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SAFETY SUMMARY

The following goneral safety precautions must be oshsurved during all phases of eperation, service, and repair of this
instrument. Failura to comply with thass pracautions or with specific warnings alsewhsere in this manual violates
safety standards of dasign, manufacturs, and intended wse of the instrument. Hewlett-Pagkard Campany assumés ré
liability for the cugtomar's failure to comply with these requirgments, This is a Safsty Class 1 instrument.

GROUND THE INSTRUMENT

To minimize shaock hazard, the instrument chassis and cabinet must be connected to an elac-
trical ground. The instrument is equipped with a three-conductor ac power cable. The power
cable must either be pilugged into an approved three-contact electrical outlet or used with a
three-contact to two-contact adapter with the grounding wire {green) firmly connected to an
electrical ground ({safety ground) at the power outlet. The power jack and mating plug of the
power cable meet International Electrotechnical Commission (IEC) safety standards.

DU KOT OPERATE IN AN EXPLOSIYE ATMOSPHERE
Do not operate the instrument in the presence of flammable gases or fumes. Qperation of any
electrical instrument in such an environment constitutes a definite safety hazard.

KEEP AWAY FROM LIVE CIRCUITS

Operating personnel must not remove instrument covers. Component replacement and internal
adjustments must be made by qualified maintenance personnel. Do not replace components
with power cable connected. Under certain conditions, dangeérous voltages may exist even with
the power cable remaved. To aveid injuries, always disconnect power and discharge circuits
before touching them.

DO NOT SERVICE DR ADJUST ALONE

Do not attemnpt internal service or adjustment unless another person, capable of rendering first
aid and resuscitation, is present.

DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT

Because of the danger of introducing additional hazards, do not install substitute parts or per-
form any unauthorized modification to the instrument. Return the instrument to a Hewlett-
Packard Sales and Service Office for service and repair to ensure that safety features are main-
tained.

DANGEROUS PROCEDURE WARNINGS

Warnings, such as the example below, precede potentially dangerous procedures throughout
this manual. Instructions contained in the warnings must be followed.

‘ WARNING I

Dangerous voliages, capabla of causing dsath, are present in this instrument. Use ex-
treme caution when handling, testing, and adjusting.




SAFETY 3YMBOLS

General Definitions of Safety Symbols Used On Equipment or In Manuals.

Instruction manual symbol: the product will be markcld with t_his
symbol when it is necessary for the user to refer to the instruction
manual in order to protect against damage to the instrument.

Indicates dangerous voltage (terminals fed from the interior by
voltage exceeding 1000 volts must be so marked).

Protective conductor terminal. For protection against electrical
shock in case of a fault. Used with field wiring terminals to in-
dicate the terminal which must be connected to ground befors
operating equipment.

Low-noise ar noiseless, clean ground (earth) terminal, Used for a
signal common, as well as providing protection against electrical
shock in case of a fault. A terminal marked with this symbol must
be connected to ground in the manner described in the installation
(operating) manual, and before operating the equipment.

Frame or chassis terminal. A connection to the frame (chassis) of
the equipment which normally includes all exposed metal struc-
tures.

Alternating current {power ling).

Direct current (power line).

Alternating or direct current {power line).

The WARNING sign denotes a hazard. It calls attention to a pro-
cedure, practice, condition or the like, which, if not correctly per-
formed or adhered to, could result in injury or death to personnel.

The CAUTION sign denotes a hazard, It calls atiention to an
operating procedure, practice, condition or the like, which,if not
correctty performed or adhered to, could result in damage to or
destruction of part or all of the product.

The NOTE sign denotes important information. 1t calls attention
lo procedure, practice, condition or the like, which is essential to
highiight.
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General Information

SECTION |
GENERAL INFORMATION

1-1. INTRODUCTION,

1-2, The Operating and Scrvice Manual contains infor-
mation required to install, operate, test, adjust, and serv-
i¢¢ the Hewlett-Packard Model 3325A, Synthesizer/Func-
tion Generator. The Operating Manual supplement is a
copy of the first three sections of the Operating and Serv-
ice Manual, plus the Operational Verification procedures
from Section IV. The supplement should be kept with
the instrament for use by the operator. The part num-
bers of both the Operating and Service Manual and the
Ope¢rating Manuzal supplement are shown on the title
pages.

1-3, Also shown on the title page of this manual it a
Microfiche part number, This number can be used to
order 4 X & inch transparencies of the Operating and
Service Manual. Each Microfiche contains up to 96
photo-duplicates of the manual pages, The Microfiche
package includes the latest Manual Changes supplement
as well as pertinent Service Notes.

1-4. Additional copies of the Operating and Service
Manual, Operating Information Supplement, or Service
Notes can be ordered through vour nearest Hewlett-
Packard Sales and Service Office. (A list of these offices
is provided at the end of this manual.)

1-5. INSTRUMENT DESCRIPTION.

t-6. The Model 3325A Synthesizer/Function Generator
produces the following signals at a minimum frequency
of 1 xHz and maximum frequency of:

Sine wave 20 MHz
Square wave 10 MHz
Triangle 10 kHz
Positive slope ramp 10 kHz
Negative slope ramp 10 kHz

Frequency may be selected with up to eieven digits of
resolution. Output amplitude is 1 mV to 10 V peak-to-
peak. The cutput level may also be selected or displayed
in V rms or in dBm {50 ochms). Any function may be de
offset up to 4.5 V, or the output may be dec only up to
+5 V. An optional high voltage output produces up to
40 V p-p intd =500 ohms load.

1-7. Frequency sweep of afl functions is provided in
linear or log sweep, at sweep times of 10 milliseconds to
99.99 seconds for linear sweep. Maximum time for log
sweep is 99.99 seconds and minimam time is 2 seconds
for single iog sweep and 0.1 second for continuous log
sweep. Single linear sweep may be up or down, while
continuous sweep is up/down/up, etc., in the linear
mode and up/up, etc., in log mode.

1-8. The Model 3325A is fully programmable through
the rear panel Hewleti-Packard Interface Bus (HP-IB)
connector. A device such as a programmable calculator
is capable of remotely controlling the 3325A. Interface
information is given in 8ection II of this manual, and
programming information is in Section 1.

1-9. SPECIFICATIONS,

1-10. Instrument specifications are listed in Table 1-1.
These specifications are the performance standards or
limits against which the instrument is tested. Any
changes in specifications due to manufacturing, design
or traceability to the U.S. National Bureau of Standards
are included in Table 1-1 of this manual and/or the
Manual Changes Supplement.

1-11. SUPPLEMENTAL OPERATING INFORMATION.

1.12, Table 1.2 contains information describing general
operating characteristics af the 3325A. This informa-
tion is supplemental operating information and is not to
be considered as specifications.

1-13. REMOTE CONTROL,

1-14. Table 1-3 lists the HP-IB interface capabilities of
the Model 3325A in conformity with IERE Standard
488-1978, “*Standard Digital Interface for Programmable
Instrumentation’’. HP-IB response times are given in
Tabls 1-4.

1-15. OPTIONS.

1-16. The following options extend the frequency
stability and output amplitude capabilities of the Model

3325A5

Option 004
Optien 002

High Stability Frequency Reference
High Voltage Output

The following options indicate the line voltage to which
the instrument was set at the factory:

Nominal 1(0 V ac
Nominal 120 V ac
Nominal 220 V ac
Nominal 240 V ac

Option 140
Option 120
Option 220
QOption 240
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Table 1-1. Specifications.

Model 3325A

FUNCTIONS AMD FREQUENCIES

Sine Wave:

Signal Output (Front or Rear Panel):
0.000 001 Hz to 20 959 999.999 Hz

Auxiliaty Qutput (Rear Panal):

21 000 000.000 Hz to 60 999 993,999 Hz
Underrange to 19 000 000,001 Hz

Square Wave: 0.000 001 Hz to 10 999 999,985 Hz

Trlangle: 0,000 001 Hz to 10 999.299 999 Hz

Pasitive and Negative Slape Ramp:
0,000 001 Hz to 10 999.999 999 Hz

FREQUENCY RESDLUTION

1 pHz for frequencies below 100 kHz
1 mHz for frequancias 100 kHz and highsr

FREQUENCY ACCURACY (2tandard lnstrement)

5 x 10°° of selected value {20° to 30°C)

FREGUENCY STABILITY (Standard Instrument)

5 x 10 per year (20° 10 30°C)

SIGNAL CHARACTEMISTICS

Sine Wave:

Harmonic Distortion relative to the amplitude of the
fundamental frequency at full cutput cn each range

Fundamental
Frequency

No Harmonic
Greatar Than

0.1 Hz to 50 kHz
50 kHz to 200 kHz
200 kHz to 2 MHz
2 MHz to 15 MHz
1B MHz 1o 20 MHz

-65 dB
-60 de
-40 de
-30 de
-25dB

AMPLITUDE

Amplitude Aceuracy with no Attenuation {Attenuator
range 1) inta 50 ohm Loed. {Ne D.C. offset]

Function and
frequency range

Talerance ratative to
programmad amplitude

Sine Wavs
001 Hz t0 100 kHz

+ 0.1 dB

Square Wave
.001 Hz to 100 kHz

+ 1.0%

Triangle
001 Hz te 2 kHz
2 kHz to 10 kHz

+ 1.5%
+ 5%

Ramps
.001 Hz to 500 Hz
500 Hz to 10 kHz

+ 1.5%
+ 10%

Flatness with no attenuation
{Attenuator Range 1) into
a 50 Ohm load

Tolerance relative to
programmed amplitude at
1 kHz

Sina Wave
100 kHz ta 20 MHz

+ 0.3dB

Square Yave
100 kHz 10 10 MHz

+ 10%

Armplitude accuracy with
0.C. offset and no
attenuation (Range 1} into
a 50 ohrn load.

Tolerance relative to
programmed amplitude.

Sine Wava
001 Hz to 100 kHz

Square
.001 Hz to 100 kHz

Triangle
.001 Hz to 2 kHz
2 kHz to 10 kHz

Spurious: All mon-harmonically related output signals wrill
be more than 70dB helow the carrier (-60dB with DG off-
set], or less than -80dBm, whichever is greater.

Phase Noise: = -80dB (Option 001 Only} for a2 30kHz
band centered on a 20MHz carrier (excluding + THz
about the carrier).

Square Wave:
Rise/Fal Time: = 20 nanoseconds, 10% to 90% at full
output

Symmetry: = .02% of period + 3 nanoseconds
Overshoot: < 5% of peak to peak amplitude at full output
Triange:

Linsarity, 10% to 20%, best fit straight line:

+ 0.05% of full p-p output for each range

Ramps (Positive or Negative Slope):

Linearity, 10% to 90%, best fit straight line: £ 0.05%
of full p-p output for each range

Ratrace Tims: < 3 microseconds, 80% to 10%
Ramp Pariod Variation: < = 1% of period, maximum

Ramps
001 Hz to 500 Hz
500 Hz to 10 kHz

+ 4%
+ 11%

Attanuator Accuracy (these
errors are additive with the
amplitude accuracy errors)

Talerance ralative to
programmad amplitude,

.001 Hz to 20 kHz
Attenuator Range 1

No Errer

001 Hz to 100 kHz
Attenuator ranges
2 through 8

+ 0.1 dB

100 kHz to 10 MHz
Attgnuator ranges
2 through B

10 MHz to 20 MH2

Attenuator ranges
2 through 4

Attenuator ranges
5 through &




Model 3325A

General Information

Table 1-1. Specifications (Gont d}.

Accuracy of PC Qffset (into 50 ohms}:

DC Only (No AC Function}: + 0.4% of full peak out-
put for each range*

*Except lowest attenuator range wherg accuraty is +
20 gV,

DC + AC, =1 MHz: £1.2%, Ramps £2.4%

DC + AC, > 1 MHz: £3%
AMPLITUDE MODULATION (of Sins Function only)

Madulation Envelope Digtortion: ~ 30 dB to B0O% modula-

tion at 1 kHz, 0 V de Offset

PHASE OFFSET

Range: + 719.9° with respect to arbitrary starting
phase, or assigned zare phasa

Resolution: 0.1°

Stability: + 1 phase/¢C

Increment Accuracy; =0.2°
PHASE MODULATION

Linearity {Sine Function): +0.5%, best fit straight line

SYNG DUTPUT

Cutput Levels into 50 obms:
Sguare wave with Vhign z+ 1.2V, v, = + 0.2V

X DRIVE OUTPUT

Amplitude: O to + 10 V dc linear ramp proportional to
sweap frequency {sweep up only}

Linearity, 10% to 90%, best fit straight line:
+0.1% of final valua. Specified for all linear sweep
widths which are integral multiples of the minimum
sweep width for each function and sweep time.

OPTION D01
KN STARILITY FAEQUENCY REFERENCE

Ambient Stability: +5 x 108 (Q° {0 55°C referenced to
+30°Ch

Aging Rate: +5 x 108 per week {after 72 hours
continuous operation)
+1 x 107 per month (after 15 days
continuous operation)

OPTIOR 002
HIGH VOLTAGE QUTFUT

Fragusncy Range:
Sine and Squars Wave: 1 gHz t0 1 MHz
Triangie and Ramps: 1 zHz to 10 kHz

Amplitude:
Range: 4mVp-p to 40Vp-p {= 5008, < 500pF load)
maximum output current, + 40mA

Accuracy {at 2 kHz): 2% of full eutput for each
range

Fiatnaess: £ 10% of programmed amplitude

DC Offset:
Range: 4 times the range of the standard ingtrument

Accuracy: ={1% + 25 mV} of full output for each
range

Signal Cheracteristics:
Sine Wave Harmaonie Distortion {ralative 1o the fun-
damental frequency at full output inte = 500 ohms,
< BOG pF}

No Harmonic
Greater Than

Fundamental
Frequency

10 Hz to 50 kH:z
50 kHz to 200 kHz
200 kHz to 1 MH=

-65dB
- B0 dB
-40dB

Square Wave:

RisefFall Timg: = 125 nanoseconds, 10% to 90% at
fuil output with > 500 obm, < 500pF load

Overshoot: < 10% of peak amplituds with =500
~ ohm, <500 pF load

Table 1-2 Supplemental Infermation

WAIN SIGNAL DUTPUT
50 { Impedance

BNG Connactor, switchable to front or rear pana! {not
switchable with Opticn 002)

May be floated a maximum of £42 V peak lac + dc)
from chassis (earth) ground

Amplitude Ranges:
All AC Functions {with no dc offset):

Range Attenuation
No. Factor

Amplitude
(Feak-to-Peak)

1 1 10.00 V t0 2.000 V
2 3 2,899 V10 1.000 V
3 999.9 m¥Y to 300.0 mV

30 29%.9 mV to 100.0 mV
100 99.99 mV to 30.00 mv
300 29.99 mV to 10.00 m¥

1000 9,999 mV to 3.000 mY
2000 2.999 mV to 1.000 mV

DC Offset Only:

Range | Attenuation
Na, Factor

Amplitude
{Peak-to-Peek}

1 5000 V1o 1.8500 Vv
3 1.423 ¥ to §00.0 mV
10 489.9 mV to 150.0 mV
30 149.9 mV to 60.00 mY
489.99 mv to 15.00 mVv
14.99 mV to 5.000 mV
4,999 mV 1o 1.500 mV
1.499 mV to 1.000 mV

0~ ok —




General Information

Table 1-2. Supplemental Information {Cont'd).

Model 3323A

Range

Attenuation
Ma. Factor

AL Function with DC Offset:

AC Function
Amplitude {p-p)

Maximum DC
{+ or —}

Min. DC
{+ or -}

1
3

10
a0
100
300
1000

9998 V t0 1.000 V
9899 mV to 333.4 mV
333.3 mV 1o 100.0 mV
99,89 mV to 33.34 mV
33.33 mV t0 10.00 mv
9.939 mV to 3.334 mV
3.333 mV to 1.000 mV

1.000 mV to 4.500 V
1.166 V t0 1.498 V
333.3 mV to 450.0 mv
116.8 mV to 148.9 mV
33.33 mV to 45.00 mV
11.866 mV to 14.99 m¥
3.333 mV to 4.500 mV

1.000 mV
0.100 m¥y
0100 my
0.010 mV
0.016 mV
0.001 mVv
0.001 m¥

High Voltage Output Option 002:
Amplitude and Ranges: 4 times the standard instru-
ment amplitudes

Output Impedence: <2 atDC o <10 & at 1 MHz

Square Wave Settling Time: < 1 u8 to settle to within
.05% of final value for frequencies of 10 Hz to 500 kHz,
tested at full output with no load

FREDUENCY SWEEP

Sweap Time:
Linear Sweep: 0,07 second to 98.99 seconds |single
or continuous)

Log Sweep:
Single Sweep: 2 seconds to 99.99 saconds
Continuous Sweep: C.1 second to 99.99 seconds

Maximum Sweap Width: 1 Hz to maximum frequency of
the function selectad

Minimum Sweep Width (Linear):

Minimum Sweep Width

Sweep Time Sweep Time

Function 0.01 second { 99.88 seconds

899.9 mHz
499.5 mHz
49.95 mHz
89,98 mHz

Sine 0.1 mHz

Square 0.05 mHz
Triangle C.006 mHz
Ramps 0.01 mHz

Minimum Sweep Width (Log): 1 decade

Phase Continuity: Sweep is phase continuous ovet the
full frequency range

WARMUP TIME

Standard Instrument: 20 minutes to within specified ac-
curacy

Option 001 High Stability Frequency Reference:
Reference will be within 21 x 107 of final value 15
minutes after turn-on a8 26°C for an off time of leas
than 24 hours

AUXILEARY INPUTS (May be Heatad & maximum aof £42 ¥ peak jac + dcl
{ram chassis [sarth] ground)

Reference: For phase-locking the 3326A to an external
fraquency reference of 10 MHz or a subharmonic of
10 MHz dewn to 1 MHz. Level must be 0 dBm to

+ 20 dBm inte 60 ohms. Rear panel BNC connector,

AUKXILIARY OUTPUTS {Mey be floated & maximan of $42 V paak [ac + de]
frown chassis [warth] grovnd)

Amplitude Modulation Input (Sine Functicn Only):

Modulation depth at full output for each range:
0 to 100%

Modulation frequency range: DC 1o 500 kHz {0 to
21 MHz catrier fraquency)

Sensitivity: & V peak for 100% medulation
input Impedance: 10 kil
Connector: Rear pansl BNC

Phase Modulation:
Modulation Frequency Range: DC to & kHz

Modulation Depth

Function Dapth {+ or -}

Sine 850°

Square 4257

Triangle 42.5°

Ramps 8b°
Input Impedance; 20 k2

Connector: Rear panel BNC

Auxiliary Frequency Output {ac coupled output):

Frequency Range: 21 MHz to 60.999 999 993 MHz,
with underrangs coverage t¢ 18.000 QQ0 001 MHz

Amplitude: 0 dBm
Output Impedance: 50 ohms
Connector: Rear panel BNC

1 MHz Refersnce Qutput (for phase-locking other in-
struments 1o 3325A):

Amplitude: G dBm

Qutput Impedance: 5Q ohms

Connector: Rear panel BNC
Marker Output (Linear swaep only):

Levels; High to Low TTL compatible voltage transition
at selected markar frequency, swesp up only.

Conngctor; Rear panel BNC




Model 3325A

Generzl Information

Table 1-2. Supplemental Information {Cont'd).

X Drive Output {Sweep up only):
sweaap frequency
Connector: Rear panel BNC

Z Blank Qutput:
Leveals (TTL compatibla voltage lavels):
Lingar Swaep;
Single: Low at start of sweap, High at stop. Ra-
mains Migh until start of next sweep.

Continvous: Low during sweep up, High during
sweep down.

Log Sweep:
Single: Low at start of swesep, High at stop. Re-
mains High until start of next sweep.

Continuouws: Low during sweep. Goes High
maomentarily at stop frequency.

10 MHz Oven Reference Qutput. Option 001, for phase
lacking the 3325A to the optional high stability frequency
reference:

Amplitude: O dBm, 50 ohms

Connector: Rear panel BNC, Must ba connected ta
the rear panel EXT REF (N connector,

REMOTE CONTROL

Hewiatt-Packard Interface Bus (HP-IBY Controi: (HP-IB is
Hewlett-Packard Company’s implemeantation of IEEE Stan-
dard 488-1978). Time shown is in addition to programming
tirma,

Amplitude: O to + 10 V linear ramp proportional to

Frequency Switching and Settling Time:*
<10 ms to within 1 Hz of final value for 100 kHz span
< 26 ms to within 1 Hz of final value for 1 WHz span
< 70 ms to within 1 Mz of final value for 20 MHz span
Phasz Switching and Settling Time: *
< 16 ms to within 80° of phase lock for 20 MHz fre-

guancy change

Amplitude Switching Time:*
< 30 ms to within amplitude specifications

*Times shown are in additlon to programming time
GEMERAL
Operating Environment:
Temperature: 0° 1o 56°C
Refative Humidity: «395%, 0° 1¢ 4Q°C
Altitude; = 15,000 fi,

Storage Temperature: —50° to +75°C
Storage Altitude: = 50,000 fr.

Power Requirements:

100/120/220/240V + 5%, - 10%,48 to 66 Hz
60 VA, 100 VA witt all optiong, 10 VA standby

Dimensions in millimeters and {inches):

132.6 (5%) high »x 425.5 {16%} wide x 4978
{19-5/8) deep

Weight in kilograms and (lbs}:

Net waight: 3{20)
Shipping Weight: 14.5 (32|

The following accessory options are also available for
the Mode! 3325A:

Option 907
Option 208
Option 209

Front Handle Assembly

Rack Mount Flange Kit

Rack Mount Flange Kit/Front
Handle Assembly

Additional Operating and Service
Manual

Option 910

1-17. ACCESSORIES SUPPLIED.

1-18. A special conrector is supplied with the High
Stability Frequency Reference Option 001 for connect-
ing the rear panel Reference Output to the Reference In-
put, This connector is Part No. 1250-1499,

1-19. ACCESSORIES AVAILABLE.

1-20, The following accessories are available for use
with the Model 3325A:

Number Description

11048C 50 ohm Feedthru Termination
11356A

03325-80001

Ground Isolator

Oven Board Assy. (Converts 3325A to
Option 001)

High Voltage Option (Converts 3325A
to Option 002)

Rack Mount Flange Kit (Option 908)

Rack Mount Flange/Front Handle Kit
(Option 909

Handle Kit (Option 907)

03325-80002

5061-0077
5061-0083

3061-0089 Front

1-5




Ceneral Information

1.21. INSTRUMENT AND MANUAL IDENTIFICATION.

1-22. The instrument serial number is located on the
rear panel. Hewlett-Packard uses a two-section serial
number consisting of a four-digit prefix and a five-digit
suffix, A letter between the prefix and suffix identifies
the country in which the instrument was manufactured
(A=USA, G=West Germany, J=Japan, U= United
Kingdom). All correspondence with Hewlett-Packard
coneerning this instrument should include the complete
serial number.,

{-23. The serial number prefix 15 thesame for all iden-
tical instruments and changes only when a change is
made to the instrument., The suffix is assigned sequen-
tially and is differemt for each instrument. If the serial
nvmber of vour instrument is lower than the serial
number on the title page of this manual, refer to Section
VI1l, MANUAL CHANGES, for the information that
will adapt this manual to your instrument. This is
especially importam if the serial prefix of vour ingtru-
ment is different than the one shown on the title page of
this manual. An instrument manufactured after the
printing of this manug] may differ in some respect from
the information in this manual. In this case, a yeliow
Manual Changes supplement included with the manual
explains how 1o adapt the manual to your instrument.

1-24. SAFETY CONSIDERATIONS.

1-25. To ensure safe operation and to retain the instru-
ment in a safe condition, this Operating and Service
Manual contains information, cautions and warnings
which must be adhered 1o by the user or service person-
nel.

Model 3325A

Tabla 1-3. HP-IB Interface Capability.

Cade Function

SH1 Source handshake capability

AH1 Acceptor hangdshake capability

Té Basic talker: Sarial polt; Unaddressed te talk
if addregged to listen

L3 Basic listener; Listan only; Uneddressed to
listen if addressed to talk

Service Request capability

Rernate/Local gapability

No parallel pell capability

Devica Clear capahility

No device trigger capebility

Ng contreller capability

Open collector bus drivers

1-26. The symbal &appearing on the front or rear
panel of the 3325A is an international symbol meaning
“refer to the Operating and Service Manual”’. The sym-
bol identifies important instructions required to prevent
damage to the instrument. To ensure the safeiy of the
operating and maintenance personnel and retain the
safe operating condition of the instrument, these in-
structions must be adhered ta.

1-27. RECOMMENDED TEST EQUIPMENT.

1-28. Equipment required to maintain the Model 3325A
is listed in Table 1-5. Other equipment can be
substituted if it meets or exceeds the critical specifica-
tions listed in the table,




Model 3325A

Table 1-4. HP-IB Response Times.

General Information

Function

Mngmonic

Imput Data
Transfer Time

Deavige
Time

Output Data
Traasber Time

Function {Waveform)
1 Digit

FU

45D-500 ys
225..250 us

1600 ms
2.8 ms

450-500 us
238 260 us

Frequency
=11 Digits + Decimal
Delimiters

FR
HZ, KH, ar MH

450-500 s
225-250 i3 each
450-500 e

7.0 ms
2.8 ms aach
12.56 ms

450-500 44
225-250 ps gach
450-500 45

Amplitude
= &4 Digits + Decimal
Celimitars

AM

D&

450500 x5
228-250 p= each
450-500 ps
450-500 s
450-500 5

6.5 ms
2.8 ms each
90 ms
130 ms
250 ms

450-500 us
225-250 4= gach
450-500 p=
450-50Q ps
450-500Q ps

OC Offset
24 Digits + Decimal
Celimiters

OF
VO or MY

450-500 ps
225-250 ps each
45Q-500 u5

6.8 mg
2.B ms each
82 ms

450500 ps
225-2560 px each
450-500 ps

Phase
= 4 Digits + Decimal
Delimiter

PH

DE

450-500 ps
25280 ps aach
450-500 pg

& msa
2.8 ma each
28 ms

450-500 us
225-280 ps each
450-500 us

Sweep Start Freguency
=11 Digits + Decimal

Delimiters

&7
HZ, KH, ot MH

450500 ps
229-250 ps each
450-500 ps

7.0 ms
2.8 ms each
10.3 ms

480500 ps
225=-250 us each
450-500 ps

Sweep Stop Frequency
=11 Bigits + Dacimal
Delimiters

SF
HZ, KH or MH

480-500 pe
225-250 us each
450-500 us_

7.0 ms
2.8 ms each
10.3 ms

45Q0..500 us
225_280 ps cach
45Q-500 ps

Sweep Marker Frequency
=71 Digits+ Decimal
Drelimiters

MF

HZ, KH or MH

450-500 us
225-28Q us vach
450500 us

7.0ms
2.8 ms each
10.3 ms

450-500 ps
225-250 us each
450-500 us

Sweep Time
= 4 Digits + Decimal
Delimiter

T
SE

450-500 43
225..260 us sach
450-500 s

5.5 ms
2.8 ms aach
7.0ms

450-500 us
228-28B0 us each
450-800 us

Store

SA

AB0-500 ps

11 ms

Recall

RE

480-600 ps

1700 ms

Assign Zero Phase

AP

A50-500 us

5.2ms

Amptd Cal

AL

450-500 s

1500 msg

Start SBingle Sweep

585

AB0-500D 45

200 ms

Start Continuous Sweep

5C

450-500 us

300 ms

Interrogate
{Add Parameter
Mremgnic Tims)

298250 s

3ms

Mask Service Reguest

450-500 ps

4.5 msz

High Voltage Qutput

450-500 ys

48 ms

RearfFrant Qutput

4EO-500 ps

d4.5 ms

Seif Test

453-500 p3

10,000 ms

Swesp Mode

450-500 g3

4.5 ms

Data Transfer Mods

AB0-500 ps

A5 ms

Interrogate Funciion

675-750 us

1603 ms

Interrogate Eeror

675-75Q us

11.6 ms

Univarsal Commands

~ 225 p& per byte

Amplitude Modulation

480-500 us

7.0ms

Phage Moduylation

450-500 ps

7.0 ms




General Information

Table 1-5. Recommended Test Equipment.

Model 3325A

Instrumont

Critical Spaeificationz

Requived For

Perf.
Taxtx

Adiugt-

nents

Trouble-
shpating

QOscilloscope

Vartical

Bandwidth! dc to 100 MHz
Ceflection: Q.01 V to 10V/idiv
Horizantal

Swaep: 0.05 us 1o 1 s/div
=10 Magnification

Delayed Sweap

X

X

X

-hp- 1740A

Electroniz Counter

Frequency Measurement
Frequengy Rangs: to 20 MHz
Rasolution: B digits
Accuracy; £ 2 counts

Time Interval Average A to B
Resolution: 0.1 ns

-hp- B328A with Opt 01
and 040 or 041

Digital Voltmetar

OC Function

Ranges: .1 ¥, 1V, 10V,
100V

Accuracy: = .2
Rasolutian: 4% digits

AC Function

Ranges: 1V, 19V, 100 V
Aceuracy: +,.5%
Resaolution; 4 digits

GC Funetion

Ranges: .1V, 1V, 10V,
160V

Acoursgy: L .05%
Resolution: 6 dights

AC Function: True RMS
Ranges: 1 V, 10V, 100V
Accuracy: +.2%
Resolution: 6 digits

Crast Factor: 4:1

_hp- BABEA

-hp- 34554

G0-chm Load

Acouracy: =.2%
Power Rating: 1 W

-hp- 110488

High Fiequency
Spectrum Analyzer

Frequency Range: 1 kHz to
100 MHz
Amplitude Accuracy: +.5 dB

-hp-141T/8552B/8553R/
SE60A/BEEEA

Low Fraquency
Spagtrym Anglyzer

Frequency Range:
20Hz-50kHz
Amplitude Accuracy: +.5 dB
Spulious Responses:
B0 dB balaw rafarance

-hp- 36B0A/3bBBA

Sine Wava Signal Source

Frequency: 1 kHz
Amplitudg: 1 V rams inte 20 kO
Frequency Range:

hpe 204C

hHp= 3335A 1 MHz2-20

MHz

Arplitude Range: to

+ 7.0 dBm

Qutput Impedance: 50 0

Phase Noise (Integrated):
0.9 MH2: < —-B3 dg
20 MHz: < - 70 dB

Spurigus: =75 dB below
fundamental

Double Balanced Mixer

Impedance; SO0
Frequency: to 20 MHz

-hp- 10534A
or 106814A

1 MHz Low Pass Filter

Cut-off Frequency: 1 MHz
Stopband Atten:

50 dB by 4 MHz
Stopband Freg: 4 MHz-80 MHz

FEB2 1MHz Low Pass
Filter, Impedance 501,

& Shepe Factor, Metal Can,
BNG 5 Allen Avionics, Inc.
224 E, Second St. Minsola,
NY 11501

15 kHz Noize Equlvalant
Filter

Consisting of:
Resistor: 10k £1%
Capacitor; 1600 pF 5%

-hp- 0?757-0340
shps D160-2223

-8




Made] 3325A

Table 1-5, Recommended Test Equipment (Gont'd).

General Information

Critical Specifications

Raguisad For

Dpar,
Var,

Perf.
Taste

Afjuz1-
manis

Rosommended Sdodnl

AC Voltmatar

Ranges: 0.1 Vo 1 V¥
Fraguency Range:20 Hz-1 MHz
Input Impedance: =1 M
Meter: Log scale

Ace {100 Hz to 10 kHz): +1%

X

-hp- 400 FL

Resistor

1 kit £5%

-hp- OBB3-1025

Dscillgscope Probe

Civigion Ratic: 10 to 1
Impedance: 1 M, 12 pF

=hp- 100414

DC Power Supply

Volts: 0-10 ¥V
Amps: 10 mA
Eloating output

-hp- B214A

Fraquoncy Standard
(Required for Option
001 Onlyl

Frequency: 5 MHz
Accuracy: 1 = 102

-hp- 1088

Caleulatar
{Required for
automatic testing)

HFP-IB Cantral Capability

-hp- $825A with
28034A Intarface,
General /O ROM,
Extended I/Q ROM

System Voltmetsr

DC voltage: O to0 =10V
Sampale/Hold Measuremant
External Triggsr: Low True TTL
Edge Trigger

Trigger Delay; selectable, 10 p5
ta 140 us

-hp- 3437A

BMNC Tesa
Adapier
BNC-ta-Triax Adapter

Male-female-female
BNC-te-dual banana plug
Famala BNC-to-Male Triax

Signeture Analyzer

-hp- 1260-0781
-hp- 1250-2277
-hp- 1250-0695

Signature: 4-digit hexadecimal
Characters:Othru 8,A,C,F.H,P,U
Thrashold

Logic 1: +2.2V

Logic Or +0.5 V¥

Clock Frequency: =1.5 MHz

-hp- S004A

Pulse Genarator

FPulse Rate: 500 kHz
Pulge Width: =71 g2
DC Offset: 1V

-hp- 3312A

Resistor

56.28 1% 1/8W

-hp- 07570385

Thermal Converter

Input Impedance: 7% it

Input Voltage: 9.5 Vrma
Fraguency: 2 kHz to 20 MHz
Frequency Response: +Q.05d4B
2 kHz to 20 MMz

hp- 11050A

Resistive Divider

Consisting of:
Resistor; 36.5 Y

-hp- 0757-0996
-hp- 0698-4898

Rasistive Divider

Consisting of:

Y

1% W W

Resgistar: 13.7 23 1% % W

Resistar: 40.2 2 1% ¥ W
b

Resistor: 104 1

+hp- 0698-5022
-hp- 0757-0984

Resistive Divider

1

% W

Caonsisting of:
Rasistor: 300 1% W W
Resistor: 202 1% % W

-hp- 0G98-7533
-hp- Q&98-62586

Aesistive Divider

Consisting of:
Resistor: 100 kG 1% 1/8'W
Resigtor: 162 kil 1% 1/8 W

-hp- D757-0486
Hp- 0757-0470

Termination

80 ohm Feedthrough 1%

-hp- 11048C

Therma! Convartar

BNC Connectors

“hp- 110504

1-9/1-10
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Madel 3325A

Section 11

SECTION 1l
INSTALLATION

2-1, INTRODUCTION.

2-2, This section contains instructions for installing and
interfacing the Model 3325A Synthesizer/Function
Generator. Included are initial inspection procedures,
power and grounding requirements, line wvoltage
selection,  environmental requirements, installation
instructions, HP—IB c<onnection procedure, and
instructions for repackaging for shipment.

2-3. INITIAL INSPECTION.

2-4. Inspect the shipping container for damage. If the
shipping container or cushioning material is damaged, it
should be kept until the contents of the shipment have
been checked for completeness and the instrument has
been checked mechanically and eslectrically. This
instrument was carefully inspected both mechanically
and stectrically before shipment. Itshould be free of mars
and scratches and in perfect electrical order upon receipt.
Procedures for checking electrical performance are given
in Section IV, If there is mechanical damage or defzct or
if the instrument does not passthe electrical performance
test, notify the nearest Hewlett-Packard Sales and
Service Office listed at the rear of this manual. 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 material for
the ecarrier’s inspection. The warranty statement is
located in the front of this manual.

2-5. PREPARATION FOR USE.
2-6. Power Requirements.

2.7, The Modezl 3325A requires a power source of 100,
120, 220, or 240 V ac, +5%, =10%, 48 to 66 Hz single phase.
Power consumption is 100 VA maximum.

2-8. Line Voltage Selection.

Before canneciing ac power (o this
instrument, make sure i is set 1o the line
voltage of the power source. Also ensure that
the common connection of the pawer outlet is
conhected to & prolective earth contact,

l WARNING l

The line voltage sefection switches are localed
Inside the top cover of the instrument. Line
valtage selection should be done by trained
service personnel only. To avoid electrical
skack, make sure the power cord is
disconnected before removing the instrument
cover.

2.9, The line voltage selection switches are set at the
factory to correspond to the line voltage option ordered.
This information may be found on the rear panel,

Qption Line Voltage Selected

00 100 v
(20 120 v
220 220 ¥V
240 240V

If it i necessary to chanpe the line vaoltage selection,
access to the switches may be gained by removing thetop
cover of the 3325A. Make the desired voltage selection as
shown in Figure 2-1. Be sureto observe the CAUTION in
Figure 2-1.

2.10. Power Cahle.

2-11, In accordance with international safety standards,
this instrument is equipped with a three-wire eable, When
connected to an appropriate power line outlet, this cable
grounds the instrument cabinet. The type of power cable
shipped with sach instrument depends on the country of
degtination. Refer to Figure 2.2 for the connector
configuration and -hp- part numbers of the available
power cables.

2-12. HP—IB Connections.

2-12, Interconnection data concerning the rear pancl
HP—IB cennector 15 provided in Figure 2-3. This
connector is compatible with the -hp- 10631 {A, B, or C)
HP—IB cables. Thelengths of these cables are as follows:

I meter
2 meters
4 meters

10631A
106318
10831C
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LINE
VOLTAGE

| OOV
| 20V
220V
240V

CAUTION

WHEN CHAMGING THE LINE VOLTAGE
SELECTION, MAKE SURE THE CORRECT
FUSE IS INSTALLED FOR FOR THE
VOLTAGE SELECTED.

L I'NE VDLTAGE' FUSE l—hp-PART NO.

100/ 120V | A 21 10=-000I
% 220/240V | .5A 2110-0012
c

AFTER CHANGING LINE VOLTAGE SELECTION,
5 BE SURE TO INDICATE ON THE REAR
o PANEL THE NEW VOLTAGE SELECTED.

11/

3328429

SWITCHES VIEWED FROM
REAR OF INSTRUMENT

Flgure 2-1. Lina Voltage Selection.
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B120—1361

#i20-18 > B §120-0628

ST =495
“UL LISTED FOR LFSE IN THE LINITED STATES OF AMERICS

Figure 2-2. Power Cables.

Up to 15 instruments (including the controller) may be
connected in an HP—IB system. The HP—IB cables
have identical stacking connectors on both ends so that
several cables can be connected to a single source. Asa
practical matter, avoid stacking more than three or four
cables on any one connector, If the stack gets too large,
the force on the stack can produce enough leverage to
damage the connector mounting. Be sure that the
connector screws are tightened firmly in place to keep it
from working loose during use, and be sure to observe the

Section [l

CAUTION of Figure 2-3.

2-14. Cable Length Restrictions. System components
can be interconnected in virtvally any configuration.
However, to achieve reliable system performance, proper
voltage levels and timing relationships must be
maintained. If the system cable is too long, the lines
cannot be driven properly and the system will fail to
perform. The maximum length of cable that can be used
to connect a group of instruments must not exceed 2
meters (6.5 ft.) times the number of instruments to be
connected, or 20 meters (65.6 ft.), whichever is less.

2-15. 3325A Listen/Talk Address.

2-16. The 3325A is normally shipped from the factory
with the listen address set to ASCII character 1; talk
address Q. The 3325A address switches are located inside
the top cover near the center of the instrument, The
possible HP—IB addresses are shown in Table 2-1, Set
the five switches (marked 1 through 5} to the correct
positions corresponding to the ASCII code address
chosen, The 3325A may be set to a “listen enly” condition
by setting the switch marked LON to the “1” position. Be
sure to leave the ROM switch in the “1” position. This
switch is nsed for troublesheoting only.

LINE

D01

Dig2

Di03

D{04

Di0s

D06

bo7

Diog

EDI

REN

DAy

NRFD

NDAC

IFC

SRQ

ATN

SHIELD-CHASE{E GROUND
P/O TWISTED PAIR WITHPIN &
F/O TWISTED PAIR WITH PIN 7
P/O TWISTED PAIR WITH PIN 8
B/O TWISTED PAIR WITH PIN &
P/O TWISTED PAIR WITH PIN 10
B/C TWISTED PAIR WITH PiN 11
ISOLATED DIGITAL GROUND

THESE PINS
ARE
INTERNALLY
GROUNDED

R ERTET

caunou-:

The 3325A coniains metric threoded HP—1IB cable mounthng
studs os opposed to English threads. Melric threaded -hp-
TOB31A, B, or C HP—IB cable lockscrews must pe wsed 1o
secure the coble to the Instrument, identification of the two
tvpes of mounting studs and lockscrews fs made by their
cofor. English threaded fasteners are colored siiver and metric
threaded fasteners are colored block. DO MOT mate silver
arid Black fasteners to each other or the threads of efther or
both will be destroyed. Metric threaded HP-IB cable hard-
ware ilisirations and pari numbers follow.

SHORT MOUNTING STUD
0380-0844

LOCKSCREW
1390-0360

LOHG MOUNTING STUD
03E0-GEa3

Figure 2-3. HP—IB Connector.
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| WARNING |

Because the address switches are {ocated
inside the instrument, they should be set by
trained service personnel only. To avoid
slecirical shock, make sure the power cord is
disconnected hefore removing the instrument
[ R Y a8

2-17, HP—IB Description.

2-18. A description of the HP-IB is provided in Section
I of this manual. A study of this information is neces-
sary tf you are not familiar with the HP-IB Concept. Ad-
ditional information concerning the design criteria and
operation of the bus is available in IEEE Standard
488-1978 “I1EEE S3tandard Digital Interface for Program-
mable Instrumentation.’’

2-19. Connecting Oven Option 001.

2-20. In order 1o uge the Qven Qption 001, an external
connection must be made batween the rear panel 10 MHz:
OVEN QUTPUT and the REF IN connectors. A specisl
conncctor for this purpose, -hp- Part No, 1250-1499, is
supphied with instruments having Option 001.

2-21, OPERATING ENVIRONMENT.,

I WARNING I

To prevent potential electrical or fire hazard,
do nat expose equipment Lo rain or moisture.

2-22. In order for the 3325A to meet the specifications
listed in Table 1-1, the operating environment must be
within the following limits:

(to +55°C
950 at 40°C
4600 meters
(15,000 feet)

Temperature
Relztive Humidity
Altitude

2-23. Cooling System.

2-24, The cooling fan intake and the exhaust vent are
located in the rear panel. When operating the instrument,
provide at least 75 mm (3 inches) of clearance at the rear,
and at least 7 mm (' inch) on all sides of the instrument.
Failurs to allow adequate air eircutation will result in
excessive internal temperature, reducing instrument
reliability,

2-25. It ig imperative that the fan filter be inspected

frequently and cleaned or replaced as nevessary Lo permit
the free flow of air through the instrument. To clean the

2-4

Model 3325A

filter, remove the four nuts that secure the filter retainer.
Remove the filter and flush with soapy water, rinse ¢lean,
and air dry,

2-26., Bench Operation.

2.27. The instrument hag plastic feet attached to the
bottom panel. The front feet contain foldaway tilt stands
for convenience in bench operation. The tilt stand raises
the front of the instrument for easier viewing of the
cantrol panel. The plastic feet are shaped to make full-
width modular instruments self-align when they are
stacked. A front handle kit, -hp- Part No. 5061-008%
{Option 907), can be installed for ease of handiing the
instrument on the bench (see Figure 2-4). The kit is
shipped with the instrurment if Option 907 is also ordered.
Otherwise, the (ront handle kit is available separately by
1ts ~hp- part number,

2-28. Rack Moeunting.

2-29. The 3325A can be rack mounted in a rack having
an ElA standard width of 4826 mm (19 inches). The
instrument can be rack mounted with or without 4 handle
kit by use of the following items:

a. Rack mounting without handles: use Rack Mount
Flange Kit -hp- Part No. 5061-0077 (Option 908),

b. Rack mounting with handles; use the combination
Rack Mount Flange/Front Handle Kit -hp- Part No.
5061-0083 (Option 909),

NOTE

The Rack Moumt Flange Kit of item a will not
provide the space requirement for rack
mounting when wsed with the bench handle
assembly (-hp- Fart No. 5060-9899, Option
207). To rack mouni with handles, the
combination kit of item b (Qption 909) musrt
be used (see Figure 2-4}. If either Option M8
or 900 iy ordered, the corresponding kit is
shipped with the instrument. Otherwise, both
kits are available separately by their -hp- part
numbers.

2-30. STORAGE AND SHIPMENT.
2-31. Envirpnment,

2-32. The instrument should be stored in a clean, dry
environment. The following environmental limitations
apply to both storage and shipment:

40°C to +75°C
056 at 40°C
15,300 meters
(30,000 feet)

Temperature
Relative Humidity
Altitude
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m Table 2.1, HP—IB Addresses.

ASCI Characters Address Equivalent Gades

Switches {Te 3-Bit Binary Swilches)
Listen Talk (Binary Code)

Address | Address [ B 4 3 2 1 | Octal | Decimal | Hexadecimal

Qo o0
a1 o
a2 02
Q3 o3
04 D4
D& 05
08 08
Q7 o7

MmO Om>@E
COQO0S OO0
oo oDD O oo
R e R=E-T=
= =200 =200
= v S, T,

10 08
11 0o
12 10
13 11
14 12
15 13
16 14
17 15

0DZZr>®xL —T
VOO OO
e ol b ok w el
i o ¥ o ¥ o Y o
- N - NN
N R R SR}

~ -

20 16
21 17
22 18
23 19
24 20
25 21
26 22
27 23

Factory
Selested
Addross

l

R o Y ke
E<C<CHWDO™m
— e
OO0 OO0
e = = =
PR - I T S 8
_-—T O = -0

=]

30 22
31 25
3 26
33 27
34 28
35 23
36 0

]
e o — =€ 3
—_ - OO OO
-G = =00
O ot (D ==

-]

Addrass Switchaes

LON = Listan Dnly
ROM — ROM Disable {For Test Only}

S

MOTE: The Equivalant Codes shown correspond only to tha S-bit binary awitch
voda. These bits are the same for both listen and talk addresses, and the sixth
and saventh bits detarmine whether the address is listen (01} or talk (10} Some
contrallers distinguish betwean listan and talk automatically, requiring onlythe
5-bit code equivalent to designats a davice.
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|
AL! 5FIC THIM

HANDLE KIT, RENCH OPERATION

OFTION 808 _

RACK MOUNT FLANGE/FRONT HANDLE KIT

Figure 2-4. Rack Mount and Handle Kits.

Model 3325A

2.33, Instrument ldentification.

2-34. If the instrument s being retwrned to Hewlett-
Packard for servicing, attach a tag indicating the type of
service required, return address, model number, and full
serial number. In any correspondence, refer to the
instrument by model number and full serial number.

2-35. Packaging.

2-36, Original Packaging. If the original packaging has
been retained, pack the instrument in the same manner as
it was received. Be sure to seal the shipping container
securely. Also, mark the container FRAGILE (o assure
careful handling.

2-37. Other Packaging, The following gencral
instructions should be used for repackaging with
commetcially available matetials.

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

h. Use a strong shipping container. A doublewall
carton made of 250-pound test material is adequate.

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

d. Seal the shipping containér securely.

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




Model 33254 Operation

SECTION 1l
OPERATION

3-1. INTRDDUCTION, terface Bus) programming. The HP-IB information in-
cludes the bagic concepts of the interface bus operation,

3.2. This section of the manual containg igstructions with which you may already be familiar. Use Table 3-1

for manual operaton and HP-1B (Hewlett-Packard In- to locate the information you need for your particular
gituation,

Table 3-1. Dperating Information,

Faragraph Content Paragrach Content

PANEL FEATURES (Figure 1-1} 3-100 3328A REMOTE PROGRAMMING
POWER/WARMUP 3-101 2326A HP-IB Capsbilitier
INITIAL CONDITIONS Takle 3-8, Interfane Functions
SELF TEST 3-103 Developing en HP-1B Progrem
FRONT/REAR SIGNAL QUTPUT 3107 Universal and Addrassad Commands
SYNC OUTPUT 3-109 Flaging the 3326A in Remote
EXTERNAL REFERENCE INPUT 211 The 3325A Address
10 MHz OVEN DPTION 001 Teble 3-2, Summary of 3325A Pragramming,
MANUAL PROGRAMMING ASCI Characters
Clear Display Teble 3-10, Programming Codes
Entey Errors 3325A Data Vessage Formats
Functien Selection Data Transfer Mods
Frequency Entry Programming Data Transfer Mods
Frequency Limits Pragramming Entry Parameters
Fregquency Display and Resgiution Freguenszy
Auxiliary Output [Sine Function Only} Amplitude
Amplituds Entry Oifset
Table 3.2, Ampiitude Limits of AC Funerions Phase
Amplitude Calibration Sweep Start Frequency
High Veltage Output Option D02 Swaap S1op Fraguency
Table 3-3, High Voltage Output Amplitudes Sweep Marker Frequenay
DC Offset Sweap Time
Table 3-4 and Figure 3-2, Maximum DL Programming Wavetorm Funciion
Offzat : Programiming Binary |(ON ar OFF) Funetion
Phese Entry High Voltage Output (Dption GO2)
Fraquency Sweep - Amphtude Modulation
Sweep Marker Phase Modulation
Sweap X Drive Dutput Programming Selection Functians
Sweep Z Blank Qutput Rear Quiput/Front Dutp
Amplitude Modulation Linear Swaep/Logarithimic Sweep
Phase Modulation Data Transfer Mode
Modify Keys Programming Execution FUunctions
Store and Raczll Assgign 2erp Phase Refarenss
OPERATOR'S CHECKS Perform Amplitude Calibration
Self Test Start Single Sweep
Output Chacks Sart Comtinuous Sweep
QPERATOR'S MAINTENANCE Perform Seif Tast
HP-IB CPERATION Pragramming Amplitude Units Conversion
Gerergl HP-IB Description Progremming Storage Registars
Figure 3-3, Interface Connections and Buz Service Requests
Structure Serjal ol
Table 3-5. General Interface Managermant Status Byte
Lines =140 Busy Fiag
Definition of HP-1B Terms and Concepis -142 Sweep Fag
Basic Device Communication Capability -144 Magking gr Enabling $arvice Raquests
Message Definitions Table 3-11, SRQ Mask/Enable Data
Table 3-5, Definition of Mota Massages -146 Intarrggating Frogram Errors
3325A Response to Messages -i148 Interrogating Entry Parameters
Tablz 3-7 tmplementation of Messages -180 Interragating Funetion {(Wavetarn)
HP-IB Work Sheet -152 Iptarrogating Miscellensous Paramaters
HP-|B Addressing -164 Using the Interrogare Capability
-156 3325A Programming Procedurs

r.u.nn(:llflf._nl
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Appendices
A-3 META MESSAGES BLOCK DIAGRAMMED
g-3 PROGRAMMING THE MODEL 3325A with the
9825A CALCULATOR
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(3) POWER STBY/ON Key. In the STBY position, power is

spplied to the Oven (Option 001), the HP-IB interface
Gircuits that are external 1o the isolation barrier, and the
High Voltage Qutput circuits (Option 002), in addition to
the powaer supply circuits,

BLUE prefix key, This key must be pressed 1o select any
of the key functions labeled in blue.

SWEEP key group. These are entry prefix keys for the
sweep parameters, plus the sweep start keys. When
preceded by the blue prefix key, the sweep parameter
keys control sweep modification functions and linea:!
log selection.

Figure 3-1. 3325A Front and Rear Panels.

32

@ LOCAL key. Returns 3325A from remote to front pansl

control unless Local Lockout has been programmed.
When precedad by the blug prefix key, this key causes
the 33254 HP-IB address to be displayed in dacimal
code.

STATUS annunciator grodp. These annunciators in-
dicate the 33254 HF-IB status: Remaote; Addressad to
Talk; Addressed to Listen; Request Service (SRQI.

ENTRY group, Prefix keys for programming signal
parameters,

ALPHANUMERIC display. Displays the value of the
parameter salected, arror codes, faiture modes, HP-1B
address, amplitude ano phase modulation stare,




(1) DATA group. This group includes the numeric data

keys, the data valuae suffix keys, the Store and Recall
command keys, and the entry Clear key. When pre-
ceded by the blue prefix key, the keys in the left column
control the medulation functions.

MGODIFY group. The horizontal arrow keys select the
digit to be modifisd (indicated by a bright digit), and the
vertical arrow keys increment or decrement that digit.

UNITS annunciators. Display the units of volume
rgpresanted by the numaric display. Entry annunciator
indicates that an entry is in progress, :

FUNCTICN group. These keys select the output signal
function or dec only {see Paragraph 3-26).

EXT REF annuncistor is on if an externzal reference or the
Option 001 internal 10 MHz oven reference is cons
nacted to the rear paneal REF IN. Annunciator flashes if
the 30 MHz internal reference is not phase locked to the
external refarence.

MODULATION annuneiator is on if either AM or Phase
modulation is programmed.

AMPTD CAL key, Automatically caiibrates the
amplitude and offset of the output signal [see Paregraph

3-39). Whan preceded by the blue prefix key, inftiates a

solf test operation (see Paragraph 3-10).

CAUTION
The maximum pesk voitage that can be safely ap-
plied between chassis and the outer conducitor of
any of the 33284 input ar output signal connec-
tors is 42 V.

SYNC OUT. A square wave syng signal is available at this
cannector and also at B rear panal connecter, item 28,
This signal ig always in sync with the autput signal cross-
over point. {Zero volts or de offset voltage, see Paragraph
3-14.1 J2.

AUX 21-80 MHz REAR annunciator. This annunciator is
on when the rear panet AUX output is active (ses
Paragragh 3-34).

REAR ONLY key. In standard instrumenis, switches
gsignal output from frant té rear pane! and vice varsa.
Rear pane! output is active when the annunciator in the
center of the key is on. In instruments with High Voltage
Output Option 002, this key switches from normal to
high voltage output, and the annunciater indicates
when the high voltage output is on. The key is labeiad
40 Vpp, 40 ma, 0-1 MHz'* for Option 002, in Option
002 instruments, no rear panel signal cutput is pro-
vided.

SIGNAL output. Standard output impedance is 5O
chms. High Voltage Output Option 002 output im-
pedance is nominally < 1 ohm at dc and < 10 ohms at
1 MHz. Load impedance must be at least 500 ohms.
Standard and Migh Voltage amplifier outputs are fused.
21,

10 MHz OVEN QUTPUT. This signal is present only in
instruments with Option 007, To make use of the Oven
Gutput, it must be connected to the REF IN connectar,
ttem 2Z1. A special connszctor, -hp- Part No.
12501499, is supplied with Option 001 for this pur-
pose. J3.

$-2a

AC POWER input conneeotor. £1.

REF IN. An extarnal reference may be used to phase
leck the internal 30 MHz reference (see Paragraph
3-18). J4.

HP-IB connector. Remote control of the 33254 by
means of an HP-IB system controller is accomplishad
through this connector. Part of W8,

REF OUT. A 1 MHz2 signat from the 3225A refergnce cir-
cuits is available at this connector, J&.

SIGNAL. The cutput signal Is switched to this connector
by the front panal REAR ONLY key, itam 17. J6.
{Instrurents with Option 002 da not have rear paneal
signal output.)

NOTE

The rear panef signa! output is inactive (na inter-
nal signal cannection} it the instrument has the
High Voftage Output Option 0QZ instaled. In-
structions are given in the Operating and Service
Manual, Section Vill, Service Groug M, or ac-
tivating the rear panel signal outout in one of two
ways: 1) Placing the standard/high valtage out-
put an the rasr panel onfy, disconnecting the
front panel signal output, or 2) Disabling the high
voltage output and enabling the stancard
front/irear output configuration.

if the standard instrument signal output is Aot ter-
minated by an external 50-0hm load fa high im-
pedance load, for example) undesirable distortion
meay resuft, particuiarly 8t higher Ffreguencies.
Simifar conditions may result if the High Voftage
Qutpur (Qption 002} is terminated by less than
00 ohms.

BLOWER, 81.

®

@

®

PHASE MOD. Input connector for 8 phase moduiating
signal of £5 V meaximum peak voltage (see Paragraph
3-66). J7.

AMPTD MOD. Input connector for an amplitude
modulating signat of £ 5 V maximum peah voltage (sse
Paragraph 3-62}. J[8.

SYNC OUT. This cutput is identical to the output at the
fromt panel syne connactor, Item 15. J10,

AUX 21-80 MHz. A signal is available st this output
when the sine wave frequency is programmed above 21
MHz (see Paragraph 3-34). J9.

Z BLANK, A TTL compatible output is present during &
sweep operation (seg Paragraph 3-60). J11.

X DRIVE. This cutput progresses from 0V 1o +10 ¥
during a sweep-up opsration (sge Paragraph 3.58).
J12.

MARKER, This TTL compatible gutput goes low at the
selected marker frequency during a sweep up, and high
at completion of the sweep (see Paragraph 3-585). J13.
Power Transfermer, T1.

Line Fuse, F1.
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NOTE

The HP-IE is Hewlett-Packard Company’s
irmplementation of IEEE Standard 488-1978.

3-3. PANEL FEATURES.

3-4. Figure 3-1 identifies and describes the functions of
the front and rear pane! controls, indicators, and con-
nectars.

3-5. POWER/WARM-UP.

3-6. The Madel 3325A requires a power source of 100,
120, 220, or 240 Vac, +5% -10%, 48 to 66 Hz single
phase. The selection of line voltage and fuse is described
in Paragraph 2.8 and Figure 2-1.

3-7. The 3325A POWER switch has two positions,
STBY and ON. Power is applicd 10 some circuits at any
time the inytrument is connected to the ac power source.
I{ the instrument has the Oven Assembly Option 00! in-
stalled, it is important that it remain connected to the
poweT source Lo maintain a constant oven temperature,
gliminating the need for a long warmsup period. If ap
instrument with the Oven Assembly has been discon-
nected from ac power no longer than 24 hours, a
15-minute warmup period is sufficient to bring the
reference frequency to within =1 x 1077 of final value.

3-8. INITIAL CONDITIONS.

3-9. After the PBOWER switch has been set 10 ON,
the instrument status will be as follows:

Function
Frequency
Amplitude

DC Offset

Front Signal Output

Sweep
Start Frequeney
Stop Frequency
Marker Frequency

1. If the display reads OSC FAIL the fre-
quency synthesis circuits gre nol opergling
properiy,

2. If A-CAL FAIL appears in the dispiay
momentarily after turm-omn, any one of the
three AMPTD CAL tests could be incorrect,
Perfornm a SELF TEST operation to identify
the frifure.

3. If either of the above conditions occurs,
refer the instrument (0 gualified service per-
sonnet for repair.

Operation

3-10. SELF TEST.

3-11. The self test operation is initiated by pressing the
blue prefix key, then the SELF TEST key {AMPTD
CAL). This iest uses the control, ROM, apd conirol
clock circuits to perform the following checks:

LED check: Turns on all LED’s for about 2
seconds

Check 1: Tests AMPTD CAL of the sine wave

Cheak 2: Tesis AMPTD CAL of the square wave

Check 3: Tests AMPTD CAL of the triangle wave

Following each check the display indicates either PASS
or FAIL for approximately one second. If all tests pass,
this indicates that approximately 60% of all circuits are
opetating properly.

3-12. FRONTI|REAR SIGNAL OUTPUT.

The maximum peak voftage that can be safe-
Iy applicd between chassis and the outer con-
ductor of any of the 33254 Input or owipui
Signal connectors is £42 V.

3-13. The standard Model 3325A provides selectable
froml or rear panel 50-ohm signal outpuls. The rear
panel signal cutput is selected by pressing the REAR
QONLY key. The lighted indicator in the center of this
key denotes that the signal ouipul is a1 the rcar panel.

NOTE

The rear panel SIOCNAL owipul is nod pre-
sent on instruments equipped with the High
Voltage Outpur Option 002,

3-14. SYNC OUTPUT.

3-15, A square wave sync outpul is provided at BNC
connectors on both the front and rear panels, This sync
signal is always in phase with the output cignal, with the
sync transition oceurring at the signal zerd crossing, or
when the signal crosses the dc offsst voltage. The outpul
impedance of either front or rear panel sync output is
approximately 50 ohms., When conneeted to a 30-ohm
coaxial cable that is terminated by a 50 ohm resistive
load, the sync signal levels are as follaws:

Low Level =
High level =

< 0.2V
> 1.2V

NOTE

If u syne outpu! is connected 1o a 50-ofum
coaxial cable that is rermingied by o high im-
pedance load (=1 mepohm) the vollage
levels are approxémaiely Iwice the values
given above, However, the improper ter-




Qperation

mination of the 50-chin system will couse
ringing at the pasitive and negative transi-
rions of the syne signal.

3:15. EXTERNAL REFERENCE INPUT.

3-17. The 3325A may be operated with an external
reference to control the standard 30 MHz internal
reference oscillator frequency. The external reference
level must be greater than O dBm (50 ohms), and the fre-
quency must be within 10 PPM of 10 MHz or a sub-
multiple thereof down t¢ 1 MHz (10, 5, 3.33, 2.5, or |
MHz). The front panel EXT REF annunciator will light
to indicate that an external reference i being used. The
internal reference oscillator is phase locked to the exter-
nal reference, and a phase lock detector cireuit causes
the EXT REF light to flash if synchronization is lost.

3-18. 10 MHz OVEN OPTION 001.

3-19. Option 001 is a temperature stabilized 10 MHz
oscillator which provides improved frequency stability
(see specifications in Table 1-1). The cutput from this
oscillator is at the rear panel 10 MHz QVEN QUTPUT
connector, This output must be connected to the EXT
REF input. A special connector, -hp- Part No.
1250.1499, is provided with Option 001 for this pur-
pose.

3-20. MANUAL PRDGRAMMING.

3-21, The following paragraphs describe the procedures
for operating the 3323A from the front panel. Also in-
cluded zre the limits for each parameter,

3-22. Clear Display.

3-23. Pressing the CLEAR key (in the left column of
the DATA group) clears the display to zero. This key is
useful when an error is made while entering data.

3-24. Entry Errors.

3.25. The word “Error” will appear in the display for
approximately one second when an error in programm-
ing occurs. The incorrect eniry will not be accepted.

Moaodel 3325A

3-26. Function Selection.
FUNCT ION

ofolololo
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3-27. Any of the five functions may be selected by
pressing the appropriate FUNCTION key. A light in the
center of the key indicates the present function. Pressing
the same key the second timc removes the ac signal, sct-
ting the output to zero unless a e offsct has been pro-
grammed (sec Paragraph 3-43). When the ac signal is
removed in this way, the instrument automatically
displays dc offset, and the de offset entry key light
comes on, The ac signal can be restored by pressing the
FUNCTION key again. The output signal for cach
function is cemered about zero volts unless a de offset
has been programmed,

NOTE

The standard instrurment signal ORIDH! MUSt
be terminuted by an external 50-vhm load or
sine wave distortion and sqguare Wave over-
shoor may result, particularly at higher fre-
quencies,

3-2B. Fragquency Emrv.

DATA

ASCII
Wumeric Ereor

1 Entry parimeter out of beunds (far example, Freq = 8]
MHz)

2 Invalid delimiter

3 Frequency ioo large for funciion (for example, Function ' w
Trizagle, Feeq = 1t kHz)

Swuep time (oo small or top large

Offset incompatible with amplitude, or amplitude incom-
patible with offset

Sweep frequency (oo laege for function; Sweep bandwidih
Loo small; Start frequency teg small (log sweep); Start fre-
quency greater than stop frequency (log sweep)

Unrecognizable mnemonic received
Unrecognizable daia character received
Option does not exist (High Vollage or Rear/Front)

= ] (&) =)

A lighted indicator in the center of any eniry
key denotes It as the active eniry parameter,
For example, if the FREQ eniry key ine
dicatar is on, it is not necessary Lo press thal
key before entering daa.

3-29. Enter frequency by first pressing the FREQ EN-
TRY key, then the numerical data, followed by the data
suffix {delimiter) key (Hz, kHz, MHz). Numerical data
must be entered most significant digit first, entering the
decimal in the proper place. The frequency parameter is
stored in the 3325A when the delimiter key is pressed.

3-3D. Frequency Limits.
3.31. The minimum freguency for all functions is

1 pHz, The nominal maximum frequency for each func-
tien is shown below the function select key on the front
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Table 3-2. Amplitude Limits of AC Functions.

Peak-tg-Peak

tms dB8m {50 Q)

Fungtion Max,

Max, Min,

Sine 10V
Sguara 10 v
Triangle 10V
t Ramp 10 ¥

+23.98
+26.59
22,22
+27.22

panrel, However, because of the overrange capability of
the 3325A, the maximum frequency {or cach function is
as shown below:

Sine wave 20 990 909 999 Kz
Squarc wave 10 999 699,999 Hx
Trianglc 10 999,999 999 Hz
Positive slope ramp 10 999,999 999 H:
Negative slope ramp 10 992,999 0995 Hz

3-32. Frequency Display and Resalution.

3-33. Frequency is always displaved in Hz, even though
the entry may have been made in kHz or MHz. For ¢x-
ample, an eniry of 1.2 MHz s displayed s
1 200 000.0 Hz, Non-significant zeroes to the right of
the first digit foliowing the decimal point are not
displayed cxcept during a “‘modify’” condition (see
Paragraph 3-68). The maximum resolution is 1 uHz for
{requencies up to and including 99 999,999 99% Hz, and
I mHz for frequencies of 100 000.000 Hz and higher.

3-34. Auxtliary ODutput {Sine Function Only).

3-35. A rear panegl auxiliary output can be used for fre-
dquencics above 19 MHz to a maximum of 60 999
999,949 Hy, The output level is 3 nominal 0 dBm into 50
phms. The owiput automatically switches to the AUX
ouiput when frequencies of 21 000 000,000 Hz or higher
dre programmed. Far this reason, the AUX output is
labeled “*21-60 MH:". Frequencics between 19 MHz
and 21 MHz can be obtained at the AUX ouiput only by
tirst entering 21 MHz or higher, then entering the
desired frequency. For example, if the degired frequency
15 9.5 MHzx, first enter “*FREQ 21 MHz'', then
“19.5 MHz". Then, if a front panel SIGNAL output of
195 MHz (or any frequency between 19 MH:z and
21 MHz) is desired, enter any frequency 19 MHz or
lower, then enter (9.5 MHz.

NOTE

Qnly one signal cutput is active af one time.
A fighted *'21-60 MHz Rear'’ annunciator in-
dicates that the rear panegl AUX, 0 dBm, 2]-60
MHzT owiput Is active. A lighted *“Signal, Rear
Only"! ennunciator indicates that the rear
pangl signal oulpui {5 gotive, Neither light on,
indicates the front panel signal owtput is
active,

3-36. Amplitude Entry.

ENTRY 2 - pata oo

DEEH
O OEE
A [ O =) s

3-37. Amplitude is enicred and displayed with 4-digit
resolution. Press the AMPTD ENTRY key, then the
numerical daia, followed by the V, mV, Vrms, mVrms,
or dBm key. The V and mV keys enter peaksto-peak
valuge of ac functions. Maximum and minimum
amplitudes for each function are shown in Table 3-2,

3-38. The 3325A will cotiverl an amplitude value be-
tween peak-to-peak, rms, or dBm for any function. For
example, if a sine wave amplitude of 10 V p-p has been
entered, press thc Vrms or mVrms key to display the
same amplitude as 3.536 Vrms, or press the dBm key 1o
display the value as (+)23.98 dBm.

3-39. Amplitude Calibratien.

AMPTD OAL

O EXT REF

L MG, T e
SELF TEST

3-40, The 3325A will calibrate the outpul signal when
the AMPTD CAL key is pressed. The output goes to
less than 4 mV p-p while the calibration is in process. An
amplitude and offset culibration is performed auto-
matically whenever the function is swilched and at in-
sirument turn-on.

NOTE

[f A-CAL FAIL appears in the display
momeniurily after an AMPTD CAL opera-
tign, the instrument should he referred 1o
gualified service personne! for repair.

=)
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3-41. High VYoltage Qutput Option 002,

IYNC QUT

O

S —— 20

m_p’mi 7| =B
o ©) Mt ﬂ 2

3-42, The high voltage output is selected by pressing the
key in the lower right corner of the front panef. This op-
lion provides a maximum output of 40 V p-p into a high
impedance. The load resistance must be greater than 500
ohms or distortion will result, particularly at higher fre-
quencies. To assure square wave overshoot < 3% of
peak-to-peak output, the total capacitance connected to
the output should be <500 pF. The same entry pro-
cedures and display features apply as in the standard
operation. Maximum and minimum amplitudes are
shown in Table 3-3. Maximum frequency for sine and
square wave functions is 1 MHz (10 kHz for triangle
and ramps).

NOTE

The rear panel signal output is inactive (no
internal signal connection) if the instrument
has the High Voltage Output Oprion 002 in-
statled. Instructions are given in the
Operating and Service Manual, Section VIH,
Service Group M, for activating the rear
panel signal output in one of iwo ways: 1)
Placing the standard/high voltage oulput on
the rear panel only, disconnecting the froat
panel signal output, or 2) Disabling the high
voltage ouiput and enabling the standard
Jront/rear output configuration.

3-43. DC Oftset.

Model 3325A

Talle 3-3. High Voltage Output Amplitudes (Option DO2).

Peak-to-Peak rms

ﬂ.

Function Max. Min.

Sine 40 V 4 mv
Square 40V 4 my
Triangle 40V 4 my
+ Ramp 40V 4 mV

3-44. Offset Only, No' AC Funetion. When no ac func-
tion is present, the dc voltage output may be programmed
from OmV to £ 5V, with 4 digit resolution, When no ac
function is present, the DC OFFSET entry prefix is au-
tomatically selected. It is necessary merely to enter the
numerical data followed by the V or mV delimiter. The
rms keys cannot be used to enter offset.

NOTE

When the High Voltage Ouiput s selected
{Option 002), minimum amplitude for dc
only (no ac function) is 0.01 mV and max-
imum is 20.0 V.

3-45, Offset with AC Funclion. When dc offset is to be
added to any ac function, there are minimum and max-
imum offset limits which must be observed. These limits
are affected by the ac voltage and the resulting at-
tenuator settings, which are shown in Table 3-4. Figure
3-2 is a set of graphs which show the approximate max-
imum dc offset permissible for a given ac peak-to-peak
voltage. The following equation may be used to deter-
mine maximum offset voltage,

Maximum d¢ offset =

Where A = Attenuator factor (from Table 3-4)
Amptd = Amplitude in V p-p of the ac function

NOTES

1. If an attempt is made lo enier a dc offset
that is too great for the amplitude already
programmed, “Error 5" will appear in the
display momentarily, and the de offset entry
will not be accepted.

2. After a dc offset has been entered, if the
amplitude fac} is then increased beyond the
level where the amplitude and affset are
compatible, “‘Error 3> will appear in the
display momentarily, and the ac amplitude
entry wifl not be accepred,

l<!




Model 3325A Qperation

3. The minimum and maximum permissible number of degrees of phase desired, then press the
O dc offset voltages when the High Voltage ““deg’” key. For a negative phase shift, press the -
3 Output is selected {(Option 002) may be key before entering the numericai data. For square wave
deterniined by multiplying the amplitiee frequencies below 25 kHz, phase changes greater than
and offset values in Table 3-4 by four. This 25° may result in a phase shift % 180° from the desired
afso applies for Figure 3-2. Change the amount.
above equation (for determining maximum 3-48. After entering a phase shift, the new phase may
de offset) to the following: be assigned the zero phase position, and subsequent
changes in phase referenced to that point. To assign
zero phase, press the blue entry prefix key, then press
Maximum de offset = 22 - A2 ASGN ZERO # (PHASE) key.

4. Resolution of a dc offset entry (with ac 3-49. Frequency Sweep.
Junction) is determined by the resolution of
the ac amplitude.

DATA

3-46. Phase Entry.

| ﬂ (2] [[ 3 }] 3 3-50. Frequency sweep is phase continuous over the full

i S frequency range; that is, there are no discontinuities in
o&;{[ - ]] [[ 0 T‘ H . U the output waveform. When the instrument is turned
on, the sweep mode i5 set o linear, and the parameters
are set as follows:

3-47. The phase of the SIGNAL cutput can be shifted Start Frequency t 000 000.0 Hz
up to +719.9° with respect to the 1 MHz REF OUT Stop Frequency 10000 000.0 Hz
(rear panel). Phase shift entry resolution is 0.1°. To pro- Marker Fregquency 5000 000.0 Hz
gram phase shift, press the PHASE ENTRY key, enter Time. ... 1.0 sec

Table 3-4. Maximum DG Offset with any AC Function.

AC Amplitude
Entry Maximum DC Minimum OC Attenuation
{peak-to-peak} Offset |+ or —| Offset Entry Factor

1.000 mVY with 4.500 my
to G.001 mv 1000
3.333 m¥ with 3.333 mV

3.334 mv with 14.99 my
to 0.001 mV 300
9.999 mY with 11.66 mV

10.00 mV with 45.00 mVy
to 0.010 mv
33.33 mV with 33.33 mv

33.34 mv with 149.9 mv
o 0.010 mv
99.99 mV with 116.6 mV

100.0 mV with 450.0 mv
to C. 100 my
333.3 mv with 333.3 mvy

333.4 mV with 1.499 V
to G.100 mV
989.9 mv with 1.166 v

1.000V with 4,500 V
to 1.000 mV
5.998 Vv with 0.001 v
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DC OFFSET

™
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o

[ 2 3 4 5 6 7 8 9
PEAK-TO-PEAK AC VOLTAGE

AC VOLTAGE f MINIMUM OFFSET

I3, 4m¥ YO 999.9mY 0. Imy
22.34mV TO 99_99mv 0.01my
F.5349mY TO 2,938mV 0.001Imy

DC OFFSET

2 3 4 5 & 7 8 9
PEAK-TO-PEAK AC VOLTAGE

AC VOLTAGE MINIMUNM ODFFSET

1Q0.0my TO 333 . 3mV 0. Imv
1G.C0my TO 33.33mV 0.0tmV
1.000mv TO 3.333mV Q.00 0my

HEEEEEEEEEEEE
o | 2 3 4 5 B 7 & 89 10
PEAK-TO-PEAK AC VOLTAGE

33254-30

DC OFFSET

Figure 3-2. Maximum DG Offset With AC Functions.
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NOTE

The Moarker Frequency must be lower then
Stop Frequency by o sufficient wrount 10
permiit the Marker pulse width 10 be approxi-
mgtely 400 microseconds. See Paragraph
3-53.

To change any of the sweep parameters, press the ap-
propriate SWEEP entry key, then enter the desired
data, To select LOG sweep, press the blue prefix key
and then the LOG (TIME) key. The log indicatar should
light. The sweep mode is linear unless this light is on.

TiME

Hi
3
o os—o

Log sweep indicator

3-51. Linear Sweep. In linear mode, either CON-
TINUOUS or SINGLE sweep may be used. Single
sweep is from START to STOP frequency, and either
START or STOP may be the higher frequency. To
begin a single sweep:

Press **RESET/START” key to set output and
display 10 the start frequency selected and reset the
X Drive ramp.

Press “*“RESET/START’’ key again to start the
sweep.
ik
[

SINGLE  MRAK

indicator is ON during a sweep

The output frequency sweeps to the STOP frequency
selected and remains there. This frequency appears in
the display. Continuous sweep is up-down-up, etc., and
begins when the “*START CONT” key is pressed. Con-
tinuous sweep may be stopped by pressing the “START
CONT?" key again, or by pressing ““START SINGLE’’,
“FREQ ENTRY™, or “PHASE ENTRY". The display
will indicate the frequency at which the sweep stopped.
The sweep will stop while any other parameter is being
changed, then will restart. Pressing “AMPTD CAL?”,
“SELF TEST”", ‘“ASSIGN ZERO @', or changing the
function will also stop continuous sweep.

<. SWEEF
\f %_’./Indicator is ON during sweep

3-52, Log Sweep. In cither single or continuous Jog sweep
mode, the stop frequency must be higher than the start
frequency, and sweep is up only. {(Continuous sweep is
start to stop, start to stop, etc.) The minimum bandwidth
for log sweep is one decade. Single log sweep is a line-
segmented log approximation in one-tenth decade seg-

Operation

ments, and continuous log sweep is a two-segment log
approximation.

NOTE

Becatise of the computation fime required by
the control circuits in log sweep, the acrual
stop frequerncy (which is displayed at the end
of u single sweepy will be higher than ihe
selected stop frequency, bul always within
0.25%. The error decreases as sweep lime is
increased.

3-53. Sweep Time. The maximum time per sweep (up or
down) for all sweep modes is 99.99 seconds, with .0l
second resolution for times = 1 second, and .001 second
resolution for times <1 second. Minimum times are as
follows:

Linear sweep, single or continuous. . .0.010 s
Log sweep
Single. ... iiii e 20005
Continuous. .. ... ihveenniiannns 0.100 5

NOTE

In single fog sweep, the sweep tivie is in-
creased by the processing time required
between segments, The time increase (in
seconds) is approximately equal (o

stop frequienc,
045 ( 10 iog siart ?requency )

3-54. Sweep Bandwidth. The maximum sweep band-
width is the full frequency range for the function
selected, except that in log sweep, the minimum fre-
quency is 1 Hz. The minimum bandwidth for log sweep
is one decade. Minimum bandwidth for each function
(linear sweep) is as follows:
(10 mHz/s) x (sweep time)
{5 mHz/s) x (sweep time)
(0.5 mHz/5) X (sweep time)
(1 mHz/s) x (sweep time)

For sweep bandwidths of less than 100 times the
minimum, Bandwidth selected should be an integral
multiple of the minimum,. In linear sweep mode the
sweep bandwidth may be multiplied or divided by two
by pressing the blue prefix key and then “‘Afx2" or
“Af+ 2. These bandwidth modification keys do not
operate in log sweep mode.

3-55. Sweep Marker.

3-56. The marker frequency may be set to any point
within the sweep band up to within approximately 400
microseconds of the stop frequency. If the marker fre-
quency is set beyond this point, the stop frequency will
automatically be increased so that the marker pulse is
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approximately 400 microseconds wide, The following
equanion may be uscd'to determing the approximate
maximum marker frequency:

0004 % bandwidth
sweep time

Max. marker freq. = stop freq. -

The rear pancl MARKER oulput 15 at TTL compatible
voltage levels, It is High at the start of a sweep up, goes
Low at the selected marker frequency, then High again
at the stop frequency. Mo marker output is present dur-
ing sweep down or during a fog sweep. Set the marker
frequency by pressing the “MKR FREQY key and
entering the numerical data and the frequency suffix.

3.57. The sweep band can be moved up or down to
center on the marker frequency by pressing the bloe
prefix key and then the MKR — CF(MKR FREQ) key.
This does not change the sweep bandwidth unless either
the new upper or lower limit would be beyond the fre-
quency limit for the present function.

3.68. Sweep X Drive Dutput.
3-59. The rear panel X DRIVE output is as follows:
Linear sweep:

Single: 0 V at start, increasing linearly to > + 10V
at stop, whether the sweep is up or down. Re-
mains at cssentially this voltage until reset prigr
to the start of another sweep. (Voltage will drift
downward less than 10 mV/3.)

Continyous: Increases linearly from 9 V to
> + 10 V during sweep up, then goes to 0 V at
beginning of sweep down and remaing at § v
during sweep down.

Log sweep: Srarts at § V and ingreases to > + 10 V
with the sweep segments.

NOTE
The X DRIVE outpit has ¢ nominal voliage
of +10.5 V ot the end of o sweep. This final
vollage is specified to be gregier thar 10.0V
to ensure compatibility with oscilloscopes
having a forizomtal sensitivity of 10.0 V for
futll-scresn deflection.

X DRIVE guiput voltege is linear with time
in both linear and log sweep modes,
3-60. Sweep Z Blank Qutput.

3-61. The Z BLANK, output voltages are TTL compati-
hie, amnd the output logic levels are as follows:

Linear sweep:

Single; Goegs 1,OW at siari of sweep, HIGH at stop,
whether the sweep is up or down. Remains
until start of next sweep.

Continuous: LOW during sweep up, HIGH during
sweep down.

310
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Log sweep: Goes LOW al start {requency, HIGH at
stop. In single sweep, remains HIGH urttil start of
next sweep. [n continuous sweep, is HIGH momen-
tarily at stop frequency.

When the Z BLANK output is low, it is capable of sink-
ing current through a relay or other device, The max-
imum ratings are:

Maxirmum current sink: 200 mA
Allowable voltage range: O V to +45 V dc
Maximum power (voltage at output x current): | W

- 3-62. Amplitude Modulation,

3-63. To program amplitude modulation, press the blue
prefix key, then press the “AM ON*’ (STORE) key- To
remove the modulation, press the blue key, then **AM
OFF” {RECALL). The display shows ““A ON"" or “A
OFF” momentarily 1o indicare the status of the
amplitude modulation, The status of phase modulation
(P ON or P QFF) is displayed at the same time, The
modulation input must be connected to the rear panel
AMPTD MOD input. The impedance of this input is
20 kI (10 k2 when AM is OFF).

3-64. When amplitude modulation is prograpamed, the
amplitude of the output signal (with no modulation) is
halved; however, the dispiay still indicates the program-
med amplitude. Then, when the cutput (carrier) is
modulated 100%, the maximum amplitude of the
modulated cutput equals the programmed amplitude. A
madulation input of approximately 5 V peak results in
100% modulation. Modulation frequency may be 0 to
50 kHz. If amplitude modulation is ON when 3325A
functions other than sine wave are selected, the output
may be gated, depending on the level of the modulation
input. Amplitude modulation should be used only with
the sine wave function, and the modulation input
should not exceed +10 V peak.

3-65. A dc voltage may be applied to the AMPTD
MOD input to control the 3325A output lovel, or a pulse
may bc used to gate the output. Approximatcly +3 V
cuts off the output signal, while approximately -5 V
doubles the output. (Maximum output is 10 V p-p.} DC
or pulse inputs should not exceed =35 V peak.
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3-66. Phase Modulation.

3-67. To program phase modulation, press the blue
prefix key, the the “‘6M ON*»’ (CLEAR) key, and to
remove phase modulation, press the blue key, then “*6M
OFF*’ {-). The phase modulation signal at the rear panel
PHASE MOD input may be up to £ 10 V peak. The in-
put impedance is 10 kf. The modulating signal frequen-
cy may be de¢ to § kHz. An input of +35 V results in the
following approximate phase deviation {+ 170° per volt
for sine function):

3325A Function Phase Deviation
Sine + 8350°
Square +425°
Triangle +42.5°
+ Ramp + 85°

3-68. Modify Keys.

@

28]

3.68. The numerical data of any parameier may be
changed by use of the MODIFY keys. First press the
prefix key of the parameter to be modified, placing the

information in the display. Next, pressthe 0 or
key to move the bright digit cursor to the digit you want

to modify. Then pressthe ¢ or {J key momentarily

to increase or decrease the value of that digit by 1. If the
modify key is held, the digit will continue to increment
or decrement after a slight delay. As the modified digit
passes ¢ (incrementing) or 0 (decrementing) the digit to
its left will increment or decrement.

3-79. Stere and Recall.

3-71. An entire program may be stored in any one of 10
registers by pressing the ““STORE 0-9"° key, then the
register number. This stores all the information that is
in the current program memory, Qther programs may
then be entered. All stored information is lost when
powes is removed from these circuits by setting the
POWER switch to STBY or disconnecting ac power
from the instrument.

Operation

NOTE

Any phase information stored is invalid when
recalled because the instrument perfornis un
wmplitude calibration on RECALL., Phuase
refarionship between rhe output signal and
ihe reference is nor mointained when
AMPTD CAL occurs,

3-72. OPERATOR'S CHECKS.

3-73. The following checks provide the operator with a
means of determining whether the instrument is opera-
tional, They are not intended to verify any specifica-
tions. If the instrument fails any of these checks, it
should be referred to qualified service personnel for
repair.

3-74. Self Test.

3-75. Press the blue prefix key, then SELF TEST
(AMPTD CAL). All the front panel display and annun-
cialor LED's should light for approximately two
seconds, then the instrument performs an automatic
calibration of the sine, square, and triangle functions
and the display indicates momentarily whether each tesi
passed or failed. The dc offset is also checked in these
tests.

NOTE

If the display reads OSC FAIL at any time,
the frequency synthesis circuits are not func-
tioning properly. Refer the instrument !0
qualified service personnel for repair.

3-76. Output Checks.

3-77. An oscilloscope (-hp- 1740A or equivalent) is re-
guired for these checks. Connect the 3325A output
through a 50-ohm feedthru termination {-hp- 11048C)
to the oscilloscope input {input dc coupled), or set the
1740A input switch to 50 ochms.

FUNCTIONS
a. Make the following 3325A keyboard selections:

FUNCTION
FREQUENCY
AMPLITUDE

b. Set the oscilloscope controls as follows:

Vertical 5 V/div
Horizontal . .............. .. ... 0.5 ms/div
Trigger

c. Adjust oscilloscope controls for a stable display,
which should show a sine wave approximately two divi-
sions peak-to-peak and one cycle per division.
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. Select square wave, triangle, positive slopg ramp,
and negative stope ramp and verily that cach function
indicates  the same frequency and  peak-ta-peak
amplitude.

AMPLITUDE AND DC OFFSET
o, Set the 3325A as follows:

FUNCTION
FREQUENCY
AMPLITUDE
. Set the oscilloscope controls as follows:

2 V/div
cerecan e s J 5 msddiv

Vertical
Harizonmal, ..., ..
Trigger

g. Oscilloscope display should show one squars wave
per division, § divisions peak-to-peak vertical. This
checks the owtput with no attenuation. Actual display
will depend  greatly upon  ihe  accuracy of the
wscifloscope ampliliers and display.

. Change 3323A amplitude to 1 ¥ p-p, and change
wseilloseope vertical o .2 VAdiv., Oscilloscope display
should again be § divisions peak-to-peak, This checks
the =+ 3 attenuvator section.

. Change 3325A amplitude 10 500 mV p-p, and
change osciltoscope vertical to .1 V/div. Oscilloscopa
display should be 5 divisions peak-to-peak. This checks
the = [0 atlenuator section.

J. Change 3325A amplitede 10 530 mV pp, and
change oscilloscope vertical to .01 V/div. The square
wave display should be 5 divisions peak-to-peak. This
cheeks the « 100 attenuator section.,

k. Press the 3325A SQUARE WAVE FUNCTION
key 1o remove the square wave output. The indicator in
the DT QFFSET Entry key should light and the 3323A
display should show 0.0 mv.

L Sel the oseilloseope vertical control to 2 V/div.
Cirvund the input and set the trace to the center line. Sel
input 1o de coupled.

m. Enter 5V offset in the 3325A. The oscilloseope
trace should be 2.5 divisions above the center line. Enter

5 ¥ oftset in the 3325A. The oscilloscope trace should
gor to 2.5 divisions below the center line,

n. Enter BV offset in the 3323A. Trace should be on
the center line,

FREQUENCY
0. Set the 3325A s Tollows:

FUNCTION
FREQUENCY
AMPLITUDRE. ... e 10V pp

3-12
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1. Set the oscilloscope controls as Tollows:

Vertical
Haorizontal. ... .. ... ... ... D ms/diy

q. Oscilloscope display shoutd show one cvele of sine
wive, which should be free of any apparcat ir-
regularities,

r. Enter 20 MHz in the 3325A. Change oscilioscope
honizéntal o 05 ps/div. Oseilloseope should display
one cycle of sine wave per division.

HIGH VOLTAGE OQUTPUT {(QOPTIQON 002)

5. Remove the 50-ohm feedthru termination between
the 3325A cuiput and the oscilloscope input. Press the

key in the lower right corner of the 3325A front pancl 1o
select the High Vollage output.,

. Sct the 3325A as ollows:

FUNCTION
FREQUENCY
AMPLITUDE

u. Set the oscilloscope vontrols as follows:

Verlical Covrrr e 10 Vgl
Horzontal, o000y 0.5 ms/div

v. The oscilloseope display should show a sine wave
Four divisions peak-to-peak, one cycle per division. This
checks the high voltage output amplificr.

3-78. OPERATOR'S MAINTENANCE.

3-79. Maintenance by the operator is limited to cleaning
or replacing the rear panel fan filter, or replacing the ac
line fuse an the rear panel. Generally, it the ac line fuse
requires replacement there is a failure within the instru-
memt, which should be referred to qualified service per-
sonnel, Disconnect the ac line cord belore eeplacing the
fuse. Be sure (o use the corregt ceplacement fuse:

Nominal Line Voltage |

Fuse | -hp- Part No.

1007120 v I A
2207240 ¥ 05A

Z114-0001
2110-0012

3-80. The fan filter should be ingpected frequently and
cleaned or replaced as necessary to allow free Now af
air. To remove the filter, disconnect ac power frem the
instrumert and remove the four nuts that secure the
filter relainer. Remove the filier and wash thoroughly
wilth soapy water, rinse clean, and air dry.

3-8%. HPIB OPERATION.

382, The Model 3325A 15 remotely controlled by
meany of the Hewleit-Packard Interface Bus (HP-1B).
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The following information gives a general description of
the HP-IB and decfines' the terms, concepts, and
messages used in an HP-IB system. It also lists the
capabilitics and regquirements for programming the
3325A. Program cxamples using a specific Hewlett-
Packard caleulator as the system controller may be
found in the Supplememal Programming Information,
Appendix 3-A at the rear of this section,

NOTE

HP-IB is Hewlett-Packard Company’s
implementarion of IEEE Standard 488-1978,
“Standard Digital Interface for Program-
mabie Instrumentation.

3-83. General HPIB Description.

3-84. The HP-IB is a parallel bus of 16 active signal
lines grouped into three sets according to function, to
interconnect up to 15 instruments. Figure 3-3 is a
diagram of the interface connections and bus structure.

3-85. Eight signal lines form the first set and are termed
“‘data’ lines. The data lines carry coded messages which
represent addresses, program data, measurements, and
status bytes. The same data lines are used for input and

Operation

output messages in bit-parallel, byte-serial form. Nor-
mally, a seven-bit ASCII code represents each piece
(byte) of data, leaving the eighth bit available for parity
checking.

3-86. Data transfer is controlled by means of an inter-
locked ‘*handshake’’ technique which permits data
transfer (asynchronously) at the rate of the slowest
device participating in that particular conversation. The
three data byte transfer control lines which implement
the handshake form the second set of lines.

3-87. The remaining five general interface management
lines form the third set and are used in such ways as ac-
tivating all the connected devices at once, ¢learing the
interface, ete, Table 3-5 defines each of the management
lines,

3-88. Definition of HP-IB Terms and Concepts.

Byte - A unit of information consisting of gight binary
digits (bits).

Device - Any unit that is compatible with the IEEE Stan-
dard 488-1978.

Device Dependent - 1. An action a device performs in
response 1o information sent on the HP-1B, The action
is characteristic of an individual device and may vary
from device to device. 2. The data required to com-
municate with a particular device.

Abile 1008tk [sten,
g eontrcl

(e, calculator)

DEVICE B

Able 1o 12l and
lire

{eg., digital voitmererl

DEWVICE C

Oinly sble 10 limen

g, dpel guAMMION)

I8 tigrel line}

| Data Byt Transter
ol

(HANDSHAKE) Lines

Management [CONTROLI Lines

DEVICED

Oy sbr to tele

Cag., Tapee rasdar

Figure 3-3. Interface Connections and Bus Structure.
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Table 3-5. General Intarface Management Lines.

Mame Mnrermenic Description

Attention ATH Enables a devige 1o interpret
data oh the bus as a controller
command {gommand model or

data transfer (Data Mode).
Interfoce Initializes the HP-I8 system to an
Clzar e state (no sctivity on the
bus. )

Alerts the controller 10 a4 need
for communigation.

Service
Requegt

Places instruments under re-
mote program control.

Indicates |ast data transmission
during a data ransfer sequence;
uwsed with ATN 10 poll devices
for their status.

Remote
Enabla

Endt Qr
Identify

Operator - The person that operates either the system or
any device in the syslem.

Address - The characiery sent by a controller to specify
which device will send information on the bus and
which device(s) will receive information. A device may
also have its address fixed so that it may only receive in-
formation {listen only) or only send information {talk
oniy).

Polling - Polling is a means by which a controller can
identify a device thal necds interaction with it, The con-
iroller may poll devices for their aperational condition
one a1 a time, which is termed a serial poll, or as groups
of devices simultaneously, which is termed a parailel
noll.,

3-84. Basic Device Communication Capability.

3-90, Devices which communicate along the interface
bus Tall into three basic categories.

TFalkers - Devices which send information on the bus
when they have heen addressed.

Listeners - Devices shich receive information senl on
the bus when they have been addressed.

Controllers - Devices that can specify the talker and
listener(s) for an information transfer. The controller
can be an active controller or a system controller. The
active controller is defingd as the current conérolling
device on the bus. The system controller can take con-
trol of the bus even if it is not the active controller. Each
system can have only one system controller, even if
several controllers have system control capability.

3-91. Message Definitions.

3-92, Information is transferred on the HP-IB from
one devige to one or more other devices in quantities

3-14
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called ““messages’’, Some of the messages consist of two
basic parts, the address porlion and the information
portion. Others are gencral messages (o all devices,
Messapes can be ¢lassified into twelve types, which are
referred to as *‘meta messages’’. These are defined in
Table 3-6. A block diagram preseniation of meta
messages and their implementation will be found in Ap-
pendix A-3 at the rear of this section.

NOTE

The meta message in f1sell s not o pro-
gram code or an HP-18 command, 1 s only
intended as a raol 10 transtate o program writ-
ten g an afgorithm inte the condrofier's code.

3-93. 3325A Response to Messages.

3-94. The 3325A iy capable of implementing only those
messages indicated in Table 3-7. In order for ihose
messages to be implemented, certain bus actions are re-
quired, which are shown in the Interface Functions ¢ol-
umn,

3-95. HP-IR Work Shest.

3-96. A work sheet is provided at the end of this section
for listing the address and message capabilitics of cach
instrument in your HP-IB syslem. When this sheet is
filled out, it will provide a summary of the system
capabilitics.

3-97. HP-IB Addressing.

3-98. Certain mossages require that a specific tatker and
listener be designated. Each insirument on the bus has
its own distinctive listen and/or talk address which
distinguishes il {rom other devices. The 3325A receives
programming instructions when addressed (o listen,
When addressed 1o talk, it will respond to the instruc-
tions it received prior to being addressed to talk, such as
an interrogation or serial poll,

31-99. Addressing usually takes the form of “‘universal
unlisten, device talk, devicefs) listen™. The univérsal
unlisten ¢command removes all listeners from the bus,
allowing only the listener(s} desipnated by the device(s)
listen parameter to receive information. The informa-
tion is sent by the talker designated by the device ralk
parameter. The system controller may designate ilself as
gither talker or listencr.

3-100. 3325A REMOTE PROGRANMMING.
3-1M. 3325A HP-IB Capabhilities.

3-102, Table 3-8 lists the HP-1B capabilities of the 3323A,
which are compatible with TEEE Standard 488-1973.
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Table 3-6. Definition of Meta Messages.

Cefinition

The actual infarmation (hinary
hytez} which is sent fram 8
talkcr 1o one Qf more listerers.
The infarmation or data can bein
a numeric form o @ string of
characters,

Trigger Tha trigget Message causes the
listening deviceds) to perform a
device-dapandent action.

Clear A cloar rmessage will cause 8
devicels) to return 0 8 pre-
defingd device-dependent state.

Romote The rurmote message causes the
ligtgning device(s) to switch
fram local front panel contral,
to remote program conteal, This
message remains in effect so
that devices subséfuently ad-
dressed o bsten will go imo
remote operation.

This message clears the reémote
message from the listening de.
viceis) ang returns the davice(s)
to lpcal fromt panel control.

Local Lockoul The Ipcal lockoul message is
implemented to prevent the de.
vice aparator from manually in
hibiting remate program control.

Claar Lackout and This message causes all devices
Sct Local te be removed from the local
lpckout mode and revert 1 local.
It will alac clear the r@muLe mes-
sage for all devices,

Roguire Service A device can send this mes-
sage at any time to signify thet
it nesds some (ype of inter
action with the contraller. The
messape i clearsd by the de-
vice's status byte message if it
no longer requires service.

Messagc Dafinition

Sigtus Byte A byte that repregents the stutus
of z single device. One bit indi-
cates whethar the device sent
the roquired SErvice megssage
and the remaining 7 bits indi
cate operational comditions de-
fined by the device. This hyra
i sent from tha tzlking device
in response Lo & 'Serigl Poll'”
operation performed by 8 con-
traller.

Statug Bit A byte that represems the opera-
tional canditions of a group of
devices on thu bus, Each de-
vice respongs on a particular bit
af the byte thug identifying a
device dependent conditian. This
bit is typically sem by devigces
in responsa to a parallel poll
oparation.

The status bit message can glso
he used by a conirallgr ta spaci
fy the particular bit and logic
leyel that a devica will respond
with whin a parallel poll oper-
gtion is performed. Thus, maord
than ong device may respand an
the same bit.

Pass Control This messege transfers the bus
management rasponsibilities
from 1the agtive controller to
anothar contraller,

The system controtier sends the
abort message 0 uncgndition-
glly assume controf of the bus
fram the active comrglier. The
message will terminate all bus
communi¢atliong but dges not
implement the clear message.

3-103. Developing an HF-IB Program.

1-104, Basically, the 3325A 0s programmed remotely in
the same manaer as it is programmad manually. The se-
guenge in which the various parameters are pro-
grammed 15 ool important. Al the end of this section
CEED there s & summary of the HPJIB Programming
Codes, This chart may bg removey from the manual
and//or copied to be used as a programming reference.,

NOTE
ft gy be necessary 1o refer (o sQpie paras

srdis on nuintial operation for descriptions
af cerrein signals and reguirernents,

Q 3-105. Beveral steps are necded o develop an HP-IB
pmgrmn,

a. Compleicly define the operation{s) the system s
required to perform.

b. Write the program in flowchart or algorithm
form. (An algorithm may be defined as a fixed siep-by-
step procedure for finding a solution (o a problem.) Use
the key words for meta messages shown in Table 3-6 in
developing the program. The twelve key words arc
repeated here lor reference.

Data

*Trigger

Clear

Remaote

Local

Local Lockout

Clear Lockout and %et Logal
Require Service
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Table 3-7. 3325A Implementation of Messages.

Model 33254

Mesgsage

implamentation”

Intetface Functions™®*

Sender Receiver

33254 Response

Dats

Trigger

Clear

Remote

Local
Local Lockout

Clear Lockout and
Set Local

Reguire Service
Status Byte

Status Bit
Pass Control
Abort

SR T, SH L", AH

NA
R ID-LIST C, 5H

och, L, AH

ALL C, 3H DC. AB

RL™, L, AH
RL. AH

Remote Enable
ID-LIST,C,.8H

RL", AH
RL, AH

C,, SH
C. SH

Will send or receive as
instructed

Device Clear sets 332BA
to initial turn-on condi
tions. See Para. 3-8.
Gopas to Remote, Can be
set to Local by LOCAL
key.

Goes to Local.

Goes to Remote. Cannot
be get to Local by LOCAL
key.

Goes to Local from Local
Lockout.

Sets SRQ True.

Sends byie which indi-
cates if sarvice renquired
ang reason.

Unaddress

'S = 3end Only
R == Receive Only
5R = Send and Recgaive
NA - Not Applicable

* *5H = Source Handshake
AH = Acceptor Handshake
T=Talker {includes TE = Extended Talker)}
L = Listener {includes LE = Extended Listener)

SR = Sarvice Request

RL = Remote/Local

PP = Parallel Foll

DC = Device Clear

DT = Device Trigger

C=Any Controller

Gy =4 specific controller {for example, Cu, Cpl
C, =The System Controller

X" = Indicates replication n times

Status Byte
*Status Bit
*Pass Control
Abort

Table 3-8. Interface Functions.

Function

Source handshake capability

Acceptor handshake capability

Basic talker; Serial Poll;, Unaddressed to talk if
addrgssed 1o listen

Basic listener; Listen Only; Unaddressed to
listen if addressed to talk

Service Aeguest capability

Remote/Local capability

Mo parallel poll capahbility

Device clear capability

No device trigger capability

No controller capability

Open collector bus drivers

*Not implemented by the 3325A
NOTE

The meta nressage in itself is nof a program
code or an HP-IB command. It is only in-
tended as a rool to translaie a program
written as an algorithm into the controller’s
code.
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. Definc the operation in program codes that the in-
strument can use. Each instrument has its own sel of
program codes which are ASCILI characters. The 3325A
program codes are shown beginning with Paragraph
3-120 or Table 3-9.

d. Convert the program into the controller's
language. The conversion information is supplied with
each controller. For example, the -hp- 9825A Calculator
Extended 1/0 Manual provides a ¢hart for program
code conversion.

NOTE

Examples for controfling the 33254 with a
specific Hewlett-Packard calculator are pro-
vided in the Supplemental Programming In-
Jormarion, Appendix B-3 at the rear of this
section.

3106, Block diagrams and explanations of the meta
messages that apply to the 3325A are shown in Appen-
dix A-3 at the rear of this section.

3-107. Universal and Addressed Commands.

3-108. The 3325A will respond to the following univer-
sal and addressed commands, which are sent in the com-
mand mode (ATN true),

Muoemonic Command ASCII Code
Universal:

*DC1.  Device Clear D4
LLO Local Lockout DCl
MLA My Listen Address {5electable)
MTA My Talk Address {selectable)
SPD  Serial Paoll Disable EM

SPE  Scrial Poll Enable CAN
UNL Unlisten T
UNT Untalk -
Addressed;
GTL
*SDC

Go to Logal S0OH
Selected Device Clear EOT

*DCL and $DC commands et the 3325A to its initial
turn-on conditions (ses Paragraph 3-8) and cause an
AMPTD CAL operation. Any data in the HP-IB input
buffer is lost. The storage registers, SRQ masking, and
the status byte are not affected.

3:-109. Placing the 3325A in Remote.

3-110. The 3325A will go to Remote when ATN s true,
REN 35 true, and it receives its listen address,

3-111. The 3325A Address.

Operation

3-112. The 3325A address is normally sel sl the faclory
o

ASCl 5-BiL
Characler Octal

(5-Bit Oeral Equivaient)
Degimal  Hexadeeimal

Lisien I it i7 1
Talk Q at 17 1

The 3325A can be made to display its address in decimal
code by pressing the blue prefix key and the BUS ADRS
(LOCAL) key.

NOTES

i. At programming s shown in ASCH
code.

2. Table 3-9 Is g summary af the 33254 pro-
gram data messages and program  times,
Table 3«10 lists program codes in binary,
octad, decimal, and hexadecimal, At the end
of this section ({11} there is also a summary of
the HP-IB programming codes, This chart
may be removed from the manual and/or
copted (o be used av g programming
reference.

3. The following front panel key actions can-
no? be remotely programmed:

Modify group

Sweep bandwidth % 2

Sweep bandwidth + 2

Set sweep center frequency o marker fre-
quency

Display bus address

Clear dispiay

4. The 3325A must be set to REMOTE and
addressed 19 LISTEN before it will accept
device dependen! data messages.

3-113. 3325A Data Message Formats.

3-114. The following are valid programming strings
(data messages) for the 3325A:

Mnemonic, Data, Delimiter, EOS
Mnemonic, Data, EOS
Munemonic, EQS

I, Mnemonic, EOS

Where 11is the ASCII character | and BEOS is the end-of-
string character, which is required for Data Transfer
Mode 2 (sce following paragraphs). Valid EQS
characters are:

LF = Line Feed = 12 actal
* = Asterisk = 52 oetal
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Table 3-3. Summary of 3325A Programming {ASCI| Characters).**

Parameter or
Oparation

Mnamonies
ASCI
Code

ASCIH

Code Delimiters

Approximete Programming Timne*

Data Transfer Made
Data Modg 1
Data Mode 2

=MD
a MD

1
2

MA

MD=4.5 ms

Function

=FLJ

0=DC Unly
1=5ina

2 = Square

3 ="Triangle

4 =Positive Ramp
5= Negativa Ramp

FU=1%00 mg

Frequancey

= 11 Digits
and Decimal

HZ =Hertz
KH =Kilohertz
MH = Magahertz

FR=7.0ms
Each digit or decimal=2.8 ms
HZ, KH, of MH=12.5 ms

Amplitude

= & Digits

and Decimal. Also
— sign it negativa
dBm. + sign is val-
id but not requirad.

VO =VYolts [p-p}
MY = Millivalts {p-p)
VR=Volts rms

MRE = Millivalts rms
DE=dBm

AM=6.8 ms

Each digit, decimal or degimal= 2.8 ms
VO or MY =90 m3

YR or MR =130 ms

DB=2b0 ms

DC Offset

= 4 Rigits and
Decimal. Also —
sign if negative de
offset. + sign is
valid but not
reguired.

VD =VYohs
MV = Millivohs

0OF=6.8 ms
Each digit, decimal, or — sign= 2.8 mz
VO or MY =82 ms

Phasa

= 4 Digits
— minuz sign

CE =Degrecs

PH=5 ms; DE= 28 ms
Each digit and — sign=2.8 m=

Sweep Start Frequency
Sweep $top Fraquansy
Swaep Marker Frequency

= 11 Digits
and Decimal

HZ = Hertz
KH = Kilohertz
MH = Megahariz

ST, 5P, or ME=7.0 ms
Each digit or decimal=2.8 ms
HZ, KH, ot MH=10.3 ms

Sweep Tims

= 4 Digits
and Decimal

BE =Seconds

Tl=5.5 ms; SE=7.0 ms
Each digit and degirmal= 2.8 ms

Sweep Mods
Linear
Logarithmic

1
P

EM=4.5 ms

Rear or Front Panel Cutput
Frant Pane!
Rear Panal

1
2

RF=44.5 mz

Stora Progran
Recall Program

1 Digit, 0-9

SR=11 ms;
RE=1700 ms

Execution Functions
Aagign Zerg Phass
Perforim Auto-Cal
Start Single Swaep
Start Continuous Sweep
Perform Sal-Test

Na

AP=5.2 mg
AC= 1500 ms
85 =300 ms
SC =300 ms
TE=10,000 ms

interrogate Program Errgr

IER=11.5 ms

Interrogate Entry Farameicrs
Fraquancy
Amplitude
Offzet
Fhage
Swaep Start Frequency
Sweep Stop Frequency
Hwasp Marker Frequency
Swegap Time

IFR=10 m=
IAM =88 ms
I0OF=9.8 ms
IPH=8 ms
IST=10 ms
ISP=10 ms
IMF=1Q ms
T« §.5 ms

Imterrogate Funetion

NA

IFU=1603 ms

Mask Service Requests

See Para.
3-144

M5=4.5 ms

Binary (ON/QFF} Functions
High Vealtage Output
Amplitude Modulstion
Phase Modulatign

=HV
= WA
=MP

QFF=0
ON=1

HV =48 ms
MA=7.0 ms
MP=7.0ms

3.18

**%er Note 2 follpwing Paragraph 3-112,

*Program times are in addition to the data tranzfer time of 225 to 250 ps per byte.
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Tahle 3-10. Pragramming Codes,

@

. ASCI Binary Decimal kexadecimal
Ingtruction Characters Code Code Codse

Entry
Fraguency 70 46
B2 52
65 a1
77 40
78 4F
7C 48
80 50
72 48

Amplitude

Offser

Phase

IMNoZE|a
JEFRFY PR [y
[+Rad s Ral [wlwl jule)
Q= |o0Oo|lao|—=O
= Qg =000
ool =lao|lo =
Q0| —=|oC|—= -
oola—=|==|Cco

Sweep

Start Frequenay 83 53
g4 54
23 532
80 50
77 40
70 486
84 54
73 453
B3 53
[-xd 43
83 83
83 E3

23 53
i7 4D

Stop Frequency

aD|=

Marker Frequancy

Time

Start Continuous

Start Single imust bg sent fwice)

Sweep Mode

—_ o |t e |k e | ek oamd b ek [l
co[soloe|loo|volooloo
O |m~log=|lojoa]-=|- =
—o|volco|-olec=kbaoloe

- |cooa|lt—=]—==
[ JESY PPN BN PN LY T PO

SMAN| - - E |-

Numerica) Data
48 30
49 el
BR a2
g1 an
52 34
83 28
54 26
5E a7
g8 28
&7 34
45 2E
456 20

40 3 e LA —
o RN L R LR ]

EY

QOO0
e ke T -

JAdecimal)
- {minwus]

Data Suffix (Dehmiter)
Hertz

[ Y - U R IR VS N S
il =l > vl v oleRo) ol
— e (D ek DD O
=00 =a 30200
=0 =000 -0

72 48
50 54
75 AR
72 18
77 4D
72 44
86 56
79 4F
77 2D
86 56
86 56
82 52
77 1D
82 52
68 44
66 a2

&8 44
€49 45
83 53
89 45
B3 52
52 52

52 52
&9 45

Kilohertz

Megahertz

Volts (pep ar do)

Millivolts (p-p or del

Volts rms

Millivalts rms

dBm

Degroas

Seconds

Store

Recall

mpRRmMmumMOo@EBE]n<|<Z|CO<|T=E|TAMNI
A | e i | et ek ] b e | et i | e bl h ik e | ok e ek o | e o [

QA O|OO|CTOQOo O

Aalaclos|looloo]lagl= -~

Oa|la=lao—~|ao|-a]l-c] s | a|la=s]loaleaas|l-g
=] Rl Bl Bl =10 Eul o NNl bl Bole] [« B0 Ew il e Yol

QOO o|0OO0CO QOO COd = —=0O)— 2= == —
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Tahls 3-10. Pregramming Codes (Cont'd}.

Mods] 3325A

Instruction

ASCI
Charactars

Binary
Code

Decimal
Code

Hexadésimat
Code

High Valtage Quiput

T2
86

48
56

Modutation-Amplitudsg

77
&5

a0
a1

Medulation-Phase

77
g8a

4D
50

Rear or Front Quiput

82
70

52
45

Data Transfer Moade

77
B8

30
a4

Assign Zere Phaze Reference

B85
go

a1
50

Ferform Auto Gal,

1]
57

A7
43

Ferform Salf Tast

84
312]

54
45

Mask SRQ

77
33

40
53

Intarragate (Parameter)

73

49

Interrogate Errar

M=l m-AlOMITHOZ Moo

RN Ry Y ) ) RN S ) e R R B
alalollslfalael fola BaRe JoRoiRelo Eanye Lajeliedeyops]
=Nl fal Rl Fe i R=R= egaiiiale oy E_JalRnle)Eole]
o2 osonjoyoao—Sooo |0

= OO Oi—-0|0G| 2O SO0 —-~{0Oo0a|=0
O s sfos]oolm—o=slo=lcolo=~=|CcO

=000 als =0 O === 20|20

73
59
a2

49
45
52

EGS (End of String)
Ling Feed
Astarisk

ao
-
oo
oo

ao

10
42

A
ZA

Line feeds and Asterisks (EQS characters)
are ignored. No other device dependent data
communications are permitted on the bus
until the entire 3325A program string has
been accepted and all but the last character
processed,

All spaces (40 octal}, carriage returns (13 octal), com-
mas (54 octal), and all lower case alphabetics are ig-
nored by the 3325A.

NOTE

A prograw: String may program one pard-
nteier or alf parameters. For example, the
string "FU2FRIOKHAM3 VO programs the
Jollowing:

Data Mode 2. Device dependent characters
are accepted and stored in an internal buffer
and not processed until the EOS character 1s
received or the buffer is filled (48 bytes),
Conseguently, other communications on the
bus are permitted after the program string
has been accepted (at the rate of approx-
imately 150 to 200 microseconds per
character). If the program string contains 48
characters or more, the 3325A will hold up
the bus while it processes the 43 characters
before accepting and storing the rest of the
string. Because the instrument turns ¢n in
Data Mode 1, Mode 2 must be programmed
rernotely. it will then remain in Mode 2 until
Mode 1 is programined or until the POWER
switch is set to STBY.

FU2 = Sguare wave function
FRIOKH = 10 kHz
AM3V0 = 3 Vpp

The EOS character should folfow the com-
plete string, or @ maximum of 48 characiers
(see Paragraphs 3-115 through 3-118).

3-115. Data Transier Mode,

3-116. The 3325A accepts data from the HP-IB in
gither of two modes. If speed of communication is a
eritical factor on your HP-IB system, Mode 2 is prefer-
rable. The characteristics of the two modes are:

3-117. While the 3325A is processing data it will accept
and respond to universal commands. For this reason,
when operating in Mode 2, the controller ¢an send a
program siring (48 characters or less) to the 33254, and

Thata Mode 1. The 3325A turns on in Data
Mode 1. In this mode, each device dependent
character (byte) is processed when received.

320
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while this data is being processed the controller can
unaddress the 3325A to listen and thén comrnunicate
with anether device. However, if the string is more than
48 characters, the bus will be held up until the first 48
characters have been processed and the remaining
characters accepted. In order for the bus to be used dur-~
ing 3325A processing time for communication between
other devices, a program string greater than 48
characters should be divided and an EOS character sent
after (or al a convenient place before) the 48th byte. The
remaining program can then constitute a second string.
While the 3325A is processing input information, a
“Busy'’ flag is s¢t in the status byte (see Paragraph
3-136). This flag can be used 1o determine when the
3323A has finished processing.

NOTE

The 33254 will handshake bus communica-
tions even though the POWER switch is set
ta STBY. This will not interfere with the
operation of the bus unless it was sel to
STRY while addressed to taik. Before it is set
lu STRY, make sure It is not addressed to
ralk, or else disconnect the HP-IB cabie
Jrom the 33254, The addressed 1o talk con-
dition can be cleared by un IFC command,
even when the 3323A is in Standby.

3-118. Programming Data Fransfer Maode.

3-119. Instructions for programming Data Transfer
Mode are included in Paragraph 3-126.

3-120. Programming Entry Parameters.
3-121, The 3325A entry parameters are:

Frequency

Amplitude

Offset

Phase

Sweep Start Frequency
Sweep Stop Frequency
Sweep Marker Frequency
Sweep Time

The programming syntax for these parameters is:
Mnemonic, Data, Delimiter, EOS
NOTE

Al program codes are shown in ASCIf
characiers.

Valid mnemonics:

FR = Frequency
AM = Amplitude
OF = Offset

Mpeldhilil

PH = Phase

ST = Sweep Starl Frequency
8P = Sweep Stop Freguency
MF = Sweep Marker Frequency

TI = Sweep Time

Valid data:

0 thru 9 = ASCII numerics (if wo many
digits are sent, the extra digits will be
ignored or rounded)

+ = ASCII plus sign (plus sign is accepted
but not required)

— = ASCII minus sign (minus sign will be ig-
nored if sent for parameters that cannot be
negative)

. = ASCI decimal (floating decimal entries
not valid)

Valid delimiters:

HZ = Hertz

KH = Kilohertz

MH = Megaheriz

YO = Volts {peak-to-peak or d¢)

MV = Millivolts {peak-to-peak or dc)
VR = Volts rms

MR = Millivolts rms
DB = dBm

DE = Degrees

SE = Seconds

NOTE

When operating in Data Mode |, en FOS
echaraeler [y not reguired. When in Mode 2,
the EQS character should rot be seni uniil
the end of the program string (or after 48
bytes; see Paragraph 3-117).

3-122. Programming Wavefarm Functian.

3-123. The selectable functions are:

DC only

Sine wave

Square wave
Trangle wave
Positive Slape Ramp
Negative Slope Ramp

The programming syntax for selecting function is:

Mnaemonic, Data, EOS

Valid mnemonic:

FU = Functicn
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Valid data:
# = Function off (dc only)
1 = Sine
2 = Square
3 = Triangle
4 = Positive Slope Ramp
§ = Negative Slope Ramp

1-124. Programming Binary (On or Off} Functions.
3-125. The programmable binary functions are:

High Voltage Quiput {Option 002)
Amplitude Modulation
Phase Modulation

The programming syntax for binary functions is:
Mnemonic, Data, EOS
Valid mnemonics:
HV = High Voltage Cutput (If the 3325A receives
the HY mnemonic but does not have the high

voltage option, SEQ (if enabled) and an error
code will be generated. See Paragraph 3-134.)

MA = Modulation — Amplitude

MP = Modulation — Phase
valid dara:

g = Off

| = On

NOTE

The rear panel signal oulpud Is active (ro
internal signal connection) if the instrument
has the High Voltage Quiput Option 002 in-
stalled. Instructions are given in the
Operating and Service Manual, Section VI,
Service Group M, for activating the rear
paned signgl ourput in one of two ways: 1)
Placing the standard/high voltage owiput on
the rear pantel only, disconnecting the front
panel signal output, or 2) Disabling the high
voliage output and encbling the standard
Jront/rear output configuration,

3-126. Programming Selection Functions.

NOTE

The selection funcrions are similar to binary
Junctions, but instead of ON or OFF states,
selection is made between two mutually ex-
clusive opergtions,
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3-127. Tha programmable selection funciions are:

Rear Qutput/Front Gutput
Linear Sweep/Logarithmic Sweep
Data Transfer Mode

The programming syntax for the selection functions is:
Mnemonic, Data, EQS

Valid mnemonics:

RF = Rear or Front Output
8M = Sweep Mode
MD = Data Transfer Mode

Valid data for RF is:

1 = Select Rear Quiput

2 = Select Front Output (If the 3325A receives the
RF mnemonic but does not have rear omiput
capability (Option 002, for example) SRQ Gf
enabled) and an error code will be generated.
See Paragraph 3-134.)

Valid data for SM is:

1 = Linear Sweep (The 3325A turns on in Linear
Sweep function. This function need not be pro-
grammed except to change from Linear to Log
Sweep or to return to Linear.)

2 = Logarithmic Sweep
Valid data for MD is:
1 = Darta Mode 1 (The 3323A turns on in Data
Mode 1. This function need not be programmed

if it 13 desired to remain in Data Mode 1.)
2 = Data Mode 2

3-12B, Programming Execution functions.
3-129. The programmable execution functions are:

Assign Zero Phase Reference
Perform Amptitude Calibration
Start Single Sweep

Start Continuous Sweep
Perform Self Test

The programming syntax for execution functions is:
Mnemonic, BOS

Valid mnemonics:
AP = Assign Zero Phase Reférence

AC = Perform Amplitude Calibration
35 = Start Single Sweep
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5C = Start Continuous Sweep
TE = Perform Self Test

NOTES

1. The Start Single mnemorni¢c musi be sent
fwice (5585). The firsi 55 sets the output
fand display) 1o the start frequency, and the
second 58 staris the sweep.

2. While the 33254 is in Continuous Sweep
maode, [f it receives the mnemonics SC, 585,
R, PH, AC, AP, or TE, it will stop sweep-
ing. It musi receive SC again in order io
Fesrtte continuous sweeping; or i a single
sweep s o be programmed, 5555 i5 re-
quired.

3. The “Busy™ flag (it 7 in the status byte,
se¢ Pargeraph 3-138) will be 1" for the
duration of a Self Test operation. After Self
Test, the 33254 returns 1o the previously
programmed conditions, except that if a
sweep was in progress the sweep will remain
stopped.

3.130. Programming Amplitude Units Conversion.

3-131. The programming syntax for converting ampli-
tude units {(Vp-p, Vrms, dBm) is:

Mnemonice, Delimiter, EOS
Mnemonic = AM = Amplitade
Delimiter = The units to which you want to convert:

VG = Vpp
MV = mVp-p
YR = VYrms
MR = mVrms
DB = dBm

Example; If amplitude was programmed in Vp-p, it may
be converted to dBm by programming “AMDB. 1f
amplitude was the last parameter progeammed and is
shown in the display, only the delimiter ““DB'" needs to
be programmed.

3-132. Programming Storage Registers.

3-133. The data that wAll be stored includes the current
nrogram of Entry Parameters, Function (Waveform),
Binary Functions, and Selection Functions. The storage
register functions are:

Store Data in Register N
Recall Data from Register N

Operation

The programming syniax for storape register functiong
is:

Mnemonie, Data, EQS
Valid mnemonics:

SR = Store
RE = Recall

Valid data:

§ thru 9 = ASCIH numerics specifying register
number

NOTES

1. If no darg has been stored in o register,
the recall command for that regisrer will be
ignored.

2. An amplitude calibration is performed
when a regisier is recalled,

3. The numeric value for the phase is stored,
bur the phase of the output Is not changed
when the register is recaited. (Phase may
need to be reprogramimed. }

4. DCL (Device Clear) and SDC (Selected
Device Clear) commands do not aqffect the
storage regisiers.

3:134. Service Requests.

3-135. The 3325A will set the SRQ line true for any of
the following reasons, if enabled by the SRQ mask (see
Paragraph 3-144}):

Program String Error
Sweep Started or Sweep Stopped
System Failure (Possible component problem)
Failed Self Test
Failled Amplitude Calibration
External Reference Unlockad
Main Oscillator Unlocked

3.136. Serial Poll.

3-137. When the system controller determines that the
SRA} line is5 troe, it may conducet either a Serial Poll or a
Paralle]l Poll to determine which device(s) initiated the
Service Request, and the reason(s) for the request. The
3325A responds to a Serial Poll, which is conducted in
the following mannar:

Controller places ATN true (command mode)
Controller sends Serial Poll Enable (SPE) on lineg
DIOI-38 (ASCII CAN, binary code x 0011000)
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Controller sends 3325A Tazlk address, controlier
Listen address

Controller places ATN false {data mode)

3325A responds by sending status byte on DIOI-8

Controller places ATN true {after each device has
been polled)

Controller sends Serial Poll Disable (SPD) on
DIO1-8 (ASCII EM, binary code xC011001)

Serial Poll Disable clears the SRQ message originated by
the 3325A, resetting bits @ through 3 and bit 6 in the
status byte.

NOTE

Some af the above Serial Poll operations are
performed automatically by some con-
trollers in response to certain programming
statements. Refer to the programming in-
structions for your particulur coniroller.

3-138. Status Byte.

3-139. A status byte consists of one %-bit byte on the
HP-IB data lines. A “*1°* in bit & indicates that the
3325A did request service (placed SRQ) true), and a “@”
in bit 6 indicates that it did not request service. The
3325A status byle contains the following information:

7654321 ¢ Statusbytebits
(87654321 D10 lines)
FRFxS5S88 F =Flag; R= Requesl Service!

| 8 = Status
I = Program String Error

l = Sweep Stopped

Il = Sweep Started

—— 1 = System Failure
(possible component failure),
includes:

Failed Self Test

Failed Amptd Cal

Ext Ref Unlocked

Main Ose Unlocked

Sweep Flag. 1=>35weep in Progress,
Does not cause SRQ.

RQS Message. | = Service Request.

Does not ¢ause SRQ.

3-140. Busy Flag.

3-141. The Busy Flag (status byte bit 7) is high (1) while
the 3325A is processing data. This bit can be monitored
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by the controller to determine when the 33234, is ready
for more data.

3-142. Sweep Flan.

3-143. The Sweep Flag (bit 5 of the status byte) is high
(1) while the 3325A is in the process of sweeping. This
bit can be monitored by the controller to determine
when the end of a sweep occurs.

3-144. Masking or Enahling Service Requests.

3-145. Bits 3 through @ in the status byie can be masked
3o that the corresponding conditions will not cause a
service request. However, a “'1'" will still appear 1n the
status byte if the condition exists, and can be cleared
only by a serial poll. At instrument turn-on all SRQ con-
ditions are masked. The programming syntax for mask-
ing and enabling SR conditions is:

Mnemonic, Data, EOS
Mnemonic = MS$
Valid Data is shown in Table 3-11.
3-146. Interregating Program Errors.

3.147. The “Program Error’” servite request may result
from the following Errors:

Busy Flag. 1 =3325A busy processing data.

ASCII
Numetic Error

1 Entry parameter out of bounds (for exam-
ple, Freq = 61 MHz)

Invalid delimiter

Frequency too large for function (for ex-
ample, Function = Triangle, Freq
= 11 kHz)

Sweep time too small or too large

Offset incompaiible with amplitude, or
amplitude incompatible with offset

Sweep frequency too large for function;
$weep bandwidth 100 small; Start fre-
quency too small (log sweep); Start fre-
quency greater than stop frequency (log
sweep)

Unrecognizable mpemonic received

Unrecognizable data character received

Option does not exist (High Voltage or

Rear/Front)
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Operation

Tahle 3-11. SRQ Mask/Enable Data.

AsCi Bits Fail
Character Jthru D Bit 3

System

Sweep Sweop
Start Stop
Bit 2 Bit 1

Program
Error
Bit O

*Q0Aa0
oC01
o010
o011
Q100
o1
Q110
o111
1000
1001
Q10
1411
1100
1101

1110
1111

Magk,
Mazk
Mask
Mask
Mask
Mask
Mask
Mask
Enable
Enablg
Enable
Enable
Enable
Enable
Enable
Enable

OZErRL—IQMMOORI>E

iask
Magk
Masgk
Mask
Enabla
Enablg
Enable
Enable
Mask
Mask
Magk
Magk
Emable
Enablg
Enabls
Enable

Mask
Magk
Enable
Enable
Mask
Mask
Enable
Enable
Mask
Mask
Enable
Enablg
Mask
Mask
Enable
Enable

Masgk
Enable
Maghk
Enable
Masgh
Enable
Mask
Enable
Mask
Enable
Mask
Enable
Masgk
Enable
Maszk
Enable

*Initial turn-en genditigns
The programming syntax for interrogating error is:
Mnemonic, EQS
Mnemonic = IER

After receiving 1ER, the 3325A will send back the
following the next time it i5 addressed to talk:

Mnemonic, Data, CR (ASCII carriage return), LF
& ECL (ASCII line feed with EOI sent simultane-
ously)

Mnemonic = ER

Data = The ASCII numeric corresponding to the first
crror that occurred (see list above),

If n¢ error occurred, the code returned is §. When more
than one error has occurred, only the code for the first
error will be returned. After interrogation, the error
code is set 1o zero until the next error oceurs.

1-148. Interrogating Entry Parameters.

3-149, Each entry parameter car be interrogated by the
controller to determine its value. The programming syn-
iax for interrogating entry pararneters is:

1, Maemonic, EQI

[ = the ASCIE character | and indicates interrogation
desired,

Valid mnemenics (parameter to be interrogated):
FR = Frequency

AM = Amplitude
OF = Offset

PH = Phase

8T = Sweep Start Frequency
SP = Sweep Stop Frequency
MF = Sweep Marker Frequency
TI = Sweep Time

After receiving a parameter interrogation, the 3325A
will send back the following the next time it is addressed
to talk:

Mnemonic, Data, Delimiter, CR [ASCII Carriage
Return), LF & EQI (ASCII Line Feed with EOY

sent simultansously)

Mnemonic = The mnemonic of the parameter being in-
terrogated

Data = 11 digits of ASCII numerics equal to the value
of the specified parameter plus decimal point. If the
value is negative, the first digit is a minus sign,

Delitmiter = The data suffix mnemonic denoting the
parameter valoe (see Parapraph 3-120)

NOTE

Only one parameter can be interrogated by
each interrogation message.

3-180. Interrogating Function (Wavefarm).

3-151, The 3325A may be interrogated by the controller
to determine the current function prOgrammeg. The
programming syntax for interrogating function s;

1, Mnemonic, EQOS

1 = The ASCII character I and indicates interrogation
desired

3-25
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Mnemonic = FU = Function

After receiving IFU, the 3325A will send back the
following the next time it is addressed to talk:

Mnemenic, Data, CR (ASCI Carriage Return), LF
& EOQI (ASCII Line Feed with EQI sent simul-
tancously)

Mnemonic = FU

Data = One ASCI] numeric indicating function ag
follows:

PC Only (Offset)
Sine

Square

Triangle

Positive Slope Ramyp
MNegative Slope Ramp

LI | T E I

3-15Z. Intarrogating Miscellaneous Parameters.

1-153. The other parameters shown below can be inter-
rogated by the contreller to determine their present
state, The programming synlax is:

I, Mnemonic, EQS

[ = The ASCII character I and indicates interrogation
desired

Valid Mnemonics (parameter to be interrogated):

5M = Sweep Mode

RF Rear or Front OQutput®
HY = High Voltage Quiput®*
MA = Amplitude Modulation
MF = Phase Modulation

Model 33254

*Rear/Front output and High Voltage Output (Option
002) are mutually exclusive. If either RF or HV is inter-
rogated, the mnemonic and data returned witl indicate
the actual capability of the instrument and its state. For
example, if the High Voltage option is present and OFF,
HV® will be returned in response to either [RF or [HV,

After receiving an interrogation, the 3325A will send
back the following the next rime 1t is addressed to talk:

Mpnemonic, Data, CR {(ASCII Carriage Return), LF
& EOI (ASCII Line Feed with EQI1 sent simul-
tanecusly)

Mnemonic = The mnemonic of the parameter being in-
terrogated

Data = 1 ASCII digit specifying the state of the
parameter. This is the same digit that would be used to
program the parameter 1o that srate.

3-154. Using the Interrogate Gapability.

3-155. When the 3325A is changed from local to remote
aperation or vice versa, it retains its currently pro-
grammed state until this program is changed by the
aperator or controller. This feature can bg useful in set-
ting up a program string for HP-IB programming. For
example, using the 3325A in local, the operator can
determine experimentally the parameters required to
perform the operation or test desired. Then the 3325A
can be placed in remote and its function and entry
parameters interrogated. Each item can be stored by the
controller and then combined to form the 3325A pro-
gram string to be incorporated into the total HP-IB pro-
gram.
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3-156. 3325A Programining Procedure.

3-157. The foliowing examples are given to illustrate
the basic procedure for developing a program. Program
examples are shown in Appendix B-3, using the -hp-
Model 9825A Calculator as the system controller. Ap-
pendix A-3 diagrams the required messages.

Address Controller To
Example 1: Telk, 3325A To Ligten

Address controller to talk,
3325 A to listen

Send Program Data
Send Program Rata

Example 2:
Address Controller To
Address controller 1o lalk, Talk,r 3905 A To Listen

JI25A to listen

Send Program Data

Check for Require Service Send Program Data
message

If yes, determine reason
from 3325A Status Byte

. . . Requi
Take corrective action if szfv"::;r:
NCCCE5HTY f

Determine FReazon for
SRO {(Status Bytel

Is
NﬂAactive

Astinn
Neqrdad

Cartinue Corrective Action

| :

3-27/3-28
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APPENDIX A

SECTION Il
META MESSAGES

BLOCK DIAGRAMMED

Appendix A

DATA MESSAGE — The Data message is the actual information that is sent from a talker
to one or more listeners. This action requires the controller to first enter the command mode
to set up the talker and listener(s) for the transfer of data. The information is then trans-
ferred in the data modc.

DATA
MESEAGE

COMMAND MODE

== ADDRESFING — 1

oW 1-8
UNLISTEN

?
077

CONTROLLER TALK
DEWICE LISTEN

OR

DEVICE TALK
CONTADLLER LIATEN

CR

DATA MODE

ATH
(FALSE]

DEVICE QEFENRENT

Qi 14

DATA

—

DEVICE TALK
ANDTHER DEVICE LISTEN

TRIGGER — The Trigger message causes all addressed instruments with this capability to
execute some predefined function simultaneously.

The 3325A does not have Trigger capability.

TRIGGER
MESSAGE
|GRQUF EXECUTEY

aTd

— COMMAND MODE sy

{TRUE}

i 18

UNLISTEN
7 LISTEN ADDRESS

077

L ADDRESSING —)

D 18
GROUP EXECUTE
TRIGGER

010y

REN MUST BE TRUE BEFORE EXE—
SUTING THE TRIGGER MEFSAGE.

CLEAR — The Clear message may be implemented for addressed devices or for all devices
on the bus capable of responding. In both cases the controller places the bus in the command
mode t0 execute the message.

COMMANER MODE

CLEAR
MESSAGE

IALL OEVICES}

Dy 1-8
DEYIGE GLEAR
0245
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COMMAND MODE 0

CLEAR D10 A& DIo 12
MESSAGE ATN UNLISTEN LISTENER ADDRESS SELECTED DEVI&E

ITRUE) ? CLEAR
{SELECTED DEVICE}
W77y 00dg

b AODBESSING ]

REMOTE — Only the systern controller can place the device into the Remots operating con-
dition. To implement the Remote message, the controller must set the REN line true. The
HP-IB is then in the Remote Enable mode. The controller then sends the listen addresses of
those devices that are 1o be placed in the Remote operating condition. Some instruments
have been designed to enter the Remote mode as soon as REN is true.

COMMAND MODE

REMOTE Do 1-8

MESSAGE UNLISTEN
{FOASELECTER 7

DEVICE) D77g

LISTEN ARDRERS

e ADDRESSING —ommeed

\

AREMOTE MESRAGE REN
[ENABLE GNLY] ITAUER)

LOCAL — The Local message will remove addressed devices from the Remote operating
made to local (front panel) control. The controiler must place the HP-1B into the conmand
mode and address to listen all devices that are to be returned to local. The Local message
does not remove the HP-IB from the Remote mode, only the listening devices.

CUMYAND MODE

LoesL DID1-B
MESSAGE ATN UKLISTEN
(eRUE) ?

Qo 18
LISTEMN ADDRESS GO TO LOCAL

7Ty GTL-00g

L— appRessg —J
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LOCAL LOCKOUT — The Local Lockout message prevents the operator from placing the
?l’ instrument into lecal control from the front panel. The controller must be in the command
mode to send the Local Lockout message.

COMMAND MODE

LOTAL olo1-4
LOCEOUT LOCAL LOCKOUT
MESSALE LLO—D21g

AEN MUST BE TRUE BEFORE EXE-
CUTHNG THE LOCAL LOCKOUT MES-
EAGE,

CLEAR LOCKOUT AND SET LOCAL — This message removes all devices from the Local
Lockout mode and causes them to revert to local control. Because the REN line is set false,
the HP-IB is in the local made.

COMMAND MODE

CLEAR REN
LOCKQUT/LDEAL FALSE
MESSAGE

REQUIRE SERYICE — The Require Service message is implemented by a device setting the
SRQ line true. The Require Service message and, therefore, the SRQ line is held true until a
poll is conducted by the controliler to determine the cause of the request for service, or until
the device no longer needs service.

REQUIRE RO
SERVICE {TRUE}
MEFEAGE

*REFER TO THE STATUS BYTE MES—
5MGE FOR THE SPECIFICATIONS
AEQUIRED TO FOARCE SRO FALEE,
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STATUS BYTE — The Status Byte message represents the operational status of a single in-
strument during a Serial Poll. A controller usually Serial Polls devices in response to a Re- ‘
quire Servige message. The controller réquests device status from one device at a time. The
status information byte (8 bits) sent by the device will tell whether that device needed service
and why. A device will stop requesting service upon being Serial Polled, or if it no longer
needs service. The controller initiates the message by placing the bus into the command
mode, sending the Serial Poll Enable command, and addressing the specific devices to be
polled, one at a time. The device then sends its Status Byte and clears the SR(Q line provided
the cause for the require Service message is no longer present. The controller then places the
bus in the command mode to terminate the message with a Serial Poll Disable command.

oIo 1-8 016 1-8

STATUS BYTE ATH UNLISTEN seRiaLPOLL | rALK ABBRESS
MESSAGE (TRUE) ? LISYEN ADDRESS ENABLE

0779 Dan,

_I_

DATA MODE

o-cC
-E SRO

FTATUZ BYTE {FALSE!
.

*THE $RA LINE WILL NOT GO FALEE
LWNLESE THE DEVICE WO LONGER
REQLIRES SERVICE.

MODE

DIO 1-8
SERIAL POLL
DISABLE
031g

STATUS BIT — The Status Bit message is sent by a device to the controller to indicate its
operational status in response to a Parallel Poll. Parallel Polling consists of the controller re-
guesting one bit of status from each device simultaneously. The Parallel Foll may consist of
three types of operations: Configuring, Polling, and Unconfiguring. In Configuring, the
controller assigns each device a logic level and bit {on the bus data lines) for a poll response.
During polling, each device responds on its assigned data line with the appropriate logic
level. In Unconfiguring, the controller negates the bit and level assignments for all or
selected devices, Several devices may be assigned to the same bit and level, causing their
response bits to be logically ORed or ANDed.
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@

GCONTROLLER TO REVICE

¥ .

STATUS D08 ¢-D mggttu PAPS'E:“

k: ENABLE
UNLISTER LISTEN £ONFIGURE FPE 14Dy

MEESAGE BIT 7 i
EONFIGURE! oT7g ADRRESS PPE 1054} THRY 1573

AT
[FALSE]

DEVICE TO EONTROLLER
ST;TTUS PARALLEL POLL REEMINEE
oR

MESSAGE e FPR
POLLING} ATUS BIT
FROM DEVICES £01

{FALEE}

CONTROLLER TO DEVICE

L

DID1-8 FARALLEL PARALLEL

STATUS C~D
UNLISTEN FOLL POLL
MESSAGE BIT LISTEN
1 ADDRESS CONFIGURE DISABLE

{UNCONFIGURE) 07y FRD (08, PPD 60g)

PPE ASSIGNS THE LOGIC LEVEL AMG DATA LINE OF
A DEVICE{F) REFFONSE, 140g THRY 147g ARSIGN
THE LOW {TRUE! LEVEL AMD 150 THRW 1507g
AFFIGNS THE HIGH [FALSE) LEVEL, 18(g AN 150g
ASSIGNS BIT 2° (DATA LINE 1), 1415 AND 1875
WHICH AS$IGN BIT 27 AND 14 THE LAET POSSIBLE
PARALLEL ABSHINMENT.

FQLL
UNCONFIGLIRE
PR {028g)

The 3325A does not respond to Parallel Poll.
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PASS CONTROL — The Pass Control message transfers bus management responsibilitiag ‘
from the active controller to another controller. In order to pass control, the active con-

troller must enter the command mode, send the talk address, and the HP-IB characters for

talk control.

COMMANT MUDE

DIo 1-8 ™
PASE oG 1-3
CONTROL UNLISTEN [ |  TALK ADDRESSING OF ATN

TAKE CONTROL
MEESAGE t RECEIVING CONTRQLLER ag IFALEEI
iy

FTHE RECENWVING CONTROLLER FAKES
CONTROL AT THIS TIME,

The 3325A does not respond to the Pass Control message.

ABORT —The system Controller implements the Abort Message to regain control of the
HP-IR from the active controller.

IFC
TRUE

[UNADDREFIES

ALL DEVICES)
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APPENDIX B
SECTION I

PROGRAMMING THE MDDEL 3325A
with the
MODEL 9825A CALCULATOR

The following basic examples are provided to assis the operator in developing programs for
the Model 3325A in an HP-1B system which uses the -hp- Model 9825A Calculator as the
system controller. The calculator must be equipped with a General 1/0 ROM and an HP-IB
Interface set to select code 7. The calculator {controller) normally holds the REN line true,

unless the *lel 77 (local) command is sent. REN may be returned to the true state by the
“remm 7’ (remote) command.

Example 1: This is a basic program statement which accomplishes the following:

Address the controller to talk
Address the 3325A to listen
Sent Program Data:
Function: Sine
Frequency: 5 kHz
Amplitude: 3 Vp-p
Offset: +1.5V

This portion places the bus in the command mode,
addresses the calculator to talk and the 33235A 1o
listen

Change to data mode

Function

Frequency All alphabetics must

Amplitude . be capitals

Offset

wit PLPs CFULFRORHARSGOF L EVOT

The last parameter programmed can be changed without sending the parameter mnemonic.

For example, following the program string above, the offset (OF) may be changed tc 1 V by
sending ‘*1vO’’,
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Example: 2: This program sets up sweep parameters and initiates a single sweep.

Address the controller to talk
Address the 3325A to listen
Send Program Data:
Function: Sine
Amplitude; 3 Vrms
Start Frequency: 1 kHz
Stop Frequency: 10 kHz
Marker Frequency; 3 kHz
Sweep Time: 2 seconds
Start Single Sweep

NOTE

To siart a single sweep the mnemonic “'S8°° must
be sent twice. The first *'S8"* sets the 3325A to the
Start frequency, and the second ‘S8 starts ihe
sweep.

7 = Interface select code

17 = 3325A address

Function

Amplitude

Start Frequency

Stop Frequency
.Marker Freq
— Sweep Time

Start Single

FAF s TFULAMGYRETIKHEP L ORHMFSEHT T2EESS5R:T
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Appendix B

Example 3: This example checks the ‘‘Require Service’ status of the 3325A and if it did re-

quest service, determines the reason.

g urt I
AR Y aRT
SEMIAFSEHET

WL

.

e"r'ulue"»

'4- L:f.:!.J

WITH

BtE

M1 F bBit[@s5;
i R N L N Ny
F FYOF 'mrr 1T
CTEE  rad T1VSE

RIS EE:===1|.HI'"
"Taenmeter ot
af BEogregs "

i LF E=2ipry
"ITronlid Delind
Ler”

£ it Emliprt

-
[
2
i
*
1
[
T

"Fraa teo loree

for Fumetion®
9 1f Eediprt

"Suwwer Time

Trivalig”

L8e if E=Siprt
" fset L Aeerd
Iricomentible”

L1e iF Esédiwit
Thumen Porangte
FoErrar”

Las iFr E=Viprt
"Unrecoamizoble

Mosmoric”

s if E=fimrt

"Unrscoanizoai] e
Dota Char”

148 iF E=9Rtiprt
“Ontionm logs
Moot Exisi”

®

1. Enables all service request conditions.

2. Program data contains an error. Stop frequency
(SPL3KH) is too large for triangle function (FU3).

3. Wait statement allows time for sweep to start
before reading status.

4, Read status byte from the 3325A and place in the
calculator variable *“S*°.

5 If bit 6 of the status byte = 1, the 3325A did request
service. Go to subroutine to determine the reason.

6. Programming continues at this point if the 3325A
did not request service or upon returning from the
subroutine,

7. If service request resulted from a program string
error, interrogate the 3325A to determine the error
code and place in the calculator variable “*E’’,

8. Determine the nature of the program error.
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Binl l 8 ] 9. Determine other reason for service request and if ‘
S “Sweeping’ or ‘‘Busy’’ flags were true.

bit (2
LR

L
1

(]
= AT PR e BE JT] et 4R

10. Return from subroutine,

11. Printer records the results of the serial poll.

—

L g

12. If the program string were corrected to make ail
data valid, this printout would result from the above
program.

—

Li

h.
Nt
.

(1]}

ExX
[ ]

Peguest Seruios
Proarvap Error
Speer Poraneter
Evrror

Reauegst Hervice
Swegep Started

D EER LY

Example 4: The 3325A can be set up manually to the optimum parameters needed for the
test to be performed, then the calculator can interrogate the 3325A to determine and record
these parameters. This example program interrogates:

Function: IFU

Frequency: IFR
Amplitude: JAM
DC Offset; IQOF

Line # Write statement interrogates Function; read
statement addresses 3325A to talk, calculator to
listen, and places data in variable W; ‘“fxd 6* fixes six
decimal places.

Line 1 Because only numerical data can be placed in
the variables, print statements may include in quotes
the parameter interrogated.
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Hroourt FIFLTTERT Lines 2 - 7 Other parameters are interrogated.
o fred 7 ;', 7y Ii? Amplitude data acquired by this program does not in-
20 oRrt "Frequsng dicate the units programmed. Frequency is always
m My g M returned in Hz and DC Offset in Volts.
o R T N
Tred P17 R
Brn U HEE L L
& ="K
S8 owrt
el 71
Fioprt
e ] T

Furmst it

Mz
Applit sz ——— This printout results from the above program.
1B8EE

Oftset
. O01885

']
i

[f the calculator is equipped with a String Varizble ROM, the interrogate program may be
changed to the following. Because string variables accept both alpha and numeric
characters, the resuling prointout includes the mnemonics and delimiters (units).
Heoddim ML ; 1. Dimension a string variable for each parameter
At you wanl to interrogate. The dimension number (in

w3l
F:‘E;EE@IB':MFI ST
DL E'BJ brackets) is the number of spaces assigned to the

Pyt s TIEUT :
: ot : variable.
i$s

2. This printout results when string variables are

used.

HIBlEIEIH BEHHY
m‘mﬂ " "IF*DE
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Example 5: The 3325A can be made to sweep amplitude (in steps) if a for/next statement is .
used in the calculator program. It is recommended that the upper and lower amplitude limits ‘
selected be on the same range because irregularities in the sweep will oceur if the attenuator

relays are switched.

Line 8 DC Offset (OFAVO) is programmed to zero
because any offset would be incompatible with the 10

B owrt FL70"FULF V maximum amplitude of this sweep.

FAIKHOFBYIANZYG®
: for I=3 to Line 1 The sweep limits (3 to 10) are on the same
1H by Jlimrt range. The sweep increment is in .1 V steps. Because
Fira amplitude was the last parameter programmed, the
&2 write statement does not require the ‘‘AM™
mnemonic.

- Line 2 The calculator returns to Line 1 until I = 10, then
"”jﬁ s proceeds to Ling 3.
910
Line 3 The swéep decrement is also in .1 V steps,

Line 5 Return to Line 1 to continue sweeping.

The sweep speed is determined by calculator and 3325A data transfer and processing times. If a
slower sweep time is desired, wait statements may be added before the “‘pext 1"’ statements.
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MODEL 3325A

SYNTHESIZER/FUNCTION GEMERATOR
HP-IB PROGRAMMING CODE

FUnction
BC only
Sine
Square
Triangle
Positive Ramp
MNegative Ramp

FRequency
Hz
kHz
MH:z

AMplitude
Volts p-p
mVp-p
Vrms
mvyrms
dBm

DC OFtset
Volts
mvy

Ease
Degrees

Sweep STart Frequency
Sweep SioF Frequency
Sweep Marker Frequency

Sweep TIme
Seconds SE

Sweep Mode
Linear
Logarithmic

StoRe Program
g -9

REcall Program

- g -9

Rear or Front Panel Output
Front i
Hear 2

Execution Functions
Assign Zero Phase
Ferform Amptd Cal
‘Start Single®
Start Continuous
Perform Scll TEst

{ASCHl Characters}

High Yoltage Output
On 1
Ofr B

Amplitude Modulation — MA
On 1=
Off 5}

Phase Moduiation — MP
On 1
Off )

Data

| Moo =) Ghun Bt b -
| WG s R s ko=

{Decimaly

Interrogate Operalions
Functiot IFU
Frequency IFR
Amplilude IAM
Offse 10k
Phase IPH
Swp Start Freg IST
Swp Stop Freg ISP
Swp MLr I'reg {MF
Sweep Time IT]
Sweep Mode ISM
Rear/Front Qut IRF
High Volt Gut 1HV
Error IER

Program Mode IMD
Amptd Mode IMA
Phase Mode IMP

Appendix B

Error Codes (See Parasraph 3-146)
. Entry parameter out of bounds

. Invaind delimiter

. Frequency too large lor function

. Sweep time too small or too large

. Offsel and amplitude incompatible

. Sweep frequeney or bandwidth crror

- Unreeognizable mnemonic

. Unrecognizable data characeer

. Option does not cxist

*Start Single code must be sent twice *'SSSS’", The first **SS'* resets the sweep to stari conditions and
the second **S5°7 starts the sweep.
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Parformanas Tests

SECTION IV
PERFORMANCE TESTS

4-1. INTRODUCTION.

4-2. This scclion c¢contains tests which are in-cabinet
procedures to determine whether the instrument 1%
operating properly. In the QOperating and Service
Manual two sets of procedures are provided:

a. Operational Verification procedures which are
recommended for incoming inspection and general
afier-repair tesis.

b. Performance Tests which compare the instrument
operation to the specifications listed in Table 1-1.
The Operating Supplement containg only the Qpera-
tional Verification Procedures,

4-3. CALCULATOR-CONTROLLED TEST.

4-4. The only calculator-controlled test in thesc pro-
vedures tests the HP<IB interface circuits for proper
aperation. All mmput and output lines are tested. The
program used for this test is written specifically for the
-hp- Model 9825A Caleulator but may be adapted to
other contreollers. The calculator prints the test results,
This test is recommended for both the Operational
Venfication Checks and the Performance Tests.

4.5, OPERATIONAL VERIFICATION.

4-6, The following procedures are recommended for in-
coming inspection and for testing the instrument after
repair. Additional tests to be performed following
repair of certain circuits are indicated in Section VI,
An Operational Verification Record is located at the
end of this scction. For case of recording the test data at
various times, copics of the blank Operational Verifica-
tion Record mayv be made without written permission
from Hewlett-Packard.

4-7. Operational Verification includes the following
procedures:

Par. Mo. Test

4-10 Self Test

4-12 Sine Wave Verification

4.14 Square Wave Verification

4-15 Triangle and Ramp Verification
4-18 Amplitude Flatness Check

4-20 Sync Qutput Check

4-22 Frequency Accuracy

4-24 QOuiput Level and Attenuator Check
4-26 Harmonic Distortion Test

4-28 Close-in Spurious Sighal Test
4-30 HP-IB Interface Test

4.8. Required Test Eguipment

4-9. A list of test equipment required for the Opera-
tional Verification procedures is given in Table 41, Any
equipment that satisfies the critical specifications given
in the table may be substituted for the recommended
model.

4.10. Self Test,

4-11, This test uses the control, ROM, and control
clock circuits to verify operatien of these and other gir-
cuits. The following front panel indications result from
this test.

LED check: Turns on all LED's for about two
stconds

The following messages arg displayed for abow
one second:

OS¢ FAIL - displayed only il the VCO is not con-
trolled (displayed continuously after tesi)

PASS or FAIL 1 - tests AMPTD CAL of sine
wave

PASS or FAIL 2 - tests AMPTD CAL of square

wave
PASS or FAIL 3 = tests AMPTD CAL of triangle

Press the blue entry prefix key, then press SELF TEST
(AMPTD CAL) key. All LED’s should light, and the
display should not indicate any failures.

4-12. Sine Wave Verification.

4.13. This procedure visually checks the sine wave out-
put for the correct frequency and any visibile ir-
regularities.

Equipment Required: Oscilloscope (-hp- Model 1740A)

a. Connect the 3325A signal output to  the
oscilloscope vertical input. If the oscilloscope is an -hp-
Model 1740A, set the input switch to the 50-ohm posi-
tion. 1f your oscilloscope does not have a 50-ohm input,
use & 30-ohm load (-hp- Model 11048C 50-ohm Feed-
thru Termination) at the input.

b. Set the 3323A as follows:

High Voltage Qutput (Option 002)
Function

Frequency

Amplitude
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Teble 4-t. Test Equipment Required for Operational Verification.

Ingtrument

Gritical Specifivations

Recommended Model

Oseilloscope

Vertical.

Bandwidth: de 1o 100 MHz
Deflection: 1 V to B V/idiv
Herizontal,

Sweep: Obps 10 1 s/div
External Swaep Input

-hp- 1740A

Electronic Counter

Fragquancy measurement to 20 MHz
Aceuracy: + 2 counts
Resolution: 8 digits

-hp- 52284
with Opt. 040 or 041

DC Digital Voltmeter

Ranges: 0.1 Vto 100 V
Resalution: B digits
Accuracy: £0.1%

-hp- 34554

50-ohm load

Accuracy; £ 0.2%
Powaer Rating: 1 W

-hp- 11048C

High Frequency
Spactrarm Analyzer

Fragquaney Range: 1 MHz ta BO MHz
Ainglitude Accuracy: 0.5 dB
Npisa: =70 4B balow reference

-hp- 141T/B8552B/8553B/
8E6EA/BE68A

Low frequency
Spegtrym Analyzar

Freguency Range: 100 Hz to 50 kHz

Amplitude Range: 2m V to 20V

Moise: >80 dB helow input refarence
or — 140 dBv

-hp- 3680A/3588A

Aegigtor

$5.20 1/8wW 1.0%

-hp- 0757-0395

Adagter

BNC female-1g-dual banana plug

-hp- 1250-2277

Calculator

HF-1B Control Cepekbility

-hp- A825A with
9BD34A Interface,
General O ROM,
Extended /O ROM

Resistor

4700 2W 5%

-hp- OB98-3634

Model 3325A

¢. Set the oscilloscope vertical contrel to 2 V/div,
horizontal 1o 05 gs/div.

d. The oscilloscope should display one cycle per divi-
sion, approximately five divisions peak-to-peak.

e, Change 3325A frequency to 1 MHz,

f. Change oscilloscope horizontal control to .l
ws/div.

g. The oscilloscope should display one sine wave hav-
ing no visible irregularities.

High Voltage Output (Qption 002)
h. Set the oscilloscope vertical control to 5 V/div.

i. Set the oscilloscope input switch to 1 M dc coupl-
ed position (or disconnect external 50-ohm load).

4-2

j. Press 3325A High Voltage Qutput key (lower right
corner of front panel).

k. Change 3325A amplitude to 40 V p-p. The
oscilloscope should display one sine wave approximate-
ly cight divisions peak-to-peak having no visible ir-
regularities.

1. Press the High Voltage Output key again to turn the
option off.

4-14. Sguare Wave Verification,

4-15. This procedure checks the square wave output for
frequency, rise time, and abberrations.

Equipment Required: Oscilloscope (-hp- Model 1740A)
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a. Connect the 3325A signal output to the
oscilloscope vertical input. If the oscilloscope is an -hp-
Model 1740A, set the input switch to the 50-ohm posi-
tion. If your oscilloscope does not have a 50-ohm input,
use & 30-ohm load (-hp- Model 11048C 50-ohm Feed-
thru Termination) at the input.

b, Set the 3325A as follows:

High Voltage Output (Option 002)

Function

Frequency

Amplitude ... i 10V pep

¢, Set the oscilloscope vertical comtrol to 2 V/div,
horizontal to .2 xs/div. The oscilloscope should display
WO square waves, approximately five divisions peak-to-
peak.

d. Switch the oscilloscope vertical control to 1 V/div,
50 that the abberrations (overshoot and ringing) can be
measured. Aberration excursion should be less than 500
mVY (4 div.}.

e, Repeat Step d at 2 kHz and .1 ms/div,

f. Adjust the oscilloscope vertical and horizontal
controls 8o that the square wave rise time between the
10% and 90% points can be measured. Rise time should
be less than 20 nanoseconds.

416, Triangle and Ramp Verification.

4-17. This procedure checks the triangle and ramp out-
put signals for frequency, shape, and ramp retrace time.

Equipment Required: Oscilloscope {-hp- Model 1740A)

a. Connect the 3325A signal output to the oscllloscope
vertical input. If the oscilloscope is an -hp- Model [740A,
get the input switch to the 50-ohm position. If your oseil-
loscope does not have a 50-ohm input, use a 50-ohm load
{-hp- Model 11048C 50-ohm Feedthru Termination) at
the input.

b. Set the 3325A as follows:

High Voltage Qutput (Option 002)
Function

Frequency

Amplitude

c. Set the oscilloscope vertical control to 2 V/div,
horizental to .1 ms/div. The oscilloscope should display
ond triangle wave per division, approximately five divi-
sions peak-to-peak.

d. Change the 3325A function to positive slope ramp.
The display should be one ramp per division, approxi-
mately five divisions peak-to-peak.

Performance Tests

e. Change 3325A function to negative slope ramp.
The display should be one ramp per division, approx-
imately five divisions peak-to-peak.

. Change the oscilloscope horizontal and vertical
controls so that the ramp retrace time from the 90% to
10% points can be measured, Retrace tine should be
less than 3 us.

g. Change 3325A function to positive slope ramp and
cepeat Step £,

h. Change 3325A function to triangle.

i. Set oscilloscope vertical control to 2 V/div,
horizontal to 10 us/div. The oscilloscope should display
one triangle wave with no visible irregularities in either
slope.

4-18. Amplitude Flatness Gheck.

4-19, This procedure provides a visual check of the sine
wave amplitude flatness.

Equipment Required: Oscilloscope (-hp- Model 17404)

a. Connect the 3325A signal output to the
oscilloscope vertical input. If the oseilloscope is an -hp-
Madel 1740A, set the input switch o the 50-ohm posi-
tion. If your oscilloscope does not have a 50-ohm input,
use a 50-ohm load (-hp- Model 11048C 50-ohm Feed-
thru Termination) at the input.

b. Set the 3325A as follows:

High Voltage Quiput (Option (02}

Function

Frequency

Amplitude

Sweep Start Freg
SweepStopFred..vvvvvriviierr . .20 MHzZ
Sweep Marker Freg

Sweep Time

¢. Connect the 3325A X-Drive output to the oscillo-
scope’s channel B input. Connect the 3325A signal out-
put to the oscilioscope’s channel A input.

* d. Set the oscilloscope as follows:

Channel A Sensitivity
(uncal - adjust for full vertical deflection)

Channel B Sensltivicy .. ... ccvviiviray 0.5v/div
(uncal - adjust for full horizonial sweep)

* Sertings may vary from one oscilloscope to another.
Note that whichever scope is used, it should be operated
im a “X-Y* mode, with the 3325A X-Drive output dniv-
ing the horizontal (X) sweep and the signal output driv-
ing the scope’s vertical {Y) channel.

43
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e. Press the 3325A START CONT key.

f. The oscilloscope display should show a sweep that
is essentially flat, dropping no more than 3.5%. Any D.C.
variations should be ignared, taking the peak-to-peak
reading for flatness comparison.

4-20. Sync Output Check.
4-21. This test verifies the sync output signal levels,
Equipment Required: Oscilloscope (-hp- Model 1740A)

a. Connect the 3325A sync output to the oscilloscope
vertical input. If the oseilloscope is an -hp- Model
1740A, zet the input switch to the 30-ohm position, If
your oscilloscope does not have a 50-ohm input, use a
50-0hm load (-hp- Model i 1048C 50-ohm Feedthru Ter-
mination} at the input.

b Set the 3325A function to sine, frequency to 20
MHz.

¢. Adjust the oscilloscope controls 10 measure the
high and low voltage levels of the sine square wave, The
high level should be greater than +1.2 V and the low
level should be less than +0.2 V.

4-22. Fraquancy Accuracy.

4-23, This test compares the accuracy of the 3323A out-
put signal to the specification in Table 1-1: +5 x 106
of selected frequency.

Equipment Required: Electronic Counter (-hp- Model
5328A, calibrated within three months or with an
accurate 10 MHz external reference input)

a. Connect the 3325A signal output to the electronic
counter channel A input with a 50 @ load. Allow 3325A
and counter to warm up for 20 minutes.

b. Set the 3325A autput as follows:

Function

Frequengy

Ampihtnde .........coieaas, 0.99V P.P
DC Offset

€. et the counter 1o count the frequency of the A input
with 0.1Hz resolution, and adjust for stable triggering.
Electronic counter should indicate 20 000 O00.0Hz
= 100Hz,

d. Change 3325A function to square wave. Frequen-
cy automatically changes to 10 MHz. Electronic counter
should indicate 10 000 000.0 Hz + 50 Hz.

2. Change 3325A function to triangle. Frequency auto-
matically changes to 10kHz. Move the counter input to

4-4

Model 3325A

the sync cutput of the 3325A. Set the counter to average
1000 periods. Electronic counter should indicate 100
000.00ns =+0.5ns.

f. Change 3325A function to positive slope ramp.
Electronic counter should indicate 100,000 ns £ .5 ns.

4-24. Output Level and Attenuator Check.

4-25, This procedure checks the output level and the at-
tenuator by using the ‘“dc only®’ function.

Bquipment Required:
DC Digital Voltmeter (-hp- Model 3455A)
50-ohm Feedthru Termination (-hp- Model 11048C)

a. Connect the 3325A signal output through a
50-ohm feedthru termination to a de digital voltineter
input.

b. If the instrument has High Voltage Output Option
002, make sure the High Voltage Qutput is Off (High
Voltage indicator light in the center of the “SIGNALY
key in the lower right corner of the front panel if Off).

e. Press whichever function key is presently active,
indicated by a lighted indicator in the center of the key.
This removes the ac output. The indicator in the center
of the DC OFFSET key should light.

d. Set the 3325A dc offset to -5 V, then press the
AMPTD CAL key.

e. The de digital voltmeter reading should be -4.980V
to -5.020V,

f. Change 3323A dc offset to (+)5 V. Digital
voltmeter reading should be +4.980 V to +5.020 V.

g. Change 3325A dc offset to the following voltages.
The voltmeter readings should be within the tolerances
shown.

DC Offset Tolerances
+1.49300 to 1.50499 ¥V
+0.49790 to 0.50190 V
£0.14930 to 0L15050 V
+=0.04979 10 0.05019 ¥V
+0.01493 10 0.01505 V
+0.004979 1o L.OOS010 V
£0.001479 to 0.001519 V

+ 1,499 v

+499.9 mV
+ 149.9 m¥
+49.99 mvY
+14.99 mV
+4.9990 mV
1 1.499 mV

High Voltage Qutput Option 002 DC Offset

h. Remove the 50-ohm feedthru termination and
connect the 3325A output direstly to the digital
voltmeter input.
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i. Pressthe “‘SIGNAL" key in the lower right corner
of the 3325A front panel to select High Voltage Output
{Option 002). Lighted indicator in the center of this key
indicates High Voltage Output is on.

J. Set 3325A dc offset to 20 V. Digital voltmeter
reading should be +19.775 ¥V to +20.225 V.

k. Set 3325A dc offset to =20 V. Digital voltmeter
reading should be —19.775 V to —20.225 V.

4-26. Harmonic Distortion Test.

4-27. This procedure tests the harmonic distortion of
the 3325A sine wave output against the following
specifications from Table 11,

Harmonic Distortion (relative to fundamental)

No Harmonic
Cireater Than

Fundamental
Frequency

0.1 Hz to 50 kHz

30 kHz to 200 kHz
200 kHz to 2 MHz
2MHzto 15 MHz
15 MHz to 20 MHz

-65dB
- 60 dB
— 40 dB
—30 dB
~25dB

Equipment Required;

High Frequency Spectrum Analyzer (-hp- Model 1417/
8552B/8553B/8566A./83568A)

Low Frequency Spectrum Analyzer
{-hp- Model 3580A/ 3585A)

50-ohm Feedthru Termination (-hp- Model 11043C)

Resistor 4700 2W 5% (-hp- 0698-3634)

Resistor 56.20 1/8W 1% (-hp- 0757-0365)

Performance Tests

a. Set the 3325A output as follows:

High Voltage Qurput (Option 002}
Function

Frequency

Amplitude

b. Connect the 3325A signal output to the high fre-
guency spectrum analyzer’s 50 ohm input.

e. Set the spectrum analyzer controls t& display the fun-
damental and at least four harmonics. Verify that all har-
monics are 25dB below the fundamental.

d. Set the 33235A to the following {requencies and verify
that all harmonics are below the specified levels, relative
to the fundamental.

15 MHz
2MHz
200kHz

-30dB
—40dB
=50dB

¢. Disconnect the 3325A from the hizgh (requency spec-
trum analyzer and connect it to the low frequency spec-
trum analyzer’s 50 ohm input.

f. Set the 31325A frequency to 50kHz and the ampli-
tude to 9.99mVp-p.

2. Set the spectrum analyzer controls to display the fun-
damental and at least three harmonics. (It may be neces-
sary to decrease the analyzer’s video bandwidth to
separate the barmonics from the noise floor.) Verify that
all harmonics are at Jeast 65dB below the fundamental.

LOW FREQUENCY
SPECTRUM ANALYZER

—

Figure 4-1. Harmonic Distortion Verification
{High Voltage Output).
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h. Set the 3325A to the following frequencies and verify
that all barmonics are 65dB below the fundamental.

10kH=
IlkHz
LGz

High Voltage Qutput (Option 2)

i. Connect the 3325A signal output to the low fre-
quency spectrum analyzer’s 50t input. (See Figure 4-1,)

j. Press the *‘high voltage output’” kev on the 3325A.
Set the amplitude to 40Vp-p and the frequency to 100Hz.

k. Set the spectrum analyzer controls to display the fun-

damental and at least three harmaomcs. Verify that all har-
monics are §5dB below the fundamental.

1. Set the 3323A to the following frequencies and verify
that their harmonics are below the specified levels, rela-
tive to the fundamental.

10kHz  -65dB
200kHz -60dB
IMHz -40dB

m. Press the hugh voltage output key to deactivate the
high voltage output.

4-28. Close-ln Spurious Signal Test.

4-29. This procedure tesis the sine wave output for
spurious signals which may be generated by the 3325A
frequency synthesis circuits, The spuricus signals must
be more than 70 dB lower than the fundamental signal.

Equipment Required: Spectrum Analyzer (-hp-3585A/
8566A/8568A)

a. Set the 3325A as follows:

High Voltage Output (Option 002)
Function

Model 3325A

Frequency
Amplitude
DC Offset

b. Comnect the 3325A signal output to the spectrum
analyzer’s 50 ohm input,

c. Set the spectrum analyzer contrals for a center fre-
quency of 20.001MHz, a resolution bandwidth of 30Hz,
a 100Hz/div frequency span, with the fundamental refer-
enced to the top of the display graticule.

d. Set the spectrum analyzer center frequency to
20.002, 20,003, and 20.004MHz, verifying in each case
that all spurious signals are more than 70dB below the
fundamental.

4.30. HP-IB Interfoco Test.

4-311. The following calculator program tests the opera-
tion of the 3325A. HP-IB interface ¢ircuits. The pro-
gram 15 written for an -hp- Model 9825A calculator but
may be adapted for other controllers.

Equipment Required:
-hp- Model 9825A Calculator equipped with:
98034A HP-IB Interface (set to select code 7)
Any combination of ROM?’s that inchides a General
/O ROM and an Extended 1/0 ROM

a. Connect the caleulator interface cable to the
3325A rear panel HP-IB connector. It is recommended
that no other equipment be connected to this HP-IB
during this test,

b. Enter the program into the calculator.

¢. Press RUN. Tests 4 theough 7 in this program re-
quire the operator to press CONTINUE if the test
passes, ¢f 1 CONTINUE if the test fails, If the Test 4
question (SR LIGHT ON?, 1 = NQ) does not appear
in the calculator display within 30 seconds after start of
the program (RUN), the 3325A and calculator are not
interfacing properly. The calculator may display an er-
ror indication that will identify the problem. If not, the
3325A HP-IB ciruuts are probably not operating cor
rectly.
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p PROGRAM FLOWCHART

Enter 33254 Bus Address

l

tnstrument Returns To Known Conditians After Self Perfarm Self Test
Test

Tast 1 - Did Frequency Go To 1000 Hz? Freg = 1000 Hz?

Pragram:
Freq = 1234.56789 He
AMPTD = 50 mV

Is

Test 2 ~ Interrogate Frequency Frequency
Correct

Is

Test 3 - Interrogate Amplitude Amplitude
Correct

Program Sweep:
1 kHz ta 10 kHz
10 s¢c, Enable Mask

Test 4 - Test SRQ Circuits
. ) Talk
Test B — Test Talk Circuits

. . . List
Test 6 - Test Listan Circuits ._ig'f,fgn

- REM
Test 7 - Test Remote Circuits Light On

Prim Results

{ End '
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PISF &%455 YLin Sweep 1—10kHz, Enable SRQ Magk

Trlel ¥
=] X

o)t
LIGHT

CTRHT BT

R 1 =M0"y 4

Clear Interface, Interface to Local
Didd 3328A Initiate SRQ?

fead Status inte Variable 8

O E RN LA

Sat Remote Enable

o
P o

RBead from the 332BA

ped M
g pt @k

CTHILE RIGHT

et Fi il 7

H s 1M D

Did 2325A respond 1o Talk Command?

Write to the 3325A, Interface to Local

b gy i

"TERT R
paep F L

Fliely 7

LIETEM LEGHT 0% 1=l s yis —— Did 3325A raspond to Listen Command?

Remote Interface, Write to 3325A,
Clear Interface

bogemd gt CREMOTE L IGHT
Spc ARprt UERERSLEFEEFHEFE"
prer CTERT REEZULTSR

gpn Bl ifed B

if pl=2@imrt "TEST ) 1"

if rl=liert "TEST 1,

P cl+l+los=iamme

ppEt VR REREREEEE SRR R
ert "Remeat tast Ty leNea" T 0f
|.‘:"l'“||:'j

-2

Rl T

e s J=MR " . p?

PR s

e § a0

Did the 3325A Respond to Remote?

Print Results of Tests

FRIL"

Self Contained Program may be
Linked or llsed as a Subroutine




Performance Tests

Variables used in this Test Program:

Address of 332BA (defaults to 717)
Frequency read from 3325A in test #1
Frequency read from 3325A in test #2
Amplitude read from 3325A in test #3
Counter used to print test results

Test results (O =Pass, 1 =Fail)

Status read from 3325A in test #5

Samples of Program Printouts:

FEANE R LR LA LY

I [
SR29A

HP-1E TEST
SEEFESRRFLLTE

FEEETERERFLEES
TEST RESULTS:

TEST
TEET
TEET
TEST

TEET
Frme

FPRZE

TEET
T

=T
PRSG
FEFELELFEEEEEFLR

EEEREEIFE RS E R RS
2323A
HE-1B TEST

FELTRERN L TERES

AR EEEEEE TS
TEST RESULTS:

TEST
PASS
TEST
FRSS
TEST

PASS
FASS
PRSS
PRSS

FRSE
A EE R LY
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Amplitude Modulation Envelope Distor
tion

Square Wave Rise Time and Aberrations
Ramp Retrace Time

Syne Qutput

Square Wave Symmaetry

Frequency Accuracy

Phase Increment Accuracy

Phase Modulation Linearity

Amplitude Accuracy

DC Offset Accuracy (DC Only)

DC Offset Accuracy with AC Funciions
Triangle Linearity

X Drive Linearity

Ramp Period Variation

HP-IB Interface Test

4-32. PERFORMANCE TESTS.

4-33. The following procedures compare the instrument
operation to its specifications, listed in Table 1-1. A
Performance Test Record is located at the end of this
section. This Test Record lists all of the tested specifica-
tions and the acceptable limits. For ease of recording
data at various times, copics of the blank Performance
Test Record may be made without written permission
from Hewlett-Packard.,

4-34. The Performance Tests include the following:
Par Mo, Test

4-37 Harmonic Distortion

4-39 Spurious Signal Tests
41 Integrated Phase Noise

Table 4-2. Test Equipment Required For Performance Tests.

Instrimnant

Gritical Specifications

Recammended Modsl

High Frequency
Spegtrum Apalyzer

Frequency Range: 1 kHz to 850 MH2
Amplitude Accuracy: £0.5 dB
Neise: > 70 dB bolow rofarance

-hp- 141T/B552B/8553B/

8566A/B068A

bO-ohim Load

Agourgoy: £0.2%
Power F!a'ci_ng: 1w

«hp- Model 11048C

Regiztor

56.28 1/8W 1.0%

-hp- 07570395

Low Fraguancy
Spectrum Analyaer

Frequency Range: Z0Hz to 50kHz
Amplitude Aceuracy: = 0.5dB
Spurious Responses: 8OdB below reference

-hp-3580A/35B5A

Sine Wave Signal
Source

Frequency Range: 1 MHz to 21 MHz
Amplitude Range: to + 13.01 dBm
Output Impedancs: 500
Phese Noize (Integrated):

9.9 MHz: = —63dB

20 MHz: < -70 dB
Spuricus: > 75 dB below fundamental

-hp- 333BA

Deuble Balanced Mixer

Impedance: 50 &
Freguency Range: 1 MHz-20 MHz

-hp- 106344

AC/DC Digital
Voltmetar

AC function {Trua RMS)
Renges: 1 V1o 100 ¥
Accuracy: +£0.2%
Regolution; & digits
Crest Factor: 4:1

DC Fungiion
Ranges: 0.1 Vte 100 V
Accuracy: =Q.05%
Resolution: 8 digits

-hp- 34554

1 MHz Low Pass Filter

Cut-off Freguenay: 1 MHz
Stopband Atten: 50 dB by 4 MHz
Stopband Freq: 4 MHz-BO MH2

FB82 1MHz LPF
Allan Avionies, .
224 E Second 5t
Mineofa, NY 11501

15 kiz Filter

Conszisting of:
Rasistor: 10 kI 1%
Capacitor: 1600 pF 5%

-hp- 0757-0340
=hp- 0160-2223

Resistor

4700 2W 5%

-hp- 0B98-3624

AL Voltmeter

Ranges: 0.1 V1o 1V
Frequengy Range: 2] Hz-1 MHz
Input Impedance: =z 1 MR
Meter: Log scale

Ace (100 Hz to 10 kHz); & 1%

-hp- 400FL

Sine Wave Signzl
Source

Frequency: 10 kHx
Ampilitude: 1 V rmsz inte 20 ki
Distortion: - 60 dB

-hp- 2Q4C
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Table 4-2. Test Equipment Required For Performance Tests {Cont'd).

Mode] 3325A

fnstrument

Critical Specifrations

Recommended Model

Oscillaseope

Vertizal:
Bangwigth: de ta 100 MH2
Deflection:  V 10 5 V/idiv
Horizental:
Sweep: 0.06 us 10 1 s/div
x 10 magnification

-hp- 17404

Electronic Géunter

Frequency rmaasurement
Frequeney Range: te 20 MHz
Resolution; 8 digits
Accuracy: + 2 counts

Time interval Average A to B
Razolution: 0.071 ns

-hp- B328A

With Qptipn Q40 or 041

OC Power Supply

Volts: Dto 5V
Amps:. 10 mA
Flaating Cutput

-hp- B2144A

Thermal Convertar

Input Impedance: 60 &

Input Voltage: 1V rm3

Frequency: 2 kHz to 20 MHz

Frequency Response: £0.05 d8 2 kHz to
20 MHz

-hp- 110504

Resistive Divider

Consisting of:
2 Resistars: 81,1710 1% 1/4 W
2 Resistors: 36.850.1% 1/8 W

-hp- QE99-0090
-hp- OG08-7160

Regigtive Divider

Capacitor: 300 pF 6%

Consisting of:
3 Resistors: 133060 .15% 1/14 W
Resistor: 43Q .1% 1/8 W

-hp- O160-2207

-hp- 0G98B-7453
-hp- 0898-B264

High-Speed 0C
Digital Veltmater

DC Voltage: O to £ 10V
External Trigger: Low True
TTL Bdge Trigger
Trigger Delay: Selestable 10 ps ta 140 ps

-hp- 34374

BNC-toTriax
Adapter

50 obm

-hp- 1260-0585 Adepter
or 11172A RF Cable

Rasistive Divider
+ 2.5

Consisting of:
Resigtor: 3080 1% 1/4 W
Registor: 208 1% 1/4 W

-hp- OB9E-7833
-hp- DEOB-6286

Resistive Divider
+ 2.6

Consisting of:
Resistor: 100 kit 1% 1/8 W
Resistor: 162 ki 1% /8 W

-hp- 0757-0465
—hp- 0757-0470

Calculator

HP-I1B Cortrol Capability

-hp- BEZEA with
9B0D34A Interface,
General /0 ROM,
Extended /O ROM

Adapter

Famale BMC-to-Dugl Banana Plug
BNC Tee

-hp- 1250.2277
-hp- 1280-0781

Step Attenuator

G-12dB; 1dB steps

-hp- 3B5C

4-35. Equipment Raquired. Harmonic Distortion (relative to fandamental)
4-36. The test equipment required for the Performance
Tests is listed in Table 4-2. Any equipment that satisfies
the critical specifications given in the table may be
substituted for the recammended model.

No Harmonic
Greater Than

Fundamental
Frequeticy

— 65 dB
-60dB
—40 dB
~30 dB
-25dB

0.1 Hz 1o 50 kHz
50 kHz to 200 kHz
200 kHz to 2 MH=z
2 MHz to 15 MHz
15 MH: to 20 MHz

4-37. Harmonic Distortion Test.

4-38. This procedure tests the harmom¢ distortion of
the 31325A sine wave output against the following
specifications from Table 1-1,
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Equipment Required:
High Frequency Spectrum Analyzer (-hp- Model
1 4]T/BSSEB/SSSBBf’SSﬁéA/SSG?iA)
Low Frequency Spectrum Analyzer
{-hp- Model 3580A/3585A)
50-ohm Feedthru Termination (-hp- Model 11048C)
Resistor 4700 2W $% (-hp- 0698-3634)
Resistor 56.20 1/8W 1% (-hp- 0757-0395)

a. Set the 3325A output as follows:;

High Voltage Output (Option 002)
Function
Frequency

Amplitode

b. Connect the 3325A signal ourpur to the high fre-
quency spectrum analyzer’s 50 ohm input.,

c. Set the spectrum analyzer controls to display the fun-
damental and at least four harmonics. Verify that ail har-
monics are 25dB below the fundamental.

d. Set the 3325A to the following frequencies and verify
that all karmonics are below the specified levels, relative
to the fundamental.

15 MHz

2MH:z
200kHz

-30dB
— 4048
—-60dB

e. Disconnect the 3325A from the high frequency gpec-
trum analvzer and connect it to the low frequency spec-
trum analyzer’s 50 ohm input.

f. Bet the 3325A frequency te 50kHz and the ampli-
tude to 9.99mVp-p.

g. Set the spectrum analyzer controls to display the fun-
damental and at least three harmonics. (It may be neces-
sary to decrease the analyzer's video bandwidth to
separate the harmonics from the noise floor.} Verify that
all harmonics are a least 63dB below the fundamental.

h. Set the 3325A to the following fraquencies and verify

Petformance Tests

that all harmonics are $5dB below the fundamental,

10kH:z
1kHz
100Hz

High Voltage Output {(Option 2)

i. Connect the 3325A signal output to the low fre-
quency spectrum analyzer's 502 input. (See Figure 4-1.)

j. Press the “‘high voltage output™ key on the 3325A.
Set the amplitude to 40Vp-p and the frequency to 100Hz.

k. S¢t the spectrum analyzer controls to display the fun-
damental and at least three harimonics. Verfy that all bar-
monies are 65dB below the fundamental.

1. Bet the 3325A to the following frequencies and verify
that their haemomcs are below the spectfied level, rela-
tive to the fundamental.

10kHz  -65dR
200kHz -60dB

IMHz -4dB

m. Press the high voltage output key to deactivate the
high voltage output.

4-39, Spurious Signal Tests.

4-40. This procedure tests the 3325A sine wave output
for spunious signals. Circuits within the 3325A may gener-
ate repetitive frequencies that are not harmonically related
to the fundamental output frequency. All spurious sig-
nals must be more than 70dB below the fundamental sig-
nal or less than -90dBm, whichever js greater,

Equipment Required:
Spectrum Analyzer (-hp- Mode| 35854./8566A/
BSEEA)

SPECTRUM ANALYZER

3325A /
M
ERCIEH ] | R | B | P
TRERY il e e
J e .| o

— ot E

N\
=
/

Figure 4-7Z. Mixar Spurious Test
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Mixer Spurious Test

a. Connect the 3325A signal output to the spectrum
analyzer 50 ohm (RF) input and the 3325A BEXT REF
input to the analyzer’s 10MHz reference output. (See
Figure 4-2.)

b. Set the 3325A as follows:

Function
Amplitude
Frequency ........oovviiaan... 2.001MHz

. Set the analyzer controls as follows:

Center Frequency................... 2.001MHz
Frequency Span

Resolution BW

d. Adjust the spectrum analyzer to reference the fun-
damental to the top display graticule.

e. Without changing the reference Ievel, change the
spectrum analyzer center frequency to 27.99%9MHz to dis-
play the 2:1 mixer spur. Verify that this spur is at least
70dB below the fundamental.

f. Change the spectrum analyzer center frequency to
25,998MHz to display the 3:2 mixer spur. Verify that this
spur is at least 70dB below the fundamental,

g. In a similar manner, change the 3325A°s frequency
and the spectrum analyzer center frequency to the fol-
lowing frequencies. For each setting, verify that all spu-
rious signals ar¢ 70dB below the fundamental.

Spectrum Analyzer

Center Freguency
2:1 Spur 3:2 Spur
25 9MHz 21.8MHz
23.9MHz 17.83MHz
21.9MHz 13.8MHz
19.9MHz 9,.8MHz
17.9MHz 5.8MHz

3325A Frequency

4.100MHz
6.100MHz
8.100MH2z
10.100MHz
12.100MH2

Model 3325A

14.100MHz
16.100MHz
18.100MHz
20.100MHz

15.8MHz
13.9MHz
11.9MHz

9. 8MHz

1.8MHz
2.2MHz
6.2MHz
10, 2MHz

Close-in Spurious Test
(Fractional N Spurs)

h. Set the 3325A frequency to 5.001MHz and the am-
plitude to -2.99dBm.

i. Set the spectrum analyzer controls as follows:

Center Frequency ......vvvvvvrrern-- 5.001MHz
Frequency Span

Resolution BW

j. Adjust the spectrum analyzer to reference the fun-
damental to the top display graticule.

k., Without changing the reference level, change the
spectrum analyzer center frequency to 5.002MHz to dis-
play the API 1 spur. It may be necessary to decrease the
analyzer’s video bandwidth to optimize the display
resolution,

1. All spurious (non-harmonic) signals should be at least
70dB below the fundamental.

m. Without changing the reference level, set the 3325A
frequency and the spectrum analyzer center frequency to
the frequencics listed below. For each setting, verify that
all spurious signals are at least 70dB below the fun-
damental.

3325A Frequency Spectrum Analyzer

Center Fraguency

6.0011MH=
5.00101MH=
5.001001MHz
20.002MHz
20.003MHz
20.004MHz
20.006MHz

5.0001MHz
5.00001MH:z
5.000001MHz
20.001MH=z
20.001MH=z
20.001MHz
20,00 1MHz

3325A

= O )]
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Figure 4-3. Integrated Phase Noise Tast
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4-31, Integrated Phase Noize Test.

4-42. This test compares the integrated phase noise to
the specification in Table 1.1, which is:

— &0 dB for a 30 kHz band centered on 4 20
MHz carrier (excluding =1 Hz about the
carrier).

Equipment Requirsed:

Sine wave signal source (-hp- Model 3335A)

Mixer (-hp- Model 10534A)

50-ohm load {-hp- Model 11048C)

DC digital voltmeter (<hp- Model 3455A)

AC voltmeter (-hp- Model 400 FL)

15 kHz noise equivalent filter consisting of;
Resistor: 10 k@ £ 1% (-hp- Part No. 0757-0340)
Capacitor: 1600 pF + 5% (-hp- Part No.
0160-2223) See Figure 4-3

IMHz Low Pass Filter (Model F882 - Allen

Avionics)

a. Connect the equipment as shown in Figure 4-3, ¢on-
necting the 15kHz noise equivalent filter output to the
ac voltmeter. Phase lock the 3325 A and the gignal gener-
ator 1ogether.

b. Set the 3325A as follows:

Function
Frequency
Amplitude

¢. Set the sine wave signal source (reference) as
follows:

Frequency
Amplitude

d, Record the ac voltmeter reading (dB scale),
e. Change 3325A frequency to 19.% MHz.

f. Connect the 15 kHz filter output to the de digital
valtmeter,

Performance Tests

g. Press the 3325A PHASE entry key. Using the
MODIFY keye, adjust the 3325A ouwtput phase for a
minimwn reading on the digital voltmeter.

h. Disconnect the 15 kHz filter output from the
digital voltmetst and connect it 1o the ac voltmeter,

i. Record the ac voltmeter reading (dB scals) and sub-
tract it from the reading recorded in Step d. The dif-
ference should be — 54 dB or greater. Add — 6B to this
number and enter on the performance test card. The
6 dB is a correction factor compensating for the folding
action of the mixer.

NOTE
Frequencies used minimize the phase noise
contribution of the 33354.

4-43. Amplitude Modulation Envelopa Distortion Test,

4.44. This procedure tests the 3325A against the
amplitude modulation envelope distortion specification
in Table 1-1:

~30 dB to 80% modulation at 10 kHz, 0V

de offset

Equipment Required;
Sinne wave signal source (-hp- Model 204C)
Spectrum Analyzer (-hp- Model 141T/3585A/8552B/
B553B/3566A)

a. Connect the equipment as shown in Figure 4-4 .

b. Set the 3325A output as follows:

Function

Frequency

Amplitude

DC Offset

High Voltage Output (Option 002)

¢. Set the modulating signal source frequency to 10
kHz and adjust the level to produce 80% modulation of
the 3325A ouiput. 50% modulation is indicated by

(r"_l

TC AMPT 33254

SPECTRUM ANALYZER

A

MOD

ol ol sl el

E—l H i 1 —
TSR | i | W " MIFEE e
INPUT I R )R 2]
- - & 4 =
 S— | se—

Figure 4-4. AM Envelope Distortion
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rmodulation sidebands being 8.0 dB down from the car-
rier, as viewed on the 2 4B/div display of the spectrum
analyzer.

d. Adjust the spectrum analyzer to display the fun-
damental frequency, the 10 kHz sidetand frequency,
and at least 4 harmonics of the sidebards. All har-
monics should be at least 30 dB lower than the modula-
tion sidebands.

4.45. Square Wave Rize Time and Abberations.

4-46. This procedure compares the 3325A, square wave
outpul to its rise/fall time and overshoot specifications
in Table 1-1.

Rise and Fall Time: <20 ns, 10% to 90% at
full output

Overshoot: < 5% of p-p amplitude at full
output

Equipment Required:
Model 1740A)

Oscilloscope  (-hp-

a. Connect the 3325A signal output to the
oscilloscope vertical input. If the oscilloscape is an -hp-
Model 1740A, set the input switch to the 50-ohm posi-
tion. If your oscillescope does not have a 50-ohm input,
use a 50-ohm load (-hp- Model 11048C 50-chm feedthru
termination) ar the input,

b. Set the 3325A zs follows:
High Voltage Output {Option 002)

Function
Frequency
Amplitude

c, Aadjust the oscilloscope vertical and horizontal
controls so that the square wave rise time betwéen the
10% and 90% points can be measured. Rise time should
be less than 20 nanoseconds.

d, Adjust the oscilloscope to measure the square
wave fall time berween the 90 and 10% points. Fall
time should be less than 20 nanoseconds.

¢, Expand the oscilloscope vertical display and adjust
controls so that the overshoot can be measured. Over-
shoot should be less than 500 mV at positive and
negative peaks.

4-47. Ramp Aetrace Time.

4-48. This test compares the retrace time of the positive
and negative slope ramps 10 the specifications in Table
1-1:

<3 ps 90% to 10%

Equipment Required: Oscilloscope (-hp- Model 1740A)

&. Connect the 3325A signal output to the
oscilloscope vertical input. 1f the oscilloscops is an -hp-

416
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Moadel 1740A., set the input switch to the 50-ohm posi-
tion, If your oscilloscope does not have a 30-ohm input,
uge 2 50-o0hm load {-hp- Model 11048C 50-ohm feedthru
termination) at the input.

b. Set the 3325A as follows:

High Valtage Output {Option 602)

Function Positive Slope Ramp
Frequency

Aumplitude

¢. Adjust the oscilloscope vertical and horizental
controls so that the ramp retrace time from the 50% to
10% points cap be measured, Retrace time should be
less than 3 ps.

d. Change function to negative slope ramp and
rapeat Step ¢.

4.49. Sync Dutput Test

4-50, This procedure checks the voltage levels of the
syne output square wave:

Vhigh > +12V 5V o < +0.2V into 50 ohms
Equipment Required: Oscilloscope (-hp- Model 1740A)

a, Connect the 3325A syne output to the ostilloscope
vertical input. If the oscilloscope is an -hp- Modsl
1740A., set the input switch to the 50-ohm position. IT
your oscilloscope does not have a 50-chm: input, use a
50-ohm load at the input {-hp- Model 11043C 50-0hm
Feedthru Termination),

b. Set the 3325A function to sine, frequency to 20
MH:.

c. Adjust the oscilloscope controls to measure the
high and low levels of the syne square wave. The high
level should be greater than + 1.2 V and the low level
should be less than +0.2 V.

4-51. Square Wave Symmeatry.

4-52, ‘This procedure checks the symmetry of the square
wave signal output to the specification in Table 1-1:

0.02% of period + 3 nanoseconds

Equipment Required: Electronic counter (-hp- Model
$328A)

a. Connect the 3325A signal output to both inputs of
the zlectronic counter, using 2 BNC tee (see Figure 4-5).

b, Set the 3325A ourput as follows:

TFunction

Frequency
Amplitude
D Offset
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¢. Adjust the electronic counter to measure time in-
terval average A to B, with Slope A +, Slope B - . Note
the reading.

Performance Tests

d. Change Slope A to —, Slope B to +. Reading
should be equal to the reading in Step ¢ + < 3.2 ns.

3325A

LR  —

Jaalf g a0
u” I SN o
-

[ e e o

P—

ELECTRONIC
COUNTER

5"

T=CONMECTOR

Figure 4-5. Squara Wave Symmetry.

4-53. Frequency Accuracy.

4.54, This test compares the accuracy of the 3325A out-
put signal to the specification in Table 1-1:

+5 % 10-5 of selected frequency

Equipment Required: Electronic Counter (-hp- Model
3328A, calibrated within three months or with an ac-
curate 10 MHz external reference inpit)

a. Connect the 3325A signal output to the electronic
counter channel A input with a 50 { load. Allow 3325A
and counter to warm up for 20 minutes,

b. Set the 3325A output as follows:

Function

Frequency vavenoR0MBzZ
Amplitude. ... ... oL, 0.99Vpp
DC Offset

¢. 5ot the counter Lo count the frequency of the A input
with 0.1Hz resolution, and adjust for stable triggering.
Elegtronic counter should indicate 20 000 Q00.0Hz
+ 100Hz,

d. Change 3325A function to square wave. Frequen-
¢y automatically changes to 10 MHz. Electronic counter
should indicate 10 000 000.0 Hz + 50 Hz.

2. Change the 3325A function ta triangle. Freguency
automatically changes to 10kHz. Move the ¢ounter input
10 the syng output of the 3325A. Set the counter to aver-
age 1000 periods. Electronic counter should indicate 100
000.00ns +0.5n3.

f. Change 3325A function to positive slope ramp.
Electronic counter should indicate 100,000 ns £ .3 ns.

4.55. Phase Incremsnt Accuracy.

4-56, This test compares the phase increment accuracy
of the 3325A to the specification in Table 1-1;

+0.2°

Equipment Required:
Sine wave signal source (-hp- Model 3335A)
Electronic Counter (-hp- Model 5328A)

a. Connect the squipment as shown in Figure 4-7,

b. Set the 3325A as follows:

High Voltage Quiput (Option 002)
Fuatiction

Frequency

Amplitude

. Set the sine wave signal source (3335A) as follows:

Frequency .....ccvviiinnnennnn. 0.1 MHz
Amplitude

. Set the electronic counter (5S328A) as follows:

Futiction Time [nterval Avg. Ato B
Frequency Resolution, N
Inpurs

Slope Aand B

Sample Rate

501, Separate
Positive
Maximum
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ELECTRONIC
COUNTER

Figure 4-6. Frequency Accuracy.

e. Press the 3325A PHASE entry key to display
phase. Using the Modify keys, adjust the phase until the
counter reads approximately 200 nanoseconds. Press
the 3325A blue entry prefix key, then ASGN ZERO
PHASE.

f. Set the clectronic counter sample rate 1o HOLD,
Press RESET. Record the counter reading {to 2 decimal
places) on the Performance Test Record in the space for
it7aro Phase Time Interval”. This is the phase dif-
ference (in nanoseconds) between the 3325A output and
the reference signal.

E. 5S¢t the 3325A phase to —1°.
h. Press the electronic counter RESET. Record the

counter reading (to 2 decimal places) in the space for
“1° Increment Time Interval''.

1. Determine the time difference between the counter
readings in Step h and Step f, and record in the **Time
Difference’’ ¢olumn. The difference should be from
22.22 ns to 33.24 ns,

j. Set the 3325A phase to — 107,

k. Press the electronic counter RESET. Record the
counter reading to the space for ““10° Increment Time
Interval™.

1. Enter the time difference between the **Zers Phase
Time Interval” and the reading in Step k in the “Time
Diffarence’ column. This should be from 272.22 ns o
283.34 ns.

m. Set the 3325A phase to — 1007,

332HA
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Figure 4-7. Phase Increment Accuracy.
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Figure 4-8. Phase Modulation Linearity.

n. Press the elecironic counter RESET. Record the
counter reading in the space for ‘“100° Increment Time
Interval®’,

o. Enter the time difference between the “‘Zero Phase
Time Interval’ and the reading in Step n in the ‘““Time
Difference’’ column. It should be from 2722.22 ns (o
2783.34 ns,

4-57. Phase Modulation Linearity.

4-58. This procedure tests the phase modulation lineari-
ty. The specification in Table 1-1 is:

+0.5%, best fit straight line

Equipment Required:
Sine wave signal source (-hp- Model 333354)
Electronic counter (-hp- Model 5328A)
DC power supply (-hp- Model 6214A)
Digital voltmeter (-hp- Model 3455A)

a. Connect the equipment as shown in Figure 4-8.
b. Set the 3325A as follows:

High Voltage Output (Option 002)

Function

Frequency

Amplitude
Phase Modulation

Frequency
Amplitude

. Set the electronic counter (5328A) as follows:

Function Time Interval Avg. Aand B
Freguency Resolution, N 0
Inputs
SlopeAand B
Sample Rate

504}, Separate
Positive

e. Using the digital voltmeter to meonitor the de¢
power supply output, set the dc voltage as near — 5.0000
V as possible.

f. Press the 3325A PHASE entry key to display
phase. Using the Modify keys, adjust the phase until the
counter reads approximately 200 nanoseconds. Record
the counter reading as a reference for the following
steps.

g. As soon as possible after recording the counter
reading, note the digital voltmeter reading and record
on the Performance Test Record in the “DVM Reading,
x,"" space.

h, Press the 3325A blue prefix key, then ASGN
ZERO PHASE.

i. Change the dc power supply output to —4.0000 V.

j. Using the Modify keys, adjust the 3325A phase to
return the counter reading to the valug recorded in Step
f.

k. Record the digital voltmeter reading in the “DVM
Reading, x,™' space.

1. The 3325A display indicates the phase change
resulting from the 1 V change in modulating voltage.
Record the phase display in the **Phase Difference, 2"
space (positive value).

m. Press the 3325A blue prefix key, then ASGN
ZERO PHASE,
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n. Change the power supply output to the following
voltages and repeat Steps | through m for each. Record
the dvm readings and phase differences in the ap-
propriate spaces on the Performance Test Record.

DC DvM
Voitage Reading

Phase
Difference

- 3.0000 v Xy
—2.0000 V X4
- 1.0000 V Xs

0.0000 Vv Xg
+1.0000 V Xy
+2.0000 V Xg
+3.0000 Y xg
+4.0000 V Xi0
+ 3.0000 V X3

MR 0D -] Gl B b

_—

o. Enter the cumulative phase c¢hange in the
“Cumulative Phase’’ column. That is, enter the #2°*
Phase Difference in the y, space, then add the *ty,’" and
“3" values and enter in the y, space. Add the “*y,”" and
"4 values and enter in y,, etc.

p. On the Performance Test Record, multiply each x
value by the corresponding v value and enter in the “x
times ™' column.

q. Total the “*DVM Reading’’ column and enter in
the Ix space. Total the “*Cumulative Phase™ values and
enter in the Ly space. Total the “‘x times y'* values and
enter in the Txy space.

r. Square each x value and enter in the “x2'* column.
Total this column and enter in the Ix2 space.,

s. Square the Ix value and enter in the (Ex)? space.

t. Multiply the Ix valug by the Zy value and enter in
the LxXy space.

u. The equation for determining the ‘*best fit straight
line*” specification for ¢ach y vaiug is:

Yy = ax + 3,

Where: a,x and a, are constants to be
calculated from data taken previously

Where: x is the value of the modulating
voltage, recorded as x; through x4

v. First determine the value of a; using the following

equation:
quau ExEy

n
x? - (Ex)*/n

Ty -

=

3,

Where: Ix, Ly, Ixy, CxLy, Ex?, and (Ex)?
are the previously calculated values entered
on the Performance Test Record

4-20
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n = 11 (the number of poinis to be
caleulated)

w, Determine the value of a, using the equation:

x. Calculate each value for y using the equation: vy =
4% + &, Enter each result on the Performance Test
Record in the *‘Best Fit Straight Line Values’’ column,

(y; through {y, ).

y. Determine the test mits for each y value by in-
creasing and decreasing the calculated {y) valuss by
0.5% of the (vy,|) value. Enter in the Maximum and
Minimum columns.

2. Transfer the y, through y|| ‘““Cumulative Phase"
entries to the *Measured Cumulative Phase’ column.
Each value should be within the calculated limits.

4-59. Amplitude Accuracy.

4-80. This procedure tests the amplitude of the 3325A
ac function output signals against the accuracy
specifications in Table 1a1,

Equipment Required:
AC/DC  digital voltmeter {(-hp- Model 34534,
average converter opt. 001 preferred)
AC: Accuracy sufficient to verify a 1% specifica-
tion to 100 kHz.
D Resolution, 1 mucrovalt,
High speed DC voltmeter (-hp- Model 3437A). At
least 3 2-digit resolution, 144 microsec. or faster set-
tling time.
50-Ohm step attenuator (-hp- Model 355C)
50-Ohm feedthru termination (-hp- Model 11048C)
Thermal converter (-hp- Mode} 110304A)

Oscilloscope (-hp- Model 1740A) Must have delayed
sweep of .05 microsec/div and delayed sweep gate
output.

Components:
Resistor 36.55 ohm 0.1% 0.125W 2 ¢a 0698-7169
Resistor 61.11 ohm 0.1% 0.25W 2 ea 0699-0050
Resistor 43ohm" 0.1% 0.125W 1 ga 0698-8264
Resistor 1330ohm* 0.1% 0.25W 1 ea 0698-7453
Capacitor 300 pF* 5% 1 ea 0160-2207

*LUsad only to test High Voltage (option 002).
Amplimide Accuracy at Frequencies up to 100 kHz
a. Sine Wave Test. Connect the 3323A signal output

through 2 50 ohm feedthrough termination to the AC
digital voltmeter input,
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b. Set the 3325A a:s follows:
High Voltage Output (Option 002) OfF
Function Sine
Frequency 100 Hz
Amplitude 3.536 Vrms(10 Vp-p)
DC Offset oV

£. Press AMPTD CAL key.

d. Read AC Voltmeter, Change 3325A frequency to
I kHz and 100 kHz and repeat. Verify that all thyree
voltmeter readings are between 3.495 Vgwg and 3.577
Vems (0.1 dB).

¢. Change 3325A amplitude to 1.061 Vs (3 Vp-p)
and take ac voltage readings for 100 Hz, 1 kHz and 100
kHz a5 above. Verify that all three voltmeter readings
are between 1.048 Ve and 1.073 Vs (£0.1 dB).

f. Change 3323A amplitude to ,3536 Vs and set de
offset to | mV, Set 3325A frequency to (100 iz, 1 kHz,
and 100 kHz and read ac voltage, Verify that all three
readings are between 3411 Vgys and 3680 Vgpis
{(£0.3 dB).

g. Function Test, Connect 33235A sync oulput to ex-
ternal trigger input of oscilloscope. Connect 3325A
signal output to the voltage divider of Figure 4-10(A).
Connect the voltage divider output to oscilloscope ver-
tical input and to high speed voltmeter input. Connect
delayed sweep gate from oscilloscope (o external trigger
input of high speed volimeter, See Figure 4-9A.

h. Set the 3325A as follows:
High Voltage Output (Option 2} OFF
DC Offset oV
Amplitude 10 Vp-p
Frequency U9 9 Hz
Function Square

i. Sect the oscilloscope as follows:
Display AorB
Vertical Sensitivity 5 volts/div
Trigger Ext
Main Sweep 1 msec/div
Delayed Sweep 5 usec/div
Delay 250

j. Set the 3437A voltmeter as follows:
Range 1.0V
Trigger Ext
Delay 0 sec
Coupling DC 1M

k. One cycle of the square wave should fill the sereen
of the oscilloseope, and the sample time for the
voltmeter should be seen as the intensified spot of the
delayed sweep.

[. Press AMPTD CAL on the 3325A.

Performance Teasts

n. Read positive peak voltage of altenuated
waveform on voltmeter. If the reading is not stable,
press hold, then ext. alternatively to repeat readings.
Change oscilloscope delay to 750 and read negative
peak. Add the two readings to obtain volts peak to
peak. Verify that sum is between 3,661 volis and 3,735
volts.

n. Change 3325A function 1o Triangle. Change
aiscilloscope to:
Vertical Sensitivity
Vertical Position 2 o’clock
Main Sweep 5 msec/div
Delay 500
Magnify X10
Delayed Sweep I psec/div

.2 valts/div

0. Adjust oscillpscope delay to place the intengified
spot on peak of triangle and read positive peak valtage
on 3437A. Press neg trigger, move vertical position
knob of CRO to 3 ¢’clock and adjust intensified spot to
read negative peak on the 3437A. Verify that sum of
positive and negative peak voliages is between 3.643 and
3.754 volts.

p. Change 3325A function to pos ramp. Change
oscilloscope to:

Trigger pos
Main Sweep 2 msec/div
Place spot on positive peak, press hold, then ext, then
hold a few times on the 3437A and record most positive

reading.

¢. Move vertical position knob to 3 o’clock, adjust
delay and read negative peak. Ramp jitter should be
visible on all ramp readings (the 3437A will hold the
readings). Verify that sum of pos and neg peaks is bet-
ween 3.643 and 3,754 volts,

r. Change 3325A function to neg ramp. Change CRO
trigger o pos and take neg ramp reading as above,

5. Change 3325A function to square and frequency to
1 kHz. Set CRO as follows:
Main Sweep 50 psec/div
Delayed Sweep .05 usec/div
Read positive peak; push neg trigger and read negative
peak. Verify that sum is between 3.661 and 3.735 volts.

t. Change 3325A function to triangle and frequency
to 2 kHz. Set CRO main sweep to 20 usec/div and delay
to 610. Adjust delay and position and set pos and neg
trigeer to read peaks. Verify Vp-p t¢ be between 3.643
and 3.754 volts.

1. Change 3325 function to pos ramp and frequency
to 500 Hz. Set main sweep of CRO 1o .2 msec/div and
adjust sweep vernier to return peaks to center screen
(trigger must be neg o see jitter at this poiat). Verify
Vpp o be between 3.643 and 3.754 volts.
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v, Change 3325A function to neg ramp and CRO
trigger to pos, Verify Vpp of 3.543 to 3.754 volts.

w. Change 3325A frequency to 100 kHz and function
to square. Return CRO sweep vernier to calibrate and
set main sweep to .5 usec/div and magnify to off. Read
pos and neg peak voltages in the center of the screen. By
pressing pos/neg trigger. Verify Vpp of 3.661 1o 3.735
volts.

x. Change 3325A function to triangle (frequency will
£o to 10 kHz). Set CRO main sweep to 5 usec/div and
press magnify. Verify Vpp of 3.513 to 3.883 volts.

y. Change 3325A function to pos ramp. Set ¢ro main
sweep 10 20 uysec/div. Adjust delay to set end of inten-
sified spot on highest peak. Verify Vpp of 3.328 to 3.996
volts,

z. Change 3325A function to neg ramp. Verifly Vpp
of 3.328 ta 3.996 volts.

a4, Change 3325A amplitude to 3Vp-p, and remove the
voltage divider from the circuil. Reconnect the 3325A sig-
nal output to the oscilloscope and voltmeter through the
50 ohm feedthru termination. Set the 3325A frequency
to 99.9Hz and the funcrion to square.

bb. Repeat tests i through z, New test limits are as
follows:
Test  Frequency

m 90.9 Hz
0.9 Hz
99 9 He
999 Hz
1 kHz
2 kH=z
500 Hz

Maximum

1030V
3045 Y
JHS Y
LN
1030V
3.045 ¥
1045V
1045V
3030V
oy
3300V
3oV

Minimum
200V
2933 Y
2955V
2955V
2990V
2958 Y
2953 Y
1955V
290V
2330 v
2.700%
2700 ¥

Fuaction

Square
Triangle
Fos Ramp
Neg Ramp
Squars
Triangle
Pos Ramp
Neg Ramp
Square
Triangle
Pos Rainp
Meg Ramp

100 kHz
10 kHz
10 kHz

o
q
!
5
t
u
v 500 Hz
W
x
¥
Z 10 kHz

cc. Change 3325A amplitude to 1 Vpp, and set dc of-
fset to | mV. Set frequency to 99,9 Hz and function to
square. Set CRO vertical sensitivity to .05 volts/div for
all 1 Vpp tests.

dd. Repeat tests i through z. New test limits are as
foltows:
Test  Freguency

99.9 Hz
9.9 Hz
99.9 Hz
99.9 Hz
1 kHz
2 kHz
500 Hr
S0 Hz
100 kHz
10 kHz
10 kH=
10 kHz

Maximum

1.030
1.040
1.040
1.040
1.030
1.040
1.040
1.040
1630
1.060
1.11¢
1.110

Fenction

Square 970
Triangle
Pogg Ramp
Neg Ramp
Square
Triangle
Pos Ramp
Neg Ramp
Square
Triangle
Pos Ramp
Neg Ramp

Minimum

8
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High Voltage Output Amplitnde Accuracy
For Frequencies To 100 kHz
{For Ingtruments with High Yoltage Option (02)

ee, Sine Wave Test. Connect 3325A signal output to
the AC volumeter via a 6 ft. cable. Connect a 500 1, 300
pF load (at either end) in paralle] with the line.

ff. Press the 3325 high voltage key near the 3325A
output connector. A LED in the key indicates that the
high voltage output is on.

gg. Set 3325A function to sine, frequency to 2 kHz,
and amplitude to 14.14 Vyms (40 Vpp). Press AMPTD
CAL key. The AC voltmeter reading should be 13.86 to
14.42 Vpus.

hh. High Voltage Funciion Test. Connect 3325A
signal output to CRO and voltage divider via a 6 fi.
cable. Trigger CRO on 3325A sync output. Trigget high
speed DC voltmeter on delayed sweep gate from CRO

See Figure 4-9B.

ii. The volrage divider shown in Figure 4-9B is
built into a smali metal box with 2 BNC connectors.
Parts used are:

R3, 443 ohm, congists of 3 parallel 1330 ohm resistors,
each 0,1%, 0.25 watt, -hp- Part Number 0698-7453

R4, 43 ohm, 0.1%, 0.125 watt, -hp- Part No. 0698-8264
1, 300 pF, 5%, -hp- Part Number 0160-2207

Connect the tap to the input of high speed DC voltmeter
as shown in Figure 4-9B.

ii. Set 3325A frequency to 2 kHz and amptitude to 40
Vpp. Set DC voltmeter to 1V range and ext trigger. Set
oscilloscope as follows:

Vertical Sensitivity 2 volts/div
Vertical Position 8 o'clock
Trigger Ext
Main Sweep 20 psec/div
Delayed Sweep D5 psec/div
Delay 615
Magnify Xl10

kk. Set 3325A to square wave and read positive peak
an DC voltmeter. Switch CRO to neg trigger, take ver-
tical position to 4 o'clock, and read neg peak. Verify
that peak to peak voltage is between 3.466 and 3.607
volts.

1. Change 3325A function to triangle, and read peak
voltages. Vpp should be 3.466 to 3.607 volis.

mm. Change 3325A to pos ramp. Change CRC main
sweep to .1 thsec/div and delay to 500, Verify Vpp of
3.466 to 3,607 volts. Repeat for neg ramp by changing
CRO trigger to pos.

Amplitnde Flatness: (Frequencies above 100 kHz)
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nn. Set the 3325A as follows:
High Voltage Output {Option 2) OFF
Function Sine
Frequency I kHz
Amplitude IVpp

00. Set the 50 & attenuator (-hp- Model 355C) to 3 dB
and connect to signal output. Connect 1 Vpps thermal
converter (-hp- 11030A) to attenuvator output. Connect
DC digital volkmeter with microvolt resolution (-hp-
3455A) to thermal converter output. See Figure 4-9C,

pp. Press 3325A AMPTD CAL key. Record the
voltmeter reading in the 3 V sine wave 1| kHz reference
space on the performance test record.

qq. Set the 3323A maodify key to the IMHz position
and bump the frequency in 2MHz steps from 1kHz to
20.00FMHz, recording the volimeter reading at each fre-
quency. In each case, allow the thermal converter several
seconds to stabilize.

rr. Verify that all flatness readings are within +
6.6% of the 1 kHz reference reading,

ss. Chapge attenuator to 12 dB. Change 3325A
amplitude to 10 Vpp. Repear steps pp and qq for 10
¥pp. Verify that all readings are within 6.3% of the 1
kHz reference.

tt. Disconnect the thermal converter from the 3325A
output.

uu. Square wave flatness, Set the 3325A as follows:
High Voltage Output (Option 2) OFF
Function Square
Amplituds 10 Vpp
Freguency 1kHz

vv, Connect the 3325A gsignal ouiput to an
oscilloscope (-hp- 1740A) with a 500 load. Set the
oscilloscope as foliows:

Vertical Sensitivity
Time/Div

2 volts/div
.1 msec

ww. Use the modify keys to bump the 3325A fie-
guency from 1 kHz to 10.001 MHz in 2 MHz steps. Two
lines will appear on the oseilloscope. Verify that they re-
main within ¥4 major divicion of 5 divisions apart for all
11 frequencies.

xx. High Voltage (Option 2) Amplitade Flainess above
100kHz,

yy. Connect the 3325A output to an oscilloscope
{-hp- 1740A} with a 500 , 500 pF load (load attached at
aither end). Cable capacitance (30pF/foot) must be in-
cluded in the 500 pF. The HV divider (Figure 4-9B)
may be used with 6 feet of cable.

Performance Tests

zz. Set the oscilloscope as follows:
Vertical Sensitivity
Time/Div

10 volts/div
1 msec

aaa. Set the 3325A to 40 Vpp sine wave (HY option
on) and 1 kHz. Adjust oscilloscope intensity and focus
for a sharp trace,

bbb. Use the modify keys to bump the 3325A fre-
quency from 1 kHz to 1.0601 MHz in 200 kHz steps.
Verify that the width of the bright region of the screen is
4 & .4 divisions for all 11 frequencies.

4-61. DC Oftset Accuracy (DC Onlyl.

4-62. This proeedure tests the de offset accuracy when
no ac function cutput is present, The de only specifica-
tion in Tabie 1-1 is:

+0.4% of full range*
* Except lowest attenvator range where accuracy is
;l:ZU,u.V
Equipment Required:

DC digital voltmeter with 5-digit resolution, capable
of measuring >20 V for High Voltage Qutput
Option 002 (-hp- Model 3455A)

50-ohm Feedthru termination (-hp- Model 11048C)

a, Connect the 3325A signal output through the
50-ohm feedthru termination to the de digital voltmetsr
input (see Figure 4-11(A)).

b. Press whichever function key is presently active,
indicated by a lighted indicator in the center of the key.
Thiz removes the ac output. The indicator in the center
of the '*DC QFFSET" entry key should light.

¢. Set the 3325A dc offset to 5 V, then press the
“SAMPTD CAL"™ key.

d. The dc digital voltmeter reading should be +4.980
to +5.020V.

¢, Change 3325A de offset to —35 V. Digital volt-
meter reading should be —4.980 to —5.020 V.

Attenuaior Test

f. Set the dc offset to the positive and negative
voltages shown below. The digital volitmeter reading
should be within the tolerances shown for each voltage,

DC Offset Tolerances
+1.49300 to 1.50499 V
+0.49790 10 0.50190 V
+0,14930 to 0.15050 V
+0.04979 to 0.05019 V
£ 0.01493 to 0.01505 V

£ 0.004979 to 0.005019 V
+ 0.001479 o 0.001519 V

+1.499V
+£499.9 mV
+ 1499 m¥
+49.9%¢ mV
+ 14,99 mV
+4.999 mV
+1.499 mV
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High Voltage Quiput Option 002 DC Offset

g. Remove the 50-ohm feedthru and connect the
3325A output directly 10 the digital voltmeter input,

h. Press the **SIGNAL"* key in the lower right corner
of the 3325A front panel to select High Voltage Qutput
(Option (02). Lighted indicator in the center of this key
indicates High Voltage Output is on.

. Set 3325A dc offser to 20 V. Digital voltmeter
reading should be +19,775 V to 20.225 V.

J. Set 3323A dc offset to —20 V. Digital voltmeter
reading should be —19.775 V1o -20.225 V.,

4.63. DC Offset Accuracy with AC Functions.

464, The specifications for DC Offset accuracy with
AC Functions given in Table -1 are as follows:

DC + AC, =] MHz: +1.2%, Ramps +2.4%
DC + AC, >1 MHz: + 3%

Equipment Required:

DC Digital voltmeter (-hp- Model 34535A)
50-ohm feedthru termination (-hp- Model 11048C)

a. Connect the equipment as shown in Figure
4-10 A . Set the digital voltmeter to measure dc voltage.

b. Set the 3325A output as follows:

High voltage Quiput (Option 002) ... QOff
Function i
Frequency

Amplitude

DC Offset

<. Press AMPTD CAL key. After amplitude calibra-
tion {approximately 2 seconds) the digital voltmeter
reading should be +4.350 to +4.650 V dc.

d. Change the dc offset to —4.5 V. Digital voltmeter
reading should be —4.350 to —4.630 V dc.

e. Change the 3325A frequency to 999.9 kHz. The
digital voltmeter reading should be — 4,440 to — 4,560 V
de.

f. Change the 3325A dc offset to (+) 4.5 V. The
digitzl voltmeter reading shouid be +4.440to +4.560V
de,

2. Set the 3325A function to Square. The digital
voitmeter reading should be +4.440 to +4.560 V dc.

h. Change the 3325A dc offset to — 4.5V, The digital
voltmeter reading should be —4.440 to —4.560 V de.

Performance Tests

i. Change the 3325A freguency to 9.9999 MHz. The
digital voltmeter reading should be —4.350 to —4.650
V.

j. Set the 3325A function to Triangle, frequency to
9.9 kHz. The digital voltmeter reading should bc
—4.440 to —4.560 V.

k. Set the 3325A function to + Ramp. The digital
voltmeter reading shouid be ~4.380 to —4.620 V.

4-5h. Triangle Linearity,

4-66. This procedure tests the linearity of the triangle
wave output against the specification in Table I-1:

+(.05% of full output, 10% to 90%, bast fit
straight line

Because the triangle and ramp outputs are generated by
the same circuits, this procedure effectively tests the
ramp linearity aiso.

Equipment Required:

High-speed dc digital voltmeter (This procedure is
written to use the high speed and delay capabilities
of the -hp- Model 34374A)

Resistive divider, + 2.5, consisting of;

30 ohms + 1% YW (-hp- Part No. 0698-7533)
20 ohins + 1% “'W (-hp- Part No. 0698-6296)

BNC-to-Triax adapter (-hp- Part No, 12500595 or

Model 11172A RF Cable)

a. Connect the 3325A and the high-speed digital
voltmeter through the divider as shown in Figure
4108,

b. Set the 3325A as follows:

High Voltage Output (Option 002} . ... .Off
Function Triangle
Frequeticy
Amplitude

¢. Set the digital voltmeter as follows:

MNumber of Readings

The Model 3437A triggers on the negative-
going edge af the 33254 sync square wave,

d. Set the digital voltmeter delay to 00003 (seconds).
Record the digital voltmeter reading on the Perfor-
mance Test Record under ‘“‘Positive Slope Measure-
ment, (10%) y,”’. This is the 10% point on the positive
slepe of the toangle. See Figure 4-11.
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DIGITAL VOLTHETER
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FREDTHRU

SYNC SUT
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TRIGGER
INPUY

TES-4-11

B,

Figure 4-10. Triangle #nd Ramp Linearity Test.

e. Measure the voltage at each 10% segment point by Delay Percent of Slope
setting the digital voltmeter delay to the following.
Enter on the Performance Test Record in the ap- 00008 90
propriate spaces under ““Positive Slope Measurement."’ 000085 80
.00009 70
000095
Delay Percent of Slope .0001 gg
000105 40
000035 00011 30
00004 000115 20
000045 00012 10
00005
%gg;s g. Algebraically add the voltages recorded in the
. “Positive Slope Measurement’’ column and enter the

000065 : e
00007 total in the “*Ey’* space.

h. Multiply Ey by 45 (which is Zx) and enter the
f. Measure the voltage at each 10% segment point on result in ths sz‘éy.y spacg. )

the negative slope by seiting the digital voltmeter delay

ta the follcuwi‘ng. Enter the readings cn the Performance i. Multiply each y value by the corresponding x value
Test Record in the appropriate spaces under ““Negative and enter in the “*x times y*' column. Total these values
Slope Measurement,” and enter in the *Ixy’’ space.
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TRIGGER

DELAY tus)

0%

30%

RS-0

Figure 4-11. Triangle Linearity Test,

j. The equation for determining the “best fir straight
line'' specification for each y value is:

Yy =ax + a

Where: a, and a, are constants to be
calculated from data taken previously.

NOTE

Caiculate the values of a; and ay fo at least
Jive decimal places.

k. First determine the value of a, using the following
equation:

LxLy
Exy -
n

al =
(Ex)?
Ex?-
n

Where: Ix, Ly, Lxy, IxLy, Iz2, and (Tx)?
are the previously calculated values entered
on the Performance Test Record,

n = 9 (the number of points to be
calcuiated)

l. Determine the value of a, using the equation:
y Ex

n 1]

m. Calculate the *‘Best Fit Straight Line'' value for
each point (y, through y) using the equation:

Yy =ax + g

Enter each result on the Performance Test Record in the
“Best Fit Straight Ling’* column.

n, Determine the minimum and maxinum allowable
voltages at each point by subtracting and adding 0.002
V to the voltages calculated in Stepm {10V + 2.5 x0.05
e}, Enter these voltage limits on the Performance Test
Record under ‘*Minimuvm’ and “‘Maximum’’. The
voltages measured and recorded in the *Positive Slope
Measurement®’ column should be within these calculat-
ed tolerances,

0. Algebraically add the voltages recorded in the
*Negative Slope Measurement” column and enter the
toral in the “‘Ty’ space.

p. Repeat Steps h through n to determine the “Best
Fit Straight Line™ values and tolerances for the negative
slope. The voltages measured and recorded in the
‘“Megative Slope Measurement*’ column should be
within the calculated tolerances.

4-67. X Drive Linearity.

4-08. This procedure 1e5t5 the linearity of the rear panel
X Drive output to the specification in Table 1-1: for all
linear sweep widths which are integral multiples of the
minimum sweep width for each function and sweep
time:

=0.1% of final value, 10% to 90%, best fit
straight line.
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Equipment Required:

High-speed dc digital voltmeter (This procedure is
written to use the high speed and delay capabilities
of the -hp- Model 3437A)

Resistive divider, — ~ 2.6, consisting of:
100k 1% 1/8W (-hp- Part No. 0757-0465)
162k 1% 1/8W (-hp- Part No. 0757-0470)

DC power supply {-hp- MOdel 62144)

BNC-to-Triax adapter (-hp- Part No. 1250-0595
Model 11172A RF Cable)

a. Connect the equipment &s shown in Figure 4-12.
b. Set the 3325A as follows:

High Voitage Output (Option 002) .....0Off
Function i
Amplitude

Sweep Start Frequency

Sweep Stop Frequency

Sweep Marker Frequency

SweepTime . .........0oovvevnnnn (.01 sec

¢. Press 3325A START CONT key.
d. Set the digital veltmeter as follows:
Range.........

Number of Readi;m.g;
Trigger

The model 3437A rriggers on the negative
going edge of the Z Blank sigral, which oc-
curs ar the starl of q sweep up.

e. Set the digital volimeter delay to .001 (seconds).
Adjust the dc power supply for a digital voltmeter
reading of - L.&00 V. Record the digital voltmeter
reading on the Performance Test Record under X
Drive Ramp Measurement, (10%), y,.”* This is the 10%
paint on the X Drive ramp. See Figure 4-13.

f. Measure the voltage at each 10% segment point by
setting the digital voltmeter delay to the following.
Enter ¢n the Performance Test Record in the ap-
propriate spaces under **X Drive Ramp Measurement®’.

Delay Percent of Ramp

002 20
003 30
A04
Q005 0

Mode] 3323A

g. Algebraically add the voltages recorded in the X
Drive Ramp Measurement’” column and enter the total
in the '“Zy'” space.

h. Multiply Ly by 45 (which is Ex) and enter the
tesult in the “ExTy’ space.

i. Multiply each v value by the corresponding x value
and enter in the *‘x times ¥’ column. Total these values
and enter in the “Exy” space.

i- The equation for determining the *“best fit straight
line’* specification for each v value is:

y=a1x+ac,

Where: a; and a, are constants to be
calculated from data taken previously.

NOTE
Calculote the values of a; and ay 1o at least

fiva decimal places.

k. First determine the value of a; using the following
equation:

LxZy
Zxy -
n

(Ex)?

1

Where: Ix, Ly, Zxy, CxLy, Lz?, and (Zx)2
are the previously calculated values entered
on the Performance Test Record,

n = 9% (the number of points to be
calenlated)

1. Determine the value of a, using the eguation:
ny Lx
e

n n

m. Calculate the '*Best Fit Straight Line’’ value for
cach point (y; through y,) using the equation:

¥ = ax + a,

Enter each resuit on the Performance Test Record in the
‘‘Best Fit Straight Line™ column.
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X DRIVE QUTPUT
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1% 179W

v
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1% 125W

3325-4-13

Figure 4-12. X Drive Linearity Test,

n. Petermine the minimum and maximuem allowable
voltages at each poiot by subtracting and adding 0.004
V to the voltages calculated in Step m (105 V =+ 2.6 x
0.1%). Enter thege voltage limits ¢n the Performance
Test Record under “Minimum’* and ‘“Maximum®'. The
voltages measured and recorded in the **X Drive Ramp
Measurement’’ column should be within these
calenlated tolerances.

NOTE

The 3323A X Drive maximwmnm voliage
(100%) is set at the factory to + 10,5 V..

4-89. Ramp Period Variation,

4-70. This procedure tests the variation between alter-
nate cycles of the positive and negative slope ramps to
the specification in Table 1-1: < +1% of period, max-
imum,

Equipment Required: Oscilloscope, with delaved
sweep {-hp- Model 1740A})

a. Connect 3325A signal output to the oscilloscope
vertical input. (Do NOT use a 10:1 probe.) If the
oscilloscope is an -hp- Model 1740A, set the input
switch to the 50-ohm position. If your oscilloscope
doesnot have a 50-¢chm input, use a 50-ohm load {-hp-
Mode! {1048C 50-chm Feedthru Termination) art the in-
put,

b. Set the 3325A as follows:

Function
frequency
Amplitude

c. Set the oscilloscope as follows:

Vertical

Mainsweep.......cc.oonvennn- 2.0 ms/div
Delayed sweep 20 ps/div
Trigger Positive

d. With oscilloscope horizontal controls set to main
sweep, adjust the intensified portion of the trace to the
reset (positive going) portion of the ramp.

e, Set the horizontal controls to delayed sweep and
position the ramp reset portion near the center of the
display.

f. The reset portion should show more than one line,
as in Figure 4-14. The lines should not be separated by
more than ten divisions on the display.

g. Change the 3325A function to positive slope ramp
and set oscilloscope trigger to negative to verify the
positive ramp.

h. Bump the 3325A frequency to 99.99999% Hz to

check the low frequency ramps. Verify that ramp period
variations do not exceed ten divisions.

429
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Figure 4-13. X Drive Linearity Test.

4-71. HP-IB Intarface Test,

4-72. The following calculator program tests the opera-
tion of the 3325A HP-IB interface circuits. The pro-
gram is written for an -hp- Model 98254, calenlator but
may be adapted for other controllers. The program is
printed on a foldout page for your convenience.

Equipment Required:
-hp- Medel 9825A Calculator equipped with:
980344 HP-IB Interface (set the select code 7)
Any combination of ROM’s that includes a General
I/ ROM and an Extended 1/0 ROM

a. Connect the calculator interface cable to the
3325A rear panel HP-IB connector. It is recommended
that no other equipment be connected to this HP-IB
during this test.

b. Enter the program into the calculator,

c. Press RUN. Tests 4 through 7 in this program re-
guire the operator to press CONTINUE if the test
passes, or 1 CONTINUE if the test fails. If the Test 4
question (SRQ LIGHT ON?, 1 = NO) does not appear
in the calculator display within 30 seconds after start of
the program (RUN), the 3325A and caloulator are not
interfacing properly, The calculator may display an er-
ror indication that will identify the problem. If not, the
3325A HP-B circuits are probably not operating cor-
rectly.

Figura 4-14. Ramp Reset Waveform,
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PROGRAM FLOWCHART

Enter 33264 Bus Address

Instrument Returns To Known Conditions After Self Perfarm Salf Tast
Test

Test 1 - Did Frequency Ge To 1000 Hz? Freq = 1000 Hz?

Program:
Freq = 1234.56780 Mz
AMFTD = SO mv

Test 2 - Interrogate Frequency Frequency
Corract

Tast 3 - Interrogate Arnplitude Arnplitude
Caorrect

Program Sweep:
1 kHz to 10 kHz
10 sec, Enable Mask

Test 4 - Test SRQ Circuits
L. Talk,
Test 5 - Test Talk Circuits

Test 6 — Test Listen Circuits

RERA
Test 7 - Test Remote Circuis Light On

Print Results

{ End ll
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bewepyEmt FOEUS ADDRESS s cont =717 "y H

if fla13sviy -+

clr K Clear the 3325A to Turn-on State

PR Set HP-IB Remuate Enable (Select Cade 7}

RS S i

—j NI i B ikl

SKY &+ mu mu ms EE £z =

"TEST 1

Wit He " TE" Perform Self Test

Wt Ay U IFERT Interrogate Fraquency

Fad M Read 3325A Frequency

14 F#18a8s {ard Compare Frequency to 1000 Hz
"TEET Ead SETURE"G

Wrt e TFERLZEGIEVEMIME AMDEMY " ———Set Freqto 1234.56 7880 Hz, Amptd to 50mMV
Wit Fe "ERIT Stors Setiings in Ragister 3

plr A —— Clear the 3325A

N S E L -2 Recall Settings in Register 3

i

T TG s g g 4w o e pee e e L[ DN
S A0 A L AT

|
=7

“TEWT Z's

Wl Fla “TFE" Interrogate Frequency

reid Hal Read Frequency

P RH1E2324, SaFEYI L p2 Compare to Frequency Stored

"TESTA":

et Hy " TREM Interrogate Amplitude

Feel HaH Read Amplitude

i ME, AR e Compare to Amplitude Stored

"TEST 4m:

wrt Ay “ETIEM SF1aKH SML TII9%E MSF 5555 tLin Sweep 1— 10kHz, Enable SRQ Mask
il ¥ilol F Clear Interface, Interface to Local
bepd Ent "SRR LIGHT OMPy 1aMD "y rd —o0ou—_Did 3325A Initiate SRQ?

"TESY U

A B Read Status into Variable 5

rem 7 Set Remote Enable

Fed My D Read from the 3325A

peepd et CTHLE LIGHT OHT 15=HO" s Y ——————Did 3325A respond to Talk Command?

"TESTS" .
wrt FE Lol TV Write to the 3325A, Interface to Local
e wnt "LIBTER LLIEHT ObZs L =E3" s rd — Did 3325A respond to Listen Command?

Remuote Interface, Write to 3325A,
Clear Interface
-~ Did the 3325A Respond 1o Remote?
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SR SR TREEREE R R e

prt UTEST RESLILTS:

e S1+]0fxgd B

Pforl=88prt "TEST 12" FRES Print Resuits of Tests
if ri=liprt "TEST s 12" FRIL"

iF I+l ad=Fidne -2

Pt "HEREERCEFEELEEEL"Ia00 3

ent THepezat test e l=Yes"sLHif D=liato Self Contained Program may be

2 Linked or Used as a Subroutine
R Ee

¥ EE EWE EEB

oAl
LU s ) |

i,
(13

Vanables used in this Test Program:

Address of 3325A (defaults to 717)
Frequency read from 3325A in test £1
Frequency read from 3325A in test #2
Amplitude read from 3325A in test #3
Counter used 1o print test resuits

Test results {0=Pass, 1 =Faill

Status read from 3325A in test #5

Samples of Program Printouts:

FEEEEFEEREL IR EES FEEFEREAEEG SRR FE
SI23R LIZIR
HE-18 TEST HF-I8 TEST

FrrpwdrEEerxy wEF LT RERTRSLE

FEEEREREFFEESR FEFREE R T T E

TEST RESULTS! TEST RESZULTS:

TEET TEST

TEST

FAZE

EET AL EE LI FEELEL FHEELEL AT L LR

4-33/4-34




Hawvlatt-Packard

Modal 3328A
Synthesizer/Function Generator
Sarial No.

Par. 4-10

Par. 4-12
Step d
Step g

Par. 4.14
Step ¢
Steps d & e
Step f

Par. 4.18
Stepg
Step d
Step e
Step f
Step g
Step i

Par. 4-18

Par, 4-22
Stepc
Step d
Stop e
Stap §

DPERATIONAL VERIFICATION RECORD

Tastad by

Date

Salf Test

Sine Wave Verification
2{3 MHz: Frequency and Amplitude
Signal Purity
High Voitage Qutput {1 MHZ}

Square Wave Verification
Fregquency and Amplitude
Abberations

Rize Time

Trangle and Ramp Verification
Trangig Freq. gnd Amptd.
+ Ramp Freq. and Amptd.
~ Ramp Frag. and Amptd.
— Ramp Retrace Time
+ Ramp Retrace Time

Triangle Linagrity

Amplitude Flatness

Syne Qutput Chack

Frequency Accuracy
Sina, 20 MHz
Square, 10 MHz
Triangle, 10 kHz (100,000 ns)
Ramp, 10 kM2 {100,000 ns)

Passed
Passed

Pagsed

Passed
Passed

Fassed

Passad
Passed
Passed
Passed
Passed

Passed

Passad




Operational Verification

Far. 4-24 Outpyt Level and Attenuater Check

DL Qffsat Qnlyt

Entry

-5V

fHe v
*{+) 1.499V
438.9 mv
148.8 mv
43,899 mv
14.99 mV
4. 899 mvV
1.499 mv

Min.
-4,380 V

+4 80V
{£] T.49300V
+0.49730 V.

+0.14830 V

+0.04573 V
+0.01483 Y
+0.04979 V
+0.001478 V

= All entriez gnd limits are +

High Voltage Qutput {Optien 002)

20V
-20Y

Harmaonic Distortion

20 MHz
15 MHz
< MHz
200 kHz
50 kH2
10 kHz
1 kHz
100 Hz

+18.7758 V
-19.778 V

High Yaoltage Cutput (Option 002}

100 Hz
10 kHz

200 kHz
1 MHz

Par. 4-28 Close-In Spurious Signal Test

Far, 4-30 HF-E Check

Max,
-5.020V
+5.020V

(£} 1.60499V
+0.50190 V
+0.15050 Vv
+0.06018 V
+0.01806 YV

+0.005019 YV

+0.001519 V

+20.225 V

—-20.225V

AllHarmonics Below:

—254d8
=30 dB
—-40 db
=60 d8&
=-EB5 dB
-B5 d8
- 66 dB
=G5 B

—BE 4B
— 65 dB
- B0 dA
- 40 dB&

Passed —




PERFORMANCE TEST RECORD

Hawlatt-Packard Tested By,
Modal 3325A

Synthasizer/Function Gensrator Cate
Serial Na.

Per. 4-37 Harmenic Distortion
Fundamental Fraquency Specification

20 MMz -256 4B

15 MHz —30 dé
2 MHz -44 dB
200 kHz -80 d8
50 kMz -65 dB
10 kHz —65 dB

1 kH2 -85 4B
100 Hz -85 dB
High Voitage Dutput {Dption 802}

100 kz -B5

10 kHz -85
200 kHz -60

m 1 MHz w 40

Par. 4-39 Spuricus Signal Tests

Mixer Spurigus Test (2:7 spur/3:2 spur)

2:1 spur 3:2 spur
4 100MHz —70dB
B6.100MH2 - 7048
8.100MHz -70d8
10.100MHz -70dB
12.100MHz - 7048
14.100MHz —7QdB
16.100MHz . -70dB
18.100MHz - 70dR
20.100MHz -=70d8

Close-in Spurioys Tesgt

§.0001MHz
5.00001TMHz
5.000001MHz
20,001 MHz

Par, 4-41 Integrated Phase Noise

19.901 MHz

Par. 4-43 Amplitude Modulation Envelope Distortion

@ Par. 4-45 Sgquare Wave

Rise Time




Fall Time <20 ns

Overshoot, Positive Peak <500 mV O
<500 mv

Overshoot, Negative Peak

Par. 4-47 Ramp Retrage Time

+ Ramp ' <3z

— Rarmip <3 a8

Par. 4-49 Syne Output

Vhigh

VWW

Par. 4-51 Squara Wava Symmetry

Par, 4-53 Frequancy Aseuracy
Sina, 20 MH2 +100 Hz

Square, 10 MHz 50 Hz
Triangle, 10 kHz (100,000 ns) + .bns
Ramp, 10 kkiz (100,000 ns) += .5 ns

Par. 4-55 Phase Increment Accuracy

Time
Minimum Difference Maximum

Zaro Phase Time Intarval

1% Increment Time Interval 22,22 ns 33.34 ns

10° Ingrement Tima [aterval 272%82ns _ 00000 283.34 ns

100% Incrarment Time Interval 2772.22ns 2783.34 ns

Par, 4-57 Phasa Moduiation Linearity

VM FPhase Cumulative
Reading Diffarence Fhass x times y

L% *] O

w0 o -3 o B W N

=]

—
—




8est Fit
Straight Line Minimum
Phase Limit

[Vﬂ

Measurad
Curmulative
Phase

[

Maximum
Lirnit

[Yg’

lyg)

{\"4’

fyg)

t"fﬁl

Wﬂ

‘Vsl

lygl

[V‘DI

{¥qq)

Specification: £0.5% of yyq) = £

Par 4-59 Amplitude Agcuracy
Entry Minirmurm
Sine Wave Test
Amplitude: 3.538 Vrmsg
Sine, 100 Hz 8.495 V
Hina, 1 kHz 3.498 Y
Sing, 100 kHz 3498V
Armplitude: 1.061 Vrms
Sine, 100 Hz
Sine, 1 kHz
Sine, 100 kHz
Amplitude: 0.3536 Virms
BC, 1 mv
Sine, 100 Hz 0.3411V
Sine, 1 kHz Q.3471 V
Sing, 100 Hz 03411 Vv
Function Test
Amplituda: 10 Vpp
Squara, 99.9 Hz
Triangle, 89.9 Hz
Pos Ramp, 99.9 Hz
Neg Ramp, 89.9 Hz
Squara, 1 kkz

Measured

Maxirmum

0.366C v
0.366C V
0.2660 V




Triangle, 2 kHz 3,643V 3.754V
Pos Ramp, 500 He 3.643¥ 3.754V
Neg Ramp, 500 Hz 3.843V 3.764V

Square, 100 kHz 3881V 3.735V
Triangle, 10 kHz 2.513V 3. 803V
Fos Hamp, 10 kkz 3.32BY 3,498V
Neg Ramp, 10 kHz 3.328v 3 898V

Arnplitude: 3 Vpp
Squere, 99.9 Hz 2870V 3.030 vV
Triangle, §3.9 Hz 2955V 3.045 Vv
Pos Ramp, 99.9 Hz 2.8EB Y 3.045 V
Neg Remp, 98.9 Hz z8ssv 3.0a5 v
Squsre, 1 kHz 2000V 3.030V
Triangle, 2 kHz 2.965 Vv 2048 YV
Pos Ramp, 500 Hz 2966V 3.045 V
Neg Ramp, 500 Hz 2888y . 3.045 Vv
Square, 100 kHz 2870V 3.030Vv
Triangle, 10 kHz 2.860 V 2180V
Pas Ramp, 10 kHz 2,700V 3300V
Neg Ramp, 10 kHz 2700V 2.300V

Amplituda: 1 Vpp
OC: 1 mV

Square, 98,9 Hz 0370V 030 v
Triangle, 38,9 Hz o960V __ 00 D40V
Pos Ramp, 948 ¢ Hz D.a80 VvV 040V
Neg Ramp, 99.8 Hz g980v 000 040 v
Squsre, 1 kHz o970V 3oy
Triangle, 2 kHiz g9y Q40 vV

Pos Ramp, 500 Hx 0.960 V .0ag v
Neg Ramp, 5Q0 Hz ogecv 040 V
Square, 100 kHz 0970V __ 1.030 V
Triangle, 10 kM2 0.940 V 1.080V
Pos Ramp. 10 kHz 0.8a0 VvV 1.110 v

Neg Ramp, 10 kHz Q.890V 1110 v

High Voltage (Option 002} Sinewave Test
Armplitude: 14.14 Vrms
Sing, 2 kHz 13.86 v




High Veoltage {Option 002) Function Test
Amplitude: 40 Vpp
Sauere, 2 kHZ 3.466v 3.607v
Triangle, 2 kHz 3.466Y 3.607V
Pos Ramp, 2 kHz 3488V 3.607v
Neg Ramp, 2 kHz 3.466Y 3.607V

Amplitude Flatness

Sine, 3 Vpp, 7 kHz
{Reference)

Allowable tolerance
{+ 6 6%)

T i0.93av) T 1.066Y1
2.001 MHz
4,001 MHz
6.001 MHz
8.001 MHz
10,001 MHz
12.001 MHz

14.001 MHz
18.001 MHz
18.001 MHz
20.001 MHz

Sine, 10 ¥pp, 1 kHz
{Raference)

Allowable tolerange
|+ 6.3%)

10.837Y) 11.083Y)

2.007 MHz
4,001 MHz
6.001 MHz
B.007 MHz
10,001 MHz
12.001 MHz
14.001 MHz
16.001 MHz
18.007 MHz
200001 MH:

Squara, 10Vpp, . {eheck one)
Pass

High Voltage {Option 002) Flathess

Sine, 40 Vpp,  — {Check ong)
Pase




Par. 4:61
Entry

v

-5V
—-1.499 vV
1489V
489.9 mv
-489.9 mv
-149.9 mV
149.8 mv
48.989 mv
=485 myV
-14.99 my
14,98 mV
4,299 mv
-4.998 mV
=1.489 mv
1.488 mv

DC Offget Accuracy (DG Only)

Minirmum

+4. 980V

Maximum

+5.020 V

—-4.880V

-5.020 ¥V

—1.49300 V¥

+1.482300 V

+0.49790 V

—1.50488
+1.60499
0.50180

- (.45790 V

-0.14830 v
+0.14830 V

+.04878 V

-0.04879 V

-0.07893 V

+0.01493 ¥V

+0.004973 V

-0.004879 V

=0.001479 V

+R.001473 v

High Vottage Qurput Option Q02

20V
-20V

+18,775 v

—0.50190
=0.15080
+0.,15050
+0.05018
-0.08019
~0.01605
+0.01505
+0.005018
-0.00501¢&
-0.00151¢
+0.00151&

+20.225

-18.776 V

—-20.225

DC Cffsat Accuracy with AC Functicns

Sine 20,989 593 999 MHz

4.5V
-4.5V

Sing 999.9 kHz
486V
4.5Y

Square 999.9 kHz
4.5V

-4.5Y

Square 9.9399 MHz
-4.5Y

Minimum

+4,350 V.

Maximum

+4.6850V

—-4.360 V

—-4.850V

—4.440 V.

—-4.580V

+4,440 ¥

+4.560V

+4.440 V.

+4.5860V

—4,440 V.

-4.560V




Triangle 9.8 kHz
-4a5V

Ramp 9.9 kHz
-4.5V

Par. 4-85. Triangle Linearity

Calgulated Best Fit Tolerances
x Values Positive Slope Measurement  x times y Straight Lina Minimum Maximum

Xy =1 (10%) y, tyy)
X {20%) vo {y sl
Xg {30%) vg vy

L {40%) v, f¥y)
Kg {50%) yg, fya)
Kg {BO%) vg fvg!
Xy W (70%) y4 fyp)
Kg {BO%]} vg (g
g (0%} vy (yg)
Ix = 45 Dy
L2 = 2026  £xby

O Ex? = 285

Par. 4.65. Triangle Linearity (Can'd)

Par. 4-85. Triangle Linearity

Calculated Best Fit Tolerances
x Values Negative Slope Measurament  x {imes y Straight Ling Minimum Maximum

Xg 190%) vq Iyg)

Xg 180%) yg lyg)
Ay 170%) v4 ly7)
xg = i60%) vg {vgl
xg = (50%) vg lyg}
X4 (40%} v, tvg)
Xq (30%) vy tvy)
X3 {20%} v, )
X1 (10%} v, tyy)
Lz Ly
(Ex}2 = 2025 nxiy

rx? = 288




Par. 4-87, x Drive Linearity
Calculated Best Fit Tolerances ‘

% Values Positive Slope Mepsurament X times y Straight Line Minimum Maximum

sy

x, & {10%} vy tyq}
(20%} v {yg)
{30%) v3 fyg)
{40%) vy tyaq)
{50%:) yg tyg)
{60%) vg lygl
(70%) y. lyz!
(BO%) vg tyg)
g (30%) Ve iyg)
Lz a5 By

Xy =

XE—

¥g

Kg =

Xg =

Xz

*g

w W o~ ® ! W b

(Tx)2 = IxLy

Ex? = 285

Par. 4-69 Ramp Poriod Variation

Negative Slope Ramp, 100 Hz

Positive Slope Ramp, 100 Hz

Pasitive Slope Remp, 9.9 Hr

Par. 4-7 1. HP-IE Intarface

Paas Fail or Attach Calculator Tape




l WARNING I

Maintenance described herein /8 performed
with power supplied ro the instrument, and pro-
tective covers removed. Such maintenance

should be performed only by service-trained
personnel whe are aware of the hazards in-
voltved (for example. fire and electrical shock).
Where maintenance can be performed without
power applied, the power should be remaved.
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5-1. INTRODLCTION.

5-2. This section contains the procedures required to
adjust the 3325A (0 meet its specifications in Table 1.1,

SECTION V
ADJUSTMENTS

S-10
5-11
5-12

These adjustments should be used following repairs orif

performance tests indicate a deficiency.

Paragraph
5-7
5-8
59

Adjustment

Power Supply
D/A Converter Offset

313
5-14
3-15
3-16
5-17
3-18

Voltage Controlled Oscillator Frequency

Equipment

Adjusiments

Analog Phase Interpolation {API}
30 MHz Reference Oscillator

Option 001 High Stabiiity Frequency

Referchce
Sinewave Amplitude Calibration
X Drive
Amplifier Biag
Ramp Stability
Amplitude Flatness
Mixer Spurious Signali

Tahle 5-1. Test Equipment Required for Adjustments

_ Reqop’.mended Madel

Critical Specificaticns

AC/DC Digital
Voltmeter

AL Fungtion:
1 ¥ Range
Accuracy: L.5%
Resolution: 4 digits
DC Function:
Rangss: .1V, 1V, 10V, 100 V
Accuracy: £.2%
Resotution: 4% digits

-hp-34554/3488A

Low Freguency
Spectrum Analyzer

Frequancy Ramge' 1 kHz — 50 kHz
Amplitude Accuracy: 0.9 dB
Spurious Responges: BO 4B halow
ref.

-hp-3580A/358BA

Resistor

1 kO

-hp- Part No. 0683-1025

Electranic Counter

Frequency measuremeht: 1o 20 MHz
Acouracy: 1 2 counts
Resclution: 8 digits

Ossilloseopa

Vertical:
2 channal
Bandwridth: de to 100 MHz
Deflection: & mV to 10 V/div
Hgrizantal:
Main and Delayed Sweeps
Main: 50 ns to 2 s/div
Delayad: 50 ns ta 20 mse/div

Freguency Standard

- 10:1 Oscilloscope Probe

DC Power Supply

ifor Option 001 onlyl |
_Impedance; 1 M{3, 12 pf

Fraguenay: 5 MHz
Accuracy: 1 x 1072

-hp-53284
with Opt. 040 or 041

-hp-1740A

-hp-1058

-hp-10041A

Vaolts: 0- 10V
Amps: 10 rnA__l_

-hp-6214A

Oscillator

Frequency: 1 kHz
Amplitude: 1 Yrms

High Fragquancy
Spectrum Analyzer

Frequandy Range! 1 kH2 - B0 MHz
Amplitude Accuracy: +.5 dB

Thermal Converter

input trmpedance: BOS, Input
Voliage: 1¥rms, Freguenay: 1kHz
to 20MHz, Frequaney Response:
+0.05dB

-hp-204C

-hp-141T/B562B/85538/
B566A/B565A

-hp-11080A

Resistor

‘: Resistor

{  Resistor

L Resistor

Resistor

2000 1% 1/8W

-hp- 0767.0407

500 1% 0.5W

shp- QE28-596% |

-hp- 0757-0380

. 238 5% /4%

-hp- 0683-2505

1500 1% 1/8W

-hp- Q757-Q284




Replaceable Parts

Table 6-1. List of Abbreviations.

Model 3325A
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Table 6-2. List of Manufacturers.

Manufactursr Nama

Address

Nippon Electric Co.

Any Satisfactory Supplier
Addressograph Multigraph Corp.
Allen-Bradley Co.

Texas Instr Inc. Semicond Cmpnt Div.

KDI Pyrofilm Corp.

Motorola Semicenducter Products
Panduit Corp.

Fairchild Semiconductor Div.

Sprague Elect Co. Semiconductor Div.

Signetics Corp.

Mepco/Electra Corp.

Corning Glass Works {Bradford)
Varadyne Inc.

National Semiconductor Corp.
Hewlett-Packard Co. Corparate Hq.
RCA Corp. Solid State Div.
Intersil Inc.

Bourns Inc. Trimpot Prod Div.
Advanced Micro Devices Inc.
Centre Engineering Inc.
Stettner Electronics Inc.
Synertek

Sprague Electric Co.

Flectro Motive Corp.

Johnson E F Co.

TRW Inc. Philadelphia Div.
Littelfuse Inc.

TRW Capacitor Div.

Dale Electronics Inc.

Tokyo, JP

Cleveland, OH 44117
Milwaukee, WI 53204
Dallas, TX 75222
Whippany, NJ 07981
Phoenix, AZ 85008
Tinley Park, Il 60477
Mountain View, CA 94042
Concord, NH 03301
Sunnyvale, CA 24086
Mineral Wells, TX 760687
Bradford, PA 168701
Santaz Maonica, CA 94040
Santa Clara, CA 95051
Palo Alto, CA 94304
Somerville, NJ

Cupertino, CA 95014
Riverside, CA 892507
Sunnyvale, CA 94086
State College, PA 16801
Chattancoga, TN 13035
Santa Clara, CA 9505
North Adams, MA 01247
Florence, SC 06226
Waseca, MN 56093
Philadelphia, PA 19108
Des Plaines, IL 60016
Qgallala, NE 69153
Columbus, NE 68801
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C. Set spectrum analyzer controls as follows:

Start Frequency
Bandwidth
Frequency Span
Display Smoothing
Sweep Time/Div
Input Sensitivity
Amplitude Reference
Amplitude Mode
Sweep Mode

d. Adjust the spectrum analyzer manoal vernier con-
troi 1o place the display marker at the peak of the API
spur which appears at 3 kHz (3 display divisions).

e. Adjust the API | Adj (A21R76) to reduce the spur
to a minimum,

. Change 3325A frequency to 5 000 300 Hz,

&. Adjust AP 2 Adj (A21R74) to again reduce the spur
on the spectrum analyzer display to a minimum,

h. Change 3325A frequency to 5 000 003 Hz.

. Adjust AP1 4 Adj (A21R88) to reduce the spur to
a minimum,

j. Set the 3325A to 5.003MHz and readjust APIL 1
(A21R76) to its minimum value, Alsa check the harmonic
disiortion performance test (paragraph 4-38, steps ¢
through h).

5-11. 30 MHz Reference Oscillator,

Equipment Required: electronic counter (-hp- Model
5328A)

NOTE

The instrurmen! must have been ON for at
feast 20 minutes before performing this ad-
Jusiment,

a, If the instrument has the Option 001 High Stability
Frequency Reference installed, the rear panel connec-
tion from ‘10 MHz Oven Output'’ to **Ext Ref In”
must be disconnected.

b. Connect an electronic counter to the 3325A signal
output, using 50-chm input termination.

¢. Sect the 3325A as follows:
Function
Freguency
Amplitude

d. Adjust the counter to measure frequency (20
MI1z).

¢, Adjust Ref (A3IR30) for a counter display of
20,0680 000 MHz»,

5-12. Option 001 High Stability Freguency Reference.

Adjustments

Equipment Required:
Oscillescope, 2 channel (-hp- Model 1740A)

Quartz Frequency Standard, 5 MHz (-hp- Muodel
105B)

NOTE

The rear panel **10 MHz Oven Quiput® musi
be connected to “Ext Ref In'',

a. This procedure is for instruments with the Option
001 High Stability Frequency Reference. The instru-
ment must have been connecied to ac power (either in
STBY or ON) for at least 30 minuics before attempting
this adjustment.

b. Connect the frequency standard 5 MHz output to
one vertical channcl of the oscilloscope and trigger the
sweep from this channel.

c. Set the 33235A as follows:

Function
Frequency
Amplitude

d. Conncet the 3325A signal oulpul to the second
channel of the oscilloscope.

e, Adjust the Fine Adj (A9RT7) to stop Lhe 3323A
signal on the ascilloscope display. (The frequency stan-
dard signal must be stationary, and the 3325A signal as
near stationary as possible.)

f. If the Fine Adj (A9R7) does not have enough
range, procecd with Step g.

g. Adjust the Fine Adj (A9R7) to mechanical center.

h. Remove the serew from the Coarse Frequeney ad-
justrent in the end of the temperature contrelled oven
assembly (AEl),

i. Using 2 non-conductive tool, adjust the Coarse
Adj. to stop the 3325A sgignal on the oscilloscope (as
near stationary as passible).

J- Replace the screw in the oven assembly and repeat
Step =,

5-13. Sinewave Amplitude Calibration. A4

Equipment Required:
Oscilloscope (-hp- Model 1740A)
10:1 Oscilloscope Probe (-hp- Model 10041A)
DC Power Supply (-hp- Model 6214A)
Oscillator (-hp- Model 204C)
AC digital volimeter (shp= Model 3466A)

a. Set the 3325A 1o STBY.

Ad - see Section VII for alternate procedure




Adjustments

Yy Yy ey

fCAUTION]

FENRIY SRR YV

Do not allow disconnected cable connectors
1o rontact the printed circudl board or com-
ponents, or circuits may be damaged.

b. Adjust the dc power supply output to +5 V and
connect it between the AMPTD MOD input and
ground.

¢. Disconnest cable W23 at A3J23.

d. Measure the oscillator (-hp- 204C) cutput with the
ac digital voltmeter and adjust the output level 10 ap-
proximately 1 V rms ar a frequency of 1 kHz. Connect

the oscillator output between the center contact of
A3J23 and ground.

e, Set 33125A power switch to ON and set EXT MOD
o AM ON.

f. Connect the oscilloscope through a 10:1 probe to
AITP4, Set oscilloscope input to ac coupled, sweep to ]
me/div,

g. Adjust Y offset in (A3R60) to null cut the sine
wave signal on the display. (Change oscilloseope vertical
gain as necessary to observe the signal.)

h. Ground the oscilloscope input and zero the trace
on the center line. Ser the input to de coupled.

i. Adjust Offset Out {A3IR68) to return the
oscilloscope trace to the center line {(# Vdc).

j. Set the 3325A 10 STBY. Disconnect the dc power
supply and the oscillator, and reconnect cable W23 to
A3]23

k. Turn 33254 to ON.

1. Connect an ac digital voltmeter to the 3325A signal
output via a 30 ohm feedthru termination.

m. Set the 3325A to 1 kHz, Sine, 1 Vp-p, and 1 mV
DC OFFSET. Press AMPTD CAL key,

n. Adjust Offset In (A3R33) for a voltmeter reading
of .3536 Vrms = 0040 Vims.

0. Repeat Steps m and n until putput voltage of .3536

¥rms does not change when AMPTD CAL key is press-
ed.

p. Set the DC OFFSET to 0 V., The output voltage
should remain at .3536 Vims + 0040 Vims.

g. Set the output voltage to 10 Vp-p. The output
voltage should be 3.536 Vrms + 040 Vrms.

r. If necessary, the adjustment of R60 may be com-
promised slightly 1o bring these two voltages into
tolerance.

B-14. X Drive.

Equipment Required: de digital voltmeter (-hp- Model
3466A)

54
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a. Connect a dc digital voltmeter to 3325A rear panel
X Drive qutput.

b. Set the 3325A as follows:

Function

Amplitude

Sweep Start Freg

Sweep Stop Freg

Sweep Marker Freq

Sweep Time. __. ... 00 0.699 sec

¢. Press RESET/START key to reset sweep to start
conditions.

d, Digital voltmeter reading should be less ihan
20 mV.

¢. Adjust X Drive (A14R6) to mechanical center.

f. Press RESET/START key once to initiate a single
sweep. AL the end of the sweep the digital voltmeter
reading should be +10.450 1o +10.350 V.,

g. If the reading is less than + 10,450V, adjust X Drive
(A14R8) slightly clockwise; and if reading is greater than
+10.550V, adjust X Drive slightly counterclockwise.

NOTE

The voltmeter reading will nor respond to ad-

Justment of X Drive (A14R6). The effect of
this adjustment can be observed only after
another single sweep, Following the end of o
sweep, the X Drive output voltage will drift
downward at = 1mV per second.

h. Press RESET/START twice to initiate another
sweep. If necessary, readjust X Drive (A14R6), turning
clockwise 1o increase voltage and counterclockwise (o
decrease voltage.

i, Repeat Steps g and h until proper voltage ( + 10,450
to +10.550 V) is measured immediately following the
end of a sweep,

5-15. Amglifiar Bias Adjustment, A5

Equipment Required: High frequency spectrum analyzer
(-hp- Model 141T/8552B/8553B/8566A /85684,

a. With the 3325A in its turn-on condition, set the
frequency to 10 MHz, function to square wave, and
amplitude to .99% Vp-p.

AS - see Section VII if necessary for alternate adjustment
locations
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b. Adjust the spectrum analyzer as follows:

Center Frequency

Bandwidth

Scan Width

Input Atrenuation

Video Filter

ScanTime. .. ......oo0 e 10 msee/div
Log Reference Level. .. + 10dBm, 10dBLOG
R 5117 S

Scan Mode

¢. Connect the 3325A signal output to the spectrum

analyzer input. Do not use a 50  feed through termina-
tion.

d. The spectrum anajyzer should display the high
level odd harmonics and low level even harmonics of the
10 MHz square wave.

¢. Adjust the bias, A14R275 to minimize the 20MHz
second harmonic, It should dip sharply to > 34d4B below
the fundamental.

5-16. Ramy Stability.

Equipment Required: Oscilloscope, with delayved sweep
{-hp- Model 1740A)

a. Connect 3325A signal output to the osciloscope
vertical input. (Do NOT use a 10:1 probe.) If the
oscifloscope is an -hp- Model 1740A, set the input
switch to the 50-ohm position. If your oscilloscope does
not have a S0-ohm input, use a 30-ohm load {(-hp- Model
11048C 50-ohm Feedthru Termination) at the input,

b, Sct the 3325A as follows:
Function

Frequency
Amplitude

Remove the RMP test jumper

¢. Set the oscilloscope as follows:

Vertical

Main Sweep
Delayed Sweep
Trigeer

Display
(Do not use ALT or CHOP)

d. Set the oscilloscope to delayed sweep. Adjust the
delay to see the ramp reset jitter and read the positive
ramp Jitter in microseconds.

e. Press the Megative Ramp function on the 3325A,

f. Change the trigger on the oscilloscope to positive and
note the negative ramp jitter in microseconds.

Adjustments

E. Bump the 3325A frequency to 99.99959%Hz and read
the ramp jitter in microseconds.

h. If any of the above readings exceed 60ps, adjust
Al4C110 to reduce the jitter.

i. Repeat the ramp jitter measurements of steps d and
f, adjusting A14C11¢ as necessary to redhice the jitter to
80us or for the best compromise between the fwo.

NOTE
If ramp jitter cannoi be adjusted satisfacior-
iy, troubleshoo! the ramp generaring circuitry
fservice Group J).

J. The BMP test jumper can be left off if it results in
the best possible adjustment.

]

Figurs 5-1. Ramp Reset Wavefarm.
5.-17. Amplitude Flatness, AS

Equipment Required: 1Vrms/500 Thermal Converter
{-hp- Model 11050A), Digital Voltmeter (=hp- Model
I455A/3466A), Resistor 2000 1% 1/8W 0757-0407,
Resistor 300 1% 0.5W 0698-3965, Resistor 135 1% 1/8W
0757-0380, Resistor 258 5% 1/4W 0683-2505, Resigtor
13042 1% 1/78W (757-0284

a. Set the 3325A as follows:
Function
Amplitude
Frequency

b. Comnect the 3325A signal output {through the
10Vp-p pad and thermal converter) to the digital volt-
meter (see Figure 3-2a).

CAUTION
Insure that the input vellage to the thermal
converter does not exceed IVrms. Also for
best resulis, alfow the thermal converter fime
to sellle and adjust fo surrounding tem-
perarures.

¢. Note and record the de voltage reading on the volt-
meter. This is the flatness reference voltage.

d. Set the 3325A frequency to 20MHz, Using a non-
conductive tool, adjust A14C217 1o obtain the same read-
ing as the reference recorded in step c.

¢, Set the 3325A to 10MHz. Adjust A14R 142 to ob-
tain the same reading as recorded in step c. Repeat step
d, adjusting A14C217 as neccssary.

AS see Section VII for alternate procedure




Adjustments

f. Set the 3325A to 16MHz. The volimeter reading
should be within +0.15mV of the reference recorded in
step c. If not, decrease padding capacitor A14C101 using
the capacitors shown in Table 5-2. Repeat steps d and e.

g. Set the 3325 A to 20MHz. Bump the frequency down
to IMHz in 1IMHz steps. Note the de voltage at each fre-
quency and insure that it is within £0.15mV of the refer-
ence recorded in step ¢,

k. If the dc voltage measured in the 19-21MHz range
is out of tolerance, increase or decrease the value of
A14C103 as necessary, using the values shown in Table
5-2. If A14C103 iz changed, repeat steps d and g.

i. Set the 3325A amplitude to 3.0Vp-p.

j. Replace the 10Vp-p pad with the 3.0Vp-p pad (Figure
5-2b). Repeat steps d and g. If a voltage measured in step
g is out of tolerance, repeat the amplitude flatness ad-
justment with the 33254 at both 10Vp-p and 3Vp-p until
all voltages are within tolerance.

CAUTION
Insure that the input voltage to the thermal
converter does not exceed 1Vrms.

5-18. Mixer Spuricus Signal.

Equipment Reguired: high frequency specirum analyzer
(«hp- Model 141T/8552B/8553B/8560A/8568A)

a. set the 3323A as follows:

Function
Amplitude . ... ..o 0.999Vp-p
Frequency

Model 33254

b. Set the spectrum analyzer as tollows:

Center Frequency
Bandwidth
Scan Width
Input Attenuator

Log Ref Level
Vernier

¢. Conmnect the 3325A signal output to the spectrum
analyzer's 500 input.

d. The 2:1 mixer spur should occur at 10MHz. Using
a non-conductive tool, adjust AIR115 (MXR ADJ) until
the 2:1 spur is at a minimum. Check the VCO/2 spur at
SMH:z,

¢. Using the modify keys, bump the frequency from
20MHz to 11MHz in 1MHz steps. Observe the spectrum
analyzer for spuricus responses. At 18MHz, check for
the 3:2 spitr at 6MHz. Note that in all cases, all spurions
responses should be = 70dB below the desired signal.

Table 5-Z. Padding Yalues.

A4CIM

88pf -hp- p/n 0140-0182
| 75pf -Ap. pin 0160.2202 140p1*hpe p/in 0140:0217

. 82pf*-hp- p/n 0160-0145 | 150pf -hp- p/n 0140-0196

A140102
130pf -hp- p/n OT40-0195

*Leaded Value

Digital Voltmeter

]

QuT

Figure 5-2a. Amplitude Flatness Adjustment (10¥p-p Pad).
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Figure 5-2b. Amplitude Flatness Adjustment (I¥p-p Pad).
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Madel 3325A Replaceable Parts

SECTION VI
REPLACEABLE PARTS

6-1. INTRODUCTION.

&-2. This scction contains information for ordering replacement parts. Table 6-3 lists parts
in alphanumeric order of their reference designators and indicates the description, -hp- part
number of each part, together with any applicable notes, and provides the following:

a. Total quantity used in the instrument (Qty column). The total quantity of a part is
given the first time the part number appears.

b. Description of the part. (See List of Abbreviations in Table 6-1,)

¢. Typical manufacturer of the part is a five-digit code. (See Table 6-2 for List of
Manufacrurers )

d. Manulacturer’s part number.

6-3. Miscellancous parts are listed in Table 6-3 following their respective assemblies.
General miscellaneous parts are histed at the conclusion of Table 6-3.

6-4. ORDERING INFORMATION.

6-53. To obtain replacement parts, address order or inquiry to your Jocal Hewlett-Packard
Field Office. (See List of Qffice Locations at the end of this manual.) Identify parts by their
Hewlett-Packard part numbers. Include instruoment model and serial numbers.

6-6. NOM—-LISTED PARTS.
6-7. To obtain a part that is not listed, include:

a, Instrumcnt model number,
b. Instrument serial number.
¢. Description of the part.

d. Function and location of the part.

6-8. PROPRIETARY PARTS.

6-9. [tems marked by a dagger (7} in the reference designator column are available only for
repatr and service of Hewlett-Packard instruments.

6-10. PRINTED CIRCUIT ASSEMBLIES.

6-11. Printed circuit assemblies are listed in Table 6-3. An itemized parts listing of each as-
sembly is located in the service group associated with each printed circuit assembly.




Replaceable Parts

Table 6-1. List of Abbreviations.

Model 3325A

3eng

I I
a

e nIlacT tranErcr

- aluver

- . auminum

.. . Bmpareizh
geld i

. RIS
A - . bAramic
.. cowfliciem
... .comman
... COMpOgitian
. EOnnECtion

. depositad
dwble nole doubse-throw

. Houble-poly single- Lhrow

.. eipcirgiy lip

- Aoradis
innd

. gallium 3:sanice

. mem = 10*9 herrz

- guardled!
.- wlmmmrn
. gluund{ldl

. henryiies)
... MERCury

Azl
.. mange
. . battury

<« v etz doychulst par sacongl - MPD L

g
mll! u-ol:{:l 10 Ef.-u‘n'nm

ABEREVIATIONS

.. Megelive positive zern
lmo temperature comtlicient|
nanasacondist ~ 169 seconds
... mar arparetely reploceable

<o emuidw diameter M L.
.. impregnated  n

.. . .NECheetietoent
- impalationded) e e e . whmig|
.. . mdnrhvde?ﬂ' pulon
. kikohmis] = 10*3 ohms . pulsidle diameter

.. kioherez = 103 hertz

e o e ... peak
. indhee iy .. e plcoamwelsl
I'mur tapar P . plinkad tircuit
 Ipgarithmic 1aper - prcotacadist 10712 (neads
walunusrsevolw

... millamperels) = 102 amptras T T partat

.. megehertz = 1019 bertz

Wulmnls}
megonmis) . 1ot Qhrn;

s lefS!w'Eﬂl

.., patentigmyter

- gk lg-pigk

. ports aer million

. precision {vemperature coeffigae.

leamg 15rem stadlity andtes tolerancel
... rcrafaradisl

.mlcrogeeond s P S .. ... .remmar

" microvoltish = 106 veiis G e . thodium

Lo oMyl s rool-mean-square | -
Lo . rotary

. rangamperels = 109 anoeres -

marmatly alosed . P - .. #kenum

........ e .. gt sk

. nowenally ppen 81 . . . . . Ao
CESIGNATORS

A Q. N 1 T

. . hesier Lo o hanaustardsady

. wtegraied cirgunl PP P 1101

.
smql! pelo du bole- bhraew
.. singhe-pohe Snghe- Khraw

. . aniglum
|“‘“DG I.Il L] EDQ"IC iant
. dhamum dioxide

- mliranu
. mwirmenEt
. Hransistor

o . ol

allcmanng eurrent unrkmg vHiage
. wimiakze

clhecl nurfcm wlvlurln viltage

wttls!

.. AL
. mlmg inwer e unltap
. oo b

Lo siround

-Bplimum walue selecled at Jactory,

avarane vakie BOWN [Dart may be it
. NG 4andard fype Aurnbe asigned

salected o¢ special fype

® Clupent de Memours

e menal 26
. mucracircuil

-m Coaom
AN il

. m-nc lll.Clrﬁmc ot

.. GRDECINOr P R . .. . jack

o il e e . melay

::.dulwlum oL esducte

lamp . .. . . ey
. e mchancalwl
, Tuge - e . plug

thetrrigioe

.. swiich

trarformer

.. termnal boad

thermacauple
... ¥ast poini Z

. watuum tube, mean hulb,pl!mocﬂl L13

. morkel
lamghltor
Fuzehdider
cryatal

. T Rk

Table 6-2. List of Manufacturers.

Manufactursr Nama

Address

Nippon Electric Co.

Any Satisfactory Supplier
Addressograph Multigraph Corp.
Allen-Bradley Co.

Texas Instr Inc. Semicond Cmpnt Div.

KDI Pyrofilm Corp.

Motorola Semicenducter Products
Panduit Corp.

Fairchild Semiconductor Div.

Sprague Elect Co. Semiconductor Div.

Signetics Corp.

Mepco/Electra Corp.

Corning Glass Works {Bradford)
Varadyne Inc.

National Semiconductor Corp.
Hewlett-Packard Co. Corparate Hq.
RCA Corp. Solid State Div.
Intersil Inc.

Bourns Inc. Trimpot Prod Div.
Advanced Micro Devices Inc.
Centre Engineering Inc.
Stettner Electronics Inc.
Synertek

Sprague Electric Co.

Flectro Motive Corp.

Johnson E F Co.

TRW Inc. Philadelphia Div.
Littelfuse Inc.

TRW Capacitor Div.

Dale Electronics Inc.

Tokyo, JP

Cleveland, OH 44117
Milwaukee, WI 53204
Dallas, TX 75222
Whippany, NJ 07981
Phoenix, AZ 85008
Tinley Park, Il 60477
Mountain View, CA 94042
Concord, NH 03301
Sunnyvale, CA 24086
Mineral Wells, TX 760687
Bradford, PA 168701
Santaz Maonica, CA 94040
Santa Clara, CA 95051
Palo Alto, CA 94304
Somerville, NJ

Cupertino, CA 95014
Riverside, CA 892507
Sunnyvale, CA 94086
State College, PA 16801
Chattancoga, TN 13035
Santa Clara, CA 9505
North Adams, MA 01247
Florence, SC 06226
Waseca, MN 56093
Philadelphia, PA 19108
Des Plaines, IL 60016
Qgallala, NE 69153
Columbus, NE 68801




Replaceable Parts Replaceable Parts

Tahle 6-3. Reptaceable Parts

Reference HP Part o Mfr
Designation | Number Description Code Mfr Part Number

A WEIZT-HES0D POWER SUPPLY ADGY 28anu [RLEHIE LR 3
CAPACITOR-FXE 1UF +09-Z20% SUHVPL CER 6480 01&p--3508
CAPACTTOR--FRDP 1 30205 29¥DC CER 20489 0140-5508
CAPACITOR-FXD 1UF +-20% S0vD{ CER 28490
CARPACITOR FAD 1WF +--24% UevVDL LER st N EN-3559
CAPACITOR-FXD 100BUF+530- 14 ISVRC AL REAB0 Map-26%3

ARCY Q16— 340R
AL 01403508
AT 0 1el-5438
ASCA 11503058
#2000 01 Bb o35

PR ] ~q

CAPACITDA-FXD 1UIF +30-20% TSQUDC CER cEABD 01403508
CAPACLTDR-FXD 4, 7UM+-20% 10VERL Th TLEET 130DA7LR0010R2
CAPACITOR -FXD 1400UF+50-10X IGUDC AL Za487 D180 -263%
CAPARITOR-FXD DDQOUF+50-10% §6MDC AL 2u4¢0 01804610
CAPACLTOR-FXD (DI1UF +100-D% S0VDC CER st L] H1a0-384%

HACh U149 35003
h207 2150-03509
AR oiae- 635
h2[i% {1Bh-4610
B2CH0 060-AB4Y

CAPRLITOR-FXD 107 +BN--20% S0YDC CER 2Radh 016835013
CAPACITOR--FXD . 1UF +80-20X GAVDE CER L0 1160-4571
CAPARLTOR—FXD &, AUF+-20X &VDE TA Hha2EY 150D485X800682
CAPAETTON-FXD .O1UF +«i00~0% S0VBC CER ZE4A0 U140 --3047
CAPACITOR-FXD 470UF+50-10% &,3V0C AL adagn 0180--gB3%

K203t 0 la0-3508
ARGLE 01604574
AZL1A B1E3--1731
AZCLS N1&0--3047
ARG 14 Ql8g-2823

=gW@e alud-

ACHT 0180423
AZC1E 0180~-0423F
ASCIR fied-3008
AEL 20 uigr-2aEa

CAPACITOR-FXD 10QUF+S0-10% 25VDC Al agaan Ma0-0473
CAPACITOR-FXD 10U0UF+30-10% 2aVDL Al Z8480 LRE-NIEY T ichi
CAPACITOR--FXD 4FOUF+E0-10% 35YDC AL 20480 f1gn-30ot
CAPACITRR-FXAR A470UF+50-10% &.3UDC AL atAgn N1&0-2Eay

=g

AZCR1 1701 -0662
R2IRE 19010662
A2ACA3 1701-0862
AZRA 1781 -DGAE
AIRS 1902 -0025

DIODE-PWR RECT 140V & 04713 MR ¥O1
DIODE-FMR RECT 100V &4 14713 MRS
BLODE-PWR RECT 106V 64 04713 MR7S1
DIDDE- PUR RECT 100V &4 04713 HMR7EL
BIODE-ZNR OV S% DO~35 FRa, &l TLe+. 06X 28480 iPA2-0623

AZCH? 19023214
ASGHA 1901 -Dean
AZCRY 19025777
HRCRID 1884 02L6
agiie 1901--DO40

DIDDE-ZHR 16,30 2% DO-X3 PR=, qM 28480 1202-3214
DIOPE-SWITCHING J0V S0MA ZNS PO-35 204890 17010049
DICDRE~INR INH2S5 6,24 S DI-F PR, AU 04713 1HE2E
THYRIGTOR-BCR 2Ne400 TO-220AB VRRH=50 L5830 L]
DIODE~BWITCHINE IOV S0HA SNS DO-35 zEARE 1991004

IR B SRR ST

ADCRY1E t901-0040
AZGR1A 1701 -0040
A2CRTS 1701-051B
ARCRIE 1791-a04h
ARZGR1T 1801- 03515

DIODE-SUITCHING 30V SOHA N5 DO-33 28480 1Pn1-0040
DIODE -BMITCHING 30V BiHa SNE BO-35 2EABD 19010040
DIODE-EH BiG SCHOTTYY 7iAE0 1%707-0518
DIADLE-SWITCHING X0V S0Ma 2M8 DO~3% FRARY 12050040
DIODE-3M 310 SCHOTTHY wizag 0 1901 -0534

e

AZCR1E 1981 -0518 DIODE-3M GIC SCHOTTRY 2400 1981~D518

A1 h459-07435 RELAY 10 &YDC-COLL TA 113WALC PasBD 04700745

ALY FiM -3507 THDUCTOR RF-CH#HLD 110NHH 8% . 186604, 305L6 28380 21003807
COOHNECTUR 3-PIN M POST TYPE 28480 13531-4346
CONMECTOR 10--PIN H POST TYPE 2480 1251-3759
CONNECTOR &-PIN N POST TYPE 480 1251-3636
CONNCCTOR I-PIN W POST TYPE 28480 125142448
COMMECTOR 10-PIN M POST TYPE 20480 1251-3570
4BTR ABLEMBLY 28430 x5 -b0 %01
ASTR AGLEHWPLY 284819 0332564902
XETR ASSEMBLY A2420 03325-649103
TRANGISTOR HP# EI PD=2MBMW FTeXS0HMHZ 284810 18L4-0094
TRAWSIGTOR PMP 2H4%17 &I PD=200MWd G7263 AN4RLY

aik1 1251346
AZP2 12891 -F7%0
AEP3 1251 -32638
AZF 4 1081 -4248
AJPS 1261-3670
s201 1E325-- 665701
AEE2 A320- 602
A3 1338566903
ATGY 1154 -0074
AEAS 1853-hoe?

iraMp-d0oxg > 4 0O

TRANSISTOR HPH SI PD:3S0MW FT=X00WHZ 04713 2ZMIT04
TRANSIETOR PHPF 2NAP17 GI PD=200HY 07263 ZNaT1 7
TRANBIETOR WPH 8) PL=U330HW FT=3I00HHI 04713 ENITOs
TRANEISTOR MPH 3T PD=300HW FTaZ00MHZ 23480 18540071
TRANSTITTOR NPH 51 Ph=15M FTa%O0MHT 04713 MITERT

A2R 1A54~0215
AZH7 18%33--008Y
ARGE 1854-N215
AZQT 18%94-0071
ADR I 1 EE4-D&YE

TRAMSIGTOR PNP 2H4F17? ST PR=200MU 07Red EHAP 7
TRANSISTOR PP SI TO-22048 PR=&0L 04713 HWIEF 1R
TRANSISTOR PHF 31 TO~%2 PD=625MU f0480 168530066

A2gil 1353-008%
Aso2 1953=- 01458
A2 1853~N Dbk

AZR1 05 7-0283
ADZR2 0737-02683
AZR3 058932038
KR4 08112545
AZRS D83 -392Y

RESISTOR 2K 1% 125w F TCu0+-100 CALAG EA-1/B~T0=-2001~F
REIISTOR 2K 1% 1254 F TCuf+-100 24546 £4-1/8-Tp-2001--F
REGISTOR 20K 5% 2% FC TC=-400/+4B00 81121 CBZ N3G
RESISTOR .54 5% %M PW TCx0+-300 Fo04R HW-2¢-1/2-R5&-T
RESISTHH 2.9K SX 284 FC TO=-400/4700Q B1i1 CRIPIS

RESTATAR 1K 12 (125W F TC=0+-104 24T44 Ca-1/B=T0-1001+F
RESISTOR 1K 1% .i25W F TCol+-~100 24346 Ca~1/B-T0-1081-F
RESISTOR 201 5% 254 FC TCe—a40/+340 111 ERZ3ES
REGISYOR 1K 5% .25W FC TCw-400/4450 nii2 Cuio2s
RESIBTOR .47 %3 .SuW PM TC=0+ 300 To0ag BNEG-5/10- 47R-]

A2R & DPHZ-0200
AZRT BpPIP-pato
AZAAD B6E%-203%
ARRY 0£83-1 028
AZRIN n611-95486

RESIGTOR 1K T& .25M FO TL=-400/+400 1121 CR1N2%
RESTISTOR 470 % 20W FC TC=-4D0-,+&00 142y = Eyat
RESISTOR 1.9K 5K L25W FC TC=-400/+700 01121 LH132%
REGIGTOR 100 5% 25§ FT TC=-400/+300 [ AR ¥4} CHL015
RESIATOR 130 1% ,IZ5W F To=0r=100 24544 Ca-178-T0-131--F

A¥RI1 0&83-1027
AERIZ G&A3-4715
ABRIZ NeEy-152y
AR DELI-101%
.F-L31 1 079r--0404

RESISTOR B.25K 1% 1230 F TC=0+-100 g4liae G4~ 1/8~-TO-3251 -7
REBIGTOR &1.9K 1% .12%W F TC=0+-100 24544 Ca4—1/8-Ta~p152-F
AESISTOR 5.1K 3% . 25W FC TC=-400/4710 11181 CEHFIRY

REAIBTOR 27 TX .26W FC TOwm-40d /4500 1121 CEH27 0%

RERIBTOR 10K 1% 12350 F TCa0+-25 20480 I698-63610

ARG [737-0441
ABRI? Q7570460
AZR1B 0L83-5125
AZRIS GH83-B703
AERZ0 D&98-4360

sREm-m WAkl O W ReMed DU @I g

See introduction to this section for ordering information
*Indicates Factory zelected value
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Table 6-3. Replaceable Parts

Mfr
Code

1124
coaad
cEag)
B5BRA
L FRF-Y

HP Part
Number

J6R33--101E
2L0D-3008
1693-4817
0 578 £330
M&83-101%

Reference
Designation

AZREI
AZfRE3
AZRZY
LELE-L]
A2R2T

Mfr Part Number

=

Description

CRI S

E109-3076

04L78-polY
RMESS-1FE~T?- 5001 K
%110 =

RESSSYOR 100 5% 20W FC Ti=-a00.+500
RESIATOR-TRAR 1K 104 L TOP-alY 17-TRH
RESISTOR 15K 1% 125 § TO={+-23
RESIUTOR BK 1% AZ5W F TCel#-25
RESIETUOR 100 5X .24W FL TC=-A00./41 500

197014
12703
2445
LAR T 1
01121

FF ALY BT 12581
MFACT A B=TP--BE41"D
L4=-1/8-TA-1181-F
CE101%
EB1D35

RESTSTOR 12.5K 1% 1854 ¥ TCul+- 25
REGISTUR D.64% A% . 125W F TC=0+-25
RERTSTOR 1.18% 1% ,125M ¥ TCe0+-100
RESISIMUR 180 5% ,ZTW FC TC=-400/+500

RESTETOR 10K 3% (20M FU TC=-400/+700

RESISTOR 4,70 5% .28 FO FC=-400/4%00
RESIETOR 10% 1% ,125W F FCede- 2%
RES{ZTOR 100K 5% ¥5W FC TCe-40T/ 30D
REBISTOR 20% % 25W FC TCw—-A400/+R0D
RESIGTOR 510 52X .5W CC TC=N+3a¥

vRES
AlARAY
ARHEE
AMIDS
AR

VEE-E171
G678-8040
16 78-E12
Gisa 3§01
1 aidE-1035

— b gt EEEg

o112t
2480
01121
F11a)
bii2i

CB4725
0,948 -6360
fPinsy
LR20xs
EB}L1S

Q603-A7HE
NH78-43480
O3~ 045
1) &83-2938%
0065115

ARlRAZ
AARES
A4S
LTEL 1]
AZRIL

ro el

CH1 005
GBI &S
CHED2S

o112
0112l
01121

RESISTOR
RESISTOR
REGISTAOR 3K 5%

SWITCH-BI. EPDT MINTR .38 1DWWeC/LC PC
SUITCH-9L DRDY STD 24 230VAC SLOR-LUG

10 5% 200 PG TCs—-AdR/ #4800
16K 5% 230 FC TC=-400/4+700
JiEW FC TO=--4007+700

ArRAl
A2RAT
AR AT

V&5 100%
U6HH3-E62T
1eEx-2023%
IN-1162
dloi-goaz

23430
29480

Q4713
27014
2714

27014
28480

RSN E RSN T
31012042

Akl
hBEHE

W Wendd

MDA
LMASEH
L.M35 134
LMASEH

TRIE-00P4
1R26-0478
16861078
18246-047B

DIODE-FW ERDGC 200V ZA

IC OF aMP GP DAL TO-27 PEG
IC 0P AMP GF DUAL TQ-9% PKG
1C Or aMP BP DUAL TO--99 PKG

A
AR
AALE
AZLIA

g

2 | UR37- 0120 VARTETOR=120UAC QBE7-01210

LE]

AAC1
[ Fe 1]
#ACE
A4
ASCE

AACY
AECE
A3ET
ALY
AECIR

A3
L E
AICiA
LE
LRI

WAG1T
A3lan
ASCEL
A3kas
ABGEL

LE M
AACEL
HiLaY
AZC2B
Adlay

ASLIL
AICIT
AJLIE
AJLIA
AXCIE

AJCET?
ASGIE
naCaw
ARGAL

AACAE

A3CAZ
ADCA4
ASGAs
R3CAT
HALAT

1354+ 4600
b40N--0307
2200-1143
ZEe0- 0009
2360-0113

A0S0 0440
A&7
T121-1234

ORI -6050 3

0160~3T3B
01603047
H140-0342
01400362
01&0- 3847

11e0-2304
nio0o-4224
D1 40-3556
0169-0174
0140-9171

f40-019%
G1a0-22604
044036847
071 6075347
1140-0204

160 ~3847
N40-22%52
n18n-n1¢?
0noeo-5197
[IR3:1LEG P L]

0140 -3558
Bl &0-3847
hi60-J347
UL &H-Ak4Y
0160-384"7

O1BD--p2EFP
01601744
B1B0-174p
0163-3047
11 603847

01aG--IB47
31603847
01603847
N4 603647
01&0-3%20

01ae--2254
Bi40--R2SE
150-3H47
03&0-3085
0140-21%7

De0r® Gw-adw & W RaS o

ELE.- R - S R R U

o4 ataa

B

 ATs0e doaRu

COMNECTOR-BG1
CABLE TIE

LABGL-WARNING

EIGMNAL SOUNCE

CAPACTTOR-FXD
CHPACT TOR-FAD
CAPACTTDR-FXD
CAPFALTTOR-FXI
CAPACITOR -F XD

Carast roR-FiD
CAPALITOR--FXL
CAFATITOR-FXD
CAPACTTOR--FXD
CAFRCLTOR-FAD

LAPACITOR--FXD
CAFACITOR-FAD
LAPACITOR-FXD
CaPACTTOR-FRD
CAFACITOR ~-FXD

CAPACITOR-FXD
CHRBLCITOR-FYD
CaPACTTDR=-F A0
CAFACITOR--FXD
CAPACITER~F 2D

CAPACITTOR--F XD
CAPACLTOR-FXD
CAPACTTOR -Fii
CAFACTTOR-F AD
CAPACITOR-FXD

GAFACTTOR~F YD
CAPACITRR-FXD
CAFACTTOR-FXD
EAPACTTOR -FXD
CAPACITOR—FXD

CAPACITDR-FXD
SAPACITOR -F XD
CAPRLEITOR-FXD
CAPACLTAR-F AT
CAPACTITOR-F XD

CAPACITOR-FAD
CAFACTTOR ~FAD
CAPACT TOR-FXD
CaFACITOR-F KR
CAPACT TOR-FXD

NE2-2-DIA
ECRELW -HACH 4-40
HUT -HEX W/ LKMR 4-48-THD , 0%4~ IN--THE
SCREW-MACH &—37

WASHER-BHL.DR NO. 4

CONT PIH 1. 14-MK-BBEC-8Z 80
PES-HD NYL
VE7E-IN-LG PAH-HD-POAT

W25~ IN-LG PAN-HD-FUOLX

V315 THID 2= FH-0D
(= TR=MD 1-LIN-LE AYLAR

LABEL-CAUTION 1.925-INWDr 2.24-IN-LG

ASEY

JAUF +-20% SOVUDC CER

BIUF +100-0% BIVDC CER
S10PF 5% J00UDC HICA
S10PF +-5X ZOLVDE HWYCA
LJALUF #100-0% SOVDC CER

1R0RF +--0% JU0UDE NICA
2EUF+-10X 1E5VIC TA

JUF +-20% S0VPC CER
LAPUR #R0-20X 2EVNC CER
BGPMF o «~-TE Z00vii MNICA

RAGPF -0 300VRC WIDA
2O0PFF +-0X S00VDL GER G-30
CDIUF *100-¢X SRUDC CER
VIUF 10002 SOVDC CER
47PF +-0% SOH0VDC HICA

SIUF F00-RE BIVDE CER
&, BPF 4 28PF GORVDE CER
2, 2UF+-10% 20VDC Ta
2.2UF+-10% 29UDC TA
1SUF+~-10X EBVDE TA

AUF +-20% 56UDC CER

(IUF 41d0- 0¥ SAURC CER
JOUF w1 00-0% SEVDC CER
JOUF w100~0% JSOVDE CER
.MUF +190-0% FCYDC CER

FAUF+-10% i0VIC ThA
1EUF-H-10% 20UDE TA
15UF+-1 0% 20UDC TA
LHUF +10G--D¥ SJVDC CER
JOUUFE FD0-0A GoVDE CER

JORUF +100-TK SOVDC CLR
JIF #100-0% SEVRC CER
JOWUF +1p0-0% SIVDC CER
(IUF +100-1% HOVDD CER
JOPE 1% 100VDG NICA

7.5PF +-, 25RT SOCURG LCER
4.2PF 4-,285PF S00VDC DER
LGIUF +100-0% S0VOC CER
S19PF +-1% 300VD0 HICA
ZNPF 45X INOVDE HICA

29480
ZE4ElN
2430
ponng
aanne

cha)
ZEAU
28480

bed: L)

28480
248
284810
29490
28481

20430
s628%
28480
23480
TRI%G

TR1EE
ca480
Z3AE0
wE4a0
FELSH

28488
zRaT0
GéEBT
S4EET
T4207

260480
20480
23480
28480
28430

Sib2R?
%4287
SHEE?
28430
213480

2RE480
2480
F=lzki:=0i]
a0
ZB4B0

XR4B0
2480
284310
2G400
20480

125 -0408
1400-0307
Z200--03143
DREER BY DESCRIPTIDN
DROER BY DESCRIPTION

30%0-0440
Mah-a7La
71211234

35525~ L650S

4160-3558
#160+3847
0160-03562
01 &0=0362
§1a0-3347

0102204

JEA e I SRzl
014035640
Mat-niv74
THIBESA0TDS00UVICR

TMISF241FDA0ONVICR
01 &0~g24q
P160-3547
bio0--3Ba7
OM1LEAZ0TOTS WY ICR

i160~-3B47
-2 RNE
1SN T 020A2
150 BE2SE 90z el
1R0D1SEX2020D2

11602558
11603847
P14 0-AB47
13 60--3847
W16 0-3E47

AHODNIENP LT 082
154D SaNIba g
1500156X7 006
016l -3647
Ot&0-3047

914 0-38B47
01&0~36847
GiL0-3847
01503847
Dis0-35h20

DiA0- 2354
114 0-2255
1 69-3847
0160-306%
4162199

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




Replaceable Parts

Tahle 6-3. Replaceable Parts

Replaceable Parts

Reference
Desighation

HP Part
Number

| =Nw]

Description

Mfr
Code

wfr Part Number

ARGy
LR b
LESLH
AJICEY
ASCHE

MALKT
N3OS
AJLHY
AT
LEIH LB

AT
AALES
ASLLINA4
ARC1I0A
AZCLIN7

A3C10E
ALC1 LY
ABCGL1Y
AZCI12
R LR

ASC114
ASCETE
AXCILT
AACIIE
ANGL LY

A 210
AACTE
#3c122
AAC123

A140 - IR47
0] 5021047
0160 3047
L&l 3047
N1EG- 30147

VLB - RaAY
Ul60 - 2385
0740 AB47
B16d-3347
0L a0~ 3L5E

11403847
Wla0-3347
0G0 1748
0102252
0169- 2266

DL1BQ-- 1746
B1G0-- 2203
Ulbb- 2263
01602373
DLa0-2260

01 &0 2370
018g-- 1746
Qiéd- 3847
U Lag--3547
01i0- 3847

06l -2244
01400170
0lal-2251
0L4n--031%0

- R A

b O EA ) oty M D G

W

R E )

CAPACLITOR-FRER
CAPACTTOR -F XD
CAPACTTAR--FXD
GATACITOR FAD
CAPALLTOR FXD

CAPACYTOR-F XD
CHPALTTIR--FRT
CA*ACTITOR-FXD
CAPAGLITOR-F XD
CAPAGCLTOR-FAD

CArACLTOR FXD
CHPACTITOR-F AL
LAPARCITOR-FXD
CAPRCLTUR-FXED
CAPARITOR -FXD

CAPACYTOR -F NI
CAPACITOR -FuT
CAPALTTOR-F AL
GAPAGTITOR-F R
CAPACITOR-FHD

CAPACITOR-FXD
CAPRCIYOR -F KD
CAPACITOR-~FXD
CAPACITOR -FRE
CARACLTOR -F XD

CAPACITOR-F 1D
CAPACYTOR-FXD
(APACTTOR-F XD
CAPACITR-FXED

CBIUr 1 00-0%
CBLUF +100-0%
LOTUC HIDD DR
JRLul elge- g
VETUR 4108 0%

SNvBC CER
S0VLE CER
HSOVBE CER
S0ULE CER
aovh cER

SRIF -5 S0RYDE CER oo -3h

A2PF e-5R S00

vhe CER Q430

SOLUFE +100-0% S9VDE CER
JRUFE s108-0x TXOYDC CER
JAUF +-2BE S0VDC GRER

LQTUF +190-BA BOVDG CER
SBLUF +100-0% H0UDC CER
TEUF+- 108 20uDE YA

&, 2PFF +-.29PF SEO0MDE CLR

CafrF -S54 Se0VLC CER 0+-30

ISUF«-10% 2BWDC TaA
51.5PF w-1Z BOOUDE MICH

18FF +-5% S00VDC CER G+-34

AFPE o+ 3% AROVEC H1DA

13PF +-5% S00VDC CER 04-~30

47FF +--2% 340VDC WICA
15UF+-10% 2Nvbc TA
S 008 S0VDC CER
JELUE +100-03% S0UDC CER
JOIUF +100-0X 0VDC CER

IPF +- . 2OPF SUOVRC CER
AUFF ¢ =0X JOOVDL HICA
Yy BRE ke BREE SOOVDC CLR
AFRE oW J00UDC HICA

2{ABD
2EAHL
THEEAEEY
2EAGN
26430

DEA00
oHagn
2B4a80
wEagn
2460

RHago
203490
BLEBT
SB480
JRAagn

Beade
204030
2H480
29460
28430

28480
5628%
284g0
28430
iLEage

cE480
Frahis
2hB430
TEITA

B1kD-3047
RS R Ly
e~ 5847
1403047
01603347

014602265
0141-220%
N6 3347
DRTH Bk -1 )d
PR R =]

[I16 - 3E47
N 40- 3347
15D LK R0 T2
G1dd -235%2
hbi-326e

190D SAXFI20HE
1464 2393
D1 60-2263
Nag-a2i»z
Biel--Z2izl

F16 -3378
1E0DISAKFUR IR
0140 -F247
1603847
1160-3H4Y

11&9-2244
DHISEIYAT03N0MVIGR
4402201
DHISEAF0TO300WY1CR

LEIM L) 0lah--2544 COPATETUR-FXD 3PF - 29PF SIOVEC CER CRA80 N1&0--2244
RAE1HG
LRI Fid
AZC1IIA
ATC12P

AskIH

DH1SESFOTOINIWVICR
1 &i--2251
HHABEIFOF 030 AUVICR
0160-2254
Hi&D-5847

V1400170
G1bL0-2331
0149-01%0
DLl 44
BlL0- ZheY

CAPACTITDR-FAD XPPF 4-85X I0AVDL HICA

CAPACITOR-FXD Z.6PF +~ 2%FF SOO0UDE TER
CAPACITOR--FED XPFPF +--%% Z00VDIE MICA 72134
CAPALITOR-FXD IPF 4, 25PF S00VB OER 28489
CARACTTOR-FXh . O1UF +100-0X S0UBRC CER FLZED

Ta1Eh
20480

EE I LIRS N R | [~RENENENY, . ]

#AC13R
ARG SE
RELTSG
AICL 56
AFETSY

N1&0-3047
L1&0-FA47
04&0--FH47
(F1&0-3047
15T X ORI BE

G164--3947
0160--2847
0L bb-+35E47
Tla0-- 3347
D180~ 1744

CAPAGITOR-FRD . 0IUF +100--0% BOVDC CLH
CAPACIVDR-FXP .Q10UF +100-0X Z0VLC DGR
CAPARITOR-FXD . DIUF +100-0% SAVDC [ICR
CAPACITHR -FXD L A1UF +100-0K SOVDRC CER
CAPACITOR-FXD 1%50F+-10% 20VDL TA

28400
284480
2E480
Fd:21=1]
SELEEP

9
¢
-]
7
o

ABELNE

-

0tig~TB47 CAPACTTDR-FRD .01UF +100-0% DovDe CER 2p480 01605547
AJCHL
AICH2
HICAA
ATCR 4

AALRS

LE4d0
ze4el
EEaE0
2a400
on4g0

170 1--¢44b
15301-p0ad
1740810
1701-0518
1902-3147

1981 -0040
1P01-8040
1901-0518
190105113
137 02-314%

DIODC-SMTITCHING 30V SOMA 2NG DO~35
DIOLE -SWITCHIMG I0v GONA 2N3 BO-35
RIODE-SH 81IC GUMOTTKY

DIORE-3H SIC SCHATTRY

DIDDE~ZRR .09 35X DO-3I5 PD= 48

T E

AICH?
AATRY
MICRLN
AR
ASCR12

BIADE-INR 2. 01U X DT BDs, 44 TL=—.06TR
DIGDE-yul 29FF 10% CLI/CE25-MIN=Y BUR23DY
DICDE-INR 308 %% BD-3% 0D= 3 Ti=+.08%
RICRE-SH SIG GCHATTRY

DIODE-SHM B1C ECHOTITKY

20480
fa7e3
2B480
28461
3 i

1702-3030
LGRS

1g02-002%
TEgL-0%LE
1901656

1023030
01220087
1020025
1%01~0519
1#01- 05108

@y

1906--DEN?
19010535
1901 ~05930

ASCR191
LRI
ASCRIDA

LENE- D20V
19010555
181 -053%

BIOLE-MATCHED
DIORE-3M 316G SCHOTTKY
DIORE-BM SIG SOHOTTRY

2E400
284810
aE4810

28480
28480
oBARD
6481
20480

0 W B

CONKECTOR 21-PIN M POSY TYPE
JUHPER-REH

COMNECTOR-FHONG SINGLE PHONG JaCK; DIF
COMNECTOR~PHONO SINGLE PHOMO TACK, LDIF
CONMECTOR=-PHOHD SIMGLE PHONG TALK) DIP

12514967
17580141
1281-276%
1251 -2%467
1251 -276%

AT 12516367
RSy 124B~D141
AXTT 1251-29¢%
ABIS 13512849
AT 1251-294LY

2R48D0
2RAB0
2R480
20480
2er 400

12751 -29%69
1251 -2%6%
12351 -BRLS
14012967
1251 -294%

ARI7 1251 --29a%
AATE 125128469
B3Fe 1B -2
AATID 1351--2949
A3 1A51-d%aT

CONMECTOR ~PHOND FIMGLE PHOWO T&CK; DIP
CONHECTOR -PHDHO SINELE PHOND JADK; DI¥
COHNECTOR -PHOMD SIMCLE PHONQ Talk; DIP
CONMECTOR-PHOND SINGLE PHONO JACK; DIF
COMNECTOR~PHOMD SINELE PHOND YaCK; DIF

2i4e0
28480

20400
2a48101
eEant
ZH4B0
25480

1R -7 e
9100-3551

FlO0-179
140-0210
1400210
#170-01874
F140- 02110

ALTLE FEN - 2RaT
A3l 9190-3551

AL #1917
AALT F140-02140
AdLA P140~0210
AJLS P17H-01874
AJlL& L140-0210

CONNECTOR-PHDND SINGLE PHOMD JaCK; DIR
Coil-Mid 1uH 6% Q=50

IHDUCTOR 2R0HH 20% | 23LX.375LE

INDUSTOR RF-CH-HLLD 100UH 3K ,1a4bDX, JUSLG
INDUCTOR RF-Cl-HLT 100UH S ) 66D0%, 39%LG
CORE-BHIELDING BEAD

INBUCTOR RF-CH-WLD 100UM SR . 1lo6ki, 3PULE

o e BpRGR Do

268480
28400
28480
28480
Ze480

21a0-0210
1003344
100253
P1HP-15687
F100-3551

INDUGTOR RF~CH ‘MLD 10DUH 5X ,16&6DX. 3BSLG
INDUCTOR RF-CH-HlLY 5. 6UH SE , 166DW. 326LG
INDUCTOR RF-CH--MLD J00WW 1% ,1&4DX. 3BSLEG
IHBUCTOR RF-~CH-HLD A7UH 5% .146D0X.385L0
INDUCTOH RF-CH-MLD 1UH 5% . 18&DX.303LG

AELT Fla0-n2110
LEIN:] F190-3540
ALY F140-D253
LER-1] F10D-1629
ALOD1 $160-3551

LRSS

See introduetion to this section for ordering information
#[ndicates factory selected value




Replaceable Parts Replaceable Parts

Table 6-3. Replaceable Parts

Reference HP Part
Designation Number

miligl T -1 T
Foc [T Y] F10h~17
AL 103 1A - N24T
#3104 91069-3582
R3L10T FIAN-UFAP

Description g‘;ﬁe Mfr Part Number

oo

INDIICTOR EVONH 20% . 23DX,S570LG 20440 PLE0-1771
INBUCTOR 23UNH 20%  DIDX.ITHG kL] F109-1791
INDUCTOR RE-CH-HLE (&0 D%, 10600, 385LG 20400 FEAD-0265
IHDUCTOR RF-CH-MLL 1.50U0 $d . 166DX Z85LE 2480 F1o0-3590
INDUCHOR RF-CH-MLT 1. 1UH 5X 146B¥. 385LE 28480 SLAG-034F

INBUCTOR AF-Ch-WLD 1. &8UH 52 . 1646D% . 39%LG CH4R P1AL-024%
INDUCTOR (MISE ITENS 263480 g~ e
INBICTOR RF-CH- BLD Z.2Ul 19 1050X. 2606 2134 ?laD-0143
INDUCTOR RF-LCH-HLE S20MH 3% | 14L6DX . FBESLEG el LR L) S1db-2%15
IMPUCTOR HF-CH--MLD BEONH S% , 166DX . 305LE =B 2 F100-33158

a3libs 1da--nles
A3L187 FLON-D52F
ASL 10 FHAG-Q 142
A3L111 7I00-331E
A3L112 P109-3315

THDUETOR RF-CH-MLD 1.3UH 53X  135DX . 37516 2B FLO0-554¢6
FHDUCTRR RAF--CH-HLD 1.3UH % 155DY . 3VSLE 2400 b T R i
INDUCTOR RF-CH-ALD 1,364 5% 188DX, S0E6LE af344n FLRO-EEAG
IKBLUCTOR AF~CH-MLD 1.3UH 5% . 155DY, 3756 23440 P00 -3545
THDUCTOR 27004 20X 230X, 375L0 25480 FLO0-17]

IHDUCTAR <HISC ITEM) 2848l PO -53Y
INDUCTOR RF -CH-HLT 10OLH 5% . 166DX. ZBULG PRABI F1a0-0210

ASL11E FANOG-B554E
ASEYTE UG- 3040
A3L11E F100 - 3544
ANLILY S408--34s
AL 151 FEOO-t791

=R QP M@ gt -

AsL 152 FIN0-053
ALY Fisg-0d10

—tu

SHIELD, TOP 289814 0332601
SHIELD, BOTTOM ERaRn JEARAG-20AHDE
CIVER, 1 2R480 N332%--041101
DOVER, 3 254810 NEEOE-04103%

ATHF 330%-20401
AIMPA 03325-204602
AIMPS 0243300410
A3mPa 03325-041035

L

AEP 2 ' 13514822 COMMEGTOR J~PLN M POET TYPR an4bt

o

TRANSISTOR PHP 81 TO-PE FlpadZEHY 9413 HP WAl
TRANSIGHTOR J-FET H-CHAN D-MODE SE Banl 1850001
TRAWSTSTOR PHP FNAT1Y 51 PD=Z00MW 0YEES M4 7
TRANGIZTDR HPN S1 PD=Z00MM FT=olfiHHE ez ]| 1REA-OFE
TRANEISTOR KPN &K PRL=3THNY FT=J300M1HZ 04713 ZMIFLA

#3G Y 18EE 1448
LR 16]-4 18350 081
AMGD 1053-0067
ATRA TES4-0072
HAKE 1094 -021%

o

-

TRANSIBETOR PNP 2N4?17 ST PD=2@0HW 7063 2NAR1T7
TRAMOTATOR PHP 2N4717 81 PI=200MY E7RES [ E e Iy

A3g1ny 185%--008%
A3g1nE 18530087

TR

REEISTOR 47 §% . 2EW FC TC+x-400/+500 £1i21 L0420

RESISTUR 26.1 1K 1250 F TCs0+-100 3968 FHESS-~ 1 /B-T 0 26R1~F
RESLATOR 7% 1% 127N F TCuf4-300 cABAb £4-1/0=T0=-70R0-F
RESILTOR 2. 2K 5% 25U FC TC= -400/+740 k1121 Ck2225

REEGISTOR 176 1% 125 F TCo0+-140 24538 £4-1/8-TO-170R~T

RESEATOR AB.3 1% 1354 F Th=f+-100 BAGAS C4-- 1 FB-TO-4BR -
REEIBTOR 479 =% ,20W FC TC=-a00/¢400 11171 CE471S
REEXHTOR 100 1% 12354 F TCw0+-104 24546 Cée 1 g-Th=-101~F
REGEGTOR 68.1 1X . 120M F TOwD+--3100 2al4b 4-179-TO-4ER1=F
RESISTOR 120K %% 05U FC TC=-8900/+700 b1zl [ <FR-L 1]

R3R1 D 683-=A70%5%
HARZ 0 6%-d43d
3RS Q7Er-0398
BIRE 0403 -222%
ASRZ? $H98~34 5D

TR RRY. -]

HARD 0757 —-0any
LELLS 0483-4715
AIRTE 07370401
AIRIL 17979377
aaAR1E [eE3--1245

RESISTOR 4.7K S% .20W FC TR=—400/+700 03124 Cle4 725
RESTLTOR 1K 8% 26W FL TCe-490/+v&00 iiat GBI 02%
RESIETOR 1K 9% 25N FO TCe-400/+400 112 corozs
RESISTOR 2.2K 5% . 294 FC TL=-400/5+700 1121 LhaRas
RESTSTOR 10% 1% ,92U5K F TC=0D+-148% 243548 Ga~1/8-T0-1002~F

AIR13 0 683 472%
AR 4 16B3- 1085
ABR1E 06831425
HIR1T 14832225
HER18 0757-0442

KREEIGTOR 104K ¥ .25W FC TC=-400/+900 [ R %3) CR1043
RESIBTNR 1K SX ,25M FC TL=-400/ 4400 11121 ClLDas
RESISTOR 3,.14K 1X (128U F TC=0+-100 24544 C4-1/8-TO-A&1-F
RESISTOR S.11K 1% 128 F TC=0+-103 24544 CA-1/8-T0-5111-F
RESTSTOR 2,2K %% .2%Y FU TC=--400/47900 nita Ceazat

HIRT N&683-10435
nEREL G&E3--1035
aIRa: 17570277
AER2Y 0'7u7--0 438
AIREA n663--2Ees

RESISTOR 2K 1% 1296 F TC=Dw--1010 LhELEr] E4-1/8-T0O-2001~F
RESISTOR 1Bk 1¥ 1234 F TO=0+-100 24544 CA-1/B-T0-1002-F
RESISTOR 2% .4K 1% 4230 F TO=0+-100 2A544 Ca-1/8~T0-2742F
RESIGTOR 4.221K 1% .12%W F TCe=d+-170 24%46 C4--1 AE=T = 422§ F
RESISTOR-TRMR TO0K 10% C TOP-ARS 17-1TRNM de480 2100--378%

AR B 0 #57--0 283
A2V 098 7-0aad
ASR28 04984470
ASRE2Y D47 E~ 3154
BIR 3N 29 00-378%

RESIGTR® 1K 3% .25M FU TC=-4DU/+OH00 f1131 CE10E5
RESISTOR-TRMR 20K 0% C TOP-ADT 17-TRN A480 2100-376F
RESISYOR {.&BBK 1% 1204 F TC=dr-23 2EHE0 Te¥e-01791
RESISTOR 25%.6 1% 1258 F TC=0+-25 JEI4ED I6F9--01G%
RESISTOR 75K S¥ .23W FC TC=-400/4430 a1 CB75NS

ASRIE BH0E-1025
LRk 2iet--37ay
AERIA DaRP-01P1
AARDs WEFe-—-0 187
AZR37 B&B3-7URT

REBISTOR 2.,15K 1% 1250 F TCwu{+-100 FERLE CA-5/8-T0-21%1-F
RESISTOR 1.21K 1% ,129W & TL=0+-100 24Ti46 C4-1/8-TO-1219-F
RESISTOR 1K SX .23W FIT TCo-300/+500 41121 (MR Fii]

REBISTOR 280 1X 1230 & TC=04-100 24546 G4~ /B=TO=201~F
RESISTONR 4.44K 1% 125 F YCeO0+-100 24546 CH 1/8=Th-4ustlF

RESISTOR 4, 64K 1% t¥0W F TCal+--100 2G4 Ca-1/8-TO-4541 -F
RESTSTOR 18.7K 1% 1250 F TC=0+- 300 24540 Ca-1/B-TH-1472-F
REBXSTOR 14.7K 3 1270 F To=Di-104 24544 CA~1/B-TO-1472F
RESIGTOR 47 X .2 FC TCm--a00/+300 gii2l CRA7LE
RESYISTOR 470 5% (2B FC TC=-40bs+400 01124 CE4715

AIR3E 048104
BER3G PILF0274
AIRA1 N6E3—-1 025
AJR 42 FEF 0407
AARAS HHM-A155

=D ONe R PO Er AR WM DGR WS Dy

LECEE] 056783195
AIRAS n&8E-31%8
AiRAE BB 3154
AXR AT heBg-a?05
HiRAB be8E-471%

=Y TRY TN

RESISTOR 10K 5% .2%4d FC TLe--400/4700 ARE:4) CE1R3S
RESISTOR 30.1K 1% .125W F TC=lr-100 24546 CA-1/3-T0-3g¢12-F
FESIGTOR 4,99¥ tx .1250W F Te=0++110 24546 LA A= TA~499%-F
RESISTOR 1K 5% .29 FC TCA--A00/+&80 e11a1 CHLIES
REGISTOR 4,99% 14 125W F TCAg+-—-100 24544 C4 1 /8-TQ-A49F1-F

AIRAT D6E3 -1 B35
ADRTA pFET-0AG3
RS Q1699 357¢
AIRSY D&HBE~1 028
AKRI? L30Ty

o gony -

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




Replaceable Parts

Tahle 6-3.

Replaceable Parts

Replaceable Parts

Reference
Designation

HP Part
Number

oo

De

scription

Mfr
Code

Mfr Part Number

ASRSE
ALRSY
AJRaD
RILAY
AAR4T

A3K&D
A3RAS
AXRLs
AJRAD
RELTY)

AJRG?
ASRTN
AJRTE
ASRTI
ATRT G

ASRYT
AJRTH
AERTY
AZRID
AERAL

AR
ATRAI
AMREY
AXPREL
AJRBA

A3RE7
IR0
AXR9Y
AIRT
AARTZ

AIRTS

GELIT
NIR102
ATRLET
AJR104

AXRLIE
AR LE7
L]
BERLNT
AT L

AZRILE
ATRITE
A3R114
AZRITS
BIRT LD

AAR 117
A3R118
LELERES
nIR120
AZRIET

AZRI2E
ASRYZA
AR
ABR133
BIR1D4

LELEE]
AR 57
pIR1SE
AZK15F
ASR1A1

A3R161

hiTL
ATTE

AJUL
AIUE
AIUa
A3U4q
AJS

G
AZ?
A3UE
ASUY
AU D

a7 -0172
(&B3-1025
a2100-38ds
NHA%-A785
0757 -q44

NGFB-A1306
Na7a-4437
NPIP=-0435
P -0
#INR- 3207

1&9E--3436
L5~ 54%7
UEE3--47NS
N&HFB-3A42
NoFF-A3 00

PE--4ng 2
-840
1670 3277
W7 0- 3561
&8 -3%81]

N7H7 0273
0%EP-- 073
07571273
f1na28-4492
DiPd 4107

0&03~1 025
QBE 3-228%
098 -- 4402
ALEFB-444L7
lead-q 028

BuA3-470%
N&H@3~ 4715
L vl -t )
0 BBy-3$325
bl

OLIE— 4435
PeRA-3i5h
Q&TH-41437
07570278
D520 279

UFEF-0407
04785944
D&y -3444
21800568
07E?-0381

0&%B-%444
Nevi-3444
0920279
DaPE -3940
07570337

1757-0397
1) 7528275
0r57-03797
NeA3-102%
nAGI- 1025

1683-1015
DEH3-470%
0599~ 3439
DAEE--2B2S
nI57--0275

17570270

?I100-4038
155524044

1H20~i%91
1820-0629
1820321
10201199
tH20--05673

IB20-2683
FH24--1924
1B26-0043
19201540
1820-21735

A et a@eLry

Err ]

-t vy NMgb@Es weET W WS e s @SSR GEreD Yol WHaR R Mg

PTG

RESIETOR X BP3K

RULTLTOR 47 5%
REBIGTOR 10K 1%

REGTIGTUR-TRMR K

AESTHTOR 2357 1%
RESISTOR 47 OX

RESLETOR
REGLSTIH

AL IR Y
#7.6 11X

RESISTUOR 3. 7K
RESIGTOR 13.7K

REGISTOR 3, 01K
REEISTOR X, 01%
RESIGTOR 3, 01%
RESTSTOR 97,6

RESTAETOR o.2K &2
RESISTOR 7.6 1%

RESGISTOR A7 L%
REBISTOR 470 5%
RESLSTOR 24,7 17
RESISTOR 3, 5K HR
RESIGTOR 82.9 1%

RESYITER 14.71 1
RESLBTOR 44.4 1%

RESISTOR 210 1%
RESISTOR 314 1%
RESISTOR 3146 1%

RESISTOR 1% 1%

RESIBTOR 3té4 1%
RERISTDR 31& 14
RESIBIDR 113 14
RESISTOR 195 11X
RESISTOR &8.1 1X

REFIGTOR &&.1 1%
RESIETOR 113 1%
RESIETOR &8B.1 1%
REQISTOR 1¥ 0%
REFISTUR I1K ¥X

AGSISTOR 400 5%
REBIGTOR 47 3%
RESISTAR 178 1%
RESISTOR 2.2 T¥
REATIETOR B1.% 1%

RESISTOR &1.9 1%

TRANSFORKER HEAD
TRAHS & TURNE

-

JC COMPARATOR GF

IRV TTL § HEX
MY TTL 5§ HEX

SR LR o

HRESTLTOR 14,78 1%
REG1STOR & 948 1%
REGISTOR 4.3 L%
REBISTUR 10,76 1%

RESISTLR t7. 03K 1%
HESISTOR . 04K 1%
RESISTOR 47 S D0M FC TCs 400, +500

RESISTOR 19,68 1%

REGT4TOR .00 1%
RESISTOR 1K 55X .29 FC

REBISTOR 2,474 1%

REBIBTOR 3.141C 1%
REBLSTOR Z.16K 1% 1230 F TC=0+-140

JB0M FL T

JI% O 125M F OTO=04-85

RESIGTOR 1% %@ 350 FC ¥0w 400/ +400
RESISTOR- TRHR FIK 10X
25 FG TC= a0 4500

0 TOP &0J 17-1RH
V1E6W F O TCel4-100

12T FOTCER -0
LR TOTC=6 180
V186l § FCef -S04
Rl Sr-1l0
1% € SIDE-ADY 1-TRH

A2NW T TEsga-160
JIZEW F OTOeD 100

L120W [ T -100

CJE20W FL T 49977300

L10EW F oThC=0+-100

HOSISTOR 4.%%K 1%

TCx0+-100
T OTGeRe-100
T TCk0)-10D
2SN FOTCep+-140
LA2AW F TRedr-100

RESTSTAR 1K 9% .28 FU TCes 40054600

LJERW FC TE=-300/ 700
L2090 F OTCE0e

L850 F T

=409/ LU0

,3SH FE TCe-400/ 1500

LeS FC O TCox- 400,400
250 FOTCa D100
LA%W FC TC=-A00/7+700
A2 F TC=(e-La0

JIZEW F OTRa0+--100

£ 1254 F TCw=be-108
VAESW F OTCw01+-196
LAZ9W F TC=De~100

2SN F TO=0+~-101
ATEWOF TE=04-100
JABEW F TCa)s+-10f

RESIGTOR-YRHR 100 10% C TDP-ARl 1-TRW
L12%M F OTC=04 100

JA2SW F TE=R4-100
L1256 I TC=bs 10D
129M F OTCe0 e g
12 F OIC=D0+-10D
125 F OTR=0+4-1040

S12GH FOFE=D4 -10D
VIESW F TCede-100
J1ESH FOTC=0e-100

(E2%W FE TC=-ad0/vo01
LEBW FE TC=-400/4500

J20W FC TC=-400/+500

495500

SIPSW F TO=0e-100
JBEW FC TCw-R0074200
AZ5W F O TC=+-1010

L1250 & TCaf+--100

CORE; WITH CT PRI & BET

IC CMTR TTL LS DELD DUAL 4-BIT
IC FF TYL § Y- ¥ HEG-EBLE-TRIG

1027 PEG

ING TTL ILE MEX 1 -Tif
FF OTTL 3 D-TYEHE POE-FLGE-TRIG

1--IMP

OPF &MF GP 1079 PEKG
BFR TT. LS BUS
FF 1YL LS D-TYPE POR-EDGE-TRIG COM

uUAD

LEAR0
11121
Jaryr
B1121
Ly ET

atidn
24544
ARG
24545
=480

24344
2atidh
oli1al
el X
Fl112l

TN
24GAG
SATAL
ST
LR

24T
2G4k
247410
Datid
544

91121
[ R3]
24N a0
EELTTA
Pl

aita2i
411
19781
e
AL

245AL
TATAL
DA A
AT
24546

aANAG
il R LY
404
caAQn
19701

FEEE
FAGAh
D45 Ad
E4544
H45 44

24544
aatidh
24h4h
121
0il

LR B3]
e
24546
[ Y
254

24544

ZNABD
fat ] ]

01255
Q179
I FEARSY
] Ty
[ N Enapid

N2
L=
LG8
L3 A=t
01295

0&FF-N17E
Clp2i
F2FOM-1--103
CEaYeh
CA-1/8-TD- 1002 ~F

10X 14732~ F

S1AG-TO29471 F

S ABTh- AL F

SsasTl TR F
o0 3207

Ca -1 8--Th- AR
CA LB TH G04R -F
CEAYE
G- L AR-TR-A%R F
[ (B

G418t B DHRL-F
Ca-1/B-T0-¥7RE F
GA- 1/E-T0-A751 -F
€4 1/B-TN-1 370 -F
CA- 1B T -1 378 -

Ga-1/8=Th--301 1 F
Ca 1 ETB-A0t 1 -F
e TR
4 178 T0-97Ré- F
Ca=1/B=TW-1963 -1

CRYRAS
Dottt
CA-1/8-Th-%786 -F
GA-1/8-TH~ 5 081 -F
] § Bl

Cha v
CRAPS
KF A1 AB-Y0-2478 -
LEAEZS
CA4-1/0-Tu-BeRS-F

CA-1/8-T0-R41-F
C4-1/6-TH- 1472 F
CA— 1 /O=T0 46K &F
CA-1/8-TO~F1 41
CA 1/8-TO-3141F

CA- 4 /R -TB-20 58
LA 1r8-Th=510R-F
Car-1/B-TO-%168 -1
2 00-- 0568
MFACL /B-T 0= 1500 F

Da- 1/B-T0-J20R F
G4 -1 /8-TH-516H -F
GA- 1/8-Tl-14%R-F
Ca4-1/8-TH-1%al -F
Ca-4/B-TQ-GER]-F

Ca--§/3-TO0-0BR 1 -F
C4-1/6-T0-113R-F
T4 -1/8-T0~48R | ~F
B 025
CELIRS

LH1MNS
[84: By 1
34 4/9-Th-17HR~F
Cha22s
41 AR TR-d L § =

C4 -1 /8=T -6 332 F

?100--4078
ABRTL2=6 044

HNFALGIPON
GNTABLIEN
SNVET10L
GHPALGN AN
GH7AG74N

BNY4304H
MATSTN
CHI07T

BH7 4L 51 25AN
ENTALE] 7SN

See introduction te this section [or oxdering information
#Indicates factory selected value




Replaceable Parts Replaceable Parts

Table 6-3. Replaceable Parts

Reference HP Part
Designation | Number

ASIT Y LORE— 0437
A2 160260424
ailty LHRE-0 547
FALITY 185~ 083
il AR Al

Description gg& e Mfr Part Number

IC MULTIPLIER 14 LI & PKG 14712 KT ASNHL
I SMITCH ANLG R--DTP-P PHE L N Bkt TLLAICP
IC OF AMP LON- -HIAG-H-IHRE DUAL 3-DIF-P LA Ev] TL AP
TRANGISTOR ARRAY 14-FIN FLETC DIF FLERE ChadligE
TRAWSISTYIR ARRAY J&-PIN FLSTC DIP LTI CAI1EZE

o8

mEh e

TRAHSTITOR ARRANY 8-PIN PLSTC DIP 28400 18580057
T GATTD ECL NGR HUAD 2-INP KA713 HG1e1082P
15 CATE TTL. § HOR GQUaD 2- THP [ Y] ENTAR0EN
IC FF STL & T-K HEE ERGE-1RIG 01275 GH7451 12N
IC OF AMP GP B-DEP-F BRG 2gael 120-0215

AJU1E 18580059
A3IUTY 1eg-08u2
ATULE 1620-1322
AT LB 0--0 62T
AXLID 16H20-06

- e

A3V 04101143 CRYSTAL -GUARTZ 30, 00000 HHZ 2480 0419=11135

TERMINAL-BTUD SL4.~PIN PRESS-MTH 2E 4810 fEan-171%
LCONMELT{R-MHGL, CUNT PIN 1.14-HH-BE( 32 909 2pa80 1491 -0500
WASHER-F1. Wek MO, 5 . 13-IH-ID ,25-1H-0P 23480 F0%e--pnan
LABEL CAUTION 1.926-INWD 2.24-IN-LG 28430 1211234

RESXSTVOR-THRO OHHE 22 AMG LEAD DIa RARN Bi%E0-T40S

1360-1719
1B%1-0400
JUB0-00k6
121-1234

B1%0-T373

Awer o=

L] BAFRD-&4LE0T KEY EDARE ABSEMBLY ZE4E0 UAF2E-&6D IS
CAPACITAR-FXE .OLUF ea01--0% SOVRT CER 204830 J1&0 3847
CAPAHCTTAR-FXD . MU +100--1% 30YDC CER I==21:3] Q1&0-5i347
CAPATITOR=FAD WIUF +1006~G% SOVDC £ER 29480 91483847
CAPALTTOR-FXL A0HUF 75143 GYDBC AL 20481 0130--0062
CARACTTOR-FXD 0IUF +100--0¥ [ROVIC ER 28400 01460-3847

ANC1 019 -H047
ROLE O laf-da4?
AGGE 0 &0 = X547
RELA LERDEdi] 2
AS0S 0thi—3347

Lol R IR R 1

CAPACITOR -FAD 1UF +#100--0% 30VDC CER 23480 ALE0-3347
CAPACITOR-FXD | DAUF +100--0% JAVDG CER 28480 N160- 3847
CAPACITOR~FXD . 01UF r100-0X S0VDE CER 234810 01an-3B47
CAPACTTOR-FXD . 01UF +-Z0% 1KVDE {ER 56209 C3At 0201030538
CAFACITOR -FXD , DILF «=30% 1EVEE CER BOIE? COZ3R02TI03ANG3IR

A0S 0 bl~3047
RGLT 015G 5347
HECE 0140 ~ER4F
ALY N13-~-0012
ALCI0 M1y g0L2

LET-LANP LUM-EMT=1SHCD EF=20MA--AAX Z284L0 SOEE~ b5
LED-LAMP LUH-INT=1BMCD IF=20MA-MAX 40440 S0R2-44TE
LED-LAKP LUH~INT=1SHCE LFa20MA--HAX 2EABD BHE> - 465
LED-LAHP LUH- INT=1HED IF=20MA- HAX BVR=IY 28480 1730-0660
LED-LAWE LUM-EINT={H0D LF=36HA-HAX BUN=3Y 2480 120 =-Nbd5

AR 19#0-0533
ASCRE 1970-05%%
ALCRI 1990--0533
AECRS 1970 ~14058
ATICRE 1590~ 0ALS

LED- L &MP LUM-1NT=1MED IF=ZOBA--HAK BYR=LY 28484 1770-0H4E
LED-LaMP LUM-~INT=IKRED IF=20HA-HAX ¥ A0AEF 128 d--Naah
LER-LANE LUM-INT=]MCD IF=Z0MA-HAX 20450 bR B B
LES-LAME LUM-TN1=1HCR LF=20MA-HAX A9440 19400465
LED -LANT LUM-INT=1MED YF=30M4 -KHAX BUR=35L JBABD 18200645

ASCHY 137005665
AACRE 15990 p&AS
ASCRY 17700665
ALLRLD 1990 GGeS
ANHEL 197 0- 0645

fal W R M ] g e B ] e wp <D a3

ATRLZ 179¥0--DEES LEE-LAMP LEM-INT=1HCD TF=20HA-HAN PEVR=5Y ZfAE0 1790 -0bbS
RUCRY A 19700645 LED -LANP LUM-INT=1#CE LF=20MA-KAX BUR=TY SE400 1929 0-0adh
ABLRIG 19901 &bS LED-LAKHF LUM-INT=INCD IF=ROMA~MAX BYR-5Y 2H480 177000860
ASERIS 1eep-nasl bt LED~LAMP LUM-ENT=1HCL IF<20MA-~NAX BYR=0Y ] 14 19¥~a6an
AYGRIG VP 16ET LED=LAtP LUM=INT=1MOT IF=30MA-MaX BYR=GY 2iMEE 1900860

LED-LAKF UM LNT#15HCD IF ol diid naX 23450 Soe2-4434
LED=LARP LUS=IHT=15MCE TF=20HA-~MAX 2a4g0 S092--46%50
LED-LAKF LUM-INT=158CE IF=20HA-MaX 28486 S5h32-4650
LED~LAMF UM~INT=18SMCP IF =20MA-MAX 2480 T2 ~46513
LED- LAWP LUM- INTe{SHCD IF=20#A-NaX 20480 B IE I~ 4658

ALCR17 157901333
AGCRIG 1270 DuIT
ASCR1Y 1PP0-0533
ASCRE0 1790378 F
ASCRI L 1P -0533

LED~LAMP LUM~THT=15MC0 1F <2 14 -Haid CE4120 SRR AL58
LED-LAMP LLUM=-INT=10HCD IF=200A-MAX =E480 Silga~4 656
LED-LANP LUM~INT=15HCD If=20K4-HAX FHFAG0 GOEE~4658
LED -1 AHP LU -INT=18HCD IFe20MA-MAX 2HAR0 Hi82-4650
LED—_AHP LUH-IHT=158E0 1F<20MA—HAY 2400 0824458

ABLCRZ2 199G--153.%
ATLRZE 1790--1533
ASLR2A 1290~ 0535
ASLRIE 1720--1533
alCR2e 1 #0-D533

Laban aAbaboa

LED--LAMP LUM-XNT==3SHCH IF=20MA-kRAX 28450 S08Z-44658
LED-LANP LUK~INT=1MCD IF=Z0HA-WAX BYR=HY 23480 195 0--0686%
LED-LAMP LUN-INT=1MCD LIF=20Ha-HAX EVR=5U Za480 100465
LED-LAMP LUK-INT=1MCD IF=Z 0M&-HaAX BUR=3U 2Raf0 1990—0h645
LED-LAMP LUM- INT=1MCR IF=20HA-HAX BYRaEY AR4810 1990-N55%

AlCR2F 10543
ALiLRES 193004465

HURZP 19900465
AELRID 1990~ QhE"
ATCRIL 1990~ 0660

5l 0 i

LER-LAMP LUH-TNT=IMER IT=20HA-HAX AVRwSY aasd 12F0--Thath
LED-LAME LUM-ENT=IMED IF=20HA-MAX BYRSSY 284600 19 0-0&85
LED-LAMP LUM-TNT=1HCD IF=20Mn-HAY, BYR=GY 20480 17900680
LER-LCANP LUK ' ITNT=1MCT IF=R0NA-MAX BYR=5Y ZRAR0 177 0-04H65
LER-LANE LUN-INT=1KCD IF=C0MA-MAX BYR=0YW Z8480 APTO-NRAT

ALSCRIE 19200660
AabibrEy 19900645
LR34 Ay BTN
ANCR 35 17V h-RG LD
CE -1 1R~ 004%
ALY l290-0473 SOCKET-X 16-CONT DIF DIP--SLDR 28480 1200-0473
KEY AP LOKAL 28480 FRAL-N94]
KEYLAf - BHIKERIPE £8480 B041-03604
KEYLAR ~BHOKERIPE 28480 B044- 0304
KEYCAF ~EROKEF LPE HE480 Si4-03@4
KEY CAP-FREQ 28480 H041-0918

ABK IS G048 - NP4T
ALK 8 G041 -0884
AOKES GUH D304
R TA T4 -03B4
ASHES ToH-1MB

KEY Lab—-AMPTD 264810 5041-091%9
KEYCAP -SHOKEPIPE 2230 al41-03B4
KEYCAR-LMOKEPIPE aE420 SN41-0334
KEYCAP--SHOKER TP ER4AE D G041~0304
KEY CAP-FHASBE 230 SLat-d 720

ALK GSH S041-091%
AKET? S041-0384
ATIK CH S041-03BA
LRSS B4l N304
AEKETD ETES BL L]

CrEPE NG oit m G

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




Replaceable Paxts Replaceable Parts

Table 6-3. Replaceable Parts

Mfr

Reference HP Part Description Code Mfr Part Number

Designation | Number

ASKE11 S041-0%9E1
ASKSIR 0410451
ASKE13 [0 -0987
ATIKET 4 GO4l-0317
AGEELS H041-0818

oo

REY CAP-DUOFFBET RO4ED S081-04E1
KEYCAP--BLUEPIPY 2R4H0 S041-14%1
KEY CAl' STORE 20480 5041-0%B7
KEY CAP-7 2400 Sl -0
KEY CAP-8 FEAGD IE BRI ]

=AWy

ASKELS L EREE RN
GEKE7 n041-0925%
ASKE1R Lo41-0310
ALKTY 3047 -00814
RAEKEZD o4 ~081E

KEY CAPF-4& agaal B4 -0
KEY CAP-HHZ JOLT TH480 G041-097025
KEY GCaP RECALL 2BafD S041-0610
KEY CAP-4 DEABE Tnay-0xa
KEY ChP-5 HEABN BUA1- 00

ATKA2A S441--0424
ALKERR S041-094E
ATKGE4 Slat-061d
ASKEES Shdt 0812
AT EZH al-0B13

KEY CAP-HKHZ Myw 26BN SHA1-0%264
KEY CAP CLEAR 2a480 G007 4G
KEY CAP-1 26480 SN41-0811
KEY oap-2 20480 SN41-0R12
KEY CHAP-3 AEAR0 ah41-0B31%

ULk W g

ASI(E2? Slal-09ey
ASKSCaE TDA41- 0754
ASIKE2D S04y --NELY
ATXEID Tdad- 80
ANKSS1 Ea4L-NVEP

YEY CAPM-HZ VHHG 254420 J041--0927
KEY CaAP-DARH ZEABI ELERR ]
KEY LAP-B 2BAB1 Byl
KEY CAF FERIDD A0apd SR -0
KEY TaAR-SED 284480 a41--0909

o P g ek

ATKE 32 H941-n588
A%It533 S04l -0788
AIHIZ4 S041-07%4
ALKE3G 50410728
ATKEIS 5941--0922

KEY CAP-DER 2eaB0 Tl p2y
KEY ARkdl 284810 11410204
KEY ARROW ZEARD 41 0FEL
KEY CAM-LEFT ARD ZR4E0 H041- 0722

Y CAP-LLEFT ARD =L 10| EpaL-gp2g

[Fo - - N

ATH AT LBRL-N3IE
AT h041-013148
ASKE3Y TG4 -031E
ATIE40 Gha1--0d8
ATICE4 T Ti41-031a

CAP FTY GRAT 2B 420 He41 0316
CAP PTY GRAY TR4B0 GhA-03I8
CaP PTY GRAY 2EAE0 o411 -0318
CAF FTY GRAY 2E4BL G403
Car FTY GRAY ZRAG0 0410318

P

ARG 42 wh41-0410
AGIKES S DU =025
ATF 44 S04 -0944

KEYEAP - ERONYP IFME ZEAB0 T041-D418
HEYCAM-PEARLPIFL 28481 w041 -0.285
KEY ChP PUR A2480 EDEYEY A T

- N ]

AL 1 A100--4334 THDUCTOR 250K 10X 3D 23400 FLoG 3334
ASMP Y 40401401
ABNR2 Atidh. 1307
AGHP R IRINS-A0006

SYRIP-PLAGTIC 28-IN-WD ,01-IMN-THIK ZEI4B0 4940-1001
REFLECTOR 28484 AN4R -1 507
LER Abb GD Lrian UETEE~400D 6

Mgy N

A0 18530816
AT 13%3-0014
ATH2 1053~001h
(e L] 1TAB3-01014
MIRS 11352—00%v6

TRANSTSTOR PHFP ST TO-P2 ¢ D==200HW 243401
TRANSIGTOR FRF I TO-92 PL=30pMY ZEATHE
TRANS [ETOR FHF ST T~ 72 PheadglMu sEEnd
TRAWIIGTUR FNP 2§ TO-%2 PDa300AW ZEIAR
TRANS IGTUR PRI 35 TO-%2 Ph=300MY REa0

WS Eom

ASHE 153 U016
ALUT 1B63--0106
ATRD 1REI-N014

TRANSISTOR PN §1 TO-92 Plr=3n0md SE4B0
TRANGIGTOR PP 51 TQ-92 FD=I00KU 2B490
TRANSTITOR PNP 51 TO %3 PhudioMie 20480

ATR L No8A~2205
AR GEET- 205
LA K] ﬂ(:ﬂ3-~2205
ATRA AR% 225
ATRE n{,lﬂ -eds

RESISTOR 22 54 Z0W FL TCm 400/ +500 01l CEZRRS
REZISTOR 22 & 250 #{ TCe-4L074TeN0 01121 CERO0N
REGESTOR 22 9% .20%d FC TC=-400/+500 0112 CHIZRF
REGTISETOR 22 &% 284 §C TCw-400/ 040 01124 CL0s
RESLGTOR 22 S .28 FC TCw-400/+500 nit2d fl“".‘?!ﬂ

R R I ] fag-a ]

A%RA e E3- 2005
AIRT NeA3-- 2R
AGRE 0AET 303
AHRY a3 1325
IR0 VoI 320

REAIZATON 22 3% .ESW FC TO=--a00/ 504 01121
RESISTOR 22 53 .20M ¢C Tos-aih/+00 11121
RESISYOR 22 oX .28k FO TCs--ARN/ 2300 ni1ed
RESISTOR 1. 3K G% 205K TC=-A10/+700 0112%
REGISTOR 1,1 LETW PO TL2-400/700 1121 Ch1%a%

BRI R

ARRTL 0683 -132%
ASHIH 06E3-- 1325
NGRS eyl -1 325
AJR14 DeH3 1323
AR 0 &Fd=1 4235

RICG1IATOR 1 .54 GZ .25W Fe=-A00/+ 700 g1l CELACS
RESISTOR 1,71 S5% 204 FC 7 A0S 70D f1ia1 ChHY22E
RESISTOR 1.4 T 25W F0 T 00, +700 L ERY] LP1ALS
RESISIDR 1.3K % EOM T A0S 700 b R ] TA1333
RESTSTOR 1,30 3% 20M TLs=-4R0,+700 iz CR13as

Forgde ram

RESISTOR 1.3K DX . ZUM TE=-401+700 ERRYH] Cpiaas
NETWORK-RES &6-3/P1R.0K DA X T o480 18100135
NETWORK -AES O GIF4. 78 OHH X &8 637 CRPAFG07-AVET
MEZTUORK-RES % -BIP4. 7K OHH X A ¥1L37 CLUORCHY -a73y
HETWORK -RES ¢ -SIR10.0K OHM X B 2E4LID 1810 0S5

ASit LG DOiI3-1325
ATRZ0 15710=0135
ABRZ S [ RN Y]
hER2E 1000144
ASRAI P01 0--004%5

L I TR el ]

X S 040 ~FA3E
[Qbiiice S REH-FATIE
ATE3 060434
PGEA G060 T A5G
LER B R 2

PUSHTLTTON SWITCH P.C, MDUMT 2a4a8d Tkl FASE
TUSHIUTTIOH SYUITC L. HOLUNT aafln E1 T B e T
PUSHBUTTION FWTTLH
FUHLNGUTTON BUITCH
PUSIHGUTTON EWITCH

L, MOUAY ~i14d0 B LE-TANE
5. MOUNT 23400 LD PATE
t MO SRANn TN AL--GASE

[
P.
.
B,

FOEILTTEN CUITCN HOUNT EGEL SAL0-PaARA
BUSHEUTTON Su T HOLNT 2hAadp BILAD -YANE

b ] TR0 AT P.
LI

PUSHEUTTIEN SUTTON M. mCUNY 2480 HOL0-2ARE
F.
[

ALE7 SOE0-P43L
AGIR G0 FALn
RAGEY GGl 7434
A%510 0007434

FHELTUTTON SWITLH MOUNT nhagn AL FATEA
PLE IRUTTIN SUTTOH HEILUNT 28400 SHED-T4d8

i e BRI § RV RN

See introduction to this section for ordering inlormation
*[nelicales factory selected value




Replaceable Parts Replaceable Paris

Table 6-3. Replaceable Parts

Reference HP Part
Designation | Number

45513 T060-F426
ASS12 GH50~F 436
AGH13 50607536
HSH1e Ghbb-943b
ASGIT S0eD-FA34

Description gga e Mfr Part Number

MOUNT ~U4ARG6 Sikb 0-¥436
HOUNT 8480 SN&0-9428
HOUNT 28480 il 0748
HIRINT Sa4R0 SU&0-99356
MOUNT *BaB0 SNEg-743S

oo

PLUGHEITTON SWITCH
FUSHBUTTON SHIFCH
PUSHBITTON SWITCH
PUSHBUTTON GWITCH
PUSHEUTTON SWITEH

mTeT .
O oSoDa oo afnenn Danoat anann

. MOUNT 28420 DOH0-F4F0L
MOUNT 3480 G4 1-7436
MOUNT 20480 Slen-94%6
MOUNT Agano n060-7454
HOUNT 28488 S060--9435

PUSHRUTTOM SWITCH
PUSHEUTTON SWITEH
PUSHBUTTON SWITCH
PUSHBRUTTON SWITCH
PUSHBUTTON SHITCH

ASB1E B060-P434
HSR1Y 30401435
AGS1B H0b0-F 436
ATELY 5060-P434
ATY20 SRED-H43L

MOUNT 28420 DOE-PA5E
MOUNT agag 504609438
MOUNT 2EAB0L Sh&e0-F434
HOUNT 2RARD S0E0-F43h
MOUNT RR4a0 Shed-7456

PUSHEUTTON SWITCH
PUSHRBUTTON SWITCH
PUSHEUTTON SWITLH
PUSHRUTTON SKITCH
PLSUBUTEON SWITCH

ABG2 Had-#435
Ll i Noad-FATIE
ANG23 GRol-7434
Lt SR&0-9438
LT Gl60-7436

MToT T TOWTT

WIINT 2ae0 S0&N-FaFe
MOUNT 28480 SNEN-7434
MDUNT 20490 5060--7 436
HOUNT 28480 S 0-P a6
HOUNT REABY GOAD-F4F6

PLISHAUTTOM SWITCH
PUSHEUTTOM SWITCH
POSHBUTTON BWITCH
PUSHBUTTON SWITCH
PUSHRUTTON BWITCH

PUSHBUTTON BWITCH
PUSHEUTTON SWITCH
PUSHDGUTTON SWITCH
PUSHBIITTON SWITCH
RUSHRUTTOM SWITCH

ATDHE FRE0-FANE
ARSET GU60-7436
A%S20 H0EN--FATE
ATREY 607434
hixd] HOAN-F45E

WMWY g g g g g

. HOLNY 284960 S060-7434
MOUNT 28480 G0G0-9430
HOUWY 28430 ShbU-745E
MOUNT 28490 S040-9436
HOUNT 28480 SN60-9456

A5es 20697434
A3 S040-F43E
43233 So4D-RAZh
ANGI4 HO60-7438
A3335 BR4HD-PATH

TmT®|Yw T T

.8, HOUNT 284800 S0&0-7458h
PUSHBUTYOH SWITEH P MOUNT 2g489 Bie-24936
F

PLUBHEUTTUN EWITLH o MOUNY BAARD YRR ET
PUSHDUTTON BWITCH PL.C. HOUNT 240 Sl =¥ 458

PUBHBUTTON SWITCH P.C. MDUNT #EA30 ShH0--PA30

Py 0409434 PUSHIUTTON SWITCH
ANSI7 Soeh-2438
ARSI ER40~PATE
ALE3? H0GG-PATE
ATE4) S UAN-PASE

n

PUSHBUTTON GWITCH P.C. HOUNT 240480 Bh&N-P45a
PUSHAUTTON SWITCH P,C, MOUNT Agag Sh&N-7430
PUSHRUTTOM SWITCH F.C., MOUNT 284840 Sé -PAJS
SWITCH~PE DPDT ALTRE TR 100(WAC 29480 3101--2441

AEA HiED 79436
AGS42 GF0L0-PHIE
HUHAS Teal-Pais
LEEE 3101-2ah

IC INY TTL L8 HEX LR L] SN7 ALE OGN
TRAHSESTOR ARRAY 14-PIN PLSTE DIP 136048 ULN-2035R
IC BHF-RGTR TTL L5 @8 SERIAL--IN PRL-OUT 01875 SN74LS144N
TRANS1STUR ARRAY 14-PIN PLSTC DIP 13484 Ui -2 003R
IC TNV TTL L8 HEX 012%% SH7T4LE0TN

AlillS 16251200
AaGUz2 1658047
ASUE 1620--1433
AL 1858~ 047
AL 1G20-12010

1C SHF-RGTR TTL 1.8 R-% SLRIAL-IN PRL-DUT L Y] SNV 4L31640
TRaRTIZTOR ARR4Y J6-FIN PLEYC DI¥ 13486 ULN--20034
16 BFR TTL L3 BU3 QUaAD | St SN7ALSLaTAN
I FF TTL L2 D-TYPE FOS-EBCE-TRIC COH 01095 BNTALE2TIN
PIGFLAY~NUM~BELG 1-CHAR .43-H “aB400 BH2-7603

B8L& 10201433
ALY 103E-0047
AT IR 142021558
Lo bl 102 B-175D
AS0 19900592

M@ ET MASAD PN a3y

DIGALAY-NUM-OFR 1 -CHAR . 43-Y 250 S082-7487
PIEPLAY-NUM-SEL 8- -CHAR . 43~H aa4a0 SOEI-7HES
DIAPLAY--HUM-SRE 1 -DAR . 43-H 240 SOR3-7HR3
PLIERLAY-HNLM-SEG 1-CHAR 43 -H 20480 Slhg2-7653%
DISPLAY-NUM-EER 1--CHAR  43-H 25400 SHB2-Fetid

Al 177900378
ATILHE 1574~ DEIE
A 1978 -3F78
ATL4 1990--RuE92
#TUIS 1990 -0802

[ERLE L SR

LGP LAY -NUM-SL6 1-CHAR . 45-H Z2ga8d GNeR-76T
RIGPLAY -NUM-SEE 1 -CHAR 43 H a0 SNeI-7OnNS
DISPLAY-NUM-SE13 1-CHAR .43-H agaet Il ety
DIGPLAY -NUM-BEG 1--CHAR 43 -H 20460 nlga-7E53
BISHLAT -HUM-SEG 1~CHAR . 43~H ~8430 I9a-76FS

BT 15310592
ASULY 1RR-0EE
nSLa 1990-09%2
ABUL? 1770-9'592
AFU20 17 H-0NT2

(LR LR REL]

FUCKET-1C 14-CONT DIP DIP-3LDR 6480 1200-DA3H
SOCKET~IC 14~CDNT CBIF DIF-SLDR R 12001620
SOCKET-1IC 14-20NT DIP RIP -SLER 2RABM 1200-0638
SOCKET-I0 14--COMT DLIF DIS--SLAR 28400 1200--0433
SOCKET -EC 14- CONT BIf DIP -HLER 2E4R0 1200-0H33

ASXULG 1200-0638
ASXUT 12000430
ASxU1s 12061638
AIXULS 12004628
LEFAU ] 1200 -0638

GOCKET -IC 14-LANT DIF DIP--RLDR 2R4Bh 12640438
BDCKET-TC 14-COMT DIP DIP--SLLR =0hanl 1200-0 &3
GOCKET -IC 14-CONT DIP DIP--SLOK RA0 12090630
SOCKETY-TC 14~CONT DIP DIr--BLER 2BaEh 1200-0638
$OCKET-IC 14-CONT DIF TIP-SEDR 20400 1E800--05638

ANXLLS 120004320
AL S 1aop--N&3a
AZRLTT 1208-014630
ATXULE 1200-0630
ATIXULY 1209~ R&3R
ATXUZ 1200-0430 SOGKET -IG 14-CONT D1P DIP -SLDRE 28401 1200-063568

SLREW-TFG 4-40 ,a%5-TN-LL PAM-HO-FDZI BTL eucen (RPER BY DESCRIPTINN
SLEEVENG -FLEX ,B4~]0 NMEMA3 . 017-WALL &n0%a ORUGER BY LESGRIPTION
WIREFORM CU BRT~TLKW zd4a 1469-13%6

LABEL CAUTION 1.925-IH-WD 2.24-INLG 28480 211234

CUY JUMPER Za4R0 TUMPFER

B624-0327
BEFN-N1649
14560-1354
T121-1234
JUHPER

SHa b W Al gy ey

L] DEBNT -HaENE COWTROL. ABBEHRLY 23400 03325-bb5Sila

£

CAPACTTNIR-FXD 1590FF +-17% S00VDE HICA 26490 QLL0-- 1974
CAPACITOR -F&h . 21UF +#100-0¥% TJVDE: CER Boagn U1H0-2847
CAPALTTOR-FHD 1L0PF +-1% Z00VD0G WIGH 26480 UleN-p337
CARACETOR-FRXD 16d7F + 1% ADOVDT HICA TRAtY Mef-0337
CArACITOR-FXD B3IV +100--0% 50UDC CCR TE430 0164 -3847

ALl 0ol -0P76
AhCE BLlil-2E47
#03 01600337
AL 4 (R B4 hhig
ALCT i1 bl - 8547

o

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




Replaceable Parts

Tahble 6-3. Replaceable Parts

Replaceable Parts

Reference
Designation

HP Part
Number

oo

Deascription

Mfr
Code

Mfr Part Number

a6t
LIl

st
MaCah
ALLER
HhZHE
ALLZR
ALL3D
AR
ALCID

Ll

ALLIY

AELIE
ALCIY
ALLCAN
AbLAL

Aalh2

Anlthd
ALGTA
ALCES
HELHL
ASCDT

ATy
AGILET
[ZaM ]
ALTZEL

nIR0-iae

LB RO B

B 160 -E847
D160--38a7
] &= 3047
01947
1160-32047

U1 603047
113603047
G1am 404
b1 &b-ZA47
1160 -3847

Uib0-- 5047

§180~2a3

LT R Joh )
G180- 0H97
91602823
b1 &0 547
MeR-2B22

R LTUES-IE 1
bla0-3058

N1&60 3608
DL a0~3422
16 -3paE
01, 60-200%

g

20200 00

[

-0 e

AP AL T -F XD
GAPACTTR XD
UAPACLTOR -TXR
LAFACL TAR-FAD
C&P ACTTOR- FXD

CAFACTTOR - KB
CAPRCITOR-F XD
CAPACLTUR -FXD
CeaPARTTOR -FYD
CAPACITOR- FXD

AR ADITOR -FRD
CAFACTTOR - XE
C4FACITUR-FRD
CAPALTTOR-FXD
CAPRCITOR- FXD

LAFAZYTOR -F XD
CAPALTTOR-FXD
-aPACYTOR -FXD
CARACTTOH -FAD
CAPAEETOR-FARD

CAPALTTUR -FXD
CAP AT TOR-FXD
CAPACITOR - XD
CAR ACLTOR ~FXD
CAPACLTDR -F XD

CACACITOR- FYD
EAPACTTOR-F X1
CaRAC1TOR--FXD
CAPACTTOR ~FRI
CArACTTOR-FRE

CRPACITIR -FKD
CHPACT TIH-FXD
CAPACTITOR -FXD
CAPACLTDR--F 2N

ZEUr1-10% 15YDC TA

CHIUF 4109 -DR SeWnC LR
LSO wlbb -0 3OVDG CER
JMILFE YLRG-LY SOVDL CEW
JUFE RIDA-0F HIVDG CRER

e H1C0-0% SOVEL GER
LU o l0-0% BAVDE GE
CJINE w100 -0 SOVDE DER
JHUE et E0e-0Z SAVDE CER
LO1de +inn DX SOVDE DER

JOILUF #1100 -0% SLVDE CER
COAUE A0 BX SO0UDE GER
LOTUF 106 g SIUDE CER
LJIIUE 100 BE BOVEC DER
JTUE 108 -0 SNV DER

LNTHE +106--DE SEVDE DOR
JETUF w300 QX HIWDG CER
LOIUF +LG0 -0E SOYRC CER
47005 ¥30-10% &, 3IVDC AL
AZOUF+BI-10% &.3VNE AL

FOOLFHSO-10% JEVEC AL
ZIRUF+EI-10% FNLC AL
4FIUF S0 104 &, 3VIE AL
JHUE 100 @7 SIVRE CER
AZ0LFG0-10% &, JYDL AL

1E00UF+50-10% 14V &l
J1UF 4-20% DOVEC CER
JEUF 4-20X SOUDC CER
JOUUE #1009 S000C CER
U 000X S0VIE CER

L1UF 180 -20% 106VDC LER
AU eB0-20E 100D OER
S S-E0% 1R0VDE CER
HZ0PF +-3% JUOVDL HIGA

DAY
2BADY
ag4ann
2440
nilsfo

Wi
w430
2480
23430
A4H

2£480
20404
24410
pulaf{: 113
24131

an4an
SLAGE
20480
20400
Adaay

10494
10494
FEAGD
o bk
~EARD

2844960
2@480
28498
20400
hagl

ALET4
2hHT4
D&t
ZEanl

LEUDER BP0 BHE
01403047
D1ap-33a7
N1&0- 5047
G1L0-3847

1168 3847
01&0-ZB47
034031347
Q16 0-3B47F
1160 3B4AY

N1 a0=31547
0140--3847
L& 0-3047
N140-3047
0i60-5147

N1én ZE47
F - apay
N1&0- 3347
Bi8n-2623
h1@n- oeN

BUVEELIS0
AMTELEA0
A= HIT
$1é0--3E47
Me-2823

0430--20245
1 6G-3456
Ik &0- 35580
16 G-2547
Dhe0-2384%

1 A0YSVLO0R 1047
PIIECEVLOOR 1 BAT
21F6Y5U 100k b4
01602009

HwhCEE oiee-z2naf CAPACETOR ~FAlF BRIPF +-3X J30DVDEC MICA 248 nlba-200%

28440
204601

1ot -35a8
NipO-3558

ABCH3
AGLDY

D140 --3055
01603558

CAPACTI0R-FXD ,1UF +—20% SCVLL CER
CAPRCITOR-F AR L IUF 420K BIVNC QER

2Badl
FIAGI
284430
23480

1902-3153
1%E1-0040
1%071--0040
PP0T-0040

DIOBE-INR 9,31V 27 DO-3% PD=, 40

DIDBE -SWITCHING 30y 36MA 2NG DO-35
DLODE-SWITCHIKG 30 SilHA 2NS DD-35
DIORE: SMITCHING 30V SaMA 2NS BO-33

LESHEE]
ALCRD
ALRY
AHCRS

17023155
19140040
1911-n040
190i-~-0048

4
]
¥
7
L4
£
z]
]
3
3
5
i
5
!
1
1

12010 0473
10m1-5567
12951 -6567
1861~6567
1200--06F4

29430
2BABN
ea4al
HRARD
2RARD

Al 12080--0473
LER 1251- 4547
A3 1251~ 6547
LU R 1251 -4567
AnTH 1209 Nh3g

SOENET-IE 1&-0LONT LR BIP-SLDR
CONNECTOR 21-PIN M POBT TYPE
COMHECTOR 29-PIH M PDBT TYPE
COMREGTOR 31 -PIH M PIST TYPE
SACKET-LG 24-COWT REP DIP-SLDR

2E4BE
2p480
20480

“100-245%
F100-1657
H100-3334

INDECTOR RF-CH-MLD 131UH 1% L 1865DX, 3B5LEG
INDUCTOR RF-[CH~HMLD 1Z0UH FH . 166DX.305LE
INDUCTOR RTUH 10% 3D

Add. 1 PIGR-243%
AbL2 9100-15637
Al F100~3334

nbho oo od

12058270
0S4 0~05s4
12560143

AGMP 1
ALHP
ABMP2
ABRS 125157490

B4 24 12314022
NP 52 1881424

J25~02%8
p2an-0G964
12580141

HEST SIHK PLESTC-PUR-LE 2R430
TNSULATOR -XSTR THEH-LNDOT Pe4e0
Connector-Shorting 28480

COMMEZTOR 10-PIN # FOS1 TYPE 23430
COMNECTOR 3-PIN M ROST TYPE 25480
CONNECTDR 2-PIN M PDST TYPE 2a4d0

VEWL-ATE0
12514802
1251-424%

ag4go
0471%

1054-1071
ZNAT04

TRANS1STAR WrRW BT PI:SQ0MY FT=200MHZ
TRANGISTOR NPN 31 PDo3SOAW FT=3D0HHZ

fanil 1854-00%1
G2 15540215

- R - R

28489
gital
0E121
01121
011zl

06%--8344
Ch7oaS
GBS
CHLE3E
r103%

RESTETDR &04K tX 4254 F TCefe-i0D
HESISTOR 7,5 BX . REW FE 'JC=-40D/+700
RESTHTOR &80 % . 26W ¥C TC=-4RD/+400
REZLSTOR 10K DX 254 FC TC+-400/+780
REQLSTOR 10K 5% 284 FC TC=-400/+900

Abll Ne¥g--L354
PERS DLEI-752G
AERI 04836815
ALOR A DERT- 1 BRS5
AGORE L&83-108%

- ==

2460
2a4G4b
24546
23481
Tzl

18180055
C4--1/3~T9-A¥91-F
C4-1/8-TI-7531 -F
18160074

CE1RZET

WETWORK ~RER 7-51P10. 0K DHH x &
REGIETOR 4,99k 1¥ (1254 F TC=@e-140
RESIATOR ?.33K 1% .1254 [F TCmg4-100
HETWORK-RES 9-51F1, BX Dtk X @
RESISTOR 1.0% 5% ,2%M FC TC=-A400/2780

ALRG 1810~ 0035
#ART 16983277
AGRA Ne7B-4080
hHRT 1E10-9 076
ALlRD {163 % 1803

CHPgaALd?-223T
GE1N3S
CLALET
CRAGED
208433

1637
izl
01121
11121
41121

ALT 3
HLR14
ALRIE
ALRTH
ARR1Y

13l0--0144
0683 ~1035
D&E3- 3425
n&B5--3620
1819 -Dde?

HETUORK--RES 4~STPZ2. 0K OHM X 3
RLEIGTOR 10K 5% . 23W FC IC=-400/4+790
REBISTOR %.6K 8% 25W FL TC=~400/ 760
RESISTOR 3, 4K 5% .25W FC TCw-43054700
METUORK ~RES 8-5TRIZ0 .0 OHN & 7

N g0 D WO et

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




Replaceable Parts

Tahle 6-2, Replaceable Parts

Replaceable Parts

Reference
Designation

HP Part
Number

oo

Description

Mfr
Code

Mfr Part Number

ALN1B
ALY
ALK
ALRZ
Rofia

ALR A
ALH
A& S
hERIE
AsRI

ALRND
Aé O3
ALRYGA
A& 5%

negy

LIRS
AsNz
LT
ALl
AN

DEA
AT
RGLE
ahHY
AniLD

LIARRR]
AuL1E
BallE
AbUtA
LI

Aellls
A6LULT
AGLI1D
LAV
Adti20

A&
Akl
Ak1123
AnLI24
ARLIZS

AL
BfLE?
AGUTTE
AirllEs
AGLBH

1A TReS |
abllne
AL33
AGUIL
Adal )38

LA AT
ALI7
ARNEE
A&UI?
AtlAT

LENELS
Abl
AdUa3
LTAVEE ]
AfUAL

il 4
AlLUS]
HEUTZ
AhLLES
L]

ALLIES
AEUSH

1R10-00%%
3151
D&ES~ 1 D754
I OPI--bél?
BEF--DA0F

DEFA-S1IE
péd3¥ H115
FiyH3- 113G
D&HI35 1830
14#10~-0334

TR0 -hEe?
NGE3- ] 1}35
LA S Nl
168351415

F101 41624

1018-4702
168780703
16118-10724
AT E: B i
${E20-1 197

15343 438
18201195
1ERL- 100
1 320--149]
18241759

1318--01%?
A E-1ee
18201195
18201196
1GEE-0174

WAR0~1E16
t82-1216
1GED - 068%
1820-1759
124~ 1194

18261194
18e0-1 757
18201197
1agh-1208
1R2R- 1216

101057
1&E 201730
10201757
14201 453
1820~11%F

18201208
18201173
181203 19%
tBEy-1102
1£120—1568

1829 -beaas
18201 225+
18251757
1E20~%144
1620-1397

LE26--1 200
1820-1142
1B20-187%
16204477
143201 430

TE2g-1 197
149700344
10977
19980377
1790 -04561

1990--1161
1B29-héi

MNP W® p e W G0 s

Ll N ) L s it ) I G D W oD et g = s FH =Y a

-

ey WMo

HIETWORE-RES % -ZIFEN 0K OFHM X 8
RES[LTUR 150 5S¢ JATW R TC=-a005+600
Tl TE Fo O TZ=-404/ ¢ 700

NEBIRTDH

HESIETOR
REBIETLR
HRESIGTOR
REGISTINR

10K . §% . ;GU
A.7E1E 1 2%

S0 5% JRNW R
w19 ¥ .TOW FC
10 5% L2TW FC
1aK 5% .I%M FC

FoTOe04- 20
WOF TCeile-2%

Tz B0/ +600

ADg/ ra0d
TCw- ARG/ +700
Thw-400/ 1900

1c
Iz
ic
Tz
1

mw
o]
1z
IG
1

ic
"
1c
ic
it

ic
I
ic
L
ic

L

b H
Ic
Iz
i

ic
o
1t
iy
Iz

e

SWITCH- L DIP -RER-ASGY 7 -0A

-DEOR FTL LS

HETRORFE-RE! 10510 MULTL -taLl

WETWORK -RES B -3IN3.30 (044 X 7
REGIETOR 10K Sx
REBISION D10 5% EO0M FC TO=-4007+600
RESISTOR T10 5K .20W FIO TCa-a00/+600

LW FC TCm-a06/+700

LR SYDD

HMUS 32700 (A2 R0M 450-N5 3- Q
HHOS 327e0 (32K ROM 450 -NE 3-8
HHOS 32748 (22K ROM AG0-NE 3-8
HIMNS I27RR 32K ROM  ATO-NE 33
GATE TTL LS HAHE GUAD 2--TMP

NHOR 407n 4k LTéT RAH  4G0~NS 35
Fro TTL L8 D-TY¥PE POS-ELGE~-TRIG COH
TIMER TTL fiDNOAGTHL

HLLPROG WMOS

0FR 1TL LS HOW-TNY GCYL

HAOS 1024 (tH) STAT RAM  SO0U-HS
HHOG 1034 (IRY STAT RAM  S00-NE
FETTL LS PeTYRE POSG-EHIE-THRIG GOM
F7 TTL L8 D-TYPE POS-EDGE-TRIG COH
THV TTL HEX

N7 TTL LS 3-TO A2-LINE GINP
DEDR TTL L& X TO-A-LINE 3-IHE
NV TTL S HEX 1-IN®

BFR TTL 1.8 NON-1HU OCTL

CNTR T¥L L& BIN UP/DUMN HYMCHRD

CHTR TTL 1.8 BTN UPADOWN EYRGHAT
BEROTTL LS MOW-THY OCTL

GATE TTL L¥ NAND GLall 2T
GATE 17 LE OR QiAD 2 LNP
F-TR-B-LIME JI-iunb

BFR TTL L& HON-THY OCTL
FF TTL LS T-TYPE FUOS-ERGE-TR1G €O
EFRE TTL LS RGN-INY DCTL

iC SHF-#GYR TTL LS R~5 SCRIAL-IN PRL- DUY

GATE TTE L8 NaND QUAD 2 -INP

GATE TTL L35 DR AWAD 2 -INF

FF 1YL LB 0-TFYPE POS-EDGE-TRIG COM
BHTE TM. LB NAND SUAD 2 IHF

FF TTL LS D-TYRE POG-EOGE-TRIG

3 BFR TYL L5 BUS §Uab

IhY TEL & HEX 1~IhP

BN 4LE1 &5

EFR TTL I.E NDN-IWY OCTL
GATE FTL LG HOR HlAD 2-INT
IhY TTL LS HEX L1--INF

GATE TTL LS HOW TPL 3--INP

FF TTe. L8 D TYPiL POE-EDGE-THIG

BUR TTL L& 1MUY DETL 2-1IMP

oFr ANP GP B-RIFF PKG

CHTR TTL U3 BIN SYNGCHRD POS-EDBE-TRIG

GATE ¥TL L3 NAND GUAD 2-INP

OPTG-IGOLATOR LEG~FDLD/XBTR IF=Z5HA-MNHX
DATO-ISOLATDR LED-PDIOAKISTR IF=B0MA-HAX
OFTO-IS0LATOR LED-PRINXSYR TE=NOHA--HAX

OPTO-IBOLATOR LER-LC CATE IFeldsA-HAX

QRID-ISOLATOR LED-IC GATE TF=10Ma-HixX
TG AFR TEL MakT GUAD 2-INWF

padet L
el
a1
20480
24BN

23480
011l
1121
G112

28480

BHLTh
HHET S
SRS
5Lb7
01295

12
LN ]
073
EEHADE
27054

FIHRET
34FFT
W29
11275
[ ¥ivas

312915
1293
11295
27014
112%5

13295
o7N14
11295
11895
11499

7014
01275
27014
01285
[ RFiads]

01293
11:t9S
01293
D1ES
1293

28y
28480
27014
0293
11295

F1295
BLAFS
29014

H054%
1} $5

[ ik ]
AB4GR
20480
213480
20450

Fart 11
G125

1210-00%%
CEINLT
GE103%
16286617
DEYE-DI0T

LEG1LR
ChELLS
CRtyEg
[af:3 k.3
18100136

101 n-nae?
CE1DEG
CRitly
LBI11%S

191108

GYPLETA WASKED
4rPEsl2 HAGKED
SYP23EE HASKEYD
SYPE3SE MASKED
SHN7ALSNTR

THEM114-48N1,
M7 AL M
MEHZEP

LR2D 16T
LiEtLE%7H

AP L1 RAPE

[ ra d ko g

GM74LGLTIHE
SNFALEITAN
SHTA04N

BN74LSTHEN
DNFALE1IEN
BN A5 An

THR1LERTM
SHFALELSIN

HN7 AL 31 F2N
GMZILERYN
BHZALEDUN
BNFZALGAEN
BN ELEE 3NN

rgLLEeT
GHZALERTIN
DMBILEY7TN
ANVALETAAN
SH7ALE NI

SNTALSERN
ENT7 4181 7EN
SHYALSEON
BNYALST 48N
SN7 RS REAN

SH74S0TN
@2~ 19750
BHBLLEFIN
SH74L592N
BN7ALERAN

GH7ALGETH
ENTALET4AN
DHELLSTEN
UFCAo 1AL
SHTALEIG1AN

SH7HLB0IN
AM1EA

SOE2-43050
G0E2-4355
GupR-a36a

AREd- 4304
GHP4EBN

01293
189S
01245

SNFALSIP 54N
HBNYALR1 354N
HN7LBT AN

IT SHIF-RETH TIL L5 ®-5 PRL-IN PRL-OLT
12 SHF -RETR 17L LS R--13 PRL-TH FRL-DUT
It SHFE-RETR TTL LS R-5 PRL-TN PRL-OUT

ALLUZT 18920-1 3060
AEUNED 1B20-13460
AnUSY 182b-1 300

Ll Sl ]

01595
L3 by
n129%
0% 25
01295

ENTALELAN
ONPILERTRH
SNYaLSHIN
GNIFALGLAN
GNFALE7 4R

IC BCHMITT-ERIG TTL L3 IHV HLEX 1-IHF
IC LGCH TTL 18 RUADR

IC BATE TTL LS MHAND BUAD 2-TNP

I GCHMATT=TRIG TTl. 1.5 INY HEX }-IHF
IC T 77 L& B-TYPE POS-EDEE-TRIG

1BEn—141s
1HZ9-1 4410
18T0~1197
1820-141%
16301112

Adlisd
ALLIEL
ALLEE
AisllE3
LIAT-E Y

LY

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




Replaceable Parts

Table 6-3. Replaceable Parts

Replaceable Parts

Reference
Designation

HP Part
Number

2 &

Description

Mfr
Code

Mfr Part Number

MELERT
AlLIGE
ALUAT
LEE ]
AeLAT

ALUSD
AGUT
LU
HELIFS
IAREE]

ALLTT

ALYl

Al

AECY
HiFe2
ALCl
nacs
REHES

A
HEGY
AICE
AL
rRcla

ABCL3
ARLCLA
BEGIE
ARCTA
HEACHY

AEC1E
AncA
AaC2Y
ANCZEX
RELTY

ADLIS

ARER1
ANCRZ

1026 Ni44
18281550
1020-1508
18241730
1020 -1621

18201197
1R2i-1214
151291 157
1L -1 36
1% 06-00%b

1AM-119%
197060746

3691714
hag4-0g2y
D77 0443
1291-a484
1460-1336

FLP0-0%13
22000143
226e-00011
AUEB-BIRG
3050-0440

Fran-&7le
71211234

D3RG -66308

O vAh 2055
JLaE-20E3
b1al-2R0z
A -2z03
nigr-zaag

0180 -FRE2
0 at-2257
Hlel-7a2n?
b B=-3R47
ElGo-TE44

D160 - TE44
plida-aa1d
y1en-nzie
bl&n-X5E0
I 1&0-3'538

01180--282%
0190 -2H2%
0160 - ¥558
Bl fel 5050
04 - 5558

9 1aq--30538

17P0E-320%
13023205

N ga e

NMHpMMS0 stho de O

oo

IC ZRA%S % RELYR YO -220

IC UART TTL QUAD

IC UART TTL QIUADL

IC FF TTL LS D-3¥YPE POS-EDGE-TRIG COM
IC BYR TTL WAMD QUAD 2-INP

IC GATE TYL LG NaND QAT 2- THR
IC GATE TTL LS HAND DUAL A4-THP
IC GATE TTL t8B Hadlk QUAD 2.-TMP
iC DCOR TTL LS 2-TO-4-1LIKE DUAL E-THWF

DIOLE-FM EREGC

ic Wy 1YL LS

TUDE--CLECTRON

TERMINAL--BIUD

EGREW-YPG 4-40

aa0Y 28
HEX 1 INP
SURBE U PICTR

LGP IN PRESE-WTG
\2a-IN-LG PAN-HD-FOZT STL

FESISTOR 11K 1% .125W F 1C=0+-100
GONNELTOR 4-PIn W FOGT TYPE
WERZFORM CU BRT -TIN

WASHER -LK HLEL NO. 4 115 -IM-ID
SCREW-MACH 4-80 ,3F5~IM-LC PAN-HD- POZI
NUT-HEX-DBL~CMAH 4-30-THh | 67 4-1H-THIC
WABHER-FL. WTLL NO, 4 125-Ti-ID
WASHER~SHLTR MO, 4 ,115-IN-IF ,2-1N-CD

LABEL - WARMIRG

LABEL-GAUTION 1.

[H=~WD 1-IW-LGE HYLAR
IN-WD 2.24-IN-LG

HICH VOLTAGE OUTPUT ATHEMBLY (OFT ODE)

LaP AL ITHR-F AL
CAPACTTOR-FXD
TAPACITOR-FXD
CAPALITON -FXD
EARACITOR-FX{

CAPACTTON ~F X0
LaPAGITOR-FAR
CAPALITER--FXD
LAl TOR-FXD
CAPACITON-FXN

CAPAGITOR-FXD
CAPALITOR-F X1
CAPACTITOR--FXD
CAPACTTOR-F XD
LaraEiTOR ~-FXD

CAPACTTOR-FAD
LAPALTTOR-FXE
CAPACITOR--E XD
CAPACITOR~FXD
CARALTTON-F XD

EAPACLITOR-FXD

VIODE-fHR 134
DIODE--ZMR 15V

LOAUF +80-20% 100YNC GER
CHLE +20-20% 1D0VURC LER
100UF+50-10% SIVIC AL
1000F +%0- 10X SaVDC AL
JEUF+SE-140% SaVDG AL

1BUF +5E-1 0% SOVRG AL

10PF -3% SROUDE DER 0+-60
10PF 4-3% TSOOVLRC CER Or—01
CIUE FANG=3% DOVDC CER
IPF o+~ DEPF ROOMDC CLER

FF +~ ESPF LIIURE CER
I e-ZL LEVOE TA
5.3 +--20% 15VDC TA
JALF e-20% S500DN GER
JAUF #+e20X SAVDE CER

REUF+50 -10% LavDC AL
22 +B0~16% SOVDC Al
L1bF 4 -20% Z0UDE CER
AU 2R GHULC CER
JLOFE ok -20E BOVDE CER

U +-20% S0VDE LER

5% bO-35 PU= .4l TC=+ BO7%
5% DO-3% Ph+.dd TL=r Q57X

4713
447135
LE b It
03295
012%5

03395
B12%5
| 3a ]
a5
14713

1275
A BD

28480
[NNEE ]
24344
aRA50
RRAED

29480
cE480
25489
~B480
REABN

ae4nn
28480

28489

2E480
28400
2d4un
ZB4AHD
anasn

24400
S{AED
Au4dU
2898l
26400

460
Seeflv
Tha'HT
ZB480
2480

ZEMATID
2dage
Zeafl
201480
zanph

20480

Z3A80
0480

HLTBIEER
HMCI44 1P
HCA4414P
L7 4L 537N
BNTAZEN

SHZALE0M
BH7ALEIMN
BN7AL BOON
GN7ALEL TN
HRAZD D

B SLE 1AM
19700874

BEGD-1714

ORDER BY BESCRIPTION
L4-1/8-T0~7102F
1257 4404

1460-1354

21900713
Zetg-n143
cuh0-n4ael
J050-010%
SREL-N44G

T120-6712
7121-1234

03305 -baG0E

11 L0--2055
B140-20%5
o1ed- 2803
01802003
tiall--ag32

0 gn-2832
11602257
Fham-gany
01 413847
It i - 26244

160 -a2tad
THORAITX 00 152
FEORFFIN6 | Gha
140 -anie
1160 -3558

I B-gEas
N180-2825
TN Bciiate]
Lan IL5E
0L & b= 35056

I1&0--3550

1w02-3205
17023205

8T
204aB0
20480

1701 -p040
1?01-0040
170%-0940

AELRD
AR
AHOLR G

110040
15901 -0040
1701 -Dir4d

TIOLE-SHITCHING 30V SidHa ONE B0 -3%5
PTODE-BMITCHING J0V T0MA 3ND DO-35
TROLE-BNITCHIMNG 30y TOMA 2NE DO-3%

70440
cgAgl
2940
SRAE0
REABE

1905200
17na-0a4
A%0E--N040
M i-g040
1901~ eE4g

ABGRA
ARCR?
i L]
AICR
ALNGR1E

1023205
1P0E- B2gs
19M-0 040
199 -004¢
LR TR

DINDE ZHR 18Y % DO-33 PD= 4 TCe
NTODE--2HE B3AyV D% PO=1W JIR=LLA

DTODE-BYITOHING 30V ulia 2NG D3
DIODE--GHITCHING 0y S0MA 2N BO-33
DIODE-SWITCHING 30V S0MA PN DO-35

REED
HEAB0
23480
raaga
EHARD

1N I-0040
1704 -ndARn
TF01-00:40
19041950
1701 -0059

ARER1
AELRTA
ARCR T
RECR1A
eRLATY

TEIL QAN
1701=0040
1l --D04d
L90--0030
193%- bish

DLOLE -SHATCHING Sey S0MA WS D4F-34
DLODE SMITCHIMG 30Y %0MA 2MS DO--3%
BIOLE--EWITEHING 30V S0HA 2NE D035
LTODE -BRITEHING RHY 200MA 2NG =35
HEODE DUITCHING BBV 200Hs 2H3 DO-35
AeT - 03as FUGE 2598 1259 NTR L 2ELXY. 093 it 1 2LIE-NXas
CE4A60 1251 -27a¥
TEaAg0 1251-296Y

COMMECTOR--FIHOND SINGLE PHONGD JACK; DIP
CONNECTOR-PHOND STHGLE PHOND TACK: DLP

AFIAN L5 PRAT
Bl T2 1252060

aeaAld
ZE400
fRADN

1205 H2VE
{205 0011
01340085464

ELELLS]
ALP2
Akl

1200030
150011
ha4g-0554

HEAT FINK PLETC -PWR- 13
HEAT ZTME TO-5,T10 3905
IHOLILATDR--HGTR THIM-CHRCT
2480 120 A4

AL 1 ES ARG COMMELEDOR 3--1PTN ™ POGT TYPRE

Seo introduction to this seetion for ordering information
Hndicates factory selected value




Replaceable Parts Replaceable Parts

Table 6-3. Replaceahie Parts ‘

Reference HP Part . Mfr
Designation | Number Description Code Mfr Part Number

frl:n38 1354~ D47 TRANBTETOR--DUAL HPN PO=?5HHE 25480 1854-0475
AEGI2 11354~ 0215 TRANEIATOR HPH BI PR=3S0HH FT=J00MHY B4733 2304
ABG2 1RSI~ 0056 TRANSIGTUR PNP S) PDZ10HW FT=250mMAZ 28430 150036
LR 153 QA ] TRONELETOR PHP BL PD=3LIMW FT=2GOMHZ 28480 1EGA-0042
ABET 15540213 TRANSISTOR MPM PIaE%dtW FT=308MHZ 04713 ENITRA

ABR & 1euA—-0215 TRANZLSTOR NPH PE=350HMM FT=3Q0MHZ 04713 ANEO0A
ABN7 10930029 TRANGISTOR PP PI=A0HW FT=100MHE 2p4ABDL 18E3--HH20
LLaLtT 11353~ 00Ee YRAHGISTOR FNP P FF=15GMHL 264010 1853-0021
ABEYL a4 021 TRANEISTUR NFN FR=3500W FTe300MHE 047158 andrid
ABALZ 10I3-9042 TRANSZLETOR PP PL=310%% FY=24¢HHZ oR4nL 18%3-0042

TRAHGIBTOR MPHN FI=REG W FT=380MHZ 04713 ANFITNA
TRANGLZTOR HPN S5 PEO=1%W FY=SAMNI 04713 HIERES
TRANSISTOR PP BI PD=1%W FT=Ni0WHZ 04713 MIEZ3Z

ABQYD 1EG4~ 1215
Al 14 1884-n&Y2
ABQY'S 1353 F347

(5]

RESISTOR 4.97% 1% {254 ¥ TC=0+-190 2Riidh CA-L/8-TD-A49%1-F
REGISTOR Gi.1K 1% 12EW F YCaf+-100 24544 C4-1/8-TB~5112-F
RESISTOR 2K 1% ,4805W F TC=(4-100 24546 CA§ /B+-TI-2401-F
REBISTOR 2% 1% 1208 F TC=0r-1050 A5G CA-1/8-T0-240%-F
RESISTOR 47 5% 254 FUO TC2-300/+500 4111 CRA705

ABR1 Q4% 3277
ABRT 0757 - g AES
AL 157 628X
HER4 17570203
LEL kEE3- 4705

RESISTOR 47 %% . 25W FC TC=-400/3500 f1iat GRAT NG

RESIGTOR 4,9 1% 12GW F TC=0+-101 24544 G4--1/8-TH-495] ~F
RERIATOR 1.Z24K 1X 1254 F TCel+-106 24546 Ca-1/8-Th-1241F
RERIATON 329 1% 1250 F Tosie—1D0 EATAL G- 1./8-T0-FUPR-F
REBISTUR 10K 1% ,1BSYW F TC=d#-23 aga80 FEPE-6I6T

AGRA 16634705
ARR7 DERE--3279
AERE PaFR-3223
ABR11 U904 445
MBERIN BaFB- 6360

REGIGTOR 10K 1% ,125W F TCa(+-2Y 2E440 1 bga--a3bd
REGIGTOR 462 1% 1258 T TC=h+--150 24548 G4 -1/8-Th-30ak -F
REBISTOR 402 1% . i2%W F TL=l1-1008 24544 Ca-1/8-TU-402R-F
REGIGTOR 305 % 284 FC 1C=-400/4500 naigi 81035

RESBIGTOR 1600 5% 258 FC Th=-400/+508 fiizat LR R B L

ABRLT 0678--63460
AR 4 b4iYB-44%3
ABRLS VEPE-A 453
HERE & 05631015
ABR1? 0683-101%5

AESISTOR 100K % .25 FL TCa~400/+B0D i1z [3E1 045
REEIGTOR 3,81 1% 1234 F TC=(+-100 249448 L4-1/8-T0-3011-F
HEETETOR S53.4K 1% 12%M F TC=d1--170 Z4544 G4 -1 B-Th-03E2-F
RESTSTOR 3, 41K 1% . 125W F TCw=l+-100 R EL CA- 1/8=TU=-3011-F
RESISTOR A7 S%  25W FC FCu-4ha/+500 o111 CRAT IS

ABR1H 06031043
ABREY 07S7=027Z
HERZR 04LPE-4470
RAR2S 0FEI- 072
ADR A 05834705

RESIGTOR 47 B7 2% FC TCx-400/+580 atizt ChA7IS
AEQTETOR 33 DX .20M FG TC=-a00/+500 o1z CE2305
RESIBTOR 33 %X 20W FC TC=-400/+580 01l CRAENG
RESISTNR F.6 S¥ L E0W FC TC=-400./4300 oitie CEZLEGS
REBIHTOR 26 1% 125W F TC=0+-109 nAGAL C4--1 8-TO-2007 -F

ABR2T Q6834700
ABRRZE 04833308
AYRR27 0483-330%
ABR 2o 24831345
ARIR L Q57028

RESTATOR 20068 1% 1284 F TC204-101 24544 Ca1/8-TH-2003-F
RESTSTOR 200K 1% 1254 F TL=id+-1008 24544 C4- 1 /8-TA-22 03-F
RESISTOR 2K 1% . I2EW ¥ TC=0+-10F 29348 L8-1/8-T0-2001-F
RESISTOR 3.6 5% 234 FC Th=-404s+300 121 CR3aGD
REGIGTDR 5.4 WX . 20W FQ TCs-400/4500 R =4} GBSLES

HpRE2 0P -h AT R
ABRIZ WFET- 0472
AlRE4 07E7-0383
ABR IS5 0683~ 0580
ADREE DLEE-DBES

o@D e PO RND b fhko N R W eem Wi ao

RESISTOR 5.4 5% .25W FC TO=-400/4500 01121 LS LGS

RIRE? D LB 056S
RESTSTOR 22 5% .2EM FL TE= 40074500 FERED Lkef 0

AR 38 DS 2200

E-E-

DIOBE-FM BREG 0OV ZA 24713 MDA LR
IC YV RGLTR TO-220 B4713 MGTEM T0H
L6 Vv RGLTR TD-ZZU L ¥y B3 HOPRIGCT

AU 19048003
ARUZ 1B24--B444
A3 1iias- 0314

-]

14511800 CONNECTON-EEL CONT #IW 1.14-MN-BEC-G7 SR ZENHEO 1351 -04600
Z199-0004 WASHER-LK TWTL T MO. 4 . 115-IN-1D 7400 T17L-N0G4
A200-0142 SCREWU~HACGH 4--44 | 5-TN-LE PAN-HD -PDZT DRAES0 2200-0147
Forad S R (Y ¥ HUT-HEX=DBL-CHAK a=a0-THE 0D TH-THI 28450 Zae0-0002
L340--0113 SLREW-MACH 632 . CIZ-1H-LG Phid 1ID-PEZT oonon DRRER FY RESCRIFTION

JUE-0710 B WASHER -FL. HTLC NO, 5, 128-IN-1D 2a480 I658-0714
71214234 LABEL-CAUTION 1.925-IN-WD 2,24 IN:LG 2480 71123
A% D522 -BAG 0D 1 £RYLTAL OVEN AGEENDLY (ORTION D015 20430 Q3R -AL50Y
AYC] PRETHE [ ] CARACLTOR -FRY 2EOUF+50--10% 3IWLC AL Pir44 JLMEELRAD
ARC2 0L &0~ 5FI47 CAPRCTTOR-FXD .B1UF =190 -0X SOVDHL CER 23480 01&D-3847
ALY n1é0-3647 CAPAGLTOR-FADG . 01UF #0062 SHULRC BHER Z2B480 TIE0-2847
Lyde ) 800893 CAPACITOR-FXD 10G0UF IS0~ 0 25UDE Al anazs REMBELILeG
AYLR1 1701- D047 3 DIONE-PWE RECT S0V 7508A LO-27 2R480 1P01-0u4%
AHRE 18010049 DIODE-PHR RECT 5OV 7S0HA NO-29 RE4E0 1901-n0a%
ATER3 19na-anay DIGDE -ZHRE 6. 3% 5% DID-33 PDT, 44 28480 1302 -004%
ATE NPLD 046 OSCILLATOA 3 0MHZ 2H4010 DYal - (HED
ARI17 125912907 CONWECRTOR-PRORO0 BINGLE PHOND FAGE; DIP w480 18512762

AFHFL 1205 ~029H HEAT SINK PLETC-PUN-LS Flselall] 120%- 0298
ATHP 2 034 b D064 p INSULATLR- XSTR THRH -LHICT 283480 DEFA0--05EA

AP 1251~ alan GONNEIZTOR 3-PIN M POST TYPE Zeagn 129 —424d

See i_nt.roduction to this seetion lfor ordenng information
Findicates factory selected value




Replaceable Parts

Replaceable Parts

Table 6-3. Replaceahle Parts

HP Part
Number

1A% 400373
16153~ 450

Mfr
Code

Da713
n4713

Reference
Designation

APy
ATR2

Description Mfr Part Number

L=

PHER1B
HTTETIN

TRANSTITOR RPN SW2E1G 51 TO--5 PDwANIHW
TRANGIBTOR PN 31 YO-Z20AE PRaGiW

AFRL
AWHE
A
AGR4
MRS

D&E3-1025
DRI~ 1055
0635300
nAgI-0090
hotii- Xalh

REGLGTOR 1K W%
REGLLTOE 408K B%
REGIBTCR 3.3K &%
RESICTOR &.15% 1%
RESLGTOR 2.40K 1%

VWD TCe-abbAeean
CESW U Tie=300/4708
CERW FL TOw-400/¢700
CLBSW FOTCw(4 -t 0
LAZEH F TE=faa0n

i1z
n1124
N1t
170
2458

CE1025
CETIERS
CE3asas
HF4Ct/B-TO -61945-F
L4 1 /8-TY-HEGR-F

[l ] LT |

ARG
AQRT
ATRE
A¥RT

21100
28480

o1ied
011y

Leea--3274
27e)-3252
Ch1lktS

e =R d

DHOG.- K274
21D0-3252

ReHI-161%
o3y 203205

RESIGTOR 10 1% 1258 7 TLw0#-25
RESISTOR-TAMA Sk 10% C TOP-AD

REGINTOR 100 X 25K FOC TOw-400/+000
RESLHTOR DK DX (250 FO TC=-408/4701

e B

AL 1EZN=0214 10200218

IC DF AaMF LP 8-DIP-F PIG 9480

03AIE -24509

bl

BLOBD-BLKCE2I12) =L 03A25 26747
pRRel R B et
e200-n103
22000143

RLARD
REAB0
2a4B0

21700913
2E0L-0143
2200~0143

UAGHER-IK BLOL NO. 4 115 - IN-TI
SLEEW-HACH 4~a0 25-TIN-LG PAR-HE-POZL
HEATW-MACH 4-4n  A75-IN-LG PoN-HD-POZT

L= ]

2ZL~=noaal
2EGO 0113
F050-N10%
SN0 -n440
S0Sh-ph04

NUT=HEX~DEL=CHEN 4 A0-THD | 094=TN=-THIC
TCREW-MACH &3 (£5-IR-LG FAN-HD-POZI
WASHER~FL. HTLE NJ, & 185« IN-ID
MAIHER~SHLDR NO. 4 (115~YN-ID .2-IN-0D
UASHER-FL MTLC ?/1& TN .5 IN-ID

28440
qody
2d440
Zgadn
23480

22h1-0001
OADER BY DESCRIFPTION
J0%E1-0105
ARBU-D440
FNGd--nsdA

[ Rl L)

LI
1234

WAGHER--FL WTLG N, %5 120 -{4-1D
LABEL-CAUTION 1.025 MWD 2.244N-L5

28480
28480

J0N0-0is
71211324

-«

LI

A1401
AL AL
A AT

AL4CH

ALALCT
A1ACSH
AlLaC2s
AlAL27
AL4CEE

014029
Al14C31
AlACER
A14C23
Al AC34

ALACES
Al4C3h
ALACAT7
ALAC3A
AL4CHP

AT 4041
R14CE2
Al AC4ZE
A14C44
A 4045

AlAC4S
Bl ACAT7
ALAC4H
AlACAY
ALACHD

Al40A]
hiaCed
Al ACET
AL4CHS
Al SCeE

ALAC?4

At ADY?

A1407E

ALACIDY =
ALACT R
£14C109 w
A14C1DA
Giac10m
Al4C107
LIEIAY 1]
ALACIBY

fLaciio
Al4C111
niatiia
ALAL1IL3
Al4C114a

B3E2B-L6514

n1ga-17a1
[ 1.8 Bkt -3
091 60-F647

L] -3 R L )

DIGD--1736
N1840—474b
160-2847
N160-34847
0140--I0a7

0160~45%1
11403847
150~ 3B47
01 RL -3 460
N160=-4%32

A140-45%4
nisl-n1be
Diki-N1&2
01 b-3847
443847

klep--ah71
1604571
Nibe--ai37
Bian--ni2@
B 1Ed--0 1243

1160~%320
07169-3847
g10F0-0210
1 E0-1745
81604587}

hlag 3355
0160653050
0] BR--5idRe
01B3-53ke
01605304

1168-4571
11460-3847
01601847
1 &ah-nN45
1158-22M
ol40:0217

U164 -3084
1160--2304
07 40-N194
1140-3847
D1 iD-3E047

0121 -61Ns
1602250
1165-3047
11603047
01604532

LR LN

L~

Wukg®m o0 e

CoHEHMFroONsItn CTOdes GHio0s

B -

CAPAC ITOR-FXD
CAPAGITOR-FXD
CAFAL ITOR-FAD

CAPACITIR -FXD

CAPACITOR -FXD
CAPACTITOR-F XL
CAPACEITUR -FXD
CAPACLTOR-FXT
CAPACITOR -FXD

CAPACITOR -FXD
CAPAGITDR-FRE
GAFHCTITOR-FRD
CAPACITER -F XD
CAFACITAR-F XD

CAPACITOR-TXD
CAPRELTIOR-FXE
CAPALITOR-FXD
CAPALTITOR-F XD
CAPRCITOR-FRD

CAPACITOR -FXD
CAPACITOR-FXD
CAFACITOR-FKD
CAPACITOR-FXD
CAPACTTOR -FXAT

CAPACITOR ~FXD
CAFACITOR -F A
CAPACITOR-FAR
CAPACTITOR-F XD
CHPACITUR-FXD

CAFACITOR-F XD
CAPBCITOR-FXD
CAPACTYOR-F XD
CAPACITOR -FXD
CAPACITOR-FXD

EAPACITOR-FXD
CAPAC ITOR-FXD
CAPACTTOR-FRD
CAPACTITOR-FXb
CAPACXTOR-FXD
CAPACITOR-FXAD
CAPBCITOR-FAD
CAMACITOR -FXR
CAPACITOR-FXR
CAPACITOR-FXD
CAPACITOR-FXD

CAPACITOR-FXD
CAFARCITOR-TAD
LAPALIYOR~FXD
CHPACTTOR -FHD

BE pSEY-FUNCTION

f.8UF--20% HUDC TA
1UF +-FX 1DDVDG MET-FOLYC
SAMUE e100--4E SOVDC CER

1HNGPF +-20X BAWDC CER

THUFH-10% 2BYLC TA
1SUF+~-10% 20vDE Ta
VOIUF 4180 GX STVDC CEZR
SAUF +100-bE J0VDE CER
JOTUF +100--02 SOVPE CER

AUF +B0-20% SIVBC CER
COIUF +1ED--0% GOYTE CER
JEAUF +180-0% DOVDE GER
1007F +-50% 1#VIC {ER
1LN0PF +-208% FOVDC LER

CIUF 4 80--20% BAVDC CER
CARRUFE -2 200000 POLYE
CAZEUFE w102 200VDE POLYE
CLLUE r1@0-0% S0UDE CER
SOIUF +100-02 SOVEE CER

»IUF +RO-E0X SOIVIC LER
VWP 48020 BIUDC CER
CUUFE e 1R 2 0pvRe FOLYETY
2.20F 1-P0% SBVDL CRR
2.2UF »-2LX TOVDC CER

10F +=10% 1pIVDL MET-POLYE
I +100-0X S0VDC CER

X OATeE0T 1OYDC TA
15UF+-10X 2OYDC Té

JVIUF 4€19-C0% STVDC CER

IUF +-10% 100VDC MET-FRYVE
10 +--13% 100¥DC MET-POLYE
VIUE 4-18X 100VDG
CIBE 107 100VEE
W 10K 100VDC

U +al-20% S0yDC CER
JOUF +100--0% SOVOC CER
CI1UF +109-0% SIVRC [ER
BEPY 2% 150UDE HICA
SIPF 433 F09VDC HICA
140pF 300V

HOPF #-2% FOUVDC WICA
2FFF e-BX BVOULL MICA
150FF «-5% THOVLDE HICA

COIUE +E00-0%
LJHIUF #idb-07

CAPACITOR-Y TRMR-LCER P-3GrF

5. 1FF -, 2OFF
CBIOF 4000k
LDIUF +100-DR

SEVRC CER
S0VaC CER

200V PC-MTG
FNOVRC CER
SHUhG CER
SOWDC CER

1H807F +-EdXk SUVDE CER

2H4dp

shage
28480
2Bana

24aQ

BhLEF?
o
cH400
ehagdg
pusRic) ]

2p480
2H485
20480
Ze460
2B449

2EADD
a3zl
2HARD
20404
20460

cE4ud
FFAT0
P4411
R 1LE]
2B480

TH480
213480
ThER?
SHERT
£8400

28480
A48
ea4gd
23480
i8a480

20490
20408
2EA00
28480
204810
28480
20480
2EBARD
L ELE
204N
28480

T274T
AA480
Zo480
RR4GN0
23480

132206651 4

150D505X0E 1Al
0169-3%60
G1&n-3IHA7

Ol&0- ¥552

1S NEXPI2 0B
150D 8602012
01603247
V1403847
U1 an-324%

Lan-4571
U1all-3847
Q1 &0 347
11603456
Q104332

J160-4%571
Qlan-9162
f160-0162
f140--3047
I1&i-3847

ULEN-A%N
11 ht-Aaby1
&L

H1a0-0128
d140-B128

11&60-5535
01403347
IDODIFER00 1%A2
190 SMPREABR
F160-4571

0160-353%
11605335
11&0-55005
1160-5F04
01&60-5381

01 &0=-4571
0160 36847
M &-35047
01600145
b1 69-2201
0140-D217
t16i-30D04
0140 -2306
THABFAS1 TR EWVICE
014 -2847
01603847

INAJILA FAEUPE NAED
602250
603047
14603847
03604532

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




Replaceable Parts

Table 6-3. Replaceahle Parts

Replaceable Parts

Reference
Deasignation

HP Part
Number

[wi o]

Description

Mfr
Code

Mfr Part Number

LYEISRY )]
al14c117
A14CEAE
ALALL1Y
H146171

ALACIER
AIACI4
f) &4L124
laciar
ATACKEE

ALAGIRT
[SEMEL]
Al4C1E
A140132
A140133

Alali1da
ATAC13S
B AC1Ee
H14C137
A1l4C138

AL&C13%
AlACT41

nl14G148
Alat14T
AtaC144

ATAC2G3
i AGE QS
AlACZOH
nIBC207
Al a2l

H14CELR
Alaln 3
AT4C21A
Al AC21Y
RI1sCHE

ALdLEY
Ml as330
fl4faa
AL4C22R
Al ALRAT

A14CERS
Ay ALeds
ALACERE
Al alza?
ALACEZE

AlMZ22Y
Al AL
Al ACIEL
ALAGZIE
140233

AL40234
ALAL2AT
AL G236
At at2ag
ALARZ3EF

A140340
Alala4l
ALAC2A3
ALALZ AT
Al ACEAE

ALACILD
ALAEZE
Al 4CEGE
A1 40263
AlAC2 4

01603347
0l al-3%47
91ap-1746
Llit-1"7ak
01 &S0V

81603847
Meo-0299
o LA 3047
0140-3347
Y14p-3347

01403447
nia0-224l
N160-3847
01a0-30347
1160-2305]

ian-328a7
d1e0-2i40
N166-3500
01 &60-4%%1
Ni1&0-4571

Bi140--38487
1140~4571
B 60 01%4
0 e0-0301
p1eD-2414

1403947
b0i&B-~-I458
U1 EN-3847
0L60 - 3847
0163047

01al- 3847
1 60-4532
BLAH0 4530
0131~ 9452
14045714

NN ~1744
¥4 -ANT S
Blas-3047
LD -2250
01&0-H847

1403847
Bla0-3047
11402240
01603047
014 0—3E47

N160-3047
N160-3847
4186-1746
0140-4571
s180-0218

01610 3847
N160-3047
Nifkl-T46e
nLE0-E9455
0140-4571

N1b0--F 465
11603047
0140-36847
n180--1794
N180-1744

0166-45%1
N160~4371
D14 -4571
01An-1744
Q1 h0G--4871

MM El OOk UAMAY TR

&b a®g

?
B
7
7
7
7
1
1
2
Lc]
5
b4
%
b
L

TARSEH MERsE SO PLo Somedpgd PO EE-0

CAPADLTOR-F XB
CHAPACITOR-FEP
CAP AGTTOR - XD
LAPACYTOR-F XD
CHP T TUR ~F AR

CAPACE TOR-FAD
CaPRETITOR 4742
CAMACLTOR-FRl
CAPALLTOR -F XD
CAPATIYOR~FXE

CAPACTIOR-FXD
CATACLTOR-F XD
CAPACTTHR-F XD
CAMACTTOR-FXN
CAPACITOR-T'XD

CAPACTTOR-FXD
CAPRCLTURFXD
CAPACTTOR-FXD
EAPACYTOR -FXD
CAPACTTOR-FXD

CAMACTTOR-FAD
CAPACETOR-F XD
CAPACTTOR -F A
CAPACTTOR -F XD
CHPACITUR-FAD

CAPACITOR-FXD
CAFACITOR -F AR
CAPALITOR-FAD
CprpG I TOR-FXD
CAPARCITOR-FRD

CAPACITOR-FXD
CAPACITOR-FES
CAPALTTOR -F XD

CAPACITOR -FXD

LARACITOR-FXD
CAPACITOR-FXD
CAPACITOR-FXD
CAPACITOR -FXB
CAPALITOR--FXD

CAPACITLR-FRD
CAPACITOR-FXD
CAPACTTOR-FXD
CAPARITOR-FXD
CAPACITOR--FXD

CAPACITOR-FXD
CHPREITOR-TRD
CAPACRTOR-FXD
CAPALITOR -1
CAPRCITOR-FXR

CAPACITOR-F XD
CAPACITOR~F XD
CAPAGITOR-T XD
CARACTTOR -FXD
CAPACYTUR-FXD

CAMALITOR -FXD
CAFACITOR-FXD
CAPALTTOR-FRD
CAPACTTOR-FXD
CAHPALITOR-FYD

CAPACTTOR-FXD
CAPACTITOR-FXD
CAPACITOR-FXD
CAPALTITOR-FAD
CarAGITOR-FXD

LU 410D Az BIUNC CEH
JULWE +10e--0% S0UDE CER
1BUEr-10% 20VDE TA
1BUF+-102 2OUDE Téa
L0 a10a dX SIVRC CER

IR 1nte X SIVDG DER
120D +-10% EOIVDC PULYE
JHIWF R1R0-0E SUMNC CER
VDIUF #120-0% SIVDE LER
JHUF #1100 9% SIYDE CER

JOOF =100 0% GAVDE CER
IPF 4 2PF HIOVDC CER

LJOWNFE #100-0% SavDRC CER
VBIUF 41990-8% SUVLC CER
3.1PF + -, 25PF H0OUDE CER

LDIUFE #L[0-0% SIUDC CFR
HPPE - 2SBF GOIVIC CER
i +80-20% SOVDE CER

JAUF rB-R20% 2QVEC CER
VU +BO-ROX GOVDL CER

LBIUF +100-0% TaVDC GER
AU +p0-20% SPVELE CER
3200RF +-10% 20vD0 FOLYE
LIIAUE 41 1% 2ERUDE POLYE
COARUF w-EY B1OUDE POLYE

LOTUF +100-0% SUYEC CER
1B0PF +=-10% LRVWDE CER

LOUFE +100--02 HOVOC CER
VRAIUF r10D-0% SOURC CER
LALFE 4100072 SOVDE CER

LBI0F +19%-p% BOVDC CER
1900FF +-30% SIVDC LER
1G00FF +~20X% SOVRC CER

CARAGTTOR-Y TRKR-ATR 1,3-9.4PF 175

JUF HEHD-E0Z BUVRC CER

1GUF+-10% ROVDE TéA

CIUF aEiD-REY SOVDE CER
LbauE +in0-0% SIVRC CER
T AFF 4=, 25FF S0OVDC CER
TR +108-03 JUVDC CER

JBAUF +1940-0% BawDe CER
LBAGE #180-0X SOIVREC CLER
2PF 4~ ,B5PF T0OVDE CER

VBIUF +190-pX HOVRC CER
LD1UF +340-0% Shvps COR

L0IUF +if0-0x SEVLE CER
LBMUF +400-0% SRVDC CER
15UF+—~19% 20VIC Th

CLUF +RE--20E NOVDE CER
3. AUF+-20% 13VDC TA

L 0LUF +100--0% SOVEG CER
JEIWF +140-0% SAVEL CER
AUOPF +~10% LKVDC CER
SOTUF +@t-2E% 100VIC CER
LiuF #836-20X SOVDE LER

$ERPE +-10% LKVDE CER
LOKUF +109--0% HAVEC CER
LOLUF #3D0~1% TRVDE CER
T8UF ¢ ~10% 20VDC TA
150FF-10% 20VDC ThA

VIWF FED-20% 3IVDC CER
AUR +BU-20% FYVDRLE CER
LIUF AHD-20 SIURC CER
1SUF »=102 ZAVEE TA

CHUF 1E0-20Y SOVDE CER

A
2E480
SHIB7
S48
#5409

2a4a8a
EEALD
agAadn
REALY
eaaan

Zg4a9
za4a10
28487
A
23449

w2401
Lo46d
z0480
2R481
H4n0

RE4A0
23480
2IARD
BE400
22480

20488
phElc] ]
a8
AOAGD
a0

28430
2480
2654182
74970
430

SLRET
2g404
2E4490
a840a3
ZR480

28409
2a4an
2p480
og480
2E480

28480
23480
SL28Y
anaad
Lhaa?

430
23400
AEsen
T4l
ZE480

213490
ZR4
2348l
TeRay
nL2BY

ZB480
284086
ZO4AE0
S62ET
20480

11683047
01603047
15001 GARPhA NS
13D EIaXRUMIES
Hioi-BE47

1150-3047
#1610 -0aR
b1&G-304Y
e R-3947
FrE0--3047

BEp-SE47
0G0 -22a0
OLAD -7
01 & ~F8A7
lgd-2250

B1E0-3847
pled-zau
01683318
N1&0-a5714
Glod--4571

0iLn-31347
T140 ~AEFL
nted-01"5%
2140--0301
flad-2414

01403047
BLLD-BdbG
01463047
116 0-3047
1603347

01403347
11604552
01460 -4538
187-019%-020
OL4T -4571

150 B156X9 02062
G1b0-5571
N15%--5847
G1EN-2ED
H1&E-5847

0160-3047
34l --304a7
016R-2240
1163847
0150-3047

0164--3847
01 50-3a4Y
150 013X 002
Dp160--4571
150b38sX0913A2

D&Y “1847
G1&0-3B47
0l &0 5400
0148-215%
01404571

L PR .2 ]
4160 -3B47
01403047
LHOD1SeXPIZINE
159D SARTIALER

11&0-4571
1404571
011&0-4571
1I0D15AX? IR TR
115604571

204R0
20480
28480

19089041
19610040
19612040

DIODME—ZNR T, 14Y %X BO-I5 PD=.4Y
BINDE-EMTTCHING ¥44 SCMA IHS DO-2S
DIGDE~BWITEHING F0Y Spika WS pO-3T

17020941
17010040
101~ 0 N4

AlaLR]
AlqCcR:

#14CR3
Al ACRD
@vACRT

A14CREA
ALACRY
AVACR?

1701 -00%0
1P02--Z345

12B1~D0%0
1900 -0 050
1901-004%
1205-0n40

DIODE ~SHITCHING 81V

LIDDE -SWITCHING 80V
PIDDE-SWETCHING 80Y
DIQCE-SWITCHING 3BV
DINDE-SWITCHING 39V

200HA 2RE T0-35

DIGRE-ZME 1.1V 9% DO-F5 PO=.4W

2OSMA ZNG DO 25
200MA THS DO-3%
SOHA THE D033
SemA 2HS BO-35

SRARY
2048

2430
PET ]
2E00
28408

1741 -0 0530
19623345

2010030
19010050
1%01-0040
1701 --0040

414CR1 81

A1 4CR 102 17010040

ag4be

PN I I T L

120300410 DINDE -ZWITCHING 30V S0MA 2N DO-33

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




Replaceable Parts

Tahle 6-3. Replaceable Parts

Replaceable Parts

Reference
Designation

HP Part
Numbher

o0

Description

Mfr
Code

Mir Part Number

AalAnk1sT
A1ACRL 04
At AGR10E
B14CR107
ALACK148

A1ALALDS
A1ACRTID
ALACRV1L
al4CRaes
A1 ACREDE

ALACHEOY
A14CRE1D
AT4CRZ11
AtACAZ12
AR g )

AL4ACRE14

15040040
1901~-hB4n
1204- 004D
1%01-40440
1901- 0555

1901 -0538
12110040
1#01-0640
1902 0631
19ht-004d

PPN1--D04N0
101-0E40
1201-0030
1¥01-0050
19Nb-31147

TRRE-J030

T

P N r

DIBDE -SWITLHING 35Y S0MA PNE DO-3%
LIODE-BWITEHING 31V S0Ka 2N pO-33
DIODE-EWITCHING 38V SidA 2HE DO-35
PIGDE-FWITEHING 30V SOHA 248 DO-35
LEObE--GM 516 SCHOTTICY

PIOBE-BM 51f; BCHOTTHY
DIODE -BUITCHING 30V S0MA ZNE DO-33
LIODE~GWITCHIHG 209 SOMA 2NS DO-35

DINDE-ZNR INSSSID 140 52 PRaTW TC~e?3%

PIORE~SWITCHING ATV Z0HA 2MS DD-34

DIODE-EMITCHING 30V 50MA 2NE DO-25
TIOGE-SHLTCHING 30V SFUHA ZNG D33

PICDE -EWITCHING
DIOCE-EWITCHING
DIOTNE-ZINT 7. 07

PIODE~ZNE 3, 81V

g9y 200MA ZNS DR-3T
AY Ze0Ma EmME DO-IT
W4 P0-3N Pl Al

5% DO-7 Ph=. 4K TCw--, #67L

2480
2a4n0
2RARD
2a40l
20480

20481
CEAH0
o480
44713
=a4a0

=480
24980
=48l
Zeasl
13480

SE480

190 (040
1201 --00a0
1901-00410
1201-a04p
TR 0530

1901 ~0535
1901 -Opat
1Pa1-004d
1NEEEL R

1781-0140

1701 -nh4l
1701 -0049
1%91-NH30
1%01 009
1031 4%

1202-3024

A14CR21E
A14ACRN 7
ATACRZIY
AL4CRI2D

04713
23480
2848
20480

L EESTE ]

19n1-0040
17070 -N141
19610048

1702 - th31
1¥01~0040
1201 -0040
1761 -0040

BIODE -ZRWR INT3TLE 14V 5% PL=TW TLe+7h%
DIOPE-SWITCHIMNG J0U S0MA 2NE DN-33
DIODE -SWITCHING AbY S0HA 2HE DO-33%
DIODE- SMITCHING S0V ShMs 2MS 0335

DIODE -SWITCHING A0V 5OMA ENE PO-235
DIOBE-5M SIG GLMOTTRY
DIGDE-5M BIG ECEITIKY
DIOBE-SM BIL BCHOTTRY
DIDDE--4M RIG SCHDTTKY

w2

AlLaLHEE
f1ACRAZR
alank22y
A1 ACRAD24
a14CREaY

1901--0D40
1901-0%N558
19010535
1901-a335
1901-0535

421 3]
2EAEN
23480
284810
ofABY

1701040
1901-0%53%
170115345
19610535
1707 -nhats

[EAR .

DHLED
ZEB4B0
SERA8G
2480

21100347
2110 -N343
2110 0373
2110-0361

AL 4R
ALAFD
Al aFT
alard

Hitn-03ad
3110 -0343
S11e- 0543
2110--0301

FUSE . 20f 1204 NTER (281X, 093
FUSE . 2%A 1350 NTD  2B1IX. 193
FUSE 254 1280 NTE 281X, 093
FUSE 125A 120V 281X, 093

-t .

27430 B1%E--0005
pa 2 1-11) 1231 -22&S
28400 12612949
23480 123 ~2THT
SE48D 125165947

Al4 Tl
ALglE
Al 4J4
AL4TR
L NI

8159000
1251 -296%
1 -2 vay
12%1- 2967
1351 6367

RESISTOR -ZERD (HMG 22 Al LEAL DI
CORNECTGR -PHONO SINGLE PHOND JACK; DIF
CONMECTRR~PHONG SXINGLE PHOND TacK; DIP
COMKECTOR -PHORD GINGLE PHOMOD JACK; DIP
CAONNESTER Z1-PIN K POST TYRL

o @ g e

204B0 1251-B96F
wasan 1281 2949
20aal 1351 -2F6F
23410 15 ~BFHY
23480 18012967

ALATT

Alarsz
A1AT1S
Alallg
ATATES

1ED1-2%HT
1251 -29%
1831-2969
1351099
12512964

CONHEGTOR-PHORD SIWGLE PROND JACK ; DIF
CONNECTOR-PHOMD SINGLE FHOMO TAEK; DiF
CURKECTUR-FHONG S1INGILE PHORG FALK; DIF
CONNECTOR-FHONG SIMGLE PHONO JACK) LIP
CONNECTOR-FHOHD SINGLE PHOME JRLK; DIP

204810
23480
2400 1251 -5164
2B480 1:231-0141

At ala
Alqlel
A1 ATIR
ar4li

1251 ~L%0e7
12511969
12515064
1ome- 0141

COHNECTOR-PHOND SINGLE PHONOQ TACKy DIM
COMMECTOR - PHDRO STRGLE PHOHD JaCK; OIP
COHNECTOR 14-PTH H ADST TYPE
TFUNPER-REN

oo pE mWwosie

2460
20480
b T L]
2134810
2RaBe

21041791
1081771
Pi0b-1791
1041771
141791

AR IM:IN
41827
AL G
A1 477
Al 4L78

01771
flon 1791
$100--1791
00 vERL
FLI-1771

THDULTOR 290MH 20% | 23DX, 37TLG
IHDUCTOR 270NH 204 . 23DX.3735LG
INDYLTOR 2POHM 20X | 230X, 37906
INLUCTOR 279kH 2% 230X, 375LG6
INTUCTOR 290HH 20% | 23DX.375LG

e

HIaad
ZBAB[
ZHABE
ZR4E0
SH482

PLOG-17FY
Fane - 155
Glaaf-- G4
F1a0-Q45N6
F100-2438

F100~1791
F10p-nu3?
F140-- 1454
P140-04%4
F100-2A48b

THDLUCTOR 270t 20 23DX.373IL6
INDUCTOR (HISE TTiEM}

INGUCEOR 2F -CH-KLD 470NK 2%
INDUCTOR RE-CH-HLE A70NH 2X
THDULTOR RF- CH- MED J333MM B

ALALFF
AlaLBn
AL4LT
Al4LIN:
ALaL10s

il g el —

SO0~ 160

FLRO-A6E6
FLED- 1791
FITH-DETA
AN

THOUCTOR RE-GH-HLE 2400 5% . 1448%.385LE
INGIECINR RF-CH-MLI A3UH 5% . 166Dk, 3306
INDUCTOR 2F0NH 263 230X, 37 HE

CORE SHIELGING BEAD

CORE-SHIELDING BLAD

20400
w480
Zil4el
wEAasy
2a4e0

Al4l_1n4
ALALIDEG
AlLaL2in
ALALE0NE
AlALEDG

BL00--14237
71001626
F100-17%1
7170 hGye
9170--0894

o o

261450
EavE
$A713
FA6F
#0400

1RG0 §FE
IT1118
MIEETS

FRANGISTOR T-FET H-CHAN D HODC TO-18 51
TEAMBISTOR T-FET P=CHAN D-WONC ST
TRANGTSITOR NPN ST Ple=t3 FTodRHE
TRANIISTUR f-FET P-CHAN B-HOBE ST
TRANSTARTOR I-FET K-[HAN D-KODE TO-1W 81

Alagd
A1 Q7
£l AU
A140l4
ALAQS

1355- 0092
145%-i 408
10540472
1481351408
IRTE- 241D

[ -

Tt
1355 0410

1653 04240
18530044
2.4
a3y 0ZE
UL =24 #30

TRANSISTOR PNP S PD:=A00HW FT=1T0HHZ
TRAMBISTHR PR 215 TA-O2 PD=500HW
TRANGIGTUR NPN 51 PD=350MN FT=URGHAIT
TraANSTETDR ARRAY 14-0I8 BLOTE DI
TRANSISTOR ARRAV 16&-FIN PLUYE DIR

paAReEaN |
23483
N4713
JLEEN
13460k

AlAEE 1E%3--0020
Atagas iit5 [EY
AR el 3 T b
L ARAD LUGHE 00ES
alagsy 1858 -0047

Lo o

13

JE54- 0B
HuH10
FHAIG
BAM4T1T
1R54-0404

480
Ba7 13
p4713
6743
SEATI0

TRANGIETOR NPN ST PD=T6 00k F T2070MH2
TREMSISTOR MeN BT TO--98 PO=p20HK
IR#FMGISTUN PRP G5 FlL=200RW FT=ERIHEE
TRARBIGTOR FHI° 2W47L7 ST FD-2O0HW
TRANSTHIOR HPN GX TO 168 PD=JA0HW

144 no7
105479
1E53 0405
HA ST o
HG -0 4

n14Q7e
ALdg101
lAgt !
Nl ag1I0E
nlaql s

LAY

[ B
MP5 Al
BHAP04
13530
IR:ER R K

IRANIIGTUR HPN UL FhalSgMy FTed 0oy
TRANEIGIUR WPM S1 DARL PD=313M4
TrANGTEYOR Her 81 PDdddide FT=30MRHE
TRANIIGIOR- TUAL PNP PDA4G0 AW
TRANSTSTOR=BUAL PHP P Db R

14713
C4713
14713
SEAED
2agn

ALAR1AY
AlAGI0A
Al AR DY
Nl Lan
Nt ARLhY

1HG4-R315
111154 - IR0
1E1594- 0215
1672 GBS
TNN3-00A3

A T

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




Replaceable Patts Replaceable Parts

Table 6-3. Replaceable Parts

Reference HP Part
Designation | Number

Al4Q712 1894-0314
LYR R 1654-07360
ALATY1 1A tAS4-0215
LEELS BT 1052-00AS
ALaD11? 10530066

Description P‘:n;:ie Mfr Part Number

oa

TRANGISTOR MPM S1 PD=J11HW FT=20BNHZ 2R480 1054-0314
TRAMSISTOR WPN 51 DARL PR:=U10MY 14713 Hes ALZ
TRAMGISTOR HFH SI PD=3GIHW FT=30BMHZ 4713 ZHIP 04
TRANBIATOR FMF S1 TO-92 PD=C2NHN 23480 1BE3--0N6&
TRANGIETOR PNF $I TH-P2 FDwd2TRW fdc 2 3] 1653-0066

LT T

TRANSISTOR J-VET W-CHAN D-MODE EX 2oaan 10%5-0061
TRANAISTUR WFH GI DARL PI=310RW 04713 MPFS A12
YRANSISTDR MN8N ST PD=3U0MW FT=300CHHZ 14713 EMIP04
TRANOIGTOR WFN RN3BLE £1 TO-3% PDxiN 3_58E 2NZBb4
TRANSISTOR NPN §1 TO-72 FDs&2NMW 0A713 MPGH1D

AL ANB 1355-0081
L4l 19 1054--bE&4D
a1 AR2ad 1834-6215
A14QZ0F 10%4-023F
Al4R204 1 084075

AL4R206 18540215
AlAR217 10540233
ALAN200 1854 -0215
BLAGROT 1853-0440
A1IQ3219 19341057

g e p

TRANELIETOR KPH ST POwZ0MN FT=3]08HZ 014213 LRV
TRAMSIZTOR P AMEGGe 81 TO-3% Pheil a0 B R1=T]
TRANGILTOR NAN S PR=2B0KWM FT=340HHE 4713 N304
TRANGIGTDR PHP 61 TO-3% PD=GW FT=B0GHHE 4T3 HM401B
TRAHGIBTOR ~DUAL HPN PDR=J&0Hd Eix480 18%4--N357

THANEIOTOR PHP ST 7072 Plus2GMU 14713 MPAHB
TRAGNEIHTOR PP DI PO=310HH FT=250MHZ 2R8B80 1EBGZ- 0036
TRAMGISTOR PHE SY TO-39 FDwSW FT=000KHE [ Erat MHA413
TRANSISTOR PNF 31 PO=30GHM FT~1GdkHE 26490 1530020
TRANGTSTOR HFN SL PR=300HW FTa30DRHE L F FHAT04

Al a1 TEST- 0442
atagatz 165310036
Al A8213 19550940
BLAG214 IHBZ- 088D
ALAQZLY 10A54-0215

- T Ry py R o B e

TRANGIGTRR NPMN 2M33a8a 81 TO-39 PLRwSW 14713 ANABEA
TRANSISTDR PHP 1 TO-3% PL=3W FT=h00KHZ 14713 HMAG1G

ALAQE LY 1340784
H1AR259 1853-0440

g

RESISTLR 4.64K 1% AZ0W F JCad+ 100 244G C4-1 /B T0--44 31 -F
RESIETOR A.81K 1% 1254 F TCeDa-1010 24%46 CA-1/B~TO-6B11-F
REBISTHR 2.2K U% .29 FC TCweqn0s 700 bl121 CBR22S
RESIGCTOR-TRHE 50X 104 C TOF=-ADY 1--TRN 2D430 21 0g-3253
RESIGTOR FI5K 1% 200 F TC=1+-100 ZE481 I678-4817

RLARE 06783150
AL4Ra n7E7 043y
ALART 1503-208%
A1 ARG 21 B0-52T3
ALARY 16PE~-4817

Al 4R DaSH--TESY
ALARY g radl KN
alaR1l 0757-0418
AlARYG 2 BEE- 2SS
AlLARZT (i H8%--2 228

L ]

RESIHTOR P, 458K 1% 128M F TCs04-25 19701 MFACL /BT 94530 -H
RESILTOR 301 1% 1286 F TC=0+-100 24T %8 C4-1/0-T4--30iR-F
RESISTOR 581 i% 1254 F TCo=U+—i00 24748 C4--1/9-T0~301R-F
RESISTUR 2.2K 9% .23W FC TL=-400/ 704 81121 CiR2as

RESTETOR 2. .24 54 234 FC TCa-430/4700 0111 Chaaas

RESISTOR 2.2K S .20 7L TE=-A00/4700 J1l24 corees
HESISTOR 2.2K 5% 280 FC TC=-a00/+700 01121 ChEans
RESIGTLR 10K 5% .2%W FC TH=-800Q/+72D #1121 LR103S
RESIGTOR 10K SX 284 FC TC~-AD0R/70D L N d ] CRla3s
REBISGTUR 1K 5% 284 FC TC=-400/+4d0 e1131 Lrn2y

A14REA {683 -2225
Al 4R2e 0 603-222G
AL4RA1 rea3-193%
#14R3Z N 6EE-1 635
AVARIS DROs-1 025

G oty W e e

RESIETOR 56K %% (2UW FC TC=-400/400 n112d CRT&ES
RESIETUR 22K % 2% FG TLuw-20Q0-+000 01121 ChE245
RESISTOR 2,24 5% .35 FC TC=—-408/4700 11 L8 st
RESISTOR 13, 3K J% .12%W F TC=0+-10% INZA)) HFaC1/8-TO~13024-F
RESISTOR 10K 1% ,1E3W F TC=0+~100 240G C4-1/8-TH=10N2-F

Al 334 0 6R3--5A35%
A1aR3n pE85-E2AN
#l4R37 0 HAE=-2225
AL4RAH L7ST-D2BY
bl aR3y 0757 = 442

REGISTORTRMR 100K $0% C TOP-ADJ 1-TRN 204an0 1003214
KESIGTOR 13.3K 1% 123W F TC=04+-100 192701 MEADL /2T -1 832 -F
RESISTOR 10.8K 1% 128W ¥ TCal+-25 29180 navF-4124
RESISTOR 10K 1% 1254 F JC=(+-100 BATAG C4 1 /8-Th-1002-F
REBISTOR B£.235K 1% 125W F TCel1-10D0 24%4a £4 -1 /8-Th-B251-F

AlARAD 2100-3214
ALAR4Y 025 -n2ae
hlagad DE?-0124
#14Ra3 07R7-N442
ALAR44 025r--044

REBIGTOR 4% 52 ¥4 FL TCo-400/+5040 61121 CRAZ05
RESISTOR 1K X 2% FC TO=-aND 1400 B1121 CHY 20
RESIGTOR 223 55X  2%W FC TCe-R0d/«1200 11 CREZES
RESISTOR 4.9 52 .23 FO TC=-400/ 700 oligi [B:Eigii]
RESISTOR 5. 11K 1X . 1205W F JC=0+-1010 24TAL Ca-178-TH~811§-F

Al A4S ObEF-A785
ALAR4E DaEZ- 1 0E
AL AR47 N 832465
ALARAE BhAE -4725
Al AR4T N#57-04729

REBISTOR .24 S .2%W FC TC=- 40074700 31121 CHaen

RESICTOR 3. 16K 1% 127%W F JC=Qr-104 ol el Y Ca4-1/8~TH--3161-F
RESIGTOR %, 11K 1% 1230 F TC=N+-100 24546 Ca-1/8-T0-5111-F
HESISTOR 1.54 1% . 120W F TC=s0+-35 ZEABR BeE 6347
RESISTOR 1564 5% 180W F TCO=0e-Gd ROABD nLYt-6736G

A1ARST rAAT-220G
H14R%1 na7-02%q
AY4REE 0vaL7 -0430
AL AR P OTY-L347
A1 ARDA FRTFE 4735

M S W= Rk MR elNg MO

RESISTOR 1¥ t% 139w F TC=U+-1G9 2ATIAG CA-1/8=Th-1001-F
REEISIGR 20K 1% ,128W F Ileli-i00 24546 L4 -1 H-TD-B002~F
RESISTOR 7. G50 1% 183W F Th=Gr-100 zE4a90 Q7507121
RESISTUOR 4, BK 1% 183W [ TL=0+-20 ROARD ROSY-0n e
RESISTOR 100 3% .20W FC TC=-A4007 4300 11 CEINLS

AT4RES 97571281
AL4R%E 07%7 D447
ALARSY 0AHTF-0121
AlARTE AaF-n12a
Al 4RGN N&6B3-1015

RESISTOR 1K SX Z5W FC TC= 400/ 1400 ail121 CR1G2D
FESISTOR 180 54 250 FC TCs—-408/+4500 4112 CHEOLY
REGIETOR 11K ©X .09W FCG TCw—400/+500 gl CE1R&5
RESISTOR 1N 9% ,25W FII TC=-4004+500 [N R ] GRi024
REGISTOLR 109 5% .00 FC TL=-400/1500 11711 CE1R1SE

Al1ARE1 PEDI- 1 URE
A1 ARAT 06EZR-101%
nlaknd s 1025
AlARE4 D&B3-1 0%
ALARLE 0aAE 1115

RESIHTOR 1K 52 ,2GW FI TCu-404/+a00 plLiel CRIGET
REBISTOR 1K %5d ,2GH TC TC-A00/ 4400 i GR102%7
RESIGTOR 100 5% 280 FL FLe-a00/+500 811z coini1s
RESISTOR 19K 5% .DOM FO TC=-400/4700 211N CBIDAS
RES1ETOR #.2% S% .254 FC TCa—384/+70¢ 1 Cfeaa2ag

ALARLY 0 5831025
ALARGD teB3-112%
Al ARG 0602--1015
AYARPE {6071 35
ALARTF Pk B rorr)

MESTETOR 1K 5% . 25W FC To=-al0/radd RS Ch10as
HESISTAr 220 5% 250 FC TCa-A00/+000 i1 ERLAT S
RESTEGTOR 2. ix 2% FC YC=-a00,/4700 d1121 ChEZ2S
RESIATOR 2. 2K Bk .25W FL 1Ce-400/4705% piia CRATHS
RESISTOR 47 R .&%W FC TL= -403/+3530 B ER FCS ] Ca471%

ALAR7E D 43T~ 025
ALARD U 0832215
ALARY 0D [ et A0 bl
ALARINS 1 HA3~222%
ALART 0% A% -47 0%

FH UG HeNdgd YR gNg NENDW

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




Replaceable Parts Replaceable Parts

Table 6-3. Replaceahle Parts

Refarence HP Part
Designation | Number

B13RLOG DFELF-0273R
ALARIGG VPTT7 - DEDT
[SELIE k1 D¥LF 0N
ALARTOE QLR 18510
B1ARLa? pvay -0add

Description ":\:ﬂct:ie Mfr Part Number

oa

AESTIETOR 4. 318 1% LELM ¥ Thede--100 24544 CA-1/8-Th-301 1%
RCSIBTOR 2¥ 1% 12UM F §3=C+-1010 24544 G4 -1s9-T0-2601-F
REGISTOR 75 1% 1200 ¢ TL=0+-100 24544 Ca--1/8-TO-72300-F
RESISTON 1%0F 23 286 FC TE=-40i/+ath 121 RIS

ANSLSTOR %U.” 1% IESW F TL=04--100 hELE B C4-1/B-TR~-FIH? -

REGIGTOR 1,&TK 14 .12U6 © TC=0+~100 nAG A CA-1/8-T0- 1A% ~F
HESESTOR 730 12 1258 F To=d+—1dl RATAL Ca1/0-Y0-751 F
REGIGTOR 2.7% 9L ,2%W FC TCe=-400/+700 g1zt CEIEZD
HEELHILR 2.2K DX . 20W FC TG=-400/+4700 frian ceazas
RESISTOH 78 5% . 25W FC TC=- 400/+504 1 CR7505

ALAELOE 08?3 4427
ATART Y W57 D420
LIELARN OB 2ETS
YR VR EY] 048%- 200
hlaR112 NaEd-750%

Fi i B G P 2 I e &

ATARLIZ 0737 0304
At4R114 ooRE-£310
AYARET 6 1490 -63717
AlaRi17? kabR-4103
AT4RI1E J4%8- 4123

RESTSTOR AR 1% 159N T TCad+-100 24546 C4-1/8=-TO-1003-F
RESISTOR S0 1% 1258 F TC=0+-2% 1284 PHESS-1/4 TP-LA0R-B
HESIGIOR Sof 1% . 12%M F TCeb+-2% NIBOLE PRESS -1/8-T? 00K+ 8
RCSISTOR 499 1% 1254 F [C=0+-101 TAGAE Ca+1/8-70 -3FPR-F
AESILHTDN 4% 3% 1256 F TC=N+-100 FAGAL CA -1 /8- TO-AFFR -F

[DRL RFIE R )

ALANLLY H4%3 - 4435
CYELS F-31 1483 -Z20T
RN BaTE- 6340
AlAHI123 1490 6320
Al4R134 Y R-£520

RESISTON 2,4%K 12 . 1{%W & To=0+r-100 BALAL Lhoq F@-Tl- 2401 -F
REFICTOR 2.2K SK .2LW FC TC=-400/+700D LS Y3 Chazeh

RESISTOR t0K 1% A2GW F FU=04-08 F4=a1cyH 1678 4364

REGISTODR SH 1% 1250 T JCab+ 25 U IEBE PHEDS -1/ 8-T7-S005-B
RESISTOR 9K 1% ,123W F TCwd+-2% 15688 PHESS-1/8-T9-5001-H

RESISTOR 5 1% JL25W F TG=Q+-23 [ 220 PRCSS-1/70-TY Sehi-B
FRESIGTOR 10K 1% 1254 F To=k+-20 2840 QHPd-434 0

RESTSYOR ®.%K 1% 125K P TC=04+-gh agee PHESS-1/§-T9~9201 -1
FEGLSTOR 4. 99K 1X 125 F TC=C+-100 2ATI4D C4-1/9-T 099 1-F
RESISTOR-1RMR 200 10% C 10P-ADJ 1-TAH edi L ] AR R P

AL4R120 oW 6320
AYARIET AH9B-H 360
aLAaR1 24 Fo¥E-4327
ALARL2Y UEvR--3279
A1 R13N 21nd A28

e Terwh

ALARIZL 757 0277
AL&RT A2 HaSHE-2127
Al a3 BafA--479%
alaR13a 757 2478
A14R13E 0678-3557

REGISTOR J.14K X 1354 F TCe0e--1410 EL C&-4/8-Tl-21&1-F
RESESTUR 2,%5K 1X .125% F TCe=0+--100 2454H C4-1/8-TO=2551
RESESTODR 4% 9% .23W FL TCe-AL0/+5100 nizt G405

RESTSTUR 5,114 1¥ 1250 F TCed+-101 24544 ca /8- TH-5111-F
RESISTOR BBS 1% 1250 F TC=3+-700 24046 Ca-1/9-10-0046R-F

ALARTE7 0757-0416
ALARLIE Q7970260
ATART3Y b o - N2E0
A1ARL4L h4H9E-4453
AL4R 142 2i00-3497

RESTLETOR %11 1% .1&8W ¥ TCshe-10D 245AG C4-1/B=-TO-FL1R-F
RESISTOR 1% 3% 1200 F TC=0:—100 ZAT4D 64-1/B-TN--1001-F
RESISTOR W 1% 125% F TO=0+-13F 24548 C&-1/8-T1~100Y -
RESISTOR 402 1% .12GW F TCa0+—140 DATA G Ca-1/B~-TH~402R-F
RESISTUR-TRMR 20 14% & 10P-ADJ 1-TRH 203430 2100--390%

@R

RESISTOR 46,4 1% ,123W F TCuwl+-100 24546 CA 1/D-TN-ALRA-F
REFISTUR 4, 97K L% J128W F YC=0+-10D 24546 LA 1AE-TO—a97%1 -F
RERISTOR 47 5% .23 FL TL=-300/+500 91123 CRAT705

REBISTOR 4.9PK i% (125W F TCaI+-103 24546 C4-1/8-10-4991~F
RESISTCHR 10K 1% 125 F YC=0+-100 24546 ¢4 1A2-10-t002-F

Alar143 NG?a-4037
ALAR Y &4 Do 8-32TY
AL 4ARY A% H433-470%5
ALART 46 geP--3277
ALART A7 175F=nadz

AL4R1AD J476-Hbi?
#1471 A9 1 hPE-43460
ALAR1E1 B3 -1360%7
ALAR] G2 bePe-1123
ALARLEA 0683-103%

RESIBTON 15K 1X 129W F TC20+-25 REHARD NORE-GB1R
RESISTOR 18K 1% 125W F TC=0+-23 26408 NEFA~6 3600
REGISTOR 4.9k 1% _12%W F TO=)+--25 2EATI0 (234350211 g
REBIETOR 6,750 1% 1234 F TC=0+-25 2EA80 NL%9-0123%
RESISTOR 10K 5% .7PBW FC TC-500/+708 1121 CB102%

g WUYsdos

H1af1%4 had3-4795
hiAR15E O&AS-1 035
A14R157 OHES~47 0T
AlAR1TE 07H7- has?
A14R157 LFET-N447

REGISTOR 47 SZ .2%W FU Yl=—400/+508 a1121 CRAVNS
RESAISTOR 10K %% .25 FC TC=-a00/+703 11121 CEl 035
RESINTOR 47 i .PSW FC TC=-400/4500 NG F=18 CR4 705
HESQISTOR 20K 1% .125W F TU=p+-t00 248546 Cdr i/ B~TO=20482F
RESIZTOR 20K 12 42%4 F TCwel+—1D0 24548 ca-1/8-Ty-2002-F

FESISTRR 1H W2 (%W FC TE= 800/ «F00 P12y CRIDNT

REATHTNR 3, 01K 1% 129 F TC=d+-100 24546 CA=1/B-T0-3011~F
REBISTOR ?.76K 1% 1258 F TO=G+-100 BSEAR PHESS-1/8-T0- 2761 -F
REGIETOR IPK 5% 2%W FC TOw-&fi0s+800 LART) CR3P3Y

RESISTOR 52.3 i3 . 12%W F TC=D+-108 24544 C4-1/0-Tl-BeR3-F

CYRLSTY BHEE-1055
LR LNT-Y) N737-0273
LYEL$Y7 &R 4473
AlLakle BLRX-5P3IE
LR ST DHPB-4ZE2

Sh okt Bl

REGIETNR 100 1% 1350 F TC=0+=301 244k CA-1/8=-TO-101~F
HESIHTUR &A1 5% (28W FC TCm-408/+600 a1121 CEaBIS
RESIGTOR 100 5% .25W FC TC==200/+3010 4112t CL101%G
REZISTOR 3.1%K 1% 1254 F TOsDB+-100 EADAH C4-1/8-T0-5111-F
RESISTAR $.11K 1% 1254 F TC=g4-107 easae CA-1/B-~TO~H111=F

ALAR164 17570491
h14R16E D&4uD-4£017%
LYELY v PLHI-1L1S
ATARDID NSy - BAXE
Wl ARZ 0% oPE7-GALE

[E AR L )

RESIETONR a7k H¥ .25W FC TC=-A0Ds+200 ai121 CEAZES
RESTOTOR 1K 5% 254 FO TCo—a00/+400 01321 CR1425
REBISTDR 1K 5% 2534 FC TC=-400/+400 13 CE10es
RESISTOR 10¥ 5% (25W FC TC=-400/4+700R LA R =3 ] CELO3S
RESISTOR 22K BY . 2GW FC TC=-400/1000 01121 CE223%

A14R21Y HEB3~4735
Al4R212 N eg82~102%
AlLARE14 H&HBI-1025
#14aREZ15 Ha03-1033
ATARZI 05830235

= g

Al &R217 U683y -- 2235
A1ARZLD B&A3-220%T
fal #R2ED 0FF7-0401
Al AREET aPl-63210
A1aR232 N 633-4705

RESISTOR 22K 5% . 85W FO TCw-AG0/+BG0 01121 CH22IS

REGISTOR o2 %% .2GM FC TC=-400/+540 oiiz21 Cog2hs

RESISTOR 100 1% ,4i0W F TCoi+~1E0 ZA%AL Ca=1/9-YHe101~F
REBISTOR K 1% 1Z0M F TCud+-23 138E0 PRESS-1/8-T% 5001 -E
REGESTOR 47 % .20W Fiz TU=--400/+300 a1121 CRA70S

REGIBTOR 47 9% .2%W FC TCe-4d0/+500 | A Fab) LpaA70s
RESISTOR $1.7 1% 120 F TOmb+-300 29346 Ca-t/a-T0-L1R2-F
REGISBTOR 4,791 1% 1254 F To=0+-108 24346 CA-1/8-TO-4701-F
REGISTOR 142 1% (1284 F TL=04+-190 24548 CA-1/B8-Th1EER-F
RESTSTON 20 =%, 25W FC TC=-400/+500 01121 CE220Y

A1 ARIEA P Tctch ol a1kl
Al 4RE2 4 U737-0R74
Al AR DR BPLF-0437
A1 aR235 0570405
[ BT B&BA-220T

Arm Woe-of

See intraduction to this section for nordering information
*Indicates Factory selected value




Replaceable Parts Replaceable Parts

Table 6-3. Replaceahle Parts

Rofarence HP Part
Designation Number

atsRIM ATIF-N277
ALAR232 7% 7-8317
H14R235 hiF 1208
ATAR2E 4 16830395
A1IE3G 0707 -043%d

Description ncﬂgae Mfr Part Number

RESEGTUR 47.% 1R 13%W F FL=3+-100 24544 CH- 18T (- aRd 7
RESIETOR 1, 33K 14 . 135%W F TU=g+—1 DA%4L Coei/mTh t33L-F
FESISIOR 12 %% .2%W FC TCe-3007430D F1d21 CE206%
REGIGIOR 3.9 S 284 FC TG= -A00/+%00 RS E:a ) CEEVEE
PESISIOR T.01K 1% 1250 ¢ TO=04-100 24540 L4 LA3-T0-5111-F

oa
2
<

E 0 IR e

WISTOR %116 1% 125 F TC=0+-111 AL CA 1/9-TR-9101--F
CGTHTER 100K 5% .20W FC TG= -40ds+B10 P11 nalean

RESIETOR 47 5& (Q5W FG TCw-400700E0 (B N ¥4 CRAa7is

REGTGTOR 47 5% 25W FL YE=-400/+5DD [ FREA LBA7DG

RESTSIOR 47 §0% .5W CC TU=G+412 ni1il EEA701

A14RE37 W57~ D50
AlaRI0 J6Md 16543
A1ARZAT AARE- 4705
ALARES BoBA-4709
ALAREAZ N&57-4701

MM Wb 2T

RESIHTOR 47 10% .GwW CO TC=e312 pr1Ey Epa7Dl
RESLGTOR 100K 1¥ (1258 F TO=04=101 nAliah G4 1/0-T0- 1065 F
RESTIHION 22 5% 080 MO TCue-800/+300 b1i21 RE2hh
REGIETOR 1K 1% .120W F TCw0:i-100 A4tidh CAwL A-TO- 1801 -F
RESIGTOR 103K 1% .12%W F TCadt-140 £45ha C4r 1/B=TI-1023-F

ALARZAT D62 -4701
AT4R2A4 NYE7-0447%
A LARAIAS i f L B )
AlAR24% 07578200
ALARZAY [P IR T2

[- RN R-R- ol 1)

A14R248 DHEE-220%
ATIRZAG 0&83-NE75
AlARZS0 PsI7-vad
ATARN i 30 S k]
Al4R25T N479-004a

RESTHTOR 22 52 280 FC TOe--ADG /50D b2t CHA2EH

RESIGTOR 2.7 0¥ .33 A00/ 1500 21 CHETES

RESISTOR 1HK 1X i g+-1010 2AT4G €4 1370 -1 00L-F
RESISTOR 2.7 O% o] =400/ 4500 ril2q CRE7ES

RESITIOR 50 . 1% .TW F TC=0<-28 2R480 6570l bb

RESISTUR A7 10% .5W CC TCwD H412 Fi1at R4zl

RESTSTOR 110 1% 13SW F FOsE+-300 atiah CA - 1AB-Th-111-F
REBITIOR 1K 1K 128 F Th=0+-1D0 247348 CA 4 AB=-Th-1001 -
RESISIOR % 12 .125W F Th=f+-108 2ATME C4-/B-TH=1 N0 ~F
REGESTUR 2 1% 1250 F TCu0+-100 24544 C4-1/B-TH-2001~1

ATARZSES 043747101
AlARIYN4 PE7-n402
ALARENS pFS7- 0260
At AREAL L L]
ALARES? gl 1

RESISTOR 2Z SX .20W FL TC=-400/4501 n1ial GLE2lE
RESTEIOR 10K 1% J120W F TC=i+—100 =L L1 C4-1/78--T0--190:2 -
RESISTOR 47 10X S0 BC TOe=0r412 0111 EB471
RESISETOR 108 1% 125W F TC=0+-108 EL BT Ca-1/8-TO-1432 F
FEBIATOR 47 €% 250 FG TC=—400/15410 01121 Cha%a5

A 42250 JBR-E205
ALARZED 0757- 0442
AlARZ&N n&n7-4701
Al4R2E1 757 -N4a42
ATAR2LE RAAZ-ATRE

RESIGTOR & B U% 0284 FC TCw—d400,0 500 G112 CHEIES
FESITTOR &.9 9% .2%W FC TCa-A00/+300 U 0 s | RIS
RESTUTOR 6X.4 13 L12EW F TC=0+-100 24545 Cas LAB-T0-a3ltd T
RUSTETOR 324 1% 135U F 1 100 24548 Ga-1/78-70-304R -
RESTHTOR a7 5%  2SW FC TE=-400/4+581 n11za Ch4705

AL4RDGLE & N&nS
Al4R3L N &AF- G405
Afatt2ds b49R~43808
Pl4R36E n675- 4451
AL4RERE 0583~47 05

REGISTDR 10 1% .12EW F TC=0+-3bd FEL T Ca--18-Td=1 8P EF
RESLIGTUR 2.67% 1% 128 F To=f+-101 24544 C4-7 AG-T0-257 -F
RESIHTOR 142 1% 12 F TG=9+-100 24545 B 1, 8-T 0t btk -F
RESISTDR 28 5% 2580 FL Tha-400/¢500 21121 CEA20%S

RESTETOR 47,9 1% 1258 F TCeds-104 24k4 b G4--1/0-TE-4992-F

A14R289 el 3 i)
ALARDYZ D D 49E-3492
AR Li-vat 1757~-4495
AlARE7E DERA-2E0T
Al aR272 Q7T-0377

RESTGTOR 1,22K 1% 120 7 TO=0+=104 aAS4 Ca1/8-TU-1331 -F
RESGTETOR-TRMR 20 10% € TOR-ALRT 1-TRM zaagh 21 49-540%
RESISTOR 3.% X 2058 FC TC~-400/+500 11121 CHITGH

REGIOTOR $2 % D54 FC TC=—400/+5010 0iiad Leiaoyg

RESIHTOR . 82K 1% . LEGH F TC=2+--100 24548 C4-1/8--T0--0p21-F

A1ARZT4 7¥7-0%17
Al4R2Z7YG 2109-34L9
A14RTVE DER3~ DXPE
A1 4R277 dHE%E-120%9
ALARETR B7a?-p0n

ALATPIE 1251 -4R32

5

?
")

?
7

2
i

E
3

L)
9

?
2

?
H

%
5
%
1

a
&z
¥
A
5
3]
7
b
4
7
v

CONMNECTOR 3-+PEIN M POBT TYPE ARAE0 12514822

IC FF TTL L& B-TYPE POS-EDLE-TRIC GOM MR SHTALILT 4l
IC SATE TTL LE MAND QUAD 2--INP 1295 SH74L.S00N
IC SWITCH ANLG 8-BIP-# PKG 112%3 TLOLgiEe

1T SWITDH AMLG @-RIP-F PKE 1avs TL&U1CT

IC OF AMP LOW-BIAS-H-IKFD TO-%7 PHEG 24014 LF3G5H

AlALL 1320~-1194
Alauz 1831197
nl4l3 1824- 0476
AlAUd 1024-0475
Al 4Un 1634-0304

oawOm =

IC GNTR TTL LS EIM UP/ROWH SYHCHRO frepd BRF4LE1Y L
IC CHTR TTL LS DECD UP/DOMN SYRCHRG DIRYS SMP4L81PUN
IC CHNTR TYL L8 PECD UP/DOWN SYHCHRO 118775 GHZALE19ON
IE CHTR TTL LB DECE WP /DOMM SYRNCHRD (3 ¥odg-d SNFAL51LF 0N
iC FF TTL L J-K BAR FOE-ERGR-TRIG DS c] Bi7 4l 51 07AN

Al4ile 18891279
AL4U7 I1BFR-1277
AL4UE 1H2F-137¢%
AL4UY PB20~1877
Al4dLl 18920-1232

1C FF 1TL LS L-TYPE POS-LDGE-TRIE L1295 ENPALETAAN
I FF TTL LE R-TYPL POS-EDLE~THIG N1 29% FHFALETANN -
IC MY TTL LS MOMOSTEL RETRIG DUAL iz Sin7ALS1EAN
IC FF TIL % B-TYPE FOS-ENGE-TRYIG 01294 BH7ABTAN
TRANSYSTDR AHRAY 14-FIR PLETO DIP 350G Cadllde

Alallld 1820-1112
AlauL 2 1e2s-1112
Al4U13 1820 -143%
LTI 1B20-04%3
A14ULS 160001

LW aBm LoD

IC OF AMP LOW-BIAS-H-IHWPD TO-3D FRG 27014 LFESHEH
10 {IP AMP LOW -BLAS -H-IMPD TO57% FUG 27hi4 LF355EH
i OF AMP G 8-DIF-F FEG 4 I LMI1EN
¢ OF AMP GP 8 -DIP-P PKG 27014 LA31DM
I SHITEH ANLE QUAR 14-8IF-C PKG 274914 LF {33310

Aldllls 18240304
A14U17 1820 0304
Alallg 1#426~-02940
Al4U1% 1624-0208
Alalan 1iR26~0414

M Gf Gk e G

1 OF ARF LE L-DIP -F PKC RY01A LM310M

iC OfF #HP GP B-DIP-P BUEG 27614 LiAZ10N

IC SWITCH AWLG GUAD 16-DIP-C FKG 27014 LF13331D
16 OF AHP GF B-DLIP-F PHE 2701 % LHS1EN

IC FF 7L &8 D-TYPE POG-EREE-THIG CUM ags ENTALBETIN

ALAU2Y 162560208
AL 42X 1026 DH0G
RlAU24 124 -0415
At 4u2s 1E26-0208
AlAUZE 1R29~1730

BCIR FIL LS 3-TO-8- TNE F--INP 01293 AN AL51 389N
FEOTTL LS B-TYPE POS-EDGE-TRIL COM At A SN74LE174N
FF ¥iL LS P-TYPC POS-EDRE-TRIG LM |y GNT4LEATEN
LAVR TTL LS EBUE DRVR HIx 1-INF 012735 W7 M. SILTAN
IMy TTL LB HEX 1-IWP 01293 BNTALIEAN

ALALRT 1620 ~1214
A 4URD 16agp-1i17a
Al AuCY lg2e-173g
Al 4430 180-1641
Hl4UT 1320=-11%%

D T DAL

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




Replaceable Parts Replaceable Parts

Table 6-3. Replaceable Parts

HP Part
Number

1020~1442
19200673
tn2o-1iii2
1H2N- 0693
1B21%-De%4

Mfr
Code

Hi2T5
01255
1129%
012?93
w129

Reference
Designation

14032
ek
#1434
A4S
Al434

Description Mfr Part Number

o0

IC CHTR 17L LG DECH ABYRCHRO

IC FF TTL. S D-TYPE POS-EDGE-TRIG
IC FF TTL LB B-TYPE POS-EDGE-IRIG
IC FF TTL § D-TYPE POS-ELGE-TRIG
IC BATE TTL & EXCL-DR QUaD 2--THP

SHT4LEEPUN
SNY457AN
SNFAGTALN
S FAETAN
SNPASEEN

R - R |

A3 4137
Al 436
A1 4aUze
A14U40
AldU41
A14l)42
fl AL 4
Alalag
AlAUa7
Al4usg
£l AUAT
AldUb0

1820~1202
18260111
1824~ pE79
1BE58-0063

1826011

18206-0026

i620-1112
1828- 7423
1920-0321
1320-11%7
18:0-1730
1858-0047

DELO-1718
1200 -0776
1:0%-0011
180%- 0013
1#05-0033

I¢ BATE TTL LA ManN® TPL 3- INP 11293
IC OP BMP P LUAL 70 P9 PKG BLGDE
IC-LIMNEAR 2eAE0
XSTA-ARRAY 14-PIN PLSTC DIP puyberd=}
IC QF AMP GP DUAL TO-9% PKG AL55
IC COMPARATOR PRCH TO-98 PKG 1245
tc FF TTL LS B-TYPE PGS-EDGE-IRIG U1295
IC MY TTL LS MONOSTBL. RETRIG BUAL L3295
IC COMPARATOR BP 10-7% FPRG 9129y
IC IHY TTh LT HEX 1-TW° DLETH
IC FF 7L LS 0-TYPE FOS-EDGE-TRIG COM i Koot
XETR-ARRAY 15-PIN PLSTC DIP 13606
TERMINAL-STUD SEL-PIM PRESEG-MTE 2u4810
SOCKET-II2 B-CONT BLF* DRIP-GLOR HR480
HEAT BINK TO-5/TO-32--CE 24610
HE&T SINK TO-1B-CH oi3abn
HEAT SINK TO-5/TO-32-Ch 2E4a0

CH74LB10M
CARIABHT
12087
CAMOZE
GA14E86T
LM31IL
BNPALGTAAN
SHA B123M
GNFETLNL
HHPalS0AN
ANFALAZYIN
ULN-20034
bRLL-17Le
126007 %&
12085 -0011
1215-0014
12050073

O ~daxfd = Lhgr = b Q0o ~ b 3

=8480 12851 -06040
=BAiIg 146 0-1 534
71211234

1251- 0600
10&0-1338
71211234

CONNECTDR- &G COUNYT PIN 1,14 KMH-REC-52 &F
WIREFORM TU PRT-TIH
LABEL CAUTION 71.925-IN-WO 2.24-IN-LG 284R0

w S e

A7l W3IEN -6HN PL ABLY-FFS DAA 2H480 DFI2T-bE SR

A2l
ARICE
ARICI
A2LlCA
AZICE

AT
ATICR
A2 1CF
AICID
MG

aaic1n
BIGLI
AZ1G14
AICLS
ASTETR

AT
#2110
ARICYY
ABC2]
Gican

Az1GE
AR1Can
ADIT2E
Ac1L2?
ARICTLR

Ar1G2Y
AMICI1
ARILIR
AIRIS
ATICLE

ATIG1XE
ATIC133
AZ1E13A
A7 10135
ATICL3G

AZ1CLEY
ALIC170
fhtiG139
AZiC140
A4

AZICTA2
AT ICTAT
ariciag
AL AS
ACICL 6D

AZICLEE
AEZIC1 G4
AZICLAY
AT 60
FAEC1&R

I140--31%1
alb0-J0047
W1E)- 1881
QL2011 74
0149- w17l

01&0- 4771
0160-3847
01603247
01&5-40F1
MEb~-1661

01610 MEA7
0169256
013603647
01 R0=-33102
01&60 3847

IW1En--A44 L
1160-2257
1841744
N3d0-17 44
ol ~5304

N1&0-- 3047
1149-0142
g150--3647
pIah-Z2ag
Ei&0-2200

D16§-JEAT
DiG0-3Bay
11604571
0160 3A47
n140--41%1

D160 3847
f11460-3047
0 a0 47
Bloed-3eA7
F169-3B4%

01603847
140-4204
I &0-5DA7
1a0-JIRA7
IR0 -17 4k

vl&d- BRAYT
Llad-3047
i 1841
FlBn-1748
B140 BGFP

1140 3647
1 4GD- 3047
0ian- 3047
b1é460-02 04
0140-3647

otimaw R

SRt gl gt Apt ol

-

gt

@ gmFl

CAPALTTOR -F XD
CAPALTTOR-FR
CHPACLTOR-TXD
CAPACITOR -FAN
CAPAGITOR-FXD

CAPACITOR-FX)
CAPACTTOR-FRD
CAPACITOR-FXD
CAFACLTLR-FAD
CRPACTTOR-¥F AL

CAFACETOR -F A
CAPACITUR-FRD
CAPACETOR -FXD
CAFACTTOR-FXD
CACITOR -F XD

CAPACTTOR-FYD
CATACITUR-FXD
CAFADITOR--FX)
EAPACTT{IR- FXD
CAPALTTOR-FYT

CAPACITOR-FXD
CAFRLCTTOR-F AL
CERACTIOR-FAD
CAPACTTOR -FA D
CAPACLITOR ~F XD

LATACITOR -FXL
CAPKRCITOR -FXD
CAPALYTOR-FRD
CAPBCITOR - Falb
LATACITOR-FXD

CAPBCITOR-F AR
CAPACYTOR-FAD
CAPACITOR -FAD
CArACTITOR-FXD
CAPAHLITO0R-FAN

CAPACITIR~FXD
LAPACTTOR-FXD
CAPAC1TOR-FXAL
CAPACITOR -FXD
CAPAZITOR FALD

LapatIviN - Fxi)
CAPALITOR FXG
CAPACTILR ~F XD
CaraITOR-Fin
CATANTITOR FXD

CAPALITON-F RO
CAPRCLTOR -F XD
CAPACITOR-FXY
CAPACTTOR -F XD
CAPALITOR-FAT

SLME 4 -BE OR0AVEE HICA
OULOF #L00-Q% SEVDE CLR
EVUF+-10% 1IVDE TéA
LSUF+-10% ZOVEC Th

BAPF -BX F0OVDE WIDA

CAUE #BE-20R SO0VPL CER

COTUF 2LDi- 0% GRVEL CER
JILUF +100-0% SHUVDT CER
JAUF +R0-R0F ROVDE CER

TAUE+-10% 1AVEC Th

SO10FE #1680 -6E FBOVRE TER
. 1PF +-.29P7 Sdavor CTR
LU +100--FE SOVEC CER
1SA0RF w-Nk 30OVED WICA
LIUF 100 -0% GOVDC CER

1GUPF +=2 5% 160VRE POLYF
FOPF FOAUDC LER a+-&0

1TUE =103 ZOVNC TA
15U ¢ -18% 2OVULE ThA
UF -4 0¥ TORVEG

LR ca00--0% SONRC DTR
47APF +-45% I00VDC WICA
COEUE adhend SAVEC CER
2. 7PF +-,20PF GROVDE CER
FANPT +-3% Ip0VE0C MICA

LOLUE 408 4R SOVECD CER
LT 4180 0% SIVOC CER
AR +80-20% SAVEBC CER
COIUE HLD0--3% HQVDC CER
GBENF DR INOYRC HICH

JOIUF 4100 -39% HOYEC [LR
COLUE 104 -3 SEVDC R
CUF wBE- 20% TIVDG CER
LOAUP +100-03 30VDG CER
CRLUF #10D-0% SOVIC LER

JAUE R100--02 S0UBC CER
MFORT +-3X Z00UDE MICA
LOTUE 100 - 0% BOWDEG R
LO1LTT +100 D NIVDL COR
15074102 PRVLC T

CRLUF 4«15 0% Sbedc CCR
JETUR #1080 -8% STVLC CER
FELUF -0 LAVEE TA
1SR +-1 8% Z0LD Th
CBLUF eB DR 13DVED CER

LOLUF +§h0--02 S0VDE CRER
LOLUE e300 #% SDYRC

CQ1UE #1410+ 82 BOVDC G
1UDPF 4- %% Q0OWGE HICA
LEIUR 1LO-RY BOVOE COR

Ta134
2g4sl
SLH2BY
DLEHY
Varte

23400
2reE
285490
=zaan
La2a?

23430
AR4A0
ZE481
234040
=480

23430
Fzi=EE: 1]
SLIBY
BHZET
2400

ZH481
TR
pe(zE L]
23401
=t 4a0

2134080
EREE] 1
21ra
<RIBG
TEL A

2E400
cidabe
2L4nD
240461
<0400

P ]
K petl
90
agagr
=L oA

it ik
28400
HEaah
il
2EAG0

Au4T0
ERtith]
@40
28400
2a4a0

DHISESLDTOZ0 0UVIER
01403847
THEDETEXNSD I DER
1560156 xP 02 0 E2
DM1EES60T 030N IR

B160 4871
0160--ABAT
0150-3847
0150 -4571
150027RXYO1DES

Dla0-FE47
014022530
D140 3047
Gl 2222
150-3847

Mi6g-A4b1
L1af-22h7?
1HALISEXFIZ IR
150015AXP F2 0L
ELED TE1E

D140-3B47
DMLSFA71 N8R ER
0160 3847
168 -BRAR
01 &G-20043

0¢0--3847
Q140 3347
DlLg- 4571
1603847
NHMLEETRAF A0 DY R

N1é0--3847
0140--3847
HE0-4571
01603547
Nieh-2047

0151 S04
BHIDF27 I TAG0 IWVICR
1503047

L& N-3047
PRFLIN) Rt ol Ord 3]

3143 IHAT
[ 1 B g
1D0IDRTHXY01I B2
1RO ISEXT0E0ED
140 -G

Gi60--3847
01 G- 34T
Bid0 3847
G1ah-20 04
el -2847

See introduction to this section [or nrdering information
*Indicates lactory selected value




Replaceable Parts

Table 6-3. Replaceahle Parts

Replaceable Parts

Reference
Designation

HP Part
Number

o

Description

Mfr
Code

Mfr Part Number

AZICTT
AZ1C173
AZICT7A
axtC17é
AZACITT

ag1hlde
A2IGLTD
ABICIBY
2HE [ §e ]
A3

AZG1EA
AR
ARLGLEE

B180-1744
niei-taine
01402214
01&0-05971
6180 -387F

D140~X847
0160-40410
i1aft-2204
E140-4441
N160-0127

B140--2847
03 Lit-3847
01403647
41 60-3347

CAPAEITOR-F XD
CATRCITOR-FXD
CARACTTOR-F XD
CAPACITOR-FXD
CAPACTITOR-F XD

GAPACITOR-FAD
CAFACITOR-F XD
CAPACITOR--FXD
EAFACTITOR-F D
LAPASYTOR-FYD

CAPAITOR-F XD
CAPASTTOR-F R
CHPACITOR -FXR
CAPACITOR—T AR

ISF«-10% 20VIC THA
22UF+-10% 185VIC TA
100PF +--5% 300VDC MICA
AZQPF +-20% 160VEC CER
JOUUFE +20% 10T¥DC CER

JOIUE +1490-0% S0V0C CER
1000PF +-B% 1D0VEE CER
1OAPF +-5% IN0VEC MICA
AZUF 4107 BOUDC CER
iU +-302 ABUDBL CER

LQIUF +100-0% SHVDC LER
SOIUF R10R-pE SWVEC CER
LPIUE +1be--bX SOVDL CER
JHUF +19d-0% SOVIDC CER

Te2GT
SHEaY
26480
co4a0
20468

20484
28480
2q400
26480
2480

20480
28448
28480
204840

1%0pl SaXP02DE2
15N Bet24X?0E S

tlud-2204
1580571
Nia0-307¢

J140--3047
01&0-4040
N1&0--2204
n150-4441
Nt&o-w27?

0160-3E47
11&401~3847
H165-3947
01460-2847

LES 150

AlIGIHG EE480

Alei-0127

N0 Meopg =01 &xEr 1R

016001127 CAPACITOR-FXD 11JF +-20% 2SVRE CER
f1b6)-~a871
G1&d-3675
1G0-+100-NPF-101T
150-100-MPO-104.T

28460
HEagEn
T aad
J1642

CAPACLITOR-FXD . 1UF +89-202% S50¥DC CER
CAPACITOR-FXD 4ZPF +-20% 2IPVDC LCER
CAPAGITOR~-FXP 1DRFF +-5% RU0VDC CER
CAPACITOR-FXD 100PF +-%% 20AVDE CER

0160-4571
nl4n-3a8vs
I160-42B5
V1I6l-4282

AZLCi?
AZICL N
ALINITH
RENCLRT7

L -]

17010940
FR01-gUAD
17e1—-0518
1701-0818
1201-0440

ag4agn
FE=l]
28430
20430
aeAagn

17080040
1Ph1-0040
1901 -0 8
17E1-0%518
190100410

DIDDE-SHETCHING 30% SOMA& 2NG DO-35
DIDCE-SWITOHING 30V B0Ka 2N5 DO-33
PLODE-3M SIG SCHOTTHY
DIDDE-8M S)& ®EHOITRY
DIODE~SWITCHING 30V SddaA 2N3 D035

AZLCR
AZICRA
ADIERY
AR1CHA
AZICRY

D

04713
Q4711
28400
284810
w*BagD

1NBRS
1NB25
17281~05918
19810518
1701--0040

DIDLE-ZNR $NB2S & .0V 9% D07 PD=. 4UW
DIOBE-ZHR tNE2S &, 2Y 5t BO-7 P, 4
DIOCE-3H BIG SCHOTTKY

DIOBE-SH BIE SCEHOTTKY
DIODE-SHITRUING 30V SIMA BNS DO-30

(] ol
t 24777
1901518
15 01=-0518
17010040

A2IRE
APITRY
ARIZRE
ARILRY
AsITRLL

- O e o

2E480
28480
a27489
20480
gg-aen

19081-00A0
1201-0047
1701 -0043
1912-3154
1902-nha4

DIOPE--SWITCHING 30V BdMA 2NS DO--2%
DIODE  SWITCHING 30V T0kKA 2NE [O--35
DIDDE-SWITCHING 30% Sora 2N DO-33
DINBE-ZNR 3,66V S% DO--I35 PD=.4W
DIOBE-ZMR 7.5Y 5% DO-3F PR=,4W Th=+ 06X

RELGRLE
ARIERLE
AEZICR1YG
[ales EeL 0
p2ilR1B

1910040
1721~ G040
1701-~-0040
199230654
1R82-Nia4

[T TN

£Ba60
28480
seago
ce40%
ab4agl

1702-01es
1901--0940
17B2-3030
1904~1518
1781 -0 040

DIODE-ENR 7.5V SE DO-35 PDoe, AW TCx+, 05X
DIDDE--SWMTTCHING 30% HoMA 2N0 B0-35
DIORE- ZHR 3,81V 5% D07 PD=. 40 To=—.0467%
DIODE-5H 816 SCHOYTKY

DINRE-SHITOHING 30V TOKA RNS D030

AZ1LR1Y
A ICREN
AFICRIE
AZICR1 A
HEILRE&G

1992- 0064
1P0I-0n4q
1702-3H30
1961-01518
1901-0040

0w}

19610518
L TRy
1901 ~0518
Wiy

~8480
14713
20440
n4%13

DIODE-3M BIG BCHADTTEY
NIOnE- WG 29PF 10% C3/C25-MIN=T BYA=30V
DIODE~53M SIG HCHOTTHY
DICRE~YYE 2FPF 10% CHEACRD-MIN=G BUR-A0Y

190t~051%
01220085
1901-0%168
nz2 -008%?

AZLECRLES
A21CRT &4
AZICRLAT
ATILR16h

(L] N

RS0
cB489

12516547

" H i 03T TYFE
COMNECTOR 21-<PIM H B EEEN -

HETWORK-REGIGTOR 16 TIN DIP,

RS
AT

1251 6367

TH1g-0874 RES

EHER L
#2ITIS
AB1ILA

AZLTL*A
ATLILNPE
AZLTIEA
AR1I180

1251296y
1271 - EF60
1231 -2RE0

1281-2969
LB BRAY
1251 --2876%
1291 -2P07

CUNNEETOR-PHEOND
GONNEL TR - HEND
CONNELTOR P OO

COMNECTRR - HUND
CONNECTOR - HOND
COMNECTRR-1HURD
COMMEC TR - HONG

SINGLE RHOND
GIRGLE FHUNO
BINGLE PHOMNO

GINGLE PHOND
SIWGLE PHAOMO
BINGLE PROMD
SINGLE PHUMD

DIF
;0T
orr

BiF
»ip
LIP

TAGK; BIP

28481
2400
S8400

28480
ReAd0
ZBAB1
zaAnt

12T1-294%
12512257
12512767

1enl-2ie?
1R51-2ved
1851 -2he%
1201 - 2%hL%

Sla4an
29480
23480
23480
3480

Pi00--15622
21061622
1091771
1003791
FI70-0B74

THBUCTUR AF-GH-MLD B4UN 5% . 166DK.38% G
IHDUCTOR RF--CH-HLD ZAUH 5% 146DX, 395LG
IHDUCTOR B9EHH 20X 230K, 37ILG

IMDUGCTOR PP0MH 203 (230X, 37ILG

CORE -SHIELDING DEAD

FLON-1LEE
$100-1622
#1100 170
PLAR-1791
SL7Q -S4

a1k
R 1LE
AZLLE
AZ1LL3E
aglL1E3

Srtwtiag Doeds OO S

2100 -1791
*140-11460
PIBA-0TIY
1400347

avash
o400
2d480
“e4Ano

FLOO-179Y
F1L40-0450
F109~0537
T148--0347

THNDUCTOR 290NH Paf 230K 3733
COTL-VAR 3L NH-A2YY Q=170 PC-MTE
EHDUCTOR (M1E€ ITEHW?
TRDUGTDR RF-CH-MLD 1. 1UH %2

AEN LA
ATILILE
AZILLEDY
fgtl L 1ad

3 Il Lk

1 660X . JETLE

04713
047134
gaz71d
14713
0763

M 5HE
MRS
2T 77
MRS
EOELS b

TRANGIBTOR £M® 51 TO-¥2 PL=642FHW
TRENSTISTOR PP EI TC--F2 Pi=H25HW
TRANSISTOR NPN ENSITS €1 TD-72 Ph=3(0Md
TRANETGTOR PMP ST TO-92 PInGRGHE
TREWTISTOR PHF 2NARLT 91 PLa200MW

hetal
il P
#E103
azla4
AL

1853-0448
T00E 0441
TE% 4= 0345
AT I-0441R
1651 0GR

Aufos

b% 263
07263
20497
U7EED
ZRAGD

cHa1?y
CHATTF
13541876
T
1B 179 s

TRAEWSISTUR PHP ZN417 S5) PD=2I10HW
TRANSIZTOR PMP ONARI7 ST PLR=ZDUNM
TRANGIGTOR NPW 21 TO-%2 PD=3108W
TRANSIGTOR PHP EN4%1V 61 PEL=20 0
THANBIATOR MEH ST T0-332 PR=310HW

ATIRT
A28
ale
AZ1Rn
gifant

1BG3-b0gY
1253~ 0BY
LG 4-0E96
14E35--n 007
10943396

mA @A

B7E6T
reat)
ciagl
B
AQAL9

L S

1B~ 08946
13540294
1054 02%4
16550308

[2340 RMS ]
A21R1T
Al A
ARTEALE
AZIRLT

18530 ey TRANEIFTOR FNP 2H421T ST PLR=200HW
TRANSISTLR NP 51 TO-72 PD=310HW
TRANSISTOR NAM 51 'T0-92 Ph=310Md
TR&ENSYBIOR WPH BI T0-72 PD=31{0HN

TRANGIATOR--TFET DUAL N-CHAN T-HOTNE 51

WomPpomd

See introduction to this section for ordering information
*[ndicates factoty selected value




Replaceable Parts Replaceable Parts

Table 6-3. Replaceabie Parts

Description Eﬂ;;l e Mfr Part Number

Reference HP Part
Designation { Number

AZ1RB 135%- 00E1
AR Y 1 355 ~ 8041
ME1G21 1EMRS- 00032
Al e 14540215
A3 185402158

(v N g

TRAREIGTLR T FET N-CHAN D-MOLE ST w3461 1B~ Dl
TRANZTSTOR 3 FET N-{HAN D-HIDE &I aE4Bk 1355-ehEl
TRAMGEGYDR T-FET P-CHaN 3 -R#O0E 51 28404 1LNS-0DED
TRANSISTAR NAN 8T PD=US0MU FToZUORHI 04713 oHs0 4
THAMSTETLE WAN 8T PRu3T0kW F T=300k2 LE ¥ k1 ENZFN4

- e

AT 1024 1854 - 0%
A0S ws3 0bRD
ARIGRG 1854--0229%
RS 1USSE -9 0B
Apifze 11540 2P0

TRANSIETOR NP SI PDJGUMW FT=300CHHT 4713 AN
TRANEISTOR PHP HA717 SI PLadooby 0¥2&3 EH4T 7
TRANSIETOR MM ST PDeI50W FVad DIRHE n47 13 apsroa
TRANGISTOR J-FET N-ZHAW D-M0DE 31 Za48E0 1sg-aia
TRAMSIZTOR MPM BY T4 -9 Ph=3I1iHW 1804 0294

Al 17054 GBFh
A 1O 1 L1S3-- p Ay
AZ1G3 TER4 - B30
ACLIRSE Has§—hoBg
ALNUAT 1BZH4-0217

TRANGIGTOR MPW 31 T0-72 FR=3I10nW B 18454-02VE
TRANSISTOR PNP ZHATL7 L PR=200HW g fi Bl
TRANSTETOR -DUAL  Mrd P IS0 4R 4 Lu3rs
TRANGISYOR J-FEY P--CUAN D-#dDE ST 1835 D0UR
TRAWSTETOR WAN 51 PL=3%0NM FT=3000HT 4713 IN3704

R M e e

AR LO3R 1855 DO0HG
AZLGIR 1855 -hnet
CERUEL] 1054-1.294
ATLI42 113%4- B2%H
A1Qa3 19%3- 1 18S

TRAONSISTOR PNP 5E POoS{OMW FT=40HHZ 2014 2WTinA7
TRAREISTOR J FET K-CHAN O-FODE %I £E4R0 125%- 0081
TRANZISTOR MAH SE TU~F3 PD=T13My faa0E 1354 -02% 0
TRAHGIZTOR MPM SI TO-92 PRasLNdM REALY 1E548 0208
TRANIISTOR PNP 2NA§7 51 PD=R00MY B7243 2hadi 7

Aod@—ra

atigag 14352~ D&Y
AT1T13Y 16153- 0448

HATr R vy 1834-1071
pzadletl 113530448
Allled 18%4-1343

TRANSISTOR PNP DH4D1LT G PDw2t M 07083 ka7
TRANSESTUR PP SI TO-22 FDeb25MW 04713 ARG
TRANSISTOR WPN S5F Ph=3&ikl FY23d0MH2 2gaan 18540071
TRAMSISTOR PP ST TO-32 FPlegpdTHW 0471 M GHE
TRANSISTOR WPKN ZNSE7?Y GSI TD-72 PD=2RIMW a1 ENEL?Y

WEN=a

AX1Q143 1135413245
AE I 54 1654--134%
AD1Q14% 10354 0IAS
AW B 13%3-0448

TRAMBIETOR NPW FHG17Y 51 TO-73 PL=20 0HW 04?13 AR
TRANSIGTOR WPH ZRSLYY 31 TO-72 FO=20CHN pazia EhG) 7Y
TRANSTSTIR MPH AW3INT7 51 TO-72 Ph=20 (HJ 04713 ANG1L7?
TRANBIETOR PRF 51 TO-%2 PL=4LI%RW [ e HMPEHET

L-N- g ~N-1]

AZIR | e T T
AR I¥e7--ta1y
Al LR B7N?-0M 7
AZlR4 No0d--47FE
Mt 1RE PPET-0 AR

RESTLTUR B6.2 1% L 120W F TCon+-1410 24086 C4 1/8-Th-SLR2-F
REGISTOR 6B1 1% 1300 F TC=0+~101d 24544 CA=1/3F0h -&B1R -F
RESIETOR 681 1% .120W F TG=0w-100 24afigh Ci=1{ /BT 50 1R~F
RESISTOR 47 5% COM FC TCw-808/+500 ni1al CRA?)5

RESISTOR g% 1% . 1054 F TC=0+-100 =L 1 C4 1/0-T4#-BEGR-F

o

ABIRY LEBA 4715
A2 1RE Q&83~4700
AZIRD 528 Z444
A21RLY n&g3-2a0s
A2IR12 0?97 - 0438

RESISTOR 470 5X .23W FC TCa-ad0 4600 B11z1 LH471%0
RESIATOR 47 9% 250 FC TCe-AL0/+500 51121 CEAT0S
RESTISETOR 196 % 1254 F TCeD1-103 TARAL CA-1/8-FO-4PLR-F
RESIETOR 22 Bk .254 ¥C TO=-400/+700 LR LEA205
REGIBTOR 3.11K 1% . 123d F TC=8+-100 24844 Ca-1 /8- TA-01 11 ~F

HZIR13 17574434
LESLREY N?H7--0418
AZIR1E 0757 - 044D
e LA b DLTE-5152
AZIR18 DPE7- 0444

RESTETOR 3.114 1% 1258 F TOsbe-100 24544 C4-1/8-Ta-S111-F
REBIBTOR £19 1% JIEEW F TC=0+-10) 24544 C4-1/8-TN1o1F/~F
REGISTOR 7.5K 12 A1B5W F TE=0+-400 24545 C4-1/8-TQ-7#501-F
RESIBTOR 3,488 1% 125N F TC=0+~300 24348 Ca-1/8-TH~34B1-F
RESILTOR 12,1010 1% 1298 F TCmiE+-1040 PASAL Ca /8 Tg-1218-F

= om el gl [P - IR N

AEIRLY 757 027B
A2 IR 6E3--4700
AR EE 04831525
AZ1REZ 04683419
A21A24 N68E-~1025

REGLIGTOR 1.78K 1% 1200 & TO=0+-100 2444 C4-1/8-T0-1781-¥F
REEISTOR 47 ¥ 254 FC TC=-A00/5304Q 0112 CR470G
REGIGTOR 1.0K 9% 23U FC T 011&1 CBLUES
RESTETOR &80 % 25W FL TG fii124 CEBABYS
REGLETOR 1.8K O% .20W FC TC=—408/+7048 o112y CEEB2T

~EA B O

OHR1HTE nrEy-039%
AZIR27 a7 -0517
AR 1R2E nAEr-0317
AZ1R29 683 -4705
AZ1RI1 D&[3%- 4325

RESLSTOR %6.2 12 125§ F TCwg+-~100 24548 C4 1/9-TU-G&Ra-F
RESLIZTOR 1,.33K 1% .12%y F T(=p+=204 24544, C4-1/8~70+133% -F
RESLETOR 1.326 1% . 32%W F TCwD4~-16Q 24506 C4-1/8-T0-1331-F
HESIRTOR 47 0¥ 250 FC TOe-400/4500 LIAR T | CH47 D%
REGTETOR 3.3K SX .25 fC TC»-AL0/4700 o112l CEXT S

[ X

HESISTUR 470 5% .25 FC TC=-4@0/ 6010 o1z Cpavly
RESISTNR 47 Sx 25N #C TO=-a0/+S00 01121 CRA705F
RESIGIOR 5.11¥ 1% .125W F 1Cw0+-1040 SABAG CA-1/B8-TE-5111-F
REHISTIR 1K 1% 2% F TCe@r-106 24008 C4-1/8-T0- 1001 -F
AESIGETOR 3.03K 1Z 1204 F TC=D+-107 FASAL Ca4--§/8-Tp-3B31-F

A21RAR BAli3-4715
#2IR3E 06034705
AZIR34 ¥PLF 0438
A2 1R pEE7-92a0
A2IRA7 BESE--3 153

e ) T e

RESIZTOR 1,940 1% 120W F TC=(+—30Q 24544 L4-1¢@-TO-1761-F
RESTHEYOR 100 1% 120 F TC=0+-100 24046 Ca4-1/8-Y0~101-F
RESIHYOR &R0 SX 25 FC TC=-400/+500 f112 Chisls

RESIGEIOR F.83 T4 18WW T TC=d+-100 24546 Ca=-1/8-Y0-2831~F
RESIGTOR 3.83K 1% ,130W F YC=0+-109 #ATAL LA 1/78-T0--38031 ~F

AZIR3B N&%R--0087
HZIRAT 0737-0401]
LS LEYS BAHEI-HBIY
AZTRAR Lk e P ]
AZTRAS NoFE-31%3

RESIGTOR 1.96K 1% 125 F TG=04-100 245448 G4-1/8-TO-1261 -F
RESIGTOR 190 % .29W FC TCe-40{/¢700 012 LRIELS
REAISTDR 3.3K 5% .25 FL TCa=ALD/+700D 0t1E1 M B HA
RESISTOR 100 5 28W FO The-400/4500 iz CE1N1%S
RESIETOR 287 14 1854 F TC=04=130 2ABah C4 1 0-TO~287¥ -F

- LEES D6YB- 0003
AZ1R44 DEEZ--1013
A21R47 1033125
AT TR4E 1483-101%
A21R A &R -3 445

Snlge e 0= W

az1RE n757-in e
wR1RTB2 bPEF -0 444
AZIREY 757 4380
HE1RTS bRL? -0 200
AR IRDM B0 hH3

REGISTOR 41% 1% 12LW F TC=d4-107 AATAE CA- 1 /0-Th-b1PR~F
RESIZTOR $2.1K 1X .120M F TC=0+-100 24546 CA-1/8-To-12312-¢
RESISTOR 1K 1¥ . 12%W F TCuG+~100 2AT45 Ca-1/9-TE-1001-F
REETBTDR 1K 1% 128U F Towm0+-100D 24548 CA-448-T3-1001-F
FEGIGFOR 1.94K 1% 128W F TCwD+-180 nAT4E Ca A A-TO-1761-F

T i =0

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




Replaceable Parts Replaceable Parts

Table 6-3. Replaceable Parts

Reference HP Part
Designation | Number

ARIRGT AAE5-3100
aR1RES 056844745
ARG peBI-1M%

#1RE1 &893~ 1035
ARIR&E QeBI-101%

[« N x]

Description g‘;& o Mfr Part Number

REGIGTRR 51 5% ,25M FO TCe-400/45500 21 CI51 8%
RESLITOR 470 S0 .24k F The-aflr+ea00 513 CLav1y
REGISTOR 100 2% .&0& FC Ay 0 e112 CRL0tS
RCGISTOR oW 5L .ZTW FL A0G/700 41121 GRl6dS
RESISTOR 1256 B .ELW FC REH L WEuLi] P12l Chi g

RESIATOR 481 1% f2GM F V=04 246 Ak Ed-1/8-T0~B01R-F
RESIBTOR 2. 18K 1% 17 " AT A0 CA -1 - TO-2150-F
RESLISTOH 100 1% 1294 F e 24504 Ca- 1A8-T0 -161-F
RESIBTOR 4% K 20W FC 0= -490/+500 Jiial Cha7 05

RESISTOR 1.946K 13 1289W F Yo=0+r-10C S5 L1 A8-T0 1861 =F

ARIRES n757 0419
FEIRER DhLFE--0034
A2 1ReE 073704014
AZIAbE D&~ 47
A2 AR7 Nayi~0083

[ e B R Il )

RESISTOR 14,78 1% 12%W F TC=0+-13D S B CA-LA-TH-1472 F
RESISTAR 14, 7K 1% 1254 F TCaf+-190 24044 T4~ 1/ 8-TU~1472~F
REGLETRH 109 v 1850 F TCa0+-100 GREE Ca-1/8-T0-101 F
RESISTOR A4.2K 1% 1250 F TLan+-1b4 24T44 C4-1/8-T0-4422-F
REGISTOR LK 4% Z5W FC TC=-400r 40D st [ Y i)

M2IRGE PRt R ¥ 1
R3IRLY GESE--5 15
AZIR7I 0757 041
A2 I1R7L 0&98-4207
HE1A72 06631 b2y

Rl ]

RESISTOA 47 %% 2898 FU TU=—401/+5G0 B3 [k
RESIETOR-TRMR 18 14% C TOR-aALT 1-TRN feald b -A3e il
REGHISTOR 10K 1% 125U F TRs=pv=10k P ] Ca- 142 TH-1RB0RF
RESLETOR-TRHR SOK J0% & TAP-ABT 17-TRHW ey E2WRM 1 -B03
RESISTNR 10H 3% 25W CC TU=—205/+1100 Btizt CR1065

LEAN N 16834705
A21R74 21003211
AR TR Q757 ~ 4442
ARG 23100--3676
AXIRTY 14831163

e B RS K

RESLSTOR 909K 1% 13G5W F TC2h4-101 CBAED W7HT-HA08
REBIBTOR t00 1% .123%W F TCxt+=100E 245 % CA-1/3-TH-181-F
RESTSTOR 10K 3% .2%W FC TC=-430 /4700 0ilel CRIT®S
RESISTOR 5. 6K 5% .206W FC T=-4007+700 0111 CRHAH2S
REGTHTOR BK S% (2EM FG TC2-4007 740D Bl [ -HEG)

AZIRVE 1757+ 0433
ARIATY Q757-- 04
A21RO1 L1035
LERLE: ) N&83-24620
AZ1RNAZ 683 2UEY

[P

RESISTOR 13.3K 1X 1259W F TC2De-106 19 M AL/ 8-T1 1532 -F
RECTBTOR &, 5K T% L APLH 1P TE=30-100 243494 C4~1/8~T1-&811 -F
RESIAYOR 47 5% L 25W FU TC=-a40L/H500 LR H:3Y CL4700
REELSTOR-THMRE S0 10% C TLR-ADY 1-THN 2BAED 21499-3383
RESLSTOR 47 9% ,2%M FL TE=-aRt/+H0D G112 Lha7ns

hC1Rg4 Ll e
AIHBE 077 04X7
EWELE 0ABT--ATHS
AZIRER 2199 -33@8
AZIAGY HL 034700

AEERGTOR 1,95k 17 134Y% FOTCwDv-L00 445440 C4-1/3~-T0-1961~F
RESISTOR 1K ¥ (2%W FC TC=-4R0/+alf LA K L1z
ARSIETOR 100 9% . 2%W FC TO=-4007+500 nti2i CR1LIS
RESLSTOR 00 Sz ,2%W FC TC=-#00 1300 138 T4} LR1U1S
RESTHETOR 825 1% 120U F TO=0+-100 LA C4 -1 /G-t -EghR -

a21R%1 &2 E-- 0@
AL IRTZ 0&58¥-1 025
AT NeE-- 1015
AR TRTH 088 ~16415
AR RPE 87— 3421

B9 % B aDabE

RCEISTOR 2,2 2% . 25W FC TCo-4L0s4700 niral LH2R2S
HESYSTOR 22K Y% .23W FC 1 Ap0F+7NY [ERY:4) o] rciead]
RESIGTOR 4,F2K 1% 123W F TO=0+-104 SATAL o4 1 /B~TO- AL -F
AESISTOR 1K S% .20MW FC 1C= -430/4400 B1iE CEINZS
RESISTOR 2.2 &X 20 FC TO==4L0/+700 N1zl [Bichakedet]

ARIRTY I 6BS - 2235
AZ1RYE HEE--22835
hH1A? 0 &98- 5154
LEFL IR N&8F=1025
BEIR1NE BEEI~222T

DS gl G

A21IR1DE BEL - 4705
AZIRI0A Qg 2sy
REIR10E Dinér3-1 635
AZ1RID? 21090547
AZR L0 h&FGE- H0E2

HEDYUTOR 47 SE .2%W FL TCa-400/+%530 112 CE4705
RESTSTOR 22X Sk .25W FU TO=-400/4000 04121 (M et 1]

HESISTOR 108 SX PDUW FL TCo-ADS 2700 11121 CEINZS
RESISTOR-TRMR 2K 10% C TO®S -ADT 1-TEH 28480 21000547
RESISTOR 1.%¢K 1% . 12SW F To=D+-100 24544 G4-1/6-TO-19461-F

RESISTOR 108 5% 254 FC TC-—4B0/2500 01181 [+1i38:8 1]
RESIGTOR 100 BX 200 FO T G0/ +5G0 n1121 Cpii1s
RUESISTOR 825 1% 1354 F TC=0+=1010 24594 24~ 13- Th~B23R-F
RESTEYOUR 511 1% AZSW F FC=0+-100 24544 C4 -1 /8-TO-511R-F
RESISTOR 11 1% 125W F TO=0+-100 2AGAE 41 /8-TO-511iR-F

ARLHIOY PeEs-~101Y%
AEiR111 N&EE3-1 010
ASIRTIE P7UF-0431
RE1R11F DFE7-D4le
ARIRItS 07570414

RESIGTOR 47 5% .20W FO TC=-400/ 0500 py1121 RATOS
RESLSTOR &.G1K 1% 129 F TC=0+-190 24546 Ca-1/9-TN-&811-F
RESISFOR 1K 5% (00W FC TC=-400/1G09 11121 Coions
REGLOTOR 18K 9x .20W FC T oRA+g0Y IR R¥] CELIASE
RESTHTOR 1K 5% 258 FC TC=—440/+500 91131 CE192%

HT1R11E ebZ- 4705
AX1RI17 757 643%
HE1R113 DE&B3—1 023
A21R§1YT J682~1830
AR 1683=1025

ook NapEg moe R

RESIOTOR 44, 8K 1% 1258 F TC=04-1L0 247544 CA-1/8~Tl--A4642F
REGILTOR JOUK 1% .123W F TCm@+-1070 244 b CA-1/8-TH-3003-F
RESTHTOR 1.5% 5% .2%5W FC TC=-A00 4700 011zt CH1SES
RESISTOR 1K 5% .88 FC TC=—AB0/+400 01121 CEI0ES
RESISTOR 2.2K %% .2%K FC TCe-qli 4791 n1121 £R222E

ARIR1EZ fePa-3ib
AZ1R123 D757 1) AdkS
AdIR] 34 te83-1535
HAIR12G HA8Z -1 02T
AR IRITIO Y HE3~-2205

REATETOR 75 1K 12TW F TC2h+-100 245456 CA-1/8~TD--7ER0-F
REATHTOR 26.1 1% 125W F TO=0+-%01 NZa43 PHES G180 TE-24R1 =F
RESISTOR 10K 5% 2% FC TL=-400/+700 11121 CE103%

REGBLETOR 22 %X 25w FC TG 08/ +580 01121 CRE20%

REGISTOR 14 S¥ .2%W 5 TC=-a00/+680 briag CHIUE%

A21IR132 VFS7-0378
ARSI 01&78-%¥432
ATIR134 D&B3E -1 035
AZIR1EG 2582205
ATIR13A DEEI-1 625

PO EL Glgisgos

RUSTSTOR 10K =% .PSW F& TC=—al0/+704 0112 CR1035
RESISTOR 4.53K 1% 1254 F TO=0+-110 na54E [oF- BN W10 4 EEF. 1.3 R o
RESTETOR 10% 8% 25W FT TCs4R0A+700 Da13s Ch1ads
REGIGTOR 7 .27 1% . 1BGW ¥ TC=D4--103 24544 C4-1/8-TH- 1271 -F
REGBLGTOR 1K 9% 23W FC TC=-400/+601 1121 celLoay

AZIRI37 neEs-10F;
Ad1R13ZE FEYE- 4993
AZLR140 0683--1933
AR 4% h&F0-4422
Az 1AL 42 064321028

REGEGTOR 190 5% 2% FG TCe=-400/4300 01331 CEIi%
RESTSTOR 3.3K S% 2% FC TO= IR R RY CRFIRE
RESYSTOR 1K 5% .20M Fi TC - 91121 CHE1d2%5
RESTSTOR 10K Bx 200 ¥C T ’ n1i1 CR103%
RESISTGR 164 5% 254 FC TG=-400/+700 01123 CEltiss

AZ1R143 NGG3-1 015
AR IR A4 0632~532%
ALIR145 DERI~1 D2
AQTRT AL S48 I-19.94
H21R147 n&ds-103%

P Y T . RN TR T

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




Replacesble Parts Replaceable Parts

Table 6-3. Replaceable Parts

Reference HP Part
Designation Number

ARIR140 16837313
AR1RL 49 N&aB3-1063%
AETR1 S0 0683-338%
AZ1R1H1 0483-1035
AZIR152 1683 -1035

o0

Description {rs:aga e Wifr Part Number

RESISTOR 750 5% 2% FC TCw-300/46060 1121 Cayoly
RESISTOR 10k 6X ,3ATW FC TCe-abds+300 a1l CR1a3%
RESISTOR 3, 3K 0% .23W FC TCo-480/¢700 a1121 LEAZES
RESISTOR 10K 5% .2%4 FC TCo-408/+700 LN Cnie3s
RESIBTIOR 10X BX B2OW FC YC=+400/4700 014521 CRI03S

-

REBISTOR 240 6% 254 FC TC=-400/45600 2 CHZ&1S
RESIBIOR 47 5% .259W FC 14=-400-+500 [ Y] CEAYIS
RESTSTUR 400K 5% 2% FC TO=-4037+E00 k1121 CRiR45
REESISTOR 4¥k 8% 280 FE ¥C=2-ajbds/ARi0 03121 CEa?dls
RESLETOR 100K TX ,2%W FE TC=-4¢0/+000 Hinan CE1N4E

AZIRTGY 'k S F
AZIR1LE FODS - 4705
AZ1R1 A3 DHBE3-1445
AR G4 N&ef3-473%
ARl &S BLBI-1045

Lirehl iy B N &BA-47 325G
AFIR147 N4L33-4725
A217160 T6@3-103%
ATIRLLS navg-3%10
AZIRIIN 0403 -24TS

SESIGTOR 4%K X A5 FC YC=-4dbor 200 01321 Cka™1%
RESTETOR 4,74 %% . 25W FL TG-~&g07+700 bi12} CEAYZE
RESIGTOR 10K T4 2Bl [ Tho -400/+700 012l ERIR3G
RESLLTAR 7.32K 1% . 1a%W F Toed+-1010 2N D4k CA4-1/A-TO-7321-F
RESLSIOR 2 4K WA 20W FT JC=-A480/+700 r1121 Cakezs

ARIRITY NPS7-1094
Ll o3~ 1025
Bt IRL7a Qef3-1045
ALIRLT7A N6dA-01g%
W17 GEEE~-d4 705

RCSISTOR 1 ,47K 12 12%W F TE=d4-100 S 2T G4 1/p-TR-1471-F
RESIGTOR MK W JZ3W FL TC=-4D0s+a010 Biizi LR1DES
RESESTOR 100 9% 25W FC T a1z CEL04%
REBIHIOR H.1K O% . 200 I TG o1 CES 1R
RERISTOR 47 B¥ .2%W FL TC= 1112 Gl470%

ALIRLY R737 0417
az1R17g 07%7-0401
IR TS a3 3915
A iRLB1 0483 -591%
At R102 N&iT3- 1525

BEGISTOR 562 1X 12056 F 1CsQ4-300 g LI C4-1/B-TD-S6ZR-F
REEISTOR 100 1% A3GW F TC=0+-100 24545 CA-1/79-T0 101 ~F
RESISTOR 390 3% 200 FC 10=-409/14600 hER A | ChI®15
RESLATOR 399 TX 250 FC TQ=-400/4400 01121 CRIPIS
RESTETOR 1.95K 5% . 2%4 FC T0= -400/#700 1113t CF156aS

ARIR19S 633 -192%
A1R1pa n7E7 02
ARIRLBA DPFET - A1h
AZIRIRTY NéRE~-4123
AZTR1HE 07E7 -0 280

RESISTOR 1K 5X 25U FC TC=-400/+&00 11121 CRINdS

RESTHTOR 1K 1% 422U F Th=0+-100 24848 L1 8=-TD-1001--F
REATATOR %14 1% 1254 F TO=04-1410 24044 G441 /8~Th-511R=F
RESISTOR 4%% 41X 12%W F IC={+—100 24544 Ca 1/8-TH-4990 F
RESISTOR 1K 1% 12056 F TC=O0r—1010 2A%AE Ca-1/8-TU10GT=F

W@V WG ApOoEE MSEHAC GO =M Gl bl e

AZIR BT D7E7 -4
AZ1RI71L VLT -n2al
AZTRLGE DPE7 k442
AR 04,949 -337%
A2IR1%4 pPuY--04n

RESIETOLR 101 ix .12%d F SC=0+-10D 24344 T4-1/780-Th-101 -F

RESIO 0% g 20044 C4-1/89-170-1001-F
REGILTOR e 2 BE54E L4 -1/8-TD-1a02-¥
RESTHBYOR 4,991 1% ,135W 7 To=U0 AGGAh C4 1/8-Th-49%1-F
REGTHTOR 100 1% 12 F TCaG+-100 ZAT46 G- 12810100 ~F

ERCRET

AZLH L?8 NFar-04u7
AIRLEY D&¥B-3440
a21A17P0 NE79 4474
ATIRITY ia=Yal TRt
AXIRZ00 DPET -3

REGESTUR B7.4% 1% 1208 O TE=l+-100 RATAY L4 178 1927 4&~F

SIGTOR 196 1% .12%W F IC-=0+-100 246 Ca-1/8-TH-126RF
RLUIGTDR 8. 451 1% 120 © TG=bv-150 24008 Ga-1/9-TH G4571-F
RESTLTOR 6,818 1% . lethW F OTCw04-100 RT4E CA-1/8-TO-48301 -F
RESEBTOR S1.1 17 .12%W F TC=0-+--108 24%A & Cid - 1/8-TH-51F1-F

A21R201 Libad (st ]
n21R202 LFI7-0411
A0S HePh: 3BT
AZIRZ204 Q770442
AMIHENS BPLY--02R3

RESTHTOR 1K 1% 1250 F TC=0+700 2546 Ca-1/8 Th-1007-F
RESIGTOR 100 1X 1254 [ TCvOe-1d0 24704 CA=1A8-TE=18]F

REGLSTOR CIETH B TEERe-1010 TAEA Ca4 1/8-T1--4397 -F
REETHI10R e 2Ale A~ /8-TO-1002-F
REGISTOR 2 ‘M F 3 R RAGAY Ca-1/8-TO-200%-F

A21R206 1757 02490
MIRINT n&683-3315
w1R208 pLHOI-432%
AZIRZND TEA3-I71S
ATIRZ LD DE0I -4 0%

REGTRATDR A 2 =0 b 2ASAL E4- 18- T-1001-F
FEGLETUR 3: AL Dl LRE31H
RESIGTOR 4. . -G niiai CEATIS
REGXDTOR 2 W F N ! iz CEdF15
RCSTSTOR . LR34 ] CI=47 ks

RESEETOR &.81K 1% 120 F TC=04-1010 24544 CA4 1 B TH-6311-F
RESISTOR 10@ 12 1250 F Th=d+-110 Zathas Ga-1/B-10-101-F
AGBILTOR 10K 1% .125W F 1C=D04-700D 244N Ca 178 Th-10082 F
RESIETOR 22 0% .47W FL TC=-4q@0/4300 N1 GEERDT

REGIGTOR 3, 36€ 14 . 120W F TC=34~131 ZATAG CA-1/G-TH-5141 F

allRg 0%37--043%
ARIR213 6370401
n21R21s 0757 042
AZ1RELT Qedd-2ras
AZIRE1G NPS7-Na77?

Cum s DoDbW FOSSw @ pOg—

TE FF EGL B-tr9 pUAL D713 W11 LR
TRARGTGTOR ARRAY 14-PIN PLLTC DIP ELEHT Cazlts

T FF TTL L6 D-TYPE POS-ERGE-TRIG COM 1295 SE7ALELTAN
IC FF TTL LS B-TYPE POG-EDGE-TRIC | A SN ALBT 4N
I OF A¥P &R TO-7% PXEG 7ULA LHMELIY

AllLL 1E20--0877
Ll Vg 12l -and
LYeARIE] 1H2b~1 176
HIUG ifRd-1112
#21ub 1E20=-001

[=IEE

IC FFOTTL & J-K WER ELEC-TRIG 01235 BTG 1EN
IC PAVE TTL & NAMD LIHE DlaL 4- [NP 11293 M7 am At
IC ONTR TTL LS BDECH UPADOUN SYNCHAD RN QreZaL 5L 908
IC OP AKP GF TO 99 PLE b1 0] Lase7y

16 CNTR TIL LE TECD WP ALOKH GYNCHER TR AT ALGL P

AluF 1020-0628%
AZ1UB 1820057
A Ik - 127
AT D TE2L- 0043
Al VEDD 12

-

A21L12 1020 -0&91)
LiCRR Pl 18- D427
AR ] 1H20--1176
ARLUIS TBZD-- L 1P
AL 7 Lfa2g-- 13372

IC GATE TTL 3 MaND QUAD 2- Ini 01393 ELEE L]
IC FF TTL § J-¥ NEG-DDRE-TR1G 13298 SNFAR] ) 2M
LT FE YT LS D-TYPE POS-EDRGE-TRIC COM 11793 SN7ALLI7 AN
to oF ITL LB D-AYRE POS-EDGE-TRIC CEM i BNTALEL VAN
TC GATE TTL & MR GUab @ T 1 M ARE N

SN Y

G FF TiL 3 T-K MEG-ELDLE- THEG 01293 EMPABLLTH
IC WIS HMOS SRy G nnna
1T AWy 7T B BEA Lo LNP 1295 TAS AN
IC BATE TTL % HAND DUAG 2 INP n1a29'% M 740NN
IC GATE TTL F HAMD KUuAk 2 1WP WE GHTARIIH

AEIE TR -feae
LEA Y R THER-P 004
AEYLIE 1BZN -1483
ArLUZZ 1820106
ARz 182D dedinl

s

Zee introduction to this section (or orderng information
*Indicates factory selected value




Replaceable Parts Replaceable Parts

Table 6-3, Replaceable Parts

Reference HP Part
Designation | Number

AZLu2e 1828-D62%
AZLINEL 1H20-006%3
A21URG 1B20-0473
AZRUZY 1£20--0 429
AL 1830=1441

Az1LUZ® 1820-052%
AzIvGl 1820- bE2S
AZI021 1H20-1144
AZL U2 1820-~Dh2%
AZIUAZ 1826~E111

oo

Description Eﬂ;& 0 Mfr Part Number

FF TTh & J-K MEG-EDGE-TRIG 01293 SH7451 12N
FF TH. & B-TYPE POS-EDGE-TRIE 11799 SH74674N
FF TTL 8 D-TYPE POS-EDCE-TRIG 01.29% BNY4B74N
FF TTL & J-Il NEG-EDCGE-TRIG [1 kgl SN748112N
DRVR TTL LS BUS DRVYR HEX 1-INP 112373 SN ALGABT AN

oe0 R

FF TTL & J-K RNEG-EDGE-TRIG 1295 SHZAT1VEN
FF TIL 9 J-it NEG-EDGE-TRIGC MLEYS BN7agL 1N
CATE TH. L% MOR gUAR 2-INP 293 SHTALEREN
FF TTL % I-K HEG-EDLLE-TRIGC piavs BNTABN §2H
0P AWP GP BUAL TOD-99 PIC HLO9T Cal 4587

w WMekoo

ArIU34 1820-0@02 1€ CATE ECL HOW QAR Z-iNP. 04713 MC10102P
TERHIMAL~STUD QEL--FIN FRESE-MTS 8490 054601716
WIREFORM Cu BRY-TINW 20481 1460-1334
LABEL CAUTION 1525 INWD 2.24IN-LG 2p480 71211234

PEL0-1T7 15
1460-1334
Fi21-1224

@ b

ALY GIE2T-hbDEE ATTENUIATOR ABGEHDLY 28480 biinbe -5 g Xtk
CAPACITOR-FAD ,1UF +3U0-R20X JEVSL LER 2N4B0 Q1404371
CARACITOR-FXD . 1UF +B§-R1% SOVDC LER 254810 01a0-4571
CAPARLTOR-FXD .1UF +-20% S0vDC CER 23489 91403559
CAPACYTOR-FAD ,1UF *+-20% SMYRC CER ZB480 P140-3508
CAPACTTOR-FXD . 1UF +~R20% S0VDL CER 203480 T160-¥359

AAL1 N é0-4571
ANINT 01604371
BAICT 1% &0-35%8
AZELT #1ed-335d
AR3CcE 01 40-23%8

Lo B@ b

CAPACLTOR -F XD T +-20% SO0VDC CER LHAT0 fla0-3558
CAPACITOR-FXD 1UF +—20% S0voC CER 2iago 14643558
CAPACETOR-FXD | IUF «~20% S0VDC CER 2B4RD Pa0~3ESE
CAPACITAR-FYD L IUF +-2DX SOHVDC CER 2RABRL 1144--3558
CAPACYTOR-FXD . 11F +-20% J0VIL CER 2040 B160-3538

ARACY D160-3550
ARICT b 0% &0~-"2340
A23C11 B16D0-35380
[Lrgcl s o] 0 A4 -A58R
ARIGT B#1al-4506

e gl g

LAPACTITAR-FAD . iUF +-20X SOVDC CER 2R468 1 60-35573
CAPACYTDR~FED | JUF ‘BO-20% JOVEC CER 204430 DLh-4%571
CAPALLTOR-FYD 1UF +38-21% S4VDC DER 28430 01413571
CAPACITOR-FXD ,1UF +H0-20% SOVRC CER 2420 lia0-4521

AZIC14 81403559
AZICLE 9150-4571
AR3C1AE 0 bl- 457t
ARTE1T 2160-4571

ol o

CONBEGTOR 14-PIN M POST TYPE 480 1251 ~5h 64

AR 1251 ~5lb4

COMNECTOR-PHOND BTMGLE PHONG JACK, DIP *a480 1E81-29867
CONNESTOR-PHONG STNGI.E. PHOMO JACK; DIP AR464 1831 -2967
COMNECTOR~PHOND SINGLE PHDNG JFACK, DIP 2E4A80 13127467
GONHECTOR-PHOND 6 ENGLE PHOMG JACK ] RIP 20468 1251 -27EP

AZIIL 1512987
LR 1251-2%7
AEZIFT 185l 2%aY
ARl 12T -RFed

W I

RELAY 40 12UC-CDIL 18VLC 29429 p4Fd-114at
RELAY 40 12We-COIL 12WB0 28480 04%0-1 141
RELAY #E 12V0-COIL 12VDC 2409 M4Ri=-1141
RELAY 4T 12ve-Cilh 12vec ZBARD nAT0-1141

RSK 24701141
ARSKR Ua®D-1 141
AZIKA Favi-1141
hE3KA 0Avi-1141

[P

RESISTOR 31,01 2%% 84 F TOwl+-30 SE4ED NEP9-BOAT
RESIGTOR B1.01 .2%% .SW F TOun+-30 28481 16FF-00E5
REBISTOR 2.1%1 1% 1384 ¢ TLad+- 35 28480 E?P-0273
RESIETOR IST 1% 12%M F TCoU+-3% 23480 637 -DE74
REGIGTOR 247.5 1% ,Z8M F TL=04-28 1%7M MF 20 f4-T?-247R5-B

ADSR1 DaFP--006T
AR3RE 0HSF-NU65
AR S LAFF-0EY 3
ALTIRG DLES- 1274
MEERG B -E250

A= o OF

RESIETOR 61.1 1% .8¥ F TCmde-50 2aae I HP0--7RIA
RESISYTOR &1.1 1% .5H F TR=I4-5D ZB4d0 0498 7RE4
REQIBTOR &&,7 .2%% .0&W ¥ To=0+-850 Aa400 1497 -00&k
REGISIOR 100 4% .25M F TC=f+-RF 19701 MFSRACL/4-T9-10PR-B
RESISTOR 100 1% .26 F Tl=0+-23 1970 MFSACL/4-T9- 1008 -B

AZINE N&Rg-7084
PSR LR~ TPB4
hZ3E BaTP-0064
ATTRF PP N7 4413
ARIRLD V6P E-7 44H

LI SR )

1211234 LABEL CAUTION 1.925 IN-WD 2.24-1H-LG 2R480 211234

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




Replaceable Parts

Table 6-3. Replaceable Parts

Replaceable Parts

HP Part
Number

Reference
Designation

Description

Mfr Part Number

3325 2¢ai1
PEIET-20L02
NIS25-0410 4

3150-0200

Q332561612
U332%-46302
UFI2%-&an0 3
ORILB-40%0%
GA3LE -LA%0 6
NAaS 54514
0332566508
13325 -66%2d
NFALF-H6TTE
03325-66509
$150-p012
01509318
0l 9t-0012
nMIo-o0nie

mitn-0an
2110-0612

1250- 1558
18081558
12H-1558
12581558
1201578

1050-15%8
141901 5%
1250 -15%8
1250-1558
1501550

18350 - 1558
1080 1508

0F325-0 4301
SHAL-&FER
RHI25-2%301
03325:00201
S12E=-303

Sh4d-7a0n
u020-08%7
BkaR-7RA0
Sha0-7319
Hilal--2304

S040--7220
S0AD-7EID
BAAZT-0UEN
Hh20-BE04
PEIRS-DLL60S

001 -Raly
BAa0-P047
H0a0-7201
1a440-1 345
[Liig4) 1332521101

HPER Sih0-eazy
[ i 3t8p-0g3y
WP 4 E1é0-0201
HP2h 1400-1272%
A 26 A-GEYE
MP2T D0310-48801
HP 29 A¥EN-Uhba
el a34d-~1 089
WE 32 05190-415%3
Lo K1 0T7A0--2F64
HF 34 0RIET-00H01

3] B3 —1015
T FLIP-a0F e

u1 03525 -61402
2 DIIR-BlelT
W3 /0 B332S-b1601
812b-256835
['E] /0 03325-51b01
B12D-E5B5

-

SN [N TR Y

AN B I RN IS e e ] - 0 AR AR

~

fd W RGP

el R T S . T SUmsTs Do

[ B Y

CHASSIZ AND MIBLELLANEGUS PARTS

SHLD - TOR
EhLi-BOTFaM
COVER WU 72

FAM-TBAX 45-CFM 113V 50f80-Hz 1.5-THK
WITHOUT CABLE)

FAN {WITH CABLE}

PLE EPLY

L ARGY-S10-6CF

PL ASNY KEYHD

PE ASGT-COHIRODL,

L 4S3Y-FUNCTIDN

PC ABSY-HI VOLT {OPT. 002

PL AGGY-FFG D/A

PO ABEY o TTEN

PC-ABSY OYEN (QPT. 001)

CAPACTTON~F2D . B1LF +~20% 1KV CER
CAPACTICR-FXD .91LF 420X 1KVRC CER
CARPACTTOR=-FXN  Q1LF +-20x {KVDL CER
CAPACITOR-FAD . Q1UF 20X 1HVDL CER

FUSE 1A 299V NTD 1, 26X.43 UL
FUSE  SA 250V NTD 1.25K. 25 WL

ADARTER-COAX STR F--BHC F-RCA-PHONG
ADAPTER - COAX ETR F--BHC F - RCA-PHINGD
ATAPTER-COAL ETR F-IBNC F-REA-PHOND
ABAPTER-COAX STR F-BEHC F-RUA-PLODND
ADAPTER-LODAY §TR F~BHL F--REA-FHUONQ

ADAPTER-COANX LTR I -BHC F-20A-PHOHD
AGAPTER-COAX BTR F--BMC F-~R(ZA-PHONO
ALAPTER-CDAX GTR F-BHC F-RCA-FHOND
ADARTER—COAX CTR F-DHC F--REA-PHIND
ADAPTER-CDAX STR F-BHC F-RCA-PHOND

AOAPTER--COAX BTR F- BNC F-RCA-PHONO
ADAPTER-COAX STR F-BHC F -RCA-PHOND

PHL -DREGS
DIVIDER STRIP
MEINDOW

SUB PNL-FRT
FRONY FRAME

TRIM TDP

CORNER STRLIT
81LE CLVER

STRAP HBL £AR-FR
STRaP KDL 181H

FTRAP HLL CaP-R
TOP COVER

FHL ~REAR

REAR -CADT TRG
FRAME--HAIN

SIDE TRIM
BOTTOM CDUER
FOaT

TILT BYAND BE7T
HEAT ZTHK

FILTER SCREEM STEEL 3.44-WD ¥, 84-LG
TNGULATION-PFOLYE | 2%-THK

Fé GRILLE

CLaMP-CABLE 375-DTA 1-WD NYL

LITE PIPE

WASHEHR, SHOULDERED

WAEHER-FL HWTLD 7/16 IN .5~ IN-ID
TERMINAL-SLER LUG PlL--HTG FOR--#1/2-S8R
THREADED INSERT-NUT &-32 .05B-IK-LG ST
IMSULATOR-XSTR THRM-CNDCT

BHIZLD-RF

RESTATOR 106 5% ,25W FL TO=-4d0/+5L0Y
TRANSFORHER -POMER 100/ 1202207240 VAL

LRL AGBY-SLGNAL

ChL. AEEY-SYHNC .

CABLE ASSY - -l REAR
UNBARKED M3

CaBLE A38Y - 0-20 REAR
UNHARKED Y4

28480

28480
28440
2548 4
ZEABT
2848 )
340
28481}
EET
ELTTT
28480
54289
Soauy
TEREY
wEEG7

PHP1Y
EB4EI0

agaan
£B4H0
ag4gi
284810
2E480

28480
284480
2RARY
29441
2E4H0

2g4dn
28480

p=d: 202 1]
28480
28480
20480
ca4E

SEAEn
264130
28480
RE4HB0
FE4RD

R4l
arage
28430
w@4a0
284034

ZB4Bd
28480
ZBAg)
2a430
Zpagan

284410
FRAED
242
28481
23480
28480
28480
254910
28480
2BARD
POACY

01121
28401

24420
2E480
2RAEH
=eA00
2EAGU
28400

0AF25~- 20601
13305-20602
0T3RS0 4194

31600200

03326-8He12

GBIET-HeTNG
JAILE -bb51A
0352566308

nEIAN-pLBE1
barul -eaBEa
03525-36500
CO23ALIET10ZMESB
Codat 020100333
CU2IALIET10TMESE
GRETALIATL0ZNG3E

12603
e1ip-o0nia

10 -0
1250 -1958
125(1-19548
1850-1058
Tl -1958

12501588
115 0-1558
1250-1 454
1% 0-2954
1281 WES

12501558
12501068

1A%25-04301
FOAD-HREE
H3I2T-2 M
05332500201
Hi0-pEn3

ShAf-7Eaz
50 20-6E37
B0 60906
BH4N-F219
SL0-F804

EH4G--7IAD
AD-983%
S ¥IS-nndeR
B30 -g4a04
15325 - 4802

S001-0457
Ghab-rEa7
INA0-7ENL
1466--1345
933a5-R1101

3150 ~07RE
31530-0227
F140-0801
T400-122%
S0A0-4HEPE
00310-488071
3050-04604
0340-108%
35100153
b5l Diidd
0332500801

CEINYS
P1O0-4 07

f33ae-61 602
138561617
PsO 0332561007
31352085

P/D 0332561601
B120-2uBs

See introduction to this section for ordering informetion
*Indicates Factory selocted value




Replaceable Parts

Table 6-3. Replaceable Parts

Replaceable Parts

Reference
Designation

HP Part
Number

oo

Dascription

Mfr
Code

Mfr Part Number

Wi
L 1.3
'
11

L\

0 9332591401
S12 02U
§120-24%1

0 e3aR%-414ul
120 -2585

0 0F3aG-41 401
0124 2505

U 3335 -61401
ai2i-258%

0 e3325-e1401
H120--25HY

O 3325-E1 401
12025130
n3F2si-a1 6043
D3AEN-G161Y9
13385--6 1621

NABAT-&1604
$AIRG-616107F
033561408
NE3A-41609
EERS “d

132561605
NFIRI-L1420
13325 41611
N232%-61603
NA3I2%-H1610

DEBEG-H1612
NE32E-5161%
PEEEG-41H1 4
PO F100-4077
WEFES el G
#g120-3ile
120 -3108

111203106
212631 08
&120-~1348
ARG 4140

4332561482
0432361423
P3RS -61428

EI0-0543
211ig-0543

[T YL
PAZ2H-04300
13323-901H12
23359012
05s-1610

Win1-adiL
GHEE-0111
030-0644
G 4E0+-1336
ABSE-0167

NE70-0343
148240208
VLa4-pa27
18900012
1890-0870

%1 b 11
1A00-0242
1400-071F
21F0-0bab
21900034

2170~3473
2199-057%
2190-0%16
2200-810%
2IN0=0103

oL 123
2340-0113
2rE-0174
ana0-0114
2361 4113

2350-0123
23L0-0:201
24200003
ani-017a
LBE0-D0U4

BT

SN e W e ST e

G TP R Dl

JIRLIEY

oot SmdRifd o s N L R [ ]

RS R E Mo 2N

-l -

WE R ry R e e

Pray,

-
Rl

CABLE ABET-HEaR SYNC
UNHAMKLELR WO

CaBLE ASSY f4alls 24-CNDOT
CABLE ASBTY-AHPTD HUDR
LNHAREED WY

CADLE ASEY - 10ERNZ
URMARKED W8

CANLE ASHY-2 MHE
UNHARKED W7

UaBLE ASSY - 1MHX
UNRARKED W10

LABLE ASGY-FXTREF
UNHARKED B

ERL AS3Y--Z BLY
CEL. ALSY-HKR

LR AEY

CEL AESY- VTR

CBL ASSY-OM

CBL ASSY-PHASE DET
CRL ASEY-ShH
CABLE ASST-OVEN

GARLE ABBY -~ HI V]
CABLE ASSY - N1 w2
CHL AREY-FWR CON
LEL ABSY-RLE

ERL AGEY-HIR

TR, ASEY-FAR

CBL ASSY-HRIB

LB ABEY-KEYED

CAHELE ASSY-HIGH AP POWER (0P @02
CABLE &A38Y-DVEN FOWER (O #A1»

FLAT RIDTON ABSY 2B-AWE 14- COND

FLAT REDEDON AGSY 268-AWE 21-COND 5-3H-LG

FLAT RIFEIN ASSY 2R-AWS 2)-COND 5. IH-LE
FLAT RIBEOM ASSY 26-AWG 21-COND 5-TH LG
CABLE AGSY 104G T-[NDCT BLK-JIT

CBL ABGT-COWPLETE TNCLUGES M3, 4, 5, 7,
g, ¢, 10,

nALLE AEBY +15Y
LAMLE ASEY +15Y UNREL:Z
CEL ABSY-CGUTPUT

FUBEMOLYER AP BAVOMET; & .36, 290V HAX
FLSENOLDER EODY EXTR PET; BAYDRET, THD

WASHER SHILLP

COVER

DE/BYE HANL-A

0P AL -A

TERMINAL-ELDR LUG FL-MTE FOR-$&-SCR

RIVET -SEHI--TUDULAR

STANBOFF~RVT-ON 25 TN-LG &-32THD
YTAMODDFF-HEN 327 ~IN-LG &-321HD
TARE-INBL S-IN-W . 00380-TN-T POLYE-FLM
RUT--THUME &~32-TUb BRI

THREALED THSERT--NUT 440 QR IH-LG
SCREW-TPG &-32 . S-IN LG PAN-MHD-FOZI 8TL
QUREW-TPE 240 , 25-IN-LG PAN-HD-FOZY 8TL
SLESVING -FLEX . b4-1D MEM&-3  D16-WALL
TUBTNE-HE . 093D/ . D456-REVD  02-WALL

HEAT STHK

CABLE TIE 062, 625-D1é&  AR1-WD RYL
CALLE T1E , D42-1,125-DI4 . 14-WD N¥L
WABMER ~LK HLCL ND. % ,128-IN-1ID
WASHER-LK HLEL #0, 10 .194~IN-Th

UASHER-LE HLEL HO. 8 . 169-IH-ID
KABHER -L K IWTL T 1/2 IH &4-IN~ID
WASHER-LK HLEL ND. & 141-IM-1iD
ECREW-MACH &4~49 185 IN-LG PAN-HD-PEZI
SCREW-HACH A-40  DH-TK-LG PAN-HI-POLT

GGREM -MACH A-40 1,.85-1N-LE PAN-HI-FUZT
GLREW-HACH &-F2 25 IN-LE PAN-HD-PUZI
SLREW- HAGI 6-32 ,25-IN-LG 82 DLE
BLREW~HACH £--32 .25~IN~LG €2 DES
SCREW ‘MACH &-32 ,Z12- IN-LE [FAN-HD--POZT

GEREW-HALH &-32 . 75-IH-LE PAN~HD-PDLL
SLREW-HACH &-38  S-1N-LT PAN-HD--POZT
NUT-HEX-DBL-GHAM H-32-THD . 109--IM-THK
CUREW-HACH B-32  2%-IN-LL 190 DEE
HUT~HEX-DBL~CHAH B=3&-THD ,12%-1H-THI

2480
peaLEchi]
f3giel]
nBafu
HE4a0

2H4AR
20400
204310
AQ480
ZE4B0
ZERED

TA4ED
ke E 1531
28480
29490
CRARD

213434
#=Hagt
2E4A34
2BAG0
26488

bt = Lh Y|
28480
BTN
2134490
ZR4E0

2Ea80
2p48 1
E R
D440
2R4RN
2a4E0)
28480

HE 4L

AN

w130
B4R

airann
ZRAA0
20960

2460
20489

4D
R L
28460
4 s TSEHS
284088

an484
neaon
qag0e
2e4en
ZBAED

284810
29480
neooo
ap480
LR

ot o1
R
28480
2aAl
p=: 5200

2548 0
zeagn
2a400
FUNRY
REABN

xopEe
gauoo
kanaa
npuan
600460

nauiy
soupy
28430
an0ad
nadan

B0 AEA2L-41EI01
124320500
g1 -gavt
P/D DRZAG-61401
fiae- LA

PN EENT-A1001
B130--2583
r/0 DEX2E-&L601
B0 DTET
rA0 035N -al 601
120 -2587

M0 IBIRT-61607
~E1BE

1A3NG-LIELE
psXT-H1420

4332561606
03F2G a1 EDY
0FE2G 6140
BH3RT-HIE0V
LER RSN

B 5E2I-H 1003
PIFES- 61621
RAISE-61611
3IE-BIH04
AFIIS-B161R

13IF5-61Hl2
AIIMG-~6161T
PE325-61414
BAD VR0 4099
agEn-hi6ls
gla- J2ih
dlad-340B

gra0-315E
12 6-5108
B1a0-1340
iRl A R4

IAA2s~&614682
13325-61023
033261633

FAS NI =L
2110-05493

fitA1 048001
GZART 04105
n&3ns -8 002
NBIAL-FH01E
N5&0--1618

EZ&i-0011
ORDER BY BESCRIATION
DRIER BY DESLRIPTION
461334
0570- 0147

07590 -0343
R24-02hE
IRDER BY DEGCRIFTION
GEFI-IDh1E
DRDER BY DEACRIFTION

1237-02%4
PLTIN-8

14p0-0715
21940020
21700034

A B (B T i
21700075
21 -0918
DRDER BY DERCRIPTYION
e2ng--0i03a

NRDER BY DESCRIPYION
HRDER BY DEECRIFTION
ORDER IY PESCRIPTEON
DREER BY RESERIPTION
CRTER BY DERGRIPTION

DRPER PY DESCRIPTION
PRDER EY DEBECRIFTEGH
242g-00032

ORBER BY DEUCRIPTION
DREER BY RERLRIPTION

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




Replaceable Parts

Table 6-3. Replaceable Parts

Replaceable Parts

Reference
Daesignation

HP Part
Number

o0

Description

Mfr
Cods

Mfr Part Number

a0Eh- 4007
30500 DbéA
AN50-0714
FESE-N1835
BFL0-00E7

[ LN - R

WASHER ~F1
WARHER -F I
MASHER -1
WASHER--FI,
PLUG-HOLE

WYLE MO, if
MTLE RO, &
HWYLL MO, o
NM P56 TN
 BEY

SAE-IN-TE
J01A7 IR TD
A2 In-1n

VBESTH-RD L PH-IN-OD

400
248
24
ciza0 0
20481

0000027
FA00-0i b6
JNG0-67 4
Z9S0-0BAS
aPag--8027F

7120 &64HE
?130-a53Ie
?211- 2257
v2d-0%0é6
JUMPER

LADEL Xt ORMATION 87%S-IN-WD 1.725-IR-1G
LADEL-WARNING 1.3-IM-WL 1.&-IM~LE VINYL
CARTON-CORR RESC 246 . F5-IH-L.G 24,75- IN-HD
CHANMEL WAELASTIC GRIP 5 1H-WD

GUT JUKNPER

213480
DB40k
w2480
263400
eBqa80D

F1E0-B4B2
7120 -BI4Y
g Bt
FRED-1F 6
JPER

S r=gs

LUG-JUMFER

-

CUT JUMPER 284 LG TUWMPER

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

BOTTOM VIEW










Figure 6-1. Location of Parts,
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SECTION Vil
MANUAL BACKDATING

7-1. introduction.

7-2. The contents of this manual apply to all instruments. Earlier versions of this instrument, however,
differ in design and appearance from those currently being produced. The information in this section
documents the earlier instrument configurations and associated servicing procedures. Also included
i5 information on recommended modifications for improvements to earlier instruments.

The following backdating information is organized by service group with & applicable information
placed together for easy reference. Refer to Table 7-1 for a listing of the 3325A PC assemblies and
their current (May 1984) revision,

7-3. Format.

7-4. Design, compeonent, and documentation changes to this instrument are identified by a A symbol.
The numbered delta in the text or on a schematic corresponds to the numbered delta shown in the
heading that precedes the backdating information for that particular service growp. When a delta symbol
is encountered, the techrician should first refer to the corresponding service group in this section.
Once there, locate the page number where the delta symbol was found and determine if the change
applies by checking the instrument’s serial number against the range given.

1-5. Change Sheets and Service Notes.

7-6. As HP continues to improve the performance of the 3325A, corrections and modifications to
the manual may be required. These changes are documented in a yellow “MANUAL CHANGES"
supplement. In order to keep the manual up to dare, one should periodically request the most recent
supplement which is available from the nearest HP Sales and Service Office.

7-7. The instrument related service note is a publication directed toward gualified service personnel
and iz available to all HP Service Centers and customers. The service note conveys service-related
information that is intended to increase the reliability, improve the performance, and extend the use-
fulness of your HP instrument. Copies of available service notes can be obtained from vour nearest
HP Sales and Service Office listed at the back of this manual.




Service Model 3325A

Table 7-1. 3125A Circuit Boanls Revisions, 0

Referonca Servike
Ascombly Dosignator Groupls) Rewision

03325-885032 A2 v} F
03326-66503 A3 D.G,H
0332566805 AS A

03225-66508 A6
03325-66508 * AB
03325-88509 * A9
03325-86514 ** FXF!

03325h.86521 ***

@m0 0o » ok 0O 0O O

03325-86523 =*"*

4 03326-66508 is the High Voltage Qutput Opticn (Opt. D02)
= D3325-8680% is the High Stability Freguency Refersnce Option {Opt. 001}

== |0 3325A's with serial number 1748A01900 or below, the part numier for this assembly was
03325-66504 |A4).

“es [0 ARAEA's with serial number 1748A02475 ar below, the part numbar for this assembiy was
03325-66501 (AT,

*ae g0 43254 with saerial number 1748400700 or balow, the part number for this assembly was
03325-66507 (A7),

7-8. Backdating Information.
7-9. Service Group A - Keyboard and Display (03326-66505) Al.

7-10. A5 - Past to Present. Table 7-2 briefly summarizes the engineering effort that has brought A3
to its current revision.

Table 7-2. A5 Board Revisions.

Boand Instramant= Shippod Board
Revision With Thiz Revigion* Ghanges

AD « Rev A 1748A00101 - 1748A02311 -

-Rev B 1748A02812 - 1748A03725 went Rev 8 when baard was
modified to simplify menuf. proce-
dura. Na circuit or layodt changes.

1748A03726 - Pregent wanrt Rev C when PC traces were
moved. Nao circuit or comp. layout
changes.

* Note that all serisf number ranges are approximate.
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7-11. All A5 board revisions are identical in design and component layout.
7-12. Service Group B - HP-IB Gircuits (P/D 03325-66506) A2.

7-13. A6 - Past to Present. Table 7-3 briefly swmmanizes the engineering effort that has brought Aé
to its current revision,

Table 7-3. AG Board Revisions.

Baard Inztromemts Shipped Boord
Ruovision With This Ravision* Changez

AB - Rev A 1748A00101 - 174BA00130 -

- Rev B 1748400131 - 174BA00230 went Rev B when test pgints ware
adgad. ’

-Rev C 1748A00231 - Pregent went Rev € when dezign changes
were made to improve uF interrupt
cidy. See Servige Group C.

* Note that all serial number ranges are approxirmats.

7-14, There have been no design or component Jayout changes to the HP-1B section of the A6 assembly.

If the A6 assembly ((13325-66506) is replaced in instruments with serial number 1748A04250 or below,
there may be a compatibility problem between the older cables used in the instrument and the connec-
tors on the new board. Refer to paragraph 8-113 in Section VIII if replacement of AG is necessary,

7-15. Service Group C - Gontrol Circuits (P/0 03325-66606) A2,

7-16. A6 - Past to Present, Table 74 briefly summarizes the enginecring effort that has brought Aé
to its currént revisiom.

Tahle 7-4. AG Board Revisions.

Board Instruments Shipped Boand
Rovision With This Roussion® Changes

A - Rev A 1748A00101 - 1248A00730 -

-Rev B 1748A00131 - 1748A00230 went Rev B whan test points were
added.

-Rav C 1748A00231 - Present went Rev C when design changas
weard mada ta improve P interrupt

ckty.

* Note that all serial number ranges are approximate.

7-17. The following backdating information pertaing to the Control Circuits portion of the A6 assembly.
A2 - Page 8-C-37, Figure 8-36.

Affected instruments: serial pumbers 1748A00230 and below.
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The above range of instruments do not have R2 (7.5kf2 p/n 0683-7525), CR2 (p/n 1901-0040), or
C7 (0.014F p/n 0160-3847). These instruments also contain the following processor interrupt circuitry Q

involving U42 and U34.
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Figure 7-1. Processor Interrupt Circuitry (Serial Numbers 1748A00230 and Below*).
* All part numbers remain the same.
A2 Page 8-C-37, Figure B-36.
Affected instruments: serial numbers 1748A02600 and below.

The above range of instruments contain resistors R11 and R12 {p/n 0683-1825). See Figure 7-2 for
schematic and board location.

P
_J.J.n__ =02 il .

o o ,
. H
B o w3

Gl

™ : “Hz
—
fmﬂ»ﬂl"l (_ON"ML———-_—--\

ey
S

wmT
o st o1
LA -]
(-3 ]

s -

s o -
18 g hae w e

28 o

. . N
o PR S E N — : ! '
il et . ]
P3 1% 17
5 L

I

—~Li6—

Figure 7-2. Schematic and Board Location of R11 and R12 (Serial Numbers 1748A02600 and below).
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A2 - Page §-B-11, 8-C-37, Figure $-32, 8-36.

Affected instruments: serial numbers 174BA04250 and below.

Instruments in the above range may have an A6 board which contains connectors J2, J3, J4, (p/n
1251-4494) for use with cables W31, W32, W33 (p/n 8120-2577). These older (black) connectors and
(whitc) cables have been replaced on newer boards by more reliable connectors {(orange - p/n 1251-6567)
and cables (gray - 8120-3108). The newer connectors are incompatible with the older cables as are
the newer cables incompatible with the older connectors. If the A6 board in the above instruments
is replaced, the connectors on the older destination assemblies (A3, A14(4), A21(1)} will have to be
changed also. See paragraph 8-113 in Section VIII for more information.

Note also that on the older A6 boards used in the above instruments, cable W36 (p/n 03325-61622)
was used to carry supply current to the Al4¢4) board in parallel with W33, With the newer cables
on the newer boards, W36 is not needed. Howaever, if one chooses to modify the newer hoard 16 use
the older (1251-4494) connectors and cables (8120-2577), W36 is required.

A2 - Page 8-C-37, Figure 8-36.
Affected instruments: All

Due to earlier fabrication processes, it was necessary to pad the value of AGRS in order to set the
nanoprocessor’s (A6US) backgate voltage (V) to the voltage stamped on the processor. Briefly,
processors stamped with the following voltages require the corresponding padded values for AGRS:

Vo, AGHY” -hp- Part Number

2.0V 34.8k 0757-0123
—2.5v 26,7k 0698-4488
-3.0v 21.5k 0757-0199
—3.5V 17.4k 0698-4482
—4.0V 14,7k 0698-3156
-4.5V 12.7k 0698-3359
—3.0V 9.53k 0698-4020

Note that the nanoprocessor's fabrication process has been controlled to the extent that Vi, on all
processors is now = 5.0V, Therefore, if A6U% is replaced (p/n 1820-1651), insure that A6RS8 is 9.53k02.

7-18. Service Group D - Valtage Controlled Oscillator Shield (P/0 03325.-66521) A3.

7-19. A21 - Past to Present. Table 7-§ summarizes the engineering changes that have brought A2l
to its current revision.




Tabla 7-5. A21(A1] Board Revisions.

Model 3325A

Buard
fbvision

instrumants Shipped
With This Revision®

Board
Changes

Al - Rev A

-Rev B

AZ1 - Rev A

1748A00101 - 1748A00230
1748A00231 - 1748402475

1748A02476 - 1748A02600

1748A02601 - 1748A07390

1748A07391 - Present

went Rev B when U256 and assoc.
ckty were added to reclock HINY
to the Frac. N IC. Sea Sve. Grp. E.

went AZ21 Rev A following rede-
sign and layout of the VCO, plus
mod. to the S/H ckty, See Sve.
Grps. O, E, F.

Rev B boards are fdentical to Rev
A, with the exception of PC trace
location.

went Rev C following mod. to
VCO ckty. See Svec. Grp. D.

* Nota that all sarial number rangas are approximate.

7-20. The following backdating information pertains to the VCO portion of the A21{A1) assembly.

A3 - Page 8-D-7/8-D-8, Figure 8-37.

Affected instruments: serial numbers 1748A02475 and below.

The above range of instruments contain an 03325-66501 assembly with the VCO design and layout
shown in Figure 7-3. Note that in instruments with serial numbers 1748400231 to 1748A02475, A1C177

1s tied to + 5V,
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Figure 7-3. VCD Circuitry - Serial Numbers 1748A02475 And Below.
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@ A3 - Page 8-D-7/8-D-8, Figure 8-37.

Affected instruments: serial numbers 1748A02476 to 1748A03225.

The preceding range of instruments contain the VCO circuitry shown in Figure 7-4, but do not have
R216.

A3 - Page 8-D-7/8-D-8, Figure 8-37.
Affected instruments: serial numbers 1748A03226 to 1748A07390,

The preceding range of instruments contain the VCO circuitry shown in Figure 7-4.
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Figure 7-4. VCO Circuitry - Serial Numbers 174BA03226 ta 174807390,

For instruments with serial numbers 1748A02476 to 1748A04675, refer to Service Note 3325A-9 if
necessary for a modification procedure to prevent oscillator failures.

A3 - Page 8-D-7/8-D-8, Figure 8-37,
Affected instruments: serial numbers 1748A04250 and below.

Instruments in the preceding range may have an A21(Al1} board which contains connecter J1 (p/n
1251-4494) for use with cable W31 (p/n 8120-2577). The older (black) connector and (white) cable
have been replaced on newer boards by a more reliable connector (orange - p/n 1251-6567) and cable
(zray - p/n §120-3108). The newer connectors are incompatible with the older cables as are the newer
cables incompatible with the older connectors. If the A21(A1) assembly is replaced in one of the above
instruments, refer to paragraph 8-113 in Section VIII for additional information on connector/cable
compatibility.

1-21. Service Group £ - + N.F Cnu;lter (P10 03325-665621} AJ.

7-22. A21 Past To Present. Table 7-6 summarizes the engineering changes that have brought A2l
to its current revisiomn.
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Table 7-6. A21(A1) Board Revisions.

Beard hnstraments Shippod Boerd ‘
Rowision With This Reviglon® Changes

Al - Rev A 1748A00101 - 1748A00230 -

- Rev B 1748A00231 - 1748A02475 want Rev B when U2B and assoc.
ckty were added to reclock HINV
to the Frac, N IC. See Sve. Grp. E,

AZ21 - Rev A 1748A02476 - 1748A02600 want AZ1 Rev A following rede-
sign and layout of the VCO, plus
mod. to the S/H ckty. See Sve.
Grps. D, E. F.

1748A02601 - 1748A07390 Rev B boards are ideritical to Rev
A, with the exception of PC trace
location.

1748A07391 - Presant went Rev C following meod. to
vCO ckiy. See Sve. Grp. D.

*Note that all serial number ranges are approximate.

7-23. The following backdating information pertains to the ~ N.F Counter portion of the A21{Al)
assembly.

A3 - Page 8-E-3/8-E-4, Figure 8-38,
Affected instruments: serial numbers 1748A0230 and below.
The above range of instruments contain the HINV clocking circuitry shown in Figure 7-5.

MNote — the -hp- part number for U5 is 1820-1112.
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Figure 7-5. HINV Clocking Circuitry - Serial Mumbers 1748A00230 And Below.
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A3 - Page 8-E-3/8-E-4, Figure 8-38.
“ Affected instruments: serial numbers 1748A01200 and below.
The preceding range of instruments do not have R146.
A3 - Page 8-B-3/8-E-4, Figure 8-318.
Affected instruments serial numbers 1748A02475 and below.

The preceding range of instruments contain the U8 gating circuitry shown in Figure 7-6.
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Figure 7.5. A21U8 Gating Circuitry - Serial Numbers 1748A02475 and Below.

A3 - Page 8-E-3/8-E-4, Figure 8-38.
Affected instruments: serial numbers 1748A02476 to 1748A07390.

The above range of instruments contain the U8 gating circuitry shown in Figure 7-7.
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Figure 7-7. A21UA Gating Circuitry - Seviai Numbers 174BA02478 to 1748A07300.
A3 - Page 8-E-3/8-E-4, Figure 8-38.
Affected instruments: serial numbers 1748404250 and below,

Instruments in the preceding range may have an A21{A1) board which contains connector J1 (p/n
1251-4494) for use with cable W31 (p/n 8120-2577). The older {black) connector and (white) cable
have been replaced on newer boards by a more reliable connector (orange - p/n 1251-6567) and cable
(gray - p/n 8120-3108). The newer connectors are incompatible with the older cables as are the newer
cables incompatible with the older connectors. If the A21(A1) assembly is replaced in one of the above
instruments, refer to paragraph 8-113 in Section VIII for additional information on connector/cable
compatibility.
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7-24. Service Group F - Fractional N Analog Circuits (P/0 03325-66521) A3. O

7-25. A21 Past To Presemt, Table 7-7 summarizes the engineering changes that have brought A2l
to its current revision.

Table 7-7. A21{A1] Board Revisions.

Board instruments Shippad Board
Revisian With This Ravigien® Changes

A1 - Rev A 1748A00101 - 1748400230 -

- Rev B 174BA00231 - 1748A02475% went Rev B when U25 and assoc,
ekty ware addad to reclock HINV
to the Frac. N IC. See Sve. Grp. E.

A21 - Rev A 1748A02476 - 1748A02600 went A21 Rev A following rede-
sign and layout of the VCGQ, pius
mod. to the S/H ckty. See Svc,
Grps. D, E, F.

1748A02601 - 1748A07330 Rev B boards are idantical to Rev
A, with the exception of PC trace
location.

1748BA07381 - Present went Rev C following mod. to
VCO ckty. See Sve, Gip. O,

* Note that all serial number ranges are approximate.

7-26. The following backdating information pertains to the Fractional N Analog Circuits portion of
the A21{Al1) assembly.

A3 - Page B-F-5/8-F-6, Figure 8-39.

Affected instruments: serial numbers 1748A02475 and below.

This range of instruments coniain the integrator and phase modulation circuitry shown in Figure 7-8.
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Figure 7-B. ntegratar and Phase Modulation Circuitry - Serial Numbers 1748A02475 and Below.
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This same range of instruments contain the Sample/Hold circuitry shown in Figure 7-9.
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Figure 7-9. Semple/Hold Circuitry (Serizl Numbers 1748A02475 and Below),

In the Sample/Hold Circuitry of Figure 7-9, R107 may be one of the following padded values:

75002 0757-0420
37412 0698-4452
13306 0757-0317
20000 0757-0283

A3 - Page 8-F-5/8-F-6, Figure 8-39.

Affected instruments: serial numbers 1748A02850 and Below.

These instruments do not have C33. C33 was added to reduce Fractional N spurs at 20MHz.
A3 - Page 8-F-5/8-F-6, Figure 8-39.

Affected instruments: serial numbers 1748A02476 to 1748A07390.

These instruments contain the Sample/Hold circuitry shown in Figure 8-39. These instruments do
not, however, have CR20,

A3 - Page 8-F-5/8-F-6, Figure 8-319.

Affected ingtruments: serial numbers 1748A04250 and below,

Instruments in this range may have an A21(Al) board which contains connector J1 (1251-4494) for
use with cable W31 (p/n 8120-2577). The older (black) connector and (white) cable have been replaced
on newer boards by a more reliable connector (orange - p/n 1251-6567) and cable (gray - p/n 8120-3108).
The newer connectors are incompatible with the ofder cables as are the newer cables incompatible
with the older connectors. If the A21(Al) assembly is replaced in one of the above instruments, refer
to paragraph 8-113 in Section VIII for additional information on connector/cable compatibility.




Service

Model 33234,

7-27. Service Graups D and G - VCO Buffer (P/0 03325-66503), 30MHz Reference and Dividers
{PI0 D3325-66503) Ad. c

7-28. A3 - Past to Present. Table 7-8 briefly summarizes the engineering changes that have brought
A3 to its current revision.

Table 7-8. A3 Board Revisions.

Board Instrumants Shipped
Rovixlon With This Revition®

A3 - Rev A 1748A00101 - 1748A00470 —

-Rev B 174BA00471 - 174BA04GTE went Rev B with modification to
20MHz LPF. See Svc, Grp. H.

-Rev C 1748A04678 - Present went Rev C when modifications
were made to the mixer driver and
multipliar ckty.

* Nota that all serfal number ranges are approximate.

7-29. There is no backdating information for the A3 VCO Buffer circuitry at this time.

7-30. The following backdating information pertains to the 30MHz reference and divider portion of
the A3 assembly.

A4 - Page 8-G-3/8-G-4, Figuie 8-40.
Affected instruments: serial numbers 1748A00620 and below,

The preceding range of instruments contain the biasing circuitry for U14 shown in Figure 7-10. Com-
ponents unique to this design include:

A3R71 10kQ p/n 0683-1035 A3R74 10k p/n 0683-1035 A3RE9 4.7kQ p/n 0683-4725
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Figure 7-16. Ul4 Biasing Circuitry (Serial Numbers 1748A00620 and Below).
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44 - Page 8-G-3/8-G-4, Figure 8-40.

@ Affected instruments: serial numbers 1748A02600 and below.

The preceding instruments do not have C20.
A4 - Page 8-G-3/8-G-4, Figure §-40.

Affected instruments: serial numbers 1748A04675 and below,

The preceding range of instruments contain the sine amplitude control and amplitude modulation
circuitry shown in Figure 7-11. These instruments also do not have A3R85 or A3R90 (see Figure 8-40),
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Figure 7-11. Sine Amplitude Control and Amplitnde Modulation Circuitry (Serla] Numbers 1748A04675
and Below).

A4 - Page 5-3, paragraph 5-13.

Affected instruments: serial numbers 1748A04675 and below.
For these instruments, the following Amplitude Calibration adjustment procedure showld be used.

Equipment Required: b. Disconnect cable W7 from A3J7.

Oscilloscope (-hp- Model 1740A)
10:1 Oscilloscope Probe {-hp- Model 10041A) CAUTION

BC Power Supply (-hp- Model 6214A)
Oscillator (-hp- Model 204C) Do not allow disconnected cable con-

AC Digital Voltmeter {-hp- Model 3466A) nectors to contuct the printed circuit
baoard or componenis, or circuits may

a. Set the 3325A as follows: be damaged.

Function i ¢. Adjust the de power supply ocutput to approx-
Frequency imately +3V and connect between the center

Amplitude contact of A3J7 and ground.

DC Offset
Amplitude Modulation d. Disconnect cable W23 from A3J23.
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e. Measure the oscillator (-hp- 204C) cutput with
the ac digital voltineter and adjust the output lev-
el to approximately 1¥rms at a frequency of
1kHz. Connect the oscillator putput between the
center contact of A3J23 and ground.

Model 3325A

i. Adjust Offset Out (A3RE8) to return the os-
cillogcope trace to the center line (0Vdc).

j. Disconnect the dc power supply and the oscil-
lator and reconnect cables W7 and W23.

f. Connect the oscilloscope through a 10:1 probe k. Set 3325A amplitude modulation off.
to A3TP4. Set the oscilloscope input to ac con-
pled, sweep to lms/div. 1, Connect an ac digital voltmeter to the 33235A,
signal ourput.

g, Adjust the de power supply output voltage to
null out the sine wave signal on the display.
(Change the oscilloscope vertical gain as neces-

sary 1o observe the signal.)

m. Press the AMPTD CAL key.

n. Adjust Offset In (A3R33) for a volimeter
reading of Q.707Vrms.

h. Ground the oscilloscope input and zero the
trace on the center line. Set the input to do
coupled.

0. Repeat steps m and n until the output voltage
of 0.707Vrms does not change when the AMPTD
CAL key is pressed.

A4 - Page 8-G-3/8-G-4, Figure 8-40.
Affected instruments: serial numbers 1748A04250 and below.

Instruments in the preceding range may have an A3 assembly which containg connecter J1 {p/n
1251-4494) for use with cable W33 (p/n 8120-2577). The older (black) connecior and (white) cable
have been replaced on newer boards by a more reliable connector (orange - p/n 1251-6567) and cable
{gray - p/n §]20-3108), The newer connectars are incompatitle with the older cables as are the newer
cables Incompatible with the older connectors. If the A3 assembly is replaced in one of the above
instruments, refer to paragraph 8-113 in Section VIII for additional information on connector/cable
compatibility,

7-31. Service Group H - Mixer (P/0 83325-66603) Ad.

7-32. A3 - Past to Present. Table 7-9 briefly summarizes the engineering changes that have brought
A3 te it current revision.

Tahle 7-9. A3 Board Ravisions.

Instremems Shippod Board
With Thiz Ravision” Changes

1748A00107T - 1748400470 -
1748A00471 - 1748A04675 went Rev B with modification to
20MH? LPF.

1748BADA676 - Prasant went Rev € when modificaticna
were made 1o the mixer driver and
multiplier ckty.

* Note that all serial number ranges are approximate.
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7-33. The following backdating information pertains to the mixer portion of the A3 assembly.
@ A4 - Page 8-H-3/8-H-4, Figure 8-41.

Affected instruments: serial numbers 1748A00470 and below.

Instruments in this range do not have A3R126 or A3C120.

Ad - Page 8-H-3/8-H-4, Figure 8-41.

Affected instruments: serial numbers 1748A04675 and below,

These instruments contain the mixer driver circuitry shown in Figure 7-12. Note that the part number
for A3U16 in this earlier design was 1858-0015.
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Figure 7-12. Mixer Driver Circuitry (Serial Numbers 1748A04675 and Below).

If reliability problems with 1716 are encountered in these earlier instruments, refer to Service Note
3325A-7. This service note describes a check of the mixer driver current and subsequent adjustment
to reduce the current, thereby improving U16’s reliability. Note that the performance test steps and
adjustments referred to in this service note may not correspond directly with the steps currently found
in Sections IV and V.

If status byte problems are encountered in instruments with serial number 1748A01300 and below,
change C8 to a 22uF capacitor (p/n 0180-0228).

7-34. Service Group | - D/A Converter And SamplefHald (PI0 03325-66514) Ab.

7-15. A14 - Past To Present. Table 7-10 briefly summarizes the engineering and manufacturing changes
that have brought Al4(A4) to its current revision.
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Tahle 7-10. A14{A4} Board Revisions.

Hoard instrumentz Shipped Baard Q
Havision With This Revision” Changes ”

A4 - Rev B** 1748A00101 - 1748A00150 -

-Rev C 1748A00191 - 1748A00470 went Rev C following PC trace
and manu. mods.

-Rev D 1748A00471 - 1748AD1075 want Rev [ following manu.
changes and the addition of
CR108, CR103, and R&5.

1748A01076 - 1748A01300 want Rev E fallowing mods. to tha
relay driver and dc offset control
portion of Ad.

Ald - Rav A 1748401801 - 1748A08780 wertt Ald Rav A when output
amp (Svec, Grp, K} was re-
dasigrad. R142 was also added.

174BA08791 - 174BA14537 want AT4 Rav B with changeas 1o
dc offset and amptd. control cir-
cuitry.

1748A 145328 - Present went 414 Rev C following PC
trace mod. to lavel comp. {U42)
ckiy.

* Note that all serial number ranges are approximate,

** No A4 Rev A boards ware ever preduced,

7-36, The following backdating information pertains to the DAC and Sample/Hold portion of A14{Ad).

A5 - Pape §-1-5/8-1-6, Figure 3-42,

Affected instruments: serial numbers 1748A00150 and below.

These instruments do not have CR108.

Affected instruments: serial numbers 1748A00470 and below.
Instruments in this serial number range do not have CR109 or R335,
A5 - Page 8-1-5/8-1-6, Figure 8-42.

Affected instruments: serial numbers 1748A01900 and below.

For instruments in this serial oumber range, R40 is 20kQ p/n 2100-0553.

Affected instruments: serial numbers 1748A04250 and below.

Instrurnents in this range may contain an Al4(Ad) board which contains connector J1 (p/n 1251-4494)

for use with cable W32 (p/n 8120-2577). The older (black) comnector and (white) cable have been

replaced on newer boards by a more reliable connector (orange - p/n 1251-6567) and cable (gray -

p/n 8120-3108). The newer connectors are incompatible with the older cables as are the newer cables

incompatible with the older connectors. If the Al4{A4) assembly is replaced in one of the above in- q
struments, refer to paragraph 8-113 in Section VIII for additional replacement information.
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Note also that on the older AI4(A4) boards, cable W36 was used to carry supply current from the

m A6 assembly to Al4(A4), With the newer cables on the newer boards, W36 is not needed. However,

’ if one ¢hooses to modify a newer board to use the older (1251-4494) connectors and cables (3120-2577),
W36 is required.

1.37. Service Group J - Function Circuits (P/0 03325-66513) A5,

7-38. Al4 - Past To Present. Table 7-11 briefly summarizes the engineering ard manufacturing changes
that have brought Al4(A4) to its current revision.

Tahie 7-11. A13{A4} Board Revisions.

Board instruinduts Shipped Board
Revigion With This Revisien® Changes

A4 - Rev B** 1748A00101 - 1748A00190 -

« Rev C 1748A00181 - 1748A00470 went Rev C folowing PC trace
and manufacturing modifications.

-Rev D 1748A00471 - 1748A01075 went Rev D following manuf.
changes and the addition of
CR108, CR102, and RE5.

1748A01076 - 1748A01200 weant Rev E following med. to tha
relay driver end de offset control
portion of A4,

Ald - Aev A 1748A01201 - 174BA08790 went Al4 Rav A whan output
amp (8vc, Grp. K} was re-
degzigned, R142 was slso added.

1748408791 - 1748A14537 went Rev B with changes to dc
offset and amptd. contral circuitry.

174BA 14538 - Present went Rev C following PC trace
mod. ie level comparator (U42)
ckty.

* Note that all serial number ranges are approximate,

** No A4 Rav A boards were ever produced.

7-39. The following backdatinp information pertains to the function circuits portion of Al4(4)
A5 - Page 8-J-7/8-]-8, Figure B-43.

Affected instruments: serizal numbers 1748A00190 and below.

These instruments do not have R22(. R220 was added to increase the usefulness of the Amp-In test
point by providing a load for current sources feeding the output amplifier. Voltages can then be meas-
ured across this resistor.

A5 - Page 8-1-7/8-1-8, Figure 8-43,

Affected instruments: serial numbers 1748A01075 and below,

These instruments contain the de offset contral circuitry shown in PFigure 7-13.
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Figure 7-13. DC Offset Control (Serial Numbers 1748A01075 and Below).

Affected instruments: serial numbers 1748A08790 to 174BA01076.

These instruments contain the dec offset control circuitry shown in Figure 7-14,
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Figurs 7-14. DG Difset Control (Serial Numbers 1748A08790 to 1748A01076).
A5 - Page 8-1-7/8-]-8, Figure B-43.
Affected instruments: serial numbers 1748A02350 and below.

These instruments do not have CR110. See Service Note 3323A-5A for a modification procedure to
improve square wave phase control in these instruments.
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Affected instruments: serial numbers 1748 A05826 to 1748A08790.

These instruments contain the amplitude control circuitry shown in Figure 7-16. ‘

AMPLITUDE R280 R281

FROM U23(8) ' ok oK $
J.mza

H

SINE
ENABLE

g
5

Figure 7-16. Amplituds Control Circuitry {Serial Numbers 1748A05826 to 1748A08790).

A5 - Page 8-1-7/8-]1-8, Figure 8-43,
Affected instruments; serial numbers 1748A08790 and below.

These instruments do not have U36. In these instruments, pin 8 or 9 of U34 is conmected to R101 .
via a jumper wire.

AS - Page 8-J-7/8-J-8, Figure B-43.

Affected instruments: serial numbers 1748A08790 and below,
Instruments in this serial number range <o not have CR111 or R278.
A5 - Page 8-J-7/8-1-8, Figure 8-43.

Affected instruments: serial numbers 1748A04250 and below.

These insiruments may have an A14(A4) board which contains connector J1 (p/n 1251-4494) for use
with cable W32 (p/n 8120-2577). The older (black) connector and (white) cable have been replaced
on newer boards by a more reliable connector (orange - p/n 1251-6567) and cable (gray - p/n 8120-3108).
The new connectors are incompatible with the older cables as are the newer cables incompatible with
the older connectors. If the Al4{A4} assembly is replaced in one of the above instruments, refer to
paragraph 8-113 in Section VIII for additional replacement information.

7-40. Sarvice Group K - Output Amplifier (P/0 03325-66514) Ab.

7-41. Al14 - Past To Present. Table 7-12 briefly summarizes the engineering and manufacturing changes
that have brought Al4 {o its current revision.

7-42. The following backdating information pertains to the Output Amplifier portion of Ald{A4).
A5 - Page 8-K-5/8-K-6, Figure 8-44.

Affected instruments: serial numbers 1748A01900 and below.

These instruments contain the output amplifier design shown in Figure 7-17.
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Table 7-12. A14 (A4) Board Revisions.

Board
Revision

Instruments Shippad
With This Ravision®

Board
Changes

Ad - Rev B**

-Rev C

-Rev D

1748A00101 - 1748AMM 90
1748A00191 - 1748A00470

1748A00471 - 1748A01075

1748A01076 - 1748A01900

1748A01901 - 1748A08780

1748A087917 - 1748A14537

174BA14538 - Present

went Rev C following PC trace
and manufacturing modifications,

went Rev D following manuf,
changes and the addition of
CR108, CR109, and R55.

went Rav E following mod. to the
retay driver and de offset control
portion of Ad.

went Al14 Rev A when output
amp [Sve. Grp. K) was re-
designed. R142 was also sdded.

went Rev B with changes to de
offset and amptd. control circuitry.

went Rev € fallowing PC trace
mod. to level comparator {U42)
ckty.

* Nate that all serial number ranges are approximate.

** No A4 Rev A boards were ever produced.
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Figure 7-17. Output Amplifier {Seriai Numbers 1748A01900 and below}.
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Affected instruments: serial numbers 1748401900 10 [748A00190.

Refer to Figure 7-17. Instruments in this range contain diodes CR222 and CR223 connected between
pins 4 and 1 of A4U46, Note that the anode end of CR223 is connected to pin 4 and the anode end
of CR222 is connected to pin 1. Referring again to Figure 7-17, these instruments also contain diodes
CR224 and CR225. CR224 (cathode) is connected from the base of Q211 to the collector of QZi1.
CR225 (anode) is connected {rom the base of Q204 to the collector of Q204. Modify Figure 7-17 as
necessary to show these components.

A5 - Page 8-K-5/8-K-8, Figure 8-44,
Affected instruments: serial numbers 1748A04250 and below,

Instruments in this range may contain an Al4{Ad) board which has connector JI (p/n 1251-44594)
for use with cable W32 (p/n 8120-2577). The older (black) connector and (white) cable have been
replaced on newer boards by a more reliable connector (orange - p/n 12531-6567) and cable (gray -
p/n 8120-3108). The newer connectors are incompatible with the older cables as are the newer cables
incompatible with the older connectors, If the Al4{A4) assembly is replaced in one of the above in-
sirumenis, refer to paragraph 8-113 in Section VIIY for additional replacement information.

7-43. Service Group L - Attenuvator (03325-66523) and Relay Drivers (P/0 03325-66514) Ab, Af.

7-44. A23 - Past to Present. Table 7-13 briefly summarizes the engineering and manufacturing changes
that have brought A23(A7) to its current revision. Refer to Tables 7-10, 7-11, 7-12, or 7-14 for revi-
sion information on Al4{Ad).

Tahle 7-13. A23(AY) Board Revisians.

Boand Instruoaants Shippad Buward
Revision Withr Thiz Revision® Change:

A7 - Rev A 1748400101 - 1748A00540 -

AZ23 - Rav A 1748A00841 - 1748A00950 want A23 Rev A feilpwing design
ehanges to improve the R/F perfor-
mance of the atten.

1748A008517 - Present want A23 Rev B following PC
trace layout modification.

* Note that gl sorial mmber ranges aré approximate,

7-43, The following backdating information pertains 10 the Attenuator assembly (03325-66523(07)).
A6 - Page 8-L-3/8-L-4, Figure 8-45.

Affected instruments: serial numbers 1743A00540 and below.

Ingtraments in thiy gerial number range do not have C15, C16, or C17,
A6 - Page 5-L-3/8-L-4, Pigure 8-45.

Affected Instrurnents: serial numbers 1748A04400 and below,
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Instruments in this serial number range have an A23(A7) assembly which contains connector J30 (p/n
1251-4390) for use with cable W30 {p/n 8120-2576). The older (black) connector and (white) cable
have been replaced on newer boards by a more reliable connector (orange - p/n 1251-5064) and cable
{gray - p/n 8120-3216). The newer connector is incompatible with the older cable.as is the newer cable
incompatible with the older conmector. If the A23({A7) assembly is replaced in one of the above in-
struments, refer to paragraph 8-113 in Section VIIL Note that similar connector/cable changes have
been made to other assemblies beginning with serial number 1748A04250,

7-4¢. The fellowing backdating information pertains to the relay driver portion of Al4(Ad).

A3 - Page 8-L-3/8-L-4, Figure 8-45.

Affected instruments: serial numbers 1748A01075 and below,

Instruments in this serial number range contain the relay drive circuitry shown in Figure 7-18. Note

that serial numbers 1748A01075 to 1748A00231 have a capacitor (C265 10xF p/n 0180-0374) shunt-
ing R80.

LRV N

C omiihy
|
|
|

-

I FRbM U2 l

¥

{n

e ._-__me.-l- =
LHITER,

4= TT

—

FROH OUTEY
AnFLE e R

Figure 7-18. Relay Drive Circuitry (Serial Numbers 174BA81075 and Below}.

AS - Page 8-1-3/8-L-4, Figure 8-45.
Affected instruments: serial numbers 1743A04400 and below,

instruments in this range may have an Al14{A4) board which contains connectors J1 (p/n 1251-4494)
and J30 (p/n 1251-4390) for use with cables W32 {p/n 8§120-2577) and W30 {p/n 8120-2576). The
older (black) connectors and (white) cables have been replaced on newer boards by more reliable con-
nectors J1 (orange - p/n 1251-6567) and J30 (orange - p/n 1251-5064), and cables W32 (gray - p/n
8120-3108) and W30 {eray - p/n 8120-3216). The newer coanectors are incompatible with the older
cables as are the newer cables incompatible with the older connectors. Should replacement of the
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Ald{Ad) assembly in one of the above ingtrurents become necessary, refer 10 paragraph 3-113 in
Section V1II for additional replacement infermation. Note that cable/connector changes for part num- Q
bers 1251-6567 and 8120-3108 occured beginning with instrument serial number 1748A04250.

1-41. Service Group M - Options: High Yoltage Output {Opt.002) (03325-66508} and High
Stability Reference {Opt. 001) (03325-66509) AY.

7-48. There have been no engineering or manufacturing changes to the 03325-66508 or (03325-66509
assemblies.

7-49. Service Group N - Sweep Drive Cirpwits (PI0 03325-66514) Ab.

7-50. A14 - Past to Present, Table 7-14 briefly summarizes the engineering and manufacturing changes
that have brought Al4{Ad) to its current revision.

Table 7-14. A14{A4] Board Revigians.

Bonrd Instramests Shipped Board
Ravizion With This Revision* Chamgas

A4 - Rev B** 1748400101 - 1748A00190 -

-Rev C 1748400191 - 1748A00470 went Rev C following FC trace
end manufacturing modifications.

-Rev D 1748A00471 - 1748401075 went Rev D following manuf.
changeés and the additipn of
CR108, CR109, and REE.

17483A01076 - 1748401800 went Rev E following mod. to the
rbay drivar angd de offset control
portion of A4,

A14 - Rev A 1748A01901 - 174B8A08790 went 414 Rev A when output
amp {Sve, Grp. K) wes re-
designed. R142 wazs also added.

1748A08781 - 1748A 14537 went Rev B with changes to dc
offsat and amptd. control cirguitry.

1748714538 - Present went Rev G following PC trace
rmiod. to level comparstor {U42)

chry.

* Note that all zerial number ranges are approximate.

*% No A4 Rev A hoards were ever produced.

7-51, The following backdating information pertains to the sweep drive portion of Al4(Ad).
A« Page 3-N-3/8-W-4, Figure 8-48,
Affected instruments; serial numbers 1748A00470 and below.

For instruments in this range, R6 is 20k0, part number 2100-0558. If U5 is replaced in any of these
instruments, it may be necessary to replace R6 with part number 2100-3253 (S0kQ) in order to per-
form the X-Drive adjustment.

A - Page 8-N-3/8-N-4, Figure 8-48.
Affected instruments: serial numbers 1748A01900 and below.

Instruments in this serial number range do not have Q4.
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A5 - Page 8-N-3/8-N-4, Figure 8-48,
Affected Instruments. serial numbers 1748A04250 and below,

These instruments may have an A 14{A4) board which contains connector J1 (p/n 1251-4494) for use
with cable W32 (p/n 8120-2577). The older (black) connector and {white) cable have been replaced
on newer boards by a more reliable connector (orange - p/n 1251-6567) and cable (gray - p/n 8120-3108),
The newer connestors are incompatible with the older cables as are the newer cables incompatible
with the older connectors. [f the Al4(Ad4) assembly is replaced in one of the above instruments, refer
to paragraph 8-113 in Section VIII for additional replacement information.

7-52. Service Group O - Power Supplies {13325-66502) A8,

7-53. A2 - Past to Present, Table 7-15 briefly summarizes the engineering and manufacturing changes
that have brought A2 to its current revision.

Table 7-15. A2 Board Revisions.

Instrumants Shippod Board
With This Revizion* Changes

1748A00101 - 1748A00180 -

1748A00151 - 1748AQ107E went Rav B whan PC trace madifin
pations wera made,

1748A01076 - 1748A05825 went Rav C with the addition of
R34, R35, Q8, and F2.

174BA06826 - 1748A07339 went Rav O when the ralay cur-
rent limiter eirguitry of Q13 and
Q12 were added.

1748A07340 - 1748415073 went Rev E fallawing FC trace
mod, to sliminate 5 potential
shock hazard. See Sarvica Note
3325A-11B-5.

1748A165074 - Present went Rev F following mods, 1o
widen PC trace spacings.

* Note that all serial number ranges ara approxiinate,

7-54. The following backdating information pertains to the power supply assemnbly 03323-66502.

A8 - Page 8-0-3/8-0-4, Figure 8-49.
Affected instruments: serial numbers 1748A05825 and below.

Instruments in this range contain the fuse F2 shown in Figure 7-19 in place of the circuitry shown
in Figure 8-49. See Service Note 3325A-12 for details and procedures for improving the reliability

of the over-voltage pretection gireuitry.
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+f- 15 VDLTE REGULATOR

Figure 7-19. Location Of F2 (Serial Numbers 1748A05825 to 1748A01076).
A8 - Page 8-0-3/8-O-4, Figure 8-49,
Affected instruments: serial numbers 1748 A01075 and below.

Instruments in this serial number range do not have R35, R34, Q8, or F2. {See Figure 7-20.)
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Figura 7-20, +15¥ Regulator (Serial Numbars 1748R01075 and Below).
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AR - Page 8.0.3/8.0n.4, Figure 3-49,

@ Affected instruments: serial numbers 1748A01200 and below.

Instruments in this range do not have R36. See Service Note 3325A-1B for details and procedures
for a recommended maodification to the over-voltage protection circuitry.

Affected instruments: Serial numbers 1748 A07260 and below. Instruments in this range do not have
CRIE.

AR - Page 8-0-3/8-0-4, Figure 8-49.
Affected instruments: serial numbers 1748407339 and below.

Note that for instruments in this serial number range, there is a potential electrical shock hazard present
with the A2 board. A trace on the underside of A2 could pass within 0.5mm of 2 folded edge of
the instrument’s floating sub-chassis. This trace carries ona-half the line volrage in 220V /240V appli-
cations. For 100V/120V applications, this is a neutral trace. See Product Safety Service Note
3325A-11B-5 for additional information and corrective procedures.

7-27/7-28




WARNING

These servicing instructions are for use by
trained service personnel only. To avoid efec-
trical shock, do nat perform any servicing other
than that contained in the operating instruc-
tions unless you are qualified to do so.
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SECTION VvIll
SERVICE

8-1. INTRODUCTION.

8-2. This section contains information required to serv-
ice the Model 3325A Synthesizer/Function Generator.,
This ncludes the theory of operation, bleck diagrams,
troubleshooting procedures, and schematic diagrams.
Most of the sarvice information is divided into service
groups, which arc identified alphabetically. Each service
group contains the schematic diagram, troubleshooting,
and other pertinent information for a specific area of the
instrument. A foldout functional block diagram follows
Service Group Q. The following circuits are included in
the service groups:

Service
Group

Assemnbly Circuit

A2l Yolage Controlled QOscillator
AZl = N Counter

A2l Fractional N Analog Circuits
A2 Pawer Supplies

A3 YO Buffcr

AZ 30 MHz Refercnee and
Dividers

M3 Mixer

Ald D/A Converter and Sample/
Hold

Al Function Circuits

Ald Cutput Amplifier and Level
Comparator

Ald Rclay Drivers

Al4 Sweep Drive Circuits

A3 Keyboard and Display

Ab HP-IB Circuits

Afh Caontrol Circnits

A3
ar Altepuator
A7
AR High Vvaoltage Output Optign

G2

AG High Stability Frequency
Reference Option 001
Signature analysis information beging with paragraph
8-128.

8-3. BASIC THEORY.

3-4. A simplified block diagram of the 3325A circuits is
shown in Figure 8-1. In respense (o programming inputs
from the Keyboard or the HP-IR, the Control circuits
set the frequeney, signal level, and output attenuation.
The Frequency Synthesis citcuits generate a sine wave at
a frequency determined by digital information from the
Control circuits, This sine wave is applied to the Fune-
tlion cireuils where both the gutput function and signal
level are determined, apain by digital control. The signal
level from the Output Amplifier can be tested in the Level
Comparator to determing if & level ¢correction is needed,
thus providing an automatic amplitude calibration. If am-

—T QOQOO-Hg

T Z - OWRZC R

plitude problems are encountered, it is important to dis-
able this auto calibration. Sze section 8-102. Attenuator
range is selected by the Control circuits to provide (in con-
junction with Level Control) the desired output signal am-
plitude. Program parameter data stored in Control is
transferred to che display when that parameter entry pre-
fix key is pressed or the parameter prefix mnemonic is
programmed on the HP-IB.

8-5. THEORY OF OPERATION.

#-6. The following theory is a general description of each
of the circuit blocks in the 3325A. A foldout functional
block diagram of the 33235A follows Service Group Q.
Additional information on individual circuits may be
found within the service groups. Figure 8-2 ig a basic
block diagram of the logic circuits, which interface with
the processor (and with cach other through the proces-
gor} to control the operation of the instrument. The
Machine Data Bus, which consists of eight parallet hines
labeled HMDO through HMD?7, is the principal means
of dara exchange between the control circnits and other
parts of the instrument.

8-7. Keyboard and Display (Service Group A).

8-8. Kevboard Scan. Figure 8-3 is a block diagratn of the
Keybeard and Display circuits. To determine if a key hag
been pressed, a single high bit is shifted into the first
position of the 16-bit register, and the four-hine output of
the keyboard matrix is read onto the machine data bus by
the Read Keyboard clock signal. The high bit is then
shifted one position in the register and the keyhoard
matrix output is read again. This process is repeated
through the twelve input lines to the maitrix. The high
input bit is inverted by the keyboard buffers. A low level
on one of the four matrix output lines indicates that a key
has been pressed, and the control circuits initiate the
proper actior. After a low level has heen detected, the
control circuits look for a high level from the same key
before the same action can be repeated. In other words, if
the 5 key has been pressed, only one 5 will be processed
even though the key is held through more than one
keyboard sean cycle,

8-9. Numeric Display. The same high bit that 15 shified
through the 16-bit shift register to scan the keyboard
enables one of the eleven numeric display digits in each of
the first eleven positions of the register. When a digit is
enabled, eight bits of data (parallel) from the Machine
Data Bus are entcred in the B-bit latch by a Write
Keyboard Display Data clock signal. Each low bil in this
data enables one of the eight current sourees, which
supplies current to the proper segment (or decimal point)
of the enabled digit,
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Figure 8-1. Simplified Biock Diagram.
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Figure 8-2. Basic Block Diagram, Logic Circuits.
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Service
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Figure 8-3. Keyboard and Display Block Diagram.

8-10. Annuncintor Matrix. In each of the last five
positions of the 16-bit shift register, the high bit that is
being shifted through enables one of five sets of
annunciators. Then another set of eight data bits is
entered into the 8-bit latch. Each low bit in this data set
also turns on one of the eight current sources, which
supplies current to the proper annunciator.

8-11. Scan Cyele. Approximately 21 milliseconds are
required for a complete scan of the Keyboard and
Display. During each scan cyele, the events shown in
Figure 8-3 happen concurrently.

8-12. HP—IB Circuits (Service Group B).

8-13, Data Input. Figure 8-4 is a block diagram of the
data input path. The low true data from the HP—IB DIO
lines is inverted to high true in the Bus Receivers, It is
then loaded into the last eight positions of the 12-bit
parallel-in/serial-out shift register when the Load Data
Input signal is low. The data loaded into the first four bits
of this register is information concerning the ATN, REN,

and IFC management lines. Data is then shifted serially
across the isolation barrier jnto an B8-bit serial-
in/parallel-out shift register, The first four bits (status)
are shifted across, gated into the tri-state buffer by the
Read Bus Data signal, and onto the Machine Data Bus.
After the control circuits have accepted this information,
the eight bits of HP—IB data are transferred in the same
manner,

8-14. Data Output. The output data path, shown in
Figure 8-5, is essentially the reverse of the input data
path. Parallel data from the Machine Data Bus is loaded
into a parallel-in/serial-out shift register by the Write Bus
Data signal. It is thep shifted serially across the isolation
barrier and into the same 12-bit shift register vsed for
input data, However, for output data it is used as a serial-
in/ parallel-out register. The datais then loaded into an 8-
bit latch by the Load Data Qut signal, where it is
available to the Bus Drivers. When the Bus Drivers are
enabled by the Data Out Enable signal, the data is
inverted and placed on the HP—IB DIQ lines, The eighth
(most significant) data bit becomes the End or ldentify

8.3
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Figure 8-6. HP—IB Management and Handshake,

(EOI} signal to the bus if the 3325A is addressed to talk
and ATN is false.

8-15. Acceptor Handshake. The Listen circuits (shown
near the upper center of Figure 8-6) enable the Acceptor
Handshake block to operate if the 3325A is addressed to
listen or if ATN (Auention) is rrue. When it is not
addressed to listen but ATN is true, it accepts data in
order to detect its listen or talk address or the untalk
command, After the 3325A has been addressed to listen it
aceepts programming data when ATN 12 false and looks
for its talk addrcss or the unlisten command when ATN is
true. When the HP—IB DAY (Data Valid) signal
indicates that data is ready on the bus, the Acceptor
Handshake circuits output New Data Ready, which
becomes a Bus Interrupt signal to the processor. The
Acceptor eircuits also st NRFD (Not Ready For Data)
to indicale to the bus that the 3325A is in the process of
accepting the data byte, After the byte has been accepted,
the processor outputs a New Byte Accepted to the
Acceptor circuits, which then resets the NDAC (Data
Accepted) line to high.

8-16, Source Handshake. The Talk circuits enable the
Source Handshake block only when the 3325A is
addressed to talk and ATNisfalse. A New Byte Available
signal from the processor tells Source Handshake to set
DAV if NRFD is high indicating that all lstaners are
ready for data. After a byle of data has been accepted by

the listener(s), indicated by NDAC going high, the
Acceptor circuits outpui a New Data Needed signal
which becomes a Bus Interrupt to the processor,

8-17. Management Lines. The ATN (Attention), REN
(Remote Enable), and IFC (Interface Clear) lines provide
inputs to the 12-bit shift register and are used as HP—IB
status information inputs to the control circuits. A direct
control output from the processor provides a Service
Request (SRQ} signal to the HP—IB system controller.

8-18. Control Circuits (Service Group C).

8-19. The Control circuits include all the blocks in
Figure 8-2 labeled Service Group C, plus other circuits
such as Read and Write Control and the 1.2 MHz ¢on-
1ol elock oscillator. Figure B-7 is a basic block diagram
of the Control circuits. A bricf definition of some cir-
cuit components may be helpful.

Processor: Commonly known a3 a micropro-
cessor. As the name implies, this device
processes ite input information and detor-
mines what data and/ or instructions to issue.

ROM: A Read Only Memory issues a
predetermined set of data in response to a
given set of input data, called an address.
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RAM: A Random Access Memory, or
Read/ Write Memory, accepts data {data can
be written into it) which can then be read out
at a later time. Datalocationis determined by
the address input,

8-20. Read Only Memory. The 3325A Read Only
Memory {ROM) consists of four vnits, which are selected
by signals from the ROM Control Register. Dezigned
inte the ROM are the fixed routincs or responses
required in the 3325A operation. One of these routines,
for example, reads the present output frequency data
from the RAM and places it in the display when the
FREQ entry key is pressed. The keyboard and display
stan routines and 1est routines are also apart of the ROM
information. A character received on the HP—IB is
compared to ROM data to determinc its validity and the
appropriate action to be taken if the character is valid.

8-21. Random Access Memaory. Variable or temporary
information is stored in the Random Access Memory
{RAM)., This includes all program information from
either the front panel or the HP—IB. DPata stored at any
RAM address can be changed by programming new data
for the same parameter, function, or operation. RAM

Service

data can be rcad out without destroying the data. For
example, when the FREQ entry key i3 pressed, the
present frequency data is entered in the display and is akso
retained in the RAM memory location,

8-22, Fractiopnal N Control 1C. The Fractional N
Control IC (scc Scrvice Group E) performs several
functions vital to control of the 3325A.

a. 1t calenlates the £+ N gnd Pulse Remove data forthe
phase lock loop in the Frequency Synthesis circuits,
{Explanation of the 3325A frequency synthesis begins
with Paragraph #-24). This information is updated every
10 microseconds,

b. It increments or decrements the output frequency
during a sweep funetion and cutputs a Sweep Limit Flag
when the start or stop frequency is reached. It also
outputs a Sweep Limit Flag at the marker frequency
Juring a sweep up.

¢. Under control of algorithms performed by the
processor, it performs arithmetie functions —for
example, the arithmetic for conversion of amplitude in vV
p-p to V rms or dBm.

vCo
40 MMz

N
Qo

[Q0kHz

HASE DC VOLTAGE

DETECTOR

|O0kHz

00

REFERENCE
3OMRz

Figure 8-8. Phase Lock Loop.
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8-21. Processor. The Processor coordinates the
operation of all the other centrol logic circuits. Deviee
seleet outputs [rom the processor are decoded into read,
write, and cnable commands to various logic elements
such as the RAM, control registers, and buffers. Direct
Congrol imput/ output lines provide information to and
from the HP-—IB circuits. Interrupt capability allows the
Processor to be inlerrupted by the HP—IB or by a Sweep
1.imit Flag,

§-24. Frequency Synthesls,

8-23, The Frcquency Synthcsis cireuits are found in
Service Group I, Voltage Controlled Oscillator; Service
Group E, Fractional N Counter; and Service Group F,
Fractional N Analog.

8-26. How does the 3325A gencerate a given frequency?
Assume that the autput desired is an even 10 MHz, A
method for obtaining this frequency is illustrated in
Figure 3-8, Bagically, the 3325A uses this method,

8-27. The frequency of the VCO (Voltage Controlled
Oscillator), in Figure 8-8, is controlled by the de voltage
out of the phase detector. This de voltape reflects any
phase change between the two detector input signals.
Consequently, if the VCO frequency changes, the phase
detector output changss to correct the VCO. This is
known as a phase tock loop (PLL).

8-28. If we want to change the output from 10 MHz to 20
MHz, it is necessary metely 1o change the + N number
from 400 to 500. This obviously changes the divided VCO
input to the phase detector to 80 kHz. The phase detector

Maodel 3325A

then uses the phase difference between its two inputs to
change the VCO frequency to S¢ M Hz. This returns the
phase detector input to 10¢ kHz, and the loop is again
phase locked, It takes the 3325 A about 30 milliseconds to
make this change. The + N number is determined by
control cirguits in response to front panel or remote
programming,

8-29. The 3325A sine wave fréquency range is essentially
from zero to 20 M Hz; consequently, the VCO frequency
range is normally 30 MHz to 50 M Hz. This dictates that
the = N number be a 3-digit integer between 300 and 500
( =N can be only three digits in the 3325A). Forexample,
if + N is 398, the VCO frequency is adjusted to 39.8 MHz
{398 x 100 kHz) and the output 15 9.8 MHzx.

§-30. Now let us look at a more detailed diagram of the
phase detector block {Figure 8-9), The contrel voltage to
the VCO is the output of a Sample/ Hold amplifier which
samples the integrator output at the proper time and at
regular intervals. Ideally, this voltage would be exactly
the same at each sampling time and the VCO frequency
would remain constant. Let us assume that this is true,
and that the = N number is400. In this case, the output of
the phase comparator would be a series of pulses of equal
width, Each pulse turns on a current source which caunaas
# given amount of charge to be placed on the integrator,
At a specified time this wvoltage i stored on the
Sample/Hold amplifier capacitor (Figure §-9). The
integrator output is illustrated in Figure 8-1¢. The charge
slope is much greater than the discharge slope because the
phase comparator current source has about ten times the
magnitude of the bias current source,
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Figure 8-10. Integratar Output.

8-31. Immediately after a sample, the bias current source
is turned on to discharge the integrator capacitor to the
level it held befare the phase comparator current was
allowed to charge it, If this were not done, the charge
would continue to accumulate to the limit permitted by
the power supplies and remain at that level {(nullifying the
entire PLL scheme). The bias current is controlied by a
pulse from the fractional N control 1C.

8-32. Up to this point, we have considered only the
situation where + N is a whole number consisting of three
digits. Now suppose an output of 10.04 MHz is desired.
This would require the VCO frequency to be 40.04 MHz
and the + N number to be 400.4. (The number 400.4 is
referred to as + N.F. The number 400 is represented by
N, and the fraction .4 may be called F, or the fractional
N.) Since the existing phase lock system will not allow
+ N to be four digits, some additional circuits are needed
to make the VCO operate at a frequency of 40.04 MHz,
and at the same time provide a signal to the phase

Service

comparator equal to 100 kHz, Two of these circuits are
the Digital-to-Analog (D A) converter and pulse remove
blocks added in Figure 8-11.

8-33. If the VCO operated at 40.04 MHz and + N were
400, then the divided VCO signal to the phase
comparator would be 100.1 kHz and would be compared
to the 100.0 kHz reference. This would result in an
increasing phase comparator charge current to the
integrator. To compensate for this increased charge, the
discharge current from the bias source is adjusted by
means of Analog Phase Interpolation {API) information
from the fractional N control IC. The phase (frequency)
difference between 40.04 MHz and 40.00 MHz is
accumulated digitally in the control IC and applied
through five lines to a digital-to-analeg converter, The
D/ A output current is subtracted from the bias current to
discharge the integrator to the proper level during each
sampling period, effectively cancelling the increased
charge from the phase comparator.

8-34. Only part of the problem is solved, however,
because if the PLL were to continue operating in this
manner, the phase comparator output would continueto
increase beyond practical limits, To prevent this, a “pulse
remove” technique is used. In effect, the accumulated
phase difference (in the Control IC) causes the + N
counter to count one extra cycle {+ 401) each time the
phase accumulator passes through unity, This has the
effect of “removing” a cycle of VCO frequency, and the
divided signal to the phase comparator is now an average
of 100 kHz.

8-35. To accumulate the phase difference, the twelve
least significant digits in a “frequency register”
{contained in the Fractional N control IC) are added to
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Figure 8-11. Addition of D/A Converter and Pulse
Remove Blocks.
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the twelve digits in the phase accumulator, and the sum is
stored again in the accumulztor. This addition takes
place every 10 microseconds (once for each cycle of the
100 kHz reference). Figure 8-12 illustrates this process for
the example we are using.

8-36. This example has used a fractional N of .4. If the
output frequency were 10.004 MHz instead of 10.04
MHz, the fractional part would be .04, and both the
phase comparator cutput and the phase accumulator
content would increase at one-tenth the previous rate. As
another example, if the output frequency were 10.09
MHz, the fractional N would be .9, and a pulse remove
command would be required for 9 out of every 10
reference cycles.

8-37. Fractional N Counter. The + N (Fractional N)
counter consists basically of three presettable counters in
series, shown in Figure 8-13. The counters for the two
most significant digits (of the 3-digit N number) are
decade counters. The least significant digit counter
consists of a + 5counterand a < 2 prescaler which can be
made to divide by three as necessary. Presettable
counters are used because = N must be variable, as
explained below,

8-38, The preset number that is loaded into the counter
in BCD (binary coded decimal) form is the 9s
complement of the N number. N is determined by
the first three digits of the VCO frequency.

Model 3325A

Example 1 Example 2

100 (00,0 H2
30 000 0000 Hz

10 000 0000 Hz
30000 000.0 Hz

Sine wave ouiput
Reference frequency

YCO frequency 40 000 000.0 Hz 30 10 0000 Hz
=N 400 301

Fo determine the 9’s complement, +N is subtracted
from 999 in the fractional N control 1C.

999 999
+N 400 301

s complement 599 698

8-39. The + N counter begins at the preset number {599
in example 1), counts to 999 and then reloads the satme
number unless a new frequency has been programmed,
One output pulse occurs for each time the counters reach
999; consequently, if 400 VCO cycles (599 to 999) are
counted for every output pulse, YCO has been divided by
400. The output pulse is derived from the bias pulse
1ssued by the fractional N control 1C. To provide the
proper stable phase relaticnship to the VCO signal, this

Programmed + N Frequency Register

I v ¥
VCO Freguency

\

Phase Accumulator

000000000000
[

|

API Control

Q00000000000
0400400000Q0000000

Accumulator (Initialy
VGO Fraquency

400000000000 Sum (returned to accumulatorl

0400400000000000 = VCO

g000000000C0CC sum

0400400000000000C vCo

(1200000000000 sum + carry

0400400000000000 VGO

600000000000 sum
0400400000000000 VCO
{MNMeooo0co000000 sum + carry

Each carry initlates a pulse remove command.

Figure 8-12. Phase Accumulation,
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pulse is clocked first by VCQ + 10, then YCO = 2, and
finally by VCO,

8-40, Inexample 2, = Nis 301, s0 the counter must count
301 YCO cycles during each reference period. Normally
only an even number of cycles could be counted because
the least significant digit + 5 counter is counting VCO
+ 2 from the prescaler. Therefore, in order to count an
odd number, the prescaler is forced to count one
additional pulse during each reference period. To
accomptlish this, the pulse remove circuits are enabled
when the least significant (BCD) bit of the least
significant digit of the preset number iseven, as is the case
in example 2 (decimal 8 = hinary 1000). Then the
negative=going pulse from the preload one-shot changes
the prescaler to + 3 for one cycle. The pulse remove
action associated with fractional N is independent of and
in addition to the odd number count,

8-41. The chip clock counter output (Figure 8-13) is the
prescaler output divided by five. The Q output from this
counter goes to the fractional N control IC and is usedto
clock data in and out of the four shift registers within the
LC. The counter Q output is used in the + N.F counier
output synchronization and to clock the cycle start flip-
flop.

8-42. The cycle start flip-flop is set by the Q output from
the preload flip-flop and is cleared by the next trailing
edge of the chip cleck signal. A cycle start pulse occurs at
the time the + N least significant digit is preloaded, which
is once every reference period. Cycle start is used to
initiate operations within the fractional N control 1C. Itis
also used to set the pulse remove circuit when + N is an
odd number,

8-43. Reference Clrculls (Service Group G).

8-44. Reference Oscillator. The Reference QOscillatoris a
30 MHz crystal-controlled oscillator that can be

Model 3325A

synchronized to an external reference signal of 10 MHz
or subharmonic of 10 MHz (minimum 1 MHz),

8-45. External Reference Phase Lock Loop. Figure 8-14
is a block diagram of the External Reference Phase Lock
Loop. The external reference input is sent thorugh a
squaring circuit, amplified, and then differentiated to
provide a narrow positive pulse to the gate of a FET
switch, This turns the switch on momentarily, sampling
the instantaneous veltage of the sine wave at the FET
switch source. This voltage is stored on the capacitor at
the input of a Sample/ Held amplifier, The resulting dc
owiput voltage from the S/H amplifier is applied to a
varactor in the 30 MHz oscillator circuit to adjust the
oscillator frequency.

8-46. When the 30 MHz oscillator is in phase with the
external reference, the FET switch will sample the sine
wave at exactly the same point each time and the S/H
amplifier output voltage will remain constant. But if
there is a change in phase relationship, the amplifier
output voltage will change, correcting the osciliator
frequency and restoring phase lock.

8-47. External Reference Detector. Whenever an
external reference input is present, a detector circuit
provides a logical “1” signal to the control circuits. This
causes the front panel EXT REF indicator to light.

8-48. Unlock Detector. When the external reference
loop is phase locked, the Sample/ Held amplifier cutput
is a steady de voltage, However, if the loop is not locked,
this voltage will vary. The unlock detector is triggered by
this varying voltage to provide a logical *1” to the control
circuits. During an “unlock™ condition, the front panel
EXT REF indicator wili flash cn and off.

8-49. 30 MHz Reference Amplitude. Sine wave output
amplitude and amplitude modulation are controlled by
varying the amplitude of the 30 MHz Reference. Figure
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Figure 8-14. External Reference Phase Lock Loop
Block Dlagram.
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8-15 i3 a simplified diagram of the level control and
amplitude modulation circuits. The reference signal
amplitude 15 varied by controlling the current availabte
trom the current source (Figure 8-15), which in turn is
controlied by thc $Sine Amplitude signal and/or the
Arplitude Modulation input signal. When the AM
Control switch is OFF, the X input to the voltage
multiptier is constant, and the cutput level is controlled
by the Sine Amplitude only. When the AM switch is
ON, however, both the X and Y inputs influence the
output. The output of the muliiplier (V,) is normally
gqual to .1XY, but because the multiplier output is con-
nected 1o an gperational amplifier input, this voltage
¢annot be measured. Use of the voltage multiplier in this
circuit makes it possible t& change the 3325A output
(carrier) amplitude without affecting the percent of
modulation, or to change the percent of modulation
without affecting the carrier Jevel, The cutput of the
Level Control and Amplitude Modulation circuit goes
1o the Mixer, covered in Service Group H.

8-50. Reference Dividers. The 30 MHz Reference
frequency is teduced through a series of dividers 1o
provide the following signals:

I MHz to the External Reference PLL

2 MHz to the DfA Converter (Service Group I)

! MHz rear panel reference putput

100 kHe reference to the Fractional N Phase
Comparator (Service Group F)

For phase stability, the 100 kHz output is clocked first by
10 MHz, then by the 30 MHz reference signal. The
100 kHz sighal is then differentiated to provide a narrow
pulse to the Fractional N Phase Comparator,

B-51. Mixer {Service Group H).

8-52, The Mixer circuits are diagrarmed in Figure 816
The 30 MHz reference is pagsed through a low pass filter
and mixed with the 30-50 M Hz signal from the VCOQ ina
diode mixing circuit. The mixing circuit output is applied
to a low pass filter to remove all but the difference
frequency, which is amplified by a current amplifier. Thiy
signal then goes to the Function circuits (Paragraph

8-59).
B-53. D/A Converter (Service Group ).

8-54, The Digital-to-Analog {Id/ A) Converter suppliss
the analog voltages which control signal amplitude, de
offset, level comparator reference voltage, sweep X drive
output, and eorrect for de offset error. In addition, it
supplies an auto zero voltage 1o its own current sources,

8-55. Preset Counters. Each of the four Preset Counters
is a BCD counter that can be pre-loaded with a 4-dipit
binary number and then enabled to count from that
point, In this application, they are set to count down. The
countcts are connected in twe pairs, as illustrated by the
least significant pair in Figure 8-17. Both counters are
loaded at the same time, then the Least Significant Digit
(L5D) Counter is enabled by the Counter and Current
Source Enable Flip-Flop; and at the same time, the [.SD
Current Source is enabled Lo supply current to the DAC
Integrator (see Figure 8-18). When the LSD Counter
reaches zero, its Ripple Clock output enables the 3rd
Digit Counter to count one clock pulse. If the preset
number in the 3rd Digit Counter was preater than ong,
the LSD Counter coittinues to count, supplying an
enable pulse to the 3rd Digit Counter each time it reaches
zero, When the 3rd Digit Counter reaches zero, its Ripple
Clock output changes the state of the Counter and
Current Seurce flip-flop, disabling the LS D Counter and
the Current Source.

8-13
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8-56. 4-Digit D/A Conversion. A simplified dizagram of
the D/A Converter is shown in Figure B-18. The D/ A
Comnverter {DAC) Integrator output voltage Is
proportional to the four digits of BCD information that
is loaded into the Preset Cownters. The two current
sources are enabled to supply constant current to the
DAC Integrator for the length of time required for the
Preset Counters to count down from the preset number
to zero. The current resulting from the two most
significant digits is proportionally 100 times that from the
two least significant digits. For example, if the 4-digit
presel number were 3535, the enable time would be the
same for both current sources, but the current ratio
would be 100 to L.

3-57. DAC Sample/Hold Circuits, After the Preset
Counters have finished counting and the current sources
are disabled, the DAC Integrator output voltage must be
transferred to the proper Sample/Hold Amplifier.
Fipure B-19 is a simplified diapram of the DAC
Sample/ Hold circuits. The data that designates one of
the six Sample/Hold Amplifiers is clocked into the latch
by the 5/H Strobe pulse. The 5/H Strobe pulse also
triggsrs a switch timing one-shot which enables the
switches to close long enough to transfer the DAC
Integrator voltage to the capacitor at the inputto the S/ H
Amplifier,

§-38. DAC Reset. After the integrator output voltage
has been transferred to the proper Sample/Hold
Amplifier, the integrator is reset to zero by closinga FET
switch across the integrator capacitor. The closing of this
switch is timed by a one-shot which is trippered by the
5/H Strobe pulse.

8-59. Function Circuits (Service Group J).

8-60. This section of the instrument provides the proper
current to the operational output armplifier for each
function. It includes 2 number of current sourcas, and the
circuits which develop the square wave, triangle, and
ramp functions from the sine wave. Function switching is
accomplished by the enable signals shown in the black
diagram, Figure §-20,

8-61. Sine Wave. In sine function, the sine wave from the
mixer passes through a current amplifier to the output
amplifier. Sine wave amplitude is actually controlled in
the level control cireuit (see Paragraph 8-69), but the lave]
control current is supplied from the amplitude control
current source in this section.

8-62. Square Wave. The sine waveinputissent througha
$quaring circuit and then divided by two to produce the
square wave output, Consequently, in the square wave
funcrion, the sine wave must be twice the output

frequency, and the maximum cgutput frequency is
10 MHz.

8-63. Triangle. To pgenerate a triangle wave, the sine
wave input is first put through the squaring cireuit, then

8158
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divided by 20 (==I0 and —+2). The result is a square wave
whose frequency is | MHz plus the programraed output
frequency. This signal is phase compared to a 1 MH2z
refarence in an exclusive OR gate. Because the output of
the gate is high when one and only one input is high, the
gate output is a series of pulses whose width varies in
propertion to the phase difference between the two gate
input signals. Figure §-21 is a simplified illustration of
this. The gate output drives a current amplifier (which
inverts the signal) and the resulting current pulse signal is
sent through a filter which shapes the triangle.

8-64, The triangle output frequency is the difference
between the | MHz reference and the input frequency
(from the mixer) divided by twenty. Consequently, the
input frequency must be 20 MHz + (20 x output). To
produce the maximum triangle output frequency of
10 kHz, for example, the input must be 20.2 MHz.

10 000 Hz
1 000 00¢ Hz

Output frequency
Reference

1 010 000 Hz
20

Input frequency 20 200 000 Hz

8-65. Positive and Nepative Ramp. A ramp output is
generated in the same manner as the triangle, except that
when the phase difference between the | MHz reference
and the input =20 has advanced 180°, the refersnce is
inverted by the ramp reset circuits (Figure 8-20). Figure
8-22 illustrates the ramp peneration process. Beeause the
phase difference is allowed to advance only 1807 instead
of 360° as in triangle generation, the frequency of the
“input - 20" signal 1o the phase comparison gate must be
1 MHz plus one-half the output frequency. Fer the
maximum ramp output frequency of 10 kHz:

Output frequency 10 000 Hz
=2 5000 Hz
Reference 1 000 000 Hz

1005 000 Hz
20

Input frequency 20100 000 Hz

8-66. Ramp resct may be initiated either by the phase
detector output (Figure 8-20) or by a + or - ramp resst
signal from peak detectors at the output amplifier. Each
reset pulse causes the reference signalto be inverted at the
output of the ramp reset gate.
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INFUT +20
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TRIANGLE OQUTPUT

A3258=21

Figure 8-21. Simplifled lllustraiion of Triangie
Generallon.
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3325422

=PHASE OF REFERENCE IS INVERTED AT THESE POQINTS

B 1

Figure 8-22, Simplified

Illustration of Ramp

Generation.

B-67. Ramp polarity is determined by the ramp polarity
gate. If negative ramp is programmed, the reference
signal is inverted by this gate,

3-68. Function Integrity Flag. If the ramp is being reset
by the digiral Phase Detector, the detector output setsthe
Function Integrity Flip-Flep, and the Function Integrity
Flag (HMD2) to the processor is high. If the ramp is
being rcsct by the analog Level Comparator at the
amplifier output (see Paragraph §-74), the analog reses
signal prevents the Function Integrity Flip-Flop from
being set. The controller may reset the Function Intagrity
Flip-Flop. The Function Integrity Flag tells the
processor which ramp reset method (analog or digital) is
being used. This infermation is used by the processor in
setting the correct reference level for the output Level

818

Comparator. Ramps are reset by the digital Phase
Detector at frequencies below 100 Hz, and by the analog

~ outpur Level Comparator at frequéncies of 100 Hz and

higher,

3-69. Amplitude and Offset Control. The voltage output
of the output amplifier is proportional to the surrent into
its input summing junction. Consequently, signal
amplitude can be controlled by varying the amount of
current available from the current source which supplies
the various functions. The amplitude control signal is a
do analog voltage from a D' A converter (see Paragraph
B-33) which receives its digital input from the controfler,

8-70. Becanse the square wave, triangle, and ramp
signals are gencrated by switching the unipolar amplitude
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control current source on and off, the entire signal is
above ground. These signals are centered about ground
by a compensating current equal to one-half the signal
amplitude. This current is shown as *amplitude = 2
correction current” in Figure 8-20.

8-71. Positive or negative de offset can be programmed
either with or without an ac signal. The offset current
source is also controlled by a de analog voltage from the
[3{ A converter. The dc offset correction current source is
also comrolled by the D/A converter. The offset
correction voitage is calculated from the results of the
AMPTD CAL routiae (see Paragraph 8-74).

8.72. Qutput Amplifier {Service Group K).

8-73., The Qutput Amplificr i an inverting operational
amplifier that is designed for wide frequency response
and low distortion. Its output stage is protected against
excessive current by & 0.125 A fuse and against excessive
voltage by diodes connected to the + and - 13 V sup-
plies. Qutput resistance is 50 ohms.

8-74. Level Comparatar and AMPTD CAL. During the
amplitude calibration process (AMPTD CAL), the Level
Comparator is used to determing the offset and signal
amplitude errors of the 3325A output. To do this, the
processor sets the signal amplitude to zere and varies the
vaoltage of the “Level” input to the comparator to
determing the d¢ offset in the amplifier output, The
procecssor computes the de offset error and programs an
offset correction. The processor then sets the signal
amplitude to 8 V p-p (with full attenuation) and proceeds
10 determine both the positive and nepative peak voltages
in a similar manner, Fram this information it computes
the gain crrar, which is used for subsequent amplitude
calculations for apy rangc selected. This error
information is retained and used by the processor until
the next amplitude calibration, which may occur because
of the change in the function programmed, or becauge the
operator or HP—IB systam controller programmed
AMPTD CAL,

8-75. The Level Comparatoris alse used to reset both the
positive and negative-going ramps for frequencies of 100
Hz and higher. The " Level” voltape is set by the processor
to the peak ramp voltage programmed. When the ramp
and “Level” voltages are equal, 2 Ramp Reset pulse is
generated by a one-shot and used 1o togglea Ramp Reset
flip-flop (see schematic in Service Group J). The ramp iz
then reset as explained in Paragraph 8-65, If the “Level”
voltage ig et ineorrectly, the digital phase detector causes
the ramp to be reset, and the Function Integrity Flag to
the processor io be high (see Paragraph 8-6%). The
processor then adjusts the * Level” voltage until the Level
Comparator output resets the Fungtion Intsgrity Flag,
indicating that the ramp is being reset by the Level
Comparator. This ramp “loop level” process is disabled
when the frequency is being swept or modulation is
cnabled.
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8-76. Sync Comparator and Driver. The amphfier
putput waveform is one input to the Synt Comparator
and the other input is the DC Offset voltage level. Il ne de
offset has been programmed, the DC Offset voitage is
zero and the comparator output changes at zero volts.
This results in a Sync square wave whose transition
occurs at zero volts crossing of the output signal It
follows, then, that the Sync signal transition occury
whenever the output signal erosses the DC Offset voltage,
when an offset has been programmed. The Sync signal is
the passed through inverter circuits to both the front

and rear panels,
8-77. Attenuator (Service Group L).

8.78. Relay Drivers. Refer to the schematic diagram in
Service Group L. Relay selection data is provided by the
lines labeled KO through K7 and is stored in the D flip-
flops of A141749. This information is obtained frem the
Machine Data Bus through A14U29 (see Service Group
1. Seven of the relay driver cireuits are contained in one
integrated circuit package, and the eighth is a discrete
transistor circuit. Current through the relay coils 15 limited
by the Q77, Q78 circuit. Because atching relays are used,
continuous current is not required. Therefore, after a
relay has been switched, the driver can be turned off by
the KO-K7 information. The D flip-flops are clocked at
the proper time by a signal that is also decoded in A14U27
from the Machine Bus data.

8-79. Attenuator Relays and Pads. Relays K1, K2, and
K3 control the output signal attenuation, Table 8-1
shows the voltage ranges, both with and without dec offset
and the relays and atienuation factors involved. The
output relay, K4, switches the output to the front or rear
panel in a standard instrument and switches the High
Voltage amplifier in or out in Option 002 instruments.

8-80. High Voitage Output Option 002 (Service
Group M).

881. The High Voliage Output Amplifier is non-
inverting and has a gain of two. It is designed for
operation over a bandwidth of 0 to | MHz. The outputis
current-protected by a 0.25 A fuse, and voltage-protected
by diades to the » and - 30 V supplies. Qutput resistance is
essentially zero. Plus and minus 30 V vegulators which
supply power for this amplifier are a part of the option.
Input power for these supplies is provided from a
scparate winding on the instrument power transformer;
consequently, these supplies are on at any time ac power
is connected to the instrument,

8-82. Sweep Drive Circuits (Service Group N).

8-8§3. The Sweep Drive Circuits provide three cutput
signalis that can be used in oscilloscope, plotter, and
similar applications: Z Blank, Marker, and X Drive,

8-84. Z Blank. The Z Blank output voltage levels are
TTL compatible. This signal goes low at the start of a

8.19
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Table 8-1. Atltenuation and Voltage Ranges.

Model 33254

Artenuation
Factor

Attenuator
Ralay
In

Amplitude {Peak-to-Peak, 50 2}

AC Only (Na Offset)

AL {With Offset)

Maximum
Offset
[+ ar =]

Minimurn
Qffset
{4 or =~}

Do
Only
i+ or -}

None

10,00V
tc
3.000V

2.988 VYV
to
1.000 v

0.0 v
e
4,800V

1.00G¢ mV

4.500 V
19
1.500 Vv

2,299V
ta
1.000V

992.8 mv
to
333.4 mV

1.166 V

1o
1.408 VY

2,100 mV

1.498 v
to
0.500 Y

288.6 mv¥
10
300.0 mv

3333 mV
1o
100.0 mv

3323 mv
o
450.0 mv

0100 mV

499.9 mV
13
150.0 mV

299.89 mv
to
100.0 mv

98,98 mv
to
33.34 mV

116.6 mv
to
149.8 mv

Q.10 mv

149.9 mV
to
50,00 mV

99.89 mV
10
30,00 mV

3333 mV
1
10,00 mV

33.33 mV
ic
45.00 mV

0.070 mv

49,93 mV
to
15.00 mv

K1, K3

29,98 mv
to
10,08 my

54995 mv
te
3.334 mV

11.66 raV
10
14.95 mV

0.001 mv

14.95 mV
1@
£.000 mV

K1. K2

2,299 m¥Y
1]
3.000 mV

3.333 mv
o
1.000 m¥Y

3338 mv
¢
4500 mV

0.001 mv

4,898 mV
e
1.800 mV

K1,K2,K3

2,993 mv
to
1.000 my

1.489 mV
o
0.001 mv
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Figure §-23. Marker and X Drive Start-Stoep Flip-
Flops.
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lincar or log single sweep, high ai the end of the sweep,
and remains high until the start of another sweep. For
continuous sweep, Z Blank is low during sweep up and
high during sweep down. The Z Blapk gutput circuit is
capable of sinking current through a relay or other
device. The maximum ratings are:

Maximum curreat sink: 200 mA, fused at 25 A
Allowable voltage range: 0 V to +45 V de
Maximum power (voltage at output x current): | W

8-85. Marker Output. A Marker output pulse occurs
only during linear sweep up, either single or continuous
sweep. The NANID gate flip-flop that produces this
output is shown in Figure 8-23. The output is high at the
start of a sweep up, then the Sweep Limit Flag input goes
low at the Marker frequency, changing the flip-flop
output 1o low, Immediately following a sweep up, the
Marker Reset input goes low, reserting the flip-flop
output to high.

8-86. X Drive. The output of the X Drive Start/Stop
flip-flop (Figure 8-24) is sct high by the low true Start
signal and is returncd to low by the Sweep Limit Flag
pulse that oceurs at the end of the sweep, The Start signal
remains low wntil just before the end of sweep to prevent
the Sweep Limit Flag pulse that sets the Marker flip-flop
from also changing the X Drive flip-flop. The marker
frequency and stop frequency points must be sepatrated

“ by approximately 400 microseconds to allow time

Seivice

between the two Sweep Limit Flags for the coatrel
circuits and Fractional N IC to retumn the Start signal to
high and proeess the information for the stop frequency.

8-87. The high output from the Start/ Stop flip-flop is
used to turn on one of two analog switches, depending
upon which Range signal is high. Range 1 is high for
sweep times of 0.0 second to 0,999 second, and Range 2
is high for times of | szcond te 99.99 seconds. As
illustrated in Figure 8«24, each analog switch turns on a
switch for the duration of the sweep, providing current to
an integrator whose output is the X Drive ramp. The
valuc of the current to the integrator depends uponthe X
Drrive analog voltage and the resistance in the integrator
input circuit. The resistances are fixed at 10 kilohms for
Range ! and | megohm for Range 2. The value of the X
Drive voltage is supplied from the I}/ A Converter and
Sample/Hold circuits (see Paragraph 8-33) and is
calculated by the control circuits to provide the proper
current to increase the X Drive Qutput Ramp from0 Vto
+10 V during the sweep time selected.

2-88. Following a single sweep, the X Drive ramp
remains essentially at +10 V until reset priortothestart of
another sweep. (This voltage will drift downward less
than 10 mV/sec.) During continuous sweep, the ramp is
reset at the start of sweep down. The reset switchis a FET
connected across the integrator capacitor. The Ramp
Reset pulse is initiated at the proper time by the control
cirewits.

INFUT

ANALDG EW I TCHES

SWITCHES

REWGE | ____f
(HIGH TRUEI

START
(HIGH TRUE)

RANGE 2
THIGH TRUED

X DRIYE

{oC VOLTAGE!

INTEGRATOR

RAMP

RESET
|

A A X DRIVE
QUTFUT RAMP

3325A=Z2%

Figure 8-24. X Drive Ramp OQuiputL
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8-89. Crystal Oven Option 001 (Service Group
M},

8-90. AC power for the Crystal Oven is supplied by a
separate wingding on the instrument power transformer.
Consequently, power 1s supplied to this asscmbly at any
time ac power is applied to the instrument. A +15 V
regulator provides dc power to the Crystal Oven, The
aven output frequency is 10 MHz. It is capacitively
coupled 1o the rear panel output connector.

8-91. Power Supplies (Service Group O).

8-92. All three regulators, + 5V, + 15V, and -15V (shown
in the schematic diagram in Service Group 0) are voltage
and current controlled. Each repulator has a voltage sense
connection. If the voltage at the load is too low, for ex-
ample, this sense voltage feedback causes the regulator
10 adjust its output to the correct voltage, If the output
current increases excessively (because of a short circuit,
for example) the voltage drop across the corrent sensing
resistance causes the active device in the current sensing
circuit to Iimit the current through the sertes pass
regulator.

§-93. When the front panel POWER switch is in the
STBY (standby) position, the three main power supply
regulators are disabled. However, power is still applied to
the HP—1B input/output ¢ircuits, the Oven Assembly
{Option 00]), and the High Veoltage Output Amplifier
{Option 002). These circuits have their own regulators,
which are active at any time ac power is connected to the
instrument.

Mode] 33254,

8-94. When the POWER switch is in the STBY position,
as shown in the simplified schematic of Figure 8-23, a
positive voltage is applied through K1 relay <oil to the
emitter of Q11, biasing this transistor into conduction.
The current is limited by resistors R30 and R32 so that
the relay is not activated. Q4 is biased on by the carrent
through Q11 to the point where it behaves in the same
manner a3 it wonld if there wasexcessive current through
the sensing resistor, R4. This causes the series pass
regulator, 2, to be turned off, disabling the -13 V
regulator. Because the +5 V and +15 V regulators are
referenced to the -15 V supply, they are also disabled.

8-95. When the POWER switch is sct to ON, the emitter
of Q11 is grounded, twrning this transistor off,
Consequently it has no effect on the -15 V regulator
circuits, Relay K1 is activated, turning on the blower.

8-96. An overvoliage protection circuit in the + 5V sup-
ply prevents the voltage from becoming high enough to
damage the TTL devices in the instrument. This circuit
consists of an S3CR (A2CR10) which is trizgered if the
voltage across A2R14 becomes too great. (Refer to the
Power Supply schematie, Service Group O.) When the
SCR is tripgerad, it becomes a short circuit betwaen the
unregulated + 5V and ground. The result is that the + 5V
regulator is disabled and the power input fuse, F1, will
be destroved.

8-97. The anly voltage adjustment is A2R 322 in the-15V
regulator, This control adjusts the +5 V and +15 V
outputs also because they are referenced to the -f3 V
supply.

=5y

)

(UNREGULATED

+5
{UNREGULATED )

[REGULATED!

Tz,

AARBALTE

Figure §-25. Power Supply Standby/On Circult,
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6-98. SINE AMPLITUDE CONTROL PATH.

8-99. Amplitude Control Cireuitry.

8-100. The control of sine output amplitude involves a
large amount of circuitry. The circuitry used is shown in
Figure 8§-26. Each block in this figure indicates the cir-
cuit board and schematic appropriate to that function.
The process begins with the processor loading a number
into the preset counters. For the length of time that it
takes for these counters t¢ count to zero, a current source
is on and is charging up an integrator in the DAC. When
the current source turns off, the integrator voltage is sam-
pled and held. This D.C. voltage goes through a gain
stage and a multiplier chip and establishes the bias on
the 30MHz switch. This controls the level of the 30MH:z
reference signal to the mixer. From the mixer, a 0-20MHz
signal is supplied to the function circuits, the output am-
plifier, the attenuator, and on to the instrument output.
Through all these stages the signal’s amplitude is con-
trolled by the D.C, voltage to the 30MHz switch,

Service

8-101, As scen in Figure 8-26, there exists a feedback path
through the processor. Using a peak detector, the proces-
sor 1s able to sample the D.C. offsets and amplitude of
the signal at the output of the Qutput Amplifier and com-
pensate for errors by loading adjusted numbers into the
Preset Counters.

8-102. Auto Calibration Disable (ACD).

B-103. When servicing the amplitude control path, it is
imperative that the feedback path be eliminated before
froubleshooting begins. This is performed by tying the
ACD test point (on Al4) to ground. This breaks the
loop by preventing the processor from performing
subsequent Auto Calibrations. Afier fying ACD to
ground, cycle power off, then on, to erase from RAM
all previous Auto Cal information.

PRESEY

CURRENT
SOURCE
Ala-1

COUNTER
Al4-1

DAL
Ald4-1

HULTIPLIER
A3-G

A

PROCESSOR
AB-L FUNCTION

The amplitudas CaRbration Cisable, ACD, I3 wsed to brepk the
toedbeck path duwing troublashooting of samplicuda probtame
Cormect ACD to Gnd and pycle power olf and on.

s CIACUITS
Ald-J

—0 PK

MIXER
A3-—H

e

PEAK DUTPUT

Ald-K

ATTENUATOR]

HIGH VOLTAGE
GPTION QOZ
AB-H

AZ3-L

BETECTGR & amp| JF1ER »

numbser followed by tha sehamaric nomber.

l Each box containg a code such a3 & 14-1. Thia liats first the baard l

3EUEA-G - TR

auT

Figure 8-26. Sine Amplitude Control Path.
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8-104. SERVIGING INFORMATION.
8-105. Power Line Vnltage Selection.

8-106. Instructions for setting your instrument to the
proper power line voltage are contained in Paragraph
2-8 and Figure 2-1.

8-107. Fan Filter.

8-108. The fan filter must be inspacted frequently and
cleaned or replaced as necessary to permit the free flow
of air through the instrument. To clean the filter,
remove the four nuts that secure the filter retainer,
remove the filter and flush with soapy water, rimse
clean, and =air dry.

B-109. Adapter Cable.

§-110. An adapter cable may be made as shown in Figure
B-27 that will aid in adjusting and troubleshooting the
instrument. This cable has a phone plug at one end to
connect to the phono jacks used as signal connectors on
the printed circuit board. The BNC connector at the other
end connects to the input of an oscilloscope or other test
equipment.

B-111. Aceese to Revarse Side of A21, A3, A14, and AB.

8-112. The square slotied fastemers used to secure one
edge of printed circuit assemblies A2), A3, Al4, and Ab
can be used to support the board in a vertical position,

Table B-2. Assembly/Cable Compatibility for Serigl Numbers

1748A04250 and Balow,

Atfected Destination
Assamblyiies)

Assernbly Te Be
Replaced

Cahls/ Fart Numbers For
Dastimation Assy

Connactor S
Modification

1] A3
03325-66808 * All Rev A and Rev
B Bogrds

Ald (A4}
* All A4 Revisions
and A4 Rev A

AZ1 (A1)
* All A1 Revisions
and AZ1 Rev A

B120Q-2108 (Chh**
1251-6667 iConn)

Wa3/Aa3Nn

£120-3108 (Coh"*
1251-6587 (Conn}

W32/A1401

8120-3108 (Cbh""
1251-8567 [Conni

W3t/AZ101

A4 {A4) AB
{03325-66514{04) * All Rev A, Rev B
and some Rev C

AZ3 (AT
All A7 Revisions
and A232
RevA/RevB

£120-3108 (Cbh**
1261-B587 (Coanny

W32/A842

8120-3216 (Cbh**
1251-60684 (Connj

WaD/A23J30

A2
03325-66503

AB
All Rev A, Rev B
and some Rev C

W33/AB)2

8120-3108 (Cbip**
12681-6687 {Conn}

AZ1 {AT)
03325-66521(01)

AE
All Rev A, Rev B
and some Rav C

W317AG6J4

8120-3108 (Cbli*~
1251-6567 (Conn)

AZ3 (A7)
03325-66623(07)

Al1d (AL
All Ad Ravisians
and A14 Rev A

W30/A14030

B120-3218& (Chlh**
1251-5064 (Conn|

=+ pczamblies ordered for replacement contain the new gennectors, however, the ne\_rver_{gray} C-ﬁble_s are
not included. Thay must be ordered zeparately along with the connecters for the destinglien assernblizs.

Note - Because of the increased refiability, all cables and connectors should ba changed regardiess of th_a
assembly and destination assemblies involved. Cable and connecter raplacenment is recommended even if
board replacement ig not raquired.

Note - If necessary {although mat racammended), & naweér replacement assembly may be fitied with the
older cornactors (PN 1251-4484, 21 pin/ 1251-4390, 14 pin for use with the older (white) cables {F/N
8120-2677, Gin/8120-2576, 2. 3in).




Service

permitting access t0 both sides of the assembly for ser-
vicing. All cables may be left in place and the instrument
may be operated with a board in the vertical position.
After releasing the printed circuit board by removing all
screws, screw the square fasteners back into their threaded
standoffs, and insert the edge of the beard into the slots
in the fasteners, as shown in Figure 8-28(a). The -hp- part
number of the fastener 18 0570-0621. Newer 33255 may
not have thege standoffs installed.

Make sure that the fasteners de not contact
any vircuitry orher thoan the ground piane.

B-113. A6, A14, A3, AZ1, A23 Connector Compatibility.

8-114. 3325A°s with serial nurnber 1748A04250 or below*
contain PC assemblias with certain cables and connec-
tors which are not compatible with later revision boards.
When replacing A6, Ald, A3, A2l, or A23 in a 3323A
in the range identified above, the connector(s) on the
older destination assembly must be changed in order 1o
be compatible with the cables used with the newer boards.

Muodel 3325A

For example, if the A6 Controlier assembly is replaged
in a 3325A containing the older boards and cables (white),
connectors Al4J1, A3J1, and A2171 on the destination
assemblies must be replaced also. The new connectors
which can be mounted in the same holes as the old ones,
were implemented because of their greater reliability.

Table 8-2 identifies the assemblies, cables, and connec-
tors affected when board replacement is necessary.

8-115. TROUBLESHOOTING INFGRMATION.

8-116. Service Information is organized into service
groups, which inelude sehematic diagrams, block dia-
grams and troubleshooting information for specific areas
of the instrument. Paragraph 8-2 contains an index of
the circuits and the service groups in which they can be
found.

B-117. Test Equipment Required.

8-118. Table 8-3 lists the test equipment needed to
troubleshoot the 3325A. Any equipment that meets or
exceeds the critical specifications may be substituted for
the recommended model.

Table 8-3. Test Equipmant far Troubleshooting,

Ingtrument Gritical Specifications

Recommended Model Use

Signature Analyzer Signature; 4-digit hexadecimal
Charactars: Othru 9, A C.F.H.P.U
Threshold:

Logic 1: + 2.2 ¥

Logic O + 0.5V

Clock Frequency: = 1.5 MHz

-hp- 50044 Logic Cirguit Trouileshgeting

Pulse Rate: 500 kHz
Pulze Width: =1 us
DC Ofzer: 1V

Pulss Gensrator

-hp-3312A Logic Circuit Troubleshooting

DE Function
Aangss:. 1t 100V
Accuracy: +0.2%
AC Function
Ranges! . 1ta 100V
Accuracy: £0.5%
Ohmmeter
Aanges: 100210 1 ME
Accuraey: + 1%

RQigital Multimeter
4 Digrt

~hjp- 34664 General Troubleshooting

Vertical
Bandwidth: do to 100 MHz
Deflection: B mV ta 10 Vidiv
Horzontal
MainSweep: B0 n2 to 2 sfdiv
Delayed Sweep: 50 ns 10 20 ms/div

Oscilloscope
2 channel

~hp~ 174034 General Troubleshooting

Etectronic Countar Fregquency Measuremeant: to 20 MHz
Acturacy: + 2 nounts

Resolution; 8 digits

-hp- 53284 + N Counter Troubleshooting
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COAXIAL CABLE = 1
METER -hp- PART NO.
8120-Q0144,

NUT .hp- PART NG,
1250-0030,

BNC BORY -hp- PART NQ.

1280-0052. PHONO PLUG -hp- PART

NG, 1251-06888.

8NC PIN -hp- PART NCIL.
1250-00G9,

Figure 8-27. Adapter Gabla.

Figure 3-20(al. Access to Reverse Side of Assemblies,
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8-119. Adjustments Requirad After Repair.

8-120. Following repair of some citcuits, certain adjust-
ment procedures muost be performed to assure proper
operation of the instrument. These adjustments are
shown in Table 8-4.

8-121. Basic Troubleshooting Precadures.

§-122. Make sure all cables and connectors are firmly
seated and that the flat cables from A6 to A21, A3, and
Al4 are properly aligned in their connectors. Look for
burned or loose components. Also make sure the
microcircuit packages that are mounted in sockets are
firmly seated.

#-123. The flowchart of Figure 8-28(b) may be used to
help isolate the trouble. Some symptoms that are iden-
tifiable from the display, outpuis, or response to inputs
or entries are given in Table 8.5, along with suggested
arcas 10 begin troubleshooting,

B.124. Orientation Of Componants.
8-125. A square pad is used on the printed circuit board

to aid in orientation of certain components for replace-
ment and in identification of connections.

Component

Fin 1

Emitter

Source

Cathode

Positive Connection

Integrated Circuit
Transistor

FET Transistor
Diade

Electrolytic Capacitor

Model 3325A

$-126. Mnemonic Dictianary.

8-127. Most of the logic and data signals in the 3325A
are identified on the schematic diagrams by a mnemonic,
which 15 essentially an abbreviation of the signal name,
Table 8-6 is a dictionary of the mnemonics used in the
3325A.

8-128. Logic Troubleshooting by Signature Analysis.

8-129. Because of the increased complexity of the logic
circuits used to control many instruments, malfunctions
in these circuits are very difficult to locate. The concept
of Signature Analysis is based on the fact that at a par-
ticular paint in a cirguit, the data pulses are predictable
under specifically programmed conditions. An instru-
ment such as the -hp- 5004A Signature Analyzer com-
presses the data at a piven point during a controlled time
span (window) and displays the resulting four-character
signature, This signature indicates whether the correct
data was present at the measvrement point, and this in-
formation can be used to locate a defective component,
The signature analysis method is used to troubleshoot
the 3325A logie in Service Groups A, B, and C,

8-130. The flowehart of Figure 8-28(b) and the symptoms
listed in Table 8-5 may direct you to a Signature Analy-
sis Test in Service Group A, B, or C. Basically, the vari-
ous tests apply to the following circuits:

Table B-4. Adjustments Required After Repair.

Girguit Repaired

Service
Group

Adjustrents Reguired

Keyboard

HP-IB

Control

voltage Controlled Oscillator

VCQ Buffer

= M.FCounter

FractionaiM Analog

30 MHz Cscillator

Sine Amplitude & Amplitude
Mad.

Mixar

DA Converter and Sample/Hold

Ramp Gating Gircuits

Output Amplifier

Sweep Range Circuits
X Orive Integratar

High Stability Referance
Power Supply

Ae—TI OonmmpOoOme

oOZ2=Z>

Mong

None

None

VCO Freguency

Nane

Nane

Analog Phase Interpotation
30 MHz Reference Oscillator
Amplitpde Gain

Mixer Gpurs

DyA Converter Offset
Remg Sigbility
Amplifier Bias
Amplituda Flatress

X Drive

X Drive

High Stability Reference
Fower Supply

OsA Coanverter Offset
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T Pm

Ciremits Tested

o |
ROM B-C-2

ROM’s (A6U1-4), Processor
(A6U9), and Buffer (AGUI0).
Unless these circuelts  are
operating properly, none of
the other tests will work.

This test is a point-by-point
signature analysis of all 1C’s
on the AG assembly,

Tests the ROM/RAM address
registers and buffer circuits.

Checks the ability of the RAM
address register 10 count up
and down. Checks RAM out-

Service

Checks the HP-1B data path
from the processor to the
HP=-~IRB connector and back. It
does not check the handshake
circuits.

Checks the ability of the pro-
cessor to identify fromt panel
switch closures. Also checks
A% LED drivers, current
sources, and digital circuits.

Checks the data path from the
processor to the fractional N
control IC (A21U19), and
checks saveral operations of the
fractional N control.

put data.

Table 8-5. Trouble Symptoms.

Symptoms

Troubleshooting Frocedures

Symptoems

Troukleshooting Procedures

Ng front panel display or
annunciators.,

Abnorma!  display ehar-
acters (partial characters
or all segmeants stay onl,
no response to frant panel
entries.

Dieplay appaars normal,
but no response (0 froot
panel entrias.

Instrument accapts 2n-
tries bui has ng signal gr
Synic outputs,

Mo signal output; syt
QUTpUT COrrect,

Will not sweep frequency,

X Drive, Z Blank, or Mark-
ersignals incarract.

When External Reference
or Option Q01 is cone
nected to rear peanel REF
(N, front punel EXT REF
annunciator does not light
or flashes on and off,

Output frequency incor-
rect.

If power supply voltages are correct
{zee Service Group O] go to Searviga
Graup C; if not, troubleshoot power
supply, Service Group 0.

Servige Grougd C

Service Group C

Service Group K

Service Grouts L

Service Group E

Servige Group N

Service Group G

Servigg Group G

No AUX output or incor-
rect frequency (sine func-
ticn 21-80 MHz); front
panel output normal.

Amplitude Modulation
dogs not respond proper-
Iy

Phase Madulation doas
not respond propetly.

Display reads OSC FAIL.

Quiput amplituds incar-
rect for all functions,

Instrument accepts front
pangl gntrigs but will not
ptogram from HP-1B, Fails
HP-IB Parformandca Test.

QBC. FAIL display indica-
tion but oscillator circuits
zhegk good.
Digplay or  hkayboard
switeh problems.

Control prablems, oF in-
strument “legks wp'* and
will vat accapr entries,

Cannot perform Signature
Anabysis Tests 1,2, ar 3.

Above tests do not locate
the defective componant.

Sarvice GroupD

Service Group G

Servite Group F

Service Group B
Service Group L

Sarvice Group B,
Signature Analysis Test 3

Service Group C,
Signature Analysizs Test B

Service Graup A,

Signaturs Analysis Test 4
Service Group C

Signature Analysis Tests 1, 2
Servier Group C

ROM Signature Analysis Test

Service Group C
Signature Analysis Test 0

8-29
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Tahle 8-6. Mnemonic Dictionary.

Mremonic Befinition Mnzmonic Dedinition

HATL Addressed to Listen HMBLD
HATHN Attention thru Machine Bus Latch@~7
HATT Addressed to Talk HMBL?
HMC Nain Clock
H BBCL Bus Clock on HP - 1B side of isclation HMDQ
LBCL Bus Cliock to HP-1B thru Machina Data Bus @ -7
HBDCE HWMDO7
thru Direct Control @- 1 on HP - B side of
HBDC1 isoiation H NBAA, New Byte Accepted by Acceptor
HBDS1 Handshake
thru HP - 18 Data Serial 1-2 HNBAS New Byte Available to Source Handshake
HBDS2 H NBMB Enable Machine Bus Latch to
H Bt Bus Interrupt Machine Bus
HEBIG Bus Interrupt Gated LWNDR MNaw Clata Ready
LBOR Borrow (from AAR Law) L NMBP Enable Machine Bus 10 Processor Bus
HBFION L NRABE Enable RAaM &ddress 1o Machine Bus
thru HP-IB Parallal Input Data 1 -§ HHNRCA Enable Faset Code A
H BPID& LNRCE Enable RCR to Maching Bus
HEFGD LMRD Enable AOM Data
thru HP-- B Parallel Qutput Data 1-8 LNSLF Enable Sweap Limit Flag
HaPoDa
HBSID HF-IB Sernal Inpu1 Data LoDV Qutput Data Valid
HB850D0D HP- 1B Serial Output Data
H PO
L CAR Carry irom RAR Low| thru Pracessor Data Bus @7
HCDN Count Down Enable HFD7
L CHK Check H PIDZ
HCaDA Code A thru Farallel Input Data (Frem HP - 1B,
HCO0B Code B HFPID? Processor side of Isolation}
HCS50 L.PRS Freset
thru Chip Select #-2 HPSG Program Source Gate
H{S2
HCS@D HRAQ
thru Chip Select @ - 2 Delayed thru ROM Address @-11
HCS820 HRA11
HCS100 LRAD Read Arithmetic Data (from N.F Chip)
thru Chip Salect 1-2 Doubly Belayed L RAN RAM A Enable
HCS200 L REA Read Bus Address
LCSA Clock Shift Register (Kayboard & Displayt LRED Head HP - IB Date
L CSAZ Clear Select ROM Zora LRBN RAM B Enalrle
HCUN CountUp Enable LRCA Feset Code A
LRCE Heset Code B
LDAC Data Accepted LRCHN RAM C Enable
HDCo HREN Remote Enable
thru Direct Control @ - 6 LRFD Ready for Date
HDCE LRFF Read Function Flags
LRFND Reset Fatch New Data
LDOE Data Out Enable LRIR Read Interrupt Register
HDSG LRKEB FRead Keyboard Data
thru Device Salect @-3 HEMAD
HD5%3 thru RAMADDRESS Q-9
LEC External Clock {to M.F Chip? HRMADZ
HEQI End or Identify LROVD Reset Qutpui Data valid
LRES Head Signal Source Data
HFND Fetch Mew Data L RN FAM Write Enabla

HiAK Intarrupt Acknowlgdge L SAR Selact RAM Address Register
HIBI Inhibkir Bus Interrupt HSATL Set Addrassed to Listen

HIEM Imterrupt Enable HSATT Set Addresged to Talk

LIFC Imerface Clear LSCA SetCode A

LIFC" Interface Clear Latched LSCB SetCode 8

HIl Interrupt Inbibit LSCR Selact ROM/RAM Control Register
L IMBP Inhibkit Machine Bus 1o Processor Bus LSFND SetFatch New Data

LNV Instruction Valid (to N.F Chip} HSLC Sweep limit Control

HSLF Sweap Limit Flag

HEKI Kilahertz Clack Interrupt H%LI Swaap Limit Interrupt

L &M Select Monitar

LLCMN Load ACR Enable LSM5 Select Machine Bus (from Decaoder)
L LB Load Data In L5SMBL Selact Machine Bus Latch

LLRO Load Data QOut LsSoD Serigl Quiput Data to HP-1B, Processor
LLMBL Load Machine Bus Lateh side of Isolation

HLNG Listening LSOvVD SetQutput Data Valid

LLRAR Load RAM Address Register H&P Spare

HSRA Selact RAM A

LLRCR Load RAMAOM Conral Regiscer HSAB SelectRAM B

LLRP Load RAM Fage Register |frorm Decodern) HERC Select RAMC

HERM Select RAM (from Decoue.:
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Se1 POWER Switch From |

STEY TG ON

Does
Fan Stan?

Daes
Frane Panat
Rispay Indicans:
Funcilogn Sing
Freguancy 1000 GHz

Arg
Any Front
FaneilLED's
On?

I
Rear Panel
Fuee Good?

Detormina Aanzon Fer End Faze
And Replace. Sen Serulna Graog
0.

Chaok A2K1 And Fen. See Sery-
o Growp 0.

| Cheok Powar Supplies. Servce

Group 0.

Iz
Drisplay Blank?

hrs
Power Supply
“Waltages Carrect?:?
Barviea Gramp
L1}

Fress:
Blue Key
SELF TEST

Chech Pawer s_uppliu Serrics
Srup 0.

Dict
AllLED's
Light?

Did
Display
Momentarily
Read:

Are
Cisplay
Cheracters
Abnoermal?

Cross
Displey Read
QECFAIL?

Go To

Group .

Ga Te Logle Trouble-
shopting. Service Group

Ga To Logic Trouble-
shooting. 3ervice Group
C.

Did
Display
Momentarily
Read:

FAIL 2

Drigplay
Mormeritarily
Read:

Vo

Troubleshaoting, Serwice

Go To 3ine Wave Troukle-
shooting, Service Group J

Ge Te Square Wave Trou-
bleshooting, Service
Group.J

shoating, Service GroupJ

Go To Triangle Trouble-

Figure 8-28(b). Basic Troubleshooting Procedure.
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GENERAL SCHEMATIC Q

. PARTIAL REFERENCE OESIGNATIONS ARE SHOWN,
PREFIX WITH ASSEMBLY OR SUBASSEMBLY DESIG.
NATIONIS: OR BOTH FOR COMPLETE DESIGNATION.

. COMPONENT VALUES ARE SHOWN AS FOLLOWS UN-
LESS OTHERWISE NOQTED.
RESISTANCE IN OHMS
CAPACITANCE IN MICROFARADS
INDUCTANCE 1N MILLIHENRYS

DENDTES BUFFER

1 DENQTES EARTH GROUND,
== USED FOR TERMINALS WITH NO LESS THAN A
T ND. 18 GAUGE WIRE CONNECTED BETWEEN DENOTES INVERTER
TERMINAL AMD EARTH SROUND TERMINAL OR
AC POWER RECEPTACLE.

Y Y

m

4 —
DENQTES FHAME GROUND, B
USED FOR TERMINALSE WHICH ARE FERMA. cC —
NENTLY CONMNECTEQ WITHIN APPROXIMATELY

0.1 OHM OF EARTH GROUND. POSITIVE AND

DENOTES GROUND ON PRINTED CIRCUIT
ASSEMBLY, (PERMANENTLY CONNECTED TO

FRAME GROUND). NEGATIVE OR

I T I Irrrer|»
I Ir-rrHr ITIfr

IrxTrrIrC Ir |0
rrrrrrrerr |G

DENOTES ASSEMBLY,

DENOQTEE MAIN SIGMNAL a
PATH,
DENOTES FEEDBACK

PATH. FOSITIVE NAND

A
10, E:! DENQTES FRONT PANEL MARKING, B @_ a
c

p=—n NEGATIVE NOR
1m. y GENOTES REAR PANEL MARKING.

r
m

rrrTxrr T r
ITr - IITC
L r I rITrr T (3
F I ITITTITITTIT | O

12. ﬁ CENQTES SCREWODRIVER ADJUST.

—Q

13. * AVERAGE VALUE SHOWN, OFTIMUM VALUE SE-
LECTEQ AT FACTQRY, THE WALUE QF THESE
COMPONENTS MAY WVARY FROM ONE INSTRU. NEGATIVE NAND
MENT TO ANOTHER. THE METHOD OF SELECTING
THESE COMPONENTS 15 OESCRIBED 1 SECTION V
OF THIS MANUAL.

W
14, =3 >~ DBENOTES SECOND APPEARANCE OF A CON- POSITIVE NOR
e NECTOR PIN.

rxxIxIxIrrrrrrj»
rIrIrr I jo
I-frIr@rIrrITre |Q
reerFcFrMP PP TIA

15. 4924 y DENOTES WIRE COLOR: COLOR CODE 3AME AJ
RESISTOQR COQLOR CODE. FIRST NUMBER IDEN- :

b
m
]

TIFIES BASE COLOR, SECOND NUMBER IDEN- A

TIFIES WIDER STRIP, THIRD NUMBER |DENTIFIES

NARROQWER STRIP. {eg \92% =WHITE, RKED, B

YELLOW) EXCLUSIVE OR GATE

. ALL RELAYS ARE SHOWN DEENERGIZED.

IrIxxrrr
IrIr
rTxTe
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REFERENCE DESIGNATIONS

ASSEMBLY ABSEMALY
REFERENCE ASSEMELY PAAT NUMBER
DESIGNATION NAME  UNCLUDES A2AI SLDASSEMBLY]

Jubiil iy N A

A2 | POWER SUPPLY (OOXXX-86501)

G P15 MOUNTED ON ASSEMBLY OR iS5 FAR
,4/5";” THE ASSEMBLY BOARD MET%E ossnsmmn 1S azPy I
)

JACK XAZ 18 MOUNTED OM
CHASSIS OR ANCTHER ASSEMBLY

@_-—‘L FERm'fE

Pi 13 NOT MOUNTED E. R3 FEST VOLTAGE

ON A2 ASSEMBILY 2 PI\ 3 YAZ
wa-COMPLETE DESISNATOR (S 42ZR4 |
t

[COMPLETE DESIGNATOR 15 Al
sR4
4

SUEBASSEMELY DF NGT

_-.< (.A__._.__._< //fcomLer BESIGNATOR 15 A2Al)
“*"‘( (*j NLMBER morcnrss

Pik OF XA2 AN

{5 MAD

'
I |
4 le _ B,
o

WIRE COLOR! COLOR CODE IS THE SAME l\ P18, CONNECT
s THE FESISTOR GOLGR SO0k FIRST. o 4 ok Fendr S | v OR A AWHTIRED
U WO 7 WO,

NIBER INET IS Wokh ST ANy | MAY NOT BE MUMBERED | NOT 8 NUMBERED

THE THIRD INDICATES THE N‘RRGIVER T \D\

STRIS (929, DENOTES WHT/RED/YEL WIRE) '

PARTIAL REFERENCE DESIGNATIONS ARE SHOWN: PREFIX WITH ASSEMBLY OR SUBQSSEMBLY
DESIGNATION(S] OR BGTH FOR COMPLETE DESIGNATION

DIE ES SCHEMAYIC
ON WA CH CONNECTION

MALE STANDOFF /‘I\F’EMALE PIN

TOR ON
WIRE

S5TD-B-HIE

8-33/8-34
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SERVICE GROUP A - KEYBOARD AND DISPLAY.

Troubleshooting (nfermation.

The most common problem with the AS front panel assembly are stuck keys. A stuck key
is often noticeable by its *‘lack of play’’. The following troubleshoating hints are intended
to help determine whethet a problem on the AS assembly is due to a malfunctioning key or
a component failure.

1. Check the 1kHz clock signal at TP1, TP2, and TP3. The 1kHz clock is the rate at
which a logic *17°, supplied by HMD4 of the machine dara bus, is shifted through
registers U6 and U3,

2. Check U3 pin 13 for a 5V pulse every 16ms. A 5V pulse on this pin at a 16ms ratc indi-
cates that shift registers U6 and U3 are functioning properly.

3. Using an oscilloscope, look at the inputs (D0-D3) to US. A negative going pulse on one
of these inputs occurs when a front panel key is pressed. A negative pulse that is present
when no keys have been pressed indicates a stuck key.

4. Check the machine data bus lines at the input and output of U9 for logic level transi-
tions. The same level present at the input and its corresponding output indivate a problem
with U9,

5. Bignature Analysis Test #4 can be used to determine if a key is stuck. This test also

checks the LED drivers, current sources, and digital circuits.

Remaoval of Keyboard Printed Circuit Assembly AB.

Disconnect the flat gray cable to the keyboard assembly from A6, and disconnect the signal and sync
output cables from the front panel.

Remove the plastic trim strip from the top of the front frame by prying up with a small screwdriver
or similar tool in one of the slots near either end of the strip.

Remove the two screws from the top of the front frame (beneath the trim strip} and two correspond-
ing screws from the bottom side of the front frame.

Push the printed circuit board and front panel assembly forward to remove from the front frame.

Remove the ten serews that hold the printed circuit board to the front panel assembly.

Replacement of Keyhoard Switches,

The keyboard switches (except the power switch) may be removed by using a hot seldering iron to
melt the plastic tabs on the back of the printed circuit board that hold the switch to the board.
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The keycap is press-fitted to the switch and may be pulled off.

To install a new switch, make sure the switch is oriented properly, hold it firmly against the
printed circuit board, and “‘rivet”” the plastic tabs with a flat soldering iron tip. Be careful
not to apply so much heat that the tabs are completely melted.

SIGNATURE ANALYSIS TEST 4.

This test checks the ability of the processor (A6U9) to identify front pamnel switch closures, It
alzo checks the AS LED drivers, current sources, and digital circuits,

This test uses two methods of signature analysis. The main difference between these
methods is:

Method 1 tests a repetitive data stream for a fixed period of time and generates a
single stable signature,

Method 2 tests a logical 1 (+5 V) for several periods of time, which are deter-
mined by the 3325A processor in response to the errors it has sensed or the test

routing that has been programmed. Each situation produces a unique stable
signature.

Some signatures in this test are observed at IC’s which are on the front panel printed circuit
board, A5. Use the following procedure to gain access to the front of this board:

a. Disconnect the internal cables from the Signal and Syne output connectors.

b. Remove the plastic trim strip from the top of the front frame by prying up with 2 small
screwdriver or similar tool in one of the slots near cither end of the strip.

¢. Remove the twg screws from the top of the front frame (beneath the trim strip) and
two corresponding screws from the bottom side of the front frame.

d. Push the printed circuit board and front panel assembly forward to remove from the
front frame. Be careful not to put stress on the flat cable to the front parel assembly.

e. Remove the ten screws that hold the printed circuit board to the front panel assembly.
Use the following procedure for Signature Analysis Test 4:
a. Set the 3325A POWER swiich to STBY.

b. Disconnect the flat cable to the atienuator assembly to prevent damage to the relays.
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¢. Connect the signature analyzer as follows:

“

) SA CLK (at lelt of AST9)

Start and Stop SA 5/8 (at right of A6ULS)
Ground 3325A ground
(stiffener channel on deck between A6

and A2l or any Ground iest point)

d. Sct the signature analyzer controls as follows:

e. Make sure the C50, CS1, & CS2 shorting connectors (near right front corner of A6) are
in the center position.

f. Connect A6TP3 and A6TP6to ground.

g. Sct all bus address switches (A651) to the OFF position. See switch drawing below.

Addrezs Switches

LR B O

LON — Listan Only
ROM = RCM Disable {(For Test Only

h. S¢t3325A POWER switch to ON.
1. Disconnect ground from A6TP3, then ASTP6.
j. Set busaddress switch4 to ON,

k. Place the signature analyzer probe on +3 V {logic 1). The large plated area near the
center of AGis +5 V.

l. Follow the flow diagram from START. If no stable or valid signatures are obtained,
the processor (A6US) or the ROM’s (A6U1—4) may be defective. Use the ROM Signature
Analysis Test to check these components,

NOTE

After completion of the test, be sure 1o replace all cables, jumpers,
and switches to the normal position.




1 Start )

ﬁj -7
Skt !%3

+6Y = 4F21

YES

Are All Lods On

Place Signature Analyzer
Probe on + 5Y. Press and
hold sach key and read
the signature. If any
signature is incorrect,
take the '""ND"' exil from
this biock. All LEDS
should be OMN excepl
while a key is pressed.

If the signature is n01
AF21, indentify the faulty
cirguit by finding the ac-
1ua! signsture in the. key
signature list. Then place
the probe on the peint
shown below opposite the
signature. If the signature
observed st this peint is
the same as the previous
signature, take the “'YES"
exit fram this block. If not,
1ake the N exit, If the
signature does not corres-
pond to any on the list, go
1o the ROM Signature
Analysis Test.

Key Sigmature List
Sig-
Key natre
Local HOFH
Start Cont G475
Start Freq F431

Siop Freg 10F4
Reset/Start 991H

Marker Freq QF40
Sweep Time CHPU
Frequency 4314Q
Amplitude c4233
Phase AUTT

DL Offset BHUOF
Biye Prefix UICP
Stare 5081
Recall 6547
Clear 76U5

Minus HHCH
FHOY
34056
K16
40568

B7AT
gPaH
TAT?
PaHU
ce7§
F1HA
Periog C76Y
Sec HCHS
MHz FHH2
kHz 3374

Hz FFHH
DEG 3744
Up Arrow 82CP
Dawn Arrow Oaug
Left Arrow 2CPT

FRight Arrow AUSH
Sine MA2F
Square 66CC
Triangte AZPF
Rarmp Up BCC3

Ramp Down 0234
Amptd Cal 23HC
Sigral Output 8UBP

0 = WO

wt
P

- - - - -
B MBI DD @aTR AR I NN D e

[ves NO

=
&)

Check Approprigte Switch

A

= C1UP
NO

Faulty Device Select
[ABUS) or Bad AE-To-AB
Connegtion,

Troubieshoot
AS5U8

NO

Davice Select Protiem

ABU1B-1 = C362
ABU16-2 = C1UB
ABU1E-3 = BPCSE

ABU16E-4 = CIBA

NQ

Troubleshoot
ASUS
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A

NO

ALUB-3 = 798C
ASUG.4 = 3CC0
ABUB-E = PHH4

Are Al Leds On

AGUB.6 = 84PP
A5UB-10 = 5276

Fauity Device Select ABUG-1 11H8

2ek A5UE.12 = P9SO
308 o Bod o

ABU3.3 = B54F
ABU3.-4 = 9PTY
ABU3.5 = LO26
ABU3-8 = C121
ASU3-10 = GLAZ
ABU3.11 = C915
ASU3.12 = BAIF
ABU3-13 = 18H4

Troubleshoot NO
AEUS

Troubleshoot
A3, UG C2

ND

Press and Hold the designated key
and regd the sighature a1 the IC pin
indicated. :

Key IC Pin Sig.
4 ASUS.1 = HPIH
o ASUB-2 = FHO1
Ilirus ASUS-5 = 7BUD
Sine ASUB-9 = HAZP

Aamp Down  ASUS-11 = 23HC
Ug Arrow AGUG-13 = B2CF

8 ABUT-T = C875
Phase ABU1T-3 = AUTC
Store ASU1-B = 5adi
Locat ASU1-9 = &HOF
Freq ABUT-11 F431
MHz ABUT.13 FFHH

NO

Troubleshoot
ABUSG, UE, or Switch

NG

Troubleshoom
ABU16 or AB-To-AB Con-
nections

Test Passes

Troubleshoot
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SERVICE GROUP B - HP-IB CIRCUITS.

Troubleshooting Information.

The most common failure on the HP-IB portion of the A6 board are the optical isolators. The optical
1solators are used because of the elecirical isolation of the HP-IB circuitry from the rest of the assem-
bly. The following hints suggest various procedures for troubleshooting this section of the assembly.

1. The HP-IB circuitry has its own + 5V power supply (U65/U74). If HP-IB problems are sus-
pested, the first step should be to determine if + 5V is present.

2. Using an oscilloscope and a probe, check both sides of the optical isolators for legitimate TTL
levels. The oscilloscope and probe can also be used to check the data path between the processor and
the HP-IB connector.

3. The continuity of the data path from the processor to the HP-1B connector and back is also
checked by running signature analysis test #3.

4. A check of the handshake circuitry is made by running signature analysis test #0 (Service Group
C). This test writes signatures 1o every point on the AS board*. When used in conjunction with the
schematic, one can check the signatures at the output and input of the individual chips. If a chip
has an incorrect cutput signature, one should then check the input signature. If the input signature
is ingorrect, then the output signature of the preceding ¢hip should be checked. By troubleshooting
in this manner {backwards), one can then identify the chip where the incorrect signature originared.

* This test does not check those gates whose data comes directly from the HP-IB connector.
If the 03325-66506 assembly is to be replaced in a 3325A with serial number 1748A04250 or below,

or in one that contains a revision A oOr revision B A6 agsembly, see paragraph 8-113 in the Servic-
ing/Troubleshooting Information section.

SIGNATURE ANALYSIS TEST 3.

This test checks the HP-IB data path from the processor (U9) to the HP-IB connector and
back. It does not check the handshake cireuits.

This test uses two methods of signature analysis. The main difference between these
methods is:

Method 1 tests a repetitive data steeam for a fixed period of time and generates a
single stable signature.

Method 2 tests a logical 1 (+ 35 V) for several periods of time, which are deter-
mined by the 3325A processor in response to the errors it has sensed or the test
routine that has been programmed. Each situation produces a unique stable
signature.
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Use the following procedure:
a. Set the 3325A POWER switch to STBY.

b. Disconnect the flat cable to the attenuator assembly to prevent damage to the relays.

. Connect the signature analyzer as follows:

ivesmA CLK (at left of A6UD)

SA S5/5 (at right of ASU15)

3325A ground

(stiffener channel on deck between A6
and A21, or any Ground test point)

d. Set the signature amalyzer controls as follows:

e. Place C58, CS1 and CS2 shorting connectors (near right front corner of A6) in the O
position to select ROM 1.

f. Set the ROM Disable switch (A851) to ON (I). Set all other switches on A6S1 to OFF(0).

Addrass Switches

LOMN — Listan Dy
ROM = ROM Disabie (For Test Only)

g. Connect A6TP3 (between U1S and 1J16) to ground.
h. Set 3325A POWER to ON.
i. Remove ground from AG6TF3.

j. Place the signature analyzer probe on + 3V (logic 1). The large plated area near the center of
Abis +5V,

If the signature is not 5159, troubleshoot A6US processor, AGU 10 (buffer), the processor data [ines
HPDO through 7, and associated circuits. Refer to the ROM Signature Analysis Test,
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k. Set bus address bit 3 switch to ON (1) {see drawing above). Note the signature obtained with
the analyzer probe on + 5V,

The correct +5V signature is 78CU,
Most of the signatures taken in this test are on the I/0 gide of the HP-1B isolators where the nor-
mal SA Clock is not available. In order to take these signatures, it is necessary to supply an external

clock as follows:

1. Set 3325A POWER to STBY.
m. Disconnect the signature analyzer from the SA CLK.

n. Unsolder the end of the SA CLK jumper nearest the left edge of the board {(away from U9).

0. Apply a pulse train with the following characteristics to the SA CLK jumper:

Amplitude
DC Offset
Pulse Width....... e aae e e i e e = 1us

Connect the pulse generator gronnd to A6 ground (jumper in right front corner of the board). The
«hp- Model 3312A may be used as the pulse generator.

p. Connect a clip lead across A6V (left rear corner of A6} to short the isolated ground to circuit
ground.

q. Connect the signature analyzer clock lead to the raised SA CLK jumper (along with the
pulse generator).

r. et 3325A POWER to ON.

$. Adjust the pulse generator frequency until a stable, gated signature is obtaingd, in-
dicating that the signature analyzer is triggering on the external clock signal. {The GATE in-
dicator should be flashing and the UNSTABLE SIGNATURE indicator should be oft.)

t. The signature taken in Step k should be 78CU as indicated at the START of the flow
diagram, If it is not 78CU, go to Figure 8-31(a) to the section of the diagram headed by the
signature actually observed. If no stable signature or none of the signatures shown are
observed, go to the ROM Signature Analysis Test, If Test 3 passes successfully, go to
Signature Analysis Test 4. The tests associated with each signature heading are described as
follows:
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T8CU - Data paths are good.
a. With ATN grounded, signature 9P9H = ATN recognized.
b. With REN grounded, signature 9HUH = REN recognized.
¢. With IFC grounded, signature indications are as follows:
A77U = IFC recognized, test pagses
POHU = IFC recognized, IFC* not recognized
7706 = IFC not recognized, [FC* recoghnized
Other signatures = IFC not recognized
OP9H - Illegal ATN recognized
SHUH - Illegal REN recognized
ATIU = illegal TFC recognized

3HCC or - Data lost in shift register
U45H

3102 - Data lost in 1/0

NOTE

After completion of tests, be sure fo replace all cables, swiitches,
connectors, and jumpers to the normal position.
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SERVICE GROUP C - CONTROL CIRCUITS.

Troubleshooting Information.

The majority of problems which are isolated to the A¢ board can be pinpeinted through Signature
Analysis. There are, however, a series of troubleshooting checks that can be made prior to runming
the SA tests. The checks, common failures, and bricf descriptions of the SA tests are presented below.

1. Begin troubleshooting by checking the 1.2MHz oscillator circuitry for the correct frequency.

2. Should the instrument not turn on properly or respond to inputs, the problem could be with
the processor. A check of the nanoprocessor (U9) can be made by disconnecting the A6 board from
the A21 (Al) Frequency Synthesis board (W31, A6J4 - AZ171), If ““A - CAL FAIL' and *OSCFAIL”
are then displayed, a significant portion of the processor cireuitry is working.

3. A further check of the nanoprocessor is to first disable the buffer (U10) by opening switch 51G.
This enables a + 5V level to be present on each of the lines in the data bus. When the processor sam-
ples each data line, the + 5V is interpreted as a *“no operation’’ instruction. The processor then incre-
ments the ROM address and the process repeats. Using an oscilloscope, monitor the ROM address
lines. Note that the iines should be counting at one-half the freguency of the previous line.

4, Again, showid the instrument not respond properly at turn on, check that the ““turn on interrupt
request’’ is coming from A6Q1 and U4l pin 6. This interrupt should also appear at U35 pin 2.

5. AGUI1S and A6U19 because of marginal conditions, arc a common cause of “OSC FAIL" and
“A - CAL FAIL®.

6. Check the position of ROM select switches CS0-CS2. During normal operation (when SA is not
being performed), the switches must be in their center position, Note also that the “Normal/ Test"
jumper used during SA sould be returned to the *“Normal® position following the tests.

7. Jumper W1 is in place in standard instruments. W1 is ¢clipped when the High Voltage option
iz installed. If the instrument is configured with the option but will not accept inputs greater than
10Vp-p, check that W1 was not resoldered.

8. The nanoprocessor U9, though often replaced, is not always at fault. Because U9 (1820-1691)
is a MOS device, care should be taken when handling $o as not 1o cteate punch-through damage due
10 static elsctricity. If U9 is replaced, insure that AGRS is 9.53k(. A2

9. The lms one shot (U8) interrupts the processor at 1ms intervals to check the front panel for
switch closures and to refresh the front panel display. Signatures from U8 may vary from one instru-
ment to the next due to US being an analog device. Any signaturcs, therefore, should be disregarded.

10. The following SA tests are available for checking the A6 assembly. Note that when running
the tests and using the bus address switch pack on the A6 board, use the logic levels and switch num-
bers printed on the PC assembly. Disregard the numbers printed on the pack itself.

ROM Test: Checks the ROMs, processor, and buffer,
SA Test 1: Checks the data path from the processor to the machine data bus and back.

SA Test 2: Checks the RAM address counter and the RAMSs.

SA Test 3: Checks the HP-IB path from the processor to the HP-1B connector and back. (See Service
Group B.)
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SA Test 4: Checks the processor’s ability to identify front panel switch closures and stuck switches.
It also checks the A5 LED drivers, current sources, and digital circnits. (See Service Group A.)

SA Test 5: Checks the path from the processor to the Fractional-N chip. It also checks the interrupt
lines, carry/sweep limit flag path, VOO lines, and the turn on circuit.

SA Test 0: Used after all other tests have failed to isolate the problem. During this test, the processor

sends digital signals to all points on the A6 board so that signaturss can be taken. This test should
be used with the schematic so that bad signatures ¢can be traced to their origin.

Signature analysis is not effective when trying to isolat¢ a problem that is intermittent. If it can be
determined that the intermittent symptom is originating from the A6 board, one should try to make
the symptom a hard failure through heat, cold, vibration or mild shock. If the symptom remaing in-
termittent and one is certain that it is tied to the A6 assembly, then the board sheuld probably be
replaced,

ROM SIGNATURE ANALYSIS TEST.

Use this test if Signature Analysis Tests 1, 2, and 3 cannot be entered. This test checks the
ROM’s (A6U1=4), the processor (A61U9), and the buffer (AGUI10). If these components are
not operating properly, the remaining Signature Analysis tests will not work,

Procedure.

a. Set 3325A POWER switch to STBY.

b. Setall five bus address switches (A681) to OFF (C).

Theze numbars are printed on this PC Board itself, Ignore gny
‘r numbers printed on the switch,

Address Switches

LON — Listen Only
ROM — ROM Disabile (For Test Only)

P+t4ttt

c. Set ROM Disable switch (AB51) ta OFF (O).

d. Move N/T (Normal/Test) shorting connector (located between U7 and 13} to T posi-
tion.

e. CS@ through €82 shorting connectors should be in the center position. (These are
located near the right front corner of A6.)
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f. Connect the signature analvzer as follows:

SACLK (atleftof ASU9)

(Test point nexi to €52 shorting connector)

3325A ground
(stiffener channel on deck between
A6 and A2l or any Ground test point)

g. Set signature analyzer controls as follows:

h. Connect TP7 to ground.
i, Sat 3325A POWER swilch to ON.

j. Remove ground from TP7.

If the +5 V signature is 755U continue with Step k.
If the +5 V signature is not 755U go to Step m.

k. Place the signature analyzer probe on the following points on A6UL and compare
signaturés ta those below.

Correct
Signature Data Line

6CIF
P326
5973
4533
5H79
83HU
U2FF
P2CC

~] Ol B W BN = D

If all of these signatures are correct, the ROM’s have passed this test. Signature analysis tests
@ & through 5 may now be performed.

If these signatures are not all correct, test each ROM individually as follows:
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ROM 1 {U1) Test.

1. Move the C81 and CS2 shorting connectors to the @ position (toward edge of
board).

Place the signature analyzer probe on the following points and compare the
signatures.

Correct
A6U1 Pin Signature Data Line

9 63F2
10 QU43
11 F60P
13 3854
14 iFFH
15 323F
16 4P71
17 9H43

~1 oA BRI e D

ROM 2 (U2) Tast.

1, Move CS | shorting connector to the 1 position and CS2 to the 8 position.

2. Place the signature analyzer probe on the following points and compare the
signatures.

Correct
A6LI2 Pin Signature Data Line

9 4567
10 PCUC
11 PC2C
13 B33F
14 6U72
15 HB9H
16 02C6
17 9474

] @ Lh o W) B o D

ROM 3 {U3) Test.

1. Move C51shorting connector to 0and C52to 1.
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2. Place the signature analyzer probe on the following peints and compare the
signatures.

A6U3 Pin

9

10
1
13
14
15
16
17

B - R R VR S =

ROM 4 (U4) Test.
l. Move C81 and CS82 shorting connectors to 1.

2. Place the signature analyzer probe on the following points and compare the
signatures,

Correct
A&U4 Pin Signature Data Line

9 2968
10 694H
11 HU38
13 0AAC
14 3T7cC
15 2UPp
16 8266
17 2CH2

- ALV I TR )

After completion of these tests, replace CS1 through CS2 shorting connectors to the center
position.

Replace the N/T shorting connector to the N position. Set the ROM disable switch to 1.

1, If the signature in Step j is not 755U, check the voltage level of A6U42 pin 6 with the
signature analyzer probe. It should be high. If not, momentarily ground U42 pin 3 to force
pin 6 high. If it is still not high, troubleshoot A6US, Ul4, and U42,

m. If the signature is still not 755U, examine the ROM address lines.

1.  Set3325APOWERto STBY.

2.  Movesignature analyzer Start and Stop leads to A6TP1 (in front of U9).
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3.  Place signature analyzer probeon + 5 V (logic 1).

4. 8et3325A POWER 1o ON,

If the signature is 826P, troubleshoot A6U14 (Chip Select Delay) and A6UILS (1.2 MH=z
Clock circuit).

If the signature is not 826P, examine the ROM address lines HRA® through HRAD at
A6LL.

Address
A6U1 Pin Line

HRA#
HRAI1
HRA2
HRA3
HRA4
HRAS
HRA®
HRA7
HRAS
HRA9
HRA10

At AdCT NI ST T S

Y
o

The frequency of the signal at HRA1 should be one-half that of HRAS. HRAZ2 should be
one-half of HRAI1, etc., through HRA10. None of the address lines should be a constant
level, and no two lines should be the same.

After completion of the test, replace the N/T shorting connector to the N position.

After completion of all signature analysis tests, make sure the ROM Disable switch (A681) is
set to the ON (1) position.

SIGNATURE ANALYSIS TEST 0.

Use of this test is recommended after the ROM test or tests 1 through 5 have failed to isolate
the faulty circuit. This test reads all the signatures on the A6 assembly, which are presentad
in tabular form. Close attention should be paid to the schematic diagrams in Service Groups
B and ¢ while using this test.

Pracedure.
a. Set 3325A POWER switch to STRY.
b. Disconnect the flat cable to the attenuator assembly to prevent damage to the relays.

Be sure tg replace this cable carefully after completion of the test, making sure the cable is
aligned properly in the connector.
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¢. Connect the sighature analyzer as follows:;

SACLEK (atlefiof AGUD

Startand Stop SAS/S(atrightof A6ULS)
Ground 3325A ground
(stiffener channel on deck between

Af and AZ], or any Ground test point)

d. Set the signature analyzer controls as foliows:

SclfTest

e. Place C50, CS1, and C3%2 shorting connectors (near right front corner of A6) in the @
position to select ROM 1.

f. Set the ROM Disable switch (4831} 1o ON (1). (See switch drawing below.)

murmbers printed on the switch.

I—“I’hese numbers are printed on the PG Besnd itself, lgnore any

Address Switches

y

LON - Listan Only
ROM ~ ROM Disable (For Test Only)

——
g
-
-
—-_—
-—
il

g. Connect A6TP3 (between U15 and Ul6) to ground. Do not disconnect this ground
during this test.

h. Set3325A POWER to ON.

i. Place the signature analyzer probe on + 35 V (logic 1). The large plated area near the
centerof AGis +5V.,

If the signature is FF32, proceed to Step j.

If the signature is not FF32, troubleshoot A6U9 and U10, the processor data lines
HPD#-7 and associated circuits, Refer to the ROM Signature Analysis Test.

j. Set all five Bus Address switches to OFF (O).

k. Place the signature analyzer probe on the points indicated in the tables and compare
the signatures. If no stable or valid signatures are obtained, the ROM’s (A6U1-4) or the pro-
cessor (A601J9) may be at fauli. Refer to the ROM Signature Analyzer Test.
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Integrated circuits with designators greater than U55 are on the 1/0 side of the HP-IB
isolators where the normal SA Clock is not available. In order to take these signatures, it is ‘
necessary to supply an external clock. Use the following procedure:

a. Set3325A POWER to STBY.
b, Disconnect the signature analyzer from the SA CLK.

¢. Unsolder the end of the SA CLK jumper nearest the left edge of the board (away from
119). _

d, Apply 400 kHz square wave with the following characteristics to the SA CLK jumpetr:
Frequency
Amplitude
DCOffset. ..o iieinineiiannns Cerianeas R A

Connect the pulse generator ground to Aé ground (jumper in right front corner of the
board). The -hp- Model 3312A may be used as the pulse generator,

¢. Conngct a clip lead across A6V1 to short the isolated ground to circuit ground.

f. Make sure A6TP3 remains grounded,

g. Connect the signature analyzer Clock lead to the raised SA CLK jumper (along with
the pulse generator).

h. Set 3325A POWER to ON.

i. Adjust the pulse generator frequency until a stable, gated signature is obtained, in-
dicating that the signature analyzer is triggering on the external clock signal, (The GATE in-
dicator should be flashing and the UNSTABLE SIGNATURE indicator should be off.)

j. Place the signature analyzer probe on the points indicated in the table for IC?s with
designators U56 and greater. Compare the signatures to the cotrect signatutes in the table,

NOTE

Afrer completion of tests, be sure to replace all cables, switches,
connectors, and jumpers to the normuol position.
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@ Signature Analysia Tost 0,
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@ NOTE
-- For signatures on UST and ebove, circuitry fs HP-IB. Refer to 1est ze/e pro-
cedure.

Pin u4s us1 usz us3 us4 uss

FF32 FF32 FF32 FF32 FF32 FF32
QQQ0 FF32 AFHF Q334 Da2pP9 14UH
FF32 B3UP 3A67 FF32 1387 BAUH
0875 Qo0o0 FF32 FF32 FF32 FF32
3IF37 Qo000 0000 0000 0000 0000

T1HS B3UP 3A87 FF32 1387 14UH
Q000 0000 AFHF 0334 oepPeg SAUH
FF32 FF32 FF32 FF32 FF32 FF32
0000
FF32

<o B LR e ] [ R R

0000

Q00o0

QD00
FF32

o~ m [ I VS R
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No signatures for UGHE

Ne Signatures for U74
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SIGNATURE ANALYSIS TEST 1.

This test checks the data paths between the processor and machine data bus through A61J13,
u20, U21, U26, U27, U28, and U45. It also checks the enable signals to these 1C's.

This test uses two methods of signature analysis. The main difference between these
methods is:

Method 1 tests a repetitive data stream for a fixed period of time and generates a
single stable signature.

Meathod 2 tests a logical 1 (+5 V) for several periods of time, which are deter-
mined by the 33235A processor in response to the errors it has sensed or the test
routine that has been programmed. Each situation produces a unique stable
signature.

Use the following procedure:
a. Set the 3325A POWER switch to STBY,

b. Disconnect the flat cable to the attenuator assembly to prevent damage to the relays.

¢. Connecct the signature analyzer as follows;

SA CLK (at left of A6U9)

Start and Stop SA 5/8 (at right of ASULS)
Ground 3325A ground
(stiffener channel on deck between Aé

and AZ2l, or any Ground test point)

d. Set the signature analyzer controls as follows:

e. Place CS@ through CS2 shorting connectors (near right front corner of A6) in the O
position to select ROM 1.
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f. Set the ROM Disable switch (A651} to ON (1). (See switch drawing below.)

o o Th b irted he PC board If
a 1 r ese numbers are printed on the oard itself.

lgnare any numbers printed on the switch,

Address Swilghes

LON — Listen Only
ROM — ROM Disable (For Test Only)

Pttt

g. Connect AGTP3 (between U153 and Ul6) to ground.
h. Set 3325A POWER to ON.

i, Remove ground from A6TP3,

j. Place the signature analyzer probe on +35 V (logic 1), The large plated area near the
center of AG1is + 5 V.

If the signature is 5159, proceed to Step k.

If the signature is not 5159, troubleshoot A6U9 (processor), A6U10 (buffer), the
processor data lines HPDP-7, and associated circuits. Refer 1o the ROM
Signature Analysis Test,

k. Set bus address bit 1 switch to ON(1), and set switches 2 through 5 to OFF.

l. The signature should be HCHS as indicated at the START of the flow diagram. If it is
not MCHS, 20 to the section of the diagram headed by the signature actually observed. If no
stable signature or none of the signatures shown are observed, go to the ROM Signature
Analysis Test. If Test 1 passes successfully, go to Signature Analysis Test 2. The tests
associated with each signature heading are described as follows:

HCHS - This test verifies that data can be successfully transmitted to and from the
processor via the machine bus data latch (U27) and buffer (U28). It also tests
13 and U435,

- This signature indicates a failure of the machine data bus. A 1010 data signal
is sent from the processor on the bus through U27, U28, and U26, and read
back into the processor, This test checks data paths, clocks, and enabling
signals.

- This test is identical to that for signature 6PCP except that a different data
structure is used (0101). Since 6PCP was not displayed, the clocks and enabling
signals are assumed to be correct.

~ This test reads data through 1720 and U21 1o the address lines of U19. Data
from U192 is then sent via U26 back to the processor, U9. This test also checks
the enable signals to U20, U21, and U19. 126 is presumed to be good since it
did not fail in previous tests.




Model 3323A Service

HHCH - This test is identical to that for signature AU96 except that a different address
@ (1010 as opposed to 0101) is sent to U19.

3JAHH - This test sends data through UI3 and U22 and tests the enable signals to these
IC’s.

T60A - This test is identical to 3AHH except that it uses a different data stream.

PCT76 and - These tests send data to U22 via U45. Enable signals should be good sincethey
Hg2C did not cause a 760A signature.

m. When incorrect signatures are encountered, troubleshoot the circuits indicated on the
flow diagram.

n. Following a repair indicated by this test, repeat the test beginning at START to deter-
mine if there are any other problems that could be detected by this test.

NOTE

After completion of rtests, be sure to replace all cables, switches,
connectors, and jumpsars io the normal position.

NOTES
1. A constant interrupt (low) at TPS may be circumvenied by:

a. Set POWER to STBY.

b. Unsolder one end of TP3.

. Set POWER fo ON.

d. Momentarily short across TP3.

2. To isolate the control board (A4) from the other assemblies,
disconnect the long flat cable poing to the kevboard, and the three
short flat cables to the other assemblies. The following conditions
should then be observed:

UI9 pin I should be high
U22 pin 1 showld be high
L/35 pin 1 should be high
U43 pin 1 = sigrature showld be 5320

After completion of the test, be sure o replace the cables careful-
lv, making sure that the contacts are aligned properly.

8-C-17/8-C-18




+ 5V = HCHE GH13

U14-1 = HCHS

INo

Us2-3 = HCHW?

Mo

Troukieshaot
ut4

Troubleshoot
W17, Ug2

Turn-0On Problem. Clagk
and Interrupt,
See Mote 1

{

Yes

Machine Bus Failure. Check U28 Qutputs
Check U28 Inputs. UZ28-3 = HF22

uz8-5 = C20F
LI28-7 = BPRH
UZ28-8 = A4U9
uz2e-11 HE13
U28-13 = 4PFU
UZB-15 = CHUD
U2B-17 = 78684

J28-18

Na

Troublashoot UZs.
U28-1 = 3K9P Somathiing Interfering
UZ8-15 = 3HEP With Data Bus

See Note 2

Neo Troubfes
433

12711 = 3447

Yes

3

U27 Then U2B = U30-1 = 3F82

Troutlashoot

Ne Yag Yes

- 5034 Froublsshoat = 6PCP

Yes Yes

U8 Mot Giving Troublashont

HWA Signal U15,U16.U23.024,U39 Troulljlgshaot

Ng

Device Selact
Faulty




Ui4-19
U14-12
#14-15
Ui4.-1 = HCHE

HCE3
00CE
360

Test
Passes

lNo

u42-3 = HCH?

Troublesheoot
14, U4

Turn-On Problem, Clock

and Interrop,
See Note 1

o

Interrupte Active

Troublesheot
meE

If +5V signature i= HCHS, UZ2 signatures
should be:

U22.2 AHBF
U22-3 = 218P
u22-4 = CBED
U22-5 = SACC
U22-6 = BH43
U2Z-7 = HB3C
U2Z-8 = BOB?
u22.8 = 3858

u22-11
U22-12
02213
L22-14
U22-15
Uiz-16
uz2-17
uzz2-18

LI I T T T

U26-1 = BB34
U2E-18 = BE24

Troubleshaat
U2é

Mo

V3B = 1018

Troublgshoot
L33

U3g-g = 5C34

Machine Bus Failure

Check U28 Inputs
U23-2 = THP2
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U28-8

U28.8

uz2s-
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uz2e.3 =
uzg-5 =
u2a.7 =

Imwen

1
3
3
?

Traubleshoot
W27 Then U28

Troubleshopt U28.
See hote 2

US Mot Giving
HWR Signal

Troubieshaot
V15, U23, U24, Y33

Troubleshoat
U7, waz

Device Satect
Fauity

Troubleshoot
U3g




: ys HCHB, UZ2 signatures

uz22.11
y22.12
U33.43
uz2z.14
Uz22-156
J22-16
Wzz-z
Uzz-18

nmpmpppe®EnN

Chack UZB Outputs

uz8-3 = PCO8
AGH3

[ TR T

Check RAM Address Bus

U19-1 = BUF4

Troubleshapt U28.
See Mote 2

No

L2818 = 4747

No

Troubleshoot
u2e, U21 Then
UE, U1, 512, U8

U24.4 = PHCG

No

U816 = PHCE

Yas

U2 Mot Giving
HWH Signal

Traublashoot
ms

Device Select
Lines Bad




Check RAM Address Bus

u19-1 = BUF4

Traublgshoot
20, U21 Then
us, U1, usz, e

Mo

U2B19 = 47H7

No

Traubleshoot
Y19 Thep W22, U28

Uz4-4 = PHCE

No

U218 = PHCE

Troubleshoot
u24

Yes

W8 Mot Giving
HWR Signal

Traubleshaot
s

Troubleshpot

Ne¢

Device Sefect
Lines Bad

Figure 8-33(a). Signature Analysis Test 1.
8-C-19/8-C-20
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CEF6
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NO Troublezhoot

U133, u22, U23
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y20, Uz21, U8
U117, 012, 18

-~

If +5V Signatura is 3AHH check the
following signatures:

ABPC
OHBA
57PF

1307 U24-13 = 2593

28F0
8756

Ut3-4 =
U13-6 =
U312
U13-13

J22-3
uz22-5
Wza-7 B31FE
U12.9 = 1P34 Troubleshoot
U22-11 = A4C4 s

uz22-13 23CC
U227 396F

mAEN




+5V = 760A

YES YES

. . -
M Control Register Faim\e Control Register
e. U24-11 = DUDH

Troubleshoot uz2-12

u22 u22-14
uz22-1§
uz2z-18

nmnwd

nuinmn

NO

Troubleshoot -
'13, U022 U23 U24-3 = 104A

Troubleshoot +5V = PC78
U13 Than U30 Then U22

YES YES

Troubleshoot
uz2

Rom Page Reg Faiure

J22.2 = BY3F
Uz2-4 = P5EU
Uz24-13 = 2593 gggg gggg

Trouvkleshoot
Troubleshogt P -
Uz24

Troublashoot
UI?UB?S?TEE W45 Then 14

NO

U9 Not Sending
HWR Signal




+5V = 7604

YES

RAM Control Register
Failure

[L

NO

Traubleshoot
U13 Then U30 Then U22

v

v

-5y = H82C

YES

Go To Signature Anatysis
Test 0.

RAM Page Reg Failure

uz2z.-2
uz22-4
U226
uzz-a

CBAS
8643
7P37
COP8

nnun

Troubleshoot
U222

NO

+ 5V = PCT6

YES

Troublashoot
a5 Then U114

Aom Page Reg Failure

u22-2
uzz-4
Uzz-6
U22-8

993F
PEEU
0504
augz2

W m i

Troubleshoot
22

NO

Troubleshoot
U45 Then U14

Figure 8-33(b). Signature Analysis Test 1,
8-C-21/8-C-22
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SIGNATURE ANALYSIS TEST 2.

This test checks the ability of the RAM address register to count up and down, and checks
the RAM putput data.

This test uses two methods of signature analysis. The main difference bhetween these
methods is:

Method 1 tests a repetitive data stream for a fixed period of time and genérates a
single stable signature.

Method 2 tests a logical 1 (+35 V) for several periods of time, which are deter-
mined by the 3325A processor in response to the errors it has sensed or the test
routine that has been programmed. Each situation produces 2 unique stable
stgnature.

Use the following procedure:

a. Set the 3325A POWER switch to STBY.

b. Disconnect the flat cable to the attenuator assembly to prevent damage to the relays.

c. Connect the signature analyzer as follows:

SA CLK {(at left of A6U9)

Start and Stop SA 5/8 (at right of A6U1S)
Ground 3325A ground
(stiffener channel on deck between A6

and A21, or any Ground test point)

d. Set the signature analyzer controls as follows:

e. Place C50 through CS2 shorting connectors {near right front corner of A6) in the O
pasition tg select ROM 1.
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f. Set the ROM Disable switch (A6%1) to ON (1). Ser all other switches te OFF (0).

0 1 These numbers are printed on the PC Bogrd itzeH, ignora any O
numbars printed on the switch,

Address Switches

LON - Ligten Only
ROM ~ ROM Digable (For Test Only)

g. Connect A6TP3 (between Ul5 and Ul6) to ground.
h. Set 3325A POWER to ON.
i. Remove ground from AGTP3.

j. Place the signature analyzer probe on +5 V (logic 1). The large plated area near the
center of A6is +35 V.

If the signature is 5159, proceed to Step k.

If the signature is not 5159, troubleshoot AsU9 {processor), A6U10 (buffer), the
processor data lines HPD@-7, and associated circuits. Refer to the ROM
Signature Analysis Test.

k. Set bus address bit 2 switch to ON (1), and set switch 1 and switches 3 through 5 to
OFF. (See switch drawing above.)

[. The signature should be 7C%7 as indicated at the START of the flow diagram. If it is
not 7C97, go to the section of the diagram headed by the signature actually observed. If no
stable signature or none of the signatures shown are observed, go to the ROM Signature

Analysis Test. If Test 2 passes successfully, go to Signature Analysis Test 3. The tests
associated with each signature heading are described as follows:

7C7 - This signature implies that the three RAM’s may be addressed and read from
correctly. It also indicates that U20 and U2l count up and down correctly.

FF7C ~ This signature indicates that U20 and U21 do nat count up correctly. The test
also checks enable signals.

279A - This signature indicates that U20 and U21 do not count down cerrectly.
T09A — This signature indicates that RAM A or its epable signals are not correct.

F26C — This signature indicates that RAM B or its enable signals are not correct.

57C9 - This signature indicates that RAM C or its enable signals are not correct.

NOTE

After completion of tests, be sure to replace all cables, switches,
connectors, and Jumpers lo the normal position.
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Figure 8-34(a). Signature Analysis Test 2.
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Figure 8-34(b). Signature Analysis Test 2.
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@

SIGNATURE ANALYSIS TEST &.

This test checks the data path from the processor (A6U9) to the Fractional N Control IC
{A21U19). It disables the processor interrupt and checks for signals on the various interrupt
lines. This test also checks the 1ms timing one-shot (A6UJ8), the Carry/Sweep limit flag path,
the VCO statuns lines, and the turn-on circuits.

This test uses two methods of signature analysis. The main difference between these
methods is:

Method 1 tests a repetitive data stream for a fixed period of time and generates a
single stable signature.

Method 2 tests a logical 1 {(+5 V) for several periods of time, which are deter-
mined by the 3325A processor in response to the errors it has sensed or the test
routing that has been programmed. Each sitvation produces a unique stable
signature.

Use the following procedure for Signature Analysis Test 4:
a. Setthe 3325A POWER switchto STBY.
b. Disconnect the flat cable to the attenuator assemnbly to prevent damage to the relays.
¢. Connect the signature analyzer as follows:
SA CLK (at left of A6U9)
Start and Stop SA 5/5(atrightof A6UI15)
Ground 3325A ground

(stiffener channel on deck between A6
and A21, or any Ground test point)

d. Set the signature analyzer controls as follows:

e. Make surc the €S8 through CS2 shorting connectors (near right front corner of A6) are
in the center position.

@ f. Connect AGTP3 and A6TP6to ground.




Service

Maodel 3325A

g. Set zll bus address switches (A651) to the OFF position. See swiich drawing below.

These numbers ara prifted on the FC Board nsalf. lgnore any
| numbers printed on the switch,

&

Addtess Switehes

LOMN — Listen Only
ROM - RO Disable {For Tast Only)

h. Set3325A POWER switch to ON.

i. Disconnect ground from A6TP3 then A6TP6.

j. Set busaddress switch 5 to ON.

k. Place the signature analyzer probe on +5 V (logic 1). The large plated area near the
center of AGis +5 V.

1. Follow the flow diagram from START. If no stable or valid signatures are obtained,
the processor (A6U9) or the ROM’s (A6UL-4) may be defective. Use the ROM Signature
Analysis Test to check these components.

NOTE

After completion of the test, be sure to replace all cables, jumpers,
and switches to the normal position.

The signature taken in Step k should be FC6A as indicated at the START of the flow

diagram.
observed.

FC6A
CAUH
PCU5
AUHS
CUsC
4525
5307
7112
1123

1232

If it is not, go to the section of the diagram headed by the signature actually
The tests associated with each signature heading are described as follows:

- Test passes.

- Erroneous Turn-cn signal.
- Erronequs bus interrupt.

- Erronecus sweep limit flag.

- Timer error.

= Fractional N IC Data lost.,

- Invalid Sweep Limit Flag

- No Sweep Limit Flag.




232C - Processor receiving a VCO High signal.

8FAF - Processor receiving a VCO Low signal.
AFCé  -Missed Sweep Limit Interrupt.

CZHA  =-Missed 1 ms Clock,

NOTE

Unless orherwise identified, all ICs in this test are on the A6
assembly.
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Figure 8-35(a). Signature Analysis Test 5.
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Figure 8-35(b). Signature Analysis Test 5.
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Figure §-35(c). Signature Analysis Test 3.
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SERVICE GROUP D - VOLTAGE CONTROLLED OSCILLATOR SHIELD.

The VCO circuit is covered by a shield consisting of a flat cover and an extrusion. Always set
the POWER switch to STBY before removing or replacing the shield. When replacing the
shield, make sure the key on the bottom edge of the shield is aligned with the hole in the
printed circuit board.

Voltage Controlled Oscillator Troubleshooting.
“08C FAIL” Display Indication.

a. With an oscilloscope, check the reference pulse signal at A211J) pin 11. This should be
a very narrow pulse with an amplitude of approximately 2 V p-p at a frequency of 100 kHz.

If this signal is correct, go to Step b.

If this signal is not correct, go to Service Group G.

Ecnunoné

Do not allow disconnected cable connectors to contact the printed
circuit boards or components, or circuits may be damaged.

b. Check the +5V, +15V, and -15V power supply voltages at the following points:
+ 3V C33 (Service Group F)
+ 15V C10 {Service Group F)
=15V —— 26 (Service Group F)

Morcover, when the problem has been isolated to the functional block, the first step should be a check
of the power supply voltage into the functional black.,
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o. Make sure the VCO oscillates at the top and bottom of its frequency range. Disconnect the cable
from A21J18A (cable marksd 18 S-H). This is the VCO contrel voltage. Measure the frequency of
the signal at A21U34 pin 14 and at A21Q161 collector. The frequency should be approximately 4SMHz.
If the frequency is not approximately 45SMHz, check varicaps CR164 and CR166.

d. Place an external dc voltage (+3V to + 10V) at the VCQ input and note the following frequencics
at the collector of Q161 and at U34 pin 14.

DC Yoltage Frequency
-3V 60.9vIHz

+35V 42.6MHz
+ 10V 30MHz

If the VCO frequency is not correct, disconnect the external DC power supply and measure the DC
voltages noted on the VOO schematic diagram. Voltages should be within +10%. (Voltages are meas-

ured with A21J18A still disconnected.)

If the VCOQ frequencies are correct, go 1o step 2.

e. Reconnect the cable to A21J18A, Measure the voltage levels at A21U33 pins | and 7. The volt-
age at one of these pins may be at approximately + 13V, and the other at a negative voltage. {If the

frequency synthesis circuits are operating correctly, both pins will be negative.

f. Connect an oscilloscope to A21TE9.

If pin 1 of A21U33 js positive, and the signal at TP9 is always positive, the trouble is probably in
the Integrator, Bias, or Sample/Hold cirewits, Go to Service Group F.

If pin 1 of A21U33 is positive and the signal at TP9 is mosily negative, the trouble is probably in
the +N.F Counter circuits, Service Group E, or the Phase Comparator, Service Group F.

If pin 7 of A21U33 is positive, and the signal at TPS is always positive, the trouble is probably in
the + N.F Counter cireuits, Service Group E, or the Phase Comparator, Service Group F.

If pin 7 of A21U33 is positive, and the signal at TP9 is mostly negative, the trouble is probably in
the Integrator, Bias, or Sample/Hold circuits. Go to Service Group F.
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E >..

No Rear Panel AUX Qutput, or Incorrect AUX Freguency
{(Either One-Half ar Twa Times the Programmed Frequeney).

a. Set function to sine, frequency to 10 MHz.

b. Measure voliage level at A3U18 pin 9. Should be at a TTL high level (= +2.4 V). If
not, goto Stepg.

c. Set frequency to 21 MHz. Voltage level at A3UIE pin 9 should be TTL low
{= +0.4 V). Voltage at A3U18 pin 6 should be high. If either voltage is not correct go to
Stepg.

d. Set frequency to 29.999 999999 MHz, Voltage levels should be the same as in Step ¢.

. Set frequency 1o 30 MHz. Voltage at A3U18 pin 6 should be low, pin 9 should be low.

f. If all of the above levels are correct, the troeble is probably in A3U18, U19, C152, or
R158.

g. If any of the above levels is incorrect, check input pins 12 and 13 of A3UI0 for the
presence of TTL level pulses.

If input pulses are present, A3UI0 may be defective.

If input pulses are not present, go to Control Logic troubleshooting, Service
Group C,
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SERVICE GROUP E - +N.F COUNTER,

l“}.l

=N.F Counter Trouhleshaoting.

Do not ellow disconnected cable connectors to contact the printed
circuit boards or components, or circuits may be damaged.

a. To cheek the + N circuitry, program the front panel for a frequency of 10MHz and disconnect
cable W18 at JIBA.

b. Place an external DC voltags source at the input 1o the VCO -3V to + 10V), and monitor the
waveform at U] pin 6. The 2Vp-p narrow pulse should begin to approach a frequency of 100kHz
as the external DC control veltage is varied.
If the frequency does not approach 100kHz, troubleshoot the + N circuitry (step ¢). Note that the
frequency will approach 100kHz for every N number programmed into the 3325 and with the ap-
propriate DC level at the VCO input.
If the frequency at Ul pin 6 approaches 100kHz and the problem appears to be digitally related, check
that the API current sources are getting the correct signals and thar the FETs are not leaking (see
Service Group F).

¢. Discotinect the ¢xternal power supply. Leave cable W18 disconnected at A21J18A.,

d. Measure and note the frequency of the VCO signal at jumper W3. This signal should be approxi-
mately 45MHz.

¢. Connect test points A21TP6 and A21TPS to pround. This disables the + N Shift Register and
the Pulse Remove circuits.

f, Measure the frequency at each of the following points in order, and derermine the celationship
to the VCO frequency at ‘W3 (step d). Replace any defective components.

AZITPI should be VCO « 2, If not correct, check A21U32 and A21U27 for signal transitions at
the input and output pins,

A21TP2 should be VCO =+ 10, If not correct, check A21U13 and AZ1UJ18.
A21U21 pin 8 should be VCO =+ 100. If not, check A2109.
A21TP3 should be VCO + 1000, if not correct, check A21U9, A21U1E, A21U21, and A21U22.

A21TP4 should be VCO + 1000. If not, check A21TUI2 and A21U22,

AXITPS should be VOO = 10, If not, check A21U24,

AZITPT7 should be VCO + 1000. If not, check AZ11J29.
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AZ21Q131 collector should be VCO + 1000 (very narrow pulse at approximately 2Vp-p). If not, check
A21U26, A21U27, A21Q131, and A21CI31. ¢

A21U19 pins 2, 3, 4, 5, 6, 10, and 11 should be VCO -+ 1000, If not, A21U19 is probably defective.

g. 1f all of the above signals are correct, check for the presence of input pulses at A21U19, pins
20 through 23.

h. Reconnect cable to A21J18A, Press the START CONT key and check for the presence of pulses
at A21U19, pins 11, 13, 14, 15, 16, and 17.

i. Disconnect ground from A21TP6 and A21TP8, While in continuous sweep mode, check for the
presence of pulses at the input pins, output pins, and clock pins of A21U14 and A21U15. If pulses
appear at the input pins and clock inputs and the level at the clear inputs (pin 1) is high, replace the
defective latch IC. If pulses are also present at the outputs, the gates in the + 5 Counter circuit (A21U12,
AZIUTT, A21U23} may be defective.
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Figure 8-40, 30 MHz Reference and Dividers, A3.
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Model 3325A Service

SERVICE GROUP F - FRACTIGNAL N ANALDG GIRCUITS,
@ fraetional N Analog Troubleshoating.

If pin 1 of A21U33 ic positive (in Service Group D Troubleshooting} and the signal at TP9 ig always
positive, or if pin 7 of A21U33 is positive and the signal at TP9 is mostly negative, the trouble is
probably in the Integrator, Bias, or Sample/Hold circuits,

The following waveforms may be observed at the points indicated. }f the Bias/API waveforms are
correct, but the Integrator output is not correct, the trouble is probably in the Integrator, Current

Sourees, or the Sample/Hold circuit.

Set the frequency to 1 kHz, function to sine, or switch the power from STBY to ON, and observe
‘he waveforms below.

a. 1f the Counter circuit and VCO are working correctly but the VCO is still not tuning properly,
set the frequency to 1.1MHz and the ampfitude to 10Vp-p and test for the eorrect signal at A21TP10
(zsee Figure 8-F-1). Make sure cable W18 is connected from the Sample and Hold output to the VCO

input.

savavsawe +10V

A INTEGRATOR TP10

ERELEIRESE Y] av

TEFREFTIEY +3V

B BIAS/APIQ19 SOURCE
III!!!!IIIII!"" 1V
:a-----n--t-- L v

C BlAS Q6,07 EMITTERS

b. If the waveform at TP10 is rounded or slightly distorted, make sure the Sample/Hold FETs

are not leaking.

¢. If the waveform at TP10 is bad, test the intcgrator and Sample/Hold circuitry. Heat sink and

remove A21CR4 and A21CRS to open the phase locked loop at the integrator input. These diodes

are a prime noise source especially when overheated. Install jumper W2. This jumper places a 1k§

resistor in paraliel with €17, changing the integrator to a transconductance amplifier (Eout = «1000

x lin). While monitoring the integrator output at TP10 and the Sample/Hold output at TP1I, inject

@ various currents from -12mA to +5mA into the integrator input. An easy way to accomplish this
is to use a dc power supply with a 1k resistor in sories with its output, Every volt from the power

supply will inject lmA into the integrator. The voltage at TP10 and TP1! should equal the power

supply voltage only it will be opposite in polarity.
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If the voltage at TP10 is correct but the voltage at TP11 is not, troubleshoot the Sample/Hold cir-
cuitry. Apply + 5V to A21U&(3). The output veltage at TP11 should be +5V. If not, replace US.
1f the voltage at TP11 is cotrect, momentarily short across A21C24, then apply the + 5V af the junc-
tion of A21Q27 (drain} and A21Q39 {source). The voltage at TP1] should be +5V. If not, check
for the presence of the Sample/Hold Control signal from the base of A21Q44 through to the gates
of (327 and Q39. This signal should be a 0.3 to 0.6gs TTL pulse at 100kHz. The pulse width is derived
from the VCO frequency (VCO/10) and the repstition rate is derived from VCO/N.F.

d. If the integrator and Sample/Hold circunitry appear to be operating propérlty, ¢heck the follow-
ing circuits in the order given to isolate the faulty sub-block.

1. Check the phase comparator output at A21TP9. The waveform should appear as shown in
Figure §-F-1 for the given conditions.

2. Measure the voltage at the junction of R41 and R39. The voltage should be -8V,

3. Chegk the outputs of U4 and U5 for the presence of the bias and API signals, These signals
should be tozgling while the 33234 is sweeping, If the signals are not present, check the oper-
ation of the Fractional N chip {U19} and check for the latch clock coming from U22 pin 6.

&, If the above ciecuitry is good, then the fault probably lies in the integrator or the API 1/Bias
sub-block.

API Troubleshooting.

Exercigse care when troubleshooting the API/Bias circuitry. The signals are small currents that are
difficult to detect. Note that if the VCO locks but there are large spurious signals present at the oul-
put, diodes AZICR3, CR4, CRR, and CRY should be checled.

f. Connect cable W18 back to the sample/hold output at J18A if not already done so.

The following steps determine if the digital programming portion or the analog portion of the A2l
board is at fault.

g. Enter a frequency on the 3325A front panel of 5 000 001Hz.

For this frequency, the fractional-N counter is trying to correct the phase detector error for the 1Hz
offset. Hence, the programming pattern for API 1 will repeat at a 1.0s rate, API 2 will repeat at
0.1 second rate, API 3 at a 0.01s rate, API 4 at a 0.001s rate, and AP? 5 at a 0.0001s rate.

h. Using an oscilloseope, check for each programming pulse at the following outputs:

API 1 Us(9)
API 2 U4(15)
API 3 U4(12)
API 4 U4(10)
API 3 U4(7)

i. If these pulses are present, then the digital section is probably good, and the fault may lie in
the analog current gources, If any of the pulses are not present, check the fractional-N chip (U19)
for the proper signals.

Individual APl Troubleshooting.

j. Connect a spectrum analyzer through a 1k series resistor to A2ITPI11,
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9 k. Select the sine function on the 3325A and set the frequency to 5 000 Q00H:,

[, Set the spectrum analyzer as follows to measure the signal at TP11:

Start Frequency .
Bandwidth
Frequency Span
Sweep Time/Div
Input Sensitivity
Sweep Mode
Vertical Seale

The anatyzer should measurc a level of < -70dB, If the signal at TP11 is < -70dB, the API current
sources in their OFF mode are not interferitig with the phase detector output and the digital portion
ol the board is probably good. If the signal is not < «70dB, either the API current sources may not
have 1urned off sufficiently or the phase detector input and output signals may be bad.

m. Set the 3325A frequency to 5 001 Q00Hz.

n. The specteum analyzer should read < -70dB al TPL1. If this signal is incorreet, troubleshoot
the AP1 1 sub-biock and the U19 programming signals. 1f the signal is good, the problem is probably
not in the API 1 sub-block. Proceed to step o.

0, Sct the 3325A frequency to 5 000 100Hz.

p. The spectrum analyzer should read < -70dB. This frequency tests the API 2 circuit. If the signal
is incorrect, roubleshoot the APT 2 sub-block and the U19 programming signals, 1f the signal is good,
praceed to step g.

q. Set the 3325A. frequency to 5 000 O10Hz,

r. The spectrum analyzer should read < -70dB. This frequency tests the API 3 circuit. If the signal
is incorrect, troubleshoot the API 3 sub-block and the U19 programming signals. If the signal is good,
proceed to step 5.

&. Set the 3325A frequency to 5 00 001Hz.

(. The spectrum analyzer should read < -70dB at TP11. This frequency tests the AP 4 circuit.
I the signal is incorrect, troubleshoot the API 4 sub-block and the U19 programming signals. 1f the
signyl iy good, proceed to step u.

u, Set the 3325A fregquency to 5 000 000.1Hz.

v. The spectrum analyzer should read < -70dB. This frequency tests the API 5 circuitry, If the
level is incorrect, tronbleshoot the API 3 sub-block and the U19 programming signals.

Phase Modulation Troubleshouting

If the output does not respond properly to a phase modulation input, measure de voltages within
the Phase Modulation circuit (A1Q37 and Q38) with:

Phase Modulation
Phase Modulation Input

Phase Modulation linearity problems can often be traced to A21CR18 and A2ICRI9.
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HP3325 Set Up

Measurement Set Up

Important
Parameters

Waveforn

Freq 1.1 MHz
Function Sine
Amplitude 10Vp-p

Oscilloscope

Chl Coupling dc

Chl Volis/Div 1V/div
Time Div. 3.00usec
Trigger Chl

Pulse Height
and Width

CH] CPLG=OC
CHIlw 1 v Dvw

FT =
Harn= 3 us-sDiv

Freg 19.9MHz
Punction Sine
Amplitude 10Vp-p

Oscilloscope

Chl Coupling de

Chl Volts/Div 1V /div
Time Div. 3,00usec
Trigger Chl

Pulse Height
and Width

CHI CRLGE=0C
CHim 1 wrDlw

MT =1
Main= 3 wssDiwv

Freq 1.1 MHz
Funcion Sine
Amplitude 10Vp-p

Oscilloscope

Chl Coupling dc
Chil Volts/div 3.0V
Time Div 3.0usec
Trigger Chl

Pulse Height
and Width

CHLI CFRLC=DC
CHlI= 3 VoD

HMT=CHI
Mmin= 3 ugsODrw

Freq 19.9MHz
Function Sine
Amplitude 10¥p-p

Oscilloscope

Chl Coupling de
Chl Volts/div 3.0V
Time Div 3.0usec
Trigger Chl

Pulse Height
and Width

CHI CERFLG=DNC
CHl= 3 v~-Diw

MT-LCH1
Hain= 3 ua~Diw

Figure 8-F-1. TP9 & TP10 Waveforms
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Model 3325A Service

SERVICE GROUP G - 30MHz REFERENCE AND DIVIDERS.

30MHz Reference Troubleshooting.

“QS8C FAIL” Display Indication.

Step a of the *OSC FAIL” troubleshooting in Service Group D should be performed before
proceeding with the following,

a. Check frequencies at the following points in order. 1f the signal is incorrect at any
point, troubleshoot the associated circuits.

A3TP3 30MHz

A3U2pins 5 and & 10 MHz

A3UI pin3 1 MHz

A3UI piné 2MHz

A3Q 1 MHz

A3UL pin 13 100 kHz

A3USping 100 kHz

A3(}] collector 100 kHz (narrow puise)

If the 3OMH»2 Oscillator 15 failing it could be due to heavy loading by the multiplier (A3U11), This
“ can be checked by lifting A3R73. Oscillator failures have also been linked to A3Q6, A3Y1, and AJCRS.

Do not allow disconnected cable connectors to contact the printed
circuil boards or components, or circiils may be damaged.

Amplitude Trowhleshooting.

h. The most cormmon cause of problems in the Sine Amplitude Control and Amplitude Modulation
gireuitry is the multiplier (A3U11). Problems with U1] are usually detected by incorrect voltages at
A3TP4. The voltage at TP4 should be pure dc and on a working instrument {or a malfunctioning
onc with Autg Calibration Disabled* - ACD) will be the following levels:

* Sce Figure 8-44 (Service Group K) for ACD test point location.

Programmed
Amplitude TP4

3vpp 2vde
10Vp-p 6Vde

Using the modify key to increase the programmed voltage by one volt at a time should cause the volt-
age at TP4 to increase linearily as well, Pulling cable W23 at cither end should cause TP4 to reach
approximately 6-8V.
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¢. If the voltage at TP4 is correct but the output amplitude is still incorrect, check the ac voltages
on U14 pins 6 and 7. With 10Vp-p programmed, both voltage levels should be approximately 0.6Vp-p.
If not and with W23 disconnected at A3J23, measure the voltage at the following points:
A3TP4 6-8Vdc
A3UILNY)  4.8Vdc

Note also that U4 is probably bad if the frequency difference between pins & and 7 is greater than
20% (the frequency should be approximately 30MHz on both pins).

d. If after A3U11 and/or A3U14 have been replaced and incorrect voltages are measured at TP4,
the amplitude problem may be isolated via Service Groups C, J, or L.

e. If the voltages at TP4 are correct and the output amplitude is incorrect, troubleshoot the problem
via Service Groups H or J.

PRESET CURRENT
COUNTER SOURCE ﬁ?gfl HULTIPLTER
AL4-1 AL4-]

The Amplitude Calsbronon Disabls. ACO. 15 uked to break the
fmediack pathe doving troubleshoating of ampliude problems
Connert ACD 1o Grd andl eyrie pawar off and on. —

PROCESSOR

AB-C 30
. FUNCTION MIXER 1 MH2

CIRCUITS A3 H I S:%TEH

Atd-J
—o PK L_—

X

PEAK ¢ nurRUT ATTENUATOR HIGH YOL IACE

DETECTOR |
| AMPLIFIER AZ3-L AB-M

fgi 1 4 _K 1
Each Box COMEME & COGE SUCH 85 A14-1. This k31§ tirat the bonrd (IJ TLIEAH-28
number follrwed by the schematic number ouT 3

Figure 8-G-1. Sine Amplitude Control Path.
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Model 3325A Service

SERVICE GROUP H - MIXER.

Mixer Shields.

The Mixer circuits are covered by two shields, each consisting of a flat cover and an extru-
sion. Always set the POWER switch to STBY before removing or replacing the shields.
When replacing a shield, make sure the key on the bottom edge of the shield is aligned with

the hole in the printed circuit board. Also, make sure the hole in the cover nearest the front
of the instrument is over the mixer adjustment resistor.

Mixer Traubleshooting.

Failures on this portion of the A% board are usually linked to A3CR101, A3U16, and sometimes A3UL3S.
A3U16 often fails because of metalization.

a. Ground the Auto Calibration Disable {ACD) test point (Service Group K - Figure 8-44) and cycle

powet. When 10Vp-p is programmed, the voltage at AITP6 should be 100mVp-p with no de. If this
voltage is not correct, make sure that ACD is disabled and check TP6 again. If the voltage is still
incorrect, the fault lies prior to TP6.

b. To check for a A3CRIOQ! failure, turn the instrument off and measure the resistance from TP6
1o ground. An chmmeter with = 1mA of current (3455A for example) is needed. The resistance should
range from 1980 to 20282, If the resistance measures less than 19812, one of the diodes in CR101 is
jeaky. CR101 can also be responsible for poor harmonic distortion and spurs.

¢. When replacing CR101, a good technique is to use four round toothpicks to position each of
the four leads into place, This enables the new CR101 to be checked for satisfactory operation before
it is soldered in place. Since the orientation of CRIO1 often affects harmonics and spurs, rotating
it 90, 180, or 270 degrees can often improve these specifications. Use care when replacing CR101.
Because of its small size, it is often damaged when being soldered.

d. Ths waveform on the secondary windings of T1 (side closest to CR101 on schematic) can be
observed on an oscilloscope. At turn-om, this waveform should be a 2Vp-p, 30MHzx sine wave on
both leads. Note that the waveform on T2 is not as easily observed.

e. The voltage measured at A3TP7 should be the same as A3TP6 (step a). If this is the case, A3ULS5
is probably good,




Service Model 3325A

f. The mixer output signal leaves the A3 board and enters the Al4 board as a current via cable .
W24. A check of this current is made as follows:

. Connect the ACD test point (Service Group K) to ground and cycle instrument power,
. Move the Norm/Test jumper on A3 (Service Group H) to the test position.

. Program the front panel for a sine function at 10Vp-p.

. Remove cable W24 from connector J24 on A3 (Service Group H).

. Place an oscilloscope probe on J24's center connector. The signal should be close to 2.00Vp-p
with 2.2Vdc.

. Program an instrument sweep from 1kHz to 20MHz while monitoring the signal at the center
connector of J24. Note that the voltages should remain the same. If they do not, check the
multiplier (U11) and the differential amplifier (U14) in Service Group G.

PRESET CURRENT
CoumTER AT noL e
At4-1 a14-1

The Amplivude Calioration Disable, ACD. 5 usad 10 break the
Feadback path during 1roubleshooting af ampliude problems
Connae ACD to Gnd snd cyala power il and an.

PROCESSOR —"——-l

AG-C FUNCTION 30MHz
c1rcuITs —H MR i SWITCH
A14- ] A3-E

— 7 PK h———J

F

PEAK | pirpyy TTTENUATOR] HIGH VOLTAGE
DETECTOR | awpi 17 1ER feent) OPTION D02
ALA-K AB-M

Each box contans a code Buch as &14-1. Thae liste fwst the boord l 3YESA-£-20
number followed by 1he schemalic rombet auT :

Figure 8-H-1. Sine Amplitude Control Path.
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SERVICE GROUP | - B/A CONVERTER AND SAMPLE HOLD.

D/A and SamplefHald Troubleshonting.

These circuits convert digital information (from the controller) to the analog voltages which
control output level, dc offset, etc. If these control voltages appear to be incorrect (Service
Groups J, K, or N) the trouble may be in the DAC counters, current source, or integrator, or
in the Sample/Hold switches or amplifiers.

Observe the ““DAC Integrator Out'’ pulse train shown below. The voltage level at each Sample/Hold
aoutput amplifier test point should be identical ta the level of its corresponding pulse at the DAC test
point. This pulse train ocenrs at instrument turn-on and with the ACD test point grounded (schematic
K - Service Group K}, Note that the levels have a tolerance of + 0.02Vdc. Verification of these levels
is made by again grounding the ACI test point, externally triggering an eoscilloscope on the positive
slope of test point AZ, and connecting the scope’s input to the DAC test point.

A ANALOG SWITCHENABLE

B DACINTEGRATCGRQOUT

= DAC Auto Zero {(No TP) 0.0Vdc
Amplitude Calibration Level (TP +1LVL)-10.2Vdc

= Qutput Amplituds (TP AMPL) -4.0Vdc
DC Offset (TP O82) 0.0Vdc

DC Offset Correction (TP OS51) 0.0Vdc
= X Drive (TP XDR) 0.0Vdc
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If the level at sach Sample/Hold test point is not the same as its corresponding pulse at the DAC
test point, suspect problems with the analog switch, the op amp, or the Sample/Hold capacitor, The
following information can also help one determine if the Sample/Hold output is good,

The DAC Auto Zero pulse is approximately 0V and the voltage out of A14U17 will vary slightly around
-4.2V.

+LVL: This voltage is used during seli-calibration (AMPTD CAL) at which time¢ +LVL jumps to
various levels for a period of about 1 second. At all other times, +LVL remains at approximately
-10.2V.

AMPL: This voltage controls the amplitude of all functions. The normal amplitude range is 4.0V
to +10V.

Programmed Sine Amplitude : TP AMPL

2.9%Vp.p +7V

3.00Vp-p —ay

10.00Vp-p +10V
Sine function off - 10V

0O82: This voltage controls the D.C. offset of the output waveform.
With Sine function off:
Programmed D.C. QOffset

+5vde
—5Vde

OS1: This is the DC offset error correction voltage and is caleulated during a self-calibration. This
voltage should always be close to OV,

XDR: X Drive is zero when not sweeping. It’s -10V for a one second sweep and -0.1V for a 99 second
sweep.

A commen problem with this section of the Al4 board is loading of the DAC test point by a bad
apalog switch, Op-Amp, or a Sample/Hold capacitor. To check for a leading problem, unsolder the
Jead nearcst the DAC test point on the resistor (R55) between A14U16 pin & and the test point. Artach
an oscilloscope probe to the unsoldered lead of the resistor and moniter the DAC pulse train. Con-
tinue to observe this pulse train while pressing the resistor lead down so that it makes contact with
the point from which it was unsoldered. If any change in the levels of the pulse train is observed,
the waveform is being loaded by a defective analog switch or Op-Amp.
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The Preset Counters and Data Latch are not easily checked, but fortunately they seldom fail. If the

0 correct DAC pulse train is observed with Auto-Cal disabled, the counters are working correctly. Data
pulses with TTL levels should be observable at all times at the inputs and outputs of A14U6-A14U9
and A14029. If any of these are not TTL levels or are not changing, then the IC is suspect.

With the oscilloscope externally triggered at the AZ test point, the switch drive signals (from
the Sample/Hold Latch, U26) can be observed at the latch outputs and the Analog Switch
inputs (U20 and 1J24). Pulse timing can be compared to the DAC Integrator outputs. Pulses
should be present at the inputs to U26 continually.

The charge time and consequently the output voltage of the DAC Integrator is determined
by the width of the output pulses from U10Q. These pulses turn on the dual current source,
and the total current charges the integrator capacitor. The U10 outputs are negative-going
pulses.

Pulses should be present at the input and output pins of the various IC’s. The Load LSD,
Load MSD, and S/H Strobe pulses should occur at a 1 kHz rate. The 2 MHz Reference (at
the 2 MHz test point) is divided by 2 in U14 to provide a clock signal to the DAC circuits.

PRESET CURRENT
COUNTER SAURCE

-
L] PAC ] MULTIPLTER
| A14-1 A3-C

Tre Ampituge Calibration Dissbls, ACD, it used 10 break the
feedbpck path duving b ot ke @ .
Connert ACD o Grd and eycle power off and on.

L_“iT‘;I__iTI_J

PROCESSOR
A&-C FUNCTION

i CIRCUITS

Atd-J

MIXER
A3-H

2

HIGH VOLTAGE
OPTION DG2
AB-HM

: ATTENUATOR
i AMPLIFIER AZ3-L

Each bok contains a code such az 4141, This kisis birst 1he board l B Rae e
number IoHavwed by the schematie number. guT FISLGA-Y-2Y

Figure 8-1-1. Sine Amplitude Conirol Path.
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SERVICE GROUP J - FUNCTION CIRCUITS.
Function Circuits Troubleshooting.

The AI4Q112 amplifier circuit supplies sine wave current to the output amplifier. Disconnect the cable
(marked ‘“23 ALC’") from Al14J23 1o permit maximum signal amplitude at A14 test point SIN.

Do not allow disconnected cable connector to contact the printed
circuit boards or components, or circuits may be damaged.

The sine wave signal at test point SIN should be approximately 200 mV p-p at the selected
frequency.

If this signal i not correct, the trouble is ahead of the SIN test point. If the sine
function is the only one not operating correctly, check the diode CR101 and the
filter components in the Q112 emitter circuit.

If there is a signal at the SIN test point, check the Sine Enable voltage at U28 pin
10. This should be at a TTL high level. If not, check input and clock signals to
LU28 and U27. The inputs to U28 can be traced to U29, Service Group 1.

Be sure to reconnect cable 23 to A14J23.

Square, Triangle, and Ramp Functions.

If the sine function is operating properly, but none of the other functions is correct, the
trouble is probably in the Q101, Q102 circuits or U31 inverters. Also check for the correct
enable signals from U2B. The table next to U28 on the schematic relates the functions to the
enable signal levels, The trouble may also be in the Offset and Amplitude Control circuits.

Square Function Only,

If the square wave function only is not operating properly, observe the signal at the SQR test
point on Al4. This should be a TTL level square wave at the selected frequency.

If this signal is not present, check the Square Enable voltage level at U33 pin 4,
which should be TTL high. If correct, check the clock input at U33 pin 3, then the
U31 inverter circuits and Q101, 102, If the signal at U31 pins 5 and 9 is correct but
pins 6 and 8 are always low, it 1s possible that U32 could be defective.

If the signal at SQR is correct, troubleshoot the U40 circuits and the Amplitude
Caontrol circuits.

If Self Tests | and 3 pass and Self Test 2 fails, suspect problems with A14U42 in Service Group K.
8-J-1
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Triangle and Ramp Functions.

[f the sine and square functions are correct, but the triangle and ramp functions are not
operating properly, use the following procedure.

a. Connect ascifloscope to the TRI test point (on Ald). Set controls as follows:

Vertleal . . vt i ittt e e m e 0.2VY/div (= 10 probe)
WD . . i ea e 0.1 us/div
Trigger Int/ + slope

b. Setthe 3325A a5 follows:

Function
Frequency
Amplitude

¢. The pulse width of the TRI sizgnal should increase and decrease at a 1 Hz rate (TTL
levels).

d. Monitor pin 9 of U36 with the oscilloscope. This should be a TTL square wave, fre-
quency 1| MHz (actually 1.000 001 MHz). If not, go to Step f.

¢. The signal at pin 10 of U36 should be a TTL square wave at 1| MHz. If not, go to the
2 MHz test point and trace the signal through to U36 pin 10. Uld divides the 2 MHz
reference by two. If Ul4 is not operating, check for a TTL high Triangle Enable at Ul4 pin
10.

f. If the proper signal is not present at U36 pin 9, trace the signal back through U2,
which isa + 10 counter. Also check for a TTL high Triangle Enable level at U33 pin 10,

2. If the digital signals are all correct the trouble may be in U40 or the Triangle and Ramp
Filter circuits. Observe the signal at the TRIFILT test point. It should be a triangle or ramp
{(selected function) approximately 200 mV p-p. If not, check U40 output at pin 13. Measure
voltages in the Q114-Q118 circuits.

Ramp Functions Only.

If only the ramp functions are not operating properly, the trouble is probably in the ramp
reset circuits.

a. Connect an oscilloscope to the TRI test point (on Al4}. Set the controls as follows:

Vertical .. ... e 0.2 V/div (= 10 probe)
= = 0.1 ps/div
Int/ + slope
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m b. Setthe 3325A as fallows:

Function
Frequency
Amplitude

¢. The width of the positive pulse should decrease to zero, then reset and repeal at a 1 He
rate (TTL levels). '

d. Change function to — Ramp. The positive pulse at the TRI test point should increase
to maximum, then reset to zero and repeat at a 1 Hz rate, If the signal is the same as the cor-
rect signal in Step d, the Ramp Polarity signal from U28 pin 5 may be incorrect. This levcl
should be high for — Ramp function and low for + Ramp.

e. If the pulsc width in Step c or d increases and decreases, the pulse reset cireuits are not
operating, and the 3325A output signal should be a triangle, at a 0.5 Hz rate.

f. At frequencies below 100 Hz, the ramps are reset by the digital Phase Detector, U35.
Check for negative-going pulses at U35 pin 6, positive-going pulses at U37 pin 8, and
negative-going pulses at U37 pin 6. Each pulse should toggle the output of Y34, pin 8. The
Ramp Enable level at U34 pin 10 must be high.

g. At frequencies of 100 Hz and higher, ramps are reset by the + Ramp Reset pulses
generated by the Ramp Reset one-shots (U45, Service Group K) which are triggered by the
Level Comparator output, U42 pin 7. These are also negative-going pulses, approximately
10 s wide.

DC Offset and Amplitude Troubleshooting.

Problems in the Amplitude and Qffset control circuits are most easily located by measuring de volt-
ages. The voltages shown on the schematic are measured with the instrument in the turn-on stats (power
switched from STBY to ON). Amplitude problems have in the past, been linked to U38, U39, and
U40 failures. If the amplitude level from the DAC (see AMPL test point - Service Group I} is correct
as well as the voltages at A3TP4 (Service Group G), then the amplitude conteol circuitry in this serv-
ice group is suspect,

A dc offset in sine function only may be caused by a fault in the Q103, Q104 circuits.

If the square, triangle, and ramp functions are inoperative, or if the DC Offset (no ac func-
tion) is one-half the programmed level, the problem may be in Offset Control circuits U38B,
Q106, U4IB, or Q113.

The voltages at Q108 emitters should always be identical.
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Clipping of the positive or negative peaks on the cutput waveform is sometimes caused by a fault
in the D.C. Offset Current circuitry. Too much or too little offset current causes the output amplifier

to saturate on either the positive or negative peaks,
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Note 1: These voltage lavels are useful when troublashooting amplitude
problems. Levels shown occur with the 3325A's frequency set to 1kMz, and
with Auto Calibration Disable {ACD} grounded.

Programmed TP TP
Amplitude (Vp-n) AMP IN {0V d¢ offsetl AME 1IN {2V dc offset}

Vp-p DC Level Vp-p DC Lovel
Q.18 5.17 0.06 .
0.28 517 0.1

0186 5.17 0.14

Q.20 5.17 0.18

0.24 5.17 0.22

.28 5.17 0.26

0.32 5,17

0.38 5.17

0.44 6517

0.48 5,17
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SERVICE GROUP K - DUTPUT AMPLIFIER AND LEVEL COMPARATOR.

Output Amplifier and Level Comparator Troubleshosting.

If the instrument accepts and displays entries, but there is neither a signal nor syne output, the trou-
ble may be in the OQurput Amplifier circuit. Note that when troubleshooting amplitude problems, the
Auto Catibration Disable (ACD) test point must be grounded and the power cycled (Figure 8-44).
This procedure breaks rhe amplitude loop and makes it possible to troubleshoot the amplitude con-
trol path (see Figure §-K-1).

a. Move the small shorting connector marked AMP [N (on A14} from the NORM to the opposite
position.

b. Disconnect any external equipment from the signal output.

c. Measure the de voltage at the AMP OUT test point and at both ends of the fuse, F3.
These voltages should be approximately +7.5V.

If these voltages are all correct, the amplifier is probably operating correctly, and
the problem may be in the Attenuator, Service Group L.

The fuse F3 can be opened when excessive voltage is applied to the 3325As signal port. It, therefore,
blows fairly often and should be replaced as necessary (0.25A, -hp- Part No. 2110-0343).

If the amplifier output valtage is not correct, troubleshoot the amplifier circuit by measuring de volt-
ages within the circuit as shown on the schematie (tolerance + 10%). These voltages are measured
with the AMP IN shorting connector in the TEST position. While troubleshooting, note that the cir-
cuit from the node common to the bases of A14Q207 and A14Q213 to the AMP QUT test point is
a voltage follower, Therefore, the waveform at the node and at the test point should be the same.
When troubleshooting the circuit from A14Q210 to A14Q209, it is helpful to check the forward and
backward resistance of each transistor,

Be sure to replace the shorting connector to the NORM position after troubleshooting.

If the 3325A does not meet accuracy specifications at 20MHz after repair of the output amplifier,
and the flatness cannot be adjusted properly with the FLT adjustment (Section V, Amplitude Flat-
ness Adjustment), it may be necessary to select a different value for A14C103 (Service Group J}. In-
creasing the value increases the output amplitude at higher frequencies, and vice versa. Note that the
20MHz flatness adjustment (FLT) affects square wave overshoot.
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No Sync Output, Signal Qutput Normal.

If the signal output is normal but there is no sync output, check for a square wave at both
ends of the fuse, F4. With no external equipment connected to the sync output, this should
bea TTL level square wave.

If the signal is present at only one end of the fuse, replace the fuse (.125 A, -hp-
Part No. 2110-0301).

If the fuse is good, trace the signal from U47 through U48. If any one of the five
parallel inverters has failed with either the input or output at ground, the sync out-
put will not be present.

If there is no signal at U47 output, move the small shorting connector marked
AMP IN from the NORM position to the opposite position. The dc voltage at U47
pin 2 should then measure +3.75 ¥ (one-half the voliage at the AMP OUT test
point).

Be sure to return the shorting connecter to the NORM position after troubleshooting.

Level Comparator, Level Data, and Ramp Reset Troubleshooting.

The Level Comparator output level (at PK test point) changes each time the amplifier output
equals the ‘“Level”’ voltage at U42 pin 3, These changes should be easily observed when the
AMPTD CAL keyis pressed.

The Level Comparator outputs preset the Level Data Flip-Flops, which are reset as necessary
by the controller.

The Ramp Reset one-shots are triggered by the Level Comparator outputs when the Ramp
Enable signal is high. The level of the Ramp Polarity signal at U45 pins 2 and 9 determines
whether the + Ramp or — Ramp reset one-shot is triggered.
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Model 33254

SERVICE GROUP L - ATTENUATOR.

Traubleshooting Attenuator Relays and Drivers.

Set output to:

Function
DC Offset

Press AMPTD CAL Key.

DC Offset only (no AC function)

Measure the 3325A output voltage with a d¢ digital voltmeter. Do not use a 50-ohm load.
The output level should be +10.000 V #0.4%. If the output voltage is incorrect by a large
amount {(a factor of 3, 10, or 100 for example) one of the attenuator relays may be latched in
the wrong position. With the DC Offset set to 5 V, none of the attenuator pads should be in.

If - 100 pad (K1}isIN
[f +10pad (K2}is IN
If +3pad (K3)is IN
[f +-100Qand + 10 pads are IN
If +100and + 3 pads are IN
If +10and = 3 pads are IN
If K4isinthe IN position
Instrument with High Voltage
Option 002
Instrument without Option 002
(front panel output)
(rear panel output)

No Load Output voltage will be
0.100V
1.000 ¥
3.333v
0.010Vv
0.033V
0.333V

20.00V

ov
10.00V

Operation of the latching relays may be checked by momentarily grounding each output of

A4US0, and A4Q76 collector, as follows:

Pin No. J

Relay

10
16

5
14

13
12

1
Q76 Coll.

Front output or H.V, OFF
Rear output or H.V, ON

ouT
IN

ouT
IN

ouT
IN

Service




Service Model 3323A

A small error in the output voltage may be caused by the output amplifier or by excessive
contact resistance in the attenuator relays, particularly if the error is not evident on all
ranges. The following table lists the eight ranges used in the DC Offset only mode, and the
relays used for each range. Relay K4 is used for all ranges.

DC Offset Only Attenuator
Range | (No ACFunction) Relay Pads In
5.000t0 1.500V None
1.499t0 Q500 V K3
499.9to 150.0mY K2
149.9to 50.00mV K2,K3
49.99t0 15.00mV Kl
14.99t0 5.000mV K1, K3
4.99910 1,500 mV Kl,K2
£.49910 1.000 mV Kl, K2, K3

GG -1 O Lh e W P —

Relay drive pulses at A14U49 outputs and A14US50 and A14Q76 occur only in conjunction with a
range change. Changing the output level from 5V to imV results in pulses to K1, K2, and K3 which
place them in the “pad in'* position. Changing from ImV to 5V causes all three relays to change
to the *“pad out’’ position. Pulses may be observed at the proper points by observing an oscilloscope
st ta a slow sweep speed while entering the above voltages. The clock pulse to U4 may also be ob-
gerved during any range change. Pulses should appear at U49 inputs continually.

A23 Attenuator Relay Cleaning and Sérvicing.

Removal and Replacement

Use a small screwdriver or similar tool to pry the flat spring retainer away from the side of the relay
and remove the retainer. The relay can then be lifted from the board (each relay should be marked
on the case to insure that they will be returned to the same position). When replacing the relay, make
sure the key tabs on the bottom of the relay case are properly aligned with the holes in the printed
circuit board and that the ¢ontact ping also fit properly.

Relay and Board Cleaning
Before cleaning the relays and the printed circuit board, note the following precautions:

- do not clean the relays with solvents or fluorcarbons (e.g. Freon, “Dust-OFF’" flux remover, or
circuit cooler),

- avoid touching the contacts

- use only low pressure (10 psi max) dry gas. CO,, N,, or air are all acceptable. A squeeze bulb blower
is good. Do not use your mouth.




/55 8-Y5
Procedure; _2h-t "53’

a. After the relays have been removed frem the board as instructed above, blow clean the relay

contacts and armature with low pressure dry gas {¢.g., CO,, N,, or air}. Do not blow with your
mouth.

b. Spray no-noise silicon lubricant (P/N 6030-D063) into the cavity area. Place the relay, contact
side down, in a dust-free area and allow it to cure for 24 hours before using.

c. Clean the printed circuit board where the relays sit with isopropyl alcohol (““2-Propanot’’ P/N
8500-0755). Apply the alcohol with a soft brush (P/N 8520-0007). Avoid circular brush strokes and
maintain a minimum amount of application pressure. Avoid using anything else {such as erasers) on
the board. Blow dry the board and store in a dust-free area until the relays are ready to be reattached,

d. When the relays have cure dried, reattach them to the board. Check 10 insure that the relays
are functioning properly by following the procedures described in the troubleshooting section.
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Model 3325A Service

SERVICE GROUP M - OPTIONS: HIGH VOLTAGE OUTPUT (OPT. 002) AND HIGH STABILITY REFER-
ENCE (OPT. 001).

High Voltage Output Amplifier Trouhleghooting.

Before servicing the A8 assembly, be sure that it is being uscd within its Jimits of operation;

Frequency Range: 0 - IMHz
Qutput Load: 5002 minimum

If the standard ountput is normal but there is no high voltage output, move the small shorting
connector marked AMP IN (on Al4) from the NORM position to the opposite position.
Measure the dc voltage at ASTPS and at both ends of A8F1, This voltage should be approx-
imately + 15 V. :

If voltage is present at only one end of ASF]1, replace the fuse (.25 A, -hp- Part
No. 2110-0343).

If the fuse is good, return the shorting connector to the NORM position. Discon-
nect the cable (marked 20 HI V1} from A8J20. Measure dc voltages with the cir-
cuit as shown on the schematic. Voltages should be within + 10%,

Check that jumper A6W1 is clipped or missing. The absence of this jumper indicates 1o the processor
that the High Voltage option is installed and the processor will then allow voltages greater than 10Vp-p
to be programmemed.

Note that the A8 assembly has its own + 30V power supply.

Be sure to reconnect the cable to U8J20 after troubleshooting.

REAR PANEL OUTPUT WITH OPTICN Do2.

Normally, instruments having the High Voltage Output Option 002 are shipped from the
factory with the signal output at the front panel. The signal output ¢an be changed to the

rear panel by reconrecting Cables 1 and 4.

a. Disconnect Cable 1 (to the front panel signal output) from the attenuator assembly J)
OUT.

b, Disconneact Cable 4 (10 rear panel signal output) from the connector on Al4 labeled 4 DUMMY ",
and connect it to J1 OUT on the attenuator assembly. [t may be necessary to cut a cable tie to reach J1.

¢. Connect Cable 1 tothe ““4 DUMMY'' connector.

d. The standard and high voltage outputs will now appear at the rear pancl SIGINAL con-
nector,
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CHANGING OPTION 002 TO STANDARD {FRONT/REAR) OUTPUT.

Use the following procedure to change an instrument with High Voitage Output Option 002
to the standard instrument Front/Rear signal output configuration. The High Voltage out-
put will then not be available at either the front or rear panel.

a. Disconnect Cable 20 from the attenuator assembly connector labeled “AUX OUT
4,20,

b. Disconnect Cable 21 from the attenuator assembly connector labeled “HV IN™.

¢. Disconnect Cable 4 from the connector on A6 labeled 4 DUMMY”’ and connect it to
the attenuator assembly connector labeled “AUX OUT 4/20°*,

d. Connect Cable 20 to the “‘4 DUMMY*’ connector.

e. Secure Cable 21 in a pasition that does not allow the connector to touch the printed cir-
cuit board or any component.

f. Solder a small wire jumper in the position on A6 that is between A6U43 and A6SI.
This jumper is marked W1 on the schematic diagram and the component location drawing in
Service Group C. When this jumper is in place, the logic circuits recognize the standard {no
high voltage output) configuration.

g. Attach a tag or other identification to the front pangl to indicate that the high voltage
output has been disabled and that the standard signal output is available at the front or rear
panel (switchable).
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Madezl 33235A Service

SERVICE GROUP N - SWEEP DRIVE CIRCUITS.

Troubleshooting The Sweep Drive Circuits.

To determine whether only one or both X Drive ranges are bad, monitor the X Drive output
with an oscilloscope,

a. Set sweep time to .999 sec. Press START CONT key. X Drive output should go from
0V to > + 10 V during sweep up, and remain at 0 V during sweep down.

b. Set sweep time to I sec. The oscilloscope display should be as described in Step a.

c. Check the voltage at the XDR test point {on Al4). This voltage should change from
—10.0 V to —0.1 V when the sweep time is changed from 1 sec to .999 sec,

d. If neither output is correct in Steps a and b, first troubleshoot the X Drive Integrator
circuit. The ramp reset pulse at the gate of A14Q1 should be as indicated on the schematic,
with the negative-going edge of the pulse occurring at the end of a sweep up (in continuous
sweep). Also check for the Ramp Reset pulse at Al4U1 pin 12. If no pulse is present, go to
the Logic troubleshooting, Service Group C.

e. Setting the sweep time to .999 sec checks Range 1, while a time of 1 sec checks Range 2.
If only one range is inoperative, compare the veoltage at U4 pin 4 (Range 1) or U3 pin 6
(Range 2) to the voltage at the XDR test point.

999 sec = -0 1V
lsecc= —-10.0V

If these voltages are correct, the Sweep Range Switches are working, and the trouble is pro-
bably in the X Drive Integrator,

f. If either of the voltages in Step e is not correct, check for the Range 1 level at U4 pin 2,
or the Range 2 level at U3 pin 2 and 3. One of these should be TTL high and the other low,
depending upon the range of the sweep time selected.

g. The Start output from the X Drive Start/Stop Flip-Flop should be high during a sweep
up and low during sweep down, The L Start level at U2 pin 2 and U1 pin 15 should go low at
the beginning of a sweep up and high just before the end of sweep up.

Z Blank Dutput.

With the 3325A in continuous sweep (linear mode) the Z Blank output should be at a TTL low level
during sweep up, high during sweep down. Check for this signal at both ends of A14F1. If the fuse
is bad, replace with -hp- P/N 2110-0343, 0.25A. The signal should be inverted at the base of Q3,




Service

Model 33235A

Marker Output.

The Marker output operates only during a linear sweep up, It is high at the start of a sweep
up, goes low at the selected marker frequency, then high again at the stop frequency. Check
for this signal at both ends of A14F2. If the fuse is bad, replace with -hp- Part No.
2110-0343, .25 A.

If the fuse is good, check for the presence of the Sweep Limit Flag at U2 pin 5,
and the Marker Reset pulse at U2 pin 1. Both should be negative-going pulses.
Sweep Limit Flag should occur at the selected marker frequency and at the end of
sweep up. The Marker Reset pulse should occur immediately after the end of
$Weep up.
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Mode] 3325A Service

SERVICE GROUP D - POWER SUPPLIES.

Power Supply Troubleshooting.

Ecaunuu?

The Power Supply prinied circuit board mounting screws must be
tightened sectirely or the regulators will not operate properly. The
line fuse may be destroyed.

To determine if the trouble is in the regulators or if some other circuit is pulling down a
power supply veltage, disconnect the cable (W22) from AZP3. This breaks the connector to
the power switch; ground A2P5 pin 10 to enable the power supplies.

The three power supply voltages (+ 15V, +5V)are roured from A2PS through the cabile W22 16 AGPS,
and from Ag are connccted to the other assemblies through the flat cables at the side of A6 and the
gray or blue cable to the keyboard assembly. In addition to the flat cables, + 15V are routed to Al4
through either a 2-wire cable which has a connector at each end, or through individual wires connect-
Ing to square pins at either end. When replacing either the 2-wire cable or the individual wires, make
sure the connection is correct. The red wire goes to + 15V and the black wire to -15V.

If the power supply voltages are not within = 1V of the correct value with the cable removed,
troubleshoot the regulator circuits, using the de voltages noted on the schematic. Note that all sup-
plies are referenced to -5V, Therefore, if this supply is bad, the + 5V and + 15V supplies will be
off as well.

If the power supply voltages are correct with the cable disconnected, discennect all three of
the flat cables and the cable to the keyboard assembly, and reconnect cable W22 to A2P5.
Connect the STRY test point (on A6) to ground to enable the power supplies. 1If power sup-
ply voltages are again incorrect, the problem is on the A6 assembly {Service Groups B and
Q). If power supply voltages are correct with A6 connected and the other assemblies discon-
nected, replace the cables one at a time to locate the problem, then troubleshoot the ap-
propriate assembly.

The flat cables must be removed and reinserted carefully to pre-
vent! damuage. Make sure that the cable contacts are aligned proper-
by with the connector contacts.
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NOTES

1. When replacing Q1, Q2, or O3, make sure the insulgtor is in
place correctly. Use a heat transfer compound between the tran-
ststor, instdator, and heat sink. Be sure to use the proper length
screw for replaceinent.

2. If the heat sink is removed from the side frame, be sure to use
the proper length screws to replace it. If the screws are (oo long, or
if the washer is omitted, the screws muay short the transistors (o the
frame.
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