 MHz is at
U20 pin 6. If there isn’t a signal, replace R28 or R27. If there is a
signal, replace U20.

HP.1B Interface Check (U28-—Service Sheet 1).

1. Move the QUAL line to U29 pin 8, set QUAL to “LO” and verify
the signatures for 45 volts {versions 5.0 and 2.0, P95U) and ground
(0000) are as shown.

2. Verify the signatures in Table 8-30.

Table 8-30. Analog i/O PIA Signatures

Pin Signal Signature
Number Name 5.0 2.0

U29-1 T{1}/NR(1) 6000 0000
2 T{2)/NR(2) 9000 0009
12 Do ASFH ABFH
13 1ID1 4FAS8 4FA8
14 D2 PASF PASE
15 D3 UAQ7 UAQT
16 D4 3PAS 3PAS
17 ID5 CUASY ' 0UAD
18 D6 82C3 82C3
19 D7 10UA 10UA

If any of the signatures are incorrect, replace U29, UL7 or U16.

If all of the signatures are correct, perform the “Miscellaneous
Checks.”
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Miscellaneous Checks

The “Miscellaneous Checks” provide troubleshooting for the following
areas:

m Keyboard Priority Encoder (U43 — Service Sheet 1)
w Addressable Data Display Latch (U31 and U32 — Service Sheet 3)

m Signafure Analysis Mode Troubleshooting (Service Sheets 1 - 4)

The display circuits must be operating properly to perform the
Keyboard Priority Encoder test.

Keyboard Priority Encoder. Perform the Manual Keyboard Check on
Block Diagram 2. If the power meter doesn’t display OO at power ON,
perform “Free Run Signature Analysis” and the “Signature Analysis
Mode Checks”.

If the indication for one key is incorrect, the problem is either the -
switch, for that key, U43 or U22.

To determine where the problem is, set the oscilioscope to >0.5
ms/division and I V/division; look at the column line (NKCO-NKC7)
corresponding to the suspected switch. For example, monitor NKC7
{U43 pin 4) for the key. When the key is not pressed, the line
should be a TTL high. When the key is pressed, a TTL signal should
be on the line. If the TTL signal does not appear, replace the switch. If
the signal does appear, replace U43 or U22.

Addressable Display Latch. Verify that there is a signal on U31 pins 4
through 7 and 9 through 12 and on U32 pins 4 and 5.

If all signals are incorrect, ensure that there is a signal on U33 pin 1.

If there isn’t a signal on pin 1, perform Free Run Signature Analysis
following this procedure. If the signal is on pin 1, check for a signal on
U33 pins 4 and 5. If signals are present on pins 4 and 5, check the logic
level on U32 pin 15. If the level is a TTL low, perform the Signature
Analysis Mode Checks at the beginning of this procedure. If the level
is a TTL high, check the signatures for PB1-PB3 using the “Signature
Analysis Mode Checks” (Cathode Data Display and Keyboard Scan
PIA Check).

If outputs for U31 are bad, check U31 pin 14 for a TTL signal and U31
pin 15 for a logical high. If the clock signal is absent, replace U33. If
the reset is held low, check the Reset/Power Fail circuit on Service
Sheet 2. If the Reset/Power Fail circuit is operating properly, replace
U15. If the conditions on pins 14 and 15 are correct, replace U31.

If the outputs for U32 are bad, check U32 pin 14 for a clock signal and
U32 pin 15 for a logical high. If the clock signal is absent, replace U33.
If the reset is held low, check the Reset/Power Fail circuit on Service
Sheet 2. If the Reset/Power Fail circuit is operating properly, replace
U15. If the conditions on pins 14 and 15 are correct, replace U32.
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Verify that there is a signal on U25 pin 6. If there isn’t any signal,
check for a signal on U25 pin 5. If there isn’t any signal on pin 5,
perform the Signature Analysis Mode Check for U20 (Timer A/D and
Software Check). If the signatures for U20 are normal, perform “Iree
Run Signature Analysis” and the “Signature Analysis Mode Checks”. If
there is a signal on U25 pin 5, replace U25.

Note " | The following troubleshooting should only be used if there seems to be
% a problem running the Signature Analysis Mode Checks.

Signature Analysis Mode Troubleshooting. Verify that the following
three areas are operating properly.

o Service Function Switch and Service Function Switch Buffer—=Set
the microprocessor to Free Run Mode (ground A3TP4). Set A351
to 0001(LSB). The least significant bit (LSB} is closest to the edge
of the printed circuit board. When the switches are set towards the
front panel of the power meter, they are set to one. Verify that the
four bits on A3U3 pins 4, 6, 8 and 11 are seen on the output (A3U3
pins 16, 14, 12 and 9) of the buffer.

o Verify the operation of the Reset/Power Fail circuit (refer to
procedure following Free Run Signature Analysis).

o If Free Run Signature Analysis has been performed and all tests are
normal, A3U1 or A3U19 should be replaced.

AT ASSEMBLY

NOTE % =O0NCIRCUIT SIDE OF BOARD

Figure 8-19. Keyboard Assembly Component Locations
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HP 438A

Service Sheels 5

Service Sheet 5 Display Assembly Troubleshooting

Note %I
Note i

v

www.valuetronics.com

General

These procedures will isolate a problem to one of the following areas:

= Display LEDs

» Anode Data Display Drivers
m Cathode Data Display Drivers
s Data Display Drivers

Test Equipment
Oseilloscope ..ot HP 1725A

Fault 1solation Procedure
1. Turn the power meter OFF.

2. Set switch A3S1, on the A3 assembly, to 0101{LSB). The switch
closest to the edge of the printed circuit board is the least significant
bit (L5SB). When the switches are set towards the front panel of the
instrument, they are set to *1.”

3. Tarn the power meter ON,

4. A manual test of the front panel displays is now enabled. All front
panel displays will be illuminated. Repeated pressing of the (a) key
will light each LED segment and annunciator. Below is the normal
indication as the key is pressed:

The front panel wiil be blank, then all segments of the large LEDs,
all of the smaller number eights and all of the annunciators wiil
light one at a time as the (A] key is pressed. Continue to press the
key until the sequence starts to repeat.

If only one segment of a single seven-segment display is defective
or only one LED of one LED bar display is defective, replace the
appropriate display.

5. Once the defective segment, LED or display has been identified,
trace the lines for the component in question back to Service Sheet 4.

6. Use the voltage levels in Table 8-31 and the procedure in step 7 to
determine if the problem is with the Cathode Data Display Drivers
or the Anode Data Display Drivers.

The voltage levels for A3U25, A3U26, A3U41 and A3U42 are a TTL
low {<0.8V) when the display is illuminated and >4.5 volts when the
display is off.
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Note The voltage levels in Table 8-31 are valid only when the entire front
(cont’d) A panel is illuminated. When switch A3S1 is set to 1101 and the power
# meter is turned on, the entire front panel will be illuminated.

Table 8-31. Anode Data Display Drivers Voltage Levels

Integrated Circuit Voltage Level (Vde)
A3U25—2 <0.5
4 <0.5
8 <0.5
10 <0.5
12 <0.5
A3U26—2 <{.5
4 <0.5
] <0.5
8 <0.5
i0 <0.5
12 <0.5
A3U41—2 <0.5
4 <0.5
6 <0.5
8 <0.5
10 <0.5
12 <0.5
A3U42—2 <0.5
12 <0.5

If the voltage levels are correct, go to step 7.

If any of the levels are incorrect, check the input of the integrated
circuit with the incorrect level.

If the inputs are correct, replace the appropriate integrated circuit.

If any of the inputs for lines SEGO through SEG18 are incorrect,
perform signhature analysis troubleshooting on Service Sheet 1. If
signature analysis does not reveal the problem, continue as follows:

= If the problem is with the inputs for lines SEGO through SEGT,
replace A3U40.

m If the problem is with the inputs for lines SEGS8 through SEGI1S8,
replace A3U4, A3U5 or A3U1LL.

8-82
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m Verify that a pulsed TTL signal can be seen at the following points:

A3U24—2 (DSO) A3U42—4 (DS6)
4 (DS1) 6 (DST)
6 (DS2) 8 (DS8)
8 (DS3) 10 (DS9)
10 {DS4)
12 {DS5)

If any pin doesn’t have a pulsed TTL signal, check the inputs for a
pulsed TT'L signal.

If there is a pulsed signal on the input, replace the appropriate
integrated circuit.

If there isn’t any pulsed signal, perform signature analysis
troubleshooting on Service Sheet 1.

m After a problem has been isolated to the Cathode Data Display
Drivers or the Anode Data Display Drivers, use the following
examples as a guide to eliminating the Cathode Data Display Drivers
or the Anode Data Display Drivers as the cause of a front panel
display problem.

Example 1:

While observing the front panel it is discovered that display A2DS56
is not illuminated, but all the other displays are illuminated. This
fact rules out the possibility that the segment lines are not operating
properly.

Also, it is observed that line DS5 activates display A2DS6, the first
seven-segment dispiay in A2DS13 and the B/A and REL annunciators.
Since the first seven-segment display in A2DS13 and the B/A and REL
annunciators are illuminated, display A2DS6 must be defective.

Example 2:

While observing the front panel it is discovered that the “g” segment
in all five seven-segment displays of A2DS12 and A2DSl3 are not
illuminated.

(L)

The “g” segment corresponds to the SEG15 line. Since the “g” segment
in all of the displays is not illuminated, the problem must be with the
Data Display Drivers (A3U26) or the Anode Data Display Drivers

(A3QT).

If the voltage at A3U26 pin 2 is low (<0.5V}, replace A3Q7 or the
associated components.

if the voltage at A3U26 pin 2 is high (>4.5V), check A3U26 pin 1 for a
TTL low (<0.8V). If pin 1 is low, replace A3U26. If pin 1 is not low, go
to Service Sheet 1 and begin troubleshooting using signature analysis.

iIf signature analysis does not locate the problem, replace A3U4, A3U5
or A3U11.
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Example 3:

While performing the Fault Isolation Procedure, it is observed that
segments“d” and “e” of displays A2DS1 through A2DS8 come on at
the same time. This would indicate that the SEG4 and SEGS lines are
shorted together.

Check the connections and traces for the SEG4 and SEGS lines. If a
short is not found, check the logic levels at A3U40 pins 2 and 9. If pins
2 and 9 are at different logic levels, replace A3U41. If pins 2 and 9 seem
to be shorted (they are at the same logic level), go to Service Sheet 1
and perform signature analysis troubleshooting. If signature analysis is
normal, replace A3U40.

When troubleshooting is complete, reset switch A351 to all ones.
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Service Sheets 6

Service Sheet 6 Input Amplifier Circuits Troubleshooting

Note

.

www.valuetronics.com

General

The procedures for checking the Input Amplifier Circuits are given
below. The Fault Isclation Procedure should be used if the problem
has not been isolated to a particular circuit. If the problem is known
to be in a particular circuit, go directly to the troubleshooting for
that circuit. Whether performing the Fault Isolation Procedure or the

troubleshooting for a particular circuit, always do the Power Supply
Checks first.

Test Equipment

OscillosCoPe oot e e, HP 1725A
Voltmeter ..o e HP 3456A
Range Calibrator .........o i i HP 11683A

Fault isolation Procedure
Power Supply Checks,

1. Verify the voltages at the following test points.

A4TP8 ... Ll +15 Vdc 40.75 Vde
A4TPIO ... ool —15 Vded0.75 Vde

The +15 volt and —15 volt supplies should be within £0.05 voits of
each other but of opposite polarity.

If the measured voltages are not as shown, troubleshoot the circuits
shown on Service Sheet 10,

Channel A and B Verification.

2. Connect the oscilloscope to A4U2 pin 10 and set the instruments as
follows:

Power Meter PRESET

Calibrator Range — 100 mW
Polarity — Normal
Function — Calibrate
Oscilloscope 5 volts/div.
1 ms/div.

Connect the calibrator to channel A and compare the waveform on
the oscilloscope with the one in Figure 8-30. Set the power meter
to channel B; connect the calibrator to channel B and compare the
waveform on the oscilloscope with waveform in Figure 830,

If both signals are good, the A4 assembly is operating properly.
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2V/DIV

ov

AA

1ms/DIV

Figure 8-30. Selected Amplifier AC Signal

HP 438A

Note

N | If the power meter did not pass the Instrument Accuracy Performance
.w Test and the Ranges 4 and 5 Shaper Adjustment for Channels A and

B did not help to bring the instrument into tolerance, the components
listed below could be causing the problem.

8-88
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Channel A; Range 4
Channe] A; Range 5
Chanrnel B; Range 4
Channel B; Range 5

A4CR1, AACR3, A4R24, A4R26
A4VR1, A4VR2, A4R28, A4R34
A4CR2, A4CR4, A4R25, A4R27
A4VR3, A4VR4, A4R29, A4R35

If only one channel is bad, perform the following tests in the order

given:

a. Amplifier Test

b. Channel Selection Circuitry Test
c. 220 Hz Multivibrator Test

If both channels are bad, perform the following tests in the order

given:

a. Decoupled Power Supply Test

h

. 220 Hz Multivibrator Test

¢. Channe} Selection Circuitry Test

j

. Amplifier Test



HP 438A

Note

8
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Service Sheets 6

Amplifier Test

‘This test assumes channel A is bad. Use the test points shown in
parentheses when troubleshooting channel B.

1. Verify the voltage at A4TP4 (A4TP2) is 0 volts. If the voltage is not

0 volts, replace A4U1 {A4U3).
2. Verify the following conditions are found at A4TP3 (A4TP1):

AC e 12 Vp-p #£0.2 volts
DO —0.9 Vdc £0.2 volts
Frequency ... 220 Hz +20 Hz

If the signals are correct, continue with the Channel Selection
Circuitry Test.

If the signals are incorrect, check the following list of possible
problems and causes:

a. Voltage at A4TP3 (A4TP1) is approximately ~12 Vde.
w Open cable between A4J5 (A4J7) and J2 (J3)
w A4U1 (A4U3) is defective
» Open in main feedback path — A4R20, A4R21 (A4R22,
A4R23) :

# DC bias network bad -— A4R8, A4R12, A4R14 (A4R9, A4R13

A4R15)
b. Voltage at A4TP3 (A4TP1)is —0.9 Vdc, no AC:

m Open cable between A4J8 (A4J9) and J2 (J3) {Power meter

should indicate Error 31 (32).)

® 220 Hz Oscillator or Buffers are defective. Perform 220 Hz

Buffer Test
¢. The dc voltage at A4TP3 (A4TP1) is too high:
® Shorted or leaky A4C9 (A4C10)

m DC bias network defective — A4RS8, A4R12, A4R14 (A4R9,

A4R13, A4R15)
m A4U1 (A4U3) is defective
d. The dc voltage at A4TP3 (A4TP1) is too low:
m Shorted or leaky A4C13 {A4C14)

m DC bias network defective — A4R8, A4R12, A4R14 (A4R9,

A4R13, A4R15)
® A4U1 (A4U3) is defective.

¥
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220 Hz Buffer Test

Check for a signal (220 Hz, 10 Vp-p) at A4J8 pins 1, 3 and A4J9 pins
1, 3. If only one signal is bad, replace A4U5 and/or the associated
resistors { A4R53-A4R56).

If more than one signal is bad, check for a signal (220 Hz, 10 Vp-p) at
A4TP5 and A4TPE.

If either signal is bad, continue with the 220 Hz Multivibrator Test.
If the signals are both good, replace A4U5 and/or the associated
resistor(s) (A4R53-A4R56).

220 Hz Multivibrator Test

Check A4TP5 and A4TP6 for a square wave of 220 Hz 20 Hz and 10
Vp-p. If the signals are good, the Multivibrator is working normally.

If only one of the signals is bad, then the problem is A4Q2 (if A4TP5
was bad) or A4Q3 (if A4TP6 was bad).

If both signals are bad, the problem is one of the transistors
(A4Q1-A4Q5). Figure 8-31 shows signals and voltages which are
present when the multivibrator is operating normally.

ov

N
2V/DIV g

1 ms/DiV
A404 and A4Q5 Base Waveform
Figure 8-31. Multivibrator Waveforms

8-80
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oy

2V/iDIV

‘\* \
\h-ﬂ
1 ms/DiV
A40Q4 and A405 Collector Waveform

ov

2VIDIV

1ms/DiV
A40Q2 and A403 Base Waveform

Figure 8-31, Multivibrator Waveforms (continued)

Channel Selection Circuitry Test

Select channel A and verify the following:

A4U2 Pin 1 = Logical high (>2.0 volts)
Pin 16 = Logical low (<0.8 volts)
A4U4 Pin 1 = Logical low {<0.8 volts)

Pin 16 = Logical high (>2.0 volts)

Select channel B and verify the following:

A402 Pin I = Logical low {<0.8 volts)
Pin 16 = Logical high (>2.0 volts)
A4U4 Pin 1 = Logical high (>2.0 volts)

Pin 16 = Logical low (<0.8 volts)

If any level is incorrect, troubleshoot the Miscellaneous Buffer (A5U14)
on Service Sheet 7.

8-91
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If only one channel is bad, set the power meter to that channel. This
procedure will assume that channel A is bad, but all of the steps will be
applicable to channel B. Be sure to use the test points and values shown
in parentheses when troubleshooting channel B.

With an oscilloscope, check to see that the signal at A4U2 (A4U4) pin
14 is equal to the signal at A4U2 (A4U4) pin 10 (£0.1 volts) and that
the voltage at A4U2 (A4U4) pin 6 is equal to the voltage at A4U2
(A4U4) pin 7 (40.1 volts).

If either case is not true, replace A4U2 (A4U4).

If A4U2 (A4U4) pin 6 equals A4U2 (A4U4) pin 7 {£0.1 volts), but the
voltage does not equal § volts (£0.05 volts), replace A4U1 (A4U3).
Decoupled Power Supply Test

Check for the proper voltages at the following points:

A4U1 Pin 8 > +14 Vdc — If the voltage is not correct, check
A4R2, A4C7, A4U1 and A4U2,
Pin 4 < ~14 Vdc — If the voltage is not correct, check
A4R3, A4C1, A4U1 and A4U2,

A4U3 Pin 8 > +14 Vdc — If the voltage is not correct, check
A4R5, A4C8, A4U3 and A4U4.
Pin 4 < —14 Vdc — If the voltage is not correct, check
A4R6, A4C2, A4U3 and A4U4.

B-92
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Figure 8-32. Input Amplifier Assembly Component Locations
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Service Sheet 7 P/O Main Amplifier Assembly Troubleshooting

Note |
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General

The following procedures will help to isolate a problem to one of the
following circuits:

Digital I/O

» Miscellaneous Buffer

m Cal Oscillator Control

m Auto Zero DAC and Buffer

w Stable Current Source

m Offset Removal DAC Buffer and Gain Compensation (A5U9)

® Gain DAC, Buffer and Gain Compensation (A5U2)

The Fault Isolation Procedure should be used if the problem has
not been isolated to a particular circuit. If the problem is know to
be in a particular circuit, go directly to the troubleshooting for that
circuit. Whether performing the Fault Isolation Procedure or the

troubleshooting for a particular circuit, always perform the Power
Supply Checks and the Digital I/O Test first.

Test Equipment

Oscilloseope . ovn e HP 1725A
Stgnature Analyzer ........ ... .. o i HP 50058
Range ... i HP 11683A

Fault Isolation Procedure
Power Supply Checks.
1. Verify the following voltages are at the points indicated.

ASTP6 ...l +15 £0.75 Vdc
ABTPS ... —15 £0.75 Vde
ASTP3 ... ..l +5 £0.05 Vdec

The 15 volt and —15 volt supplies should be within £0.05 volts of
each other but of opposite polarity.

If the measured voltages are not as shown above, troubleshoot the
power supply circuits on Service Sheet 9 (+5 Vdc) or 10 (+15 Vde and
—-15 Vde).

“Problem Isolation Using Signature Analysis.

1. Turn the power meter OFF.

8-95
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HP 438A

. On the A3 assembly, set A3S1 to signature analysis mode. A351 is

the red switch assembly. When the switches are set towards the front
panel of the power meter, they are set to “1”. The switch closest

to the edge of the printed circuit board is the least significant bit
(LSB). To set signature analysis mode, set the switches as follows:

0001 (LSB)

Connect the signature analyzer pod to the AJ assembly as follows:

Signature Analyzer Pod A3 Assembly

CLK A3TP6

START/STOP A3TP9

QUAL A3U6 Pin 9

GND A3TP7

. Set the controls on the signature analyzer as follows:

Clock v e \ (falling edge)
o1 7:1 o AP P / (rising edge)
oY ¢ R R \ (falling edge)

. Turn the power meter ON.

. Verify the signatures for 45 volés and ground are as shown below:

Rev. 5.0 Rev. 2.0
+5 volts  (A3TP8) (9UCF)  {94CF)
Ground {0000) (000C)

If the signatures are incorrect, go to Service Sheet 1 and begin
troubleshooting using signature analysis.

Perform the following tests, in the sequence given, to determine the
problem circuit.

s Digital I/O Test

x Auto Zero DAC and Buffer Test

» Offset Removal DAC, Buffer and Gain Compensation Test
n Gain DAC, Buffer and Gain Compensation Test

s Miscellaneous Buffer Test

m Cal Oscillator Control Test

Disconnect the signature analyzer and reset switch A3S1 to all ones.

Digital 1O Test

1.
2.

8-96
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Perform steps 1 through 6 of the Fault Isolation Procedure.

Verify the signatures in Table 8-32.
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Table 8-32, Digital 1/0 Signatures

Pin Signal Signatures
Name A5UIS A5U15
5.0 2.0 5.0 2.0

3 AD7 85PP 85PP

5 ADS Hi6U H16U

7 ADS 52AA 52AA

9 AD4 66PF 66PF UPPY UPPY
10 - CTAS C7A9
11 _ 1H76 1H78
i2 —_— 1¥44 1F44
12 AD3 FO16 Fo16

13 _— 8A5C 8A5C
14 AD2 6414 8414

16 ADI1 PP 1PHP

18 AD) A1PQ A1PQ

If all signatures are correct, the Digital I/O circuits are operating

properly. If the Fault Isolation Procedure is being performed and the
Digital I/O circuits are operating properly, go to the Auto Zero DAC
and Buffer Test.

If any signature is incorrect, verify the signatures in Table 8-33.

Table 8-33. Digital 1/0 Signatures

Pin Signal Signatures
Name A5U18 A5U15 Digital 1/0
5.0 2.0 5.0 2.4

i AAG ACE5 ACE5
2 AAl 3564 Bbb4
2 AADO AlPO A1PO
3 AA2 4P031 4P01
4 NADS F228 F229
4 AAD? iPHP 1PEP
6 AAD2 6414 6414
8 AAD3 FGi6 FO16
11 AAD4 66PT 66PF
13 AADS B2AA 52AA
15 AADE H16U H16U
17 AAD7 S85PP B5PP

www.valuetronics.com

i all signatures are correct, replace the integrated circuit (A5U15 or
A5U18) that was associated with the incorrect signatures from Table

8-32.
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If any of the signatures are incorrect, continue with the
troubleshooting for Service Sheet 3.

3. If troubleshooting is complete, disconnect the signature analyzer and
reset switch A351 to all ones.

Auto Zero DAC and Buffer Test

1. Using the oscilloscope, compare the waveform at A5U10 pin 4 to the
waveform shown in Figure 8-34.

H the displayed waveform is the same as Figure 8-34, the circuit
is operating properly. If the Fault Isolation Procedure is being
performed and the circuit is operating properly, go to the Offset
Removal DAC, Buffer and Gain Comipensation Test.

If the displayed waveform is not the same as Figure 8-34, measure
the voltage at the collector of ABQL. The measured voltage should
be 6.2 £0.4 Vdc. If the measured voltage is not as stated, continue
with the Stable Current Source Test. If the measured voltage is
correct, go to step 2.

20 mV/DIV -\' I ov

2 ms/DIV
Figure 8-34. Auto Zero DAC Test Signal

2. Performs steps 1 through 6 of the Fault Isolation Procedure.
3. Verify the signatures in Table 8-34.

8-08
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Table 8-34. Zero BAC Buffer Signatures

Pin A5T11 Signatures
5.0 2.0

2 8879 8879
5 AP47 AP47
6 P982 Pg82
9 4621 4621
12 UoU2 U9U2
15 2UPU 2UPU
16 1633 1633
19 THCC THCC

If any signature is incorrect, replace A5U11. If all signatures are
correct, replace ARU10.

4. If troubleshooting is complete, disconnect the signature analyzer and
reset A3S1 to all ones.

Offset removal DAC, Buffer and Gain Compensation Test

1. Connect the oscilloscope to A5U3 pin 15.

2. Compare the oscilloscope display with Figure 8-35.

Note

i The dc voltage of the waveform is set by the voltage at the SUMMING

POINT between A5R15 and A5SR71. This waveform was taken with 3.4
Vde at the SUMMING POINT. A voltage other than 3.6 0.6 Vdc may
indicate a problem on Service Sheet 8.

o

If the displayed waveform is the same as Figure 8-35, the circuit

is operating properly. If the Fault Isolation Procedure is being
performed and the circuit is operating properly, go to the Gain DAC,
Buffer and Gain Compensation Test.

If the displayed waveform is not the same as Figure 8-35, compare
the waveform at A5U5 pin 4 with the waveform in Figure 8-36.

If the waveform at A5US5 pin 4 is correct, replace A5U9 and/or
ABR15, ASR71, A5R17 and ABRIS.

If the waveform at A5US5 pin 4 is incorrect, go to step 3.
3. Perform steps 1 through 6 of the Fault Isolation Procedure.
4. Verify the signatures in Table 8-35.

8-99
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Table 8-35. Ofiset DAC Buffer Signatures

8-100
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Pin A5US Signatures
5.0 2.0
2 84H9 84HO
5 CCAS CCAS
6 ccor CCOF
9 HO024 H024
12 F3AP F3AP
15 Al01 Al01
16 54F7 54F7
19 1A93 1A93
100 mV/DIV ﬁ ov

2 ms/DIV
Figure 8-35.

Offset Removal DAC Test Signal {(After Gain Compensation)

500 mv/DIV

ov

N

2 ms/DIV
Figure 8-36.

Oftset Removal DAC Test Signal (Before Gain Compensation)
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H any signature is incorrect, replace A5U6. If all signatures are
correct, measure the voltage on the collector of A5Q1. If the
measured voltage is +6.2 £0.4 Vdc, replace A5U5. If the measured
voltage is not +6.2 0.4 Vdec, perform the Stable Current Source
Test,

5. If troubleshooting is complete, disconnect the signature analyzer and
reset switch A351 to all ones.

Gain DAC, Buffer and Gain Compensation Test

1. Connect an oscilioscope to the RECORDER QUTPUT on the rear
panel of the power meter.

2. Compare the waveform on the oscilloscope with the waveform in
Figure 8-37.

3. If the displayed waveform is the same as Figure 8-37, the Gain DAC,
Buffer and Gain Compensation circuits are operating properly. If the
Fault Isolation Procedure is being performed and the circuits are
operating properly, go to the Miscellaneous Buffer Test.

4. If the displayed waveform is not the same as Figure 8-37, connect the
oscilloscope to A5U3 pin 15 and compare and display to Figure 8-35.

I the displayed waveform is not the same as Figure 8-35, perform
the Offset Removal DAC, Buffer and Gain Compensation Test.

If the displayed waveform is the same as Figure 8-35, go to step 5.

50 mv/DIV

Y/ ov

2 ms/DIV
Figure 8-37. Recorder Output Test Signal

8-101
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5. Perform steps 1 through 6 of the Fault Isolation Procedure.

6. Verify the signatures in Table 8-36.

Table 8-36. Gain DAC Buffer Signatures

HP 438A

Pin A5U4 Signatares
5.0 2.8
2 C14F Ci4F
5 PHAS PHAS
6 Fr4l FF41
9 PO2C pG2C
12 9H98 gHS8
15 PF57 PF57
i6 18U2 1802
19 6152 6152

If any signatures are incorrect, replace A5U4. If all the signatures
and the waveform at ABU3 pin 15 are correct, replace A5U3 and

A5U2.

-]

reset switch A3S1 to all ones.

Miscellaneous Buffer Test

1. Perform steps 1 through 6 of the Fault Isolation Procedure.

. If troubleshooting is complete, disconnect the signature analyzer and

2. Connect the QUAL line from the Signature Analyzer Timing Pod to
A3U6 Pin 2 and verify the signatures in Table 8-37.

If all signatures are correct, the circuit is operating properly. If
the Fault Isolation Procedure is being performed and the circuit is
operating properly, go to the Cal Oscillator Control Test.

If any of the signatures are incorrect, replace the integrated circuit
associated with the bad signature(s}.
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Stable Current Source

Verify that the voltage, at the base of A5Q1, is 3.6 +£0.4 Vde less than
the -+15 volt supply. If the measured voltage is not as stated, repiace
ASVR2 or ABRS.

Verify that the voltage, at the collector of A5Q1, is 6.2 0.4 Vdc. If the
measured voltage is not as stated, replace A5Q1 and A5VR3. If the
meastred voltage is as stated, A5Q1 is operating properly.

Verify that the voltage, at the collector of A5Q2, is 6.2 £0.4 Vdc. If the
measured voltage is not as stated, replace A5Q2 and ASVR1. I the
measured voltage is as stated, A5Q2 is operating properly.

Cal Oscillator Control Test

Monitor the voltage at the collector of A5Q5. With the oscillator
turned on, the voltage should be within 0.2 volts of the -15 voit supply.
With the oscillator off, the voltage should be >0 volts. If either voltage
is incorrect, replace A5Q4 or A5Q5.

Table 8-37. Miscellaneous Buffer Signatures

Pin Signatures
A5U14 ASU13

5.0 2.0 5.8 2.0
2 Cu76 CuU76 — —
5 H87F H87F —_ —_—
6 U263 U263 20FA 20FA
g 8F8P 8F3P — —
10 —_— — ATFQ ATFO
12 ' 3874 3874 — —
15 UsPU UsPU _— —
16 CPOU CPoU _— _
19 3HIU 3HIU — e
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General

The following procedures will help to isolate a a problem to one of the

following circuits:

= Range Attenuators

& Variable Gain Amplifier

m Gain/Attenuator Buffer

m AC Gain Stage

m Synchronous Phase Detector
» Low Pass Filter

m Sensor Resistor Selection

® Analog/Digital Input Multiplexer
® Reference

m Ramp Start Gate

e Ramp Generator

n Comparator

Test Equipment

Oscilloscope ..o
Digital Voltmeter ..........................
Signature Analyzer ........................
Range Calibrator ..........................

Fault Isolation Procedure

1. Set up the equipment as follows:

Power Meter PRESET

Calibrator Range —1 mW
Function — Calibrate
Polarity — Normal

............... HP 1725A
............... HP 3456A
............... HP 50058
.............. HP 11683A

2. Connect the calibrator to channel A. Select MNL Filter 2. If
A5U1L3 pin 3 is not a TTL high (>2.0V), continue troubleshooting
on Service Sheet 7. Verify that A5U13 pin 4 is the complement
of A5U13 pin 3. If pin 4 is not the complement of pin 3, replace

A5U13.

3. Select MNL Filter 3. If A5U13 pin 3 is not a TTL Low (<0.8V),
continue troubleshooting on Service Sheet 7. Press (AUTO FILTER).

4. Connect an oscilloscope to A5TP4 {Comp out) and compare the

displayed waveform with Figure 8-40.
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1V/DIV
]

: =

10 ms/DiV
Figure 8-40. Ramp End Waveform

ov

I the waveform is correct, the circuits on Service Sheet 8 are operating
normally. If Performance Test 4-9 (Instrument Accuracy Test) indicates
that there is a range to range accuracy problem, perform the Range
Attenuator Tests. If the signal at A3TP4 is not correct, perform the
following tests in the order given:

1. Compare the waveform at A5TP1 with Figure 8-41. If it is incorrect,
perform the Reference, Ramp Start Gate and Ramp Generator Tests.
If the waveform is normal, continue with step 2.

1v/DlV
N A
A A1

5 ms/BIV
Figure 8.41. Analog to Digital Converter Ramp Waveform

2. Compare the waveform at A5TP18 with Figure 8-42. If the
waveform is incorrect, perform the Range Attenuator ( +1, +100)
and Variable Gain Amplifier Tests. If the waveform is normal,
continue with step 3.
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3.

8.

Service Sheet 8

1VIDIY ov

1ms/DIV
Figure 8-42. Variable Gain Amplifier Waveform

Compare the waveform at A5TP15 with Figure §-43. If the
waveform is incorrect, perform the Range Attenuator { <1, +10,
+100) and AC Gain Stage Tests. If the waveform is normal, continue
with step 4.

-~ "

] AN {
AR 1

1V/DIY I \\ I ov

\/ /
V4

1 ms/DIV
Figure 8-43. AC Gain Stage Waveform

If A5U24 pin 14 is not 3.4 £0.4 Vde, perform the Synchronous
Phase Detector and Low Pass Filter Tests. If the voltage is normal,
continue with step 5.

Compare the waveform at ASTP11 with Figure 8-44. If the
waveform is incorrect, perform the Analog/Digital Input Multiplexer

and Sensor Resistor Selection Test. If the waveform is normal,
replace A5U7, A5R80, ASR81 or ASRR2.
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o ponthonrarmy
provied prasapel
iv/bly
W RS g ¥ oV
10 ms/DIV

Figure 8-44. Analog to Digital Converter Input Waveform
Gain/Attenuator Buffer

1. Connect the Signature Analyzer as shown below:

Signature Analyzer Pod A3 Assembly

Start/Stop A3TPY

Clock A3TP6

2. Set the controls on the signature analyzer as shown below:

FUNCTION o i aaaeaas NORM
CLock eirie i \ (falling edge)
SEATE it e / (rising edge)
17y X A P \ {falling edge)

3. Set switch A3S1 to 0001(LSB). The least significant bit (LSB) is the
switch closest to the edge of the printed circuit board. When the
switches are set towards the front panel of the instrument, they are
set to one.

4. Use the following signatures to verify that the signature analyzer is
set up properly.

Rev. 5.0 Rev. 2.0
+6 volts  (A3TPS) (SUCF)  (9UCF)
Ground (0000) {0000)

5. Verify the signatures in Table 8-38.

If all of the signals are correct, continue with step 6.
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Table 8-38. Gain/Attenuator Buffer Signatures

Pin Signal Signatures
Number Name 50 2.0
5U16-2 ADO H26A H26A
5 AD1 ABBT ABBHT
) AD2 5PAS 5PAG
9 AD3 9AAC QAAC
12 AD4 AFFU AFFU
15 ADb 3P63 3Ps3
16 AD8 SFCP 8FCP
19 AD7 vog2 1092

6. Verify the signatures in Table 8-39.

If any signatures are incorrect, check the Digital I/O circuits on
Service Sheet7. If the Digital /O signatures are correct, replace

A5U16.

Table 8-38. A/D Input Multiplexer Signatures

Pin Signal Signatures
Number Name
5.0 2.0
AbU19-1 AD4 387H 387TH
5 AD6 CPOU CPOU
16 AD35 UspPuU UsPU

If all of the signatures are correct, the circuit is operating normally.
If any of the signatures are incorrect, continue troubleshooting on

Service Sheet 7.

Reference, Ramp Start Gate and Ramp Generator Test

1.

Check A5US8 pin 2 for a 5 Vp-p digital waveform. If there isn’t any
signal, perform signature analysis troubleshooting on Service Sheet 1.

A5U12.

replace A5U17, A5R59, ASR61, A5R62 or ASR64.

AS3R66 or R67.

Compare the waveform at ABUS pin 7 with Figure 8-45.

. If the voltage at ASTPS8 is not equal to 2.5 £0.05 Vdc, replace

. If the voltage on ASU1T7 pin 6 is not between —6 and —8 Vdc,

. If the voltage on ASUS pin 3 is not equal to 1.8 +0.1 Vde, replace

8-111



Service Sheet 8 HP 438A

5V/DIV ov

5 ms/DIV
Figure 8-45. Ramp Start Gate Waveform

If the waveform is not present at A5US pin 7, replace ASUS. If the
signal is more than 0.7 volts positive, replace A5Q3 or A5UL. (If the
voltage on ATU1 pin 2 is 0 £0.01 volts, replace A5Q3).

6. Compare the waveform at A5TP1 with Figure 8-46.

.
V/DI / //

D‘/, / n...// w

5ms/DIV
Figure 8-46. Analog to Digital Converter Ramp Waveform

I the signal is correct, the circuit is operating properly.
If the signal is incorrect, replace A5Q3, A5UL, ASR77, ASR79 or
A5C35.
Range Attenuator (=1, <-100)
1. Measure the +5 volt supply at AS5TP7 using A5TP20 as ground.
2. Connect a jumper from A5TP7 to A5U25 pin 3.

3. Select MNL Range 3 and measure the voltage at A5U25 pin 2. If the
voltage is not equal to the voltage at ASTPT {£0.01 volts), check
A5U25 pin 1. If A5U25 pin 1 is high (>2.0V), perform the Gain/
Attenuator Buffer Test. If A5TU25 pin 1 is low (<0.8V), check A5U25
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pin 8. If A5U25 pin 8 is high (>2.0V), replace A5U25. If pin 8 is not
high, replace A5U13.

Select MNL Range 4. If A5U25 pin 2 is not equal to the voltage at
ASTP7 divided by 100 plus or minus 0.001 Vdc, replace A5U25,
A5R23, or ABR24,

Variable Gain Amplifier

1.

Measure the AC voltage at ASTP18 and divide it by the AC voltage
at ASU27 pin 3. If the calculated value is between 21 and 65, the
circuit is operating properly. If the gain is not between 21 and 65,
perform the Gain/ Attenuator Buffer Test. If that test is normal,
replace A5U27, A5U22 or A5R46-A5RA49.

Range Attenuator (=1, +10, +-100)

1.

Perform the Gain/Attenuator Buffer Test, if it has not already been
performed.

Measure the voltage at ASTP7 (45V) using A5TP20 as ground.

. Connect ABTPT to A5U25 pin 11.
. Select MNL Range 1. If the voltage on A5U25 pin 10 is not equal to

the voltage at ABTP7 £0.01 volts, replace A5U25.

. Select MNL range 4. If the voltage on A5U25 pin 10 is not equal to

the voltage at ASTP7 divided by 10 plus or minus 0.01 volts, replace
A5U25, ABRS3, ASRH4 or ASRBS.

. Select MNL Range 5. If the voltage on A5U25 pin 10 is not equal

to the voltage at ASTP7 divided by 100 plus or minus 0.001 Vdc,
replace A5U25, ASR53-A5R55.

AC Gain Stage Test

1.

Measure the gain of the AC Gain Stage. The gain is equal to the
voltage at ASTP15 divided by the voltage at A5U23 pin 3. The gain
should be about 240.

If there is no signal at A5TP15, replace A5U23.

If the gain is significantly off, 20, check the gains of ASU23A and
A5U23B and replace the associated components, if necessary. The
gain of ABU23A should be 27 £5, and is equal to the voltage at
A5U23 pin 1 divided by the voltage at A5U23 pin 3. The gain of
A5U23B is 10 &4 and is equal to the voltage at ASTP15 divided by
the voltage at A5STP14.

Synchronous Phase Detector Test

1.
2.

Set up the equipment as described in the Fault Isolation procedure.

Compare the waveform at A5TP19 to Figure 8-47.
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A The amplitude of the waveform should be equal to the peak amplitude
% of the signal at A5TP15. If the amplitude of the waveform does not
equal the peak amplitude of the signal at ASTP15, check A5R26,
A5R27 and A5T38.

Note

AV A Awri

AR/
1V/DIV \I ov

1 ms/DIV
Figure 8-47. Synchronous Phase Detector Output Waveform

If the signal is correct, the circuit is operating properly. If the signal
is incorrect, go to step 3.

3. If the signal appears to be only half-wave rectified, check for an open
A5R26.

4. If the signal at ASTP19 is equal to the signal at A5TP15, compare
the waveform at ASTP10 with Figure 8-48.

sV/DiV pimesss )\

1 ms/DIV
ASTP10 Waveform

Figure 8-48, Phase Detector Drive Waveforms
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SV/DIV i (Y
ot e
1 ms/DIV
Collector of AS06
SV/DIV o ov

1 ms/DiV
Collector of ARQT

Figure 8-48. Phase Detector Drive Waveforms (continued)

If the signal is incorrect, continue troubleshooting on Service Sheet 6.

5. Compare the signal at A5U26 pin 3 with Figure 8-49.
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VDIV | \ ov

2 ms/DIV
Figure 8-49. Phase Detector Control Waveform

If the signal is correct, check for an open A5R27. If the signal is
incorrect, compare the signals at the collectors of A5Q6 and A5Q7
with the waveforms in Figure 8-48.

If the signal at the collector of ABQ6 is incorrect, replace A5QS6,
A35R19, or ASR20.

If the signal at the collector of A5Q7 is incorrect, replace A5Q7,
ABR21, or ABR22.

6. If the signal at A5TP19 is not as shown in Figure 8-47, replace
A5TU26 or ASR38.
Low Pass Filters
1. Set up the equipment as described in the Fault Isolation procedure.
2. Select MNL Filter 0.

3. If A5U21 pin 8 is a logical low {<0.8V), continue troubleshooting
on Service Sheet 7.

4. Verify that A5U21 pin 9 is the complement of A5U21 pin 8. If pin
9 is not the complement of pin &, replace A5U13.

5. Select MNL Filter 9.

6. I A5U21 pin 8 is high (>2.0V), continue troubleshooting on Service
Sheet 7.

7. Again, verify that A5U21 pin 9 is the complement of A5U21 pin 8.
If pin 9 is not the complement of pin 8, replace A5U13.

Note A At this point the control lines that control the Filter Switch have been
N verified. The following steps will verify that the switch will pass and
block a signal.

8. Connect a jumper from the -+5 volt supply (ASTPT7) to ASTP16
and measure A5U24 pin 14. The voltage at A5U24 pin 14 should be
8.4 £0.4 Vdc.
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9. If the voltage at A5U24 pin 14 is incorrect, check the voltage at
A5U24 pin 12. If the voltage at A5U24 pin 12 is equal to the
+5 volt supply, replace A5U24, ASR83 or ASR84. If the voltage is
incorrect, replace A5U21.

10. If A5U24 pin 14 is correct, select MNL Filter 0 and verify that
removing the jumper from A5TP16 makes no difference in the
reading at A5U24 pin 14. If moving the jumper does make a
difference, replace A5U021.

11. Connect a jumper from the +5 volt supply (A5TP7) to ASTP12
and measure the voltage at A5U24 pin 12.

12. If the voltage at A5U24 pin 12 is equal to the +5 volt supply, select
MNTL Filter 9 and verify that removing the jumper from A5TP12
makes no difference in the voltage at A5U24 pin 12. If moving the
jumper does make a difference or if A3U24 pin 12 was not equal to
the +5 volt supply, replace A5U21.

Note At this point, the Filter Switch has been fully verified. The following

steps will check the Slow and Fast Filters.

<

13. Verify that the voltages at ASTP12 and ASTP16 are approximately
equal to 0.6 times the peak voltage at A5STP19 plus or minus 0.3
volts.

If the voltages at A5TP12 and A5TP16 are incorrect, replace
A5U24,

If the voltage at A5TP12 or ABTP16 is incorrect, the problem is
more likely to be with the resistors and capacitors associated with
the defective filter.

Analog/Digital Input Multiplexer Test
1. Compare the waveform at ASTP11 with Figure 8-50.

D
V/DIV
A B
ov
10 ms/DIV

Figure 8-50. Analog to Digital Converter Input
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. The voltage levels at points A, B, C and D, on Figure 8-50, should

be as indicated below;

Point A should be the same as A5U19 pin 6.
Point B should be the same as A5ULY pin 12.
Point C should be the same as A5U19 pin 5.
Point D should be the same as A5U19 pin 4.

. If the voltage levels at A, B, C and D are not as indicated in step 2,

perform step 5 of the Gain/Attenuator Buffer Test. If the test is
normal, replace A5U19.

If the voltage levels at points A, B, C and D are not as shown in
Figure 8-50, go to step 4.

1f the voltage levels are correct, perform the “A” Ground Circuit
Test.

. Verify the following voltages:

AbU19 pin 5=2.5 volts £0.2 volts
pin 12=0.0 volts 0.2 volts

If either voltage is incorrect, perform the Sensor Resistor Selection
Test. If the voltage at A5U19 pin 4 is not 3.5 £0.5 Vde, perform the
Fault Isolation procedure to isolate the problem.

Sensor Resistor Selection Test

1.

8-118
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With no sensor connected, verify the following voltages:

A5U20 pin 3=2.5 0.2 volts
pin 6==2.5 :£0.2 volts
pin 11=2.5 +0.2 volts
pin 14=2.5 £0.2 volts.

If any of the voltages are incorrect, replace the appropriate
components,

Verify that A5U20 pins 2 and 7 are equal to 2.5 £0.1 volts.

Tf the voltages are correct, continue with step 4.

. If the voltage at pins 2 and 7 do not equal 2.5 £0.1 volts, verify that

A5U20 pin 1 is low (<0.8V) and that A5U20 pin 16 is high (>2.0V).
If the voltages are correct, replace A5U20.

If the voltages are incorrect, make sure that sensor A Is selected. If
it is, continue troubleshooting on Service Sheet 7.

Connect the calibrator to the sensor A input of the power meter. If
the voltage on ABU20 pin 3 is not equal to 0 x0.1 volts, check for a
bad connection at A5J3, an open cable or an open ASR32.

. If the voltage on A5U20 pin 2 is not equal to 0 0.1 volts, by the

voltage on A5U20 pin 3 is equal to 0 0.1 volts, replace A5T20.

. If the voltage on A5U20 pin 7 is not equal to 2.5 +0.2 volts, replace

ASU20.
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“A” Ground Circuit Test

If the voltage from A5STP20 to A4TP4 is 0 £0.01 volts, the “A” Ground
Circuit is operating properly. If the voltage is not 0 £0.1 volts, check
A5U28, A5Q9 and associated circuitry. Under normal conditions,

the voltage at A5U28 pin 6 is ~0.7 £0.1 Vdc. Figure 8-51 shows the
feedback path for the “A” Ground Circuit.

SELECTED INPUT
T0 "A" GROUND .CIRCUIT

FROM SERVICE SHEET B. ~15Y
L d R39
2154
P28
STGNAL
REFERENCE
GROUND

C"A" GROUND?

_/‘  ran
FEEDBACK % 14709

+iBV

Figure 8-51. “A” Ground Circuit Showing Feedback Path
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HP 438A

Service Sheet 9

Service Sheet 9 P/O Power Supply Circuits Troubleshooting

www.valuetronics.com

General

The following procedures will help to isolate a4 a problem to one of the
following circuits:

m 45 Voit Digital Supply

m -+5 volt Display Supply

» Transformer {T1)

» Line Power Assembly (U1)

Test Equipment

Oscillloscope .o e HP 1725A
Digital Voltmeter ... i i HP 3456A

Fault Isoiation Procedure

1. Verify that the following voltages are at the points indicated.

AOTP4 (+5V Digital) ...ervvvnn.. +5 +£0.05 Vde
A9TP3 (+5V Display) ....o.oovne. See Figure 8-55

If both both supplies are incorrect, check to see if both the plus and
minus 15 volt supply indicators are iiluminated. If they are not
illuminated, perform the Total Power Failure Test.

If there is a problem with the 45 Volt Digital Supply, perform the
+5 Volt Digitai Supply Test.

If there is a problem with the +5 Voit Display Supply, perform the
+5 Volt Display Supply Test.

+3 Volt Digital Supply Test

1. Connect the oscilloscope or voltmeter to A9TP4 (+5V). Leave the
power meter turned off.

2. Adjust A9R3 (+5V ADJ) fully counterclockwise, disconnect A10J1
and turn the power meter on.

3. If A9TP6is >10 Vde, continue with step 4. If the voltage is
incorrect, the problem is probably the 45 Volt Bridge circuit, the
transformer secondary, the filter capacitors or the crowbar circuit.

4. Try to adjust A9R3 until A9TP4 reaches 4+5V. If this cannot be
accomplished, replace A8U2. Otherwise, reconnect A10J1 and make
sure the voltage at A9TP4 is +5 volts. If the voltage is incorrect, the
problem is located on the A3 or A5 assemblies. Continue with step
5.
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Service Sheet 9 HP 438A

5. To isolate the problem to a particular b.oard, disconnect the
following cables one at a time until the voltage at A9TP4 returns to

normal:
Cable Problem Location Related Service Sheets
A3J2 A3 Service Sheets 1-4
A3ls A3 Service Sheet 4
ABJ2 Aj Service Sheets 7 and 8

When the problem has been isolated to a particular board, refer
to the related service sheets and try to identify the defective
component(s).

+5 Volt Display Supply Test

1. Connect an oscilloscope to A9TP3. Compare the waveform in Figure
8-54 with the waveform on the oscilloscope.

WDV

ov

200 ps/DIV
Figure 8-54. +5 Volt Display Supply Waveform

If the signal is incorrect, disconnect A3J6. If the signal is now
correct, there is a short somewhere on the A3 assembly. Service
Sheet 4 shows the related circuits. If disconnecting A3J6 does not
relieve the problem, continue with step 2.

2. If the +5V Digital Supply {A9TP4) is not +5 £0.05 Vde, continue
troubleshooting with the 45V Digital Supply test.

3. Compare the signal at A9TP1 (CLK) with Figure 8-55. If the signal
is incorrect, continue troubleshooting on Service Sheet 3. If the
signal is correct, replace ASUL.

8-124
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HP 438A Service Sheet 9

1V/DIV | - ov

200 pus/DIV
Figure 8-55. +5 Volt Display Clock
Total Power Failure Test
1. Unplug the instrument from the line (Mains).

2. Remove fuse I'l and check it with an ohmmeter. If it doesn't
measure zero chms, replace if.

3. Verify that the line voltage selection card is in the correct position.

4. If everything seems to be correct, the problem is in the transformer
or line switch assembly.

Note i If the line fuse blows repeatedly, there may be a problem with the

% Crowbar circuit on Service Sheet 10.

8-125
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A8 ASSEMBLY

COMPONENT SiDE

(19) (36)

CIRCUIT SIDE

Figure 8-56. Rectifier Assembly Component Locations
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A10 ASSEMBLY

Figure 8-57. P/O Interconnect Assembly Component Locations
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HP 438A

Service Sheet 10

Service Sheet 10 P/O Power Supply Circuits Troubleshooting

Note i

www.valuetronics.com

General

The following procedures will help to isolate a problem to one of the
following circuits:

m +15 Volt Supply
m —135 Volt Supply
» +12 VoIt Fan Supply

Test Equipment

OsclllosCope . i e HP 1725A
Digital Voltmeter ... ... o o i HP 3456A

Fault Isolation Procedure

1. Verify that the following voltages are at the points indicated.

A9TPS (+15V) ........... +15 £0.75 Vdc
A9TPT (~15V) ....ooo.... —15 £0.75 Vde

The magnitude of the —15V supply should be within £0.05 volt of the
+15V supply.

If both supplies are incorrect, check to see if both the +5V Digital
and Display indicators are illuminated. If they are not illuminated,
continue troubleshooting on Service Sheet 9.

If there is a problem with the +15 Volt Supply, perform the +15
Volt Supply Test.

If there is a problem with the ~15 Volt Supply, perform the -15
Volt Supply Test.

+15 Volt Supply Test

1. Connect the oscilloscope or voltmeter to A9TP8 (+15V). If the
voltage is not +15 £0.75 Vde, continue with step 2. If the voltage is
+15 £0.75 Vdc, the supply is operating normally.

2. Disconnect A10J1 and the red lead for the Fan Motor Control
Module (the lead is on A10). If the voltage is still incorrect, continue
with step 3. If the voltage returns fo normeal, reconnect A10J1. If
the voltage is still normal, the problem is with the Fan or the Fan
Motor Control Module. If the problem remains, disconnect the
following cables, one at time, until the voltage returns to normal:

8-131
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Note i Remove the cables in the order given.

v

Cable Problem Location Related Service Sheets
ABJ3 A5 Service Sheet 7
A4F2 Ad Service Sheet 6

3. Check A9TP2 (+15V IN). If A9TP2 is >20 Vde, replace A9UL.
If the voltage is incorrect, the problem is in one of the following
circuits:

+12V Fan Regulator
+15V Regulator
Filter capacitors
+15V Bridge circuit
Crowbar circuit
Transformer secondary

—15 Volt Supply Test

1. Connect an oscilloscope to AGTP7. If the voltage is —15 £0.75 Vde,
the supply is operating normally. If the voltage is incorrect, continue
with step 2.

Note A Adjust the magnitude of the ~15 volt supply to within £0.05 volts of
'# the +15 volt supply.

2. Disconnect A10J1 and the red lead for the Fan Motor Control
Module (the lead is on A10). If the voltage is still incorrect, continue
with step 3. If the voltage returns to normal, reconnect A10J1. If
the voltage is still normal, the problem is with the Fan or the Fan
Motor Control Module. If the problem remains, disconnect the
following cables, one at a time, until the voltage returns to normal:

Note Remove the cables in the order given.

G

Cable Problem Location Related Service Sheets
ABJI3 AB Service Sheet 7
A4l2 Ad Service Sheet &

8-132
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HP 438A Service Sheet 10

3. Check A9TP5 (—15V IN). If A9TP5 is £-20 Vdc, replace A9U2.
If the voltage is incorrect, the problem is in one of the following
circuits:

+12V Fan Regulator
+13V Regulator
Filter capacitors
+15V Bridge circuit
Crowbar circuit
Transformer secondary

8-133
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A10 ASSEMBLY

MPZ *
MPE %
MP8 %

NOTE # = ON
CIRCUIT SIDE

Figure 8-60. P/O Interconnect Assembly Component Locations
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Service Sheet 11

Service Sheet 11 Power Reference Oscillator Circuits Troubleshooting
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General

Before trying to troubleshoot the G1A1 Assembly, verify the presence of
+15 Vde and —15 Vde on the circuit board. If the —15 volt supply is
not correct, troubleshoot the Cal Oscillator Control and Miscellaneous
Buffer on Service Sheet 7.

If a defect in the G1A1 Assembly is isolated and repaired, the correct
output level (1 mW +0.7%) must be set by a very accurate power
measurement system. Hewlett-Packard employs a special system,
accurate to 0.5% and traceable to the National Institute of Standards
and Technology (NIST). When setting the power level, a transfer error
of £0.2% is introduced making the total error £0.7%. If a system this
accurate is available it may be used to set the proper output level.
Otherwise, Hewlett-Packard recommends returning the power meter so
it can be reset at the factory. Contact your nearest Hewlett-Packard
office for more information.

50 MHz Cscillator

Malfunctions. of the osciliator circuit will occur as a wrong output
frequency or as an abnormal output level. The voltage at GLA1ITP2
will indicate if the ALC loop is trying to compensate for an incorrect
output level,

Modulation of the 50 MHz signal or spurious signals, which are part of
the output, may be caused by defects in G1AIRS, G1A1R10, G1A1RI1,
or G1A1CS in the ALC loop.

ALC Loop and Power Supply

Isolating problems in the ALC Loop and Power Supply circuits may be
guickly isolated by measuring dc voltages at the inputs and outputs of
the integrated circuits.
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HP 438A Service Sheet 11

INTERNAL TOP VIEW
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Figure 8-65mérnal Top View
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Figure 8-86. Internal Bottom View
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