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Safety Considerations

SAFETY CONSIDERATIONS

GENERAL

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 (pro-
vided with a protective earth terminal).

BEFORE APPLYING POWER

Verify that the product is set to match the avail-
able 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 pro-
duct input wiring terminals, power cord, or sup-
plied power cord set.

WARNINGS

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 resultin
personal injury. (Grounding one conductor of a
two conductor outlet 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, theinstrument must be made inoperative
and be secured against any unintended operation.

If this instrument is to be energized via an auto-
transformer (for voltage reduction) make sure the
common terminal is connected to neutral (that is,
the grounded side of the mains supply).

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

Adjustments described in the manual are per-
formed with power supplied to the instrument

while protective covers are removed. Energy avail-
able at many points may, if contacted, result in
personal injury.

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

For continued protection against fire hazard, re-
place 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.

SAFETY SYMBOLS

Instruction manual symbol: the product
will be marked with this symbol when it is
necessary for the user to refer to the in-
struction manual (see Table of Contents for
page references).

Indicates hazardous voltages.

= W

Indicates earth (ground) terminal.

The WARNING sign denotes a
LW_ARﬂ\'il hazard. It calls attention to a
procedure, practice, or the like,
which, if not correctly performed
or adhered to, could result in per-
sonal injury. Do not proceed be-
yond a WARNING sign until the
indicated conditions are fully
understood and met.

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

CAUTION
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Figure 1-1. HP Model 435B and Accessories Supplied
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General Information

SECTION |
GENERAL INFORMATION

1-1. INTRODUCTION

This manual provides information pertaining to
the installation, operation, testing, adjustment
and maintenance of the HP Model 435B Power
Meter.

Figure 1-1 shows the Power Meter with accessories
supplied.

An operating manual is shipped with the instru-
ment. This is simply a copy of the first three sec-
tions of this manual. The operating manual should
be kept with the instrument for use by the opera-
tor. Additional copies of the operating manual
may be ordered separately through your nearest
Hewlett-Packard office. The part number is listed
on the title page of this manual.

On thetitle page of this manual, below the manual
part number, is a “Microfiche” part number. This
number may be used to order 100 x 150 mm (4x6-
inch) microfilm transparencies of the manaul. The
microfiche package also includes the latest Man-
ual Changes supplement as well as all pertinent
Service Notes.

Instrument specifications are listed in Table 1-1.
These specifications are the performance stand-
ards or limits against which the instrument may
be iested.

1-2. INSTRUMENTS COVERED BY MANUAL

Options 001, 002, 003, 009, 010, 011, 012 and 013 of
the Power Meter are documented in this manual.
The differences are noted in the appropriate loca-
tion such as OPTIONS in Section I, the Replacea-
ble Parts List, and the schematic diagrams.

This instrument has a two-part serial number. The
first four digits and the letter comprise the serial
number prefix. The last five digits form the se-
quential suffix that is unique to each instrument.
The contents of this manual apply directly to in-
struments having the same serial number pre-
fix(es) as listed under SERIAL NUMBERS on the
title page.

Aninstrument manufactured after the printing of
this manual may have a serial number prefix that
is not listed on the title page. This unlisted serial
prefix indicates that the instrument is different
from those documented in this manual. The man-
ual for this newer instrument is supplied with a
yellow Manual Changes supplement that con-
tains “change information” explaining how to
adapt the manual to the newer instrument.

In addition to change information, the supple-
ment may contain information for correcting er-
rors in the manual. To keep this manual as current
and accurate as possible, Hewlett-Packard recom-
mends that you periodically request the latest
Manual Changes supplement. The supplement for
this manual is keyed to the manual’s print date
and part number, both of which appear on the title
page. Complimentary copies of the supplement
are available from Hewlett-Packard.

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

1-3. DESCRIPTION

The Power Meter and a compatible power sensor
are interconnected with the power sensor cable to
form a power measurement system. The system
power level range, frequency response, and load
impedance are dependent on the power sensor.

Accuracy of the power measurement system is
ensured by the following Power Meter character-
istics:

a. Aninternal automatic zeroing circuit which
removes error due to the ambient temperature out-
put of the power sensor’s power sensing device.

b. A calibration factor adjustment which ac-
counts for error due to the frequency response of

the power sensing device.

c. Aninternal calibration reference which has
an output of 1 mW + 0.7% (500)).

1-1



General Information

Model 435B

Table 1-1. Specifications

Frequency Range:
100 kHz to 26.5 GHz (depending on power sensor
used).

Power Range:

(Meter calibrated in watts and dBm.)

With 84818 or 8482B sensors: 44 dB with 9 full scale
ranges of 5, 10, 15, 20, 25, 30, 35, 40 and 45 dBm
(1 mW to 256W).

With 8481H or 8482H sensors: 45 dB with 9 full scale
ranges of -5, 0, 5, 10, 15, 20, 25, 30 and 35 dBm
(30 uW to 3W).

With 84B1A, 8482A, 8483A or 8485A sensors: 50 dB with
10 full scale ranges of —25, —20, -15, -10, -5, 0, 5,
10, 15 and 20 dBm (3 uW to 100 mW).

With 8484A sensor: 50 dB with 10 full scale ranges of
-65, —60, -55, -50, —45, —40, -35, -30, -25 and
—-20 dBm (300 pW to 10 uW).

Accuracy:

Instrumentation:' £1% of full scale on all ranges.

Zero: Automatic, operated by front-panel switch.

Zero Set: +0.5% of full scale on most sensitive
range, typical.

Zaro Carryover: +0.5% of full scale when zeroed on
the most sensitive range.

Noige (typical, at constant temperature, peak
change over any one-minute interval); 20 pW
(8484A); 40 nW (8481A, 8482A, 8483A, 8485A);
4 uW (8481H, 8482H); 40 uW (8481B, 8482B).

Drift (1 hour, typical), at constant temperature
after 24-hour warm-up); 40 pW (8484A); 15 nW
(8481A, 8482A, 8483A, 8485A); 1.5 uW (8481H,
8482H); 15 W (8481B, 8482B).

Power Reference: Internal 50 MHz oscillator with
Type N Female connector on front panel (or
rear panel, Option 003 only).

Power output: 1.00 mW.
Factory set to +0.7% traceable to the National
Bureau of Standards.
Accuracy: +1.2% worst case (+0.9% rss) for
one year (0 to 55°C).

SPECIFICATIONS

Response Time:
(0 to 99% of reading, five time constants.)

Range 1 (most sensitive) <10.0 seconds.

Range 2 <3.8 seconds.
Range 3 <1.3 seconds.
Ranges 4—10 <500 milliseconds.

Typical, measured at recorder output.)

Cal Factor:
16-position switch normalizes meter reading to
account for calibration factor or effective effi-
ciency.
Range 85% to 100% in 1% steps.

Cal Adjustment:
Front panel adjustment provides capability to
adjust gain of meter to match power sensor in
use.

Recorder Output:
Proportional to indicated power with 1 volt cor-
responding to full scale; 1 k) output impedance;
BNC connector.

RF Blanking Output:
Provides a contact closure to ground when auto-
zero mode is engaged.

Power Consumption;
100, 120, 220, or 240V +5%, —10%.
100 and 120 volts, 48 to 66 Hz and 360—440 Hz.
220 and 240 volts, 48 to 66 Hz.
20 V-A maximum.

Waight:
Net, 2.7 kg (5.9 1bs).

Dimensions:
155 mm high (6-3/32 inches).
130 mm wide (5-1/8 inches).
279 mm deep (11 inches).

1Includes sensor non-linearity. Add +2, -4% on top two ranges when using the 8481A, 8482A, 8483A and 8485A power sensors; add +4.0% on the
top tworanges when using the 8481B and 8482B power sensors; add +5.0% on the top two ranges when using the 8481H and 8482H power sensors.

1-2
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1-4. OPTIONS

1-5. Battery

The Model 435B, Option 001 Power Meter is sup-
plied with a rechargeable battery that provides up
to 16 hours continuous operation from a full
charge.

If the Power Meter was purchased without the
battery option, it may be ordered in kit form under
HP part number 00435-60012. The kit includes the
battery, the battery clamp, a 6-32 x 1/2-inch pan
head machine screw and installation instructions.

1-6. Input-Output Options
Option 002. A rear panel input connector is

connected in parallel with the front panel input
connector.

Option 003. A rear panel input connector replaces
the standard front panel input connector; a rear
panel POWER REF OUTPUT connector replaces
the standard front panel connector.

1-7. Cable Options

A 1.5 metre (5-foot) power sensor cable is nor-
mally supplied. The 1.5 metre cable is omitted with
any cable option. The option and cable length are
shown in the table.

Option Cable Length in Metres (FL}
009 3.1Q0)

010 6.1 (20)

011 15.2 (50)

012 30.5 (100)

013 61.0 (200)

1-8. ACCESSORIES SUPPLIED

The accessories supplied with the Power Meter are
shown in Figure 1-1.

a. The 1.5 metre (5-foot) power sensor cable,
HP part number 8120-2263, is used to couple the

General Information

power sensor to the Power Meter. The 1.5 metre
cable is omitted with any cable option.

b. Theline power cable may be supplied in sev-
eral configurations. Refer to the paragraph en-
titled Power Cables in Section II.

1-9. EQUIPMENT REQUIRED BUT NOT
SUPPLIED.

To form a complete RF power measurement sys-
tem, a power sensor, such as the HP Model 8481A,
must be connected to the Power Meter via the
power sensor cable.

1-10. EQUIPMENT AVAILABLE

The HP Model 11683A Range Calibrator is recom-
mended for performance testing, adjusting and
troubleshooting the Power Meter. The Power
Meter’s range-to-range accuracy and auto-zero
operation can easily be verified with the calibra-
tor. It also has the capability of supplying a full-
scale test signal for each range.

An extender board (HP part number 5060-0630)
may be used to place the A4 assembly printed
circuit board in a position that allows easy access
to test points and components.

1-11. RECOMMENDED TEST EQUIPMENT

The test equipment shown in Table 1-2 is recom-
mended for use during performance testing, adjust-
ments and troubleshooting. To ensure optimum
performance of the Power Meter, the specifica-
tions of a substitute instrument must equal or
exceed the critical specifications shown in the
table.

1-12. SAFETY CONSIDERATIONS

The Power Meter is a Safety Class I instrument
(provided with a protective earth terminal). This
instrument has been designed according to inter-
national safety standards and has been supplied
in safe condition.

1-3



General Information Model 435B
Table 1-2. Recommended Test Equipment
Instrument Type Critical Specifications Suggested Use*
Model
Digital Voltmeter Function: DC, Resistance HP 3455A P,AT
Ranges:
Resistance: 200 ()
Vde: 100 mV, 1000 mV, 10V, 100V
10 M) input impedance
51/2 digit resolution
Accuracy: £0.05% of reading
+0.028% of range
Frequency Frequency Range: 200 Hz — 50 MHz HP 5314A A
Counter Sensitivity: 100 mVrms
Accuracy: 0.01%
Oscilloscope Bandwidth: dc to 50 MHz HP 1740A P, AT
Vertical sensitivity: 0.2 V/division
Horizontal sensitivity: 1 ms/division
Power Meter Range: capability to measure 1 mW HP 432A P,A
Transfer Accuracy (input to output): +£0.2%
Power Sensor Range: capability to measure 1 mW HP 8481A/H or P, A
HP 8482A/H
Range Calibrator HP 11683A
Thermistor SWR: 1.05 at 50 MHz HP 478A-H75 P, A
Mount Accuracy:** £0.5% at 50 MHz

* P = Performance Tests; A = Adjustments; T = Troubleshooting.
** Traceable to NBS.

1-4
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Installation

SECTION Il
INSTALLATION

2-1. INTRODUCTION

This section includes information on the initial
inspection, preparation for use, and storage and
shipment instructions for the Power Meter.

2-2. INITIAL INSPECTION

| WARNING l

To avoid hazardous electrical shock, do
not perform electrical tests when there
aresigns of shipping damage to any por-
tion of the outer enclosure (covers and
panels).

Inspect the shipping container for damage. If the
shipping container or cushioning material is dam-
aged, 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 contents of the shipment
should be as shown in Figure 1-1. Procedures for
checking electrical performance are given in Sec-
tion IV. If the contents are incomplete, if there is
mechanical damage or defect, or if the instrument
does not pass the electrical performance tests, no-
tify the nearest Hewlett-Packard office. If the
shipping container is damaged, or the cushioning
material shows signs of stress, notify the carrier
as well as the Hewlett-Packard office. Keep the
shipping materials for the carrier’s inspection.

2-3. PREPARATION FOR USE
2-4. Meter Zeroing

With the LINE switch set to OFF, the meter point-
er should be positioned directly over zero. If neces-
sary, insert a screwdriver into the mechanical
Meter Zero control (beneath the meter) and align
the pointer with zero. Back the adjustment off
slightly. The backlash in the control ensures
against a meter indication error caused by jarring
the instrument.

2-5. Range Switch Scale Selection

The RANGE switch has three scales on 2 remov-
able rings which correspond to the measurement
capabilities of compatible power sensors. The
range scales are 3W to 0.3 mW (+35 to -5 dBm),

100mW to 3 uW (+20to-25dBm) and 10 uW to 0.3nW
(—20 to 65 dBm). Each scale listed indicates the
maximum and minimum full scale meter readings.

To select the correct RANGE switch knob assem-
bly scale (see Figure 2-1):

a. Unscrew the outer (black) knob by turning it
counterclockwise. Then, remove the outer knob.

b. Remove the two scale rings.
c. Determine which of the 3 scales is to be used.

d. Place the other scale ring on the knob
assembly.

e. Placetheselected ring on the knob assembly
with the selected scale out.

f. Line up the tabs of the scale rings with the
slot in the knob assembly.

g. Hold the scale rings in place with your
fingers. Thread the outer knob onto the knob
assembly. Lightly tighten the knob.

SCALE BASE

Figure 2-1. Changing Range Switch Scale

21
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2-6. Power Requirements

The Power Meter requires a power source with an
output of 100, 120, 220, or 240 Vac +5%, ~10% sin-
gle phase, 100 and 120 volts, 48 to 66 Hz and 360
to 440 Hz, 220 and 240 volts, 48 to 66 Hz. Power
consumption is 20 V-A maximum.

WARNING

If this instrument is to be energized via
an external autotransformer, make sure
the autotransformer common terminal
is connected to the earth terminal of the
power source.

2-7. Line Voltage Selection

CAUTION

BEFORE SWITCHING ON THIS IN-
STRUMENT, make surethe instrument
is set to the voltage of the power source.

Figure 2-2 provides instructions for line voltage
and fuse selection. The line voltage selection card
and proper fuse are factory installed for 120 Vac
operation.

Fuses may be ordered under HP part numbers
2110-0234, 0.1A (250V slow blow) for 100/120 Vac
operation and 2110-0040 0.062A (250V slow blow)
for 220/240 Vac operation.

2-8. Power Cable

In accordance with international safety stan-
dards, this instrument is equipped with a three-
wire power cable. When connected to an appropri-
ate ac power receptacle, this cable grounds the
instrument cabinet. The type of power cable plug
shipped with each instrument depends on the
country of destination. Refer to Figure 2-3 for the
part numbers of the power cable plugs available.

WARNING

BEFORE SWITCHING ON THIS IN-
STRUMENT, the protective earth ter-
minals of this instrument must be con-
nected to the protective conductor of the
(Mains} power cord. The Mains plug
shall only be inserted in a socket outlet
provided with a protective earth con-
tact. The protective action must not be
negated by the use of an extension cord
(power cable) without a protective con-
ductor (grounding).

2-2

Model 435B

Operating voltage is shown
in module window.

SELECTION OF OPERATING VOLTAGE

1. Open cover door, pull the FUSE PULL lever and rotate to
left. Remove the fuse.

2. Remove the Line Voltage Selection Card. Position the card
so the line voltage appears at top-left cover. Push the card
firmly into the slot.

3. Rotate the Fuse Pull lever to its normal position. Insert a
fuse of the correct value in the holder. Close the cover

door.

To avoid the possibility of hazardous electri-
cal shock, do not operate this instrument at
line voltages greater than 126.5 Vac with line
frequencies greater than 66 Hz (leakage cur-
rents at these line settings may exceed
3.6 mA).

Figure 2-2. Line Voltage Selection

2-9. Interconnections

The Power Meter and a power sensor are integral
parts of this measurement system. Before mea-
surements can be performed, the Power Meter and
sensor must be connected together with the power
sensor cable. (The cableis supplied with the Power
Meter.)

The power sensor cable couples the dc supply and
sampling gate drive from the Power Meter to the
power sensor and the 220 Hz ac output signal from
the power sensor to the Power Meter.

CAUTION

The maximum voltage which may be
safely coupled to the Power Meter input
from the power sensor is 18 mVrms.

2-10. Operating Environment

The operating environment should be within the
following limitations:
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Installation

220/240v
OPERATION

220/240V
OPERATION

PLUG*: SEV 1011.1959-24507
TYPE 12
CABLE™*: HP 8120-2104

PLUG*: NZSS 198/AS C112
CABLE*: HP 8120-1369

100/120V
OPERATION

220/240v
OPERATION

A

(¢
PLUG*: NEMA 6-15P
CABLE*: HP 8120-0698

PLUG*: NEMA 5-15P
CABLE*: 8120-1378

220/240V
OPERATION

PLUG*: CEE7-VII PLUG*: CEE22-V1

CABLE*: HP 8120-1689

CABLE™*: HP 8120-1860

220/240v
OPERATION

220/240V
OPERATION

PLUG*: BS 1363A
CABLE: HP 8120-1351

*The number shown for the plug is the industry identifier for the plug only.

The number shown for the cable is an HP part number for a complete cable including the plug.

Figure 2-3. Power Cable HP Part Numbers Versus Mains Plugs Available

Operating Environment (cont'd)

Temperature .........cooeeeveeveeen... 0 to 55°C
Humidity ................. <95% relative at 40°C
Altitude............... <4570 metres (15 000 feet)

2-11. Bench Operation

The instrument cabinet has plastic feet and a fold-
away tilt stand for convenience in bench opera-
tion. (The plastic feet are shaped to ensure seif-
aligning of the instruments when stacked.) The
tilt stand raises the front of the instrument for
easier viewing of the control panel.

2-12. Rack Mounting

Instruments that are narrower than full rack-
width may be rack-mounted using Hewlett-
Packard adapter frames or combining cases.

Adaptor Frames. Hewlett-Packard accessory
adaptor frames are an economical means of rack
mounting instruments that are narrower than full
rack-width. A set of spacer clamps, supplied with
each adaptor frame, permits instruments of dif-
ferent dimensions to be combined and rack mount-
ed as a unit. Accessory blank panels are available
for filling unused spaces.

Combining Cases. Model 1051A and 1052A Com-
bining Cases are metal enclosures that allow
combinations of one-third and one-halfrack-width
instruments to be assembled for use on a work-

bench or for mounting in a rack of standard 19-
inch spacing. Each case includes a set of parti-
tions for positioning and retaining instruments
and a rack mounting kit. No tools are required for
installing the partitions. For bench use the cases
have the same convenient features as full rack-
width instruments, (i.e., fold-away tilt stands and
specially designed feet for easier instrument stack-
ing). Accessories available for the combining
cases include blank filler panels and snap-on full
width control panel covers.

2-13. Battery Operation

To operate the Power Meter on battery power, the
battery must be installed and charged, the line
power cable must be disconnected, and the LINE
switch must be ON.

Battery Installation.

WARNINGS

This task should be performed only by
service trained persons who are aware
of the potential shock hazard of working
on an instrument with protective covers
removed.

To avoid hazardous electrical shock, the
line (Mains) power cable should be dis-
connected before attempting to install
the battery.




Installation

Battery Operation (Cont’'d)

Do not short the battery terminals. This
may result in overheating which can
cause burns or increase risk of fire.

Do not incinerate or mutilate the bat-
tery. It might burst or release toxic
materials causing personal injury.

The battery is installed in the Power Meter as
follows (see Figure 2-4):

a. Remove the top cover.

b. Hold the battery above the Power Meter,
parallel to printed circuit board A4. The battery
terminal lugs must face the circuit board.

c. Loosenthelugs. Movethe battery down into
place and guide the lugs into the slots on the cir-
cuit board. The battery should now rest on the
aluminum deck.

Model 435B

d. Placethebattery clamp over the battery and
secure it. The two prongs fit into slots on the rear
panel and the 6-32 x 1/2-inch pan head machine
screw holds the forward end of the clamp in place.

e. Tighten the battery terminal lugs by hand.

Figure 2-5 shows the Power Meter with battery
installed.

Battery Charging. The battery is being charged if
the battery has been installed, theline power cable
is connected to the available line power, and the
LINE switchis ON. In the fully charged condition,
(24-hour charge time), the battery will supply
power for a minimum of 16 hours.

2-14. STORAGE AND SHIPMENT
2-15. Environment

The instrument should be stored in a clean, dry
environment. The following environmental lim-
itations apply to both storage and shipment:

Temperature ............ccovvvenn. -55 to +75°C
Humidity ................. <95% relative at 40°C
Altitude............. <15 300 metres (50 000 feet)

Figure 2-4. Battery Installation

2-4

Figure 2-5. Power Meter with Battery Installed



Model 435B

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 attach it to the instrument.

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

Other Packaging. The following general instruc-
tions should be used for re-packaging with com-
mercially available materials:

Installation

a. Wraptheinstrumentin heavy paper or plas-
tic. (If shipping to a Hewlett-Packard office or ser-
vice center, attach a tag indicating the type of
service required, return address, model number
and full serial number.)

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

c¢. Use a layer of shock-absorbing material 70
to 100 mm (3 to 4 inches) thick around all sides of
the instrument to provide firm cushioning and
prevent movement inside the container. Protect
the control panel with cardboard.

d. Seal the shipping container securely.

e. Mark the shipping container FRAGILE to
ensure careful handling.

f. In any correspondence, refer to the instru-
ment by model number and full serial number.

2-5/2-6
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Operation

SECTION liI
OPERATION

3-1. INTRODUCTION

This section provides complete operating instruc-
tions for the Power Meter. Theinstructions consist
of: panel features, operator’s checks, operating
instructions, power measurement accuracy and
operator’s maintenance.

3-2. PANEL FEATURES

Front and rear panel features of the Power Meter
are described in Figures 3-1 and 3-2. These figures
contain a detailed description of the controls, indi-
cators and connectors.

3-3. OPERATOR’S CHECKS

NOTE

If the instrument does not operate prop-
erly and is being returned to Hewlett-
Packard for service, please complete one
of the blue repair tags located at the end
of this manual and attach it to the
instrument.

Upon receipt of the instrument, or to check the
Power Meter for an indication of normal operation,
follow the operational procedure shown in Figure
3-3. These procedures are designed to familiarize
the operator with the Power Meter and to provide
an understanding of the operating capabilities.

3-4. OPERATING INSTRUCTIONS

General operating instructions are contained in
Figure 3-4. The instructions will familiarize the
operator with the basic practices used when oper-
ating the Power Meter.

WARNING

Any interruption of the protective
(grounding) conductor (inside or outside
the instrument) or disconnecting the
protective earth terminal is likely to
make this instrument dangerous. Inten-
tional interruption is prohibited.

3-5. POWER MEASUREMENT ACCURACY

A power measurement is never free from error or
uncertainty. Any RF system has RF losses, mis-

match losses, mismatch uncertainty, instrumen-
tation uncertainty and calibration uncertainty.
Measurement errors as high as 50% are not only
possible, they are highly likely unless the error
sources are understood and, as much as possible,
eliminated.

3-6. Sources of Error and Measurement
Uncertainty

RF Losses. Some of the RF power that enters the
power sensor is not dissipated in the power sens-
ing elements. This RF loss is caused by dissipation
in the walls of waveguide power sensors, in the
center conductor of coaxial power sensors, in the
dielectric of capacitors, connections within the
sensor and radiation losses.

Mismatch. The result of mismatched impedances
between the device under test and the power sen-
sor is that some of the power fed to the sensor is
reflected before it is dissipated in the load. Mis-
matches affect the measurement in two ways.
First, the initial reflection is a simple loss and is
called mismatch loss. Second, the power reflected
from the sensor mismatch travels back up the
transmission line until it reaches the source.
There, most of it is dissipated in the source impe-
dance, but some of it is re-reflected by the source
mismatch. The re-reflected power returns to the
power sensor and adds to, or subtracts from, the
incident power. For all practical purposes, the
effect the re-reflected power has upon the power
measurement is unpredictable. This effect is called
mismatch uncertainty.

Instrumentation Uncertainty. Instrumentation un-
certainty describes the ability of the metering cir-
cuits to accurately measure the dc output from the
power sensor’s power sensing device. In the Power
Meter, this error is less than +1%." It is important
to realize, however, that a 1% meter does not auto-
matically give 1% overall measurement accuracy.

Power Reference Uncertainty. The uncertainty of
the output level of the power reference oscillator is
+0.7%. This reference is normally used to calibrate
the system and is, therefore, a part of the system’s
total measurement uncertainty.

'Refer to Instrument accuracy specification in Section I when using the
top two ranges.

3-1
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Cal Factor Switch Resolution Error. The resolution
of the CAL FACTOR switch contributes a signifi-
cant error to the total measurement because the
switch has 1% steps. The maximum error possible
in each position is +0.5%.

3-7. Corrections for Error

Calibration Factor and Effective Efficiency. The two
correction factors basic to power meters are cali-
bration factor and effective efficiency. Effective
efficiency is the correction factor for RF losses
within the power sensor. Calibration factor takes
into account the effective efficiency and mismatch
losses.

Calibration factor is expressed as a percentage
with 100% meaning the power sensor has no
losses. Normally the calibration factor will be
100% at 50 MHz, the operating frequency of the
internal reference oscillator.

The power sensors used with the Power Meter
have individually calibrated calibration factor
curves placed on their covers. To correct for RF
and mismatch losses, simply find the power sen-
sor’s calibration factor at the measurement fre-
quency from the curve or the table that is supplied
with the power sensor, and set the CAL FACTOR
switch to this value.

The CAL FACTOR switch resolution error of
+0.5% may be reduced by one of the following
methods:

1) Setthe CALFACTOR switch to the nearest
positions above and below the correction factor
given on the table. Interpolating between the
power levels measured provides the corrected
power level.

2) Leave the CAL FACTOR switch on 100%
after calibration. Then, make the measurement
and record the reading. Use the reflection coeffi-
cient, magnitude and phase angle, if such a table
is supplied with the power sensor, to calculate the
corrected power level.

3-8. Calculating Worst Case Uncertainty

Worst case uncertainty is the sum of the specified
uncertainties and mismatch uncertainty. Uncer-
tainty calculation is outlined in the following two
subsections and examples are worked out in Fig-
ures 3-5 and 3-6. For a more complete explanation
of measurement uncertainty refer to HP applica-
tion note AN-64-1 “Fundamentals of RF and Mi-
crowave Power Measurement”.

3-2
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Specified Uncertainties. The specified uncertain-
ties which account for part of the total power mea-
surement uncertainty are:

a. Instrumentation 1%’ or +0.05 dB.
b. Power reference +0.7% or +0.03 dB.

c. CAL FACTOR switch resolution, 0 to £0.5%
(depending on Cal Factor).

d. Zero set, ¥0.5% of full scale of lowest range
which is 15 nW.

e. Zero Carryover, +0.5%.

f. Noise and Drift, depends on the range and
type of sensor.

g. Calibration factor uncertainty, which
depends on sensor type, is listed in the sensor
manual.

Figure 3-5 gives an example of specified uncer-
tainty calculation.

Calculating Mismatch Uncertainty. Mismatch un-
certainty is the result of the source mismatch
interacting with the power sensor mismatch. The
magnitude of uncertainty is related to the magni-
tudes of the source and power sensor reflection
coefficients, which can be calculated from SWR.
Figure 3-6 shows how the calculations are made
and Figure 3-7 illustrates mismatch uncertainty
and total calculated uncertainty for two cases. In
the first case, the power sensor’s SWR = 1.5, and in
the second case, the power sznsor’'s SWR=1.25.1n
both cases the source has an SWR of 2.0. The
example shows the effect on power measurement
accuracy a poorly matched power sensor will have
as compared to one with low mismatch.

A faster, easier way to find mismatch uncertainty
is to use the HP Mismatch Error (uncertainty)
Limits/Reflectometer Calculator. The calculator
may be obtained, on request, from your nearest
Hewlett-Packard office by using HP part number
5952-0948.

The method of calculating measurement uncer-
tainty from the uncertainty in dB is shown by
Figure 3-8. This method would be used when the
initial uncertainty calculations were made with
the Mismatch Error/Reflectometer Calculator.

TRefer to Instrument accuracy specification in Section I when using the
top two ranges.
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3-9. OPERATOR’S MAINTENANCE

The only maintenance responsibilities the opera-
tor should normally perform are primary power
fuse replacement, LINE switch lamp replacement
and rechargeable battery replacement.

Battery replacement is the only operation that
requires tools. A Pozidriv screwdriver is needed to
remove the battery clamp.

3-10. Fuses

The primary power fuse is found within the A6
Power Module Assembly on the Power Meter’s
rear panel. For instructions on how to change the
fuse, refer to the paragraph entitled Line Voltage
Selection in Section II.

CAUTION

Make sure that only fuses with the
required rated current and of the speci-
fied type (slow blow, time delay, etc.) are
used for replacement. The use of re-
paired fuses and the short-circuiting of
fuse-holders must be avoided.

3-11. Lamp Replacement

The lamp is contained in a plastic lens which dou-
bles for a pushbutton on the LINE switch. When

Operation

the Power Meter LINE switch is ON and is being
operated by the available line power, the lamp
should be illuminated. If the lamp is defective,
remove the lens by pulling it straight out. Order
lamp (3131-0434) CD6 and replace the old
pushbutton-lamp assembly with the new one. To
replace the assembly, align the pins with the
notch in the receptacle and push straight in.

3-12. Battery Replacement

If the meter indicates that the battery is dis-
charged by a full downscale reading, and after
charging the battery still will only power the
Power Meter for a short period of time, the battery
is probably defective. The replacement battery,
BT1 (HP part number 1420-0096), may be ordered
through the nearest Hewlett-Packard office. Refer
to Battery Installation in Section II.

| WARNING |

This task should be performed only by
service trained persons who are aware
of the potential shock hazard of working
on an instrument with protective covers
removed.

3-3
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FRONT PANEL FEATURES

a Meter. Normally indicates average RF power in
dBm or Watts. During battery operation the meter
continuously indicates battery condition. A nor-
mal reading indicates the battery is charged; a full
down-scale reading indicates the battery is dis-
charged or is defective.

o Meter Zero. Mechanical adjustment used to zero the
meter when the LINE switch is OFF.

o LINE Switch. Connects line or battery power to the
Power Meter circuits when the LINE switch is ON.
During battery operation, the lamp contained
within the LINE switch will not be illuminated
when the INSTRUMENT is ON.

o RANGE Switch. Selects desired power range; keyed
to meter full-scale deflection; has three removable
scales which are changed to match the range of
the power sensor.

— POWER REF -
T sttt 1)

ouTeput

>

@ POWER REF OUTPUT. RF output of 1.00 mW +0.70%
into 500 at 50 MHz from an internal reference
oscillator. Available for system calibration.

0 CAL ADJ. Screwdriver adjustment for calibrating
any power sensor and Power Meter as a system, to
a known standard.

o Input Connector. Input from the power sensor via
the power sensor cable.

0 CAL FACTOR Switch. Changes the gain of the Power
Meter amplifier circuits to compensate for mis-
match losses and effective efficiency of the power
sensor.

o ZERO Switch. The ZERO switch activates a feed-
back circuit, which automatically zeros the meter
pointer, and a rear panel RF blanking signal.

Figure 3-1. Front Panel Controls, Connectors and Indicators
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OFF L]

RF BLANKING
QuUTPUT

CURRENT RATING

RECORDER
ouTPUT

REAR PANEL FEATURES

TO PREVENT ELECTRIC
SHOCK, DO NOT REMOVE
COVERS. NO USER
SERVICEABLE PARTS INSIDE
REFER SERVICING TQ
QUALIFIED PERSONNEL

/A waRNING : l

WARNING FOR CONTINUED
PROTECTION AGAINST FIRE HAZARD
REPLACE ONLY WITH 250V FUSE

OF THE SAME TYPE AND

POWER SENSOR
INPUT

e AC LINE V 45 ~10% ~——sy
20 VA MAX
voLts | 1oov | 120v | 220v | 240v

FUSE

100 mAT 62.5 mAT

FREQ

360440 Hz

48 -66 Hz

4866 Hz

POWER REF
ouTPUT

o POWER SENSOR INPUT. Option 002 has arear panel
input connector wired in parallel with the front
panel input connector. In Option 003, this connec-
tor replaces the input front panel connector.

Q Power Module Assembly.

0 Window. Safety interlock; fuse cannot be removed
while power cable is connected to Power Meter.

o FUSE PULL Handle. Mechanical interlock to guar-
antee fuse has been removed before Line Voltage
Selection Card can be removed.

0 Fuse. Refer to Section II for values.

0 Line Voltage Selection Card. Matches transformer
primary to available line voltage.

o Receptacle. For power cable connection to avail-
able line voltage.

o POWER REF OUTPUT. Takes the place of the front
panel POWER REF OUTPUT connector (Option
003 only).

0 RECORDER OUTPUT. Provides a linear output with
respect to the input power. +1.00 Vdc corresponds
to meter full-scale. The minimum load which may
be coupled to the outputis 1 MQ.

m RF BLANKING OUTPUT. Contact closure to ground
when ZERO switch is pressed. May be used to
remove RF input signal during automatic zeroing
operation.

POWER REF Switch. Opens or closes the circuit
from the power supply to the power reference oscil-
lator. Reduces current drain during battery opera-
tion when OFF.

Figure 3-2. Rear Panel Controls, Connectors and Indicators
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OPERATOR’S CHECKS

BEFORE SWITCHING ON THISINSTRUMENT, check that the power transformer primary is
matched to the available line voltage, the correct fuse is installed and the safety precautions are
taken. See Power Requirements, Line Voltage Selection, Power Cables and associated warnings

and cautions in section II.

BEFORE CONNECTING LINE POWER TO THIS
INSTRUMENT, ensure that all devices connected to
this instrument are connected to the protective (earth)
ground.

BEFORE SWITCHING ON THIS INSTRUMENT, en-
sure that the line power (Mains) plug is connected to a
three-conductor line power outlet that has a protective
(earth) ground. (Grounding one conductor of a two-
conductor outlet is not sufficient.)

CAUTION

Do not twist the body of the power sensor when connect-
ing or disconnecting it. This can cause majordamageto
the power sensor.

Set the meter indication to zero with the mechanical meter zero control. Back the control off
slightly.

Connect the power sensor to the Power Meter with the power sensor cable.

Connect the power cable to the power outlet and power module receptacles. Set the LINE switch to
ON; the lamp within the switch lens should be illuminated.

Change the Power Meter's RANGE switch scale so it corresponds to the range of the power
sensor. Refer to the paragraph entitled Range Switch Scale Selection in Section II.

Set the Power Meter Controls as follows:

RANGE switch position........... fully cew
CAL FACTOR switch............. 100%
POWER REF switch .............. OFF

Press the ZERO switch and verify that the meter pointer moves to zero (0) and the RF BLANK-
ING OUTPUT is shorted to ground.

Set the RANGE switch to the position indicated in the following table. Then, connect the power
sensor (and adapter or attenuator as required) to the POWER REF OUTPUT and set the rear
panel POWER REF switch to (ON). Verify that the meter reads approximately the same as
indicated in the table.

Figure 3-3. Operator's Checks (1 of 2)
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OPERATOR’S CHECKS

Power Sensor RANGE S_witch Meter
Position Indication
8481B and 8482B (remove attenuator) 3w 1w
8481A, 8482A, 8481H, 8482H 3 mW 1mW
8485A (HP 1250-1250 Adapter required) 3 mW 1mW
8483A (HP 1250-0597 Mechanical Adapter required) 3 mW 0.96 mW
8484A (HP 11708A Reference Attenuator rrequired) 3 uW 1 uW

9. Stepthe CAL FACTOR switch through its range noting a small increase in meter reading with
each successive step. Reset the CAL FACTOR switch to 100%.

10. Set the RANGE switch to the position indicated in the table below. Then, adjust the CAL ADdJ
control for a full-scale meter reading for 500 power sensors and a 96% of full scale meter reading
for 758) power sensors.

Power Sensor RANGE Swilch Position
8481B and 8482B (remove attenuator) 1w
8481A, 8482A, 8481H, 8482H 1 mwW
8485A (HP 1250-1250 Adapter required) 1 mW
8483A (HP 1250-0597 Mechanical Adapter required) 1 mW
8484A (HP 11708A Reference Attenuator required) 1 W

11. Check at the rear panel RECORDER OUTPUT jack for an output of = 1 Vdc.

12. To check operation using battery power, disconnect the power cable from the rear panel power
module receptacle and set the LINE switch to ON (the lamp within the switch lens will not be
illuminated). When a power measurement is made, a normal upscale reading indicates normal
operation; a full down-scale reading indicates the battery is discharged.

Figure 3-3. Operator’s Checks (2 of 2)
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OPERATING INSTRUCTIONS

1. BEFORE SWITCHING ON THISINSTRUMENT, check that the power transformer primary is
matched to the available line voltage, the correct fuse is installed and safety precautions are
taken. See Power Requirement, Line Voltage Selection, Power Cables and associated warnings

and cautions in Section II.
WARNINGS

BEFORE CONNECTING LINE POWER TO THE
INSTRUMENT, ensure that all devices connected to
this instrument are connected to the protective (earth)
ground.

BEFORE SWITCHING ON THIS INSTRUMENT, en-
sure that the line power (Mains) plug is connected to a
three-conductor line power outlet that has a protective
(earth) ground. (Grounding one conductor of a two-
conductor outlet is not sufficient.) '

CAUTION

Do not twist the body of the power sensor when connect-
ingordisconnecting it. This can cause major damage to
the sensor.

2. Set the meter indication to zero with the mechanical meter zero control. Back the control off
slightly.

3. Connect the power sensor to the Power Meter with the power sensor cable.

4. Connectthe power cable to the power outlet and power module receptacles. Set the LINE switch to
ON; the lamp within the switch lens should be lit.

5. Change the Power Meter's RANGE switch scale so it corresponds to the range of the power
sensor. Refer to the paragraph entitled Range Switch Scale Selection in Section II.

6. Set the Power Meter switches as follows:

RANGE position................. fully cew
CALFACTOR................... 100%
POWERREF .................... OFF

7. Press the ZERO switch, allow 5 seconds for the zeroing operation to take place, and release the

switch.

8. Setthe RANGE switch to the position indicated in the following table. Then, connect the power
sensor (and adapter or attenuator as required) to the POWER REF OUTPUT and set the rear
panel POWER REF switch to (ON). For 50Q power sensors, adjust the CAL ADJ control for a
full-scalereading; the meter pointer should be aligned with the CAL mark (full-scalereading) on
the meter face. For 75¢) power sensors, adjust the CAL ADJ control for a 96% of full scalereading;
the meter pointer should be aligned with the 0.96 mark on the meter face.

Figure 3-4. Operating Instructions {1 of 2)
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OPERATING INSTRUCTIONS

Power Sensor RANGE Switch Position
8481B and 8482B (remove attenuator) 1w
8481A, 8482A, 8481H, 8482H 1 mW
8485A (HP 1250-1250 Adapter required) 1 mW
8483A (HP 1250-0597 Mechanical Adapter required) 1 mW
8484A (HP 11708A Reference Attenuator required) 1 uW

9. Disconnectthe power sensor from the POWER REF OUTPUT and set the POWER REF switch to
OFF.

10. Locate the calibration curve on the power sensor cover. Find the CAL FACTOR for the measure-
ment frequency; set the CAL FACTOR switch accordingly.

11. Set the RANGE switch such that full scale is greater than the power level to be measured.

CAUTION

See Operating Precautions in the power sensor Operat-
ing and Service Manuals for maximum power levels
which may be safely coupled to this system. Levels
which exceed the limits may damage the power sensor,
Power Meter, or both.

12. Connect the power sensor to the RF source. Read the power level in dBm or Watts on the panel
meter.

NOTE

When the battery is being used as the power supply for
the Power Meter, an automatic test circuit continually
monitors battery condition. When the battery voltageis
above a predetermined level, the meter indicates the
correct power level. When the voltage drops below the
threshold level, the meter reading is full downscale.

Figure 3-4. Operating Instructions (2 of 2)
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SPECIFIED UNCERTAINTY CALCULATION

Conditions: Range — 1 mW
Meter Reading — 0.7 mW
Sensor — 8481A
Frequency — 1 GHz
CAL FACTOR - 99.5%

(FS) Instrumentation Uncertainty = +1.0% = #0.01 mW = +0.06 dB
(R) Power Reference Uncertainty = 20.7% = +0.0049 mW = +0.03dB
(R) CAL FACTOR Switch Resolution Uncertainty = +0.5% = +0.0035 mW = +0.02dB
(R) Zero Set Uncertainty = +0.002% = +0.000015 mW = +0.00009 dB
(FS) Zero Carryover Uncertainty = +0.5% = +0.005 mW = #0.03 dB
(R) Noise = +0.006% = +0.00004 mW = #0.00025dB
(R) Drift = #0.002% = +0.000015 mW = +0.00009 dB
(R) Cal Factor Uncertainty = +270% = x0.019 mW = +0.12dB
+0.0425 mW
. .. 0.0425
Total Specified Uncertainties = +0.0425 mW = 07 (100) = £6.07%
=10log 22 —+0.26 dB

NOTE: FS =% of full scale
R =% of reading

Figure 3-5. Specified Uncertainties
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CALCULATING MEASUREMENT UNCERTAINTY

1. Calculate the reflection coefficient from the given SWR.

_ SWR—1
P~ swRr+1
Power Sensor #1 Power Sensor #2 Power Source
SWR =1.5 SWR =1.25 SWR = 2.0
1.5—1 1.25—1 2.0—1
p = b = P =
1.5+1 1.25+1 2.0+1
_05 _ 025 _10
2.5 2.25 3.0
=02 = 0.111 = 0.333

2. Calculate the relative power and percentage power mismatch uncertainties from the reflection
coefficients. An initial reference level of 1 is assumed.

Relative Power Uncertainty

PU = [1% (pppg)l?

{1+ [(0.111)(0.333)] } 2
{1:0.037}2

{1.087}2 and {0.963}
1.075 and 0.927

PU, = {1+ [(0.2)(0.333)1}° PU,
= {1+0.067}2
= {1.067}? and {0.933}°
= 1.138 and 0.871

Percentage Power Uncertainty

%PU = (PU—1)100%

%PU, = (1.138—1) 100% and (0.871—1) 100%
= (0.138) 100% and (—0.129) 100%
= 13.8% and —12.9%

%PU, = (1.075—1) 100% and (0.927—1) 100%
= (0.075) 100% and (—0.073) 100%
= 7.5% and —1.3%

Figure 3-6. Calculating Measurement Uncertainties (1 of 2)
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CALCULATING MEASUREMENT UNCERTAINTY

3. Calculate the Measurement Uncertainty in dB.

P
MU = 10 [1og10<P_1>:| dB
0

1.138 0.871
MU, = 10| log (——) and 10 log(———)
1 1
= 10 [0.056] and 10 [0.060]
= +0.56 dB and —0.60 dB
1.075 0.927
MU, = 10 | log (——) and 10 | log (-'——)
1 1
= 10 [0.031] and 10 [—0.033]
= +0.31 dB and —0.33 dB

Figure 3-6. Calculating Measurement Uncertainties (2 of 2)
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INDICATED POWER VERSUS RANGE OF ACTUAL POWER

(Values from examples on Figures 3-5 and 3-6.)

SHADED AREA

INDICATED POWER +TOTAL SPECIFIED +WORST CASE UNCERTAINTY
UNCERTAINTIES (SPECIFIED & MISMATCH)
! ! 0.84 mW (~0.73 dBm)
! EXAMPLE 1: A
| SENSOR SWR = 1.5
: SOURCE SWR=2.0 ACTUAL POWER
| +13.8% | +19.9% ANYWHERE IN
|
|
|
I

0.74 mW (—1.29 dBm)

S S
ST L

U 66 mW (—1.81 dBm)

-12.9% -19.0%

\ 4
0.57 mW (2.4 dBm)

EXAMPLE 2: B
SOURCE SWR = 2.0 A ACTUAL POWER
+15% | +13.6% ANYWHERE IN

0.74 mW (—1.29 dBm) SHADED AREA

S 11 T
/1111 ),

0.66 mW (—1.81 dBm)

~7.3% -13.4%

\ 4

| 0.6 mW (—2.1 dBm)

Figure 3-7. Worst Case Effects of Specified and Mismatch Uncertainties
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CALCULATING MEASUREMENT UNCERTAINTY
1. For this example the known values are: source SWR, 2.2 and power sensor SWR, 1.16. From
the Mismatch Error Calculator the mismatch uncertainty is found to be +0.24, —0.25 dB.

2.  Add the specified uncertainties from Figure 3-5, (+0.26 dB). Our total measurement un-
certainty is +0.50, —0.51 dB.

3. Calculate the relative measurement uncertainty from the following formula:

P
dB = 10 log| —
Py
dB P
= log _1
10 Py
P dB
e ()
Py 10
N ., (dB
MU = Py = log" (77)
Q.50 —0.51
- o (220) - g (22
%€ V10 o8 10
= 1.122 = (0.889
4. Calculate the percentage Measurement Uncertainty.
%ZMU =  (P; —P(g) 100
= (1.122—1)100 = (0.889—1)100
=  +12.2% = —11.1%

Figure 3-8. Calculating Measurement Uncertainty (Uncertainty in dB Known)
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Performance Tests

SECTION IV
PERFORMANCE TESTS

4-1. INTRODUCTION

The procedures in this section test the electrical
performance of the Power Meter using the specifi-
cations of Table 1-1 as performance standards. All
tests can be performed without access to the inte-
rior of the instrument. A simpler operational test
isincluded in Section III under Operator’s Checks.

4-2. EQUIPMENT REQUIRED

Equipment required for the performance tests is
listed in Table 1-2, Recommended Test Equipment.
Any equipment that satisfies the critical specifi-
cations given in the table may be substituted for
the recommended model(s).

4-3. TEST RECORD

Results of the performance tests may be tabulated
on the Test Record at the end of the test proce-
dures. The Test Record lists all of the tested speci-
fications and their acceptable limits. Test results
recorded at incoming inspection can be used for
comparison in periodic maintenance, trouble-
shooting and after repairs or adjustments.

4-4. PERFORMANCE TESTS

The performance tests given in this section are
suitable for incoming inspection, troubleshooting
or preventive maintenance. During any perfor-
mance test, all shields and connecting hardware
must be in place. 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.

NOTE

The Power Meter must have a half-hour
warmup and the line voltage must be
within +5%, —-10% of nominal if the per-
formance tests are to be considered valid.

Each test is arranged so that the specification is
written as it appears in Table 1-1. Next, a descrip-
tion of the test and any special instructions or
problem areas are included. Each test that re-
quires test equipment has a setup drawing and a
list of the required equipment. The initial steps of
each procedure give control settings required for
that particular test.

PERFORMANCE TESTS

4-5. POWER REFERENCE LEVEL TEST

SPECIFICATION: Internal 50 MHz oscillator with Type N Female connector on front panel (or rear
panel, Option003 only). Power output: 1.00 mW. Factory set to +0.7% traceable to the
National Bureau of Standards. Accuracy: +1.2% worst case (+0.9% rss) for one year

(0 to 55°C).

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 allows for a transfer error of
10.2% 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%
(x1.2% accuracy + *+0.5% verification system error + +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 in Section V. 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 instru-
ments 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.
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PERFORMANCE TESTS

4-5. POWER REFERENCE LEVEL TEST (Cont'd)

NOTE

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 II, PACKAGING.

HP 4358

POWER METER POWER METER

DIGITAL VOLTMETER

JINPUT

POWER REF
ity THERMISTOR

Figure 4-1. Power Reference Level Test Setup

EQUIPMENT: Power Meter ................... HP 432A
Thermistor Mount .............. HP 478A-H75
Digital Voltmeter (DVM) ....... HP 3455A

PROCEDURE: 1. Set up the DVM to measure resistance. Connect the DVM between the Vg¢
conaector on the rear panel of the 432A and pin 1 of the thermistor mount end of
the 432A interconnect cable.

2. Round off the DVM indication to two decimal places and record this value as the
internal bridge resistance (R) of the 432A (approximately 200 ohms).

3. Connect 432A to the Power Meter as shown in Figure 4-1.

4. Setthe Power Meter LINE switch to ON (in) and the POWER REF switch to OFF.
Then, wait thirty minutes for the 432A thermistor mount to stabilize before
proceeding to the next step.

5. Set the 432A RANGE switch to COARSE ZERO and adjust the front-panel
COARSE ZERO control to obtain a zero meter indication.

6. Fine zero the 432A on the most sensitive range, then set the 432A RANGE switch
to 1 mW.

NOTE

Check that DVM input leads are isolated from chassis ground
when performing the next step.

7. Set up the DVM to measure microvolts and connect the positive and negative
input leads, respectively, to the Vcomp and Vgr connectors on therear panel of the
432A.
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Performance Tests

PERFORMANCE TESTS

4-5. POWER REFERENCE LEVEL TEST (Cont'd)

8.

9.

10.

11.

12.

Observe the indication on the DVM. If less than 400 microvolts, proceed to the
next step. If 400 microvolts or greater, press and hold the 432A FINE ZERO
switch and adjust the COARSE ZERO control so that the DVM indicates 200
microvolts or less. Then, release the FINE ZERO switch and proceed to the next
step.

Round off the DVM indication to the nearest microvolt and record this value as V.

Set the Power Meter POWER REF switch to ON (in) and record the indications
observed on the DVM as V.

Disconnect the DVM negativeinput lead from the VR connector on the 432A and
reconnect it to 432A chassis ground. Record the new indication observed on the
DVM as VCOMP.

Calculate the power reference oscillator output level (Prg) from the following
formula:

_ 2Vcomp (V11— Vo) + Vo 2-v,?

P
RF ™ " 4R (CALIBRATION FACTOR)

Where:

Pgr = power reference oscillator output level
Vcowmp = previously recorded value

V1 = previously recorded value

Vo = 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 the Pgrg is within the following limits:
Min. Actual Max.
0.981 mW - 1.019 mW
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Model 435B

PERFORMANCE TESTS

4-6. ZERO CARRYOVER TEST

SPECIFICATION: £0.5% of full scale when zeroed in the most sensitive range.

DESCRIPTION: Afterthe Power Meterisinitially zeroed, the changein the meter reading is monitored
at the RECORDER OUTPUT as the instrument is stepped through its ranges. The
meter readings take into account noise and drift because zero carryover and the noise
drift readings cannot be separated. Refer to Table 5-1 if the results are not within the
limits.

HP435B
POWER METER
DIGITAL VOLTMETER
RECORDER OUTPUT
POWER SENSOR - ©° (REAR PANEL)
T
JlNPUT
Figure 4-2. Zero Carryover Test Selup

EQUIPMENT: Digital Voltmeter .............. HP 3455A
Power Sensor .................. HP 8481A/H or 8482A/H

PROCEDURE 1. Set the DVM RANGE control to 100 mVde.

2. Set the Power Meter Switches as follows:
CALFACTOR ............. 100%
RANGE position ........... fully cew
POWER REF (rear panel) ... OFF
3. Connect the equipment shown in Figure 4-2.
4. Pressthe front panel ZERO switch and wait for the meter indicator’s position to
stabilize. Verify that the DVM reads 0 £0.9 mVdc. Release the ZERO switch.
5. Verify that the RECORDER OUTPUT falls within the limits shown on the table
for each range. Record the readings.
RANGE Results RANGE Results
Switch Switch
Position Min. Actual Max. Position Min. Actual Max.
mVde mVde mVdc mVdc mVdc mVdc
fully cew -15 +15 5 steps cw -5 +5
1 step cw -17 - +17 6 steps cw -b - +5
2 steps cw -14 N +14 7 steps cw -5 - +5
3 steps cw -11 - +11 8 steps cw -5 - +5
4 steps cw -8 - +8 fully cw -5 - +5
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PERFORMANCE TESTS

4-7. INSTRUMENTATION ACCURACY TEST WITH CALIBRATOR
SPECIFICATION: =*1% of full scale on all ranges.
DESCRIPTION: Instrumentation accuracy is verified by coupling a full-scale reference input from the

HP 11683A Calibrator to the Power Meter on each range. Verify that the RECORDER
OUTPUT level is within 1% plus noise and drift.

HP 4358
POWER METER

RANGE DIGITAL VOLTMETER
CALIBRATOR RECORDER QUTPUT
(REAR PANEL)
©
POWER JINPUT
METER
Figure 4-3. Instrumentation Accuracy Test Setup with Calibrator
EQUIPMENT: Digital Voltmeter .............. HP 3455A
Range Calibrator .............. HP 11683A

PROCEDURE: 1. Setthe 11683A RANGE switch to 1 mW, the FUNCTION switch to CALIBRATE
and the POLARITY switch to NORMAL.

2. Set the Power Meter RANGE switch 5 steps from the fully cew position.
3. Set the DVM RANGE switch to 1000 mVdec.
4. Connect the equipment as shown in Figure 4-3.

5. Adjust the front panel CAL ADJ control to provide a reading of 1000 +2 mVdec.

CAUTION

To avoid damage to the meter, set the Calibrator’s FUNCTION
control to STANDBY while changing the RANGE control set-
tings on the Power Meter and Calibrator.
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PERFORMANCE TESTS

4-7. INSTRUMENTATION ACCURACY TEST WITH CALIBRATOR (Cont'd)

6. Set the Power Meter RANGE switch to each possible position in turn. Set the
11683A RANGE switch to the same position and verify that the DVM reading,
which includes noise and drift, is within the limits shown in the table below.

RANGE Results RANGE Results

Switch Switch

Position Min. Actual Max. Position Min. Actual Max.

mVde mVde mVde mVde mVdc mVde

fully cew +975 +1025 5 steps cw +998 +1002
1 step cw +978 I +1022 6 steps cw +990 - +1010
2 steps cw +981 —_ +1019 7 steps cw +990 - +1010
3 steps cw +984 - +1016 8 steps cw +990 - +1015
4 steps cw +987 - +1013 fully cw +990 - +1015
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Performance Tests

PERFORMANCE TESTS

!

4-8. CALIBRATION FACTOR TEST

SPECIFICATION: 16-position switch normalizes meter reading to account for calibration factor or

effective efficiency. Range 85% to 100% in 1% steps.

DESCRIPTION: After the Power Meter is zeroed on the most sensitive range, a 1 mW input level is
applied to the Power Meter and the CAL ADJ control is set to obtain a 1.000 mW
indication. Then the CAL FACTOR switch is stepped through its 16 positions and the
meter is monitored to ensure that the proper indication is obtained for each position.

HP 4358
POWER METER
RANGE DIGITAL VOLTMETER
CALIBRATOR RECORDER OUTPUT
{REAR PANEL)
POWER JINPUT
METER
Figure 4-4. Calibration Factor Test Setup

EQUIPMENT: Digital Voltmeter .............. HP 3455A
Range Calibrator .............. HP 11683A

PROCEDURE: 1. Setthe 11683A RANGE switch to 1 mW, the FUNCTION switch to CALIBRATE

and the POLARITY switch to NORMAL.
2. Set the Power Meter RANGE switch 5 steps from the fully ccw position.
3. Set the DVM RANGE switch to Vde.
4. Connect the equipment as shown in Figure 4-4.
5. Set the front panel CAL ADJ control to provide a reading of 1000 +2 mVdc on the
DVM.
6. Set the CAL FACTOR switch to each position and verify that the indications
observed at each position are within the limits specified in the following table.
CAL FACTOR Results CAL FACTOR Results
Switch Switch
Position Min. Actual Max. Position Min. Actual Max.
Vdc Vdc Vdc Vde Vde Vdc
100 0.994 1.006 92 1.081 1.093
99 1.004 - 1.016 91 1.093 - 1.105
98 1.014 - 1.026 90 1.105 - 1.117
97 1.025 - 1.037 89 1.118 - 1.130
96 1.036 —_— 1.048 88 1.130 - 1.142
95 1.047 —_— 1.059 87 1.143 —_— 1.155
94 1.058 - 1.070 86 1.157 - 1.169
93 1.069 - 1.081 856 1.170 - 1.182
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Table 4-1. Performance Test Record

Model 435B

Serial Number

Hewlett-Packard Company
Model 435B
Power Meter

Tested By

Results
PNa;a Test Description
) Min. Actual Max.
4.5. Power Reference Accuracy mW mW mW
1 mW 0.981 1.019
4-6, Zero Carryover mVdce mVde mVde
fully ccw -15 +15
1 step cw ~-17 +17
2 steps cw -14 +14
3 steps cw -11 +11
4 steps cw -8 +8
5 steps cw -5 +5
6 steps cw -5 +5
7 steps cw -5 +5
8 steps cw -5 +5
fully cw -5 +5
4-7. Instrumentation Accuracy mVdc mVdc mVde
fully cew +975 +1025
1 step cw +978 +1022
2 steps cw +981 +1019
3 steps cw +984 +1016
4 steps cw +987 +1013
5 steps cw +998 +1002
6 steps cw +990 +1010
7 steps cw +990 +1010
8 steps cw +990 +1015
fully cw +990 +1015
4-8. Calibration Factor Vde Vde Vdc
100 0.994 1.006
99 1.004 1.016
98 1.014 1.026
97 1.025 1.037
96 1.036 1.048
95 1.047 1.059
94 1.058 1.070
93 1.069 1.081
92 1.081 1.093
91 1.093 1.105 -
90 1.105 1.117
89 1.118 1.130
88 1.130 1.142
87 1.143 1.155
86 1.157 1.169
85 1.170 1.182

4-8




Model 435B

Adjustments

SECTION YV
ADJUSTMENTS

5-1. INTRODUCTION

" This section describes the adjustments which will
return the Power Meter to peak operating condi-
tion after repairs are completed.

If the adjustments are to be considered valid, the
Power Meter must have a half hour warmup and
the line voltage must be within +5 to -10% of
nominal.

The adjustment procedure entitled ‘“Power
Meter Adjustments with 500 Power Sensor” is to
be performed only when the HP Model 11683A
Range Calibrator is not available.

5-2. SAFETY CONSIDERATIONS

Although this instrument has been designed in
accordance with international safety standards,
this manual contains information, cautions and
warnings which must be followed to avoid per-
sonal injury and damage to the instrument (see
Sections II and III). Service and adjustments
should be performed only by qu  fied service per-

sonnel.
| WARNINGS

Any interruption of the protective
(grounding) conductor (ins. eoroutside
the instrument) or disconn ction of the
protective earth terminal is likely to
make the instrument dangerous. Inten-
tional interruption is prohibited.

Any adjustment, maintenance and re-
pair of the opened instrument under
voltage should be avoided as much as
possible and, when inevitable, should be
carried out only by a skilled person who
is aware of the hazard involved.

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

Make sure that only fuses with the
required rated current and of the speci-
fied type (slow blow, time delay, etc.) are
used for replacement. The use of repaired

fuses and the short-circuiting of fuse-
holders musi be avoided.

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

Adjustments described herein are per-
formed with power supplied to the in-
strument while protective covers are
removed. Energy available at many
points may, if contacted, result in per-
sonal injury.

5-3. EQUIPMENT REQUIRED

The test equipment required for the adjustment
procedures is listed in Table 1-2, Recommended
Test Equipment. The critical specifications of

- substitute test instruments must meet or exceed

t}}& standards listed in the table if the Power Meter
is to meet the standards set forth in Table 1-1,
Specifications.

5-4. FACTORY SELECTED COMPONENTS

Factory selected components are indicated on the
schematic and replaceable parts list with an aster-
isk (*) immediately following the reference desig-
nator. The nominal value of the component is
listed. Table 5-1 lists the parts by reference desig-
nator and provides an explanation of how the
component is selected, the normal value range
and a reference to the appropriate service sheet.
The Manual Changes supplement will update any
changes to factory selected component
information.

5-5. ADJUSTMENT LOCATIONS

All the adjustments for the Power Meter are con-
tained on the A4 assembly except the front panel
CAL ADJ control and POWER REF OUTPUT
level control. The last foldout in this manual con-
tains a table which cross-references all pictorial
and schematic locations of the adjustment con-
trols. The accompanying figure shows the loca-
tions of the adjustable controls, assemblies and
chassis-mounted parts.
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the top two ranges when the accuracy on other ranges
is within specifications. See Instrumentation
Accuracy Test with Calibrator (paragraph 4-7) for the
limits for each range.

Adjustments Model 435B
ADJUSTMENTS
Table 5-1. Factory Selected Components
Reference . Range of Service
Designator Basis of Selection Values Sheet

A3R5 A3RS5 is selected for a power reference output of 1 mW 7.1t0 7.5 kO 5
(into 500) if this value is outside the adjustment range
of LEVEL ADJ A3R4.

A4C11, C14 See Multivibrator Adjustment (paragraph 5-7). 0.0082 to 2

0.01 uF

A4R12, R16 A4R12 and R16 are selected for correct zero carryover 3.16 to 2
between ranges. See Zero Carryover Test (paragraph 4.64 k0
4-6) for the limits for each range.

A4R66 A4R66 is selected for a full-scale reading (100 mW) 150 to 250 k() 2
with an accurate 10 mW input after completing Power
Meter Adjustments with Calibrator (see paragraph 5-
9). Hewlett-Packard recommends using a Model
11683A Calibrator to achieve the needed accuracy for
selecting this resistor. The DVM reading at the Power
Meter’'s RECORDER OUTPUT will be 1000 =3 mVdec
with the correct resistor in place.

A4VR1, VR2 A4VR1 and VR2 are selected to achieve accuracy on 2.37 to 2.61V 2
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ADJUSTMENTS

5-6. POWER REFERENCE OSCILLATOR LEVEL ADJUSTMENT
REFERENCE: Service Sheet 5.

DESCRIPTION: The power reference oscillator output is factory-adjusted to 1 mW *0.7% using a
special measurement system accurate to 0.5% (traceable to the National Bureau of
Standards) 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 capabil-
ity. If equivalent instruments are used, signal acquisition criteria may vary and
reference should be made to the manufacturer’s guidelines for operating the
equipment.

NOTE

The Power Meter may be returned to the nearest HP office to have
the power reference oscillator checked and/or adjusted. Refer to
Section II, PACKAGING.

HP 4358
POWER METER POWER METER
re”""1 DIGITAL VOLTMETER
! Vcome t
| I |
- INPUT
POWER REF THERMISTOR RV |
OUTPUT MOUNT L_BEJ
—

Figure 5-1. Power Reference Oscillator Level Adjustment Setup

EQUIPMENT: Power Meter ............c...... HP 432A
Thermistor Mount .............. HP 478A-H75
Digital Voltmeter (DVM) ....... HP 3455A

PROCEDURE.: 1. Set up the DVM to measure resistance and connect the DVM between the Vge
connector on the rear panel of the 432A and pin 1 on the thermistor mount end of
the 432A interconnect cable.

2. Round off the DVM indication to two decimal places and record this value as the
internal bridge resistance (R) of the 432A (approximately 200 ohms).

3. Connect the 432A to the Power Meter as shown in Figure 5-1.

4. Setthe Power Meter LINE switch to ON (in) and the POWER REF switch to OFF.
Then, wait thirty minutes for the 432A thermistor mount to stabilize before pro-
ceeding to the next step.

5. Set the 432A RANGE switch to COARSE ZERO and adjust the front-panel
COARSE ZERO control to obtain a zero meter indication.
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ADJUSTMENTS

5-6. POWER REFERENCE OSCILLATOR LEVEL ADJUSTMENT (Cont'd)

6. Finezerothe 432A on the most sensitive range, then set the 432A RANGE switch
to 1 mW.

NOTE

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

7. Set up the DVM to measure microvolts and connect the positive and negative
inputleads, respectively, to the Vcomp and Vg connectors on the rear panel ofthe
432A.

8. Observe the indication on the DVM. If less than 400 microvolts, proceed to the
next step. If 400 microvolts or greater, press and hold the 432A FINE ZERO
switch and adjust the COARSE ZERO control so that the DVM indicates 200
microvolts or less. Then release the FINE ZERO switch and proceed to the next
step.

9. Round off the DVM indication to the nearest microvolt and record this value as
Vo.

10. Disconnectthe DVM negative input lead from the Vge connector onthe 432A and
reconnect it to chassis ground.

11. Set the Power Meter POWER REF switch to ON and record the indication
observed on the DVM as Vcomp.

12. Disconnect the DVM negative input lead from chassis ground and reconnect it to
the Vgr connector on the rear panel of the 432A. The DVM is now set up to measure

V4 which represents the power reference oscillator output level.

13. Calculate the value of V4 equal to 1 milliwatt from the following equation:

Vi-Vo=Vcomp- \/(VCQMP)2 —(10-3) (4R) (EFFECTIVE EFFICIENCY)
Where:

Vo = previously recorded value

Vcowmp = previously recorded value

10-3 =1 milliwatt

R = previously recorded value

EFFECTIVE EFFICIENCY = value for thermistor mount at 50 MHz (traceable to
the National Bureau of Standards).

14. Remove the Power Meter top cover and adjust LEVEL ADJ potentiometer A3R4
so that the DVM indicates the calculated value of V.
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ADJUSTMENTS

5-6. POWER REFERENCE OSCILLATOR LEVEL ADJUSTMENT (Cont'd)

TYPICAL 1. ACCURACY
CALCULATIONS: DVM Measurements: Ve omp) +0.018%
(HP 3455A -90 days, 23°C +5°C) Vy— Vo  +0.023%
(R) 10.03%
Math Assumptions: +0.01%
EFFECTIVE EFFICIENCY CAL (NBS): +0.5%
MISMATCH UNCERTAINTY:
(Source & Mount SWR <1.05) +0.1%
<+0.7%

2. MATH ASSUMPTIONS:
2Veomp (V- Vg + Vo2 -V, 2
(4R) (EFFECTIVE EFFICIENCY)

Ppe =

Assume: Vy2-V,2=—(V,-V)?
Since: —(V;-V)?=-V,2+2V,V;,-V(2, and

we want: V32 -V, 2, then

the €rror iS: (_V1 2 + 2V1V0_V0 2) - (V02 _V1 2) = _2V02 + 2V1V0 = 2V0(V1 "Vo)

if 2Vo(V1-Vp <<2Vcomp(V1-Vpie, Vg<<Vcowmp, error is negligible
Vecomp ~ 4 volts. If V<400 4V, erroris <0.01%.
(typically Vgcan be set to <50 4V.)

3. Derivation of Formula for V-V,

_ 2Vcomp (V1-Vo) + Vo2 -V, 2
(4R) (EFFECTIVE EFFICIENCY)

Pgr

Desired Pgr =1 mW =103
_ 2Veomp (V1-Vo +V ¢2-V,2
(4R) (EFFECTIVE EFFICIENCY)

51073

Let (4R) (EFFECTIVE EFFICIENCY) (10-3) =K
Substitute — (V- V)2 for Vo2 - V4 2 (see math Assumptions under Accuracy)

Then 0 = (V1-Vg)2-2Vcomp (V1 -Vp +K

or Vi~Vo=Vcomp— V(Vcomp) 2-K
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ADJUSTMENTS

Model 435B

5-7. MULTIVIBRATOR ADJUSTMENT

REFERENCE: Service Sheet 2.

DESCRIPTION: FREQ potentiometer A4R76 is adjusted to set the reference frequency of the multivi-
brator which drives the phase detector and the FET power sensor.

TO A4TP7

TO A4TP8

L )

TO A4TP4
0SCILLOSCOPE l

HP 4358
POWER

RANGE
CALIBRATOR

)

Figure 5-2. Multivibrator Adjustment Setup

EQUIPMENT: Range Calibrator ..............
Counter ...............ciunnnn..
Oscilloscope ...................

PROCEDURE: 1. a. Power Meter switch settings:

CALFACTOR ..........
POWERREF ...........
LINE ................

HP 11683A
HP 5314A
HP 1740A

b. Range Calibrator switch settings:

FUNCTION ............
POLARITY .............
LINE ...........ooooat

¢. Oscilloscope switch settings:

0.05 V/Div. AC coupled
0.2 V/Div.

0.5 ms/Div.
Chopped — Ch. B trigger

CH. A ..................

TIME ..................
Display .................

2. Connect the equipment as shown in Figure 5-2.

CALIBRATE
NORMAL

POWER
METER

COUNTER

_J

3. Adjust oscilloscope position controls to superimpose waveforms. Establish a
horizontal grid line as DC average of the TP4 waveform by turning the 11683A
MODE to STANDBY and positioning the Channel A trace on the line. Set the
11683A back to CALIBRATE. Turn the oscilloscope horizontal MAGNIFIER to
X10 so that time calibration will be 50 us/div. See Figure 5-3.

5-6



Model 435B Adjustments

ADJUSTMENTS

5-7. MULTIVIBRATOR ADJUSTMENT (Cont'd)

{—HORIZONTAL REFERENCE
\ TP4 WAVE
ZERO CROSSOVER

. Figure 5-3. 220 Hz Zero Crossover

I

TP7
WAVE

4. Adjust A4R76 so that the zero crossover lags the square wave by 150 +10 us.

5. Check that the counter measures 220 +12 Hz at TP8. If necessary, adjust A4R76
for a compromise between frequency and phase.

6. If the conditions of steps 4 and 5 cannot be met, change A4C11* or A4C14* as
follows:

a. Ifthe frequency at TP8 is too high, change C14* to 0.01 pF.
b. Ifthe frequency at TP8 is too low, change C11* to 0.0082 nF.

c. Repeat steps 4 and 5.
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Adjustments

Model 435B

ADJUSTMENTS

5-8. POWER METER ADJUSTMENTS WITH 50() POWER SENSOR

NOTES

This adjustment should only be performed when the HP Model
11683A Range Calibrator is not available.

If the adjustments are to be considered valid, the Power Meter
must have a half hour warmup and the line voltage must be
within +5 to —10% of nominal.

REFERENCE: Service Sheets 2 and 3.

DESCRIPTION: 1.

The Balance control is centered to remove the dc offset introduced by the Auto
Zero circuit. -

2. The DC Offset control removes any dc voltage introduced by the DC Amplifier.

3. The CAL ADJ control is used to set a level of +1.00 Vdc at the rear panel
RECORDER OUTPUT jack with a full scale input.

4. The Meter control sets the meter reading to full scale when the RECORDER
OUTPUT level is +1.00 Vdc.

5. The Auto Zero Offset adjustment removes any dc voltage introduced by the Auto
Zero circuits when the ZERO switch is pressed.

6. TheBalance control centers the Auto Zero circuits output voltage range. The Auto
Zero output is forced to its negative extreme and the Balance control sets the
RECORDER OUTPUT voltage below center-range (+1.00 Vdc) by one-half the
total range.

HP 4358
POWER METER
(SIDE PANEL)
DIGITAL VOLTMETER
RECORDER OUTPUT
‘ (REAR PANEL) ,
POWER INPUT
SENSOR J
Figure 5-4. Power Meter Adjustment Setup with 500 Power Sensor
EQUIPMENT: Digital Voltmeter .............. HP 3455A
Power Sensor .................. HP 8481A/H or 8482A/H

PROCEDURE: 1.

Set the LINE switch to OFF, wait a few seconds, and adjust the mechanical meter
zero control for a meter reading of zero.

Set the DVM RANGE switch to 1 Vde.
Set the Power Meter CAL FACTOR switch to 100%.

Remove the right side cover of the Power Meter and connect the equipment as
shown in Figure 5-4.
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Model 435B Adjustments

ADJUSTMENTS

5-8. POWER METER ADJUSTMENTS WITH 50() POWER SENSOR (Cont'd)
5. Set the LINE switch to (ON).

NOTE

Before proceeding with the adjustment, connect the input of a
frequency counter (such asthe HP5314A) to TP7 or TP8 and verify
that the multivibrator frequency is.220 +12 Hz. If the frequency is
incorrect, perform the Multivibrator Adjustment (5-7).

6. Center the Power Meter Balance Control A4R46.

7. Setthe Power Meter RANGE switch fully cw and adjust A4R32, DC Offset control,
for a DVM reading of 0 0.2 mVdec.

8. Set the RANGE switch to the position indicated in the table below; set the rear
" panel POWER REF switch to (ON).

Power Sensor RANGE Switch Position
8481B and 8482B (remove attenuator) 1w
8481A, 8482A, 8481H, 8482H 1 mW
8485A (HP 1250-1250 Adapter required) 1 mW
8484A (HP 11708A Reference Attenuator required) 1 uW

9. Adjust the front panel CAL ADJ control to read 1.000 +0.001 Vdc on the DVM.
10. Adjust A4R35, Meter control, to give a full-scale meter reading.

11. Set the rear panel POWER REF switch to OFF; set the RANGE switch to the
position indicated in the table below.

Power Sensor RANGE Switch Positon
8481B and 8482B (remove attenuator) 3W
8481A, 8482A, 8481H, 8482H 3 mW
8485A (HP 1250-1250 Adapter required) 3mW
8484A (HP 11708A Reference Attenuator required) 3 uW




Adjustments Model 435B

ADJUSTMENTS

5-8. POWER METER ADJUSTMENTS WITH 50(0 POWER SENSOR (Cont’'d)

12. Press the front panel ZERO switch, hold it in, and adjust the Auto Zero Offset
control A4R42 for a DVM reading of 0 £1 mVdec.

13. Set the RANGE switch to the position indicated in the table below; set the rear
panel POWER REF switch to (ON).

Power Sensor RANGE Switch Position
8481B, 8482B, (remove attenuator) 1w
8481A, 8482A, 8481H, 8482H 1 mW
8485A (HP 1250-1250 Adapter required) 1 mW
8484A (HP 11708A Reference Attenuator required) 1 uW

14. Press the ZERO switch, hold it in, and adjust the Balance Adjustment, A4R46,
until the DVM reading is 961 £1 mVdec.
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Model 435B Adjustments

ADJUSTMENTS

5-9. POWER METER ADJUSTMENTS WITH CALIBRATOR

NOTE

If the adjustments are to be considered valid, the Power Meter
must have a half-hour warmup and the line voltage must be
within +5 to —10% of nominal.

REFERENCE: Service Sheets 2 and 3.

DESCRIPTION: 1. The Balance control is centered to remove the dc offset introduced by the Auto
Zero circuits.

2. The DC Offset control removes any dc voltage introduced by the DC Amplifier.

3. TheCAL ADJ controlis used toset alevel of +1.00 Vdc at rear panel RECORDER
OUTPUT jack with a full scale input from the Model 11683A Range Calibrator.

4. The Meter control sets the meter reading to full scale when the RECORDER
OUTPUT level is +1.00 Vdec.

5. The Auto Zero Offset adjustment removes any dc voltage that is introduced by the
Auto Zero circuits while the ZERQO switch is pressed.

6. The Balance control centers the Auto Zero circuit’s output voltagerange. The Auto
Zero output is forced to its negative extreme. The Balance Control sets the
RECORDER OQUTPUT voltage below the center (+1.00 Vde) by one-half the total
possible voltage swing.

4358
POWER METER

RANGE
CALIBRATOR

DIGITAL VOLTMETER

RECORDER OUTPUT
(REAR PANEL)

POWER INPUT
METER

Figure 5-5. Power Meter Adjustment Setup with Calibrator

EQUIPMENT: Digital Voltmeter .............. HP 3455A
Range Calibrator .............. HP 11683A (ONLY)

PROCEDURE: 1. Set the Power Meter LINE switch to OFF and adjust the mechanical Meter
Zero control for a meter reading of zero.

2. Set the Power Meter switches as follows:

CALFACTOR ................. 100%
RANGE position ............... fully cw
POWERREF .................. OFF
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Adjustments Model 435B

ADJUSTMENTS

5-9. POWER METER ADJUSTMENTS WITH CALIBRATOR (Cont'd)

3. Set the Range Calibrator RANGE switch to 1 mW, FUNCTION switch to
STANDBY, and POLARITY switch to NORMAL.

4. Set the DVM RANGE switch to Vdc.

5. Remove theright side cover of the Power Meter, connect the equipment as shown
in Figure 5-5 and set the LINE switch to ON.

NOTE

Before proceeding with the adjustment, connect the input of a
frequency counter (such as the HP 5314A) to TP7 or TP8 and
verify that the multivibrator frequency is 220 +12 Hz. If the
frequency is incorrect, perform the Multivibrator Adjustment
(5-7).

6. Center the Power Meter Balance control, A4R46.

7. Adjust A4dR32 DC Offset control for a DVM reading of 0 +0.2 mVde.

8. Set the Power Meter RANGE switch 5 turns from the fully ccw position.

9. Set the Range Calibrator FUNCTION switch to CALIBRATE.

10. Adjust the Power Meter front panel CAL ADJ control for a DVM reading of 1000
+1 mVdec.

11. Adjust the Meter control A4R35 for a full-scale meter reading.
12. Set the Range Calibrator FUNCTION switch to STANDBY.

13. Set the Power Meter RANGE switch fully cew, press and hold the ZERO switch,
and adjust A4R42 Auto Zero Offset control for a DVM reading of 0 =1 mVdec.

14. Set the Power Meter RANGE switch 5 turns from the fully ccw position; set the
Range Calibrator’s FUNCTION switch to CALIBRATE.

15. Press and hold the Power Meter ZERO switch and adjust the A4R46 Balance
control for a DVM reading of 961 +3 mVdec.

5-12



Model 435B

Replaceable Parts

SECTION VI
REPLACEABLE PARTS

6-1. INTRODUCTION

This section contains information for ordering
replacement parts for the Power Meter. Table 6-1
lists abbreviations used in the parts list and
throughout the manual. Table 6-2 lists all replace-
able parts in reference designator order. Table 6-3
contains the names and addresses that corre-
spond to the manufacturer’s code number.

6-2. ABBREVIATIONS

Table 6-1 gives a list of abbreviations used in the
parts list, schematics and throughout the man-
ual. In some cases, two forms of the abbreviations
are given, one all 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 LIST

Table 6-2 is the list of replaceable parts and is
organized as follows:

a. Electrical assemblies and their components
in alpha-numeric order by reference designation.

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

c. Miscellaneous parts.
d. Illustrated parts breakdown.

Theinformation given for each part consists of the
following:

a. The Hewlett-Packard part number.
b. The part number check digit (CD).

c. The total quantity (Qty) used in the
instrument.

d. The description of the part.

e. Typical manufacturer of the part in a five-
digit code.

f. The manufacturer’s number for the part.

The total quantity for each partis given only once;
at the first appearance of the part number in the
list.

6-4. FACTORY SELECTED PARTS (*)

Parts marked with an asterisk (*) are factory
selected parts. The valuelisted in the parts listis the
nominal value. Refer to Section V for information
on determining what value to use for replacement.

6-5. ORDERING INSTRUCTIONS

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

To order a part that is not listed in the replaceable
parts table, include the instrument model number,
instrument serial number, the description and
function of the part, and the number of parts
required. Address the order to the nearest Hewlett-
Packard office.

NOTE

Within the USA, it is better to order
directly from the HP Parts Centerin Mt.
View, California. Ask your nearest HP
office for information and forms for the
“Direct Mail Order System”

6-6. PARTS PROVISIONING

Stocking spare parts for an instrument is often
done to insure quick return to service after a mal-
function occurs. Hewlett-Packard has a “Spare
Parts Kit” available for this purpose. The kit con-
sists of selected replaceable assemblies and com-
ponents for this instrument. The contents of the
kit and the “Recommended Spares” list are based
on failure reports and repair data, and parts sup-
port for one year. A complimentary ‘“Recom-
mended Spares” list for this instrument may be
obtained on request, and the “Spare Parts Kit”
may be ordered through your nearest Hewlett-
Packard office.
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Replaceable Parts Model 435B

Tahle 6-1. Reference Designations and Abbreviations (1 of 2)

REFERENCE DESIGNATIONS

7 S assembly E .. ...... miscellaneous P ... electrical connector u..... integrated circuit;
AT .. attenuator;isolator; electrical part (movable portion); microcircuit
termination F ... .. .. ... fuse plug Voo, electron tube
B.......... fan; motor FL ............ filter Q...... transistor: SCR; VR .. .. voltage regulator;
BT ..... R battery H........... hardware triode thyristor breakdown diode
C .. i capacitor HY ......... circulator R ......... . . . resistor W . ... cable:transmission
CP ........... coupler J ... electrical connector RT ......... thermistor path; wire
CR ....... diode; diode (stationary portion); S L switch X oo, socket
thyristor, varactor jack T ........ . transformer Y .... crystal unit (piezo-
DC ... directional coupler ™ ...... terminal board electric or quartz)
DL ......... delay line K. ... ... oo .. relay TC ...... thermocouple Z . ... tuned cavity:tuned
DS ....... annunciator; L ........ coil; inductor TP ......... test point circuit
signaling device M............. meter
(audible or visual); MP ....... miscellaneous
lamp; LED mechanical part

ABBREVIATIONS

- ampere COEF .. ..... coefficient EDP . .... electronic data INT .......... internal
ac . ... alternating current COM .. ....... common processing kg .......... kilogram
ACCESS ..... accessory COMP .. ... composition ELECT ..... electrolytic kHz ., ........ kilohertz
ADJ ....... adjustment COMPL . ... ... complete ENCAP . ... encapsulated kQ . kilohm
A/D . ... analog-to-digital CONN....... connector EXT ......... external RV .. ... kilovolt
AF .. ... audio frequency CP ...... cadmium plate F .. ... ... .. farad b ............ pound
AFC ... ..... automatic CRT ... cathode-ray tube FET ....... field-effect LC ........ inductance-
frequency control CTL .... complementary transistor capacitance
AGC .. ... automatic gain transistor logic FiIF ......... flip-flop LED . . light-emitting diode
control CW ..... continuous wave FH .......... flat head LF ...... low frequency
AL ... .. ... aluminum CW ..o clockwise FILH ..... fillister head LG .......... ... long
ALC .. ... automatic level em ... .. . centimeter FM. . frequency modulation LH .......... left hand
control D/A . ... digital-to-analog FP ........ front panel LIM . ........... limit
AM ... amplitude modula- dB ........... decibel FREQ ....... frequency LIN ... linear taper (used
tion dBm . ... decibel referred FXD ........... fixed in parts list)
AMPL .. ...... amplifier to 1 mW € e gram in ............ linear
APC . ... automatic phase de ....... direct current GE ........ germanium LK WASH ... lock washer
control deg .. degree (temperature GHz ......... gigahertz LO ... low;local oscillator
ASSY ... .. ... assembly interval or differ- GL ............. glass LOG . .. . logarithmic taper
AUX ... ...... auxiliary ° ence) GRD....... ground(ed) (used in parts list)
avg .. ... ... average P, degree (plane H............. henry log ........ logrithm(ic)
AWG .... American wire ° angle) h ..., .. ... hour LPF ..... low pass filter
gauge C ...... degree Celsius HET ....... heterodyne LV ........ low voltage
BAL .......... balance ° (centigrade) HEX ........ hexagonal m...... meter (distance)
BCD ...... binary coded oF . ... degree Fahrenheit HD ............. head mA . ....... milliampere
decimal K ....... degree Kelvin HDW ........ hardware MAX ....... maximum
BD ............ board DEPC .. deposited carbon HF ...... high frequency M2 ... megohm
BECU ...... beryllium DET ......... detector HG .......... mercury MEG . ... meg (108) (used
copper diam ... ...... diameter HI ............. high in parts list)
BFO ..... beat frequency DIA ... diameter (used in HP ..... Hewlett-Packard MET FLM .. .. metal film
oscillator parts list) HPF ... .. high pass filter MET OX .. metallic oxide
BH ........ binder head DIFF AMPL .. differential HR .. ... .. hour (used in MF ., .. medium frequency;
BKDN .. .... breakdown amplifier parts list) microfarad (used in
BP .......... bandpass div ........... division HV ........ high voltage parts list)
BPF ..... bandpass filter DPDT .. ... double-pole, Hz ............ Hertz MFR ...... manufacturer
BRS ........... brass double-throw IC .... integrated circuit mg ......... milligram
BWO..... backward-wave DR ............ drive ID ...... inside diameter MHz . ....... megahertz
oscillator DSB ... . double sideband IF ....... intermediate mH......... millihenry
CAL .. _...... calibrate DTL .... diode transistor frequency mho ,........... mho
cew .. counter-clockwise logic IMPG .. ... impregnated MIN . ....... minimum
CER .......... ceramic DVM ... digital voltmeter o inch min . .... minute (time)
CHAN .. ... .... channel ECL .... emitter coupled INCD ..... incandescent LS e minute (plane
em ... ... centimeter logic INCL .. ..... include(s) angle)
CMO . . cabinet mount only EMF | . electromotive force INP ... ........ input MINAT ....... miniature
COAX .. ....... coaxial INS . ....... insulation mm ........ millimeter
NOTE

All abbreviations in the parts list will be in upper-case.
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Model 435B Replaceable Parts

Table 6-1. Reference Designations and Abbreviations (2 of 2)

MOD ....... modulator oD ..... outside diameter PWV . ..... peak working ™D ......... time delay
MOM ...... momentary OH ......... oval head voltage TERM ........ terminal
MOS ....... metal-oxide OP AMPL, ... operational RC ......... resistance- TFT .. thin-film transistor
semiconductor amplifier capacitance TGL ........... toggle
MS ..o venn millisecond OoOPT .......... option RECT ........ rectifier THD . ......... thread
MTG........ mounting 0osC ......... oscillator REF . ........ reference THRU ........ through
MTR ... meter (indicating OX . ... ... oxide REG ......... regulated o titanium
device) O0Z i ieie e ounce REPL .. .... replaceable TOL ......... tolerance
mvV.......... milivolt Q.. ohm RF .. ... radio frequency TRIM ........ trimmer
mVac ...... millivolt, ac P . ... peak (used in parts RF1 .... radio frequency TSTR .. ..... transistor
mVde ...... millivolt, de list) interference TTL .. transistor-transistor
mVpk . ... millivolt, peak PAM . ... pulse-amplitude RH . ... round head;right logic
mVp-p ... millivolt, peak- modulation hand ™V . ... ... television
to-peak PC ...... printed circuit RLC ........ resistance- TVI television interference
mVrms . ... millivolt, rims PCM .. pulse-code modula- inductance- TWT .. traveling waye tube
mw ..., .. milliwatt tion; pulse-count capacitance U..... micro (10°) (used
MUX . ...... multiplex modulation RMO ... rack mount only in parts list)
MY ............ mylar PDM ... .. pulse-duration rms .. .. root-mean-square UF ... microfarad (used in
MA ....... microampere modulation RND........... round parts list)
ME ... ... microfarad PF .. ....... picofarad ROM .. read-only memory UHF .. ultrahigh frequency
HH . ... ... microhenry PH BRZ  phosphor bronze R&P ... .. rack and panel UNREG .... unregulated
Mmho ....... micromho PHL .......... Phillips RWV ... reverse working Voo e volt
Hs........ microsecond PIN ... positive-intrinsic- voltage VA ........ voltampere
MV oo microvolt negative S ... scattering parameter Vac ......... volts, ac
MVac . ..... microvolt, ac PIV . ...... peak inverse $ ........ second (time) VAR . ......... variable
MVde . .... microvolt, de voltage ...” . second (plane angle) VCO . .. voltage-controlled
MVpk ... microvolt, peak Pk .. ... . . peak S-B..... slow-blow (fuse) oscillator
MVp-p ... microvolt, peak- PL, ......... phase lock (used in parts list) Vde ......... volts, dc
to-peak PLO ........ phase lock SCR ... silicon controlled VDCW. . volts, de, working
MVrms . . .. microvolt, rms oscillator rectifier; screw (used in parts list)
MW oL microwatt PM . ... phase modulation SE .......... selenium V((F) ...... volts, filtered
nA ........ nanoampere PNP ... positive-negative- SECT ........ sections VFO .. variable-frequency
NC ...... no connection positive SEMICON .. ... semicon- oscillator
N/C .... normally closed P/O . ... .. part of ductor VHF . ..... very-high fre-
NE ............ neon POLY ...... polystyrene SHF ...... superhigh fre- quency
NEG ......... negative PORC ........ porcelain quency Vok ........ volts, peak
nF .. ....... nanofarad POS .. positive; position(s) S ... ... ... .. silicon Vp-p .. volts, peak-to-peak
NIPL ...... nickel plate (used in parts list) SIL .. .......... silver Vrms ....... volts, rms
N/O ..... normally open POSN ........ position SL .. ... ... slide VSWR ... voltage standing
NOM ........ nominal POT ..... potentiometer SNR .. signal-to-noise ratio wave ratio
NORM ........ normal PP ... peak-to-peak SPDT ...... single-pole, VTO . ..... voltage-tuned
NPN ... negative-positive- PP ... peak-to-peak (used double-throw oscillator
negative in parts list) SPG ........... spring VTVM .... vacuum-tube
NPO .. .. negative-positive PPM ... .. pulse-position SR .......... split ring voltmeter
zero (zero tempera- modulation SPST ...... single-pole, ViXy..... volts, switched
ture coefficient) PREAMPL . .. preamplifier single-throw W .o e e watt
NRFR .. not recommended PRF . ... pulse-repetition SSB ..... single sideband W/ o e with
for field replace- frequency SST ...... stainless steel WIV . ... working inverse
ment PRR ... . pulserepetition STL ............ steel voltage
NSR ..... not separately rate SQ ... square wWW ... wirewound
replaceable DS . vvee e picosecond SWR .. standing-wave ratio wW/o ......... without
ns......... nanosecond PT ............ point SYNC ...... synchronize YIG .. yttrium-iron-garnet
nw ......... nanowatt PTM . ....... pulse-time T .. timed (slow-blow fuse) Zo ....... characteristic
OBD ... order by descrip- modulation TA ... ... tantalum impedance
tion PWM....... pulse-width TC .. ...... temperature
modulation compensating
NOTE
All abbreviations in the parts list will be in upper-case.
MULTIPLIERS
Abbreviation Prefix Multiple
T tera 1012
G giga 109
M mega 106
k kilo 103
da deka 10
d deci 10~1
¢ centi 102
m milli 10—3
M micro 106
n nano 10—9
P pico 1012
f femto 1015
a atto 1018
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Table 6-2. Replaceable Parts

Model 435B

Reference HP Part |c . Mfr
: . ol Qty Description Cod Mfr Part Number
Designation Number ode
Al -6007% | 8 1 SWITOEH ASSENMRL Y 20460 g -5 0 03
ALCH 0180-0374 4 CaP Al ITUW FX 10U +-10% 20000 Ta 15001 06XP02IRT
ATCR @100z 2 XD EAU 10 s Th LEADA ASHTORE
ALl 180-1746 1 L-FXD 1TEUF -1 02 TH 1500
AlCA 01801704 £ 1 CAPACTTOR-FXD 47U+ 10% AT T 1ENDG P AEXD0D
AT 12000508 0 1 SOCKET-I( 14-CONT DIP-SL DR *R480 12000508
ATRT 2 B+ il BRI C4- /8T 10R0 -1
ALRZ 4 10 N4--100 CA-1/8-TO~10RN-F
ALRE 1 +-1100 C4- 1/8-T0 - 10R G~
ALRA 10 N+~100 C4-1/8-TO-10R0-F
AIRE 10 T+ -100 G4 1/8-T - 10RO
ALRE ;: STOR 10 TC=04+-100 Ca-1/8-TO-10RG-F
AR 31GT0R 10 TOTs0G 100 Ca- 178 T 0 1aR0 -
ALRB HTOR 110 T +-1 00 04 1/8-TO0-10R0- F
ARG G TR 10 160 G4 S8=-T 01RO
ALRTD RESTSTOR 110 +-100 CA-/8-T0-10RN0--F
AlRTT (],L-/ [1N ’Mh 2 REGTGTOR 10 1% TE=0+-100 C4-1/8 TA-10R0-§
ALRIZ 757 @ RESTSTOR 10 1% Sl 4100 : 1l aRO--F
ALRTE 2 £ 10 1% 100 TARME -F
ALR14 K 10 1% - a4 1/a TO-10R0-F
AIR1S a 1m 1% Ca-1/78-T0H--1aR0-F
ATRTSE 0 216K 1% 160 2AG46 T/8-T0-3161 F
ATR17 3 b 1K 1% 1 24544 1/8-T0-1001~F
ATR18 0 316K 1% 1[1(1 144 =L @T 0BG F
ALR1G @ 36K 1% -1 0 PANAL 1/78-T0-3141-F -
3001618 5 i SWITOH-ROTARY (RANGE) 200480 2001618
2190001464 X i INTL T 3/ a3A80 - ] [HRUNR
29500001 8 @ L FE X -DRL - CHAM “5/“ TH 06000 ORDFR BY DEGCRIPTION
f152 AL00~1617 4 3 SWIT ~ROTARY « 246 BO0-1617
”19(1—01)16 3 WAGHER-LK INTL T 5/‘1 IN : 200400 21200016
29500001 2 NUT =R DR -LHAM 228 32 2T ‘)G IN--THE agonn ORGER WY DESRCRIPTION
24 NOT &SSYGNED
a3 00ARG-60003 | 0 ) POWER REFERFNCE ( TLLATAOR ABGEMELY 204800 DOAZE-H0003
Ni60~3079 7 4 capa TOR-FXD L 8LUF +-20% 100VDE CEFR 'P',/H‘ﬂ 0140--3879
] a CAPACTTOR=-FDTHRI S000PF +00 —207 Doy 01403036
] CAPACTTAOR-FDTHRLY S0000 +B0 -20% 200V NLED 3034
7 CAPACTTOR-FXD .01t +=20% 100VDC [ 01403879
7 CAPACITOR-FXD  01LF 20%Z 100VDC 01 AN-3R7E
ki 1 CAPACITOR~FXD 300PF + SQ0UDE MECa 01602
0 1 CAPALITOR 100PF + IHVDE MICH 01&0-
3 1 CAPACTTOR 4.7 UDE Té 150047
1 i CAPALTITOR & 500VDC l R 01&0-
& 1 CAPALTITOR 100MDE 0140
0160-017% 4 1 “F XD AT 5% X00VDE M489 n1ae0-90
01603879 7 FED 0% 100VMDC 20480 016 0-3¢
AZCLE 416040086 4 1 R-FXD 3 J00vnt GL 2nann B3140-4004
A3C14 H160-4007 5 1 FXD 2naPy o+ TOOVDE GL HB4R80 D1&H0~-4007
A3CR1 1901 b2 2 PLODE--SM ST6G STHOTTKY 20480 1901-3518
£ 19010518 L) DIODE-GM 516G CHOTTIY 4B 110514
AZCR3 @1 22-0299 k4 1 DINDE-YNE G2PF 5% C2/020-MIN=2 BYR=2OV 20400 ~peeY
B3I 1] 1 CONNECTOR-RE GMC M PRS0 M SARD
1400144 0 1 INDUCTOR RE-CH--MLD 4, 7UH 10% |, 109BX, 26106 28400 140 0144
043680001 1 1 COTL-VARTARLE 26480 poAa%s-eanol
00436-800072 | » 1 COTL-3-1/2 TURNS 20480 ANAZ-gnang
0043500020 | 3 1 SHIELD MHZ OSCTLLATOR 213480 00435 -00 0110
19008343 4 2 WASHE K INTL T NO, 8 . 1¢ N--TT 204810 21900843
~0002 4 pid NUT-~ 1 DR -CHAM 8-22-THD 085 TN -THK [(RERIRIR(] QRUER RBY DESORIFTION
0124 4 1 WASGHI KOINTL T NDLC 10 1% - 211400 219004124
ne7e ? 1 NUT-HEX -DEL-CHAM 1 0-32--THD ~THIK 28480 2ONR-p07H
AAMP G 28000113 4 4 MF\LH 4410 IN-1 & PAN-HD-PO7T nooeo CORDER BY DECCRIPTION
ASZMPY 10500077 3 1 HM MO, 2 094-TN--TD 188 IN--0D ””MRII 00007
AZMPY 1206996 31 1 EVEL ADYY ‘ A
A3 1 TRANSTGTOR NPN LT TO-39 PD=1W FT=000NHL 105402
@ TSI -Gl Dy~ s
[ TRANGIGTOR NPN GE PD=300MW FT=200MH12 1954-0071
? 1% RE GTOR 10K 17 =100 Ca-1/8-T0H- 1000~ F
4 1 R TOR @25 1% 160 Ca- 17871082580
9 1 R TOR 10K 1% . 089W PWW TC . 20940 1A 17200000 F
7 i 2 TOR-TRME 1K 10% £ G104 0211 LA
7 1 REST T A L 0EW PUW sang (201 IR AN

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

Table 6-2. Replaceable Parts
Reference HP Part |c o
: A o| Qty Description Mfr Part Number
Designation Number
AR S 7 ] 7.5 - 1/(! 1 0 ~F
ATRT i e 100K 2
b 4 1001 ¥
W 100K LI g B [
07570 3 1K 17 S 1/8-TO-3 001 ~F
X 1K 1% +-100 £4- =101 F
570442 @ 101K 1% D41 00 Ca- lﬂlh -F
U{J‘/B noga 3 » LGTOR 1. 26K w0100 C4 ( F
AR 17570398 4 1 STHTOR 0+-100 ( s ¥
RN 06983445 2 1 COTSTOR 0+-100 4--1 ’H T ll e
AARLE 046988581 7 1 RESTHETOR S0.5 1% 1208 F TU=04-20 enang N&9E--8581
ALTP1 Lll, [tR1] 1] 16 CONT PIN 1. 28420 =00
AZTRD 04H00 0 CONT PIN 1, 20400 ~G6H00
A op13 3 b LCOOP AP LOW-NOTSE TO-99 PRG 0bEHE 74 )
AR - 0PR3 0 i It o AMP GP TD- 99 PKEG M 5
AEUR 12020041 4 @ DIODE-7NR 5,11V 5% DO-35 P, 41 a8
ABRVRE 19020680 7 1 DIODE-ZNR 1NS27 6.2V 5% DO 7 Ph=.4U 2AaN46
AAatl 0380 4 id CAPALTTOR-FXD A0UF+-10% AUDE Ta DHOGXTONHRE
& @ 1800224 [ 1 CARATTTOR I 2PUF 0% 15VDE TA IOPPR6XP0TEHD
D140 ? 1 CAPALTTOR - O 80200 106VDC CER 4140
0140 5 2 CAPACTTOR - CDASUE e 2008VDLE 0160
NM&H0-016H 3 1 CAPACTTOR~F ‘L'[H]PF" +-10% 200UDE POLYE 0140
’ 11800229 7 CAPACTITOR-FXD 23U +-10% 1000 TaA 5609
1700040 kY &l CAPACTTOR ~FX0 , 0470UF 107 2000DC POLYIL Y YAt
0 169-3437 i CAPACTTOR-FXD |, 029UF + SDOVDC ’?Mﬂu
ey BIYO -01R7 @ 4 AP ETOR-FXD 2020 »-10% 2000 TA FO20M2
AA0T0 01800197 8 CAPALTTOR-FXD 2. 2U0F+-10% 20UDE TA QO20HD
AACT X 01600161 4 @ CAPALTTOR-FXD L 010F +-10% ‘HUUI)( P YT 01400161
nN1an-0116 1 4 CAPACTTOR ~FXD &, BUF+--1 HIDLBGXP 0
01200116 1 GCAP AL [ FXD "t DEOEXY0T
16001613 4 CAPALTTOR~FXD - L POLYE 0161
®17o-0040 4 CAMACTTOR -FXD L 047UF  + 10% 200000 POLYE l’4".’§ 0o
AKCLA 01800374 3 CAPACTITOR - UYIII 1 0% ’I)'JI)(' Ta 150D106X2 N2 ORD
AHACEY 1180-0197 8 CAPACTTOR~F o+ 4 Ta DIRSXRDDAD
AHACTH 016300373 ol H CAPACTITOR Ta NLHBAXP T
HAcLe DIBG-0116 1 CAPACTTOR- 1). 31! TA
AGL20 0180-0118 1 CAPACTITOR-F b, BLUF+-10% A
01603454 b 1 CAPACTTOR-FXD 1000PF T0% 1K\)Dl‘, CER
01801997 ] 1 CAP AL LI+ LAl
n1gn -~ 019 2] Capad o
nid0 4 3 F,N‘N 0
R160- 290 4 1 +-10% 80VDE POLYE 0160-2290
B1&60-2004 0 1 THOPF 5% 300VDE MICA PRAGD §160--2204
01801794 3 2 SPUF+-10E BUUDG TA 1EOD2 26X 03
0180 3 7 -3 0% 3 DeTA 1HODIR6XY @
01802206 4 HEOUFH-10% HUDE Ta 1EOADLH0EXI O BERR
NIYT g
01800291 3 1 Caral \TUR rx[) T +-107 FEUDD Ta B6IYP 150D 0SB0
(ML‘;UT NBT ATLSIGNED
AA4CR 1 1901 -089% 4 ? DEODI-GM ST HOTTRKY 190108
AACRE 19010895 4 DIODE~SM SIG VTTKY 190108
AALRS 19010033 2 7 DEDDE-GEFN PRP 200Ma DO-7 1901-0033
1201 -003% a DENDE-GEN PRP 1604 200Ha DO-7 1901--0033
12010384 2 1 DIOBE-FW BRDG 2080 1A 206480 192010364
AACRE 1901 ~003%3% 2 DIODE-GEN PRP 1E0V 200M4 DO-7 20400 1901--0033
A4URT 19010033 2 LS UD! PRE 180V 200Ma DO--7 28400 19010033
AACRE 19010328 3l & i RUCT 4000 14 608 0 A14D
1901 -D033 2 PRP 180V 200MA DO-7 ae4a0 190310033
100328 8 RECT 400V 1A AU 03508 "14D
12010033 2 DIODE-GEN PRP 18200 200Ma DD~7 12010032
g 192010033 2 DIOBE--GEN PRP 300 208MA DO--7 1701-6033
(\4LRI'5 1010328 3 DIODE-PWR RECT 400V 1A 6US ALAD
LR g CONNI Lo CONT PIN 1,14 HWM-RE ~0680
A4T2 0 CONNE l,Il)NwS(,L CONT PEIN 1.1 4--MM-- F( 10400
AAK T 23 1 RELAY-REED 1A HS00MA 100VDE SUDC-COTE 20430 04200914
A4MP L 3 & HEAT SINK TO-464 26480
AGMP 2 8 HEAT SINK TO-b6- 2na0

See introduction to this section for ordering information

*Indicates factory selected value

t Backdating information in Section VIL.
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Replaceable Parts Model 435B

Table 6-2. Replaceable Parts

Reference HP Part |c Qty Description Mfr Mfr Part Number
Designation | Number |D Code
A4F 1 03620063 3 @ CONNECTOR-S5GL CONT GDISC-FEM 20063
AAP2 N3H2-0063 3 CONNECTOR--5GL. CONT GDISEC -FEM -G 0H3
A4 4 3 STOR PNFP 5T F -0820
ARGA - 4 STOR PNP ST F 30020
AA4R83 18%4-0071 7 STOR NPN ST F 0071
ZEINE 18540071 7 STUR NPN T F -0071
ARG 18540071 7 STOR NPN &1 PD=300MW F 0071
AAGL 18%5-0020 8 e S TOR JT-FET N-CHAN D MODE TO-16 ST 26400 0020
A4Q7 148550020 2] TOR J-FFT N-UCHAN D-MODE TO-1f1 S 20480 = 0020
A4GH 3TGNED
A4Q9 TGNED
AAGL0 1883~0012 4 2 YTOR PNP 2N2904A ST TO-39 PD 01295 PHAY D4R
AR 4 FTOR PNP 2N2904A ST TO-39 PD: N2 04A
AN 2 B 1 ATOR NPN 2NZ 851 TO-66 Ph= 3054
AART3 - a 1 A ISTOR PNP D ; L
A4Q14 18540071 7 STOR NPN S ~0B071
AKQLE 18540071 7 ISTOR NPN & 0071
A4 e 18540090 0 1 10 0MHZ 00%0
AQRL7 4 1 100HMHZ 0038
A48 4 GO MH 002
AARNLY D
£AQ20 1884-0073 2 1 THYRESTOR-BCR TO-5 URRM=100 18840073
A4RY 0698-31 60 B 3 31.,6K 1% F TC=0+-1010 Ca-1/8-TO-3142 -F
AAR2 0698-3154 2 1 14.7K 1% 0+-108 C4-1/8-T0~1472F
HAR3 757 -0288 1 1 ?. 09K 1% 0+-108 MEAn1/8-10-9091 —F
A4R 4 06993 3 1 147 1%, 100 €4-1/8-T0-147R ~F
AARE 0498-315 8 1 340K 1% F TC=0+-100 CAa- 1/8-T0~ X400 ~F
A4RE 8 1 SbH.BK 14 £4-1/8-T0~ F
AAR7Y & 100K 1% C4-1/8~T0 F
AARSY 1 1 12.1K 1% 4 1/8-T0- 18 -F
AARD 9 10K 1% .1 €4 1/8-T0- -
A4R1D ] 3 26 1K 1% Ca-1/8-TH-2412- F
A4R 11 G 261K 1% Ca-1/8-10- 1 oF
AAR12% i) 7 316K 1% C4 1/8-TD-3161-F
A4R13 9 10K 1% Ca-1/8-TH- 1002 -F
A4AR14 3 1 383 1L CA4-1/8-T0-3838 -F
A4R1TY 07570461 2 2 68 . 1K 1% CaA 1/8-Th-6817-F
A4R lex 07570279 0 I 16K 1% 0+-100 CA1/8-TO0-3161-F
A4R17 06757-0461 2 68,1 1% Q+-100 C4-1/8-TO-&B1 2 F
A4RIG 07570442 @ 10K 1% 12 +-100 i & C4-1/8-TO-1002 F
A4R1Y 09113214 5 1 31,62 7% 05W PWW T +--10 14146 1409 -1/40-31REE -R
A4R20 0811~3218 @ 1 1 1% L 05W PWW TO=0+-10 14140 1409--1/80-1001~R
A4RTL 07%7-0290 i 1 RESIGTOR CADBWFT Q+-100 19701 MFAC1/8-T0-6191 -F
A4R22 N6HF8-3450 4 & REGIGTOR A25W F TO=0+-100 P 14
A4RD23 y ~0278 @ 2 REGTSTNR N ar-100 ¥
A4R24 07570438 3 1 3TSTOR 5,44 1% o 04-10D g F
A4R2E 06983162 0 2 GTOR 444K 1% ¥ 06100 C4-1/8-TO-4647 -F
A4RZEH 3 0-t~-100 Ca-1/8-TO-1001~F
A4R27 kg A 0+~100 Ca-1/80-T0-4 F
AAR2E ? 1.76K 0+-100 C4-1/8-T0-1 F
AAR2YP 9 10K 1% ~100 Ca-1/8-T0-100:2-F
A4RIN 9 101 1% +=1100 C4-1/8-T0-1002-F
A4R 31 4 2 237K 1% FOTC=04+-100 (41 /8-TH-PI70F
AARIZ ? 3 ~TRME 10K 110 A ADJ 1-TRN HEPR10K
NAR 33 . 8 1 a40 1% 125 J 100 17701 MFAC1/8-T0~840R~F
AARIA 07570280 3 1K 1% 1256 F 7 1+-100 R4LAH C4-1/8-T0-1001-F
A4AR3E 210020461 3 1 ~TRMR 200 10% € ADT 1 TRN 73138 BRPRIB0
A4R3EH 07870419 0 1 +-1010 CA-1/8-TO-LRIR-F
A4R37 7" (v A G 1 1-100 Ca-1/8=T0-82RE F
AAR3H 06983154 1 g D4-100 C4 1/8-T0-4201~F
AAR3Y 06733150 b i EGLSTOR 237K 1% V=0 100 Ca - 1/8-T0-2371 F
AARAD NOT AGSIGNF
A4RA1 IGNED
AAR42 210017 9 -TRMR 10K 10% -ADT 1-TRM 7AL38 2}
A4RAZ 01683-2265 1 1 2EMN% W Q00741200 01121 CR2D
AGR44 ) 316K 1% G+-100 RALAL CA-1/8-T0 - BLL2-F
AARAG 8] 1 121K 1% + 100 24544 Cq--1 /810 1213%-F
AdRAL 7 1 ~TRMR SGOK 10% G TOP-ADY 1-TRM BErREHOK
A4RA7 jid 1 1200 1% J8BW F T 34100 07%7-0347
A4R4Y 07971000 7 1 51.1 14 BW F T 0+-100 20400 0 1004 .
A4RAY 06830609 ) 1 600 5% LD2NW FC A400/t500 01121 CREBGYH
AA4RSD 07870465 & 100K 1% ,18GW F TC=0+-100 245486 T4 1/8-T0--1002%F
A4RE1 075704465 & =100 24484 Ca- 178 To-100%F
AARGD 069831457 3 1 0+-100 Ca-1/9-TO- 19/ F
A4RS 07570279 0 0+ 100 2 f C4 178 TO~31al-F
A4RS4 04983159 5 D+=100 24546 Ca-1/78-T0-2612-F
A4RET N6B3-1%58 1} ) Qa0/+1100 01121 CEL15%59

See introduction to this section for ordering information
*Indicates factory selected value
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Model 435B

Table 6-2. Replaceable Parts

Replaceable Parts

Reference HP Part |c oo Mfr
: A N ol Qty Description Cod Mfr Part Number

Designation umber ode

AAREG 07G7-0442 9 . ~1/B-TG-100%

HARST 07570441 2] 1 1% -

AAREE 07%u7-04728 1 3 1% 100

AARS? 14698--3155 1 1 1% 0+-1040

A4RGD 067831672 0 46, 4K 1% De-100

MARGY 9 1 1.47K 1% 0+-100 CH4--1/8-T0-1471~F

ARG [ 1 DBLUTK LA 0+-100 C4-1/8-T0~-2872F

AARGSE K - 9 106 1% A 1/8-T0-1002~F

AARE4A A757-0442 L 10K 1% Ca-1/83-T0~1007-F

AARGS 07570403 2 i 121 1% C4-1/8«TO0-121R~F

AAR6OX 05983453 2 1 STETOR 196K 1% 0+--100 ca 1/8-T

AARET 04980084 ? 1 REGTEYOR 2.15K 1% 04100 C4-1/8-7

HIRGH N678--0083 e R TOR 1,96K 1% 0+-100 CaA-1/8-TO~1961 -F

AAREY 2 1 DR 3.3M 5%, UD/+11L00 CRA3SS

A4LRT 0 0 IR 316K 1% D+-100 RAT46 04:-1/8-T0-3161 -F

A4RT1 9 10K 1% (4-1/8-T0-1002-F

HARTZ D 8 LEKVE 1/ 0-3168 F

AAR73 1) 1 1.21K 1% Ca-1/8-TO-19 ¥

A4RT 4 06983440 7 1 196 1% C4-1/8-T0 - 196RF

AARTS 06983158 4 23,7 1% Ca-1/8-TH-2372-F

AART b 2100-1738 ? TRMR 10K 10% C T0P -ADT 1-TRN BAPRIOK

AART77 07570401 1] 1 100 1% Ca-1/8-T6--101-F

A4ART7EB -0442 P 10K 1% -~

AARTY Q 106 1% ~F

A4RB0 9 1 237 V4 ¥

AARBY 07970428 1 1.62K 1% 2A4%8L 0-1621-F

AJRBD 07570428 i 1,62 1% 24%46 TO-1621 -F

AARTY 06390011 e THERMIGTOR DIGC 10001 TO=-3 84/0-DIG 2Q--001 1
A4%30--0145 @ INGUDLATOR-READ GLABS A330-0145

A4TM ) CONT PIN 1.,14-MM- DPEL-0600

AP 0 PIN 1.14-MM- 310600

A4TPZ 0 PIN 1., 14-MM-BSC =600

A4TP4 0 0 PIN 1,14-MM BRSC 12%51-0600

AATRS 0 CONNICTOR - [ PIN 1.14-MM- 12610600

A4TH G 0 CONNELTOR-S8GL. CONT PIN 1.14

AATR? 0 CONT PIN 1,14

HETP B 0 CONT PIN 1.14 210600

A4TRPY 0 CONT PIN 1.14- i-D60D

GaTP L0 0 CONT PIN 1.14 MEI-06H00

AATRIL 1-04600 0 CONT PIN 1,14 110400

ARTP 10600 ) CONT PTIN 1,14 1251-0600

A4 1H26-0013 i) » AMP LOW-NOLSE TO-99 PG SGS7410T

AJUZ 189260013 ] TG 0D AMP LDW-NOTSE TO-9% PXG 374100

AAU3 19260013 8 IC 0P aMP LOW-NOTSE TO~99 PKG i741CT

A4LI4 18260092 3 1 TC O AMP GP DAL TO-9% PRG 3 1826-0092

AAUS 183260013 2] IC 0P AMP LOW NOISE TO-99 PG B406%5 SOR7410F

Adlle 18260013 f AR LOW-NOTSE TO-99 PKG DbEET GEE741CT

AdU7 183200058 & 1 AMP GP TD 99 PKG 24046 ThA 2709V

ARVR L ® b 2 DIGOE-ZNR 2,43V 5% 208480 1902-300%

AAVRI % i & DIODE-ZNR 2,430 5 20480 19003005

AAVRE 0041 4 DIODE ZNR S, 11V E 12020041

AAVR4A 19023182 0 1 DIODE-ZNR 12,1V : 190P--3182

AAURY 192020184 & 1 DIODE-ZHR 16,2 Do -3 =, A4l 12021

AAVRE 19023414 3 1 DIADE- ZNR 20,9V 5Z DO-7 Ph= 44 T L08R% 20480 12023416

A4 Ina35-60013 | 2 1 CAMLE GRAY SHIZLDED, 2 -CONDULTOR 2843 4043560013

AAAl 7 1 AUTD ZERO AGSEMRLY 28480 0043560010

AdALCE MGR, PART OF asat MEL. Y

H4A102 SR, PART OF Ad4n0 MR Y

AAALCS SR, PART O 6461 “MRL.Y

HA4A1CS NGR, PART QF aA4A1 SEMPLY

A4AICRY NSR, PART O A461 ALGHEMELY

AAATKL NGR, PART OF A441 ASHEMRLY

A4G TR NER, PART DI A4al AUSBEMRLY

AAATRY NGR, DART OF 64461

A4HIR2 NSR, PART OF A4n1l

A4AIRT NER, PARY OF A4nt

AAANIRS GR, PART OF A4n1

See introduction to this section for ordering information

*Indicates factory selected value
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Replaceable Parts

Table 6-2. Replaceable Parts

Model 435B

Reference HP Part |c P Mfr
: . ol Qty Description d Mfr Part Number
Designation Number Code
aHs 00435-60034 | 7 { MOTHERROARD 0DaA5-60034
ASCT 01800374 3 CAPACTTOR-FXD 10LUF+-10% 20UDC Ta TEODLAXP N2 0RP
NGR, PART OF ASW1
4 2 CONNECTOR 10-FPIN # PC R
4 CONNECTOR 10-PIN M I8ea
NGR, PART OF AHGW1
NSGR, PART DF AW
1 1 C0%W PWW O TC=04+-10 14149 1409 1/40
2 1 DESW PWUW TO=0+-10 14140 14091740~
3 1 BN PWW TE=04-10 14140 14091 /4022
4 1 CDEW PUW TO= 10 141440 1409-1/740-
5 1 CNSW PWW T <10 14140 14091740
I3 1 WORK-RES 8-SIP10.0K DM X 7 SNNA103
? IR 10K o W F Th=0+-100 Ca 1/78-T0-1000F
9 ESTETOR 10K 1% . 12%W F Th=0+-100 Ca- 1/ N-10082--F
A%l 16201971 7 <4 I GWITCH ANLG QUAD 146-DIP-P PXIG DE2NCT
ADU2 1820-1971 7 IC SWITCH ANLG QUAD 1&4-DIP-P PRI DESOICT
ABEVRI 1902-300B2 14 1 DIODE-7ZNR 4. 64 5 2480 1o02-3002
ALWL §126--3230 a 1 CABLE ACSY CINCL AST1,A%NP1 AND AGSPD) 2oann 7120 323%0
ANXA4 12511365 [ 1 CONNECTOR-PC EDGEE D2 -CONT/ROW 2-RONE 20480 1201~136%
AL 09603443 1 1 POWER MODULE AGOIMBLY--JaDl GRAY 2OA00 0940 -04473

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



Model 435B Replaceable Parts
Table 6-2. Replaceable Parts
Reference HP Part |c L Mfr
. A ol Qty Description d Mfr Part Number
Designation Number Code
2 CHASGHTSE PARTS
ET1 142000946 7 1 BATTERY 26.8Y 1,24-HR NI-CDh POST a8480 14200096
(OPTION 061 CNLY)
1 01604857 7 1 CM’N".'_I' TOR-FXD D& Ur 20480 034604851
DE1 31310434 & LENG ASSY -FPUSHRBUTTON TRANSGEUCENT WHITE SRAR0 F131-0434
L 21100234 4 1 S1a 2900 TD 1, 29X, 71400 MDL. 1710,
D120 VAt "
F1 2110-0040 = i Qv Th 1.2 . 22480 2110--00440
0,240 VAC BPERATI

J1 NGR, PART OF Wi, MP4 AND MPYH
Ja NEGR, PART OF W3, MPI AND MP6
J3 12500118 3 o4 CONNECTOR a SR -HO RO50-0HM 28430
J4 12500118 3 CONNELTOR SOL-HOLE G0--0HM 28400
TG PART WEE MP4 AND MPYH
Jé PART OF WS, SEE M3 AND MP6
Ml 15173 9 1 METER 4.50-TH; 1MA FED; LINEAR; TauT 2380 TER0-1H1R
MP 1 -1099 4 1 KNOR (CALL FACTOR SWITCHD 83701099
M2 3 1 KNOB SKTRTED, JADE GRAY (RANGE BWITCH)

& 1 DUTER (KLACIC; THREADE

0 1 & ~RINT 20489

1 1 DI KR OSKT TEXT: "100 30 10 3 1 300 26400

[ 1 KNOR-RAGHE S480

9 2 T 28564 094-IN~LG CUP-PT ST noo ORDE BY DESURIPTION

3 1 ; BLATK 28480 0043500012
MP3 QE90 0505 1 1 NUT-KNRLD~R 5/8-24-THD 28 -TN-THK 000800 DRDFR BY DEGCRIPTION

CUSED WITH J2)

MP 4 NOT ALSIGNLD
MP 5 N{OT A GNED
MP & 217200036 7 i Wag K INTL T 13/16 IN .B18-TN~ID 20400 21900036

(USED WITH T2 AND Jé&)

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



Replaceable Parts

Tahle 6-2. Replaceable Parts

Model 435B

SOV OD
VOB Y

£
A
Y
S
[
>

MP12 MP14

MP16

MP13
MP27

Figure 6-1. Cabinet Parts, Exploded View

Reference HP Part ic| o, Description Mfr Mfr Part Number
Designation Number |D Code
L 043500024 | % 1 COVER TOP o0AG0 GOATE~00 024
MP 8 ) 1 PANEL —REAR 28450 BRARS--00D1Y
HPY bl i COUNR -RTIDE & X 11 o
Mir1n @ 1 COVER-BOTTOM 4
M1 1 PANTL FRONT
Mit12 NOA4A35-0001Y ) 2 3 FY-FRONT PANT 2041030 DDABE-00 01
M3 OO0 B6E3 1] 1 ROTRIM-THTRD MODUYL 2430 SO0 -36LR3R
LUNT] DA435-00016 | 9 1 SWITCH 203400 00473500014
HP1E DA’ 0131 4 31 GLTOE -F B OERA POLYD 062 -BD THING 284010 Ganz-n131
Mi16 H0H0-0703 K @ FRAMIT AGSEY: 4 X 11 SM 20480 GhLG-0703%
MY 0435000143 | 1 DECK -CHASSTS Towre o435 00018
MP18 0600727 1 2 FODT ASSY-THIRD MODULE anae) SOAD-0727
MP1e OG0 3024 ] 1 PN LOUE FL-HD FOR LG8 D Ny 2RABO H0-0078
CEXCEPRPT OPTTON 002 AND 003)
M0 14700031 7 1 TILY STAND 2,034 - IN-W 4,405 - TN -0a 1.6 S0T 23400 14200037
M 21 GU40-0700 8 @ FITNGE 2804050 50400700
MPER L0027 3 1 PLAMG 0L FL-HG FO 605 DLy, NYL IEET 111 LeL0-n0e7
(EXCEPT OPTTON 003)

MpPo3 dRL0-0197 7 1 i W MATH & 32 25 -TN LG LD DE nouto OROYR WY DET
Mi* 24 2R60-0194 @ @ REW MACH &390  312-IN-1 6 100 DFG noRaon ORDIFR BY DUCCORIPTION

FAEN LN 1 ” MEPLATE J312 -TH-WD 54 TN LG AL 400 TR 1054

DE60-01186 14 14 EMWCMACH &30 F12-IN- LG 82 DEG nongg ORBER BY DUSCRIPTION
MPaey TELHD-0120 1 A WMACH &322 430 -TN LG VG Goneo ORDYR RY DESCRIPTION
M 28 15900052 3 4 NUT-GHMET-F- TP & I2-THD % WD GTL 20400 O590--D052
MRy 700039 h 4 NUT SHMET 630 THR L PH-WD ST M3AB0 O5H?0-0039

MP9

*ALL SIDE SCREWS
ARE THE SAME.

MP16
Mmp26*

MP9

See introduction to this section for ordering information
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Model 435B

Table 6-2. Replaceable Parts

Replaceable Parts

Reference HP Part | c Qty Description Mfr Mfr Part Number
Designation Number |D Code
MP30 03600042 4 i AL -GLDR LUG PL-MTE FOR-#6--SCR #3480
MP 31 00435-0000% | © 1 MP-BATTERY (OPT, 001 ONLY) 20480
2360-011% 4 ES W-MALH 632 ,312-TN- LG PAN-HD POZT 0onnoo
MP32 71203738 1] 1 BEL-INFO CWARNING "HIGH VOLTAGE") E B0
MP33 0043 011 ] 1 BRACKET 20480
23800116 5 2 EW MACH &-32 . 312-IN-LG 62 DEG 6000 ORDBIR BY D SRIPTION
MPI4 30500253 1 WAGHER ~GPR CRVUD MO, 10 195 -IN-ID 20480 30500253
P1 NOT YIGNED
P2 2] 2 (ZONN R 10-PIN F ST TYPE
7 14 Usu TYPE. FEM CRP
P32 ] PIN GT TYPE
1291-3944 7 U/W-POST-TYPC FEM CRP 20480
Pa 1
Po
P10 12500665 5 1 GME FEM UNMTD 50 -(0M 28460 12500 hH6%
(PART OF W3 OR WY
R1 21003797 4 1 RESTSTOR-TRMR 10K 10% € SI0FE-ALY Jroey FOE2T 1103
3354 07570459 8 1 RESTSHTOR S6,2K 1% . 125W F TC=0+4-100 D450 CA-1/8-TO-5620~F
51 NGR, P/ W2
5 812055 8 1 SWITCH-PUSHRUTTON GPDT (ZFROY 28480 31012059
310439 1 1 CAP ~-PUSHRUTTON 2B480 31310439
83 3101~0415 0 1 SWITE L DPDNT MINTR .54 125VAL/D0 26480 3101-041%
REF , SWITCH)
T1 @L00-0424 5 1 TRANGIORMER-POWER 100/120/220/2400 20480 P100--0424
2360-0115 4 GOREMW MACH 632 . 312-IN-LG PAN-HD -POZT poooa NRNDER ®WY DE
Wi 0443560037 [ 0 1 CONNECTOR ABSEMRPL Y-RF INPUT 204910 00AZE-60037
CINGL J1-OMITTED ON OPT., 003)
1251-3362 7 NUT-AUDTO CONN
K 20014 | 0 WASHER -~ CONNECTDR MOUNT
Wa (10435 -60039 | 1 1 CABLE ASHY-PRT PW (INCL., £1 & R™
W3 0043%-60041 [ 1 CARLE-RF OS5CTULATOR CINCL, 32 & P10 28480 0043560041
OMILTTED ON OPT, 003
W4 81202260 2 1 CARLE--POWER SENGOR 15,2 METRES 26480 8120~2260
(TON 031 ONLY?
w4 7 1 OWER HENGOR 30,5 METRES 3480 81202661
ON 012 ONLY
wa 4 3 OWER 30R &1 METRES 23480 8120 e
ON 013 L.Y)
Wa o 1 CARLE -POWER BENGOR 1.5 MITR (STD. ) 28480 B120-2263
COMIT ON OPT, 009,010,011,012 AND
W4 B120--2264 6 1 LE -POWER GENESOR 3.1 METR 28410
ON 009 ONLY)
Wa B1A0-2265 7 1 OWER BENSOR 6,1 METRES 23480
CAPTTON 010 ONLY)
WH 21201370 b1 1 CARLE ASSY 1BAWG 3 -CNDROCT JGK-JKT 20430
Wo 2 1 CONNECTOR ASSUMELY-RF INPLIT 20480
7 NUT-ALUDIO CONN 203400 125132672
00436-20014 [} WASHER -CONNECTOR MOUNT "Baso 00436-20014
W7 NOT TENED
Wl NOT AGSIGNED
We N0A35~60032 1 5 1 CABLF- RF O ILLATOR CINCL. J& & P10, aBaB0 DOAZG-H003D
OPT . 003 NLY)

See introduction to this section for ordering information

*Indicates factory selected value
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Replaceable Parts Model 435B

Table 6-3. Code List of Manufacturers’

Mfr

Code Manufacturer Name Address

00000 ANY SATISF hCTl)RY GUPPLTER
0y ALLEN-HRADLE MILWALIKEE Wl
mees h XA‘ INGTR COND CMPNT DIV DALLAG X
02111 b2 1 CORP CITY QOF IND (W]
03508 DUCTOR l’RDD DEPT ALIBURN NY
04713 'I!R PRODII(,I‘ PHOENTX A7 000
BLHOLY X CA FHOSY
14140 =D 3 N4 03130
178%6 oII I (‘ONlX INC CA FE0T4
19701 MEPCO/ELECTRA CORP TX 76067
’30‘)4[1 MICRO ™ f‘DRP fl. MONTE ca 91731
Moy 01880
) 16701
CA ?4304
N

BOURNG IN TRIMPOT };Rl"ll.) niv

CA
G6RH9 GPRAGUE CTRIC CO NORTH ADAH A
71400 BLISSMAN MG DIV OF MOGRAW- ST LOUIS #o
73138 BECKMAN INSTRUMENTS INC IPoT DIV FULLERTON Ca
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Manual Changes

SECTION ViI
MANUAL CHANGES

7-1. INTRODUCTION

This section contains instructions for backdating
this manual for HP Model 435B Power Meters that
have serial number prefixes that are lower than
the prefix listed on the title page.

7-2. MANUAL CHANGES

To adapt this manual to your instrument, refer to
Table 7-1 and make all of the manual changes

listed opposite your instrument’s serial number or
prefix.

If your instrument’s serial number or prefix is not
listed on the title page of this manual or in Table
7-1, it may be documented in a yellow MANUAL
CHANGES supplement. For additional important
information about serial number coverage, refer to
INSTRUMENTS COVERED BY MANUAL in

Section I.

Table 7-1. Manual Changes by Serial Number

Serial Prefix or Number

Make Manual Changes

2005A, 2041U

A

7-3. Manual Change Instructions

CHANGE A

Table 6-2:
Add the following capacitors:

A4C31-33, 40-47 and 50 0160-3879 CD7 CAPACITOR-FXD .01 uF +20% 100 VDC CER 28480 0160-3879.
A4C34-37, 48-49 0160-3877 CD5 CAPACITOR-FXD 100 pF +20% 200 VDC CER 28480 0160-3877.
A4C38 0160-4306 CD7 CAPACITOR-FXD 100 pF +10% 100 VDC CER 51959 0805C 101K3P.

Service Sheet 2 (schematic):

OnthedJ1 and J5 Connector Assemblies (left side of service sheet) add a capacitor from each pin(C,D, E, L)

to ground.

Add the following capacitors on the A4 Assembly (left side of schematic):

C31 0.01 uF between pins 5 and 6 of U4B.

C32 0.01 uF from pin 3 of U1 to —12 volts.

C33 0.1 uF from pin 4 of U1 to +12 volts.

C38 100 pF between pins 2 and 3 of U1.

C50 0.01 uF from pin 7 of U1 to ground 1 ( v ).

Add the following capacitors on the A4 Assembly (center of schematic):

€36 100 pF between pins 3 and 2 of U2,
C42 0.01 uF from pin 7 of U2 to ground 3 ( )
C43 0.01 uF from pin 7 of U3 to ground 3 ( )
C44 0.01 uF from pin 4 of U2 to ground 3 ( @ ).
C45 0.01 uF from pin 4 of U3 to ground 3 ( <37 )
C48 100 pF between pins 2 and 3 of U3.
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Manual Changes

CHANGE A (cont'd)
Service Sheet 2 (schematic) (cont’d):

Add the following capacitors on the A4 Assembly (right side of schematic):

C34 100 pF between the drain (D) and source (S) of Q7.
C35 100 pF from the source (S) of Q7 to ground 2 ( ‘@ ).
C40 0.01 uF from pin 8 of U4A to ground 1 ( §7 ).

C41 0.01 uF from pin 4 of U4A to ground 1 ( v ).

(C49 100 pF between pins 2 and 3 of U4A.

Service Sheet 3 (schematic):

Add the following capacitors on the A4 Assembly (center of schematic):
C37 100 pF between pins 2 and 3 of U5.
C46 0.01 xF from pin 7 of U5 to ground.
C47 0.01 uF from pin 4 of U5 to ground.

7-2
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Service

SECTION Vi
SERVICE

8-1. INTRODUCTION

Service information is provided in this section.
General serviceinformation relates to troubleshoot-
ing. Repair information relates to performance
testing and adjustments after repairs are made.
Each service sheet includes principles of operation
and troubleshooting information, a component
location diagram and a schematic diagram.

The last foldout in the manual shows the location
of each assembly, chassis mounted component
and adjustable component.

8-2. SAFETY CONSIDERATIONS

Although this instrument has been designed in
accordance with international safety standards,
this manual contains information, cautions and
warnings which must be followed to avoid per-
sonal injury and damage to the instrument (see
Sections II, III, and V). Service and adjustments
should be performed only by qualified service

personnel.
WARNINGS

Any interruption of the protective
(grounding) conductor (inside or outside
the instrument) or disconnection of the
protective earth terminal is likely to
make the instrument dangerous. Inten-
tional interruption is prohibited.

Maintenance described herein is per-
formed with power suppliedto the instru-
ment and with the protective covers
removed. Such maintenance should be
performed only by service-trained per-
sonnel who are aware of the hazards
tnvolved (for example, fire and electrical
shock). Where maintenance can be per-
formed without power supplied, the
power should be removed.

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 only with a
250V fuse of the same current rating and
type (forexample, slow blow, time delay,
etc.). Do not use repaired fuses or short
circuited fuseholders.

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

The seruvice information is often used
with power supplied and protective
covers removed from the instrument.
Energy available at many points may, if
contacted, result in personal injury.

8-3. SERVICE SHEETS

Each service sheet normally includes principles of
operation and troubleshooting information, a com-
ponent location diagram and a schematic, all of
which apply to a specific portion of circuitry
within the instrument.

Service Sheet 1 includes an overview of the instru-
ment operation, troubleshooting on an assembly
or stage level and a troubleshooting block dia-
gram. The block diagram also serves as an “index”
for the other service sheets.

The Schematic Diagram Notes, Figure 8-5, aid in
interpreting the schematics.

8-4. Principles of Operation

The operation of the circuitry shown by the sche-
matic diagram is explained in the Principles of
Operation. This information is outlined by using
assembly and stage names. These names also
separate circuit areas on the schematic diagrams.

8-5. Troubleshooting

This information is in the form of hints and sug-
gestions pertaining to problems one may encoun-
ter while troubleshooting the Power Meter. The
troubleshooting information is located on the left-
hand foldout of the service sheet following the
Principles of Operation.
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Troubleshooting (Cont’d)

On Service Sheet 1, amalfunction is isolated to an
assembly or stage. After turning to the appropri-
ate service sheet, troubleshooting continues on a
stage and/or component level.

DC voltages and, in some cases, ac voltages and
waveforms are included on the schematics. Test
points are physically located on printed circuit

Model 435B

boards and have assigned reference designators
and symbols on the schematics. The waveforms
and/or voltages refer to the test points and other
important circuit junctions.

A circuit board extender, which provides easy
access for troubleshooting, is shown in Figure 8-1.
The extender may be ordered through your nearest
HP office. Refer to Equipment Available in Sec-
tion 1.

Figure 8-1. A4 Assembly Extended for Service
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8-6. RECOMMENDED TEST EQUIPMENT

Equipment recommended in Table 1-2 should be
used for testing and troubleshooting the Power
Meter to ensure that it is operating within the
specifications listed in Table 1-1. Test equipment
that meets or exceeds the critical specifications
listed may be used in place of recommended
equipment.

8-7. REPAIR

After repairing any circuitry within the Power
Meter, refer to Section V and perform the
adjustments.

Perform the tests in Section IV to ensure that the
instrument is operating within the specified
limits.

NOTE

If the A3 Power Reference Assembly is
repaired, see the Power Reference QOut-
puttestin Section IV for instructions on
setting the power output level.

8-8. GENERAL SERVICE INFORMATION
8-9. Etched Circuit Boards

The etched circuit boards used in Hewlett-Packard
equipment are the plated-through type consisting
of metallic conductors bonded to both sides of an
insulating material. The metallic conductors are
extended through the component holes or inter-
connect holes by a plating process. Soldering can
be performed on either side of the board with
equally good results. Table 8-1 lists recommended
tools and materials for use in repairing etched
circuit boards. Following are recommendations
and precautions pertinent to etched circuit repair
work.

a. Avoid unnecessary component substitution;
it canresultin damage to the circuit board and/or
adjacent components.

b. Do not use a high power soldering iron on
etched circuit boards. Excessive heat may lift a
conductor or damage the board or a component.

CAUTION

Do not use a sharp metal object such as
an awl or twist drill to remove solder

Service

from component mounting holes. Sharp
objects may damage the plated-through
conductor.

c. Use asuction device or wooden toothpick to
remove solder from component mounting holes.

d. Aftersoldering, remove excess flux from the
soldered areas and apply a protective coating to
prevent contamination and corrosion.

8-10. Component Replacement

The following procedures are recommended when
component replacement is necessary:

a. Remove defective component from board.

b. Ifcomponent wasunsoldered, remove solder
from mounting holes with a suction device or a
wooden toothpick.

¢. Shape leads of replacement coniponent to
match mounting hole spacing.

NOTE

Although not recommended when both
sides of the circuit board are accessible,
axial lead components such as resistors
and tubular capacitors can be replaced
without unsoldering. Clip leads near
body or defective component, remove
component and straighten leads left in
board. Wrap leads of replacement com-
ponent one turn around original leads.
Solder wrapped connection and clip off
excess lead.

d. Insertcomponentleadsinto mounting holes
and position component as original was posi-
tioned. Do not force leads into mounting holes;
sharp lead ends may damage the plated-through
conductor.

8-11. Operational Amplifiers

The source of gain in an operational amplifier can
be characterized as an ideal, differential voltage
amplifier having low output impedance, high in-
put impedance, and very high differential gain.
The output of an operational amplifier is propor-
tional to the difference in the voltages applied to
the two input terminals. In use, the amplifier out-
putdrives the input voltage difference close to zero
through a feedback path.
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Table 8-1. Etched Circuit Soldering Equipment

soldered area before

Item Use Specification item Recommended

Soldering tool Soldering Wattage rating: 47v2—56"2 Ungar No. 776 handle with

Unsoldering Tip Temp: 850—900 degrees *Ungar No. 4037 Heating
Unit

Soldering tip* Soldering *Shape: pointed *Ungar No. PL111
Unsoldering

De-soldering To remove molten solder Suction device Soldapult by Edsyn Co.

Aid from connection Arleta, California

Resin (flux) Remove excess flux from Must not dissolve etched cir- Freon, Aceton, Lacquer

cuit base board material or

Thinner, Isopropyl Alcohol

application of protective conductor bonding agent. (100% dry)

coating.
Solder Component replacement Resin (flux) core, high tin

Circuit board repair content (60/40 tin/lead),

Wiring 18 gauge (SWG) preferred
Protective Contamination, Good electrical insulation, Silicone Resin such as
coating corrosion protection corrosion-prevention properties GE DRI-FILM**88

Ungar No. PL113, 1/8inch chisel tip.

*For working on etched boards; for general purpose work, use Ungar No. 1237 Heating Unit (37.5W, tip temperature of 750—800 degrees) and

**(General Electric Co., Silicone Products Dept., Waterford, New York, U.S.A.

Operational Amplifiers (Cont'd)

When troubleshooting an operational amplifier cir-
cuit, measure the voltages at the two inputs; the
difference between these voltages should be less
than 10 mV. (Note: This troubleshooting procedure
will not work for operational amplifiers which are
configured as comparators.) A difference voltage
much greater than 10 mV indicates trouble in the
amplifier or its external circuitry. Usually, this dif-
ference will be several volts and one of the inputs
will be very close to one of the supply voltages (e.g.,
+12V or ~12V).

Next, check the amplifier’s output voltage. It will
probably also be close to one of the supply voltages
(e.g., ground, +12V, or -12V). Check to see that the
output conforms to the inputs. For example, if the
inverting input is more positive than the non-
inverting input, the output should be negative; if
the non-inverting input is more positive than the
inverting input, the output should be positive. Ifthe
output conforms to the inputs, check the amplifier’s
external circuitry. If the amplifier’s output does not
conform to its inputs, it is probably defective.

8-4

Figures 8-2, 83, and 8-4 show typical operational
amplifier configurations. Figure 8-2 shows a non-
inverting buffer amplifier with a gain of 1. Figure
8-3 is a non-inverting amplifier with gain deter-
minded by R1 and R2. Figure 84 is an inverting
amplifier with a gain determined by R1 and R2.

INPUT
OUTPUT

el —
-~}

INPUT IMPEDANCE-VERY HIGH
OUTPUT IMPEDANCE-VERY LOW

Figure 8-2. Non-Inverting Amplifier (Gain = 1)
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INPUT

R2
R1

INPUT

MV

INPUT IMPEDANCE — VERY HIGH
OUTPUT IMPEDANCE — VERY LOW

A w

INPUT IMPEDANCE — R2
OUTPUT IMPEDANCE — VERY LOW

R1

_UC\_

OUTPUT

r—P

WA

Figure 8-3. Non-Inverting Amplifier (Gain = 1 + Ry/Ry)

Figure 8-4. Inverting Amplifier {Gain = -Ry/Rp)

EXAMPLE: A3S1AR(2-1/2)

A3S1=SWITCH S1 WITHIN
ASSEMBLY A3

A = 1ST WAFER FROM
FRONT (A=18T, ETC)

R = REAR OF WAFER
(F=FRONT)

{2-1/2) = TERMINAL LOCATION
{2-1/2) (VIEWED FROM
FRONT)

SCHEMATIC DIAGRAM NOTES
SWITCH DESIGNATIONS

Figure 8-5. Schematic Diagram Notes (1 of 3)
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-

(CMOS}

SCHEMATIC DIAGRAM NOTES
Asterisk denotes a factory-selected value. Value shown is typical. Part
might be omitted.
Tool-aided adjustment. (O Manual control.
Encloses front-panel designation.
Encloses rear-panel designation.

Circuit assembly borderline.

Other assembly borderline. Also used to indicate mechanical intercon-
nection (ganging).

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

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

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

Numbered Test point. Lettered Test point.
Measurement aid No measurement
provided. aid provided.

Encloses wire color code. Code used is the same as the resistor color code.
First number identifies the base color, second number identifies the wider
stripe, third number identifies the narrower stripe. Eg., denotes
white base, yellow wide stripe, violet narrow stripe.

A direct conducting connection to the earth, or a conducting connection
to a structure that has a similar function (e.g., the frame of an air, sea or
land vehicle).

A conducting connection to a chassis or frame.

Common connections. All like-designated points are connected.

Letter = off-page connection.
Number = Service Sheet number for off-page connection.

Bilateral switch — acts as an on/off switch to analog signals when the
input marked F is active.

8-6
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Test point symbols. Stars are numbered or lettered for easy correlation
of schematic diagrams, procedures, and locator illustrations.

Interconnection information.

Arrow connecting star to meas-
urement point signifies no
measuring aid provided.

Assembly part number

Assembly name

Assembly designation \
~~

A2 DC REGULATOR ASSY (08708-60007)

Stage name

Circled letter indicates circuit
path continues on another
schematic diagram. Look for
same circled letter on service
sheet indicated by adjacent
bold number (3, in this
example).

Star shown connected to
circuit signifies measuring aid
(metal post. circuit pad, etc.)
provided.

Plug-in connection information.
Socket designation for A2 assembly.

Number indicates
pin of socket (XA2),

J3 not mounted
on assembly A 2.

Y

|

0

to chassis or frame.

Asterisk indicates factory
selected components. (See
section V).

Value shown is average or most
commonly selected value.

Wire color code. Code used (MIL-STD-681) is the
same as the resistor color code. First number
identifies the base color, second number the wider
stripe, and the third number the narrower stripe.

denotes white base, yellow
wide stripe, violet narrow stripe.

Example: 947

SERIES
= REGULATOR W N
XA2 8 3
! | Ik
| / N\ |
(2 )< 1€ > 1 >
| | Q1 |
| ! 1854-0071
| | REFERENCE DESIGNATIONS WITHIN OYT{ INED mem - o —
ASSEMBLIES ARt ABBREVIATED FULL DESIGNAT.ON IN
‘ I CLUDES ASSEMBLY NUMBFR » Ri OF ASSEMBLY A
947 )— 2 < [5 418 DESIGNATIONS OF OTHER COMPONENTS ARE
CCmPLETE AS SHOWN
i P
: l R1 T = gﬂl o
2500 4
3 —O=— @“ Non-plug-in
v I\ connection
N } 9 information.
9 O— Solder point
I named.
: / / REFERENCE DESIGNATION
Circuit board common
Connector symbols within the NO PREFIX A2 ASSY
Dagger indicates borderlines of circuit assemb- A7 1
circuit change. See lies signify connections to the 13 1
section VII. assembly which are separate from Q
i those made through the integral XA2 R1
Conducting connection plug part of the assembly.

Value selected for best operation.

NOT ASSIGNED

Reference designators deleted

. it ch X .
::rzlrcult changes are listed Assembly reference designator(s).
Large numbers in lower right
corners of schematic diagrams
are service sheet numbers.
They are provided for con-
venience in tracing inter-
connections.

List of all the reference desig-
nations on the diagram.

Figure 8-5. Schematic Diagram Notes (3 of 3)
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SERVICE SHEET 1

PRINCIPLES OF OPERATION

General

The Power Meter and a compatible power sensor
are used to measure RF power levels. For example,
the power range of the HP Model 8481A is from -35
to +20 dBm (=0.3 uW to 100 mW) into 50(); the
frequency range is from 10 MHz to 18 GHz.

Power Sensor

The power sensing device dissipates the input RF
energy into 50 ohms and produces a dc voltage
proportional to the power level. This dc voltage is
sampled creating an ac signal which is coupled to
the Input Amplifier for amplification.

AC Amplifiers/Range Switch

The ac signal is amplified by the power sensor’s
Input Amplifier and the Power Meter’s First,
Second and Third Amplifiers. The RANGE switch
attenuators, which are placed between the First
and Second and Second and Third amplifiers, are
used to set the range-to-range gain of the Power
Meter amplifiers.

DC Circuits

The Synchronous Detector converts the ac signal
back to dc. The output is coupled to the DC Ampli-
fier via a Low Pass Filter network. The DC Ampli-
fier drives the meter, the Servo Amplifier and pos-
sibly an external device through the RECORDER
OUTPUT jack.

Servo Amplifier/Auto Zero

The Servo Amplifier amplifies the DC Amplifier
output. When the front panel ZERO switch is
pressed, the Servo Amplifier outputis connected to
the Auto Zero circuits completing the automatic
zeroing feedback loop. The Auto Zero dc output
voltage (error signal) is added to the ambient
temperature output of the power sensor’s power
sensing device. The polarity of the error signal
and the feedback loop gain force the DC Amplifier
output to ground potential after five seconds.
When the ZERO switch is released, the Auto Zero
circuits hold the error signal constant.

Power Reference Assembly

The A3 Power Reference Assembly contains a 50
MHz oscillator with an ALC loop capable of pro-

8-8
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viding an exceptionally stable output level. The
calibrated output is ¥ mW +0.70% at 50 +5 MHz.

Power Supply

The Power Supply is a 24V series regulator with a
shunt regulator coupled across the output. The
shunt regulator places ground potential midway
between the 24V potential difference thus provid-
ing supply outputs of +12 and -12 Vdc. The battery
charging and test circuits are automatically oper-
ative with the battery installed.

TROUBLESHOOTING
General

Before beginning to troubleshoot the Power Meter,
remove the cover from the right side of the instru-
ment and measure the power supply voltages at
TP9 and TP10.

When a malfunctioning component is isolated to
an assembly or stage, refer to the appropriate Ser-
vice Sheet for component level troubleshooting.

Block Diagram Troubleshooting Conditions

The waveforms and voltages shown are normal
when operating under the following conditions.

NOTE

To exhibit the correct waveforms in the
RANGE positions shown, the power
sensor (as part of the measurement sys-
tem) must measure power from —35 to
+20 dBm (50 ().

a. POWER METER AND SENSOR. Set the
Power Meter’'s RANGE switch to the 1 mW posi-
tion, CAL FACTOR switch to 100% and the rear
panel POWER REF switch to (ON). Connect the
power sensor to the Power Meter’'s POWER REF
OUTPUT jack.

b. POWER METER AND HP MODEL 11683A
RANGE CALIBRATOR. Set the Power Meter’'s
RANGE switch to the 1 mW position and CAL
FACTOR switch to 100%. Set the Range Cali-
brator's RANGE switch to 1 mW, POLARITY
switch to NORMAL and FUNCTION switch to
STANDBY. Connect the Range Calibrator to the
Power Meter with the power sensor cable. Set the
Range Calibrate FUNCTION switch to
CALIBRATE.
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SERVICE SHEET 1 (Cont'd)

AC Amplifiers

If the waveform and/or voltage at TP1 is incor-
rect, it must be determined if the circuit malfunc-
tion is in the Power Meter, power sensor or cable.
Substitution will quickly isolate the defective in-
strument. If a spare cable and power sensor or
range calibrator is not available, refer to the trou-
bleshooting informeation for the First Amplifier on
Service Sheet 2. Also, check the multivibrator out-
put (TP7 and TP8) of the Power Meter.

Miscellaneous

Voltages at TP4, 5, 6 and 12 are correct as shown
for full-scale meter readings on any range.

With a full scale input, on 1 mW range only, press-
ing the front panel ZERO switch should produce a
meter reading of about 0.96. If the reading is incor-
rect, refer to Section V and perform the adjust-
ments. Ifthe problem still exists, refer to Auto Zero
circuit troubleshooting on Service Sheet 3.

A noise problem evident as meter vibration may
be due to defective components illustrated on Ser-
vice Sheets 2, 3, or 4.
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SERVICE SHEET 2
PRINCIPLES OF OPERATION
General

The RF input power coupled to the power sensor is dissipated by
the load impedance of the power sensing device. The dc output of
the power sensing device is converted to a 220 Hz ac signal by a
sampling gate (chopper) circuit. The ac signal, which is propor-
tional to the RF input, is amplified by tuned ac amplifiers in the
power sensor and Power Meter. The Synchronous Detector con-
verts the amplified 220 Hz ac signal back to a dc level which also
1s proportional to the RF input.

The RANGE switch attenuator networks attenuate the ac signal
for higher power inputs. This allows equal measurement resolu-
tion for high and low power levels. The Synchronous Detector and
a sampling gate circuit (in the power sensor) are driven in phase
by the 220 Hz Multivibrator.

A4U4B is connected as a voltage follower between the input
signal ground and signal ground. This circuit ensures a min-
imum voltage difference exists between the grounds thereby elim-
inating the possibility of unreliable readings. High current flow,
through the ground return of cables which are greater than 5 feet
long, causes the voltage difference.

First Ampilifier

The First Amplifier of the Power Meter and the power sensor’s
amplifier stage form a low-noise high-gain hybrid operational
amplifier (refer to the figure below). The ac gain is approximately
750; dc bias is set by A4R1, R2, R6, R10 and R11.

F POWER SENSOR ‘— POWER METER —

|+12Vdc

SAMPLED AC
INPUT 220 Hz

ouTPUT

(b
222.1K

1000 |
POWER SENSOR CABLE

am— —12 Vde

Hybrid Operational Amplifier

SERVICE SHEET 2 (Cont'd)

Diodes A4CR1, CR2, VR1 and VR2 and their associated compo-
nents are part of a shaping network which compensates for the
non-linear output of the power sensor’s power sensing device. At
RF inputs near the maximum power input (100 mW for Model
8481A), the power sensing deviceis slightly more efficient and the
hybrid amplifier’s gain is reduced slightly to provide an overall
response that is linear.

The combination of A4C5, R8 and R9is one of three RC networks
in the ac amplifiers which determine the high frequency cutoff
(240 Hz) of the 220 +20 Hz bandpass. A4C1, C6 and C30 are line
noise filters.

Range Switch

The RANGE switch and associated components onthe A4 and A5
assemblies form two separate attenuator networks and a low pass
filter (the filter is shown and discussed on Service Sheet 3).

With higher power RF inputs, relatively high voltages are
coupled to the attenuator inputs. The higher the voltage the more
it is attenuated, thus allowing for greater sensitivity needed for
low power measurements while providing the needed resolution
for each range. The various levels of attenuation permit ten usa-
ble range positions from 3 uW to 100 mW (full scale). The follow-
ing table shows the individual and combined effect of the attenu-
ators on the ac signal.

The bandpass of the ac amplifiers in the Power Meter is approxi-
mately 220 +20 Hz. The lower cutoff frequency (200 Hz) is fixed by
the combination of A4C7 with A5R1, A5R2 and A4R19; also
A4R15 with ASR3, A5R4, A5R5 and A4R20.

Attenuation
gmﬁ Network #1 Network #2
Position (ASR1,R2and - |  (ASR3, R4, RS Total
A4R19) and A4R20)

3 uW +1 =1 1

10 uW =1 + V10 + 1012
30 uW +1 = \/1—00_ + 10
100 uW +1 + /1000 + 103/2
300 uW + 4/1000 + \/ﬁ + 102

1 mW + /1000 ~ /100 + 1052

3mW + \/1000 + /1000 + 108
10 mW + 1000 + 10 + 1072
30 mW + 1000 + /100 + 10%
100 mW + 1000 + /1000 - 109/2
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Second Amplifier

A4U2 and U3 and associated components are operational ampli-
fiers with voltage gains of about 25 each. Gain for A4U2 is deter-
mined by A4R22 and R23; for A4U3 by A4R27 and R28. Bias
current is provided for A4U3 by A4R25.

The tuned amplifiers upper bandpass limit (240 Hz) is set by the
parallel RC networks of A4C11 and R22, A4C14 and R27 and
parallel RC network in the First Amplifier.

Third Amplifier

A4U4A and its associated components form an operational
amplifier stage with variable voltage gain from 1.3 to 3.4. The
front panel CAL ADJ gain control is set to compensate for differ-
ences in sensitivity of individual power sensors. The gain is
determined by A4R24, R21 and the CAL ADJ control R1.

Synchronous Detector

The phase shift of the 220 Hz signal through the tuned amplifiers
is approximately zero. Because the phase shift is minimal, error
introduced into the system is also minimal. This ensures that the
detector output is proportional to the RF power input level.

The Synchronous Detector, like the sampling gate circuit in the
power sensor, is driven by the 220 Hz Multivibrator drive signal.
When A4Q6 is biased on, the equivalent sampling gate FET
(which is connected to ground) is also on. Therefore, a negative
going signal is coupled to the ac amplifiers. Because there is no
phase inversion of the signal throughout the ac amplifiers, the
output of the Third Amplifier is also the negative going portion of
the distorted sinusoidal waveform. During this half cycle current
flows from ground through A4Q6 and R26 to change C12and C13.
A positive voltageis stored on the positive terminal of C13. When
the 220 Hz drive signal turns A4Q6 off and Q7 on, the Third
Amplifier output is the positive going portion of the distorted
sinusoidal waveform. This positive going signal is superimposed
on the voltage across C12 and C13 such that the peak voltage is
about twice the peak voltage of the Third Amplifier output. This
voltage charges A4C16 through R26 and Q7. The dc output vol-
tage is coupled across a dc pass filter to the DC Amplifier.

TROUBLESHOOTING

General

Before attempting to troubleshoot the circuits represented by this
schematic, verify that the power supply is operating properly.
The voltage on TP9 should be +12 Vdc; on TP10, -12 Vde.

The important characteristics of the waveforms shown on this
schematic are the frequency and peak-to-peak voltage. If the
shape of the waveform varies slightly, the performance of the
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system will not be degraded. Measuring and recording dc vol-
tages and comparing them with the normal levels shown on the
schematics may help to isolate defective components. Refer to
General Service Information (in Section VIII) with regard to
operational amplifier circuits.

The waveforms and voltages shown on the schematic are normal
when operating under the following conditions.

NOTE

To exhibit the correct waveforms in the RANGE
switch positions indicated, the power sensor (as
part of the measurement system) must measure
power from —35 to +20 dBm into a 500 load.

a. POWER METER AND SENSOR. Set the Power Meter’s
RANGE switch to the 1 mW position, CAL FACTOR switch to
100% and the rear panel POWER REF switch to (ON). Connect
the power sensor to the Power Meter's POWER REF OUTPUT
jack.

b. POWER METER AND HP MODEL 11683A RANGE CALI-
BRATOR. Set the Power Meter’'s RANGE switch to the 1 mW
position and CAL FACTOR switch to 100%. Set the Range Cali-
brator’s RANGE switch to 1 mW, POLARITY switch to NOR-
MAL and FUNCTION switch to STANDBY. Connect the Range
Calibrator to the Power Meter with the power sensor cable. Set the
Range Calibrator FUNCTION switch to CALIBRATE.

First Amplifier

To troubleshoot the hybrid operational amplifier effectively, con-
sider the complete amplifier as shown on the schematic on the
opposite foldout and the power sensor’s schematic.

The bias levels may be used most effectively to isolate the problem
to the Power Meter. If the dc voltage at TP1 is correct but the ac
voltage is incorrect, a defective component probably exists in the
power sensor before the signal is input to the hybrid amplifier.

An ac voltage coupled with a positive voltage (=+3 Vdc) at A4U1
pin 2 would indicate a defect in the power sensor’s hybrid ampli-
fier input or the interconnect cable. If the voltage at pin 2is about
0.0 Vdc, the defective component is probably in the Power Meter’s
First Amplifier.

A positive voltage at TP1 indicates the malfunction is probably in
the Power Meter’s First Amplifier.

NOTE

Do not overlook the possibility that a problem can
exist in the Auto Zero circuits shown on Service
Sheet 3.

SERVICE SHEET 2 (Cont'd)

An increased noise level may be caused by C1, C6 or C30 line
noise filters.

Range-to-range inaccuracy between the 100 mW range and
another range may be due to a shaping circuit defect.

Range Switch

Range-to-range inaccuracy which is caused by the RANGE
switch attenuators can easily beisolated by performing one of the
Instrumentation Accuracy Performance Tésts (refer to Section
V).

Third Amplifier

Adjust the CAL ADJ control from its present setting to the cew
stop. Then adjust the control to the cw stop. The meter reading
will normally change by 2 dB (>4 dB from stop to stop). The ac
voltage at TP4 will change from the nominal setting to approxi-
mately -35% (ccw stop) and +70% (cw stop).

Synchronous Detector

The phase change of the 220 Hz signal between the power sensor’s
sampling gate and the Synchronous Detector cannot be mea-
sured directly because the detector output is dec rather than ac.
However, the phase difference at TP4 (the input to the detector
circuit) can be measured. Because the phase change between TP4
and the detector is known, the phase relationship between the
drive signal (TP7) and the TP4 signal indicates the total phase
shift through the ac amplifiers. This is the step-by-step procedure
for checking phase shift.

a. Setthe Power Meter and (if used) the range calibrator con-
trols as shown in the general troubleshooting information above.

b. Connect the oscilloscope’s vertical inputs to the 220 Hz
drive (TP7) through a divide-by-ten probe (Channel B) and to TP4
through a one-to-one probe (Channel A).

c. Settheoscilloscope controls as follows: Channel A sensitiv-
ity to 0.05V/division with ac coupling, Channel B sensitivity to
0.2V/division, horizontal sweep to 0.5 ms/division and the dis-
play mode to Channel A and B, chopped with triggering from B.

d. Adjust the vertical position controls until both traces are
symetrical with respect to the horizontal center line (refer to the
typical waveform below).

e. Set the time base magnifier control to X10. The horizontal
scale is now 50 us/division (refer to the expanded waveform
below).
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TYPICAL WAVEFORM EXPANDED WAVEFORM

Figure 8-7. Multivibrator/Detector Waveforms

f. Set the Power Meter’s rear panel POWER g. Set the Power Meter’'s POWER REF switch
REF switch to OFF or set the range calibrator’s to (ON) or set the range calibrator’'s FUNCTION
FUNCTION switch to STANDBY. With the oscil- switch to CALIBRATE. The zero crossing of the
loscope’s Channel A position control, set the trace Channel A (TP4) trace should lag the drive signal
representing a zero input at TP4 to the grid horiz- by 150 £75us.
ontal center line.

A5 ASSEMBLY

NOTE: (J1) AND (XA4) ARE ON
OPPOSITE SIDE OF BOARD

Figure 8-8. A5 Mother Board Component Locations
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P/O A4 ASSEMBLY

Figure 8-9. P/0 A4 Assembly (AC Ampl/Sync Detector) Component Locations
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PRINCIPLES OF OPERATION
General

The input from the Synchronous Detector passes through a Low
Pass Filter before it is amplified by the DC Amplifier. The output
drives the Meter, the Servo Amplifier, and may also be coupled
through the RECORDER OUTPUT jack to drive an external
device such as an x-y recorder. The gain of the DC Amplifier is set
by the CAL FACTOR switch.

The Servo Amplifier generates an error voltage if the DC Ampli-
fier output is not ground potential. Without an RF input coupled
tothe power sensor, the DC Amplifier output is very close to 0 Vde.
When the ZERO switch is pressed, the Servo Amplifier error
offset voltage is coupled to the Auto Zero circuits. The error vol-
tage is processed, attenuated and coupled across the power sen-
sor’s power sensing device output as a zeroing correction voltage.
This correction voltage is of equal dclevel but opposite polarity to
the output of the power sensing device (no RF input). With the
corrected input voltage, the DC Amplifier output is exactly zero.
When the ZERO switch is released, the Servo Amplifier output
voltage is stored within the Auto Zero circuits and the correction
voltage remains coupled across the output of the power sensing
device. (Refer to the Auto Zero feedback diagram below.)

POWER
SENSING INPUT AC SYNC DC
DEVICE AMPLIFIER AMPLIFIERS ~ DETECTOR  AMPLIFIER

[

+>

1y

AUTO ZERO

ZERO Q _} SERVO

N | AMPLIFIER

Auto Zero Feedback Path

SERVICE SHEET 3 (Cont’d)

DC Amplifier

Theinput to the DC Amplifier is filtered by a two-stage Low Pass
Filter A4R29 and C17; R30 and C18. On the three most sensitive
ranges additional filtering is introduced by components which
are mounted on the A1 Switch Assembly.

The DC Offset control A4R32 is set to eliminate any dc offset
voltage introduced by the DC Amplifier. The gain of the DC
Amplifier is controlled by A4R38, A4R33 and A1R1-15. The gain
is variable from approximately 5.3 to 6.2 in 15 one-percent steps
as determined by the CAL FACTOR switch. The CAL FACTOR
switch setting is dependent on the frequency response of the
power sensing device (refer to the chart on the power sensor case).

The DC Amplifier drives the Meter, Servo Amplifier and an
external instrument through the rear panel RECORDER OUT-
PUT jack. The Meter control, A4R35, is used to calibrate the meter
with a known input. Thermistor A4ART1 compensates for changes
in sensitivity of the meter due to temperature. Diodes CR11 and
CRI12 at the output of the DC Amplifier, U5, prevent the meter
needle from being damaged if excess power is applied to the
meter.

Servo Amplifier,

The DC Amplifier output is coupled to A4R39, the Servo Amplifier
input. Because of the high dc gain (=7000) a small dc output from
the DC Amplifier U5 produces a large error voltage at the Servo
Amplifier U6 output. When the ZERO switch is pressed, this error
voltage is coupled to the Auto Zero circuit.

Capacitor A4C21 with R43 gives the Servo Amplifier the charac-
teristics of a low pass filter. The Auto Zero Offset Control A4dR42
is set to remove any dc offset voltage introduced by the Servo
Amplifier.

Auto Zero Circuit

When the front panel ZERO switch S2is pressed, A4Q17is turned
on, the collector voltage goes positive which places a dc voltage
acrossrelays A4K1 and A4A1K1. The RF BLANKING OUTPUT
is now coupled to ground by A4K1 and the Servo Amplifier error
voltage is coupled to A4A1Q1 and A4A1C1 by A4A1K1.

The error voltage from the Servo Amplifier biases Q1 which pro-
duces an equivalent error voltage at Q1 source. This voltage is
attenuated by A4A1R2, A4A1R4 and A4R74. The voltage is
further attenuated in the power sensor and is coupled across the
ambient temperature dc output of the power sensing device as a
correction voltage. The algebraic sum of the dc voltages is ampli-
fied and coupled back to the Auto Zero input. Because the feed-
ack loop is a negative path, the correction voltage across the
power sensing device output begins to change and continues to do
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so until it is the same level but opposite polarity as the power
sensing device output. The input to the Power Meter circuits goes
to zero which means the DC Amplifier output is also zero. When
the ZERO switch is released, relay A4A1K1 opens and the final
Servo Amplifier error voltage is stored on A4A1C1 at the high
impedance input to A4A1Q1. The correction voltage across the
power sensing device remains constant as long as the error vol-
tage remains on C1.

Diodes A4CR4 and A4A1CR1 reduce voltage spikes caused by
switching the relays. A4R69 also
reduces switching transients in the feedback path.

The voltage which appears at the source of A4A1Q1 is coupled to
A4U6 pin 2 through A4R44, C20 and C19. This voltage tends to
keep the Servo Amplifier output constant when the ZERO switch
is first pressed. It dampens the violent change which tries to occur
because of the high gain of the Servo Amplifier. The initial
change thus occurs slowly.

A4A1R1 establishes an RC time constant (1s) with A4A1C1
which averages out the thermal noise during the zeroing
operation.

The special construction of the A4A1 assembly and the high gate
impedance of A4A1Q1 reduce leakage from A4A1C1 and thus
increases the correction voltage storage time.

A4A1R2 R3, R4, C2, C3 and C4 are part of a frequency response
network which keeps the auto zero feedback loop from oscillating
during the zeroing sequence.

A4R46, R45 and A4A1R4 form a voltage divider stick. The Bal-
ance control A4R46 removes the dc offset introduced by the Auto
Zero circuit thus centering its effective range at 0 Vdec.

TROUBLESHOOTING

General

Before attempting to troubleshoot these circuits, verify that the
power supply is operating properly. The voltage on TP9should be
+12 Vdc; on TP10, -12 Vdec.

If the dc offset controls A4R32, R42 or R46 are incorrectly
adjusted, the Auto Zero circuits may not respond properly. Refer
to the adjustment procedures in Section V.

Noise problems may be due to defective components in the Low
Pass Filter (especially the three most sensitive ranges) or the
Servo Amplifier which is an active low pass filter. A noise prob-
lem in the Servo Amplifier will be evident only during the zeroing
sequence.

SERVICE SHEET 3 (Cont'd)

DC Amplifier and Servo Amplifier

Measure the dc input and output voltages. Verify that the ampli-
fier outputs respond properly to the inputs. For troubleshooting
operational amplifiers refer to General Service Information in
Section VIII. A Servo Amplifier problem will be evident only
during the zeroing sequence.

Auto Zero Assembly

Thenormal valuerange of the offset error voltage at TPA is about
—14to +14 mVdc. The power sensing device normally exhibits a
slight positive output due to ambient temperature, therefore, the
normal correction voltage is slightly negative, hence -4 mVdc.

The voltage measured at TPB will provide an indication of how
long the charge is retained on A4A1C1. The voltage should
remain virtually unchanged (+1 mVde) for 24 hours.

If any component on the A4A1 assembly is found to be defective,
the entire assembly must be replaced.
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A1 SWITCH ASSEMBLY

NOTE: (S1) AND (S2) ARE ON
OPPOSITE OF BOARD

Figure 8-11. A1 Switch Assembly Component Locations
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P/O A4 ASSEMBLY
AUTO ZERO
DC OFFSET (6Y METER  OFFSET  Y02)

BALANCE

Figure 8-12. P/0 A4 Assembly (DC Ampl/Auto Zero) Component Locations
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SERVICE SHEET 4

PRINCIPLES OF OPERATION
General

Power sources for the Power Meter are line (Mains) power or the
rechargeable battery. If the battery is being used as a power
source, it will receive a charging current any time theline voltage
is coupled to the instrument and the LINE switch is set to ON.
When the line voltage is disconnected, the battery automatically
becomes the power source.

CAUTION

A voltmeter or oscilloscope which is used to mea-
sure the 24V output across the +12V terminals
must have a floating ground input.

The 12V Shunt Regulator establishes a reference ground at the
half voltage point of the 24V Series Regulator output and thus
establishes the +12 and -12 Vdc outputs with respect to ground.

Over Voltage Protection Circuit

The Over Voltage Protection Circuit consists of capacitor C39,
thyristor Q20, resistors R81 and R82, and zener diode VR6. The
function of this circuit is to prevent component damage in the
power supply due to power line transients, wrong voltages being
applied to the Power Module (A6) or the shorting of Q13’s collector
to ground.

24V Series Regulator

NOTE

The explanation of the 24V Series Regulator is
based on the assumption that TP9 is the reference
ground and the regulator output is -24 Vdc at
TP10.

A reference voltage of —-12 Vdcis established on the base of Q11 by
VR4. Because Q10 and Q11 are a differential amplifier pair a
differencein voltage between the base of Q11 and the base 0of Q10,
half the 24V output (refer to the note above), produces an error
output on the collector of Q11. This error voltage is coupled to Q16,
theregulator driver, and from there to Q13, the series regulator. If,
for example, the output voltage suddenly decreased to —23 volts,
the current through Q11 would increase and the collector voltage
would become less negative. Current flow through Q16 increases
and the collector voltage goes more negative. The emitter voltage
of Q13 follows the collector voltage of Q16 and approaches -24V.
As the output voltage becomes more negative, the Q10 base vol-
tage also becomes more negative until it equals the base voltage
of Q11. At this instant, the output voltage is 24 Vdc and the
circuit action (voltage change) ceases.

SERVICE SHEET 4 (Cont'd)

Regulating action of the 24V supply is started by CR9, R58 and
R60. When the LINE switch is set to ON, current begins to flow
through R60 and VR4. As the voltage increases across VR4,
current begins to flow through Q11 which biases Q13 and Q16 on.
The regulator output begins to increase in a negative direction.
The output voltage biases CR9 which, in turn, causes the voltage
across VR4 toincrease. Theresulting rapid increasein voltage on
the baseof Q11 keepsit ahead ofthat on the base of Q10. When the
Q11 base voltage stabilizes at -12 Vdc, the lower voltage on Q10
keeps the output level increasing until it approaches —24 Vdc. At
this point the base voltages of Q10 and Q11 become equal, the
differential amplifier’s error output goes to zero, and the output is
stabilized at —24V.

C25 and R61 form a low pass filter which reduces the high gain of
the circuit at high frequencies thus preventing unwanted oscilla-
tions. R59 and C24 form a noise filter for the zener diode.

The input voltage to the 24V regulator may be as high as 70 Vdc
from the line voltage or as low as 26 Vdc form the battery.

12V Shunt Regulator

U7 is connected as a voltage follower circuit. Chassis ground is
coupled to theinverting input of U7 and the non-inverting input is
coupled across half the 24V series regulator output by a voltage
divider R63 and R64. If the voltage input to pin 3 tries to shift
toward +12 or -12 Vdc, the output from U7 would bring the vol-
tage at U7 pin 3 back to ground potential.

Battery Test

NOTE

The battery test circuit is in operation any timethe
LINE switch is set to ON; however, the only time
the meter indication is meaningful is when the
battery is supplying power.

When the battery is supplying power for the Power Meter circuits,
and the battery is defective or discharged, the battery test circuit
removes the positive (+12 Vdc) supply voltage from the DC
Amplifier (A4U5). This causes a full downscale meter indication.

The test circuit measures a percentage of the voltage difference
between the —-12V output and the negative battery terminal. As
this voltage difference decreases to approximately 3 Vde, Q14
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begins to turn off. The collector voltage begins to
go positive and the changeis transmitted through
R51 and VR5t0 Q18. As Q18 begins to turn off, its
collector goes more negative. A negative going
transient is coupled through R55to the base of Q14
which speeds up the turn-off time. The positive
supply voltage is removed from the collector of
Q18 and also the DC Amplifier. As the battery
voltage is further reduced, the series regulated
output begins to decrease faster than the battery
voltage and, eventually, the 3 volt threshold volt-
age is exceeded. Q14 is then biased on, but,
because the battery voltageis less than 20 Vdc, the
knee voltage of VR5 cannot be reached. Therefore,
VR5 does not conduct and Q18 remains biased off.

Battery Charger

If a battery has been placed in the Power Meter as
a secondary power source, it is always being
charged whenever the line voltage is coupled to
the instrument and the LINE switch is ON. With
ac line (Mains) power supplying energy VR3 is
turned on, which biases Q12 for a charging cur-
rent of approximately 90 mA. This current is supp-
lied through CR6 to the battery BT1. CR7 is
reverse biased while the battery is being charged.
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When the line voltage is removed, CR7 is forward
biased by the current flowing to the Power Meter
circuits from the battery. CR6 is turned off and no
current flows through the charging circuit.

Current Limiter

Ifthe current flow through the 24V regulator were
to suddenly increase to approximately 90 mA, Q15
would turn on and draw the drive current away
from Q16. Consequently, the current flow to Q13
would disappear and the regulator output would
be reduced.

TROUBLESHOOTING

Set the LINE switch to OFF and remove A4P1 (red
wire) from A4Jd1 and A4P2 (blue wire) from A4J2.
This disconnects the load from the power supply.
If the supply voltages are now correct, the mal-
function is not in the power supply.

If, after removing the load, the output voltages
measured are less than normal but of equal and
opposite polarity, the malfunction is probably in
the series regulator circuits.

Voltages shown in parenthesis are for battery
operation only.
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P/O A4 ASSEMBLY
+12 Vde -12 Vde

Figure 8-14. P/0 A4 Assembly (Power Supply) Component Locations
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SERVICE SHEET 5

PRINCIPLES OF OPERATION
General

The A3 assembly provides a 50 +5 MHz output at 1 mW +0.7%. The
oscillator output is held constant by an ALC loop made up of a
peak detector CR2 and comparator U2. The comparator reference
input is from a very stable +5V power supply composed of Ul,
VR1, VR2, Q2, and their associated components. The LEVEL
ADJ control R4 sets the comparator reference which controls the
oscillator feedback level and thereby controls the A3 assembly
POWER REFERENCE OUTPUT level.

50 MHz Oscillator

The oscillator circuit is made up of common emitter amplifier Q1
and its associated components. Resistors R10, R11, R12 and R13
bias Q1 for an emitter current of approximately 5 mA. The
mnetwork tuned circuit (C9, L2, C10 and C11) determines the
operating frequency. The amplifier ac gainis set by the operating
circuit impedance across the tuned circuit and the emitter resistor
R15(whichis ac coupled to ground by C12). The positive feedback
required to sustain oscillation is satisfied in this circuit. Phase
shift of 180° is a characteristic of both common-emitter transistor
amplifiers and mnetwork tuned circuits. This feedback is coupled
through C9 and C10, back to the base of Q1.

ALC Loop

At the positive peak of each cycle, current momentarily flows
from the feedback loop through peak detector diode CR2 to C7.
The resultant stored charge is coupled, as a dc input voltage, to
pin 3 of U2. The detector output is compared to a very stable
reference input by comparator U2. Any difference between the
comparator’s input voltages produces an error voltage at the dc
output. The comparator output is coupled to a reactance voltage
divider, capacitor C9 and varactor CR3. As the error output volt-
age goes more positive the capacitivereactance of CR3 decreases,
which reduces the oscillator feedback. Conversely, a more nega-
tive output voltage will increase the feedback. For example, if the
oscillator output were to suddenly increase, the detector output
would become more positive. The comparator output would
become more positive, a lower CR3 reactance would decrease the
feedback to Q1 which forces the oscillator output level back to its
original level. If the R4 LEVEL ADJ control were adjusted for a
more positive reference voltage, the comparator output would go
more negative, the feedback would increase, allowing the oscilla-
tor output to increase. Therefore, the peak detector output would
increase until it equals the comparator referencelevel input, thus
establishing a higher leveled-output signal from the oscillator.

Service

SERVICE SHEET 5 (Cont'd)

Frequency shaping components R8, R10, R11 and
C8 determine the upper limit of frequency re-
sponse of the ALIC loop which prevents spurious
oscillations.

+5V POWER SUPPLY

A3VR2 provides a reference voltage of 6.2 Vdc to
the power supply reference amplifier A3U1. The
gain of the reference amplifieris set by R3, R4 and
R5 and is approximately —0.8 with R4 centered.
The very stable output is coupled through CR1 as
the reference voltage input to comparator U2.
Diode CR1 temperature compensates CR2.

TROUBLESHOOTING

General

Before trying to troubleshoot the A3 assembly,
verify the presence of +12 Vdc and —12 Vdc on the
circuit board.

If a defect in the A3 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 sys-
tem, accurate to +0.5% and traceable to the
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National Bureau of Standards. 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 Oscillator

Malfunctions of the oscillator circuits will occur as
a wrong output frequency or as an abnormal out-
put level. The voltage at TP2 will indicatc if the
ALC loop is trying to compensate for an incorrect
output level.

Modulation of the 50 MHz signal or spurious sig-
nals, which are part of the output, may be caused
by defects in R8, R10, R11 or C8 in the ALC loop.

ALC Loop and Power Supply

Problems in the ALC Loop and Power Supply cir-
cuits may be quickly isolated by measuring dc vol-
tages at the inputs and outputs of the integrated
circuits. For added information on froubleshoot-
ing integrated circuits, refer to General Service
Information in Section VIIIL.
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Figure 8-16. A3 Power Reference Assembly Component Locations
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Table 8-2. Assembly, Chassis and Adjustable Components Locations

Assembly or Component Service .
Reference Designator Sheet Figure Remarks
A1l Assembly 2,3 811,18 8-18 Bottom View
A3 Assembly 5 8-16, 18
A3R4 LEVEL ADJ 5 8-18 8-18 Top View
A4 Assembly 2,3, 4 89,12, 14,18
A4R32 DC OFFSET 3 812,18 8-18 Right Side View
A4R35 METER 3 812,18 8-18 Right Side View
A4R42 AUTO ZERO
OFFSET 3 812,18 8-18 Right Side View
A4R46 BALANCE 3 812,18 8-18 Right Side View
A4R76 220 Hz 2 89, 18 8-18 Right Side View
A4A1 3 812,18 8-18 Right Side View
A5 Assembly 2,3 4 8-8, 18 8-18 Bottom View
A5XA4 2,34 818 8-18 Left Side View
A6 Assembly 4 8-18 8-18 Top View
C1 4 818 8-18 Bottom View
F1 4 8-18 8-18 Rear Panel View
J1 2 818 8-18 Front Panel View
J2 5 8-18 8-18 Front Panel View
J3 3 8-18 8-18 Rear Panel View
J4 3 §-18 8-18 Rear Panel View
J5 2 8-18 8-18 Rear Panel View
(Options 002 and 003 only)
J6 5 818 8-18 Rear Panel View
(Option 003 only)
M1 3 818 8-18 Front Panel View
P2 2,34 8-18 8-18 Bottom View
P3 3,4 818 8-18 Bottom View
P10 5 818 8-18 Top View
R1 CAL FACTOR ADJ 2 818 8-18 Front Panel View
R2 4 —_— Connected to S1 inside safety
cover
S1 LINE 4 8-18 8-18 Front Panel View
S2 ZERO 3 818 8-18 Front Panel View
S3 POWER REF 5 8-18 8-18 Rear Panel View
T1 4 818 8-18 Bottom View
W1 2 8-18 Cable connecting J1 to
A5 Assembly
W2 4 8-18 Cable connecting S1 to power
module
W3 5 818 Cable connecting J2 to
A3 Assembly
W4 2 —_— Power sensor cable
W5 4 —_—— Line (Mains) power cable
W6 2 —_—— Cable connecting J5 to A5
Assembly (Options 002 and
003 only
W9 5 —_— Cable connecting J6 to A3

Assembly (Option 003 only)
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