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[ﬁﬁ HEWLETT

PACKARD
SAFETY SUMMARY

Tha tollowing genaral safety pracautions must be abserved during all phases of operation, service, and repair of this
instrement. Failure to comply with thess precautionz or with specific warnings alsewhare in this manual vialates
safety standards of design, manufacture, and intanded use of the instrument. Hewlett-Packsrd Company assumes o
liability for the customer’s failure to comply with these requiremants: This is a Safety Class 1 instrument.

GROUND THE INSTRUMENT

To minimize shock hazard, the instrument chassis and cabinet must be connected to an elec-
trical ground, The instrument is equipped with a three-conductor ac power cable. The power
cable must either be plugged into an approved three-contact electrical outlet ar 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.

DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE
Do nat operate the instrument in the presence of flammable gases or fumes. Operation of any
electrical instrument in such an environment constitutes a definite safety hazard.

KEEP AWAY FROM LIVE CIRCUITS

QOperating personnel must not remove instrument covers. Compaonent replacement and internal
adjustments must be made by qualified maintenance personnel. Do not replace components
with power cable connected. Under certain conditions, dangerous voliages may exist even with
the power cable removed. To avoid injuries, always disconnect power and discharge circuits
before touching them.

10 NOT SERVICE OR ADJUST ALONE

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

DG NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT

Because of the danger of introducing additipnal hazards, do not install substitute parts or per-
form any unautharized rnodification 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 potentiaflly dangerous procedures throughout
this manual. Instructions contained in the warnings must be followed.

‘ WARNING I

Dangerous voltages, capable of ¢ausing death, are present in this instrument. Use ox-
trema cautioh when handling, testing, and adjusting.




SAFETY SYMBOLS

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

Instruction manual symbol: the product will be markcr_:l 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 before
operating equipment.

Low-noise or noiseless, clean ground (earth) terminal. Used for a
signal cotmon, as well as providing protection against electrical
shock in case of a fault. A terminal marked with thig 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 line).

Direct eurrent (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 personnpel.

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

The NOTE sign denotes important information. It calls attention
to procedure, practice, condition or the like, which is essential to
highlight.
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Model 33254

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-
ice 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 instrument for use by the operator. The pan num-
bers of both the Operating and Service Manual and the
Operating Manual supplement are shown on the title
pages.

1-3, Also shown on the title page of this manual is a
Microfiche part number. This number can be used to
order 4 x & inch transparencies of the QOperating 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, Qperating Information Supplement, or Service
Notes can be ordered through your nearest Hewlett-
Packard Sales and Service Office. (A list of these offices
is provided at the end of this manual.)

1-5. INSTRUMENT DESCRIPTION.

1-6. The Model 3325A Synthesizer/Function Genérator
produces the following signals at 8 minimum frequency
of 1 gHz and maximum frequency of:

20 MHz
10 MHz
10 kHz
10 kHz
10 kHz

Sine wave

Sguare wave
Triangle

Positive clope ramp
Negative slope ramp

Frequency may be selected with up to eleven digits of
resolution. Cutput amplitude is 1 mV to 10 V peak-to-
peak. The output level may also be selected or displayed
in V rms or in dBm (50 ohms). Any function may be dc
offset up to +4.5 V, or the output may be dc only up to
&5 V. An optional high voltage output produces up to
40 ¥V p-p into = 500 chms load.

1-7. Frequency sweep of all functions is provided in
linear or Jog sweep, at sweep times of 10 milliseconds to
99.99 seconds for linear sweep. Maximum time for log
sweep is 99.99 seconds and minimum time is 2 seconds
for gingle iog sweep and 0.1 second for continvovs log
sweep. Single linear sweep may be up or down, while
continuous sweep is up/down/up, ete., in the lineat
mode and ups/up, etc., in log mode.

1-8, The Model 3325A is fully programmable through
the rear panel Hewlett-Packard Interface Bus (HP-IB)
connector. A device such as a programunable calcutator
i5 capable of remotely controlling the 3325A. Interface
information is given in Section 11 of this manual, and
programming information is in Section 111,

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 Bursau 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 of the 3325A, This informa-
tion is supplemental operating information and is not to
be considered as specifications.

1-13. REMQTE CONTROL,

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

1.15. OPTIONS.

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

3323A;

Option (0]
Option 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 100 V a¢
Nominal 120 V ac
Nominal 220 V ac
Naminal 240 V ac

Cption 1140
Option 120
Option 220
Option 240




General Information

Table 1-1. Specifications.

Model 3325A

FUNCTIONS ANMD FREOUENCIES

Sine Wave:

Signal Qutput (Front or Rear Pangl):
0.000 001 Hz to 20 999 099,099 Mz

Auxlliary Output {Rear Penel):

21 000 000.000 Hz to 60 999 999,999 Hz
Underrange to 19 000 000.001 Hz

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

Triangle: 0,000 001 Hz to 10 999.09% 998 Hz

Positive and Negative Slope Ramp:
0.000 001 Hz to 10 999,959 989 Hz

FREQGUENCY RESOLUTION

1 pHz for frequencies below 100 kHz
1 mHz for freguencies 100 kHz and higher

FREQUENCY ACCURACY (Stendard lnsirument)

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

FREGUENCY STABILITY (Stamdard Instrumeat)

+5 »x 108 per year (20° to 30°C)

SIGNAL CHARACTERISTICS

Sine Wave:

Harmonic Distortion relative to the amplitude of the
fundamental frequency at full cutput on gach range

Fundamental
Frequency

No Harmanic
Greater Than

0.1 Hz to b0 kHz
50 kHz to 200 kHz
200 kHz to 2 MHz
2 MHz to 15 MHz
16 MMz to 20 MHz

-85 dB
-€0dB
-40 dB
-3c dB
-26dB

AMPLITUDE

Amplitude Accuracy with no Attenuation {Attenuator
range 1] into 50 ohm Loed. {No D.C. offset|

Function and
frequancy range

Talerance relative to
programmad amplitude

Sine Wave
.001 Hz ta 100 kHz

= 0.1 dB

Square Wave
001 Hz to 100 kHz

+ 1.0%

Triangle
.0C1 Hz te 2 kHz
2 kHz to 10 kHz

%

+ 1.6
+ 5%

Ramps
001 Hz to 500 Hz
500 Hz to 10 kHz

+ 1.5%
+ 10%

Flatness with no attenuation
{Attenuator Range 1) intc
& 50 Ohm load

Tolerance relative to
programmed amplitude at
1 kHz

Sine Wave
100 kHz to 20 MHz

+ 0.3 dB

Square Wave
100 kHz 10 10 MHz

+ 10%

Amplitude accuracy with
D.C. offset and no
attenuation {Range 1} into
a 50 ohm load.

Tolerance relative to
programmed amplitude.

Sine Wave
.001 Hz to 100 kHz

Square
.001 Hz to 100 kHz

+ 3%

Triangle
001 Hz to 2 kHz
2 kHz to 10 kHz

+ 4%
+ 6%

Spurious: All non-harmonically related output signals will
be more than 70dB below the carrier {-60dB with DC off-
sat}, or lass than -80dBm, whichaver is greater.

Phase Moise: 2 -80dB (Option 001 Only} for a 30kHz
barnd centered on a 20MHz carrier {excluding = 1Hz
about the carrier).

Square Wave:

Rise/Fall Time: = 20 nanoseconds, 10% to 90% at full
output

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

Triangle:

Linearity, 10% to 80%, best fit straight line:

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

Ramps {Positive or Negative Slops):

Linearity, 10% to 80%, best fit straight line: + 0.058%
of full p-p output for each range

Retrace Time: = 23 microseconds, 90% to 10%
Ramp Period Variatior < + 1% of pericd, maximum

Ramps
001 Hz 1o 500 Hz
500 Hz to 10 kHz

+ 4%
+ 11%

Attenuator Accuracy ithese
errors are additive with the
amplitude accuracy errors)

Tolerance relative to
programmad amplitude.

.001 Hz to 20 kHz
Attenuatar Range 1

Na Emvor

001 Hz to 100 kHz
Artenuator ranges
2 through 8

+ 0.1dB

100 khz to 10 MHz
Attenuator ranges
2 through 8

10 MHz to 20 MHz

Attenuator ranges
2 through 4

Attenuator ranges
5 through 8
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General Information

Table 1-1. Specifications (Cont'd).

Accuracy of DC Cffset {into 50 ohmsl:

DC Only {(No AC Function}: = 0.4% of fuil peak out-
put for each range*

*Except lowest attenuator range where accuracy is +
20 gV,

DC + AC, =1 MHz: £1.2%, Ramps +2.4%
DC + AC, >1 MH2: +3%
AMPLITUDE MODULATION [of Sine Function witly}

Modulgtion Envelope Distortion: — 30 dB to 80% medula-
tion at 1 kHz, O V dc Offset

PHASE OFFSET

Range: + 719.8° with respect 1o arbitrary starting
phase, or assigned zero phase

Resolution: 0.1°

Stability: + 1° phase/®C

Increment Accuracy: 0,29
PHASE MODULATION

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

S¥YNC OUTPUT

Cutput Levels into 50 ohms:
Square wave with Vhigh =+ 1AV Y, =+ 0.2V

X ORIVE OUTPUT

Amplitude: 0 te + 10 V dc linear ramp praportional to
sweep frequency {sweep up oniy}

Linearity, 10% to 90%, best fit straight line;

+ (0. 1% of final value. Specified for all linear sweep
widths which are integral multiples of the minimum
sweep width for each function and sweep time,

OPTION 001
HIGH STABILITY FREQUENCY REFERENCE

Ambient Stability: +5 »x 10°% (02 to 55°C referenced to
+30°C)

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

OPTION 002
HIGH VOLTAGE QUTPUT

Frequency Range:
Sine and Square Wave: 1 pHz to 1 MMz
Triangie and Ramps: 1 uHz t0 10 kHz

Amplitude:
Range: 4mVp-p to 40Vp-p {= 5000, < 50Q0pF load)
maximum output current, + 40mA

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

Flatness: + 10% of programmed amplitude

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

Accuracy: +(1% + 25 mV) of full cutput for each
range

Signal Characteristics:
Sine Wave Harmonic Distortion (relative to the fun-
damental frequency at full output into = 500 obms,
< 500 pF}

ko Harmonic
Greater Than

Fundamental
Frequency

- 66 dB
- 60 dB
- 40 dB

10 Hz to 50 kH:z
B0 kHz ta 200 kHz
200 kHz to 1 MH=z

Square Wave:

Rise/Fall Time: = 126 nanoseconds, 10% toc 90% at
full output with = 500 obm. < 5Q0pF load

Qvershoot: < 10% of peak amplitude with =800
ohm, < 500 pF lnad

Table 1.2 Supplemental Information

MAIN SIBNAL DUTPUT
50 Q) Impadance

BNC Connector, switchabls to front or rear panel {not
switchable with Qption 002}

May be floated & maximum of £42 V peak {ac + dc)
from chassis (earth) ground

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

Range | Attenuation
No. Factor

Amplitude
{Peak-1o-Peakl

1 1 10.00 V w0 3.000 vV
2 3 2,999 V10 1.000 ¥V
3 998.9 mV to 300.0 m¥

30 299.9 mV to 100.0 mVv
100 29.99 mV 1o 30.00 m¥
300 29.99 mV to 10.00 mV

1000 9.599 mV to 3.000 mY
3000 2,999 mV to 1.000 mV

DC QOffset Only:

Amplitude
|Peak-to-Peak}

Range | Attenuation
No. Factor

1 5000V 10 1,600V

3 1.498 V to 500.0 mV
10 498.9 mV to 150.0 mV
30 149.9 my to 80.00 mV
100 49.89 mV to 15.00 mV
14.29 mV to 5.000 mV
4,999 mV to 1.500 mV
1.489 mv 10 1.000 mV

[ X I A B I R




General Information Model 3325A

Table 1-2, Suppiemental Information (Cont'd).

AC Function with DC Offzet:

Attenruation
Factor

Range
No.

AC Function
Amplitude {p-p}

Maximum DC
{+ or —}

Min. DC
i+ or =)

1
3

10
3¢
100
300
1000

High Voltage Cutput Option 002:

9898Vt 1.000V
999.9 mV to 333.4 mVv
333.3 mV ta 100.0 mV
99.99 mV to 33.34 mV
33.33 mV to 10.00 mV¥
9.999 mV to 3.334 mVY
3.333 mV to 1.000 mVy

1.000 mV to 4,500 V
1.166 V1o 1.489 Vv
333.3 mV to 460.0 mV
116.6 m¥Y to 142.9 mV
33.33 m¥ to 45.00 mV
11.66 mV to 14.99 mV
3.333 mV 10 4.500 mV

Amplitude Modulation Input [Sine Function Only}:

1.000 mv
0.100 mv
0.100 mv
Q.010 mv
C.010mv
C.001 mV
0.001 mv

Amplitude and Ranges: 4 times the standard instru-

ment amplitudes Modulation depth at full output for each range:

0 to 100%
Qutput Impedance: <2 $ at DC to < 10 & at 1 MHz
Modulation frequency range: DC to 500 kHz {0 to

Square Wave Settling Time: <1 s to settle to within 21 MHz carrier frequency)

.05% of final value for frequencies of 10 Hz to 500 kHz,
tested at full output with no load Sensitivity: B V peak for 100% modulation

FREQUENCY SWEEP Input Impedance: 10 ki2
Sweaep Time:
Linear Sweep: 0.01 second to 99.99 seconds [singla
ar continuous)

Connector: Rear panel BNC

Phase Modulation:
Maodulatlon Frequency Range: DC to 5 kHz
Log Sweep:
Singla Sweep: 2 seconds to 99,99 seconds
Continuous Sweep: 0.1 second tg 99.99 seconds

Muodulation Depth

Function Dapth (+ or ~}

Maximum Sweep Width: 1 Hz to maximum frequency of
tha function selectad 8509
4289
42.5°

as5¢

Sine
Square
Triangle
Remps

Minimum Sweep Width (Linear):

Minimum Sweep Width

Sweep Time
99.99 seconds

Sweep Time Input Impedance: 20 kQ

Fune¢tion 0.01 second

Connector: Rear panel BNC

999.9 mHz
489.5 mHz
49.95 mHz
98.99 mHz

0.1 mHz

0.05 mHz
0.005 mHz
0.01 mHz

Sine
Square
Triangle
Ramps

AUXILIARY DUTPUTS (May ba floated & maximam of £42 V poak [ac + del
from chassis [earth] ground)

Auxiliary Frequency Qutput (ac coupled output):
Minimum Sweep Width (Logy: 1 decade Frequency Range: 21 MHz to 60.999 999 999 MHz,

Phese Continuity: Sweep is phase continuous over the with undetrange coverage to 19.000 000 001 MHz

full frequency range Amplitude: O dBm

WARMUP TIME Dutput Impedance: 50 ohms
Standard Instrurment: 20 minutes to within specified ac-

Caonnector: Rear panel BNC
curacy

1 MHz Reterance Output ifor phase-locking other in-

Option 001 High Stability Freguency Reference: struments to 3325A):

Refarance will be within +1 x 107 of final value 15
minutes after turn-on at 25°C for an off time of less

than 24 hours Amplitude: O dBm

AUKILIARY (NPUTS {May be Hosted a maximum of £42 ¥ peak fac + dcl Cutput Impedance: 50 ohms

from chassis [serth] ground) Connector: Rear pansl BNC
Raferance: For phase-locking the 332EA to an external
frequency reference of 10 MHz or & subharmonic of
10 MHz down to 1 MHz. Level must be O d8m to

+ 20 dBm inte 50 ohms. Rear panel BNC connector,

Marker Qutput (Linear sweep anlyl:

Levels: High to Low TTL compatible voltage transition
at selected marker frequency, sweep up only.

Connector: Rear panal BNC




Model 3325A

General Information

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

X Drive Output {Sweep up only):
sweep frequancy
Connector: Rear panel BNC

Z Blank Qutput:
Levels (TTL compatible valtage levels):
Linear Sweep:
Single: Low at start of sweep, High at stop. Re-
mains High untif start of next sweep.

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

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

Continuows: Low during sweep. Guoes High
momentarily at stop frequency.

10 MHz Oven Reference Qutput, Option 001, for phase
locking the 332BA to the pptional high stability frequency
reference:

Amplitude: O dBm, 50 ohms

Connector: Rear panel BNC. Must be connected to
the rear panel EXT REF iN connector,

REMOTE CONTROL

Hewiatt-Packard Intarface Bus (HP-IBI Control; (HP-IB is
Hewlett-Packard Company’s implemsntation of IEEE Stan-
dard 488-1978). Time shown is in addition to programming
time,

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
< 25 ms to within 1 Hz of final value for 1 MHz span
< 70 ms to within 1 Hz of final value for 20 MHz span
Phasa Switching and Settling Time:*
< 1B ms to within 90° of phase lock for 20 MHz fre-

quancy change

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

*Times shown ara in addition to programming time
GEMERAL
Operating Environment:
Temperature: 0° 19 55°C
Ralative Humidity: «<95%, 0% t0 40°C
Altitude: < 15,000 1.

Storage Temperature: — b0° to +75°C
Storage Altitude: = 50,000 {1,

Power Requiremsnts:

100/120/220/240V + 5%, - 10%,48 10 66 Hz
80 VA, 100 VA with all options, 10 VA standby

Dimensions in millimeters and iinches):

132.6 (5%) high x 425.6 {16%) wide x 487.8
{19-5/8} deap

Weight in kilograms and {lbs}:

Net weight: 3(20)
Shipping Weight: 14,5 (32)

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

Option 907
Option 908
Option 909

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 connector 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. 1250-1459,

1-19. ACCESSORIES AVAILABLE.

1-20, The following accessories are available for use
with the Model 33235A;

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)

Front Handle Kit (Option 907)

03325-80002

5061-0077
5061-0083

5061-0089

1-5




General Information

1-21. INSTRUMENT AND MANUAL IDENTIFICATION.

1-22. The instrument serial number is located on the
redr 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=Wuest Germany, J=Japan, U=United
Kingdom). All correspondence with Hewlatt-Packard
concerning this instrument should include the complete
serial number,

{-23. The serial number prefix is thessame for all iden-
tical instruments and changes only when a change is
made to the instrument. The suffix is assigned sequen-
tially and is different for each instrument. If the serial
number of your instrument is lower than the serial
number on the title page of this manual, refer to Section
Y1, MANUAL CHANGES, for the information that
will adapt this manual o vour instrument. This is
especially important if the serial prefix of your instru-
ment is different than the one shown on the title page of
this manual. An instrument manufactured after the
printing of this manual may differ in some respect from
the information in this manual. In this case, a vellow
Manual Changes supplement included with the manual
¢xplains how to adapt the manual to vour instrument.

1-24. SAFETY CONSIDERATIONS.

1-25. Te 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 to by the user or service person-
nel.

Model 3325A

Tabla 1-3. HP-IB Intarface Lapability,

Coade Function

SH1 Source handshake capability

AH1 Aceaptor handshake capability

TS Basic talker; Sarial poll; Unaddressed to talk
if addressed 1o listen

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

Service Request capability

Rernore/Local capability

No parallel poll capability

Device Clear capahility

No device trigger capebility

Na contreller capability

Open collactgr bus diivers

1-26. The symbol A appearing on the front or rear
panel of the 332354 is an international symbeol meaning
““refer to the Operating and Service Manual'”. The sym-
bal identifies important instructions required to prevent
damage to the instrument. To ensure the safety of the
operating and maintenance personnel and retain the
gafe operating condition of the instrument, these in-
structions must be adhered to.

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.
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Table 1-4. HP-IB Response Times.

General Information

Function

Mnemaonic

Input Data
Transfer Time

Device
Time

Output Data
Tranafer Time

Function (Waveformi
1 Digit

FU

450-500 ;3
22B..250 s

1600 ms
2.8 ms

450-500 ps
228250 ps

Freguency
= 11 Digits + Decimal
Delimiters

FR
HZ. KH. or MH

450-500 ks
225-250 us each
450-50Q s

7.0ms
2.8 mz gach
12.6 ms

450-500 us
225-250 a5 gach
4860-500 us

Armphtude
=4 Digits + Deaimal
Dalimitars

AM

VO or MV
VA or MR
D8

450-500 u&
225-250 ue @ach
453-500 ps
450-500 ps
450-B00 us

6.8 ms
2.8 ms each
a0 ms
130 ms
250 ms

450-500 ps
225-250 ks wach
450-500 ks
460-500 ps
450-80Q pe

DC Offget
=4 Digits + Decimal
Delimiters

OF
VO or MV

450-500 us
£25-250 us sach
450-500 us

5.8 ms
2.8 ms each
BZ ms

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

Phase
= 4 Digits + Decimal
Delimiter

FPH

DE

480-500 us
225-250 ps each
450-500 s

5 ms
2.8 ms each
28 ms

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

Sweep Start Frequency
= 11 Digits + Decimal
Delimiters

ST
HZ. KH, or MH

450500 ps
225-250 ps cach
450-500 us

7.0ms
2.8 ms each
10.3 ms

480500 ps
225-280 us each
450-500 us

Sweep Stop Frequency
=11 Digits + Dacirmal
Delimitars

SF
HZ, KH or MH

450-5800 ps
225-250 us gach
450-500 ps_

7.0 mg
2.8 ms each
10.3 ms

450..500 ps
225-280 ux each
450- 5600 ps

Swesp Marker Frequency
= 71 Digits + Decimal
Delirmiters

MF
HZ, KH gr MH

450-500 as
228-250 u& each
450. 500 as

7.0ms
2.8 ms sach
10.3 ms

450-500 us
226-280 us gach
480-500 ps

Sweep Time
=4 Digits + Decimal
Delimiter

(!
5B

450-500 us
225--260 us each
A50-500 us

5.6 ms
2.8 ms gach
7.0 ms

450-5Q0 us
225-250 a3 gagh
450--500 us

Store

5R

450-500 ;8

11 ms

Recall

RE

AB0-500 ps

1700 me

Assign Zero Phase

AP

450-500 ps

5.2 ms

Amptd Cal

AC

450-500 ps

1500 mg

Start Single Sweep

55

450-500 xs

200 ms

Start Continuous Sweep

80

460-500 ps

300 ms

Intarrogate
{Add Parameter
Mnemonic Time)

I2E-260 ps

3Ims

Mask Service Reqgueast

450-500 ps

4.6 ms

High Voliage Output

450-500 us

48 ms

Rear/Frant Qutput

450-500 s

44 .5 ms

Saif Test

4B0-500 g5

10,000 ms

Sweep Mode

A50-500 ps

4.5 ms

Data Transfer Mode

AB0-500 ps

4.5 ms

Irnterragate Function

B75-750us

1603 ms

Intereagate Evror

675- 750 us

11.5 ms

Universal Commands

~ 225 us per hyte

Amplitude Modulation

480500 us

7D ms

Phggse Modylation

450-500 ps

7.0 ms




General Information

Tahble 1-5. Recommended Test Equipment.

Model 3325A

Instrumant

Critical Spacifications

Raquired For

Perf.
Texts

Adjust-
ments

Trouble
showting

Rocorninktiad Modsl

Cscilloscope

Vartical

Bandwidth: de to 100 MHz
Detlection: 0.01 V 1o 10V/div
Harizontal

Swaep: 0.05 ps to 1 s/div
x10 Magnification

Delayed Sweep

X

X

X

-hp- 17404

Electranic Counter

Frequency Measurement
Freguencgy Range: to 20 MHz
Resolution: 8 digits
Accuracy: = Z counts

Time Interval Average A to B
Resolution: Q.1 ng

-hp- BA2BA with Opt 01
and 040 or 041

Digital Voltmetar

DC Function

Ranges: .1V, 1V, 10V,
100V

Accuracy: = .2%
Rasolution: 4% digits

AC Functign

Ranges: 1 V, 10V, 100V
Aceuracy: +.5%
Resolution: 4 digits

&C Function

Ranges: .1 V., 1V, 10V,
100 V

Accurzcy: +.05% -
Rasolution: B digits

AC Function: True RMS
Ranges: 1 V, 10V, 100V
Aceuracy: +.2%
HResolution: € digits

Crast Factor: 4:1

-hp- 3466A

-hp- 34554

S5Q-ghm Load

Acauracy: +.2%
Power Rating: 1 W

-hp- 11048¢

High Froouency
Spectrum Analyzer

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

-hp- 141T/8552B/3553R/
8566A/B56BA

Low Froguency
Spectrym Analyzer

Frequency Range:
20Hz-50KHx
Amplitude Acguracy: + 5 dB
Spurious Responses:
S0 dB balow rafarance

-hp- 3580A/3585A

Sme Wava Signal Source

Frequency: 1 kHz
Amplitude; 1 V rams inte 20 ki
Frequency Bange:

-hp- 204C

-hp- 3335A 1 MHz-20

MH=z

Amplitude Range: to

+ 7.0 dBm

Output Impedance: 50 0

Phase Noige {intageatad):
5.9 MHz: < —-63 dB
20 MHz: < =70 dB

Spurious: =76 dB below
fundamental

Double Balanzed Mixar

impedance; 58
Frequency: to 20 MHz

-hp- 10534A
or 105144

1 MMz Low Pass Filter

Cut-off Frequency: 1 MHz
Stopband Atten:

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

FBB2 1MHz Low Pass
Filter, Impedance $Q%,

C Shepe Fectar, Metal Can,
BRC 5 Allen Avionics, Inc.
224 E. Second 3t. Mineola,
NY 11507

15 kHz Noise Equivalont
Filter

Consisting of:
Reszistor: 10 ki £1%
Capacitor; 1600 pF £5%

-hp- 02670340
~hp- 0160-2223

1-8
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Table 1-5. Recommended Test Equipment (Gont'd).

General Information

Instromant

Critical Specifcotions

Perf.
Taxtz

Adjuat-
monts

Traubia-
shaeating

Recammendsd Stadsl

AC Voltmetar

Ranges: 0.1 Vto 1l V
Frequengy Renge: 20 Hz-1 MHz
Input Impedance: =1 M
Meter: Log scala

Acc (100 Hz to 1¢ kHz): +1%

x

-hp- 400 FL

Resistor

1 kil 5%

-hp- DB83-1025

Qscilloscope Praobe

Division Ratio: 10 to 1

~hp= 10041 A

DC Power Supply

Impedance: 1 MO, 12 pF
Yolts: G-10V

Amps: 10 mA
Floating output

-hp- B214A

Frequency Standard
[Required for Option
OC1 Only)

Frequency: 5 MHz
Accuracy: 1 = 108

-hp- 1058

Calaulator
{Raguired for
automatic tegting)

HP-IB Control Capability

-hp- 2825A with
98034A Intaerface,
General 1/Q ROM,
Extanded /O ROM

System Vaoltmeter

DC Voltage: O to 210V
Sample/Hold Measurement
External Trigger: Law True TTL
Edge Trigger

Trigger Delay: selectahle, 10 us
to 140 us

-hp- 3437A

BNC Tee
Adapter
BNC-to-Triax Adapter

Male-female-femals
BNC-to-dual banans plug
Famala BN -to-Male Triax

A 12500751
-hp- 1250-2277
-hp- 1250-0695

Signeturs Analyzer

Signature: 4.digit hexadecimal
Characters;Othru 8,A,C,FH,P,U
Thrashold

Lagic 11 +2.2V

LogicQ: +0.5V

Clock Frequency: =1.5 MHz

-hp- B0O04A

Pulse Generator

Pulse Rate: 500 kHz
Pulse Width: =1 us
Qe Offset: 1 V

-hp- 3312A

Resistor

58.20 1% 1/8W

Hp- 0767-03595

Thermal Converter

Input Impedance: 75 11

Input Voltage: 0.5 V rms
Fragquency: 2 kHz to 20 MHz
Frequency Responge: £0.05dB
2 kHz to 20 MHz

-hp- 11050A

Resistive Divider

Consisting of:

Resistor: 36,50 1% %
¥

-hp- 0757-0996
-hpe 0698-4998

Resigtive Divider

Consisting of:

W
w
Resigtor: 40.2 0 W

%
Resistor: 13.7 2 1%
%
Y

-hp- 0698-5022
-hp- Q7657-0884

Rasistive Divider

Cansisting of:
Rasistor: 300 1% %
Registor: 200 1% W W

1 %
Resistor: 1082 1% la W
% w

-hp- 0698-7533
-hp- Q69B-6296

Resistive Divider

Consisting of.
Resistor: 100 kR 1% 1/8 W
Regigtor: 162 k2 1% 1/8 W

-hp- 0757-0465
-hp- 0757-0470

Termingtion

50 ohim Feedthrough 1%

-hp- 11Q48C

Thermal Conveartar

BMNC Connectars

-hp- 110504

1-9/1-10
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Section 11

SECTION 1
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 voltage
selection, environmental requirements, installation
instructions, HP—IB connection 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 electrically. This
instrument was carefully inspected both mechanically
and clectrically before shipment. It should 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 defect or
if the instrument does not pass the electrical performance
test, notify the nearest Hewlew-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 carrier’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 Model 33235A requircs a power source of 100,
120, 220, or 240 V ac, +5%, -10%, 48 to 66 Hz single phage,
Power consumption is 100 VA maximum.

2-8. Line Voltage Selection.

Befare conmecring ac power to ihis
instrumeni, make sure it 5 set o the lime
voltage of the power source. Also ensure that
the common connection of the power outlet is
connected 1o a protective earth contacl,

I WARNING l

The line voltage selection switches are located
inside the top cover of the instrumenl!. Line
voltage selection should be done by trained
service personnel only. To aveid electrical
shock, 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 te the line voitage option ordered.
This information may be found on the rear panel,

Option | Line Voltage Selected

100 160 v
120 120 v
220 20V
240 240V

If it is necessary to chanpge the line voltage selection,
access to the switehes may be gained by removing the top
cover of the 3325A. Make the desired voltage selection as
shown in Figure 2-1. Be sure to observe the CAUTION in
Figure 2-1.

2.10. Power Cable.

2-11, In accordanee 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 each instrument depends on the country of
destination. Refer to Figure 2-2 for the connector
configuration and -hp- part numbers of the available
power cables,

2-12. HP—IB Connections.

2-13. Interconnection datz concerning the rear panel
HP—IB connector is provided in Figure 2-3, This
connector is compatible with the -hp- 10631 (A, B, or C)
HP—IB cables. The lengths of these cables are as follows:

1 meter
2 meters
4 meters

10631A
L0631B
10631C
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L I NE
VOLTAGE

fOOV
120V
220V
240V

CAUTION

WHEN CHANGING THE LINE VOLTAGE
SELECTION, MAKE SURE THE CORRECT
FUSE 15 INSTALLED FOR FOR THE
VOLTAGE SELECTED.

LINE VOLTAGE' FUSE |—hp~PART NO.

2207240V | .BA 21100012

100/ 1 20V ’ 1A l 21 10-0001

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

(3

3325428

SWITCHES VIEWED FROM
REAR OF INSTRUMENT

Flgure 2-1, Line VYoltage Selection,
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B120-1361 a10-1369

8120-1348

510-8-9198
"UL LISTED FOR USE IN THE UNITED STATES OF AMERICA

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. As a
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 [I

CAUTION of Figure 2-3.

2-14, Cable Length Restrictions. System components
can be interconnected in virtvally any configuration.
However, to achieve reliable system perfermance, proper
voltage levels and timing relationships must be
maintained. If the system cable is toc 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 [ through 5} to the correct
positions cortesponding to the ASCII code address
chosen. The 3325A may be set to a “listen only” 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 used for troubleshooting only.

LINE

ulli}}

D102

003

DI04

Digs

DioG

D07

Diog

EO

REN

DAV

NRFD

NDAC

IFC

SRO

ATN

SHIELD-CHASS1S GROUND
P/O TWISTED PAIR WITH FIN &
P/O TWISTED PAIR WITH PIN 7
P/O TWISTED PAIRWITHPIN 8
P/ TWISTED PAIR WITH PIN 9
P/O TWHSTED PAIR WITH PIN 10
P/O TWISTED PAIR WITH PIN 11
ISOLATED DIGITAL GROUND

THESE PINS
ARE
INTERNALLY
GROUNDED

5T0-@ ~AQ030

YTy

L CAUTION 3
AR A
The 3325A contalns metric thregded HP—IB cabfe maunting
studs as opposed to English threads. Metric threaded -hp-
JO0B31A, B, or C HP—IB cable fockscrews must be tised to
sectre the coble to the instrument. ldentificatfon of the two
types of mounting studs and lockscrews s made by thelr
color. English threaded fasteners are colored silver and metric
threaded fasteners are colored black, PO NOT mate silver
and blgck fasteners to eqach other or the threads of efther or
both wifl be destroved. Metrlc threqded HP-IB coble hard-
warg ilfustrations gnd part numbers follow,

SHORT MOUNTING STUD
Q380-0644

LOCKSCREW
1390-0360

LOHG MOUNTING STUD
0380-0843

Figure 2-3. HP—IB Connector.
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‘ WARNING I

Because the address switches are located
inside the instrument, they should be set by
trained service persennel only, To avaid
elecrrical shock, make sure the pawer cord is
disconnecred before removing the instrument
{GVEF,

2-17, HP—IB Description.

2-18. A description of the HP-IB is provided in Section
HI of this manual. A study of this information is neces-
sary if you are not familiar with the HP-IB Concept. Ad-
ditional information concerning the design ¢riteria and
operation of the bus is available in [EEE Standard
488-1978 “‘IEEE Standard Digital Interface for Program-
mable Instrumentation.

2-19. Connecting QOven Option 001.

2-20. In order 1o use the Oven Option 001, an external
connection must be made between the rear panel 10 MHz
OVEN OUTPUT and the REF IN connectors. A special
connector for this purpose, -hp- Part No, 1250-1499, is
supplied with instruments having Option 001.

2-21. OPERATING ENVIRONMENT.

| WARNING I

Tu prevent potential electrical or fire hazard,
do not expose equipment 1o 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:

0 to +35°C
95% at 40°C
4600 meters
(15,000 feet)

Temperature
Relative Humidity
Altitude

2-23. Cooling Sysiem.

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 (04 inch) on all sides of the instrument,
Failure to allow adequate air circulation will result in
excessive internal temperature, reducing instrument
reliability,

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

frequently and ¢leaned or replaced as necessary to permit
the free Now of air through the instrument. To clean the

2-4
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filter, remove the four nuts that secure the filter retainer.
Remove the filter and flush with soapy water, rinse clean,
and air dry.

2-26. Bench Operation.

2-27. The instrument has plastic fect attached to the
bottem 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
control 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 instrument if Option 907 is also ordered.
Otherwise, the front handle kit is available separately by
its ~hp- part number,

2-28, Rack Mounting.

2-29. The 3325A can be rack mounted in a rack having
an ElA standard width of 482.6 mm (19 inches). The
instrument can be rack mounted with or without a handie
kit by use of the following items:

2. Rack mounting without handles; use Rack Mount
Flange kit -hp- Part No. 5061-0077 (QOption 908).

b. Rack mounting with handles; use the combination
Rack Mount Flange/Front Handle Kit =hp- Part No.
5061-0083 (Option $09),

NOTE

The Rack Moun: Flange Kit of item a will not

provide the space requirement for rack
maounting when used with the bench handle
assembly (-hp- Fart No. 5060-9899, Option
207). To rack mouni with handles, the
combination kit of item b (Option 909) must
be used (see Figure 2-4). [f either Option 908
or 909 is ordered, the corresponding kit is
shipped with the instrument. Otherwise, both
kits are available separately by their <hp- part
rumbers.

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

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

40°C o +75°C
95% at 40°C
15,300 meters
(50,000 feet)

Temperature
Relative Humidity
Altitude
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Table 2-1, HP=IB Addresses.

ASCI Characters Address Equivalent Codes

Switches {To 5-Bit Binary Switches}
Listen Talk {Binary Code)
Address | Address | 5 4 3 2 1 | Qetal | Decimal | Hexedecimal

&P
[

o o0 0o
o1 o1 01
02 02 02
03 03 03
04 04 Q4
05 05 a5
06 06 B
07 o7 Q7

aTmMEIOmPB>R
CODoDOOo0O
QOGO DD OO0
— L2 OO0 Q

10 o8 (o)}
11 oo 09
12 10 DA
13 i 0B
14 12 oc
1% 13 ob
18 14 DE
17 15 OF

ODZTIrxe—T
OO0 DDOoO0
- - OO0
= 0D =00

~

20 16 109
n 17 11
22 18 12
23 18 13
24 20 14
25 21 16
28 22 16
27 23 17

Factory
Seiected
Address

'

HmmaWk =G
SCcCcHWMDmO™
il et Bl ol ol
COoOOoOOO0
e =~ =

30 24 18
K 25 18
32 28 1A
33 27 1B
34 28 1C
a5 29 1D
36 30 1E

R -]
Ve =€
— s ok ok ek b b
= = DD
o= =2 a0q

]

Adtirass Switches

LON - Listean Only
ROM — ROM Disable (For Test Only)

daoH b d

NOTE: The Equivalant Codes shewn carrespond only 10 the 5-bit binary switch
code. These bits are the same for both listen and talk addresses, and the sixth
and saventh bits datarmine whather the address s listen {01} or 1alk (10}, Some
conteollers distinguish betwaean listan and talk automatically, requiring onlythe
b:bit code sguivalent 10 dasignate a davige.
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Ausnc TRIM

HANDLE K|T, BENCH GPERATION

L
OPTION 908 "‘“‘[r’"

RACK MOUNT FLANGE KIT

e
|
|

b
[
|

RACK MOUNT FLANGE/FRONT HANDLE KIT

Figure 2-4, Rack Mount and Handle Kits.

Model 3325A

2.33, Instrument ldentificalion.

2-34, If the instrument i¢ being returned 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 to assure
careful handling.

2-37. Other Packaging. The following general
instructions should be used for repackaging with
commercially available materials.

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

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

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

d. Seal the shipping container securely.

e. Mark the shipping container FRAGILE to assure
careful handling,
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SECTION I
OPERATION

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

3-2. This section of the manual containg imstructions with whizch you may siready be familiar. Use Table 3-1

for manual operation and HP-iB (Hewlett-Packard In- to locate the information you need for your particular
situation.

Table 3-1. Operating Information,

Paragraph Content Paragreph LCantent

3-3 PANEL FEATURES {Figure 1-1} 3-100 3325A REMOTE PROGRAMMING
3-5 POWER/AN ARMUP 31 3325A HP-IB Capahilities
3-8 INITIAL CONDITIONS Table 3-8, Interface Functions
SELF TEST 3-103 Develaping &n HP-18 Program
FRONT/REAR SIGNAL OUTPUT 3107 Universal and Addrassed Commands
SYNC QUTPUT 3-108 Placing the 33254 in Remote
EXTERNAL REFERENCE INPUT 3111 The 3325A Address
10 MHz OVEN OPTION D01 Table 3-9, Summary of 3325A Programming,
MANUAL PROGRAMMING ASCH Chearacters
Clear Display Tehkle 3-10, Programming Codes
Entry Errprg 3325A Data Message Formats
Function Selection Data Transfer Mgode
Frequancy Entry Prograrming Data Transfer Moda
Frequency Limits Programming Entry Parameters
Fraquenay Display and Resoiution Frequency
Auxiliary Dutput {Sine Function Only) Ampiitude
Amplitude Entry Ofiset
Table 3.2, Ampiitude Limits of AC Funcrions Phass
Amphitude Calibration Sweep Stert Frequency
High Voltage Qutput Ophion 002 Swaap Stap Fraguancy
Table 2-3, High Voltage Output Amplitudes Sweep Marker Frequency
0C Offset Sweep Time
Table 3-3 end Figure 3-2, Maximum DC Fragramming Waveform Function
Offset : Frograrmiming Birary (ON ar OFF) Function
Phase Entry High Voltage Output {(Option Q02)
Frequengy Sweep - Amplitude Modulation
Sweep Marker Phase Maodulation
Sweep X Drive Output Pregramming Selaction Funstions
Sweep Z Blank Qutput Rear Quiput/Front Quiput
Amplitude Modulation Linear Sweep/Logarithmic Sweep
Phase Modulation Data Transfer Mode
Mopdify Keys Frogeamming Execution Functions
Store and Recall Agsign Zerp Phasp Refarence
CPERATOR'S CHECKS Ferform Amplitude Calibration
Self Test Start Singls Sweap
Output Chacks Start Continuous Sweep
QPERATOR'S MAINTENANCE Perform Self Tast
HF-IE OPERATION 3-130 Frogramming Amplitude Units Convergign
General HP-1B Description 3-132 Progremming Storege Ragistars
Figure 3-3, Interfage Connections and Buz 3-134 Service Requests
Structure 3-138 Serjal Foll
Table 3-5. General Interface Managemeint 3-138 Biatus Byte
Lines 3-140 Busy Fiag
Definition of HP-IB Terms and Concepts 3-142 Sweep Flag
Basic Device Communication Capability 3-144 Masgking or Enabling Sarvize Raquests
Message Bafinitions Table 3-11, SARQ Mask/Ensble Data
Table 3-6, Definition of Meta Massagas 3-148 Intarrogating Program Etrors
3325A Response i Messages 3-148 Interrogating Entry Parameters
Table 3-7, mplementation of Messages 3-1560 Inmterragating Function {Waveforml
HE-I1B Wark, Sheet 3-152 Interrogating Miggellananus Parameters
HF-IB Addressing ) 3-154 Using the Interrogate Capoability
3-158 3325A Programming Procedure

R

Eummh&umaaaga

3

Tl a3 00 L0 62 G 03 0 L 00 G 4
RO ®EbMNOD D SR D

a-

3-36
3-38

Appendices
A-S META MESSAGES BLOCK DIAGRAMMED
B-3 PROGRAMMING THE MODEL 3326A with the
98354 CALCULATOR
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(i) POWER STBY/ON Key. In the STBY position, power is

applied to the Oven (Option 00 1), the HP-IB interface
circuits that are external 1o the isolation barrier, and the
High Veltage Qutput circuits [Option 002), in addition to
the power supply circuits.

BLUE prefix key. This key must be pressed to select any
of the key functions labeled in blug,

SWEEP key group. Thesze are entry prafix keys for the
sweep parameters, plus the sweep start keys. When
preceded by the blue prefix key, the sweep parameter
kays control sweep modification functions and linear/
log selaction.

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

3-2

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

control unless Local Lockout hes been programmed.
When preceded by the blue prefix key, this key causes
the 33254 HP-IB address to be displayed in decimal
code.

STATUS annunciator greup. These annunciators in-
dicate the 3325A HP-1B status: Remote; Addressed to
Talk; Addressed to Listen; Request Service [SRQ).

ENTRY group. Prefix keys for progresmming signal
parameters.,

ALPHAMNUMERIC display. Displays the value of the
parameter selected, error codes, failure modes, HP-I1B
address, amplitude ana phase modulation state,




@ DATA group. This group includes the numeric data

keys, the data vaiue suffix keys, the Store and Recall
command keys, and the entry Ciear key. When pre-
caded by the blue prafix key, the keys in the left column
control the modulation functions.

MODIFY group, The horizontal arrow keys select the
digit to be modified lindicated by a bright digit), and the
vertical arrow keys increment or decrement that digit.

UNITS annunciators. Display “the units of volume
represented by the numeric display. Entry annunciator
indicates that an entry is in progress. -

FUNCTION group. These keys salact the output signat
function or de only {see Paragraph 3-26).

EXT REF annunciator is on if an external refersnce or the
Option 001 internal 10 MHz oven reference is con-
rected to the rear panel REF IN. Annunciator flashes if
the 30 MHz intsrnal reference is not phase locked 1o the
gxternal reference.

MODULATION annunciator is on if either AM or Phase
modulatipn is programmed,

AMPTD CAL key. Automatically caiibrates the
amplitude and offset of the output signal (see Paragraph

3-39). When preceded by the blue prefix key, initiates a

self test operation (see Paragraph 3-10).

CAUTION
The maximum peak voltage that can be safely ap-
plied between chassis and the outer conducior of
any of the 3328A input or output signel connec-
torsis =42 V.

SYNC OUT. A sguare wave syng signal fs available at this
connector and also at 8 rear panel connector, item 28,
This signal is always in sync with the output signal cross-
aver point. (Zare volts or dc offset voltage, see Paragraph
3-14.) J2. .

AUX 21-B0 MHz REAR annunciator, This annunciator is
on when the raar panat AUX output is active [see
Paragraph 3-34).

REAR DNLY key. In standard instruments, switches
signal output from frant to rear panel and vice versa.
Rear panel output is active when the annunciator in the
cenier of the Key is on. In instruments with High Voltage
Qutput Option 002, this key switches from normai to
high voltage output, and the annunciatar indicates
when the high voltage output is on. The key is labeled
40 Vpp, 40 mA, 0-1 MHz" for Dption 002, in Option
002 instruments, no rear panel signal output is pro-
vided.

SIGNAL output. Standard output impedance is 50O
ohms. High Voltage Output Option 002 output im-
pedance is nominally <1 ohm at d¢ and < 10 chms at
1 MHz. Load impedance must be at least 500 chms.
Standard #nd High Vohage amplifier outputs are fused.
J1.

10 Miz OVEN QUTPUT. This signa! is present only in
instruments with Option 001, To make use of the Oven
Output, it must be connected to the BEF IN connector,
ltemm 21. A special connector, -hp- Part No.
1250-1499, is suppliad with Option 001 for this pur-
pose. J3.

S-Ra

AC POWER input connector. E1,

REF IN. An external reference may be ysed to phase
lock the internal 30 MHz reference (see Paragraph
3-18). J4,

HP-1B connector. Remote control of the 33254 by
means of an HP-IB system controller is accomplished
through this conrector. Part of WE.,

REF OUT. A 1 MHz signal from the 33254, reference cir-
cuits is available at this cornector, J§,

SIGNAL. The output signal is switched to this connector
by the front panel REAR ONLY key, item 17. J6.
{Instruments with Option 002 do nat have tesr panel
signal output.)

NOTE

The rear panel signal output is inactive fno inter
nal signel connection) if the instrument has the
High Voltage Output Option 002 instatied. In-
structions are given in the Operating and Service
Menusl, Section Vi, Service Group M, for sc-
tivating the rear pane! signaf output in one of two
ways: 1} Placing the standard/bigh voltage out-
put on the rear penel anfy, disconnecting the
front panel signaf output, or 2) Disabling the high
voltage output and enabiing the standard
frant/rear output configuration.

if the stendard instrument signal outpur is not ter-
minated by an external 50-chm load (a tigh im-
pedance load, for exampile) undesirable distortion
may rasult, particularly at higher frequencies.
Sirnifar conditions may resuft if the High Voftage
Ourput (Option 002} is terminated by fess than
00 ohms.

@ BLOWER, 81.

®
@

®

PHASE MOD. Input connector for a phase moduiating
signal of +5 V maximum peak voltage (see Paragraph
3-86). J7.

AMPTD MOD. Input cennector for an ampiitude
modulating signal of + 5 V maximum peak voltage {see
Paragraph 3-62}. J8.

SYNC OUT. This output is identical to the output at the
front panel sync connactor, item 15, J10,

AUX 21-60 MHz. A signal is avaiiable at this output
when the sine wave frequency is programmed sbove 21
MHz [see Paragraph 3-34). J8.

Z BLANK. & TTL compatible autput is present during a
sweep operation {see Paragraph 3-60). J11.

X DRIVE. This output progresses from O Ve + 10V
during a swesp-up operation [see Paragraph 3-58),
412,

MARKER. This TTL compatible output goes low at the

selecred marker frequency during & sweep up, and high
gt completion of the sweep [see Paragraph 3-88) J13.

Powar Transformer, T1.

Line Fuse, F1.
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NOTE

The HP-IB is Hewlett-Packard Company's
implementation of TEEE Standard 488-1978.

3-3. PANEL FEATURES.

3-4, Figure 3-1 identifies and describes the functions of
the front and rear panel controls, indicators, and con-
nectors.

3.5. POWER/WARM-UP.

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

3-7. The 3323A POWER switch has two positions,
STBY and OM. Power is applicd to some circuits at any
time the instrument is connected to the ac power source.
IT the instrument has the Oven Assembly Option 001 in-
stalled, it is important that it remain connected to the
power source to maintain a constant oven temperature,
gliminating the need for a long warmeup period. If an
instrurment with the QOven Assembly has been discon-
nected from ac power no longer than 24 hours, a
15-minute warmup period is sufficient to bring the
refercnce frequency to within =1 x 1077 of final value.

3-8. INITIAL CONDITIONS.

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

Function
Frequency
Amplitude

DC Offset

Front Signal Output

Sweep
Start Frequency
Stop Frequency
Marker Frequency

1. IF the display reads OSC FAIL the [fre-
quency synthesis circuits qre nol operating
broperily.

2. If A-CAL FAIL appears in the display
momentarify afrer rn-on, any oxe of the
three AMPTLD CAL tests could be incarrect.
Perform a SELF TEST aperation fa identify
the failure.

3. If either of the above conditions oecurs,
refer the instrurent o gqualified service per-
sonnel 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 test uses the control, ROM, and control
clock circuits to perform the following checks:

LED check: Turns eon all LED's for about 2
seconds

Check 1: Tests AMPTD CAL of the sinc wave

Check 2: Tests 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
operating properly.

3-12. FRONT/REAR SIGNAL DUTPUT.

Ecnunouit

The maximum peak volrage that can be safe-
Iy applied between chassis and the outer con.
ductor of any af the 33254 input ar owiput
signal connectors is £42 V.

3-13, The standard Model 3325A provides selectable
fronl or rcar panel 50-ohm signal outputs. The cear
panel signal cutput is selected by pressing the REAR
ONLY key. The lighted indicator in the center of this
key denotes that the signal outpd is at the rear panel.

NOTE

The rear pane! SIGNAL ouwlpul is nol pre-
sent on Instruments equipped with the High
Vaoltage Ouiput Option 002,

3-14. SYNC OUTPUT.

3-13. A square wave syne output is provided at BNC
connectors on both the front and rear panels, This syne
signal is always in phase with the output signal, with the
sync transition occurring at the signal zerd ¢rossing, or
when the signal crosses the dc offset voltage. The outpui
impedance of either front or rear panel sync output is
approximately 50 ohms. When connected to a 50-ohim
coaxial cable that is terminated by a 50 ohm resistive
load, the sync signal levels are as follows:

Low Level

= <02V
High level = = 1.2V

NOTE

If a svae outpul is connecied to a 50-ohni
coaxial cable that is terminated by a high im-
pedance load (=1 mepohm) the voliage
levels are approximately twice the volues
given above. However, the improper ier-

3.3




Qperation

mnation of the J0-ahm sysren! will couse
ringing @t the positive and negative transi-
Lons of the serc signul.

3-16. 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 0 dBm (50 ohms), and the fre-
quency must be within 10 PPM of 10 MHz gr a sub-
multiple thereof down ta 1 MHz (10, 5, 3.33, 2.5, or |
MHz), The front panel EXT REF annunciator will light
to indicate that an external reference is being used. The
internal reference oscillator is phase locked to the exter-
nal reference, and a phase lock detector circuit causes
the BEXT REF light to flash if synchronization is lost.

3-18. 10 MHz OVEN OPTION D01.

3-19. Option 001 is a temperalure stabilized 10 MHz
ascillator which provides improved frequency stability
{(see specifications in Table 1-1), The ourput from this
oscillator is at the rear panel 10 MHz OVEN QUTPUT
connector, This cutput must be connected to the EXT
REF inpui. A special connector, -hp- Part No,
[250-1499, is provided with QOption 001 for this pur-
pose.

3.20. MANUAL PRDGRAMMING.

3-21. The following paragraphs describe the procedures
for operating the 33254 from the front panel. Also in-
tluded are the limits for each parameter,

3-22. Clear Display.

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

3-24. Entry Etrors.

3-25. The word "*Error’’ will appear in the display for
approximately one second when an error in programm-
ing occurs. The incorrect entry will not be accepted.

Model 3325A

3-26. Function Selection.
FUMCT | OH
o

ojcfoliofio

ZOMHI [R1 1L H 1HE 1GHMY [[r 0k

DT QFFSET
o

3-27. Any of the five functions may be selected by
pressing the appropriate FUUNCTION key. A lightin the
center of the key indicates the present function. Pressing
the same key the second fime removes the ac signal, sct-
ting the output to zero unless a de offset 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 d¢ offset entry key light
comes on. The ac gsignal can be restored by pressing the
FUNCTION key again. The output signal for cach
function is centered zbout zero volts unless a de offset
has been programmed.

NOTE

The siandard instriment sigrdf OUIPUr INUS
be terminated by an external 50-ohm loud or
sine wave distortion and squdre wave aver-
shoor may result, particularly at higher fre-
quencies.

3-28. Frequency Entry.

DATA

ABCI]
MNumeric Ercor

1 Entry parameter out of bounds (far example, Freg = 61
MH=)

2 Invalid delimiter

3 Frequency ioo large For Funciion {for example, Function' w»
Triangle, Freq = 11 kHz)

Sweep time too small or too large

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

Sweep frequency oo large for function; Sweep bandwidih
Loo small; Stact frequency too small {log sweep); Start Fre-
quency greater than stap frequency (lag sweep)

Lnrecognizable mnemonic received
Unrecognizable data character received
Option does nod exist (High Voltage or Rear/Froot)

ENTRY

3

) ()

|

A lighted indicaror in the center of any eniry
key denaotes it as the active entry parameter.
For e¢xample, if the FREQ e¢niry key in-
dicaior is on, i1 15 RO hecessary 1o press dhrf
kev bhefore entering data.

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 cigit first, entering the
decimal in the proper place. The frequency parameter is
stored in the 3325A when the delimiter key &5 pressed.

3-30. Frequency Limits.
331, The minimum freguency for all functions is

I gHz. The nominal maximum frequency for each func-
tion is shown below the function select key on the front
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Table 3-2. Amplitude Limits of AC Functions.

Pgak-to-Feak

tms dBm {50 1)

Function Max, Min,

i Max. hin,

Sine my
Square my
Triangle iy
. Ramp mv

0.354 mv
0.5 mvy
0. 289 mvy
.28 my

+23.98 -56.02
+26.88 -62.01
+ 2222 L7778
+22,22 -67.78

panel, However, because of the overrange capability of
the 3323A, the maximum frequency for cach function is
as shown below:

20999 999,999 Hz
10 999 999.999 Hz
10 999,999 959 Hz
10 999.999 999 Hx
10 999 999 899 Hz

Sing wave

Square wave
Triazngle

Positive slope ramp
Negalive slope ramp

3-32. Frequency Display and Resolution.

3-33, Frequency is always displayed in Hz, even though
the entry may have been made in kHz or MHz. For ex-
ample, an cntry of 1,2 MHz is displayed as
1 200 000.0 Hz. Mon-significant zeroes to the right of
the first digit following the decimal point are not
displayed cxeepl during a “‘modify’” condition (see
Paragraph 3-68). The maximum resolution is | gHz for
{requencics up to and including 99 999 999 999 Hz, and
1 mHz for freguencies of 100 000.000 Hz and higher,

3-34. Auxiliary Dutput {Sine Function Gnly).

3-35. A rear panel auxiliary output can be used for fre-
quencies above 19 MHz to a maximum of 60 999
999,999 He. The output level is 4 nominal 9 dBm into 50
ohms. The ouput automanically switches 1o the AUX
oulpul when frequencies of 21 000 000.000 Hz or higher
are programimed. For this reason, the AUX output is
labeled “*21-60 MH2". Frequencies belween 19 MHz
and 21 MHz can be obtained at the AUX output only by
first entering 21 MHz or higher, then eatering the
desired lrequency, For example, if the degired frequency
is 9.5 MHz, first enter “FREQ 21 MHz'", then
19,5 MHzZ''. Then, if a front panel SIGNAL output of
19.5 MHz {or any {requency between 19 MH:z and
21 MHz) is desired, enter any frequency 19 MHz or
lower, then enter 19.5 MHz,

NOTE

Only one signal ouiput is active af one time.
A lighted ©°21-60 MHz Rear' annuncigior in-
dicares that the rear panel AUX, 0 dBm, 21-60
MHz owtput is active. A lighted *'Signal, Rear
Only ™ annunciator indicates that the rear
pane! signal outpul is active. Neither fight on,
indicates the froad panel signal ouwlput is
aclive,

3-36. Amplitude Entry,

EMTRT 2 : DATA T . .

o (Em )
OO E e

3-37. Amplitude is entered and displayed with 4-digit
resolution. Press the AMPTD ENTRY key, then the
numerical data, followed by the V, mV, Vrms, mVrms,
or dBm key. The V and mV keys enter peak-to-peak
vialue of ac functions. Maximum and minimum
amplitudes for each funection are shown in Table 3.2,

3-38. The 3325A will convert 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 the Vrms or mVrms key to display the
same amplilude 45 3.536 Vrms, or press the dBrm key (o
display the value as (+)23.98 dBm.

3-39. Amplitude Calibration.

AMETD DAL

£ EXT REF

L M nT ion
SELF TEST

3-40. The 3325A will calibrate the output signal when
the AMPTD CAL key is pressed. The output goes to
less than 4 mV p-p while Lhe calibration is in process. An
amplitude and offset calibration i5 performed auto-
matically whenever the function is swilched and at in-
strument tUrn-on.

NOTE

if A-CAL FAIL appears in the display
momenturily after an AMPTD CAL opera-
tion, the insirument should be referred 10
gualified service personnel for repair.
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3-41. High Voltage Output Option 002,

SYHC QUT

@

p SIOHAL—— Aux

A0Vp-p, 40mA 21-naan
I—": o 0«1 MHz ,.8“

Lol

3-42. The high voltage output is selected by pressing the
key in the lower right corner of the front panel. This op-
tion provides a maximum output of 40 V p-p into a high
impedance. The load resistance must be greater than 500
ohims 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 cutput 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 | MHz (10 kHz for triangle
and ramps).

NOTE

The rear panel signal output Is inactive (ho
internal signal connection) if the instrument
has the High Voltage Output Option (002 in-
stalied, [Insiructions are given in the
Operating and Service Manual, Section VI,
Service Group M, for activating the rear
panel signal output in one of rwo ways: 1)
Placing the standard/high voltage output on
the rear panel only, disconnecting the front
panef signal output, or 2) Disabling the high
voftage output and enabling the standard
Jront/rear outpur configuration.

3-43. DC Offset.

DaTaA

e )
4 ) (5] (s ) [ )

) [f?]]'[l 3] |
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Tahie 3-3. High Voltage Output Amplitudes (Option 002).

Peak-to-Peak rms

Function Max. Min.

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

3-44. Offset Only, No- AC Function, 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 Output is selected
(Option 002), minimum amplitude for dc
only (no ac function) is 6.0l mV and max-
imum is 20.0 V.,

3-45. Offset with AC Function. 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 d¢ offset permissible for a given ac peak-to-peak
voltage. The following equation may be used to deter-
mine maximum offset voltage,

Maximum dec offset = % - An;ptd

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

NOTES

1. If an aitempt is made to enter a dc offset
that is too great for the amplitude aiready
programmed, “‘Error 5°° will appear in the
display momentarily, and the dc offset entry
will nor be accepled.

2. After a dc offset has been entered, if the
amplitude (ac} is then increased beyond the
fevel where the amplitude and offset are
compatible, “‘Errar 5 will appear in the
display momentarily, and the ac amplitude
entry will not be accepted.
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3. The minimum and maximum permissible
de offset voltages when the High Voltage
Quiput is selected (Option 002) may be
determined by multiplying the amplitude
and offset values in Table 3-4 by four. This
also applies for Figure 3-2. Change the
above equation (for determining maxinium
dc offset) to the following:

Maximum de offset = EAQ - Am;?td

4. Resolution af a dc offset entry (with ac
Sunction) is determined by the resolution of
the ac amplitude.

3-46. Phase Entry.

DATA

OEE
(o)
OO
IO

3-47. The phase of the SIGNAL output can be shifted
up to +719.9° with respect to the 1 MHz REF QUT
(rear panel). Phase shift entry resolution is 0.1°. To pro-
gram phase shift, press the PHASE ENTRY key, enter

Operation

number of degrees of phase desired, then press the
“‘deg” key. For a negative phase shift, press the **—*
key before entering the numerical data. For square wave
frequencies below 25 kHz, phase changes greater than
25° may result in a phase shift + 180° from the desired
amount.

3-48. After entering a phase shift, the new phase may
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
ASGN ZERO @ (PHASE) key.

3-49. Frequency Sweep.

" BMEER L IMEAR,LOG [ < & DRTA
" v owE 2 ;

jajo -

_- Ylll
[2]

i
1
I
|
[
| SN MR O

3-50. Frequency sweep is phase continuous over the full
frequency range; that is, there are no discontinuities in
the output waveform, When the instrument is turned
on, the sweep mode is set 1o linear, and the parameters
are set as follows:

Start Frequency 1 000 000.0 Hz
Stop Frequency 10 000 000.0 Hz
Marker Frequency 5 000 000.0 Hz
Time.. ... 1.0 sec

Tabie 3-4. Maximum DC Offsgt with any AG Fupction.

AC Amplitude
Entry Maximum DC
{peak-to-paak) Dffset (+ or —|

Minimum OC Attenuation
Offset Entry Factor

1.000 my with 4.500 mV
w0
3.333 mV with 3.333 mVv

0.001 mV 1000

3.334 mv with 14.98 m¥
ta
9,999 mv with 11.68 mv

0.001 mV 300

10.00 mV with 45.00 mv
10
33.33 mv with 33.33 mV¥

0.010 mv 100

33.34 mVy with 149.8 mvy
to
99.99 mv with 116.6 my

0.010 mv

100.0 mV with 450.0 my
to
333.3my with 333.3mv

0.100 mv

333.4 mv with 1.499 v
10
998.9 mv with 1.166 V

0.100 mV

1.000V with 4.500 v
to
2.998 vV with 0.001 v

1.000 mV
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bC OFESET

[~

Py,
-

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

AC VOLTAGE | MINIMUM OFFSET

3FF.9mv TO 999.5mV G.my
33.34mV TQ 29.59mY C.O0Imv
3.334my TO 9.99%mV G000 my

DC OFFSET

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

AC VOLTAGE MINIMUM OFFSET

100.OmV TO 333 .3mVv 0. Imy
10.00mY TO 33.33my G.OtmV
1.000mV TG 3.333mY 0.001Imv

HEEEEEEEEE .
o ' 2 3 4 85 & 7 8 9 10

PEAK-TO-PEAK AC VOLTAGE

320030

DC OFFSET

Figure 3-2. Maximum DC Difset With AC Functions.
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NOTE

The Marker Frequency must be lower than
Stop Frequency by a sufficient amount (0
perinit the Marker pulse width 10 be approxi-
mately 400 microseconds. See Paragraph
3-55.

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 indicator should
light. The sweep mode is linear unless this light is on.

TiME

3 ]

AP Log— O

Log sweep indicator

3-51. Linear Sweep. In linear mode, either CON-
TINUQUS or SINGLE sweep may be used. Single
sweep is from START to STQP 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 to the start frequency selected and reset the
X Drive ramp.

Press “*“RESET/START” key again to start the
sweep.

Hﬁf‘l's TT( h: . . .
@__E"—Ind]cawr is ON during a sweep

SIHGLE  WRH

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 @T"/Indicator is OM during sweep

3-52. Log Sweep. In either single or continuous log 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

Because of the computation time reqguired by
the control circuits in fog sweep, the actual
stop frequency (which is displayed at the end
of a single sweep) will be higher than the
selected stop freguency, bui afways within
0.25%. The error decreases as sweep tinie is
increased.

3-53. Sweep Time. The maximum time per sweep (up or
down) for all sweep modes is 99.99 seconds, with .01
second resolution for times = | second, and .001 second
resolution for times < 1 second. Minimum times arg as
follows:

Linear sweep, single or continuous. ..0.010s

Log sweep
Single........... ... L 2.000 s
Continuous. .. ........covevnnns, 0.100 s

NOTE
In single log sweep, the sweep time is in-
creased by the processing time required

hetween segments. The time increase (in
seconds) is approximately equal (o

start frequency

.045 ( 10 fog

stop frequency )

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 fuaction
(linear sweep) is as follows:

(10 mHz/s) x (sweep time}
(5 mHz/s) x (sweep time)}
(0.5 mHz/s) 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
operdte in log sweep mode.

3-85. 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

3.9




Operation

approximately 400 microseconds wide. The following
cquation may be used to determing the approximate
maximuin marker frequency:

0004 % bandwidth
sweep time

Max. marker freq. = stop freq. -

The rear pancl MARKER output 15 at TTL compatible
voltage levels, It is High at the start of a sweep up, goes
Low at the selected marker {requency, then High again
at the stop frequency. Mo marker output 15 present dur-
ing sweep down or during a log sweep. Set the marker
frequency by pressing the “MKR FREQ 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 blue
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 imit for the present function.

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

Single: O V at start, increasing linearly to > + 10V
al stop, whether the sweep is up or down. Re-
mains at cssentially this voltape until reset prior
10 the staril of another sweep. (Voltage will drift
downward less than 10 mV/s5.)

Contingous:  Increases lhnearly from 9 V to
> + 10V during sweep up, then goes to 0 V at
beginning of sweep down and remains al 0V
during swesp down.

Log sweep: Starts at 0 V and in¢reases to >+ 10V
with the sweep segments.

NOTE
The X DRIVE ounnit has a nominal voltage
of +10.5 V gf the end of « sweep, This final
voltage is specified 1o be greater than 10.0 V
to ensure compatibiliry with oscilinscopes
having a horizontal sensitivity of 10.0 V for
full-screen deflection.

X DRIVE otlpil voftage is linear with time
in both linear and lop sweep modes.
3-60. Sweep Z Blauk Qutput.

3.61. The Z BLANK outpul voltages are TTL compati-
hle, and the output logic levels are as Mollows:

Lingar sweep:

Single: Goes LOW at start of sweep, HIGL at stop,
whether the sweep iy up or down. Remains
until start of next sweep.

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

3-10
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Log sweep: Goes LOW al start frequency, HIGH at
stop. In single sweep, remains HIGH until siart 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:

Maximurn current simk: 200 mA
Allowable voltage range: 0 V io +45 ¥V dc
Maximum power {voltage at output x current): 1 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 to indicate the status of the
amplitude modulation. The status of phase modulation
(F 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 k& (10 k2 when AM is OFF).

3-64. When amplitude modulation is programmed, the
amplitude of the output signal (with no modulation} is
halved; however, the display still indicates the program-
med amplitude. Then, when the output {(carrner) is
modulated 100%, the maximum amplitude of the
modulated output 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 moduiation
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 voltape may he applied to the AMPTD
MOQD input to contrel the 3325A output Jevel, or a pulse
may be used to gate the output. Approximately +3 ¥
cuts off the output signal, while approximately -5 V
doubles the putput. (Maximum output is [0 V p-p.) DC
or pulse inputs should nol exceed +5 V peak.
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J-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 k{2, The modulating signal frequen-
cy may be dc to 5 kHz. An input of 5 V results in the
following approximate phase deviation (£ 170° per volt
for sine function):

3325A Function Phase Deviation
Sine + 850°
Square +425°
Triangle +42.5°
+ Ramp + 85°

3-68. Modily Keys.

T WAIFYT

88

3-69. The numerical data of any parameter 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, press the {1 or >
key to move the bright digit cursor to the digit you want
to modify. Then pressthe ¢ or I} key momentarily

to increase or decrease the value of that digit by 1. 1f the
modify key is held, the digit will continue to increment
or decrement after a slipht delay. As the modified digit
passes 9 {incrementing) or 0 (decrementing) the digit to
its left will increment or decrement.

3.790. Store and Reeall.

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. Other programs may
then be entered. All stored information is lost when
power 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 instriment perforims an
amplitude calibration on RECALL. Phuase
relationship between the ouiput signal and
the reference is nor maintained 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 personnct 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-
ciator 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 test
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 properfy. Refer the instrument (o
gualified 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 chms.

FUNCTIONS
a. Make the following 3325A keyboard selections:

FUNCTION
FREQUENCY
AMPFPLITUDE

Vertical
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.

3-11
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. Selegr square wave, triangle, posilive slope ramp,
and negative slape ramp and verify that each function
indicates  the same frequency and  peak-to-peak
amplitude.

AMPLITUDE AND DC OFFSET
c. Set the 3325A as follows:

FUNCTION
FREQUENCY
AMPLITUDE
L Set the oscilloscope controls as follows:

Verticil 2 V/div
Hortzomial, oo s 0.5 ms/div
Trigger

g. Oscilloscope display should show one square wave
per division, 3 divisions peak-to-peak vertical. This
cheeks the output with no attenuation. Actual display
will depend  greatly upon athe  aceuracy of  the
oscilloscope amplifiers and display.

h. Chunge 3323A amplitude to 1 V p-p, and change
oscilloscope verdeal to .2 V/div, Oscilloscope display
should again be § divisions peak-to-peak, This checks
the -+ ¥ atienuator section.

Lo Change 3325A amplitude 10 500 mV p-p, aad
change oscilloscope vertical to 1 V/div, Oscilloscope
display should be 5 divisions peak-to-peak. This checks
the + 10 attenuater section.

Jo Change 3325A amplitede 10 30 mV p-p, and
change oscilloseope vertical to .01 V/div. The square
wave display should be 5 divisions peak-to-peak. This
cvhecks the = [0 atienuator section.

k. Press the 3325A SQUARE WAVE FUNCTION
key 1o remove the square wave output. The indicator in

the 12T OFFSET Eniry key should light and the 3323A
display should show 0.0 mVv.

[ Set the oscilloscope vertical control to 2 V/div.
Ciround the input and set the trace to the center line, Sci
input to de coupled.

m. Emier 5V offset in the 33235A. The oscilloscope
trace should be 2.5 divisions above the center line. Enter

5 ¥ offset in the 3325A. The oscilloscope trace should
po Lo 2.5 divisions below the center line.

n. Enter 'V olfset in the 3325A. Trace should be on
the center line.

FREQUENCY
0. 5S¢l the 3323A as follows:

FUNCTION
FREQUENCY
AMPLITUDE

3-12
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p. Set the oscilloscope controls as lollows:

g. Oscitloscope display should show one ¢yele of sine
wive, which should be free of any apparent ir-
regularities,

r. Enter 20 MHz in the 3325A. Change oscilloscope
horizontal t¢ .05 ps/div. Oscilloscope should display
one cycle of sine wave per division.

HIGH VOLTAGE OQUTPUT (OPTION 002)

5. Remove the 30-ohm feedthru termination between
the 3325A output and the oscilloscope input. Press the
key in the lower right corner of the 3325A front panel to
select the High Voltuge output,

Lo Set the 3325A as Tfollows:
FUNCTION

FREQUENCY
AMPLITUDE

u. Sei the oscilloscope controls as follows:

Verticnl
Horizomal, ... ... .o ovove v 0.5 ms/div

v. The oseilloscope display should show a sine wave
four divisions peak-to-peak, one cycle per division. This
¢hecks the high voliage output amplificr.

. 3-78. OPERATOR'S MAINTENANCE.

3-7%. Maintenance by the operator is limited to cleaning
or replacing the rear panel fan filier, or replacing the ac
ling fuse on the rear panel. Generally, if the ac line fuse
requires replacement there is a failure within the instru-
ment, which should be referred Lo qualified service per-
sonnel. Disconnect the ac line cord belgre replacing the
fuse. Be sure Lo use the correct replacement fuse:

Mominal Line Valtage |

Fuse | -hp- Part Mo.

1007120 ¥ I A
220/240 0.5 A

2110-0001
21130012

3-80. The fan filter should be inspected (requently and
cleaned or replaced as necessary to allow free flow of
air. Tor remove the filter, disconnect ac power from the
instrument and remove the four nuts that secure the
filter retainer. Remove the filter and wash thoroughly
with soapy water, rinse ¢lean, and air dry.

3-81. HP-IB OPERATION.

3-82. The Model 3325A i remotely controlled by
means ¢f Lthe Hewlett-Packard Interface Bus (HP-1B).
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The following information gives a general description of
the HP-IB and defines: the terms, concepts, and
messages used in an HP-IB system. Tt also lists the
capabilitics and requirements for programming the
3325A. Program cxamples using a specific Hewiett-
Packard calculator as the system controller may be
found in the Supplemental Programming Information,
Appeadix 3-A al the rear of this section.

NOTE

fP-IB s Hewleti-Packard Company’s
implementation of IEEE Standard 488-1978,
“Standard Digital Interface for Program-
mabie Instrumeniation.

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
intgrconnect up to 15 instruments. Figure 3-3 is a
diagram of the inlerface 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 contrel 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, clearing 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 eight 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 to 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.

DEVICE A

Ay 10 tatk, [Him,
o control

in.g. calculavor)

DEVICE A

Able 10 alk and
liien

i

a4, degral vometer

DEVICEC

Only sbie 10 linen

»

19.Q., Kkl QA A0r) (

b

CEVICED

e

Onty abde o ulk

&4, tape rescar)

Dama Bus
1B wigral lines}

Duata Byte Tranler
Conrpl

Fryevry— {HANDSHAKE]} Lines

Guoweal [nierface

™15 st Vo Managermant (CONTROL Lines

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

Name Mnemonic Description

Attention ATN Enables a device to ipterpret
data on the bus as a controller
cemmand {command mode] or

data transfer {Data Mede].

Imerface Inttiahzes the HP-B system to an
Clear idie state (no activity on the
buz,)

Alerts the controller to a2 nead
for communication.

Service
Reaquest

Places instrurments wnder  re-
mote program contrgl

Remote
Enable

Enc Cir
Identify

Indicates lagt data transmission
during a data ransfer sequence;
uzed with ATN to poll devices
for their status.

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

Address - The characters 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 lixed so that it may only receive in-
formation {listen only) or only send information (talk
only).

Polling - PPoiling is a means by which a controller can
identify a device thal necels interaction with 1t, The con-
troller may poll devices for their operational condition
one at a time, which is terimed a serial poll, or as groups
of devices simultaneously, which is termed a puratlel
poll.

3-84. Basic Device Communication Capability.

3-90. Devices which communicale along the interface
bus fall into three basic categories,

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

Listeners - Devices /hich receive information sent on
the bus when they have been addressed.

Conirellers - Devices that can specify the talker and
listener(s) for an information transfer. The controller
can be an active controller o a system controller. The
active controller is defined as the current controlling
device on the bus. The system contreller can teke con-
tred of the bus even if it is not the active controller. Each
system can have only one sysiem controller, even if
several controflers have system controt capability.

3.91. Message Definitions.

3-92. Information is transferred on the HP-IB from
une device 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 portion and the information
portion. Others are gencral messages (o all deviees,
Messages 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 iiself is not a pro-
gram code or an HP-IB conunand. 1! is only
intended as @ tool to rranslate a program writ-
ten as an algorithun into the controlier’s code,

3-93. 31325A Response to Messages.

3-94_ The 3325A is capable of implementing anly those
messages indicated in Table 3-7. In order for those
messages to be implemented, certain bus actions are re-
quired, which are shown in the Interface Functions col-
umin.

3-85. HP-IB Work Sheet.

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-1B sysiem. When this sheet is
filled out, it will provide a summary of Lhe system
capabilitics.

3-97. HP-IB Addressing.

3-9% Ceriain messages reguire that a specific tatker and
listener be designated. Each instrument on the bus has
its own distinetive listen and/or talk address which
distinguishes 1t from other devices. The 3325A receives
programming instructions when addressed (o listen,
When addressed to talk, it will respond to the instruc-
tions it received prior 1o being addressed to talk, such as
an interrggation or serial poll.

3-99. Addressing usually takes the form of ‘‘universal
unlisten, device talk, device(s) listen’™. The universal
unlisten command removes all listeners from the bus,
allowing only the listener(s) designated by the device(s)
listen parameter to receive information. The informa-
tion is sent by the talker designated by the device talk
parameter. The system controlier may designate ilsclf as
either talker or listener,

3-100. 3325A REMOTE PROGRAMMING.
3-101. 3325A HP-IB Capabilities.

3-102, Table 3-8 lists the HP-IB capabilities of the 33254,
which are compatible with IEEE Standard 488-1978.
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Tahle 3-6. Definition of Meta Messages.

Mussage Definition

Oawa The actusl infurmation (binary
hytes} which is semt from a
talker to ohe of more listeners.
The informatipn or data can be in
a numenc form or 8 string of
characters,

Triggar The trigger message causes the
listening device(s) (o perferm a
device dependend action.

A clear message will cause a
devicels! to return 0 a pre-
defincd device-dependent state.

Romaote The remote inessage causes the
listening dewvice(s) to switch
fram local front panel contral,
t¢ rernote pgragram canweel, This
message remains in effect so
that devices subsoquently ad-
dressed 10 lisien will go inlo
rernote gperation.

This message clears 1he remote
message fraom the listening de-
vicelsl ang returns the device(s)
to lgcal fromt panel control.

Loral Lockaud The lgcal lockout message is
implamented to prevent the de-
vice pperator from manually in-
hibiting remote program controf.

{lear Lockout and Thiz message couses all devicds
Sct Local 1o be removed {rom the logal
Ipckout mode and revert t1 Incal,
[t wili alsg ¢lear the remnute mes-
sage for all devices,

Requite Service A device can send this mes.
sage at any time to signify that
it needs some type of inter-
action with the controller, The
messags 1§ cleared by 1he de-
vice's status byte message if it
no longer requires service.

Messago Definition

Stetus Byte A byte that repregents the status
of a single device, One bit indi-
categ whethar the device s&nt
the required service message
and the remaining 7 bits indi
gate operational conditions de-
fined by the device. This byta
is sent from the talking device
in rasponse 10 & 'Serial Poll”
agperation performed by & con-
traller.

Status Bit A byte that represents the opera-
tional conditions of a group of
devices on thoe bus, Each de-
vice responds pn a particular bit
of the byre thus identifving 2
device dependent candition. This
bit is typically sent by devices
in response to a paraliel poll
oparation.

The status bit message can also
be used by a contreller to spac
fy the particular bit and logic
level that a devica will respond
with whenr 8 parallel po!ll oper-
ation is performed. Thus, marc
than ene device may respond an
the same bit,

Pass Contral This message transters the bus
rmanagemant rasponsibilities
from the active controller to
angthar contraller,

The system controtler sonds the
aborl message to ungondition-
ally assume control of the bus
from the active controller. The
message will terminate all bus
commonications but doss not
implemant the cleat massage.

3-103. Developing an HP-IB Program.

3-104, Basically, the 3325A s programmed remotely in
the same manner as it is programmed manually, The sc-
quence in which the various parameters are pro-
grammed is not imporiant. At the end of this section
(D there is & summary of the HP-IB Programming
Codes. This chart may be removed from the manuval
andd/or copied to be used as a programming reference.

NMOTE
It gy be necessary 1o refer 1o SO jaras

praphs on manual operation for deseriptions
wf certaiin Sigmals atd regiirements.

o 3108, Several steps are necdel 1o develop an HP-[B
I'Jl'ﬁi."l'i.lln.

a. Completely 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 to & problem.) Use
the key words for meta messages shown in Table 3-6 in
developing the program. The twelve key words are
repeated here lor reference.

Data

*“Trigger

Clear

Remote

Local

Local Lockout

Clear Lockoutl and 3¢t Local
Require Service
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Table 3-7. 3325A Implementation of Messages.

Interface Functions*®* Q

Sandar Receiver 3325A Response

Message Implementation”

Will sernd or receive as
instructed

Data SR T. SH L™, AH

Trigger N

Clear R Device Clear sats 33254
to imitial wirn-on coend:-

tions. See Para. 3-8.

ID-LIST C, SH
ALL C, SH

Goes to Remote. Can be
set to Local by LOCAL
key.

Remote Remote Enablg
ID-LIST,C,,SH

Lacal Cs. SH Goes to Local.

Lacal Lockout <, 5H Goes to Remote. Cannot

be set to Local by LOCAL
key.

Goes to Local from Local
Lockout,

Sets SRO True,

Sernds byta which indi-
cates if service required
and reason.

Clear Lackout and
Set Local

Require Service
Status Byte

Status Bit

Pass Control

Abort

Unaddress

'S = Send Only
R = Receive Only
SH = Send and Receive
NA = Mot Appiicable

* *SH = Source Handshake

AH = Acceptor Handshake
T = Tatker {includes TE = Extanded Talker}
L = Listener {includes LE = Extended Listener)

5R = Service Request

RL = Remote/Local

FP =Parallel Poll

DC = Qevice Clear

DT = Device Trigger

C = Any Controller

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

X" = Indicates replication n times

Status Byte
*Status Bit
*Pass Control ,
Abort Function

Table 3-8. Interfaca Functions.

Source handshake capability

Acceptor handshake capability

Basic talker; Serial Poll; Unaddressed to talk if
NOTE addressed ta listen

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

Service Request capability

Remote/Local capability

*Not implemented by the 33235A

The meta message in itself is not a program
code or an HP-IB command. [t is only in-
tended as a tool ro yranstaie a program No parailel poll capability
writien as an aigorithm into the controller’s Device clear capability
code, No device trigger capability

No controller capability
Open collector bus drivers
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¢. Define the operation in program codes that the in-
strument ¢an use, Each instrument has its own sel of
program codes which are ASCII 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 ¢onversion information is supplied with
cach controller. For example, the -hp- 9825A Calculator
Extended 17O Manual provides a chart for program
code conversion.

NOTE

Exumples for controlling the 33254 with «
spectfic Hewletr-Packard calvulator are pro-
vided in the Supplemental Programming In-
Sormuarion, 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 al the rear of this section.

3-107. Universal and Addressed Commands.

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

Mnemonic Command ASCII Code
Universal:

*DCI,  Device Clear DC4
LLO Local Lockout DCl
MLA My Listen Address (selectable)
MTA My Talk Address (selectable)
SPD  Serial Poll Disable EM

SPE  Scrial Poll Enable CAN
UNL Unlisten 7
UNT Uatalk -
Addressed:
GTL
*SDC

30OH
EOT

Go to Local
Selected Device Clear

*DCL and S5DC commands set the 3325A to its initial
lurn-on conditions {see Paragraph 3-8) and cause an
AMPTD CAL operation. Any data in the HP-IB input
buffer i lost. The storage registers, SRQ masking, and
the status byte are not affected.

3-10%. Placing the 3325A in Remate.

3-110. The 3325A will go to Remote when ATHN is true,
REN ig Lrue, and il receives its lsten address,

3-111. The 31325A Address.

Operation

3-112. The 3325A address is normally set st the factory
to:

ASCIN -BiL
Character Octal

{5-Bit Qctal Equivaient)
[d¢cimal Hexadetimal

Lisien 1 zi 17 11
Talk Q 21 07 "

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

. All programming is shown in ASCH
code.

2. Table 3-9 is a summary of the 33254 pro-
gram data messages and program  times,
Table 3-10 lists program codes in binary,
ocial, decimal, and hexadecimal. At the end
of this section (111} there is also a summary of
the HP-IB programming codes. This chart
may be removed from the manual and/or
copted fo be used as a programming
reference.

2. The following front panel key acrions can-
nor be remorely programmed:

Modify group

Sweep bandwidth < 2

Sweep bandwidth + 2

Ser sweep center frequency to marker fre-
quency

Display bus address

Clear display

4. The 3325A musr be set r'o REMOTE and
addressed to LISTEN before it will accept
device dependent data messages.

3-113. 3325A Data Message Formats.

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

Mnemonic, Data, Delimiter, EQS
Mnemaonic, Data, BOS
Mnemonic, EQS

I, Mnemonic, BOS

Where I is the ASCIE character [ and EOS is the end-of-
string character, which is required for Data Transfer
Mode 2 (see following paragraphs). WValid EQS
characters are:

LF = Line Feed = 12 octal
* = Asterisk = 32 octal
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Table 3-3. Summary of 3325A Programming (ASCIl Characters).*”

Parameter qr
Operation

Mnamonics
ASCI
Coda

ASCI

Code Delimiters

Approximate Prograrmming Time*

Pata Transfer Mode
Data Mode 1
Data Mode 2

=MD
=MD

1
2

NA

MO =46 ms

Fungtion

=FU

0=0C Only

1 =$iI'IE

2 = Bquare
3="Triangle

4 =Paositive Ramp
&= Negative Ramp

FU=1500 ms

Frequancy

=< 11 Digits
and Recimal

HZ =Hertz
KH = Kilohertz
MH = Mogahertz

FR=7.0 ms
Each digit or decirnal = 2.8 ms
HZ, KW, or MH=12.5 ms

Amplitude

= & Digits

amd Decimal, Also
— sign if negative
dBm. + sign is val-
id but not requirgd.

VO =Volts [p-p}
MV = Millivalts (p-p)
VR =Voltz rmg
MR = Millivolts rms
DB =dBm

AM=8.8ms

Each digit, decimal or degimal=2.8 ms
VO or MV =90 ms

VR or MR= 130 ms

DE=250 ms

DC Offset

= 4 Digits and
Deeimal. Also -
sign if negative dc
pffset. + signis
valid but not
required.

VC =Voits
MY = Millivalts

OF=6.8 ms
Each digit, decimal. er — sign=2.8 ms
VO or MV =82 ms

Phase

= 4 Digits
- minys sign

CE=Deagrees

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

Sweep Start Frequency
Sweep Stop Frequancy
Sweep Marker Frequency

= 11 Digits
and Decimal

HZ = Hertz
KH =Kiloheriz
MH = Megahartz

ST, 8P, or MF=7.0 ms
Eazh digit or decimal=2.8 ms
HZ, KH, or MH=1(.8 ms

Swaep Time

= 4 Digits
and Dectmal

SE =Seconds

Tl=5.9 ms; BE=7.0 ms
Fach digit and decimal= 2.8 ms

Swaap Moda
Linear
Logarithmic

SM=4.6ms

Rear or Frent Panel Qutput
Front Pana!
Rear Panal

RF=44 5 ms

Stare Program
Recall Program

SR=11 ms;
RE=170Q mg

Execution Functions
Azsign Zara Phase
Perfarm Auto-Cal
Start Single Swasp
Start Continuows Sweep
Perform Self-Test

AP=5.2ms

AC = 1500 ms
SE=300 ms
SC=300ms
TE=10,000 ms

interrogate Frogram Errar

IER=11.5 ms

Interragate Entry Parameters
Frequanty
Amplitude
Oftzet
Fhase
Swaap Start Fraguency
Sweep Stop Freguency
Sweaep Marker Fraquency
Swesp Time

IFR=10 mz
1IAM=9.8 ms
IOF=2.8 ms
IPH=8 ms
IET=10ms
1SP=10 ms
IMF=10 ms
1TIa 8.5 ms

Interrogate Function

NA

IFU=1603 mg

Mask Service Reguests

See Para,
3-144

MS=4.5 ms

Binary [ON/DFF) Fungétions
High Voltage Output
Amplitude Modulation
Phase Mgdulatign

=MA
= MP

OFF =0
ON=1

HVY =48 ms
MA=7.0ms
MP=7.00 ms

3-18

**See Note 2 following Paragraph 3-112,

*Program times are in addition to the data transfer time of 2256 te 2650 ps per byte,
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Table 3-10. Programming Codes.

Instructian

ASCI
Characters

Binary
Code

Decimal
Code

Mexadegimal
Code

Entry
Frequency

70
g2

46
§2

Amplitude

65
77

a1
40

Offset

79
70

4F
48

Phaze

Io|mol/=r|az

DO SO DO
O =000 =
Q= |=20 0
=R ul Pl Eale ] = R
[eRol o] (=] Eogt

Qo= |==0g

80
72

50
48

Sweep
Start Freguency

83
84

53
54

Stop Frequency

o |—=

83
ge

53
Eo

Marker Freguency

77
70

4D
48

Time

a4
73

54
48

Start Contirusus

B3
67

53
43

Start Single (must be sent {wice)

B3
g2

53
53

Sweep Mode

Zulenonl-dlvZlon]|awm

-t et b 2 | | = s s

OO oo o|oo|coloo|lon
Q= |malg=s|lo=oaol- <] =
=l == =Rl gal o Boy o Ral laNe)

=0 I0QIQC|O =)= —
O = |2 als aloolmolo —=|a =

N [ R o [= T TR PN

82
i7

53
4D

Numerical Data

(O €0 3 0 OO B L b3 —

JAdecimall
- {minus)

AR = R NI LI LR CAE S R o ]

=

QoaOCcOoDCo0C0O

D1 [0 = = = v omh ad ok b =d =
==L = e OO0
= SO0 - s 00030
O =00 =000
— D=0 020200

48
49
50
81
52
83
54
56
36
57
46
45

30
a1
32
33
34
38
36
37
a8
39
2E
20

Data Suffix (Delimiter)
Hartz

72
][9]

ag
54

Kilehertz

75
72

48
48

Megzhanz

[sRojlogalels]
COlO0 |— a0

77
72

4D
)

Voits (p-p or do)

86
79

58
4F

Millivelts {p-p or de)

QoD
=

77
26

4D
56

Volts rms

B6
82

66
b2

Millivglts rms

77
B2

4D
52

tdBm

68
66

44
a2

Dagroeas

1]
64

44
48

Seconds

g3
68

53
46

Stote

B3
82

53
52

Recall

moiBROMWIMe|oD»] S| OL|TE | TAMNT

E TN S I R R R | g [ I Y [ S [ N -

QOO Qoo —~] D0 ] = O | ==
Eal=dlie RalET el PRI Kw B N B B JERIRE Y EPE Rl F o RO o O oI [ B |
O=lma =00 =0] 2 clapaa|loo|o=|—mg

OQOOoOA0|aD|on]on| oo
QOeraalda|laclaoan=0] = =

il ] e BN el o 30n NaRel i+ BEn Erl el Dol v Sl v Nw]

84
&3

52
45

Operation
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Table 3-10. Prograviming Codes (Cont'd}.

ASCI Binary Decimal Hexadeeimat
tnstruction Charactars Cede Code Code

72 4g
86 56
77 4D
65 41
77 aD
80 B0
82 57
70 46
77 4D
g8 44
55 41
80 50
55 Fig)
67 43
B4 )
69 45
77 4D
83 52
73 49
73 a9
89 4B
82 52

High Yoltage Output

Modutation-Amplitude

Medulation-Phase

Regr or Front Qutput

Data Transfer Mode

Assign Zero Phase Reference

Perform Auto Cal.

Perform Self Tast

Mask SRQ

Intarragate [Parameter)
Intarrogate Error

om—] |t = m-—|1n]:v'u]> DOm0 Zi<T
ot el ] k| ek B ek e ek b b o b - ) 2 A 3 k] ek .
aoooloaojooogooogoDoo|ooloo
~oololwolo~=lo] =ojloo|la—| 2o 0|=0
[a N o B B Lo Fololfole BaRe Holts B Yo Rl Ralo) kel
G =000 = =D OoD| === 0a—2|0—=|=0
—oaloj—oloo|l-daoaooo —-~0o|o0|=0
O alajaalwp|lrmo=|lo=slooja—|—-—|00O

EQS (End of String)
Ling Feed
Asterisk

10 A
42 24

'_

Th
oo
—
oo
oo
OO

All spaces (40 octal), carriage returns (135 octal), com- Line feeds and Asterisks (BEOS characters)
mas (54 octal), and all lower case alphabetics are ip- are ignored. No other device dependent data
nored by the 3325A. commaunications are permitted on the bus
until the entire 3325A program siring has
NOTE been accepted and all but the last character
processed.
A program String may programt oRe para-
meier or all parameters. For example, the Data Mode 2. Device dependent characters
string "FU2FRIOKHAM3VO' programs the are accepted and stored in an internal buffer
Jollowing: and not processed until the EOS character is
received or the buffer is filled (48 bytes).
FU2 = Sguare wave function Conseguently, other communications on the
FRIQOKH = 10 kHz bus are permitted after the program string
AMBVG = 3 V pp has been accepted (at the rate of approx-
imately 150 to 200 microscconds per
The EOS character should follow the com- character). 1f the program string contains 48
plete string, or o maximum of 48 characters characters or more, the 3325A will hold up
(see Paragraphs 3-115 through 3-1158). the bus while it processes the 48 characters
before accepting and storing the rest of the
3-115. Data Transfer Mode. string. Because the instrument turns on in
Data Mode 1, Moda 2 must be programmed
3-116. The 3325A accepts daia from the HP-IB in remotely. it will then remain it Mode 2 until
cither of two modes. If speed of communication is a Maode 1 i3 programmed or until the POWER
critical factor on your HP-1B system, Maode 2 i prefer- switch is set to STBY.
rable. The charactenstics of the two modes are:

3-117. While the 3325A is processing data it will accept
rata Mode 1. The 3325A turns on in Data and respond to universal commands. For this reason,
Mode 1. In this mode, each device dependent when operating in Mode 2, the controller ¢an send a
characier {byte) is processed when received. prograin string (48 characters or less) to the 33254, and

3.20
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while this data is being processed the controller can
unaddress the 3325A to lsten and then communicate
with anelher 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 at a convenient place before) the 48th byte. The
retnaining program can then constitute a second string.
While the 3325A is processing input information, a
“Busy™ fMag is set in the status byte (see Paragraph
3-136), This flag can be used to determine when the
3325A has finished processing.

NOTE

The 3325A will handshake bus communica-
{iong even though the POWER switch is set
to STRY. This will not interfere with the
operation af the bus unless It was sel lo
STRY whily addressed to talk. Before it is set
to STBY, make sure it is not addressed 1o
talk, or else disconnect the HP-IB cable
Jrom the 3325A. The addressed 1o talk con-
dition can be cleared by an IFC command,
even when the 33254 is in Standby,

3-118. Programming Data Transfer Mode.

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, EQS
NOTE

Al program codes are shown in ASCIH
characters.

Valid mnemonics:
FR = Frequency

AM = Amplitude
OF = Offset

WPElalilid

PH = Phase

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

Vatid data:

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

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

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

. = ASCII decimal (floating decimal entries
not valid)

Valid delimiters:

HZ = Hertz

KH = Kilohertz

MH = Megaheriz

VO = Volts (peak-to-peak or dc)

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

MR = Millivolts rms

|||1||

DB = dBm
DE = Degrees
SE = Seconds

NOTE

When operating in Data Mode |, an FOS
characler is not required. When in Mode 2,
the EOS character should not be sent until
the end of the program siring {or after 48
bryies; see Paragraph 3-117).

3-122. Programming Waveform Function.
3-123. The selectable functions are:
DC only
Sine wave
Square wave
Triangle wave
Paositive Slope Ramp
Negative Slope Ramp
The programming syntax for selecting function is:
Mnemonic, Data, EOS

VYalid mnemonic:

FU = Function

3.21
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Valid data:

Function off (dc only)
Sine

Sgquare

Triangle

Paositive Slope Ramp
MNegative Slope Ramp

L ooda Ll b2 e T

3-124. Programming Binary (On or OFf} Functions.
3.125. The programmable binary functions are:

High Voltage Qutput (Option 002)
Amplitude Modulation
Phase Modulation

The programming syntax for binary functions is:
Mnemonic, Data, EOS
Valid mnemonics:

HV = High Voitage Output {If the 3325A reccives
the HY mnemonic but does not have the high
voltage option, SRQ (if enabled) and an error
code will be generated. See Paragraph 3-134.)

MA = Mopdulation = Amplitude

MP = Modulation — Phase

Valid data:
B = Off
|l = On

NOTE

The rear panel signal output is inactive {no
interna! signal connection) if the instrument
has the High Voltage Output Option 002 in-
stalled. Instruciions ore piven in the
Operating and Service Manual, Section VIII,
Servive Qroup M, for activating the reqr
panel signal output in one of two ways: 1)
Placing the standard/high voliage ontput on
the rear panel only, disconnecting the front
pane! signal output, or 2) Disabling the high
voftape output and enahling the standard
[front/rear ouiput configuration.

3-126. Programming Selection Functions.

NOTE

The selection funcrions are similar to binary

JSunctions, but instead of ON or OFF states,
selection is muade between 'wo mutuaily ex-
clusive operations.

322
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3-127. The programmable selection functions are:

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

The programming syntax for the selection functions is:
Mnemoni¢, Data, EOS

Valid mnemonics:
RF = Rear or Front Qutput

SM = Sweep Mode
MD = Data Transfer Mode

valid data for RF is;
1 = Select Rear Qutput

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

Valid data for 8M is:

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

2 = Logarithmic Sweep
Valid data for MD is:

1 = Data Mode 1 (The 3323A turns on in Data
Maode 1. This function need not be programmed
if it is desired to remain in Data Mode 1.)

2 = Data Mode 2

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

Assign Zer¢ Phase Reference
Perform Amplitude Calibraticm
Start Single Sweep

Start Continuous Sweep
Perform Self Test

The programming syntax for execution functions is:
Mnemenic, EOS

Valid mnemonics:

AP = Assign Zero Phase Reference
AC = Perform Amplitude Calibration
88 = Start Single Sweep
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SC = Start Continuous Sweep
TE = Perform Self Test

NOTES

1. The Start Single mnemonic must be sent
iwice (§5585). The [first 8§ sets the output
{and display) (o the start frequency, and the
seeond 58 starts the sweep.

2. While the 33254 is in Continuous Sweep
made, I it receives the mnemonics 5C, SS,
FR, PH, AC, AP, or TE, it will siop sweep-
tng. It must receive SC again in order to
resumt¢ continions sweeping; or if a single
sweep 5 (o be programmed, 5585 is re-
quired.

3. The “"Busy’' flag (bit 7 int the status byte,
se¢ Paragraph 3-138) will be I’ for the
duration of a Self Test operation. After Self
Test, the 3325A returns to the previously
programmed conditions, excepi thar if o
sweep was in progress the sweep wilf remain
stopped.

3-130. Programming Amgplitude Units Conversian.

3-131. The programming syntax for converting ampli-
tude units (Vp-p, Vrems, dBm} is:

Mnemoni¢, Delimiter, EOS
Mnemonic = AM = Anmplitude
Delimiter = The units to which you want to convert:

VO = Vpp
MV = mVp-p
VR = VYrms
ME = mVrms
DB = dBm

Example; [f amplitude was programmed in Vp-p, it may
be converted to dBm by programming “AMDBE'. If
amplitude was the last paramcter programmed and is
shown in the dispiay, only the delimiter ““DB'" needs to
he programmed,

3-132. Programming Storage Registers,

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

Store Data in Register N
Recall Data from Register N

Operation

The programming syntax for storage register functiong
18;

Mnemonic, Data, EOS
Valid mnemonics:

SR = Store
RE = Recall

Valid cata:

g thru 9 = ASCII numerics specifying register
number

NOTES

1. If no data has been stored in a register,
the recall command for that register will be
ignored.

2. An amplitude calibration is performed
when a register is recolled,

3. The numeric value for the phase is stored,
but the phase of the output is not changed
when the register is recalled. (Phase may
need to be reprogramned.)

4. DCL (Device Clear) and SDC (Selected
Device Clear) commands do not affect the
storoge registers,

3.134. Service Reguests.

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

Program String Errot
Sweep Started or Sweep Stopped
Systemn Failure (Possible component problem)
Failed Self Test
Failed Amplitude Calibration
External Reference Unlocked
Main Oscillator Unlocked

3-136. Serial Poll.

3-137. When the system controller determines that the
SRQ line i true, it may conduct either a Serial Poll or &
Parallel Poll to determine which device(s) initiaied the
Service Request, and the reason(s) for the request. The
3325A responds to a Serial Poll, which is conducted in
the following manner:

Controller places ATN true (command mode)
Controller sends Serial Poll Enable (SPE) on lines
DICI-8 (ASCII CAN, binary code »0011000)
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Controller sends 3325A Talk address, controller
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 (ASCI1 EM, binary code x 0011001}

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

NOTE

Some of the above Serial Poll operations are
performed automatically by some con-
troflers in response to certain programming
stalements. Refer (¢ the programming in-
structions for your particular controller,

3-138. Status Byte.

3.139. A status byte consists of one 8-bit byte on the
HP-IB dala lines. A ‘1" in bit 6 indicates that the
3325A did request service (placed SRQ true), and a *9”
in bit & indicates that it did not request service. The
3325A status byte contains the following information:

76543218 Statusbyte bits
(87654321 DIO lines)
FRFx 5585 F=Flag; R~ Request Service:

| 3 = Status
I = Program Siring Error

1 =Sweep Stopped

1 = Sweep Started

—— 1 = System Failure
{possible component failure),
ineludes:

Fatled Self Test

Failed Amptd Cal

Ext Ref Unlocked

Main Qsc¢ Unlocked

Sweep Flag. 1=_8weep in Progress,
Does not cause SRQ.

RQS Messapge, 1 =Service Request.

Does not cause SRQ.

3-140. Busy Flag.

3-141. The Busy Flag (status byte bit 7) is high (1) whiie
the 3325A is processing data. This bit can be monitored

3.24
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by the controller to determine when the 33234 1s ready
for more data.

3-142. Sweep Flag.

3-143. The Sweep Flag (bit 5 of the status byte) is high
{1y 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 ¢¢eurs.

3-144. Masking or Enabling Service Requests.

3-145. Bits 3 through 8 in the status byte can be masked
10 that the corresponding conditions will not cause a
service request. However, a ©17" will still appear in 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 SRQ conditions is:

Mnemonic, Data, EOS
Mngmonic = MS
Valid Data is shown in Table 3-11.
1-146. Interrogating Program Errors.

3.147. The ‘‘Program Error" service request may result
from the following Errors:

Busy Flag. 1=3325A busy processing data.

ASCII

Numeric 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;
Sweep bandwidth too small; Start fre-
guency too small (og sweep); Start fre-
guency greater than stop frequency (log
sweep)

Unrecognizable moemonic received
Untecognizable data character received

Option does not exist (High Voltage or

Rear/Front)
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Table 3-11. SRQ Mask/Enable Data.

ASCH Rits Fail
Character 3thru © Bit 3

Sygtem

Sweep Sweep
Start Stop
Bit 2 Bit 1

Program
Error
Bit O

0000
DoO1
alsd e}
0011
Q100
0141
0110
0111
1000
1601
1010
1011
1100
1101
1110
1111

Mask
Mask
Mask
Mask
Mask
Mask
Mask
Mask
Enable
Enable
Enable
Enable
Enable
Enable
Emable
Enable

OZzErA.—I@MmMmOOm®PE

Mazk
fask
Mask
Mask
Enabls
Enable
Enable
Ensble
Mask
Mask
Mask
Magk
Enable
Enzble
Enabls
Enable

Mask
Mask
Enable
Ensble
Mask
Mask
Enable
Enable
Mask
Mask
Enable
Enable
Mask
Mask
Enablg
Enable

Mask
Enable
Mazgk
Enable
Mask
Enable
Maszk
Enable
Mask
Enable
Masgk
Enable
ask
Enable
Mask
Enabls

*Imitial turn-on conditions
The programming syntax for intercogating error is:
Mnemonic, EQS
Mnemonic = IER

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

Mnemonie, Data, CR (ASCII carriage return}, LF
& EOI (ASCII line feed with EQI sent simultane-
ocusly)

Mnemonic = ER

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

I n¢ errer oceurred, the code returned is 8. When more
than one error has occurred, only the code for the Tirst
error will be returncd. After interrogation, the error
code is set Lo zero until the next error oceurs.

3-148. Interrogating Entry Parameters.

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

1, Muemonic, EOQI

I = the ASCII character | and indizates interrogation
desired,

Yalid mnzmonics (parameter to be interropated):
FR = Frequency

AM = Amplitude
OF = Offset

PH = Phase

ST = Sweep Start Frequency
SP = Bweep Stop Frequency
MF = Sweep Marker Frequency
TI = Sweep Time

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

Mnemonic, Data, Delimiter, CR (ASCII Carniage
Return), LF & EOQI {ASCII Line Feed with EO¥

sent simultaneously)

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. IT the
value is nepative, the first digit is a minus sign.

Delimiter = The data suffix mnemonic dencting the
parameter value (see Paragraph 3-120)

NOTE

Only one parameter can be interrogared by
each interrogation message.

3-150. Interrogating Function (Waveform).

3-151. The 3325A may be interrogated by the controller
to determine the curremt function programmed. The
programming syntax for interrcgating function 1s:

I, Mnemonic, EQOS

1 = The ASCII character I and indicates interrppation
desired

3-25
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Mhnemonic = FU = Function

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

Mnemonic, Data, CR {ASCII Carriage Return), LF
& EOI (ASCII Line Feed with EQI sent simul-
tanaously)

Mnemonic = FU

Data = One ASCIl numeric indicating function as
follows:

PC Only (Offset)
Sine

Square

Triangle

Paositive Slope Ramp
Negative Slope Ramp

bouwnu

3-152. Interrogating Miscellaneous Parameters.
3-153. The other parameters shown below ¢an be inter-
rogated by the controller to detetmine their present
state. The programming syntax is:

I, Mnemenic, EQS

I = The ASCII character I and indicates interrogation
desired

Valid Mnemonics {parameter to be interrogated):

SM = Sweep Mode

RF = Rear or Front Output®
HV = High Voltage Output®
MA = Amplitude Modulation
MP = Phase Modulation

Moedel 3323A

*Rear/Front output and High Voltage Output (Option
002) are mutually exclusive. If ¢ither RF or HV is inter-
rogated, the mnemonic and data returhed will 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 ERF or IHV.

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

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

Mnemonic = The mnemonic of the parameter being in-
terrogated

Data = | ASCII digit specifying the state of the
parameter. This i the same digit that would be used to
program the parameter to that state.

3-154. Using the Interrogate Gapability.

3-155. When the 3325A is changed from local to remote
operation or vice versa, it retains its currently pro-
grammed state until this program is changed by the
operator or controller. This feature can be ugeful in set-
ting up a program gtring 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
caontroller and then combined to form the 3325A pro-
gram string to be incorporated into the total HP-1B pro-
gram.
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3-156. 3325A Programming Procedure.

3-157. The following 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 Controllar To
Example 1: Talk, 3325A To Listen

Address controller to talk,
3A25A to listen

Send Program Data
Send Program Data

2
Exampie Address Controller To
Address controller to talk, Talk, 3325A To Listen

33235A to listen

Send Program Data

Check for Require Service Send Program Daza
message

If yes, determine reason
from 3323A Status Byte

. . , R i
Take corrective action if s?ﬁﬂl«f?
necessary ?

Detaermine Reason for
SRO (Status Byte)

I
Corrastive
Action
qur'decl

Carrective Action

3-27/3%-28
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“ APPENDIX A
SECTION 111
META MESSAGES

BLOCK DIAGRAMMED

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 1o 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 mode.

COMMAND MODE
e ABDRESSING —

o] i iy
DATA UNLISTEN CONTROLLER TALK DATA MODE
MESSAGE [ DEVICE LISTEN

077y

OR ATN g 18
IFALSE) BEYICE DEPENGENT
DATA

DEVICE TalLK
CONTROLLER LISTEN

OR

DEVICE TALK
ANOTHER DEVICE LISTEN

m TRIGGER — The Trigger message causes all addressed instruments with this capability to

execute some predefined function simultaneausly.

The 3325A does not have Trigeer capability.

= COMMAND MODE =

DHe -8 01D 1-8

TRIGGER
ATH UNLISTEN GROUP EXECUTE
MESSAGE {TRUE} + LISTEN ADDRESE TRIGGER

[GROUP EXECUTE! 07Tg 010g

L—— ADDRESSING ——)

REN MUST BE TRUE BEFORE EXE—
CUTING THE TRIGGER MEZFAGE.

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 to execute the message.

COMMAND MADE

GLEAR
MESSAGE ATHN D 14
{TRUE} DEVIGE GLEAR

(ALL DEVICES] 0xlg
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COMMAND MUDE 0

CLEAR o318 Do -2

MESSAGE — UNLISTEN LISTENE & ADDRESS SELECTED DEVICE

? CLEAR
{3ELECTED DEVICEI
0774 oo4g

e ADDRESEING ]

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

COMMAND MODE

REMOTE MO 18
MESEAGE URNLISTEN
{FOR SELECTEDR ?
DEVICE} 7T

LISTEN ADDRESS

e ADDRESSING —mmed

REMOTE MESRAGE
[ENABLE DNLY!

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

COMMAND MODE

DIo1-8

UNLISTEN 010 1-%
7

LISTEN ADDRESS GO TO LOCAL
0775 GTL—40g

L ADDREsSING —)
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LOCAL LOCKOUT — The Local Lockout message prevents the operator from placing the
@ instrument into local control from the front panel. The controller must be in the command
' maode 1o send the Local Lockout message.

COMMAND MODE

LOCAL o0 1-8
LOCKOUT LOCA L LOCKOUT
MEFSALE LLO-0215

AEN MUST GE TRUE BEFORE EXE-
CUTING THE LOCAL LOCKOUT MES—
SAGE.

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 mode.

COMMAND MODE

CLEAR
LOCKOLTALDCAL
MESSAGE

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

REQUIRE
FERVICE
MESSAGE

*REFER TO THE STATUS BYTE MES—
SAGE FOR THE SPECIFICATIONE
REQIMKRED T0 FOACE SRO FALSE.
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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 Service message. The controller requests 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 1o be
polled, one at a time. The device then sends its Status Byte and clears the SRQ) 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.

COMMAND MODE

oI1G 1-8 D10 18

§TATUS BYTE ATN UNLISTEN EERIAL POLL TALK ABBRECE
MESSAGE (TRUE) ? LIETEN ADDRESS ENABLE

077g 030

_|_

DATA MODE

D-C
D=C SRQ

STATUS BYTE {(FALEE)
*

"THE %R0 LINE WILL NOY GO FALSE
UNLEES THE DEVICE MO LONGER
RECUIRES SERVIGE.

COMMAND MODE

DIg1-8
SERIAL POLL
DISABLE
031y

STATUS BIT — The Status Bit message is sent by a device to the controlier to indicate its
operational status in response to a Parallel Poll. Parallel Polling consists of the controller re-
questing one bit of status from each device simultanecously. The Parallel Poll may consist of
three types of operations: Configuring, Polling, and Unconfiguring. In Configuring, the
controller assigns each device a logic tevel 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 Ungonfiguring, the controller negates the bit and level assipnments for all or
selected devices, Several devices may be assigned to the same bit and tevel, causing their
response bits to be logically ORed or ANDed.
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O
i

CONTROLLER TO DEVIQE

D10 1-8 c o PARALLEL ity
: - oL

MERKAGE 81T AL UNLISTEN LISTEN cObESURE é?"‘ﬁtﬁ
{CONFIGURE} o175 ADDRESS PPE (052) THRU 185

ATN
(FALSE]

DEVICE TO CONTROLLER
STATUS PARALLEL POLL RESPONSE

BT ECI FPR OR
MESSAGE ITRUE! STATUSBIT

{POLLING} EROM DEVIGES Ed1
[FALSE!

CONYROLLER TO DEVICE

D 1-8 . PARALLEL PARALLEL
STATUE UNLISTEN c:D FOLL POLL
MESSAGE BIT 7 LISTEN CONFIGURE DISABLE
ADDRESS
{UNCONFIGURE) 077 PPD} {5y} PPD ["60a)

PPE ASSIGNS THE LOGIC LEVEL AND DATA LINE OF
A DEVICE(S] RESPONSE. 140 THRU 147g AZSIGN
THE LOW {TRUE} LEVEL AND 1505 THRL 18074
ASSIGNS THE HIGH (FALSE) LEVEL, 14ly AND 1505
ASSIGNS BIT 2" (DATA LINE 1), 12315 AND 1675
YWHICH ASSIGN BIT 27 ANG i§ THE LAST POSSIELE

FARALLEL AZEMGNMENT.

FOLL

UNCONFIGLRE

Ry {026g)

The 3325A does not respond to Parallel Poll.




Appendix A Model 3325A

PASS CONTROL — The Pass Control message transfers bus management responsibilities
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.

CUMMAND MODE

IO 1-8 ®
PASS 0IG 1-8

oo UMLIETEN TALK ADDRESEING OF ATN
PR ? ™ RECEIVING CONTROLLER TAKE CGNTRGL {FALSE)
077, Mg

"THE RECEIVING CUNTROULLER TAKES
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-IB from the active controller.

IFC
LBORT TRUE

MEFFAGE [UNARDRERSES

ALL DEVIGES)
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APPENDIX B
SECTION 11

PROGRAMMING THE MODEL 3325A
with the
MODEL 9825A CALCULATOR

The following basic examples are provided to assis the operater in developing programs for
the Model 3325A in an HP-IB 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
“rem 7" (remote) command.

Exampie 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: § kHz
Amplitude: 3 Vp-p
Offset: +1.5V

This portion places the bus in the command mode,
addresscs the calculator to talk and the 3325A o
listen

Change to data mode

Function

Frequency

All alphabetics must
be capitals

Amplitude
Offset

o —"—r— i, |l |t e,
Be o owrt FLTs "FULIFRSEMAREVOGE L, 5V0"

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

For example, following the program string above, the offset (OF) may be changed to 1 V by
sending *1vQ".
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Exampile: 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: 5 kHz
Sweep Time: 2 seconds
Start Single Sweep

NOTE

To start a single sweep the mnemonic “'S§8* must
be sent twice. The first "'S8* sels the 3325A (o the
Start frequency, and the second 'SS’" starls the
sweep.

7 = Interface select code

17 = 3325A address

Function

Amplitude

Start Frequency

Stop Frequency

-Marker Freg
—— Sweep Time

Start Single

—— e e e s et it e s e e,
A owrt 1T CFUIAMIVRESTIEHEP IOKHMFIKHT T25ES55%"
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Example 3: This example checks the “*Require Service’” status of the 3325A and if it did re-
quest service, determines the reason.

B owrer FLT "MROF 1. Enables all service request conditions.
UEHH:HHUT”"*-T
SEHAFSEHRTIISEEC 2. Program data contains an error. Stop frequency
wnit 1 (SP15KH} is too large for triangle function (FU3}.
o rdz T
O 1F hll!mg }
PRt UReeagest
Seruine iasi
4: dap "PROCE E 4. Read status byte from the 3325A and place in the
HITH FREOGRAM" calculator variable *‘5°".
Bl 5 If bit 6 of the status byte = 1, the 3325A did request

Sl b1t (®s3i2 service. Go to subroutine o determine the reason.
pErt "Frooras
Brror " iurt 717 6. Programming continues at this point if the 3325A
CTER T red VLTS {“ did not request service or upon returning from the
£l i¥ E = 1 = a0 subroutineg,

"oy

rarameter ot

w?f-EDFE?%. X 7. If service request resulted from a2 program string
fr 1P BEaIRr error, interrogaie the 3325A to determine the error

Trwalid Delini _ \
+ i ;J b Lid Delini code and place in the calculator variable ““E*’,

i it E=diprt
"Fraa o teo laree
e Funutiﬁﬂ“

weoif
“Ewﬂhﬁ Tima
Trwalie”
188 1§ E=Siprt
"Orfaet & Hegt
Incompat ibile”
111 14 Eefiprr
CRuegR Faramete
Evreope”
1¥ E=Viprt
lprecoanizoble
M mmert e ™
Pads if E=Diers
“lnrscoapirable
Hotn Shar"
LAY 3 F E=9iprt
"Option Does
Mot Ewizt®

3. Wait statement allows time for sweep to stait
befare reading status.

£. Determine the nature of the program error.
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AU R A A 9. Determine other reason for service request and if 0
5 FE SEAER- g “Sweeping’” or “Busy”’ flags were true.
[' Fr = i’i

|—' it ,‘; f- ! 10. Return from subroutine.
SR

- I::. it [y
=] ---1 iprt "EwstleE q>

m Faoilupre”

11. Printer records the results of the serial poll.

12. If the program string were corrected to make all

180 1F Bit[5s data valid, this printout would result from the above
Si=lipry "Sueep program.
ira”

TS 4f Bitl7s
Sl=liprt "Busy

2R ret

Faguest Seryvioes
FProaram Error
Syeep Forgmeter
Evrror

Reagest Derwics
Sueep htarted
HuEEping

Example 4: The 3325A can be set up manually to the optimum parameters nesded for the
test to be performed, then the calculator can interrogate the 3325A to determine and record

these parameters. This example program interrogates:

Function: JIFU
Frequency: IFR
Amplitude: IAM
DC Offset: IOF

Line # Write staternent 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 inciude in quotes
the parameter interrogated.
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RN SR IR o
Pre TiF el

21 omrt "Freageno
Wt s T

40wy ai.l"IHW”
PorE ]

di Rt Hﬁmzitud
# =" H

Z3 owrt P iT
pped P10

ftoprt "Offaed

" ] |:| K " E'.J "

- = LU |'| oo

Firnct 1on

1o B LI
Foreasnny =

PERE, SA gt i

Mz
Brplitude =
FELEIHAAS
Oifteet =

B, 31806

1t
!

Appendix B

Lines 2 - 7 Other parameters are interrogated.
Amplitude data acquired by this program does not in-
dicate the units programmed. Frequency is always
returned in Hz and DC Offset in Volts.

This printout results from the above program.

If the calculator i5 equipped with a String Variable ROM, the interrogate program may be
changed to the following, Because string variables accept both alpha and numeric
characters, the resulting printout includes the mnemonics and delimiters (units).

B oofim WFETE] S
FELEQI A& L[0T
FLEEl

Iv wrt
iprEd FLT
prit LE

i = b |’t /

nrt

A owurt FlEe I M
sred ¥
Frt HE

ot PlVsCIOFT
e FLV A DES
i F

Fiil

FROBROLIOBE, 3GAHE
FMg@RERnzzr, 21 a0kE
O |f|E.3F:|E1E!..¥3E.11|vBJ"||

1. Dimension a string variable for each parameter
you want 1o interrogate. The dimension number (in
brackers) is the number of spaces assigned tc the
variable.

2. This printout results when string variables are
used.
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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 occur if the attenuator

relays are switched,

Br o owpt 7LV FLULF

F1EHOFBY TR0
Pofoy I=3 io
S I AR - B A
HRGE R R I

di mewt
oAt

Line @ BC Offset (OFAVQ) is programmed to zero
because any offset would be incompatible with the 10
V maximum amplitude of this sweep.

Line 1 The sweep limits (3 to 10) are on the same
range. The sweep increment is in .1 V steps. Because
amplitude was the last parameter programmed, the
write statement does not require the “AM”
mnemonic.

Line 2 The calculator returns to Line 1 until I = 10, then
proceeds to Line 3.

Ling 3 The sweep decrement is also in .} V steps,

Line 5 Return 1o Line 1 to continue sweeping.

The sweep speed is detgrmined by calculator and 3325A data transfer and processing times. 1f a
slower sweep time is desired, wait statements may be added before the ““next I’ statements.
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MDDEL 3325A
(] SYNTHESIZER/FUNCTION GEMERATOR
- HP-IB PROGRAMMING CODE
{ASCIl Characters)
FUnction
T DC only High Voltage Output
Sine On 1
Square Off 4}
Triangle
Positive Ramp Amplitude Modulation — MA

Nepative Ramp On 1
Off é

FRequency
Yo, Phase Modulation — MP

kHz On 1
MHz Off 7]

AMplitude Data
- Volts p-p

mVp-p

Vrms

mvyrms

dBm

DC OFfset
Volts
mV

| WO OGT D o B e D —
|\GW-I'@\M&WN-—@

PHase )
m Depgreas ADcoimal)

Sweep STart Frequency lnt;,rrogate Qperalions
unction 1IFU

Frequency IFR
Amplitude TAM

Sweep Marker Frequency gﬁfsct (s]3
- - ase IPH

Sweep Tlme Swp Stan Freg IST
Seconds 58 Swp Stop Fregq 5P
Swp Mkr 'reg [MF
Sweep Time ITI
sweep Maode 15M
Recar/Front Qut 1R)
High Volt Cut IHY
Error {ER

g -9 Program Mode IMD
Amptd Mode IMA
REcall Program Phase Mode IMP
¢ -9 Error Codes {See Paragraph 3-146)
Rear or Front Panel Output . Entry parameter cui of bounds
Front 1 . lovalid detimiter
Rear 2 3. Freguengy 1o large Tor fungtion
Execution Functions . Sweep time too small or too large
Assign Zero Phase . Offset and amplitude incompatible
Perform Amptd Cal . Sweep frequency or bandwideh error
“Start Single* . Unrecognizable mnemonic
Start Coatinuous . Unrecognizable data character
Perform Sell TEst . Option does not exisi

*Start Single code must be sent twice ““SSS8'7, The first **S8'" resets the sweep (o starl conditions and
the second “*S5°’ starts the sweep.

Sweep StoP Frequency

Sweep Mode
Linear
Loparithmic

StoRe Program
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JOYLNOD S8V

L18 SNiV.LS

ALr8 snlvls

AT 1 AE3S 3dIN03Y

Y007 L3S ANV
1NCAH30T Yv3 1o

110X307 Va0

A10N3d

207

dv370

H3090 1 4l

LR

®NO | 1VIN3IW3IdNi 301430 FOVSSIN

YN 1234
ATVL | SS3IHAAY
NALS |

NC1LV3 141 LN3d|
30 1A3d

Appendix B
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Performance Tosts

SECTION IV
PERFORMANCE TESTS

4-1. INTRODUCTION.

4-2. This seclion contains tests which are in-cabinet
procedures to determine whether the instrument is
operating properly. In the Operating and Service
Manual two sets of procedures are provided:

a. Operational Verification procedures which are
recommended for ihcoming inspection and general
afler-repair tests.

b. Performance Tests which compare the instrument
operation to the specifications listed in Table 1.1,
The Operating Supplement conlains only the Opera-
tional Verification Procedures.,

4-3. GCALCULATOR-CONTROLLED TEST.

4-4, The only calculator-controlled test in these pro-
cedures {ests the HP-IB interface circuits far proper
operation. All input 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 contrallers. The calculator prints the test results.
This Lest is recormmended for both the Operational
Verifigzation 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 section. For case of recording the test data at
various times, copies of the blank Qperational Verifica-
tion Record may be made without written permission
from Hewlett-Packard.

4-7. Operational Verification includes the following
procedures:

Par. No. Tegt

4-10 Self Test

4.12 Sinc Wave Verification

4.14 Snuare Wave Verification

416 Triangle and Ramp Verification
4-18 Amplitude Flatness Check

4-20 Syne Ouipat Check

4.22 Frequency Aceuracy

4-24 Output Level and Attenuator Chegk
4-26 Harmonic Distortion Test

4-28 Close-in Spurious Signal Test
4-30 HP-]B Interface Test

4.8. Required Test Equipment.

4-9, A list of test equipment required for the Opera-
tional Verification procedures is given in Table 4-1. 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 operation of these and other cir-
cuits. The following front pancl indications result from
this test.

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

The following messages are displayed for about
one second:

QSC FAIL - displayed only il the VCO is not con-
trolled (displayed continuously alter test)

PASS or FAIL I - tests AMPTID CAL of sine
wave

PASS or FAIL 2 - tests AMPTD CAL of square
WAave
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 visible ir-
regularities.

Equipment Required: Qsciiloscope (-hp- Model 17404.)

a. Connect the 3325A siznal ouiput to  the
oscilloscape vertical input. If the oscilloscope is an -hp-
Model 17404, sei the input switch t¢ the 50-ohin posi-
tion. If your oscilloscope does not have a 30-chm input,
use a 50-ohm load (-hp- Model 1104BC 50-ohm Feed-
thru Termination) at the input.

b. Set the 3325A as follows:

High Voltage Output (Option 002)
Function

Frequency

Amplitude
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Tebla 4-1. Test Equipment Required for Operational Verification,

Instrumant

Critical Specifications

Recommended Model

Csoillossope

Vertical:

Bandwidth: d& to 100 MHz
Deflection: 1 V to & V/div
Herizontal;

Sweep: Obps 10 1 2/div
External Sweep input

-hp- 1740A

Electronic Counter

Fraquancy measurament to 20 MHz
Accuracy: £ 2 counts
Rezotution: B digits

-hp- 6328A
with Opt. 040 or 041

RC Digital Valtmeter

Ranges: 0.1 V to 100 V
Resolution: 8 digits
Accuracy: =0.1%

-hp- 34554

50-ohm load

Accuracy: £0.2%
Power Rating: 1 W

-hp- 11048C

High Frequency
Spastrum Analyrar

Freguancy Range: 1 MMz to 80 MHz
Amplitude Accuracy: +£0.5 dig
Ngisa: =70 dB balow reference

-hp- 1417/88528/85538/
BEB6A/8BEBA

Low frequency
Spagtrum Analyzar

Freguency Range: 100 Hz 1o 50 kHz

Amplitude Range: 2 m Vw20 V

Noise: =80 dB helow input refarsnce
or — 140 dBy

-hp- 3680A/3686A

Resistor

56.280 1/8W 1.0%

-hp- 0767-0395

Adapter

BNC fernale-to-dual banana plug

-hp- 1250-2277

Calculator

HP-IB Control Capability

-hp- 8825A with
98034 A Intarface,
Genaral /O ROM,

Extended Y0 ROM

Regigtor

4700 2w 5%

shpe 0688-3634

Model 3325A

¢. Set the oscilloscope vertical control to 2 V/div,
horizontal to 05 ps/div,

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

e. Change 3325A frequency to 1 MHz.

f. Change oscilloscope horizontal control to .1
ns/div,

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

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

i. Set the oscilloscope input switch to 1 M1} 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 eight divisions peak-to-peak having no visible ir-
regularities.

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

414. Squars Wave Verification.

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

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-
Maodel 1740A, set the input switch to the 50-ohm posi-
tion. If your oscilloscope does not have a 50-ochm input,
use a 50-ohm load (-hp- Model 11048C 50-chm Feed-
thru Termination) at the input.

b. Set the 3325A as follows:

High Voltage OQutput (Option 002)
Function

Frequency

Amplitude

c. Set the oscillgscope vertical control to 2 V/div,
horizontal to .2 gs/div. The oscilloscope should display
two square waves, approximately five divisions peak-to-
peak,

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

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

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

4-16. Triangle and Ramp Verification.

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

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

a. Conneet 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 position. If your oscil-
loscope does not have a 50-ohm input, use a 30-ohm load
(-hp- Model 11048C 50-ohm Feedthru Termination} at
the input.

b. Set the 3325A as follows:

High Voltage Output (Option 002)
Function

Frequency

Amplitude

c. Set the oscilloscope vertical control to 2 V/div,
horizental to .1 ms/div. The oscilloscope should display
one 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 slgpe ramp.
The display should be one ramp per division, approx-
imately five divisions peak-to-peak.

f. Change the oscilloscope horizontal and vertical
controls so that the ramp retrace time from the 0% to
10% points can be measured, Retrace time should be
less than 3 us.

g. Change 3325A function to positive slope ramp and
repeat Step f.

h. Change 3325A function to triangle.

i. Set oscilloscope vertical control to 2 V/div,
horizontal to 10 u5/div. The oscilloscope should display
one triangle wave with no visible irregularities in either
slope.

4-18. Amplitude Flatness Check.

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

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

a. Connect the 3325A gignal 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 4 50-ohm load (-hp- Model 11048C 50-0hm Feed-
thru Termination) at the input.

b. Set the 3325A as follows:

High Valtage Qutput (Option 002)
Function

Frequency

Amplitude

Sweep Start Freq

Bweep Stop Freq

Sweep Marker Freq

Sweep Time

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

* d. Set the oscilloscope as follows:

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

Channel B Sensitivity .. ..... ... .. .00 0.5V /div
(uncal - adjust for full horizontal sweep)

* Sertings may vary from one oscilloscope to another.
Note that whichever scope is used, it should be operated
ina “X-Y'" mode, with the 3325A X-Drive output driv-
ing the horizontal (X) sweep and the signal output driv-
ing the scope’s vertical (Y) channel,
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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 ignored, taking the peak-to-peak
reading for flatness comparizson.

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 oscilloseope is an -hp- Model
1740A, set the input switch to the 50-ohm position. If
your oscilloscope does not have a 50-ohm input, use a
50-ghm load (-hp- Model 11048C 50-ohm Feedthru Ter-
mination} at the input.

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

¢, Adjust the oscilloscope comtrols to 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. Frequency Accuracy.

4-23, This test compares the accuracy of the 3325A out-
put signal to the specification in Table 1-1: +35 x 10
of selected frequency.

Equipment Required: Electronic Counter (-hp- Model
5328A, calibrated within three months or with an
accurate 10 MIHz 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 3323A output as Tollows:

Function

Frequency

Amplitede ................... 0.9V P-P
DC Offset

€. Set the counter to count the frequency of the A input
with 0.1Hz resolution, and adjust for stable triggering.
Electronic counter should indicate 20 000 000.0Hz
= 100Hz.

d. Change 3325A function to square wave. Frequen-
cy auiomatically chanpes to 10 MHz. Electronic counter
should indicate 10 0 000.0 Hz + 50 Hz.

e. Change 3325A function to triangle. Frequency guto-
matically changes to 10kHz, Move the counter input to
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the syne output of the 3325A. Set the counter to average
1000 periods. Electronic counter should indicate 100
000.00ns =+ 0Q.5ns.

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

4-24, Qutput Level and Attenuator Check.

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

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

a. Comnect the 3325A signal output through a
50-ohm feedthru termination to a de¢ digital voltmeter
input.

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

¢. Press whichever function key is presently active,
indicated by a lighted indicator in the center of the key.
This removes the ac gutput. The indicator 1n the center
of the DC OFFSET key should Light.

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

¢. The dc digital volimeter reading should be 4.980V
to -5.020V.

f. Change 3325A dc offset to (+)5 V. Digital
voltmeter reading should be + 4,980 V to +3.020 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 1.50459 V
+0.49790 to 0.50190 V
£0.14930 t0 0.15050 V
+0.04979 tc 0.05019 V
+0.01493 1o 0.01505 V

£ 0.004979 to 0.005012 V
+£0.001479 to 0.001519 V

+1.499V

+499.9 mV
+148.9 mV
£49.99 mvy
+14.99 mV
+4.959 mV
1 1499 mV

High Voltage Qutput Option 002 DC Offset

h. Remove the SO-obhm feedthru termination and
connect the 3325A output directly to the digital
voltmeter input.
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i. Press the *‘SIGNAL" key in the lower right corher
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.

i, 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 voltmster
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 1.1,

Harmonic Distortion (relative to fundamental)

Mo Harmonic
Greater Than

Fundarmezntal
Frequency

0.1 Hz to 50 kHz

50 kHz to 200 kHz
200 kHz to 2 MHz
AMHzto 15 MHz
15 MHz to 20 MHz

—-65dB
- 60 dB
-40 dB
-30dB
-~ 25 dB

Equipment Required:

High Frequency Spectrum Analyzer (-hp- Model 141T/
8552B/8553B/8566A/8568A)

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

50-ohm Feedthru Termination (-hp- Model 11048C)

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

Resistor 56.20 1/8W 1% (-hp- 0757-0395)

Performance Tests

a. Set the 3325A output as follows:

High Voltage Output (Option 002)
Function

Frequency

Amplitude

b. Conneet the 3325A signal output to the high fre-
quency spectrum analyzer’s 30 ohm input.

¢. Set the spectrum analyzer controls to display the fun-
damental and at least four harmonics. Verify that all har-
monics are 253dB below the fundamental,

d. Set the 3325A to the following frequencies and verify
that all harmonics are below the specified levels, relative
to the fundamental.

15MHz
2 MHz
200 kHz

-30dB
—-40dB
-60dB

e. Disconnect the 3325A from the high {requency spec-
trum analyzer and connect it to the low frequency spec-
trum analyzer’s 50 ohm input.

f. Set the 3325A frequency to S0kHz and the ampli-
tude to 9.99mVp-p.

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

3325A

L: ] F_ R F’ -

\

T

2W

AAA

LOW FREQUENCY
SPECTRUM AMALYZER

/

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 harmonics are 65dB below the fundamental.

10kHz
1kHz
100H=

High Voltage QOutput (Option 2)

i. Connect the 3325A signal output to the low fre-
quency spectrum analyzer's 500 input. (See Figure 4-1.)

j. Press the “‘high voltage output’’ key on the 3323A.
Set the amplitude to 40Vp-p and the frequency to 100Hz.

k. Set the spectrum analvzer conttols to digplay the fun-

damental and at least three harmonics. Verify that all har-
manics are 65dB below the fundamental.

1. Set the 3325A to the following frequencies and verify
that their harmonics are below the specified levels, rela-
tive to the fundamental.

10kHz  -65dB
200kHz -504dB
IMHz -404B

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

2-28. Close-In Spurious Signal Test.

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

Equipment Required: Spectrum Amnalyzer (-hp-3585A/
BS66A/8568A)

a. Set the 1325A as follows:

High Voltage Output (Option 002)
Function

Model 3325A

Frequency
Amplitude
DC Offset

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

c. Set the spectrum analyzer controls 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 Interfoce Test.

4-31. The following calculator program tests the opera-
tion of the 3325A HP-IB interface ¢ircwits. The pro-
gram is 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 includes a General
I/0 ROM and an Extended I/0 ROM

a. Connect the caleulator interface cabie to the
3325A rear panel HP-IB connector. It is recommended
that no other equipment be connected to this HP-I1B
during this test.

b. Enter the program into the calculator.

c. Press RUN. Tesis 4 through 7 in this program re-
quire the operator to press CONTINUE if the test
passes, or 1 CONTINUE if the test fails. If the Test 4
question (SR LIGHT ON?, 1 = NQO) does not appear
in the calculator display within 30 seconds afier 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 prablem. If not, the
3325A HP-IRB circuits are probably not operating cor
rectly.
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tnstrument Retwrns To Known Conditions After Self
Test

Test 1 - Did Freguency Go To 1000 Hz?

Test 2 - Interrogate Frequency

Test 3 - Interrogate Amplitude

Test 4 - Test SRQ Circuits

Test b - Test Talk Circuits

Test § - Test Listen Circuits

Test 7 - Test Remote Circuits

Performance Tests

PRAOGRAM FLOWCHART

Enter 33254 Bus Address

Perform Self Test

Freq = 1000 Hz?

Pragram:
Freq = 1234 56789 Hz
AMPTD = 50 mV

Is
Frequency
Carrect

Is
Amplitude
Correct

Program Sweep:
1 kHz to 10 kHz
10 sec, Enable Mask

Talk
Light On

REM
Light On

Print Results

{ End ]
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Frat :
g O R IR 5
2 tEREEAT
prict THF-IB TEST
Pt R R i
(A=l CR NN AN I b ¢ FODRESS e comt=F17 "1
i Flala3syldsn
clhe W Clear the 3325A to Turn-on State
BEoreEe T Set HP-1B Remote Enable (Select Code 7)
2o
gy TeEwT oLr
Wit Mo
it Fo

B Perform Self Test

PR interrogate Frequency

Read 3325A Frequency

IF FAELEGE S ] e, Compare Freguency to 1000 Hz

CTESRT 243 SETUR:
wrt Fy "FRLES, JETE9EHE AMSEMY " ~———Set Freq to 1234.567890 Hz, Amptd to 50mV Q
Wit Fla "ERET Store Settings in Register 3
moH — Clear the 3325A
Wit Hy "REDY Recall Settings in Register 3

"TeEnT 2t

bt M " TER” Interrogate Frequency

rad Fa G Read Frequency

it GHIZZ.BGPa95 1ar2 Compare to Frequancy Stored

“TESTE":

(N = PR i Interrogate Amplitude

pecl Ha Read Amplitude

i HM#.BEY LS Compare to Amplitude Stored
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"TEST 4":

wey F STLIRM SREAKH SR TILGSE MSF 83
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o llin Sweep 1—10kHz, Enable SRQ Mask

cld PR lel
o b gt CREG DTGHT DMT s T=2MHO" s 14

CThET T

Clear Intertface, Interface 1o Local
Did 3325A Initiate SRQ?

b s 0] e

Read Status into Variable &

FEr
vl Fly 8

Set Remote Enable

bepdent UTHLE LIGHT O 1sMUO"y ri

-

Read from the 332EA
Did 3325A respond to Talk Command?

T
"LYSTEM LLIGHT GHY s ] el

[
PR

Pz

Mimli ¥

Write to the 3325A, Interface to Local

"y pis —— Did 3325A respond to Listen Command?

Remote Interface, Write to 3325A,

bger bt CREMITE LITGHT

IAEHII R R
NPt RSB EEFEEEEE"
"TRST RESULTS: ™

s s lvlitwd B

ifF prle=fiprt "TEET 210"
if rlsliert "TEST "y I."
TF I+l los=Vidme -2
et CEBEREREEEEERE LR ) gRg

gt "Repedt et Pele=Yer" Ciif Oz
e

R

BRI

[

FATL "

Laano

Clear Interface
Did the 3325A Respond to Rempte?

Print Results of Tests

Seif Contained Program may be
Linked or Used as a Subroutine
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Variables used in this Test Program:

A
F
G
H
|

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

r1-r7 Tast results (O =Pass, 1 =Fail)

S

Status read fram 3325A in test #5

Samples of Program Printouts:

FRERE LR R ER L LR EE

- =
3222

HP-IE TEST
FHERSFEEIER Y

FEFEFEREREEES
TEST REGULTS:

TEZT
TEET
TEET
TEST

EST
TEST
F
TEET
FRSG

FTERRLI XL LA EHFFLE

EHEBREEBEEL L L K X8 S

Sy T
[

HF-IE TEST
FEFELAFETEELL

EEREFREEFEF R E
TEST RBESULTS:

TEST

FASE
TEST

PRIEG
TEST

L
e

TEST

FRES
TEST

fRSE

PARSES

ExT
E

T
FASS
FEFEREE LI E R LR

Model 3325A
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4-32, PEAFORMANCE TESTS.

4-33, The following procedures comparte 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, copies of the blank Performance
Test Record may be made without written permission

from Hewlett-Packard.

4-34, The Performance Tests include the following:

Bar No. Test

4-37 Harmonic Distortion
4-39 Spurious Signal Tests
4-41 Integrated Phase Noise

Performance Tests

Armplitude Modulation Envelope Distor

tion

Square Wave Rise Time and Aberrations

Ramp Retrace Time

Sync¢ Output

Square Wave Symmetry
Frequency Accuracy

Phase Increment Accuracy
Phase Modulation Linearity
Amplitude Accuracy

DC Offset Accuracy (DC Only)

DC Offset Accuracy with AC Functions

Trangle Linearity

X Drive Linearity
Ramp Period Variation
HP-IB Interface Test

Table 4-2. Test Equipment Required For Performance Tests.

Insirminant

Critical Specifications

Racommandad Maodsl

High Frequency
Spectrum Anaiyzer

Frequency Range: 1 kHz to 30 MHz

Armplitude Accuracy: £0.5 dB
Noise: > 70 dB below refarence

-hp- 1417/85528/8553B/
BSEOAGSEBA

50-ohm Load

Accurscy: t0.2%
Power Rating: 1 W

«hp- Model 11048C

Resistor

56.2F 1/BW 1.0%

-hp- 0767-03856

Low Frequancy
Spectrum Analyzer

Frequency Range: 20Hz to 50kHz
Amplitude Accuracy: £ 0.5d8

-hp-3580A/3585A

Spurious Responsas: 80dE below reference

Sine Wave Signal
Souvce

Frequency Range: 1 MHz to 21 MHz
Amplituge Range: to + 13.01 dBm

“hp- 3335A

Output Impedance: 500
Phase Moise {Intagrated):
8.9 MHz: <« —563 dB
20 MHz: = — 70 dB

Spurious: > 75 dB below fundamental

Doubla Balanced Mixer

Impedance: 50 2
Freguency Range: T MHz-20 MHz

_hp- 10534A

ACIDC Digital
Voltmater

AL function [Trug RMS)
Ranges: 1 Vto 100V
Accuracy: +0.2%
Regolytion: 8 digits
Crest Factor: 4:1

DC Function
Rangaz- 0.1 vta 100 v
Accuracy: £0.05%
Resalution: B digits

-hp- 34554

1 MHz Low Pass Filter

Cut-off Frequency: T MHz
Stopbang Atten: 50 dB by 4 MHz
Stopband Freq: 4 MHz-80 MHz

F&82 TMHz LPF
Allan Avionies, ine.
224 E Second 51.
Mineola, NY 11501

15 kMz Filter

Consisting of:
Reosistor: 10 kil 1%
Capacitor: 1600 pF 5%

-hp- Q757-0340
-hp- 0160-2223

Resistar

4700 IW 5%

-hp- 0698-3634

AC Voltmeter

Ranges: 0.1 Yo 1V
Frequency Renge: 2] Hz-1 MHz
Input Impedance: = 1 M2
Meter: Log scale

Acs {100 Hz to 1Q kHz), £ 1%

-hp- AQ0F,

Sine Wave Signgl
Source

Frequency: 10 kHz
Amplitude: 1 V rm3 inte 20 kil
Distortion: — 60 dB

-hp- 204C
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Table 4-2. Test Equipment Required For Performance Tests (Cont'd).

Enxtrament

Critical Spacifrcations

Racommendod Model

Oscilloscope

Vertical:
Bandwidth: de to 100 MHz
Deflection: 1 V to 5 V/div
Horizontal:
Sweep: 0.05 ps 10 1 sfdiv
® 10 magnification

-hp- 1740A

Electronic Gounter

Frequency rmaasurement
Fraquancy Range: to 20 MHz
Resolution; 8 digits
Accuracy: + 2 counlts

Time interval Averagae A to B
Rogolution: 0.01 ns

-hp- 6328A
With Gpticn 040 or 041

DC Power Supply

Volts: Ote x5 V
Amps: 10 mA
Floating Qutput

hp- 62144

Thermal Convartar

Input Impedanes: 50 2

Input Veoltage: 1 V ms

Freguency: 2 kHz to 20 MHz

Freguenay Response: +0.05 dB 2 kHz to
20 MHz

-hp- 11050A

Resistive Dividar

Consisting of:
2 Resistors: 61,118 .1% 1/4 W
2 Resigtors; 36.860.1% 18 W

-hp- DBIB-00S0
-hp- 0698-7168

Registive Dividar

Capacitor: 300 pF 5%

Cansisting of:
3 Resistars: 133002 .1% 1/4 W
Resistor: 438 1% 1/8 W

-hp- 0160-2207

-hp- 0688-74563
-hp- 0695-8264

High-Speed DC
Digital Voltmater

OC Vohage:; Cta = 10V
External Trigger: Low True
TTL Edge Trngger
Trigger Delay: Selactable 10 us tg 140 ps

-hp- 3437A

BNC-to-Triax
Adapter

50 abhm

-hp- 1260-0685 Adapter
or 11172A RF Cable

Reasistive Divider
+ 2.5

Consisting of:
Resistor: 302 1% 1/4 W
Regiztar: 200 1% 1/4 W

-hp- 0B9B-7533
-hp- OBS8-6296

Rasistive Divider
+ 2.8

Consisting of:
Resistor: 100 KR 1% 1/8 W
Resistor: 162 k2 1% 1/8 W

-hp- 0757-D465
hp- 0757-0470

Calculator

HP-IB Control Capability

-hp- 9825A with
98034A Interface,
General )OO ROM,
Extandead I/0 ROM

Adapter

Famale BNC-to-Dual Banana Plug
BNC Tee

-hp- 125Q-2277
-hp- 125C-0781

Step Attenuator

J-12dB; 1dB steps

-hp- 386C

4-35. Equipment Required. Harmonic Distortion (relative to fundamental)
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 recommended model.

Np Harmonic
Greater Than

Fundamental
Frequency

0.1 Hz to 50 kHz

50 kHz to 200 kHz
200 kHz to 2 MHz
2 MHz t0 15 MHz
15 MHz to 20 MHz

—65 dB
—50 dB
—40 dB
~30 dB
-25dB

4.37. Harmonic Distortion Test.

4.38. This procedure tests the harmonic distortion of
the 3325A sine wave output against the following
specifications from Table 1-1.
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Equipment Required:

High Frequency Spectrum Analvzer (-hp- Model
141T/B552B,/8553B/8566A/85658A)

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

50-ohm Feedthru Termination (-hp- Model 11048C)

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

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

a. Set the 3325A output as follows:

High Veltage Qutput (Option 002)
Funetion
Frequency

Amplitude

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

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

d. Set the 3325A to the following frequencies and verify
that all harmemics are below the specified levels, relative
to the fundamental.

15 MH:z

2MHz
200 kHz

-30dB
—40dB
—-60dB

e. Disconnect the 3325A from the high frequency spec-
trum analyzer and connect it to the low frequency spec-
trum analyzer's 50 ohm input.

f. Set the 3325A frequency to 50kHz and the ampli-
tude to 2.99mVp-p.

£. Set the spectrum analyzer controls to display the fun-
damental and at least three harmonies. (I 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 65dB below the fundamental.

h. Set the 3325A to the following frequencies and verify

Performance Tests

that all harmonics are 6§3dB below the fundamental,

10kHz
1kHz
100Hz

High Voltage Outpnt (Option 2)

1. Connect the 3325A signal output to the low fre-
quency spectrum analyzer’s 508 input. (See Figure 4-1.)

j. Press the ““high voltage output’” key on the 31325A.
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 harmonics, Verify that all har-
monics are 65dB below the fundamental.

1. Set the 3325 A to the following frequencies and venify
that their harmonics are below the specified level, rela-
tive to the fundamental.

10kHz  -654B
200kHz -60dB

IMHz -40d4B

m. Press the high voitage output kev to deactivate the
high voltage output.

4-39. Spurious Signal Tests.

4-40. This procadure tests the 3325A sine wave output
for spurious signals. Circuits within the 3325A may gener-
ate repetitive frequencies that are not harmonically related
to the fundamental output frequency. All spurious sig-
nals nust be more than 70dB below the fundamental sig-
nal or less than -90dBm, whichever 15 greater.

Equipment Required:
Spectrum Analyzer {-hp- Model 3585A/85664A/
B568A)

SPECTRUM ANALYZER

33254 /
EECIE N I ] [ e | ] | PP
el | I jjjjj 4

N\

=

Figure 4-2. Mixer Spurious Test
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Mixer Spurious Test

a. Connect the 3325A signal output to the specirum
analyzer 50 ohm (RF) input and the 3325A EXT REF
input to the analyzer’s 10MHz reference output. (See
Figure 4-2.)

b. Set the 3325A as follows:

Function
Amplitude
Frequency ....................., 2.001MH:z

. Set the analyzer controls as follows:

Center Frequency................... 2.001MH:z
Frequency Span

Video BW

Resoiution BW

d. Adjust the spectrum analyzer to reference the fun-
damental to the top display graticule.

€. Without changing the reference level, change the
spectrum analyzer center frequency to 27.999MHz 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 are 70dB below the fundamental.

Spectrum Analyzer

Centar Fraquency
2:1 Spur 3:2 Spur
25.8MHz 21.8MHz
23.9MHz 17.8MHz
21.9MHz 13.8MHz
19.9MHz 9.8MHz
17.8MH2 5.BMHz

3325A Frequency

4.100MHz
6.100MHz
8.100MH:z
10.100MHz
12.100MHz

Model 3325A

14.100MHz
16.100MHz
18.100MHz
23.100MMz

15.9MHz
13.9MHz
11.9MH:z

9. 9MHz

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 Frequeney ... innn. 5.001MHz
Frequency Span

Video BW

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-harmenic) 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 frequencies listed below. For each setting, verify that
all spurious signals are at least 70dB below the fun-
damental.

3325A Frequency Spectrum Analyzer

Center Freguency

B5.001T1MH=z
5.00101MHz
5,001001MHz
2(3.002MHz
20.003MHz
20.004MHz
20.006MHz

5.0001MHz
5.00001MHz
5.000001MHz
20.001MHz
20.00TMHMz
20.001MHz
20.001MHz

3325A
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Figure 4-3, Integrated Phase Neise Test
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4-41. Integrated Rhasa Noise Test.

4-42. This test compares the integrated phase noise to
the specification in Table 1-1, which i13:

— 60 dB for a 30 kHz band centered on a 20
MHz carrier {excluding +1 Hz about the
carrier).

Equipment Required:

Sine wave signal source (-hp- Model 3335A)

Mixer (-hp- Model 10534A)

5C-ohm load {-hp- Model 11048C)

DC digital voltmeter (-hp- Model 3455A)

AC voltmeter (-hp- Model 400 FL)

15 kHz noise equivalent filter ¢congisting of:
Resistor: 10 k@2 £ 1% (-hp- Part No. 0757-0340)
Capacitor: 1600 pF + 5% (-hp- Part No.
0160-2223) See Figure 4-3

IMHz Low Pass Filter (Model Fg82 - Allen

Avionics)

a. Connect the equipment as shown in Figure 4-3, con-
necting the 15kHz noise equivalent filter output to the
ac voltmeter. Phase lock the 3325A and the signal gener-
ator together.

b. Set the 3325A as follows:

Function
Frequency
Amplitude

¢. Set the sine wave sipnal 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
voltmeter.

Performance Tests

g. Press the 3325A PHASE entry key. Using the
MODIFY keys, adjust the 31325A output phase for a
minimum reéading on the digital volimeter.

h. Disconniect the 15 kHz filter output from the
digital voltmeter and connect it {0 the ac voltmeter.

i, Record the ac voltmeter reading (dB scale) and sub-
tract it from the reading recorded in Step d. The dif-
ference should be — 54 dB or greater. Add — 6 dB 1o 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 3333A.

4.43. Amplitude Modulation Envelope 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, 0 V

dec offset

Equipment Required:
Sine wave signal source (-hp- Model 204C)
Spectrum Analyzer {-hp- Model 141T/3585A/8552B/
B553B/8566A)

a. Connect the equipment as shown in Figure 4-4,

b. Set the 3325A output as follows:

¢. Set the modulating signal source frequency to 10
kHz and adjust the level to produce 80% modulation of
the 3325A output. 80% modulation is indicated by

TC AMPT 33254

SPECTRUM ANALYZER

"

A

MCD

F320A—43

!—' H [I 1..:
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- — | @\" 4 @
 — p —)

Figure 4-4. AM Envelope Distartion
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modulation sidebands being 8.0 dB down from the car-
rier, as viewed on the 2 dB/div display of the spectrum
analyzer.

d, Adjust the spectrum analyzer to display the fun-
damental frequency, the 10 kHz sideband frequency,
and at least 4 harmonics of the sidebands. All har-
monics should be at Jeast 30 dB lower than the modula-
tion sidebands.

4-45. Square Wave Rise Time and Abberations.

4.46. This procedure compares the 3325A square wave
output 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: Oscilloscope (-hp-

Madel 1740A)

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

b. Set the 3325A as follows:

High Voltage Output (Option 002)
Function

Frequency

Amplitude

¢. Adjust the oscilloscope vertical and horizontal
controls so that the square wave rise time between the
10% and 90% points can be measured. Rise time should
be less than 20 nanogeconds.

d. Adjust the oscilloscope to measure the square
wave fall time between the 90% and 1% points. Fall
tirne should be less than 20 nanoseconds.

¢, Expand the oscilloscope vertical display and adjust
controls so that the overshoot can be measured. Cver-
shoot should be less than 500 mV at positive and
negative peaks.

4-47. Ramp Retrace Time.

4-48. This test compares the retrace time of the positive
and negative slope ramps o the specifications in Table
I-1:

<3 ps W% to 10%

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

a. Connect the 3325A signal output to the
oscilloscope vertical input. 1f the oscilloscope is a2n -hp-

4-18

Maodel 3323A

Meodel 1740A, set the input switch to the 30-ohm posi-
tion, If your escilloscope does not have a 50-ohm input,
use a 50-chm load (-hp- Model 11048C 50-ohm feedthru
termination) at the input.

b. Set the 3325A as follows:

High Voltage Qutput (Option 002)

Function Positive Slope Ramp
Frequency

Amplitude

¢. Adjust the oscilloscope vertical and horizontal
controls so that the ramp retrace time from the 0% to
10% points can be measured, Retrace time should be
less than 3 us.

d, Change function 10 negative glope ramp and
repeat Step c.

4-49. Sync Dutput Test,

4-50, This procedure checks the voltage levels of the
sYne output square wave;

Vg > +12V 5V, o < +0.2V into 50 ohmyg
Equipment Required: Oscilloscope (-hp- Model 1740A)

a. Connect the 3323A sync output to the oscilloscope
vertical input. If the oscilloscope is an -hp- Model
17404, set the input switch to the 50-ohm position. If
your oscilloscope does not have a 50-chm input, use a
350-ohm load at the input {-hp- Model 11048C 50-ohm
Feedthru Termination),

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

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

4-51. Square Wave Syimmatry.

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 naposeconds

Equipment Required: Electronic counter (-hp- Model
$328A)

a. Connect the 3325A signal output to both inputs of
the electronic counter, using a BNC tee (see Figure 4-5).

b, Set the 3325A ouiput as follows:

Function

Frequency
Amplitude
DC Offset
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c. 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
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Figure 4-5. Square Wave Symmetry.

4-53. Frequency Accuracy.

4.54, This test compares the accuracy of the 3325A out-
put sipnal to the specification in Table 1-1:

+5 x 10-% of selected frequency

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

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

b. Set the 3325A output a5 follows:

Function
Frequency
Amplitute . . ................... 0.99Vp-p

. Set the counter to count the frequency of the A input
with 0.1Hz resolution, and adjust for stable triggering.
Eleciranic counter should indicate 20 000 000.0Hz
+ 100z,

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.

e. Change the 3325A function to triangle. Frequency
automatically changes 1o 10kHz. Move the ¢counter input
to the syne output of the 3325A. Set the counter to aver-
age 1000 periods. Electronic counter should indicate 100
000.00ns +0.5ns.

f. Change 3323A function to positive slope ramp.
Electronic counter should indicate 100,000 ns + .5 ns.

4-55. Phasa Incrament 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 3333A)
Electronic Counter (-hp- Model 5328A)

a. Connect the equipment as shown in Figure 4-7.

b. Set the 3323A as follows:

High Voltage Qutput {Option 002)
Function

Frequency

Amplitude

. Set the sine wave signal source (3335A) as follows:

Frequency ...........ccivunt. 0.1 MHz
Amplitude

. Set the electronic counter {5328A) as follows:

Function Time Interval Ave, Ato B
Frequency Resolution, N
Inputs

Slope A and B

Sample Rate

5012, Separate
Positive
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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 electronic counter sample rate 1o HOLD.
Press RESET. Record the counter reading (to 2 decimal
places) on the Performance Test Record in the space for
‘“‘Zero Phase Time Interval”. This is the phase dif-
ference {in nanoseconds) between the 3325A output and
the reference signal.

g. Set 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 Inierval®.

1. Determine the time difference between the counter
readings in Step h and Step f, and record in the **Time
Difference’ column. The difference should be from
22,22 ns to 33.34 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 ‘‘Zero Phase
Time Interval'” and the reading in Step k in the “Time
Difference’’ column. This should be from 272.22 ns o
283.34 ns.

m. Set the 3325A phase to — 100°,
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Figure 4-7. Phase Incremant Accuracy.
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n. Press the electronic 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 to
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:

+ .5, best fit straight line

Equipment Required:
Sine wave signal source (-hp- Model 3335A)
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 foflows:

Function Time Interval Avg. Aand B
Frequency Resolution, N
Inputs

SlopeAand B

Sample Rate

50 4, Separate
Positive

e. Using the digital voltmeter to monitor 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 value 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.




Performance Tests

n. Change the power supply output to the following
voltages and repeat Steps j through m for sach. Record
the dvin readings and phase differences in the ap-
propriate spaces on the Performance Test Record.

DC DVM
Yoltage Reading

Phase
Difference

—-3.0000 V
—-2.0000 V
- 1.0000 V

0.0000 Vv
+1.0000 V
+2.0000 V
+3.0000 V
+4,0000 V
+5.0000 ¥V

it R - TN Y

o. Enter the cumulative phase change in the
“Cumulative Phase’’ column. That is, enter the *2*
Phase Difference in the y, space, then add the *‘y,” 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
enier in the Ly space, Total the “*x times y*" values and
enter in the Exy space.

r. Square each x value and enter in the “x2'* column.
Total this column and enter in the Ex2 space,

5. Square the Ix value and enter in the (Tx)2 space.

. Multiply the Ex value by the Dy value and enter in
the ExLy space.

u. The equation for determining the “‘best fit straight
line'* specification for each y value ig:

Where: a;x and a, are constants to be
calculated from data taken previously

Where: x i5 the value of the modulating
voltage, recorded as x,; through x,,

v. First determine the value of a; using the following
equation: Py
Xy

1
x? - (EX)*/n

Exy -

a,

Where: Ix, Ly, IXy, LxLy, Ix2, and (Ex)?
are the previously calculated values entered
on the Performance Test Record

420
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n = 11 {the number of points tg be
calculated)

w. Determine the value of a, uging the eguation:

%. Calculate each value for v using the equation: y =
a;x + ag. Enter each result on the Performance Test
Record in the “‘Best Fit Straight Line Values”’ column,

(y, through (¥,).

y. Determine the test limits for each y value by in-
creasing and decreasing the calculated (y) values by
0.5% of the (y,;} value. Enter in the Maximum and
Minimum columns.

z. 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.

4.60. This procedure tests the amplitude of the 3325A
ac function output signals against the accuracy
specifications in Table 1-1,

Equipment Required:
AC/DC  digital voltmeter (-hp- Model
average converter opt. 001 preferred)
AC: Accuracy sufficient to verify a 1% specifica-
tion to 100 kHz.
DC: Resolution, 1 microvolt,
High speed DC voltmeter {-hp- Model 3437A). At
least 34 -digit resolution, 1 microsec. or faster set-
tling time.
350-Ohm step attenuator {(-hp- Model 3550)
50-Ohm feedthru termination (-hp- Model 11048C)
Thermal converter (-hp- Mode) 11050A}
Oscilloscope (-hp- Model 1740A) Must have delayed
sweep of .05 microsec/div and delayed sweep gate
output.
Components:
Resistor 36.355 ohm 0.1% 0.125W 2 ea 0698-7169
Resistor 61.11 ohm 0.1% 0.25W 2 ea 0699-0090
Resistor 43ohm®* 0.1% 0.125W 1 ea 0698-8264
Resistor 1330chm* 0.1% 0.25W 3 ea 0698-7453
Capacitor 300 pF* 5% 1 ea 0160-2207

*Used only to test High Voltage (option 002).

JS5A,

Amplitnde Accuracy at Frequencies up to 100 kHz

a. Sine Wave Test. Connect the 33254, signal output
through a 50 ohm feedthrough termination to the AC
digital volimeter input.




D
e

Maodlel 3325A

b. Set the 3325A as follows:
High Voltage Output (Option 002) Off
Function Sine
Frequency 100 Hz
Amplitude 3.536 Veus(10 Vp-p)
DC Offzet oV

¢. Press AMPTD CAL Kkey.

d. Read AC Volimeter. Change 3325A frequency to
1 kHz and 100 kHz and repeat. Verify that all three
voltmeter readings are between 3.495 Vyppmg and 3.577
Virms (0.1 dB).

¢. Change 3325A amplitude to 1.061 Vgpms (3 Vp-p)
and take ac voltage readings for 100 Hz, | kHz and 100
kHz as above. Verify that all three voltmeter readings
are between 1.048 Vg and 1.073 Vs (£0.1 dB).

f. Change 3325A amplitude to 3536 Vrs and set de
offset to 1 mV. Set 3325A frequency to (100 Hz, 1 kHz,
and 100 kHz and read ac voltage. Verify that all three
readings are between 3411 Vs and 3660 Vioums
(£0.3 dB).

g. Function Test, Connect 3325A sync output 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 to external trigger
input of high speed voltmeter. See Figure 4-9A.

h. Set the 3325A a; follows:
High Voltage Qutput (Option 2) OFF
DC Offset oV
Amplitude 10 Vp-p
Frequency 999 Hz
Funection Square

1. Set the oscilloscope as follows:
Display AorB
Vertical Sensitivity 5 volts/div
Trigger Ext
Main Sweep I msec/div
Delayed Sweep 2 psec/div
Delay 250

§. Set the 3437A voltmeter as follows:
Range 1.0V
Trigger Ext
Delay 0 sec
Coupling DC 1MQ

k. One cycle of the square wave should fill the screen
of the oscilloscope, and the sample time for the
voltmeter should be seen as the intensified spot of the
delayed sweep,

I. Press AMPTD CAL on the 3325A.,

Performance Tasts

m. Read positive peak voltage of attenuated
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,

. Change 3325A function to Triangle. Change
oscilloscope to:
Vertical Sensitivity
Vertical Position 2 o'clock
Main Sweep S msec/div
Delay 500
Magnify X10
Delayed Sweep 1 psee/div

.2 volts/div

o. Adjust oscilloscope delay to place the intensified
spot on peak of triangle and read positive peak voltage
on 3437A. Press neg trigger, move vettical position
knob of CRO to 3 o’clock and adjust intensified spot to
read negative peak on the 3437A. Verify that sum of
positive and negative peak voltages is between 3.643 and
3.754 volts.

p. Change 3325A function te 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.

q. 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,

1. Change 3325A function to neg ramp. Change CRO
trigper to 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 psec/div
Read positive peak; push neg trigger and read negative
peak. Verify that sum is between 3.661 and 3.733 voits.

t. Change 3325A function to triangle and frequency
to 2 kHz. Set CRO main sweep 1o 20 psec/div and delay
to 610, Adjust delay and position and set pos and neg
trigger to read peaks. Verify Vp-p to be between 3.643
and 3.754 volts,

u, Change 3325 function to pos ramp and frequency
to 500 Hz. Set main sweep of CRO to .2 msec/div and
adjust sweep vernier to return peaks to center screen
{trigger must be neg to see jitter at this peint). Verify
Vpp to 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 3.643 to 3.754 volts.

w. Change 3323A frequency to 100 kHz and function
to square. Return CRO sweep vernier te calibrate and
set main sweep to .3 psec/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 to 3.735
volts.

x. Change 3325A function to triangle (frequency will
go to 10 kHz). Set CRO main sweep 1o 5 gsec/div and
press magnify. Verify Vpp of 3.513 to 3.883 voits.

v. Change 3325A function to pos ramp. Set ¢ra main
sweep to 20 usec/div. Adjust delay to set end of inten-
sified spot on highest peak. Verify Vpp of 3.328 to 3.9%6
volts.

z. Change 3325A function to neg ramp. Verify Ypp
of 3.328 10 3,996 volts.

aa. Change 3325A amplitude to 3Vp-p, and remove the
voltage divider from the circuit. 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 function to square.

bb. Repeat tests i through z, New test limits are as
follows:
Test  Frequency

m 969 Hz
90,9 Hz
99 6 Hz
99.9 Hz
1 kHz
2 kHz
500 Hz

Maxinum
3,03V
A045 V
1.045 V
3,045V
ENIE]HRY
1.045 ¥
1045V
3045V
030V
3150V
3.300 V
1300V

Minimam
2970V
2933V
2955 Y
2.955 Y
2970V
2955V
2955V
2955 Y
2970V
2850V
2700 v
2.700 V

Function

Squarc
Triangle
Poz Ramp
MNeg Ramp
Square
Triangle
Pos Ramp
Meg Ramp
Square
Triangle
Posz Ramp
Neg Ramp

100 kHz
10 kHz
10 kHz

)
q
r
5
t
u
v 500 Hz
w
N
¥
z 10 kHz

cc. Change 3325A amplitude to 1 Vpp, and set dc of-
fset to I mV. Set frequency to 99,9 Hz and function to
square, Set CRO vertical sensitivity to .05 volts/div for
aill 1 Vpp tests.

dd. Repeat tests i through z. New test limits are as
follows:
Test  Frequency
m 99,9 Hz
0 99.9 Hz
q 99.9 Hz
r 99.9 Hz
3 1 kHz2
t 2 kHz
u 500 Hx
¥
W
X
¥
x

Function Minimum  Maximum
Square 570 1.030
Triangle 60 1.040
Pog Ramp S0t 1.040
Neg Ramp 960 1,040
Square S0 1.020
Triangle 560 1.040
Pos Ramp 560 1.040
Neg Ramp S0 1.040
Square 970 1.030
Triangle .94 1.060
Poe Ramp .B00 1.110

Neg Ramp 390 1.110

50 Hz
100 kHz
10 kHz
1% kHx
10 kHz

Model 3325A

High Voltage Qutput Amplitude Accuracy
For Frequencies To 100 kHz
(For Instruments with High Voltage Option 002)

ee, Sine Wave Test. Connect 3325A signal output to
the AC voltmeter via a 6 ft. cable, Connect a 500 £, 300
pF load (at either end) in parallel 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 1o 14.14 Vs (40 Vpp). Press AMPTD
CAL key. The AC voltmeter reading should be 13,86 to
14,42 VRMS'

hh, High Voltage Function Test. Connect 3325A
signal output to CRO and voltage divider via a 6 ft.
cable. Trigger CRO on 3325A sync output. Trigger high
speed DC voltmeter on delayed sweep gate from CRO

See Figure 4-9B.

ii. The voltage divider shown in Figure 4-9B is
built into a smal} metal box with 2 BNC c¢connectors.
Parts used are:

R3, 443 ohm, consists of 3 parallel 1330 ohm resistors,
each 0,1%, 0.25 watt, -hp- Part Number 0698-7453

R4, 43 ohuu, 0.1%, 0.125 watit, -hp- Part Na. (698-8264
Cl, 300 pF, 5%, -hp- Part Number 0160-2207

Connect the tap to the input of high speed DC voltmeter
as shown in Figure 4-9E.

ji. Set 3325A frequency to 2 kHz and amplitude ro 40
Vpp. Set DC voltmeter to 1V range and ext trigger. Set
pscilloscope as follows:

Vertical Sensitivity 2 volts/div
Vertical Popsition 8 o’clock
Trigger Ext
Main Sweep 20 psec/div
Delayed Sweep 05 psec/div
Delay 615
Magnify X10

kk. Set 3325A to square wave and read positive peak
on 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
volis.

Il. Change 3325A function to triangle, and read peak
voltages. Vpp should be 3.466 to 3.607 volts.

mm. Change 3325A to pos ramp. Change CRO main
sweep to .1 msec/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
Freguency 1 kHz
Amplitude 3Vpp

ao. Set the 50 {1 attenuator (-hp- Modei 355C) to 3 dB
and connect to signal output. Connect 1 Vgpg thermal
converter (-hp- 110504) to attenuator output. Connect
DC digital voltmeter with microvolt resolution (-hp-
3435A) to thermai 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.

qd. St the 3325A modify key to the IMHz position
and bump the frequency in 2MHz steps from 1kHz to
20.001MHz, recaording the voltmeter 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.

58, Change attenuator to 12 dB. Change 33254
amplitude to 10 Vpp. Repeat steps pp and qq for 10
Vpp. 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 31325A as follows:
High Voltage Output (Option 2) OFF
Function Square
Amplitude 10 Vpp
Frequency | kHz

vv, Connect the 3325A signal output to an
oscilloscope (-hp- 1740A) with a 500 load. Set the
oscilloscope as follows:

Vertical Sensitivity
Time/Div

2 voits/div
] msec

ww. Use the modify keys to bump the 3325A fre-
quency from 1 kHz to 10.001 MHz2 in 2 MHz steps. Two
lines will appear on the oscilloscope. Verify that they re-
main within ¥ major division of § divisions apart for all
11 frequencies.

xXx. High Voltage (Option 2) Amplitude Flainess above
100kHz.

yy. Connect the 3325A output to an oscilloscope
(-hp- 1740A) with a 500 Q, 500 pF ioad (load attached at
either end). Cable capacitance (30pF/foot) must be in-
cluded in the 500 pF. The HV divider (Figure 4-9B)
may be used with & 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 (HV 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 1.001 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 Ofiset Accuraey (DG Only}.

4-62. This procedure tests the de offset accuracy when
no ac function ourput is present. The de only specifica-
tion in Table 1-1 is:

+0.4% of full range*
¥ Except lowest attenuator range where accuracy is
£20uV
Equipment Required;

DC digital voltmeter with 5-digit resolution, capable
of measuring =20 V for High Voltage Qutput
Option 002 (-hp- Model 3455A)

50-ohim Feedthru termination (-hp- Model 11048C)

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

input (see Figure 4-11(A)).

b. Press whichever function key is presently active,
indicated by a lighted indicator in the ¢enter of the kev.
This removes the ac output. The indicator in the center
of the “DC OFFSET” entry key should light,

¢. Set the 3325A dc offset to 5 V, then press the
“TAMPTD CAL"Y key.

d. The dc digital voltmeter reading should be + 4.9%0
to +3.020 V,

e, Change 3325A dc offset to —35 V. Digital volt-
meter reading should be — 4,980 to —5.020 V.

Attenuator Test

f. Set the dc offset to the positive and negative
voltages shown below. The digital voltmeter reading
should be within the tolerances shown for each voliage.

DC Offset Tolerances

+ 1.49300 to 1.50499 V

+£0.49790 to 0.50190 V¥

+0.14930 to 0.15050 V

+0.04979 t0 0,05019 V

£0.01493 to 0.01505 V
+0,004979 to 0.005019 V
+0.001479 1o 0,001519 V

1499V
+499.9 mV
+149.9mV
+d48.99 mV
+ 14,99 mV
+4.999 mV
+ 1,499 mV
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High Voltage Qutput Option 2 DC Offset

g. Remove the 50-ohm feedthru and connect the
3325A output directly to the digital volimeter input,

h. Press the “SIGNAL’ key in the lower right corner
of the 3325A front panel to select High Voltage Qutput
(Option 002). Lighted indicator in the center of this key
indicates High Voltage Output is on.

i. Set 3325A dc offset 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 V to -20.225 V.

4.63. DC Offset Accyracy with AC Functions.

404, The specifications for DC Offset accuraey with
AC Functions given in Table 1-1 are as follows:

DC + AC, <] MHz: +1.2%, Ramps +2.4%
DC + AC, »1 MHz: +3%

Equipment Required:
DC Digital voltmeter (-hp- Model 3455A)
50-ohm feedthru termination (-hp- Maodel 11048C)

. Conpect the equipment as shown in Figure
4-10 A . Set the digital voltmeter to measure dec voltage.

b. Set the 3325 A output as follows:

High Voltage Qutput (Option 002)
Funetion

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 de.

d. Change the de offset to — 4.5 V. Digital voltmeter
reading should be —4.350 to —4.650 V dec.

e. Change the 3325A frequency to 999.9 kH2. The
digital voltmeter reading should be —4.440t0 —4.560V
de,

f. Change the 3325A dc offset to (+) 4.5 V. The
digital voltmeter reading should be +4,440t0 +4.560V
dc.

g. 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 1o — 4.5V, The digital
voltmeter reading should be —4.440 to —4.560 V de.

Performance Tests

i. Change the 3325A frequency to 9.9999 MHz. The
digital voltmeter reading should be —4.350 10 —4.650
V.

j. Set the 3325A function to Triangle, frequency to
9.9 kHz. The digital voltmeter reading should be
—4.440 to —4.56Q V.

k. Ser the 3323A function to + Ramp. The digital
voltmeter reading should be ~4.380 to —4.620 V.

4-65. Triangle Linearity,

4-66. This procedure tests the linearity of the triangle
wave output agalnst the specification in Table I-1;

+0,05% of full output, 10% to 90%, best Mt
straight line

Because the triangle and ramp outpuis are generated by
the same ciccuits, this procedure effectively tests the
ramp linearity also.

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, + 2.5, consisting of:

30 ohms + 1% “4'W (-hp- Part No. 0693-7533)
20 ochms =1% %W (-hp- Part No. 0698-6296)

BNC-to-Triax adapter (-hp- Part No. 1250-0395 ot

Model 11172A RF Cable)

a. Connect the 3325A and the high-speed digital
voltmeter through the divider as shown in Figure
4-10B.

b. Set the 3325A as follows:

High Voltage Output (Option 002)
Function

Frequency

Amplitude

¢, Set the digital voltmeter as fallows:

Nurmnber of Reacings
Trigger

The Model 3437A iriggers on the negative-
going edge of 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 Mazasure-
ment, (10%) yl”. This is the 10% point on the positive
slope of the triangle. See Figure 4-11.
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Figure 4-10. Triangle and Ramp Linsarity Test,

e. Measure the voltage at each 10% segment point by
setting the digital voltmeter delay to the following,
Enter on the Performance Test Record in the ap-
propriate spaces under *Positive Slope Measurement.*’

Delay Percent of Slope

000035
00004
000045
00005
000055
00006
000065
00007

f. Meagure the voltage at each 10% segment point on
the negative slope by setting the digital voltmeter delay
to the following. Enter the readings on the Performance
Test Record in the appropriate spaces under *‘Negative
Slope Measurement,”

Delay Percent of Slope

00008
000085
00009
000095
0001
.000105
00011
000115
00012

g. Algebraically add the voltages recorded in the
“Positive Slope Measurement’ column and enter the
total in the ““Iy*’ space.

h, Multiply Ly by 45 (which is £x) and enter the
result in the “ExEy’’ space.

i, Multiply each y value by the corresponding x value
and enter in the “x times ¥’ column. Total these values
and enter in the “*Lxy’’ space.
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Figure 4-11. Triangle Linearity Test,

j. The equation for determining the *‘best fit straight
line’* specification for each y value is:

Yy = &x + a,

Where: a; and a, are constants to be
¢alevlated from data taken previously.

NOTE

Calculaie the velues of a; and a, to at least
Jive decimal places.

k. First determine the value of a; using the following
gquation:

ExZy
Lxy-
n

al =
(Zx)?
Tx? -
n

Where: Ix, £y, £xy, ZxLy, £z2, and (Ex)?
are the previously calculated values entered
on the Performance Test Record,

n = 9 (the number of points to be
calculated)

1. Determing the value of a, using the equation:
Ey X

n n

m. Calculate the *“Best Fit Straight Line'” value for
each point (y, through y,) using the equation:

}'=alx+ao

Enter each result on the Performance Test Record in the
“‘Best Fit Straight Line’’ column,

1. Determine the minimum and maximum allowable
voltages at each point by subtracting and adding 0.002
¥ to the voltages calculated in Stepm (10V + 2.5 x0.05
). Enter these voltage limits on the Performance Test
Record under “Minimum® and “Maximum®. The
voltages measured and recorded in the **Positive Slope
Measurement” column should be within these calcuiat-
ed tolerances.

0. Algebraicaily add the voltages recorded in the
**Negative Slope Measurement’* column and enter the
total in the Ly’ space.

p. Repeat Steps h through n to determine the “‘Best
Fit Straight Ling’” 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.

4-68. This procedure tests 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:
100kQ 1% 1/8W (-hp- Part No. 0757-0465)
162k} 1% 1/8W (-hp- Part No. 0757-0470)

DC power supply (-hp- MQdel 6214A)

BNC-to-Triax adapter (-hp- Part No. 1250-0595
Madel 11172A RF Cable)

a. Connect the equipment as shown in Figure 4-12.
b. Set the 33254 as follows:

High Voltage Output (Option 002)

Function

Amplitude

Sweep Start Frequency

Sweep Stop Frequency

Sweep Marker Frequency

SweepTime . .........civveinnn. 0.01 sec

<. Press 3325A START CONT key.

d. Set the digital voltmeter as follows:

Number of Readings
Trigger

The model 34374 iriggers on the negative
going edge of the Z Blank signal, which oc-
curs at the start of g sweep up.

e. Set the digital voltmeter delay to .001 (seconds).
Adjust the dc power supply for a digital volimeter
reading of —1.600 V. Record the digital voltmeter
reading on the Performance Test Record under ‘X
Drive Ramp Measurement, (1%}, y,.** This is the 10%
point 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 on the Performance Test Record in the ap-
propriate spaces under ‘‘X Drive Ramp Measurement®*.

Delay Percent of Ramp

002 20
003
004
005
006
007
008

Model 3325A

g. Algebraically add the voltapes recorded in the *X
Drive Ramp Measurement™ column and enter the total
in the *‘Zy" space.

h. Multiply Zy by 45 (which is Ex) and enter the
result in the “*ExIy’" space.

i. Multiply each y value by the corresponding x value
and enter in the **x times ¥*’ column. Total these values
and enter in the “XLxy"" space.

j. The equation for determining the **best fit straight
line** specification for each v value is:

y=alx+aﬂ

Where: a; and a; are constants to be
calculated from daia taken previously.

NOTE
Calculate the values of @; and a, to at least

five decimal places.

k. First determine the value of a, using the following
equation:

XXy
Xy -
n

(Ex)?

b1 ]

Where: Tx, Ly, Lxy, LxLy, Lz?, and (Lx)?
are the previously ealculated values entered
on the Performance Test Record.

n = 9 (the number of points to be
caleulated)

1. Determine the value of a, using the equation:

Ly X
Ay = — = A~
n n

m. Caleulate the “Best Fit Straight Line" value for
each point (¥, through vg) wsing the equation:

V=X + 8,

Enter each result on the Performance Test Kecord in the
‘‘Best Fit Straizght Line™ column.
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Figure 4-12, X Drive Linearity Test,

7. Determine the minimum and maximem allowable
voltages at each point by subtracting and adding 0.004
V to the voltages calculated in Stepm (105 V = 2.6 x
0.1%). Enter these voltage limits on the Performance
Test Record under “Minimum’” and ““Maximoem?, The
voltages measured and recorded in the *“X Dove Ramp
Measurement’® column should be within these
calculated tolerances.

NOTE

The 33254 X Drive maximum volftage
(100%) is set at the factory to +10.5 V..

4.69. Ramg 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 pericd, max-
imum.

Equipment Required: Oscilloscope, with delayed
sweep (-hp- Model 1740A)

a. Connect 3325A signal output to the ¢scilloscope
vertical input. (Do NOT use a 10:1 probe.) If the
oscilloscope is an -hp- Model 1740A, set the input
switch to the 30-0hm position, If your oscilloscope
doesnot have a 5Q-ohm input, use a 50-ohm load (-hp-
Madel FHO48C 50-chm Feedthru Termination) at the in-
put.

b. Set the 33254 as follows:

Function
Frequency
Amplitude

c. Set the oscilloscope as follows:

Vertical .. ......... e

Mainsweep.......ccivvmernen 2.0 ms/div

Delayed sweep 20 ps/div
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 camp.

e, Sat 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
mare than ten divisions on the display.

g. Change the 3325A function to positive slope ramp
and set oscilloscope trigger (o negative to verify the
positive ramp.

h. Bump the 3325A frequency to 99.999999 Hz to

check the low frequency ramps. Verify that ramp period
variations do not exceed ten divisions.

429
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Model 3325A,

TRIGGER
10%

DELAYImst

IILA-51

Figure 4-13. X Drive Linearity Test

4-71. HP-IB Interface Test,

4-72. The following calculator program tests the opera-
tion of the 3325A HP-IB interface circuits. The pro-
pram 15 written for an -hp- Model 9825A calculator but
may be adapted for other controllers. The program i3
printed on a foldout page for your convenience.

Equipment Required:
-hp- Model 9825A Calculator equipped with:
98034A HP-1B Interface (set the select code 7)
Any combination of ROM’s that includes a General
I/0 ROM and an Bxtended 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-1B
during this test.

b. Enter the program into the calcnlator,

¢. 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 QN?, 1 = NO) 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-
yor indication that will identify the problem. If not, the
3325A HE-IB circuits are prebably not operating cor-
rectly.

Figure 4-14, Ramp Resst Wavefarm,
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PROGRAM FLOWCHART

Enter 33254 Bus Sddress

1

Instrument Returns To Known Conditions After Self Perfarm Salf Test
Test

NO
Test 1 - Did Frequency Go To 1000 Hz? Freq = 1000 Hz?

Program:
Freq = 1234 56789 Hz
AMPTC = 50 mV

I8

Test 2 -~ Interrogata Frequency Frequency
Correct

I5

Test 3 - Interrogate Amplitude Amplitude
Correct

Program Sweep:
1 kHz to 10 kHz
10 se¢, Enable Mask

Test 4 - Test SRQ Circuits
. . Talk
Test & - Taest Talk Circuits

Tast & — Test Listen Circuits

REM
Test 7 - Test Remote Circuits Light On

Print Results

{ End )}
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Model 3325A

-

Clear the 3325A to Turn-on State

CTEST 1"
wrt. He "TE"

Set HP-IB Remote Enable (Select Code 7)

Perform Self Test

et AU IER
raid HaF

Iinterrcgate Frequency

14 FH1@6aHs {apl

Read 3325A Fraquancy

CTREGT e SRTUE™S
et Ha "FRLZES . T TRDAHE
st He MERD

RS R

Compare Freguancy to 1000 Hz

——SetFreqto 1234.567880 Hz, Amptd to 50mV

Store Settings in Register 3

gl M
WET e CREEE

Clear the 3325A

CTERT 22U

Recall Settings in Register 3

e “IRRE
frawd Foal

interrogate Frequency

FOGELENA L LETEN Lerd

Read Frequency

"TESTE":
WEL e U T

Compare to Frequency Stored

Interrogate Amplitude

Fed HeH

Read Amplitude

if H# LA L3

“TEST 4"
et A "ETLEM SHLakH
chi Filel ¥

S TIIRARE

Mt

Compare to Amplitude Stored

SER

&5 "Lin Sweep 1—10kHz, Enable SRQ Mask

o gt UREE LEGHT W T=HO™ e el

(Clear Interface, Interface to Local
Did 3325A Initiate SRQ?

Read Status into Variable 5

— =1
= Y

Set Remote Enable

Feog S
broverpay &t

THLE L TGHT DH%2 e 1=H0"

P

CTEETE"S
et Fa ol P

Read from the 3325A
Did 3325A respond to Talk Command?

Write to the 3325A, Interface to Local

e gt "LTSTER LLGHT M 1=

TEST 71

e F R

-] -
l..l n B

b5 - 0id 3325A respond to Listen Command?

Remote Interface, Write to 3325A,
Clear interface

LIGHT (ke o Dwpf”

R R ]

I| rd IF!'

—Did the 3325A Respond to Remaote!?
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"TEST s T PRZg" Print Results of Tests
rt TEGT 1" FRIL"
] amyy 3 MiE =2
KEREFFFFRLLELE Y ape 3
test Paleves s Diif OUsliatn G- _=Self Contained Program may be
Linked or Used as a Subroutine

S incOolTonCn
LRV LR R R

fw == =2 er Ex E»

Variables used in this Test Program:

A Address of 3325A (defauits to 717)

F  Frequency read from 3325A in test #1

G Frequency read from 3325A in test #2

H Amplitude read from 3325A in test #3

I Counter used to print test results
r1-r7 Test results {0 =Pass, 1 =Fail}

5 Status read from 3325A in test #5

Samples of Program Printouts:

REEFEEEEEERERE LS FREXERFAFEFLELEE
F323R 2EEIR
HP-18 TEST HF-1E TEST

HEREELEEE L e e e il e

L FEET LR EF LS EEEREREEEEEE LN

TEST RESULTES: TEZT RESZULTS:

TEST TEST
5 FASS

TEET : TEST

PRES
TEST

FASS
TEST
PR3

FRES

RS RS L L L ELEEE X EEERER AT AL ARRTLE

4-33/4-34




OPERATIONAL VERIFICATION REGORD

Hewlatt-Packard Testad by
Madal 3325A

Synthesizer/Funstion Generator Date
Sorial No.

Salf Tast Passed

Sine Wave Verification
20 MHz: Frequenay and Amplituda Pazsed
Signal Purity Pggsed
High Voitage Qutput (1 MHz} Pagssed

Par. 4-14 Square Wave Verification
Step ¢ Frequency and Amplitude
Steps d & e Abberations

Step f Rise Timeg

Par, 4-16 Triangle and Ramp Verification
Stepc Triangie Frag. and Amptd. Passed
Step d + Ramp Freq. and Amptd. Passad
Step @ = Ramp Freg. and Amptd. Pazsed
Step f — Ramp Retrace Time Paszsad
Step g + Ramp Retrace Time Passed

Step i Trizngle Linearity Passed

Amplitude Flatness

Syne Qutput Chacsk

Par. 4-22 Frequency Accuracy Spes.
Step c Sing, 20 MHz e £ 100 HZ
Step d Square, 10 MHz e 8O Hz
Step ¢ Triangle, 10 kHz (100,0G0 ns) —_— x5z
Step § Ramp, 10 kHz (100,000 ns) .+ .5ns




Operational Yerification

Par. 4-24 Quiput Level and Attenuator Check

DG Offset Only}

Entry

-8V

(+13 V
+{+] 1.498V
489.9 mv
140.9 my
43,99 mvV
14.99 mV
4.999 mv
1.499 mVy

Min.
—4.980 V
+4.980 V
{£) T.48300V
+0.42730 V

Max.
-6.020V
+5.020V

(£} 1.50499V
+0.50130 vV

+Q 14830 V,

+0.15050 Vv

+Q.0a078 V
+0.01483 ¥
+0.04979 V
+0.0014783 V

* All entries and limits are +

High Voltage Gutput (Option 002}

a0V
—-320YV

Harmonic Distortian

20 MHz
1% MHz
2 MHz
200 kHz
50 kHz
10 kHz
1 kHz
100 Hz

+19.7756 V
-19.778 V

High Voltage Qutput [Option 002}

100 Hz
10 kHz
200 kHz
1 MHz

+0.06019 V
+0.01605 V
+Q.005019 V
+0.001519 Vv

+20.225V

—-20.225V

All Harmonics Below:
—-25dB
—-30 B
—-40 dB
=60 dB
-B5 dB
—-Bo dB
—B65 dB
-85 dB

Far. 4-28 Class-In Spurious Signal Test Pagsed

HP-1B Check

Passed —_—




PERFORMANCE TEST RECORD

Hewlatt-Packard Tested By
Model 332EA

SynthesizerfFunction Generator Date
Serial No.

Par. 4-37 Harmonig Qistortion

Fundameantal Fraguancy Specification

20 MHz - 25 dB

15 MHz —-30 dé

2 MHz —40 dB
200 kHe -60 dB

50 kMz - 65 dB

10 kHz -65 db
1 kHz -85 de
100 Hz - 65 dB

High Voltage Cutput {Option CGO2}
100 Hz

10 kMz

200 kHz

m 1 MHz

Par. 4-38 Spurious Signal Tests

Mixer Spurious Test (2:1 spur/3:-2 spur)

2:1 spur 3:2 spur
4_100MH:z _ I —70dB
6.100MH2 - 70dB
8.100MHz - 7048
10.100MHz —70dB
12 100MH= = 70dBE
14.100MH2z - 70dBE
16.100MHz —70dB
18.100MH= - 70dB
2¢.100MH= —70dB

Close-in Spuricus Test

8.0001MHz
b.OO0DTMHZ
3.000001MH=
20.001MHz

Par. 4-41 Integrated Phase MNoise
19.901 MHz

Par. 4-43 Amplitude Modulation Envelope Distartion

@ Par. 4-45 Square Wave

Rise Time




Fall Time =20 ns

Overshoot, Pasitive Peak < 500 mV

QOvershoot, Negative Peak : = 500 mV

Par. 4-47 Ramp Retrace Time
+ Ramp ' <3 ps

— Harmp <3 s

Far. 4-49 Syre Cutput

Y high

Vlnw

Par. 4-51 Squara Wava Symmetry

Par, 4-53 Fraquengy Accuiacy
Sina, 20 MHz

Square, 10 MHz
Triangla, 10 kHz (100,000 ns)
Ramp, 10 kMz (100,000 ns)

Phase Increment Accuracy

Time
Minirnurn Difference Maxirmuimn

Zaro Phase Time [ntarval

12 Increment Time Interval 222208 o 23.34 ns

102 Ingrement Timea Interval 272.22ns 000 283.34 nz

100 ngrarment Timea Interval 2772.22ng __ 0 2783.34 ns

Par, 4-57 Phasa Medulation Linearity

DvMm Phaze Cumulative
Reading Difference Phase % timeg y

0 o 4]

w oM -3 o B W M=

o

—_
-




Best Fit Measurad
Straight Line Minirmum Curmulative Maximum
Phase Limit Phase Limit

‘Y-]} 0

(Yg)

Wa)

(Y5)
t\’a’

{Y?)

{YQ]
{yg)

{Y"J’

‘Y-lll]

Specification: £ 0.5% of ly,,) = =

Amplitude Accuracy
Entry Minirmum Measured Maxirmum

Sine Wave Test
Amplitude: 3.536 Vrms
Sina, 100 Hz
Sine, 1 kHz

Sine, 100 kHz
Armpltude: 1.081 Vrms
Sing, 100 Hz
Sine, 1 kHz
Sine, 100 kHz
Amplitude: 0.35326 Veims
DCc, 1 mV
Sine, 100 Hz 0.3411 V 0.3860 V
Sine, 1 kHz 033171V 0.38660 V
Sing, 100 Mz a.3411 ¥ 0.3860 V

Function Test
Amplirtude: 10 Vpp
Square, 99.9 Hz
Triangle, 99 .4 Hz
Fos Ramp, 99.9 Hz
Neg Ramp, 99.8 Hz
Squara, 1 kHz




Triangle, 2 kHz
Pos Ramp, 500 Hz

Neg Ramp, 50Q Hz
Square, 10Q kHz
Triangle, 10 kH:

Pas Rarmp, 70 kHz

Neg Ramp, 10 kHz

Amplitude: 3 Vpp
Squara, 99.9 Hz
Triangle, 99,9 Hz
Pos Ramp, 89.9 Hz

Neg Ramp, 599 Hz
Square, 1 kHz
Triangle, 2 kHz

Poz Ramp, 500 Hz
Neg Ramp, 500 Hz
Square, 100 kHz
Triangle, 10 kHz

Pos Ramp, 10 kHz

Neg Ramp, 10 kHz

Amplitude: T Vpp
be: 1 mv

Square, 99.9 Hx
Triangle, 89.9 Hz
Paz Ramp, $9.9 Hz
Neg Ramp, 29.9 Hz
Square, 1 kHz
Triangle, 2 kHz

Pas Rarnp, 500 Hz

Weg Ramp, 500 Hz
Square, 100 kHz
Triangle, 10 kHz

Pas Ramp. 10 kHz

Neg Ramp, 10 kHz

High Voltage (Option 002) Sinewave Test
Amplitude: 14.14 Vrms
Sine, 2 kHz 13.86 V




High Valtage (Option QD2) Function Test
Amplitude; 40 Vpp
Square, 2 kHz 3.466v 3.8607V
Triangle, 2 kHz 3466V _______ 3.607V
Pas Remp, 2 kHz 3.468V 3.607V
MNeg Ramp, 2 kHz 3468y 3,807V

Amplityde Flatngss

Sine, 3 Vpp, 1 kHz
(Reference)

Allowable tolerance

(£8.6%) ___ _

0.934Y) 11.086YI

2.001 MHz
4,001 MHz
6.001 MHz
8,001 MH2
10.001 MHz
12.001 MHz
14.001 MHz
16.001 MHz
18.001 MHz
20.0011 MHz

Sine, 10 Ypp, 1 kKHz
{Rafarance)

Allpwable tolerance
(+6.3%)

{0.837Y) (1.063Y)

2.001 MHz
4.001 MHz
65.001 MHz
2.001 MHz
10,001 MHz
12.001 MHz
14.001 MHz
18.001 MH:z
18.007 MHz
20001 MHz

Squara, 10 Vpp, {ehack one)
Pasg
High Voltage {Optien 002} Flatness

Sine, 40 Vpp, {Ccheck ang}
Pass




Par. 4.61
Entry

5v

-5V
-1.489 v
1.489
499.¢ my
-423.2 my
-149.8 mV
149.8 m¥y
49.88 mv
=499 mV
-14.98 my
14.99 mV
4.998 mv
-4.989 mv
-1.489 mv
1.499 mv

DC Cffget Accuracy (DC Only)

Minirmuarm
=4 BEQV

Maximum

+5.020 V

—-4.980V

-5.020 V

-1.49300 V

+1.49300 V

+0.49730 V

-1.50489 V
+1.50489
0.50180

-0.48790 V

-0.14930 vV

+0.14830 V

+0.04070 YV

-0.04878 V

-0.01423 V

+0.01492 YV

+0.004878 V

—-0.004873 Vv

-0.001479 Vv

+Q.001478 V

High Valtage Ouput Option 002

20V
20V

+19,775V

-0.50180
=-0.15050
+0. 15050
+0.G50189
-0.06019
~0.016056
+0.01508 V
+0.0068018 V
-0.005018 Vv
-0.001519 V
+0.00t6518 V

+20.225 V

-19.776 V

20,2256 V

DC Offset Accuracy with AC Functions

Gine 20.989 983 983 MHz

1.5V
-45YV

Sine 999.9 kHz
-485Y
4.5V

Square 999.9 kHz
4.5V

-4.5V

Square 9.3998 MHz
-4.5V

Minimum

+4.360 V

Maximum

+4.850V

-4.360V,

-4.B5QV

— 4,440 V.

-4.560V

+ 4,440 V.

+4.960V

+4.440 V

—4.440V




Triangle 9.9 kHz
-4.5V

Ramp 9.9 kHz
-4.5VY

Par, 4-85. Triangle Linearity

Calculated Best Fit Talerances
x Values Positive Slope Measuremant » timas y Straight Ling Minimum Maximum

xg = 1 (10%) v, tyqh

Ry {20%) yq {¥s!
X (30%) y4 ¥yl

¥4 {40%) v, fval
x5 {50%) vg lyg!
Xg {60%) vy {vg!
Koy i (70%) y, iy}

Xg {80%} yg ivg)
xg = (B0%) vq iygl
Zx = 45 Ly
(Zx)2 = 20256  ExLy

“ Lx? = 288

Par. 4-85. Triangle Linearity iCon’d}

Par. 4-85. Triangla Linsarity

Calculated Best Fit Tolerances
x Values Negative Slope Mezsurament X times y Straight Line Minimum Maxirum

(90%) yq (yg)
(80%| yp tyg)
(70%) y4 {y4)
(8B0%!} yg {yg!
(50%} v tyg)
(40%]} v, {vy)
[30%! vy tyg)
X9 [20%) v, {yp)
Xq (10%) v, {yy)
} 254 Ly

Ks=

ig

X7

Xg

Ke &

Xq
X

[TV R I -]

Fukly




Par, 4-6G7. x Drive Linearity
Caleulated Best Fit Tolerances ‘

x Values Positive Slope Measurerent X times y Straight Line Minimum Maximuim

{10%) v-.. lyq}
{207%) y. lyq
{30%) vy lyg)
{40%) v, tyy)
{50%) vy tyg)
{80%) vg {yg)
(70%} v ty7l
(BO%) vg tyg)
g (90%) vq tyg)
Lz = 48 Ly

-

%

Xz

%3

o]

Kg

Xg

L

*g

w oW o~ R m = W b

(Zx)Z = 2025 TxLy

Lx? = 285

Par. 4-6% Ramp Pariod Variation

Negative Stope Ramp, 100 Hz = + 100 gs

Positive Slope Ramp, 100 Hz < & 100 ps

Positive Slope Ramp, 29.9 Hz < + 100 ps

Par. 4-71. HP-IB intarface

Pass Fail or Attach Calculator Tape




‘ WARNING I

Maintenance described herein is performed
with power supplied to the instrument, and pro-
tective covers removed. Such maintenance

should be performed only by service-trained
personnel who are aware of the hazards in-
valved (for example, Tire and electrical shock).
Where maintenance can be performed without
power applied, the pawer should be removed.




Model 3325A Adjustments

SECTION V
ADJUSTMENTS

5-1. INTRODUCTION. 5-10 Analog Phase Interpolation (API)}
3-2. This section contains the procedures required to A-11 30 MHZ Refocncc OSF‘,“atm
adjust the 3325A 1o meet its specifications in Table 1-1. 5-12 Option 001 High Stability Frequency

These adjustments should be used following repairs or if _Reference L
performance tests indicate a deficiency. }Sénl‘;“fa"'e Amplitude Calibration
rive

Paragraph Adjustment Amplifier ]Efi_as
5-7 Power Supply Ram]]. Stability
Amplitude Flatness
5-8 D/A Converter Offset 5.1 Mixer Spurious Sianal
59 Voltage Controlled Qsciliator Frequency
Table 5-1. Test Equipment Required for Adjustments

{ Equipment Critical Spegifications Recommended Model

‘ AC/DC Digital AL Function: -hp-3455A/348EA
Vaoltmater 1 ¥ Range

Accuracy: +.5%
Resotution: 4 digits

L Function:
Rangaes: .1V, 1V, 10V, 100V
Accuracy: £.2%
Resutution: 4% digits

Low Freguency Frequenay Rangs: 1 kHz - 60 kHz -hp-358B0A/3585A
Spactrum Analyzer Amplitude Accuracy: 0.5 B

Spurious Responses: 80 dB below
ref.

Resistor 1 kI -hp- Part No. 0682-1025

Elostronic Countsr Frequeancy measurement: ta 20 MHz -hp-5328A
Accuracy: L2 counts with Opt. 040 or 041
Respiution: & digits

Osaillossopa Vartical: -hp-17404
2 channel
Bandwidth: dc to0 100 MHz
Deflection: B mv to 10 V/idiv
Horizontal:
Main and Delayed Sweeps
Main: 50 ns to 2 s/div
Delayad: 50 na to 20 msfdiv

Frequency Standard Fraquency: § MHz -hp-105B
for Option 001 only) Accuracy: 1 x 1_0_‘5

_ 10:1 Oscilloscope Probe | Impedance: 1 Mi, 12 pF p-10041A

DC Power Supply Vaolts: 0 - 10V -hp-82144
Armps: 10 mA

Qscillator Freguency: 1 kHz -hp-204C
Amplitude: T Vrms

High Frequenay Fraquency Range: 1 kHz - 30 MHz -hp-141T/85528/8553B/
Spectrum Analyzer Amplitude Accuracy: +.6 dB B5GGA/BSELA

Thermal onverter Input Impedance: 504, Input -hp-11050A
Voltage: 1vrms, Frequency: 1kHz
to 20MHz, Frequancy Respanss:
+0.05dB

! Resistor 2000 1% 1/BW -hp- B757-0407

Resistor 500 1% Q.5W -hp- 0698-6865 |
! Resistor 130 1% 1/8W -hp- 0757-0380

| _Resistor | 258 5% 1Ay
Resistor 1508 1% 1/8W -hp- D757-0284




Replaceable Parts Model 3325A

Table 6-1. List of Abbreviations.

ABBREVIATIONS
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nanowcendlsh « 10 seconds
. nel orparpnedy replaceabile

... Einglepole doubbe theow
.. singhe-pota singhe- lraw

capacitor i
.. oaramic
cowficism
e comman
composiLion
cannection

wmporature cosflicient
... ditanum d incige

L ahmiz)
arder by description
witohmi{e] = 10*3 ghmy . Dutside diameter

kifohartz = 10*3 hertz

N L L L
S eeee. oo linBar tapar
L. . kegatithmic taper

s picoampareisl

. ..... prinked Sircuit

. micataradis) 102 farads
peak inverse voltage

. depos tad
deuble-paly doubke-theow
double.pole singhe-throw

Mo ol
allernating curren! wor king voll

oo milliamperets) = 102 amosres L wmisb
PR .. magahartr = 100 harpp e din i kil alk,

."’whm[ﬂ-w"sohms direct purverd working voltage

cooo.o.mesl Jilm

+ oo .- manulactyrer

. . <o mmillisecong

. . tield e¥fect transistor .. e moam'mg

e Fixnd ilwaltis) = 107 voles

micrafarad|s)

microsecand| &

... positionds)

<. palystyrens
.....--.pomntigmeter

cee--. .. meak-to-peak

parts per million

L BrRCition (Wenparature cosflian,
long verm sgatnlity and/or takerance)

elwctrolytic
e npsu L ated

Lo oo werking amverst w0 TEgE
P wilhout

PR - 1 s

gallium asenice A
Co e Phodium

... gigsherty = 10 haniz
.. e quardled| .. oplimum valur aslected ol facdory,
MRG0 veluE JowN [part may be omittedl

" na SIBNDHT Typd Aunber agigned

... round(ed] 1= 109 dimparws

. rarmally dlosed
henrylieal . . fenn
MEFLUry
DESIGMATORE

. T

. heae

integrated clrouit

.. mechamcal part

narmally apen i . 0 L0 L0 L

amlecied of specisl bype

... sactignls}
... slican

. transsinr
Iransistor dide
L .. resEIGT
... thermision
...... Awitch
oo .. trandlotmen
.. rninat board
eI GOl

... .welpoint T

() Dupont de Nemours

... termmal shng

vtuum Tube, nean hulb pholocel, ete

. macracircull

.. cable

.. . sackel
lamphalde
fumhalder

Table 6-2. Lizst of Manufactursrs.

Manufacturer Name

Nippon Electric Co.

Any Satisfactory Supplier
Addressograph Multigraph Corp.
Allen-Bradley Co,

Texas Instr Inc. Semicond Cmpnt Div,

KD{ Pyrofilm Corp.

Motorola Semiconductor Products
Panduit Corp.

Fairchild Semiconductor Div.

Sprague Elect Co. Semiconductor Div.

Signetics Carp.

Mepco/Electra Corp.

Corning Glass Works (Bradford)
Varadyne Inc.

National Semiconductor Corp.
Hewlett-Packard Co. Corporate Hg.
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 Ca.

Electro Motive Corp.

Johnson E F Co.

TRW Inc. Philadelphia Div.
Littelfuse Inc.

TRW Capacitor Div.

Dale Electronics Inc.

Tokyo, JP

Cleveland, OH 44117
Milwaukee, Wl 53204
Dallas, TX 75222
Whippany, N.J 07981
Phoenix, AZ 85008
Tinley Park, Il. 60477
Mountain View, CA 84042
Concord, NH 03301
Sunnyvale, CA 94086
Mineral Wells, TX 76087
Bradford, PA 16701
Santa Monica, CA 94040
Santa Clara, CA 95051
Palo Alto, CA 94304
Somerville, NJ

Cupertino, CA 95014
Riverside, CA 92507
Sunnyvale, CA 94086
State College, PA 16801
Chattanooga, TN 13035
Santa Clara, CA 95051
North Adams, MA 01247
Florence, SC 06226
Waseca, MN 58093
Philadelphia, PA 12108
Des Plaines, IL 800186
QOgallala, NE 69153
Columbus, NE 68601




Muodel 3325A

¢. 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 manual vernier con-
trol 1o place the display marker at the peak of the API
spur which appears at 3 kHe (3 display divisions).

e, Adjust the API 1 Adj (A2]1R78) to reduce the spur
to a minimum,

{. Change 3325A frequency to 5 000 300 Hz.

g. Adjust API 2 Adj (A21R74) to again reduce the spur
on the spectrum analyzer display to a minimmum.

h. Change 3325A frequency to 5 000 003 Hz.

. Adjust APL 4 Adj (A21R88) to raduce the spur to
a minimum.

j. Set the 3325A to 5.003MHz and readjust APL 1
(A21R76) 1o its minimum value. Also check the harmonic
distortion performance test (paragraph 4-38, steps ¢
through h).

5-11. 30 MHz Refarence Oscillator,

Equipment Required: clectronic counter (-hp- Model
S328A)

NOTE

The insirurment must have been ON for at
feast 20 minures before performing (his ad-
Jusrment,

a, If the instrument has the Option 001 High Stability
Frequency Reference installed, the rear panel connec-
tion from 10 MHz Oven Quipwt” to “*Ext Ref In"
must be disconnected.

b. Connect an elecironic counter to the 3325A signal
output, using 30-ohm input termination.

¢. Sct the 3325A as follows:
Function
Frequency
Ampliade. . ... o e

d. Adjust the counter to measure frequency (20
MHMz).

¢. Adjust Ref (A3R30) for a counter display of
20:050 000 MH~»,

5-12. Oation 001 High Stability Frequency Reference.

Adjustments

Equipment Required:
Oscillescope, 2 channel (-hp- Model 1740A)

Quartz Frequency Standard, 5 MHz (-hp- Model
103B)

NOTE

The rear panel 10 MHz Oven Quipul™ miust
be vonnected to “Ext Ref fn'",

a. ‘This procedure is for instruments with the Option
00l High Stability Frequency Reference. The instru-
ment must have been connceted to ac power (gither in
STBY or ON) for at least 30 minutcs before attempting
this adjustment.

b. Connect the frequency standard 5 MHz output to
one vertical channel of the oscilloscope and trigger the
sweep from this channel.

c. Set the 3325A as follows:

Function
Frequency
Amplitude

d. Conncet the 3325A signal oulpul 1o the second
channel of the oscilloscope.

e, Adjust the Fine Adj (A9R7) 1o stop Lhe 3325A
sighal on the oscilloscope display. (The frequency stan-
dard signal must be stationary, and the 3325A signal as
near stationary as possible.)

f. If the Fine Adj {APR7) does not have encough
range, proceed with Step g.

g. Adjust the Fine Adj (A9R7) to mechanical center.

h. Remove the screw from the Coarse Frequeney ad-
justraent in the end of the temperature controlled oven
assembly {(A9E1).

i. Using a non-conductive tool, adjust the Coarse
Adj. to stop the 3325A signal on the oscilloscope (as
near stationary as possible).

j. Replace the screw in the oven assembly and repeat
Step e.

5.13. Sinewave Amplitude Galibration. A4

Equipment Required:
Oscilloscope (-hp- Model 1740A)
10:1 Oscilloscope Probe (-hp- Model 10041 A)
DC Power Supply (-hp- Model 6214A)
Oscillator (-hp- Model 204C)
AC digital voltmeter (-hp- Model 3466A)

a. Set the 3325A 10 STBY.

Ad - see Section VII for alternate procedure




Adjustments

YYYYYYY Yy,

£CAUTIONS

FrYUREERENNFY

Da not allow disconnected cable connectors
Lo coflact the printed circuit board or cont
ponents, or circults may be damaged.

b. Adjust the de power supply output te +5 V and
connect it between the AMPTD MOD input and
ground.

¢. Disconnect cable W23 at A3J23.

d. Measure the oscillator (-hp- 204C) output with the
ac digital voltmeter and adjust the output level to ap-
proximately 1 V rms ar a frequency of 1 kHz. Connect
the oscillator output between the center contact of
A3J23 and ground.

e, et 3325A power switch to ON and set EXT MOD
to AM ON.

f. Connect the osciiloscope through a 10:1 probe o
A3TP4. Set oscilloscope input to ac coupled, sweepto 1
ms/div.

2. Adjust Y offset in (A3R60) to mull out the sine
wave signal on the display. (Change oscilloscope vertical
gain as necessary to observe the signal.)

h. Ground the oscilloscope input and zero the trace
on the center line. Set the input to dc coupled.

i. Adjust Offset Out (A3R68) 1o return the
oscilloscope trace to the center line (B vdce).

j. Set the 3325A to STBY. Disconnect the dc power
supply and the oscillator, and reconnect cable W23 to
AlJ23

k. Turn 33254 to ON,

. Connect an ac digital voltmeter to the 3325A signal
output via a 50 chm feedthru termination.

m. Set the 3325A to 1 kHz, Sine, 1 Vp-p, and ] mV
DC OFFSET. Press AMPTD CAL key.

n. Adjust Offset In (A3R33) for & voltmeter reading
of .3536 Vems + 0040 Vrms.

o. Repeat Steps m and n until output voltage of .3536
Vrms does not change when AMPTD CAL key is press-
ed.

p. Set the DC OFFSET to 0 V. The output voliage
should remain at .3536 Vims + .0040 Vims.

q. Set the output voltage to 10 Vp-p. The output
voltage should be 3.536 Vrms + .040 Vims.

r. If necessary, the adjustment of R6( may be com-
promised slightly to bring these wo voliages into
tolerance.

5.14. X Drive.

Equipment Required: de digital voltmeter {(-hp- Model
34664A)

54

Model 3325A

a. Connect a dec digital voltmeter to 3325A rear panel
X Drive output,

b. Set the 3325A as follows:

Function

Amplitude

Sweep Start Freg

Sweep Stop Freg

Sweep Marker Freq

Sweep Time...........oiai 0.999 sec

c. Press RESET/START key to reset sweep {o start
conditions.

d. Digital voltmeter reading should be less than
20 mV.

e. Adjust X Drive {A14R6} to mechanical center.

f. Press RESET/START key once to initiate a single
sweep. At the end of the sweep the digital voltmeter
reading should be +10.450 to +10.550 V.

g. If the reading is less than + 10.450V, adjust X Drive
(Al4R8) slightly clockwise; and if reading is greater than
+10.550V, adjust X Drive slightly counterclockwise.

NOTE

The voltmeter reading will not respond to ad-

Justment of X Drive (AI4R6). The gffect af
this adjustinent can be observed only after
another single sweep. Following the end of ¢
sweep, the X Drive output voltage will drift
downward at = ImV per second.

h. Press RBSET/START twice to initiate another
sweep. If necessary, readjust X Prive (A14R6), turning
clockwise to increase voltage and counterclockwise to
decrease voltage.

i. Repeat Steps g and h until proper voltage ( +10.450
ta +10.550 V) is measured immediately following the
end of a sweep.

515, Amplifier Bias Adjustment, A5

Equipment Required: High frequency spectrum analyzer
(-hp- Model 141T/8552B/8553B/8560A /8568A)

a. With the 3325A in its turn-on condition, set the
frequency to 10 MHz, function to square wave, and
amplitude to .999 Vp-p.

A5 - see Section VII if necessary for alternate adjustment
locations
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Model 3325A

b. Adjust the spectrum analyzer as follows:

Center Frequency

Bandwidth

Scan Width

Input Attenuation

Video Filter

Scan Time 10 msec/div
Log Reference Level. .. + 10dBm,10dBLOG
Vernier

c. Connect the 3325A signal output to the spectrum

analyzer input. Do not use a 50 2 feed through termina-
tion.

d. The spectrum analyzer 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 > 34dB below
the fundamental.

§.16. Ramp Stahbility.

Equipment Required: Qscilloscope, with delayed sweep
(-hp- Model 1740A)

a. Conpect 3325A signal output 10 the oscilloscope
vertical input. (Do NOT use a 1(:1 probe.) If the
oscilloscope is an -hp- Model 1740A, set the input
switch to the 50-ohm position. If your oscilloscope 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:

Function Pasitive Slope Ramp
Frequency
Amplitude

Remove the RMP test jumper

¢. Set the oscilloscope as follows:

Vertical

Main Sweep
Delayed Sweep
Trigger

20:5/div
Negative
Mid Screen

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.

2. Press the Megative Ramp function on the 3325A.

f. Change the trigger on the oscilloscope to positive and
note the negative ramp jJitter in microseconds.

Adjustments

g. Bump the 3325A frequency to 99.999999Hz and read
the ramp jitter in microseconds.

h. If any of the above readings exceed 60us, adjust
Al4C110 to reduce the jitter.

i. Repeat the ramp jitter measurements of steps d and
f, adjusting A14C110 as necessary to reduce the jitter to
60us or for the best compromise between the two,

NOTE
If ramp jitter cannot be adjusted satisfactor-
iy, troubleshoor the ramp generating circuilry
{Service Group J).

j. The RMP test jumper can be left off if it results in
the best possible adjustment.

]

Figura 5-1. Ramp Reset Wavefarm.
B-17. Amplitude Flatness, Af

Equipment Required: 1Vrms/50Q Thermal Converter
(-hp- Model 11050A), Digital Voltmeter (-hp- Model
3455A/3466A), Resistor 2000 1% 1/8W 0757-0407,
Resistor 500 1% 0,5W 0698-5963, Resistor 130 1% 1/8W
0757-0380, Resistor 250 3% 1/4W 0683-2503, Resigtor
13002 1% 1/8W 0757-0284

a. Set the 3325A as follows:

Amplitude
Frequency

b. Connect the 3323A signal output (through the
10Vp-p pad and thermal converter) to the digital volt-
meter (see Figure 5-2a).

CAUTION

Fnstre thar the Input veltage to the thermal
converter does nol exceed 1Vims., Also for
best results, allow the thermal converter time
o sertle and adfust to surrounding tem-
peraiures.

¢, 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 to obtain the same read-
ing as the reference recorded in step c.

e. Set the 33235A to 10MHz. Adjust A14R142 io ob-
tain the sarme reading as recorded in step c. Repeat step
d, adjusting A14C217 as neccssary.

A3 see Section VII for alternate procedure




Adjustments

f. Set the 3325A to 16MHz, The voltmeter reading
should be within +0.15mV of the reference recorded in
step ¢. If not, decrease padding capacitor A14C101 using
the capacitors shown in Table 5-2. Repeat steps d and e.

g. Set the 3325A to 20MHz. Bump the frequency down
to IMHz in 1MHz steps. Note the de voltage at each fre-
guency &nd insure that it is within £0.15mV of the refer-
en¢e recorded in step c.

k. If the dc voltage measured in the 19-21MHz range
is out of telerance, increase or decrease the value of
Al4C103 as necessary, using the values shown in Table
5-2. If A14C103 is changed, repeat steps 4 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-
justrment with the 33254 ar 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 !Vrms.

5.18. Mixer Spurious Signal,

Equipment Reguired: high frequency spectrum analyzer
(~hp- Model 141T/8§552B/8553B/8566A /85684

a. Set the 3325A as follows:

Function
Amplitude ... o0l 0.999Vp.p
Frequency

Model 3325A

b. Set the spectrum analyzer as follows!

Center Frequency
Bandwidth

Scan Width
Input Attcnuator
Scan Time

Log Ref Level
Vernier

¢. Connect the 3325A signal output to the spectrum
analyzer’s 508} input.

d. The 2:1 mixer spur should occur at 10MHz. Using
a nen-conductive tool, adjust A3R115 (MXR ADJ) until
the 2:1 spur is at a minimum. Check the VCO/2 spur at
sMHz,

e. Using the modify keys, bump the frequency from
20MHz to 11MHz in IMHz steps. Observe the spectrum
analyzer for spurious responses. At 18MHz, check for
the 3:2 spur at 6MHz. Note that in all cases, all spurions
responses should be > 70dB below the desired signal.

Toble 5.2. Padding Volues.

A4C101
&8pf -hp- p/n 014Q-07192

Al4C103

130pf -hp- p/n Q140-0185
760f -hp- pin 0160-2202 140p1%-hp- pin 0140-0217
g2pf*-hp- p/n 0160-0145 150p1 -hp- p/n 0140-0198

*Loaded Value

'™ .

E.Lm===
4 H_|_j jj.—.ﬂ_l|_iﬂ...l—‘JJ—l’
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33254 \‘-——‘
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Digital Voltmeter
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Figure 5-2a. Amplitude Flatness Adiustment {10Vp-p Pad).
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Figure 5-2b. Amplitude Flatness Adjustment (3¥p.p Pad).
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Muodel 3325A Replaceable Parts

°

SECTIDN VI
REPLACEABLE PARTS

6-1. INTRODUCTION.

6-2. 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 instroment (Qty column}. The total quantity of a part is
given Lhe first time the part number appears.

b. Description of the part. (S8ee List of Abbreviations in Table 6-1.)

¢. Typical manufacturer of the part is a five-digil code. (See Table 6-2 for List of
Manufacturers.)

d. Manulacturer’s part number.
p

6-3. Miscellancous parts are listed in Table 6-3 following their tespective assemblies.
Creneral miscellancous parts are iisted at the conclusion of Table 6-3.

6-4. ORDERING INFORMATEON.

6-5. To obtain replacement parts, address order or inquiry 1o vour Jocal Hewlett-Packard
Field Office. (See List of Qffice Locations at the end of this manual.} identify parts by their
Hewleti-Packard part numbers. Include instroment model and serial numbers,

6-6. NON—-LISTED PARTS.
6-7. To obtain a part that is not listed, include:
a. Instrument model number.
b. Instrument serial number.
¢. Description of the part.
d. Function and location of the part.

6-8. PROPRIETARY PARTS.

6-9. llems marked by a dagger (T} in the reference designator column are available only for
repair 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 graup associated with each printed circuit assembly.
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Table 6-1. List of Abbreviations.
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Table 6-2. Lizst of Manufactursrs.

Manufacturer Name

Nippon Electric Co.

Any Satisfactory Supplier
Addressograph Multigraph Corp.
Allen-Bradley Co,

Texas Instr Inc. Semicond Cmpnt Div,

KD{ Pyrofilm Corp.

Motorola Semiconductor Products
Panduit Corp.

Fairchild Semiconductor Div.

Sprague Elect Co. Semiconductor Div.

Signetics Carp.

Mepco/Electra Corp.

Corning Glass Works (Bradford)
Varadyne Inc.

National Semiconductor Corp.
Hewlett-Packard Co. Corporate Hg.
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 Ca.

Electro Motive Corp.

Johnson E F Co.

TRW Inc. Philadelphia Div.
Littelfuse Inc.

TRW Capacitor Div.

Dale Electronics Inc.

Tokyo, JP

Cleveland, OH 44117
Milwaukee, Wl 53204
Dallas, TX 75222
Whippany, N.J 07981
Phoenix, AZ 85008
Tinley Park, Il. 60477
Mountain View, CA 84042
Concord, NH 03301
Sunnyvale, CA 94086
Mineral Wells, TX 76087
Bradford, PA 16701
Santa Monica, CA 94040
Santa Clara, CA 95051
Palo Alto, CA 94304
Somerville, NJ

Cupertino, CA 95014
Riverside, CA 92507
Sunnyvale, CA 94086
State College, PA 16801
Chattanooga, TN 13035
Santa Clara, CA 95051
North Adams, MA 01247
Florence, SC 06226
Waseca, MN 58093
Philadelphia, PA 12108
Des Plaines, IL 800186
QOgallala, NE 69153
Columbus, NE 68601




Replaceable Parts

Table 6-3. Replaceable Parts

Replaceable Parts

Reference
Designation

HP Part
Number

Description

Mfr
Code

Mfr Part Number

A

eFelss |
AICE
PGS
AZC4
AZTES

HECE
BZ2LT
HRER
AZe
1= b N}

AT
AZCTR
A4
AZG1S
Lri e 1.9

A7
AZCI13
A9

(IR s502

9160550
b14h0--AL08
01an-38a8
01 4~ 558
0] Bd-2435

014437309
QlHi-n509
010902645
11804610
016G--3647

o160--3508
01604571
088120
01&0--3047
01802883

01ed--0423
01800425
0180--3008

LR R B

= 0P m e AW k-0

CAPALCITOR-FX)
CAPACITOR-F X
CAPACETOR-FXT
CAPALITIR -FXD
CAPACTTOR-FXD

CAPACITOR-FXD
CAFACITOR--F XD
CAPACITOR ~-TXD
CAPACITOR-F XD
CAPALITOR -FXD

CaPACTTOR-FXD
CAPACITOR-FXD
CAPAL L TOR-FXD
CAPACI TR -FXD
CAPACTTOR-FXD

CAPACTTIR -FXD
CAPALITOR-FXD
CaraciioR-FXD

POWER BUPFLY abiY

TUF +00-20% S0VvDC CER
TUF +30-20% S0VRC CER
JAUF +-20% SQun CER
AU 4-20% 3EVDC CER
1000UF+5)-10% 3SVDL AL

1UF +80--20% TaUDC CER
A4, FUF+-20% 10URC Th
THg0UF+50-10% 3GVRC AL
ONQOUF+30-10% 16UDC AL
LO1UF +100-0% SOVDE CLR

107 +BO-20% SAYDC CER
AUF FBO-REX SOUDE CER
6. AUF+-20X &VDC TA
JH1UF +100--0% DOVDC CER
470UF+50-10% &.3VDC AL

ZEVDE Al
26YDC Al
BIVDC AL

TOQUF+-50-10%
100UF+T0=~10%
A7OUF+50-10%

28480

aEATY
28400
480
2RABD
2H460

23480
G629
284810
28450
213480

20480
20480
546589
284810
204R0

284810
28480
26480

B3325-6ATN0F

0 6@-2508
01&0=-3508
015 0~TH58
B1EN-35%E
160263

11602508
1SON475A001042
N1g0-243%
015604610
RlGN-3347

01 60~-3500
V16[0-4571
1HONGEFRE006AR
11403047
b180--2AAS

n130-0423
01800425
0 80-200%

6. 3VDL AL 01802823

bl -0 Y

AZL20 01802823 CAPACITAR-FXD A7 DUF +50-10% 2H4E0
AZCR1
RECR2
AZCR3
AZCRA
A2CRT

HE 751
HR7E1
KRP51
HR7E1
1%a2-p023

1701 -0&62
1920106462
1201-06b2
12010662
1902-00235

DIANE-P R
DIODE-FPUR
GEODE-PUR
DIDDE- PUR
BIDDE--INR

RECT 100V &h
RECT 100V &A
RECT 124V 64
RECT 100V &R
toy 5% DO--3Y FD=, 4k TC=+.06X

04713
14713
04713
047134
23430

12023214
1701~-0040
NGRS
FH6A00
1901-0040

AZCR?
AZ0RE
AZCRY
feCR10
AZCm 2

123214
1901 -840
1902~0727
1g849--N2%4
1701--0040

DIOLE--ZHR 16,2¢ 28 BO-35 PR, aW

DIODE -BUITLHING IOV SOMA 2ZN3 DO-33
DIODE~-ZNR INBES 6,2V ©% DO--7 PI=, AU
THYRISTOR-3CR 286400 TO-220AD VRRH=SD
DIDDE-EWITCHING JUW HOMA 2N3 DO-35

sHAB0
fhAaan
04713
ILEBS
=iEA0

oAt = bl i W £

19010040
1010040
1701-0518
1%01-0040
1901-0538

H2CR1E
AZCA1 A
A2CR1S
AzCRi1&
AZCR17

12010040
1'701--pd A0
17 -05%E
12H1-9040
19061--0933

DIODE-SHITCHIWG 20V S0MA 2NS DO-35
DIHDE--BUITCHING 30V BOoWA 3NE DO-35
DIRDE-EM BIG SCHOTTKY
PIODE-BWITCHING 30V SOHA 2NS pO-33
DIODE--9H BIG SCHOTTKY

2B4B0
apaE
Apag)
Zeai)
#3480

e

AZCR18 1901 -05R DINDE-SM 3IG SCHAOTTHY REARN 19081-9818

A2K L 04 0~-0743 RELAY {C &VDC-COIL 1A 110vat 28480 0470-074%

A2LT 1003807 INDUETUR RF-CH-HLD 110NH BX 1566DX ZETLG 28480 $100~3807
1251-4246
1251-37310
12513638
12514244
1251-3570
P3EN-b6701
3 325--ha702
0332564703
18540094
aNagy 7

CUNMECTOR I-PIN M POBT TYPE
COMKECTOR 19-FPIMN M FOST TYPE
COMNECTOR &-PIN H POST TYPL
CONNECTOR 3-PIN W POST TYPE
CONNECTOR 10-PIN M POST TYPE
X5TR ABHEMEBLY
WETR ASSEMBLY
XETR ASGEMBLY
TRANGTSTOR NPM
TRANSISTOR PP

26480
2a480
213480
23480
28480

28480
208480
28480
28480
67263

AZP 1Y
ARP2
A2F3
AZT &
A2PS
AN
AZOZ
A2G3
AZR4
ARG5S

1251 4244
12313750
1851-3638
1RE1-432 Ak
1251-3570
01332566501
AI2S-46R02
03325 Lo? 03
1254-0074
1g53-ee?

51 FD=RR MW FY=3SOHHZ
2HATL7 BT PD=208HY

P AN Dao~Ypr = o @

TRAHEISTOR
TRANSISTOR
TRANEISTIR
TRANGISTOR
TRANSTISTOR

NEH 5T PD=Z350MW FT=300HHZ
ANP BH4P17 61 PD=Z00HW

HPH 9% PD=330MW FTw3IUDRHE
HPN 31 PD=300HW FT=200MHZ

HPH B1 FR=i%M FT=S0MHZ

94713
07263
DAYLE
20480
04713

ZN3704
ZHeS 1T
EN3T04
1BT4-0071
MIE223

1654~ 021%
18530087
1654~ 021%
1EHS4-0071
1ET4-N6F2

AL
AZRp?
AZQE
AZQY
A2RI0

B72a3
64713
21480

HNARLT
NIE¥?1K
18830066

1853-008%
1853-0450
1853-d0as

THANSISTOR
TRANILSTOR
TRANSISTOR

PNP BNA®17 81 Ph=20ony
FWP SI TO-220AR PD=AIW
PHP ZI TO-72 FD=h23HU

AZQ11
BRRIZ
hER13

ZAG46
29544
01121
7342
nti1z1

CaA- 1 A2-T0-2007 ~F
Ca4-1/8-TP-2004 -F
CBZO3SD
W-20-1/2-RGE—T
CHAPEY

AR
AZlr2
AR
AQR 4
AZRYE

0757-0283
G7E7- 0263
1683~2035
0811-2546
14683 -39 2%

RESISTOR 2K 1% 1254 F TCe0+-190
RESISTOR 2K 12 .125W F TC=0+-100
RESISTOR 20K 5% .23 FC TC=-400/+B0%
RESISTOR .5& 53X %W P TCw0+-300
REAISTOR 3.9K 5% ,20W FC TC=-200/+4700

Ca-1/9-T0-1001-F
Ca~1/8-TG-1001-F
CR2830
CBI02S
BWZG-5/10+,47R~)

24540
ZAT4e
01124
niiza1
TE042

1K 1% 1258 F ToCed+-100

1K 1% (126W F TC=0+~100

20K SE  25W FC TC=-300/+B00
1K 5% .2%W FC TCw-200/4450
47 X .50 PYW TC=0+--300

AZR &
A2RT
AZRO
ARIY
AZR1D

0PEP~-0280
757 —0280
2483-20235
368310233
n1i--a548

RESISTOR
REGISTOR
RESISTOR
REETSTOR
RESIZTOR

oitiai
01421
01121
[BB¥-4]
284544

Cel02%
CR4715
LR1G2E
CMO15
C4—-1/8-T0-131~F

AR 11
AZIIZ
AZRIT
A2RT14
AZRIY

0683-1025
GHE3-4715
056831525
teEE-1813
NPBEI-0404

RESISTOR
RESISTOR
REBIGTOR
FEBISTOR
RESIGTOR

REBISTOR
RESIGYOR
RESIZTOR
RESISTOR
REZEGTOR

1K S L2050 FL TQu-4D0/ 4600
470 UX 2G4 FC TC=-406/+4600
1.5K 5% 250 FE TCa-400/+700
100 S¥  B%5W FC TC=-400 /4500
136 1% 125W F TC={+-1010

24546
24044
0i12l
G113
20480

C4~1/8-TN-d25 ~F
GA-1/8-Th-a192-F
ChEiad

CHZ7 %

Ne%e-&360

B.25Kk 1% .125W F TCO=0+-108
B1,9% 1X . 125W F TC=D+=180
3.1K 5% .25W FC TCe=-A400/4700
27 % ,2E6W FO Ti=-aB0/4510
10K 1% .1294 ¥ TC=0+-25

87570441
DPET-D4L0
06635120
i683--2708
0579-4360

AR
AERIT
AZR1A
AZR1D
ARRZI

srameo WEsT NOWWHW Rl @by Baasge

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




Replaceable Parts Replaceable Parts

Tahla 6-3. Replaceahle Parts

Mfr
Code

1112
Fr=Eiah)
28480
R
0lizs

HP Part
Number

N&HBd--1n1%
21002074
I&P8=ra17
04984520
14631015

Reference
Designation

AZRE
ADR22
AZRAY
LEL-E]
AZRET

Mfr Part Number

oa

Description

Cri0ly

S0t-3276
QE7E-LAHLT?
PHESS-1/8-T?-50103 B
ZB1O1N

REGISTOR 100 %% 2530 FU TO=—400/+500
RESISTOR-TRMR 1K 10X L TOP-ALF 17-TRH
REGISTOR 13K X% 120W F TO=0r-23
RESESTOR SK 1% ,125%W F TCe04~28
RESLIGETOR 100 B2 2% FC TC=~400/4 500

~3 0 oS N

WEACL/8-T9- 12588
MEFFACL ./ 8-Y9 5541 B
CA-1/B-TN-118)F
CR10i%

CBlU35

19701
17701
24540
gi121
01121

RESTISTOR 12,5k 1% 1254 ¥ TO=D-2'5
RESISTOR £ .64%K 1% 1250 [ TC=d+-35
RESTSTOR 1.18% 1% 1204 F TC=0+-100
RESISTOR 180 SX .2%W FC TC=-400/4500

RESTSTOR 10K 3% (2T FC TC=-400/+700

RESIHTOR 4.7K SX 25W FC TC=-a40/+790
RESIHTOR 10K 1% i25W F JOwd+-25
REFISTOR 100K SX €5k FL TCx-400/+000
RESISTOR 20K 9% ,25W FL TCo-400/+000
REGISTOR 514 Hix .SW GO TC=0+527

a9 -#H191
0&673—R0&0
04H78--312
DaE3-1015
PaBI-1035

1&03~472%
0 PRk Fty
Na@d-1045
06652035
D&DE-B11%

ARREG
ARRI?
~HER2e
ARIY
AR3D

Ll Bt L

CRea7ay
0786360
ChRinas
CRH2033
EB3115

01124
“HAEY
ni
91131
LRR Y]

AZRAE
AR E]
AZRAY
LIk 5]
AZR &

Fo e g

CRL00G
LB1&25
CRsR2s

0
Bi121
01121

RESYISTOR 10 5X .25W FC TCA--400/+4500
RESIGTOR v &K S¥ 254 FII TC=-q00/+701
HESISTOR 3K 5% 25U FC TO=-400/+200

BrRAL
AZR4Z
LELET)

N&85—100%
06HB3-162%
DEHES-F D2

Z101-1 162
d101-2042

23480
213480

SWMITCI3 -8 SPDT WMINIR .S5A 1DSVALC/DC PL
SUITCH-SL DRDT STD 24 2F0VALC BLIR-LUG

1011162
X101--2042

AEY
AZRSE

(22T ]

MDAZ0E
LHA5EH
LAZGHEMA
LHAGEH

R4713
27014
27014
27014

DEODE-FW BRLG 200V 24

IC OF AMF GF TUAL T0--99 PKE
IL OF AMF GF DUAL TO-%7 PKG
I or aMP GP DUAL TO-?% PKG

170460078
PHZA- 478
1260628
18%H-0467V8

Al
AZLIE
A2UR
ATLA
nex7-0120

Q83%-012n0 283480

B2V VARISTOR~130VAC
1251-04600
1400-0507
2HO0-0143
ORDCR BY DESCRIPTION
DRRER BY DESCRIPTION

2l4el
2Eapl
2e4130
aanen
oofeo

CONNECETOR~3GL. CONT PEM 1. 14-HM-BEC-52 S0
GAULE TIE 062-2-DIA . 095-WD NYL
SCREW--MALH 4--a¢ | 37% IN-LG PAN--HD-FOZI
AUT-HEX WA KWR 440 -THD | 094~ IN-THE
SCHEW-MACH £+3% | 2H~IN-LG FAN-HD-PIL

1BEA-0600
AU DS07
2200-0143
dEE0~-090%
2360-01143

Ln

Al

[ihial
A3ca
AICE
AJCS
AL

RACTY
#3C10
wACY
fs011
HACID

AICT13
AGCT4
ASCY 6
hACI7?
AERIS

ARCET
AN
ABGEL
A3lan
ARG

H303A
HEC2%
AIC7
ASE0
AACEY

A3LEL
AJLIE
A3LAT
AIIA
AXCA

AICAT
A3
A3CIT
ASLA1
AXCAZ

AlCAY
AALSS
AL
h3C47
HREAR

H0E0- 0440
PAE-AN 2
7121-1234

7328 Aa31 3

0160-3558
0160--3247-
1160-0342
01560-0 362
0160-3947

2160-2204
01980228
9148030368
07650174
01409191

Q140-9199
0160-2284
#1&0-3B47
U1 4051347
014092114

01&]--3947
H&a0-RE202
n1en-o197
0tE0-3197
B 180-1748

DH&Q--3358
Dia0-3847
niLa--3047
016940047
01460-2947

0180~9az2%
G180-174¢&
0180--1744
0160-3847
0168-3847

01403847
0160-3E47
ANEL- 3847
Ni&y--He47
0160-3520

04502254
iab0--2253
DL 60~AE47
0160~-3085
0166-215%9

B R Bt | -

ALy Dt B0y REPRYW UL Eade S

Wogll =

LABEL-WARNING

g
WP e D o B

SIGNAL SOIURCE

CAPAGITOR-FAD
CAPALETOR-FXD
CAPRCTTDR~F XD
CAPACYTOGR-FXD
CAPACITOR -FXD

CAPALITOR-FXD
CAPALITOR-FXI:
CARPALITOR-FAD
CAPRCITUR-FXi
LAPACTITOR-FXD

CAPACITOR-FXB
CAFACTITOR-F XY
CAFACITOR- XD
CAPACTITOR-FXI
CAPACITOR-FXD

CAPACITOR-FXT
CAPACITOR-FRD
CAPALT TOR-FXD
CAFACTTOR--FXD
CAPACTTOR-FLD

CAPACITOR ~-FXD
EAPALTTOR~FXD
CAPACITOR -FXI
CArALITUR--FXD
CAPACITUR-FXI

CAPACLTOR-FRD
CAPACITOR -FXD
CAPACITOR-FXD
CAPARCTTOR--FXD
CAPACITON -FXD

CAPAEITOR-FXD
GAFACITOR-FXD
COPACTTOR-FXD
CAPACITOR-FXD
CAPACTFOR-FXS

CAPACITOR-FXP
CAPACITOR-FXD
CAPRCITOR-FAD
CaPACTITOR-FRD
CHPACITOR-FXD

WASHER--BHLUR HO. 4

A1S-TIR-ID L 2-in-00
= IN-MD 1 -TN-LE MYLAR

LABEL-CAUTION 1.925:IN-WD 2,24.IN-LG

AGSY

JAUF +-RO0% SOUDC CER

LOTUF +100-0% Saube CER
S1IPF +-5% FI0OVDL MICA
S10PF +~5X FJ0OVDC HWIDA
,B1UF #100~-DE SOVPL CER

1RGPF +-5Z 300VYDC MICA
22UF+-10% 15VDC TA

AUF +-20% ROVRC CER
VAR +B0--20X ESVEE CER
S4PF «-3X 300UDC WICA

ZA0FF +-35% 300UDC MICA
ZOPF +-0% HOOVDD CER 0430
CD1YF +#100-0% SRVDC CER
LFIUF H100--0% SOVDE CER
47PF +-5% SN0VIC MICA

LOTUF HaR0-0% SIVDE CER
&.2FPF +-,25PF S00VDL CER
2., 2UF+-10% 20UDC TA
2LRAUF+-10% 20UNC TA
1SGUF+-10% E2OVIC Th

JHUF +-20E SeVDC CER

JBIUF +300--0% SOVDC CER
LO1UF +100-0% SOYDC CER
S0IUF +100-0% SOVDL CER
COIUE r130-9% SHVDE CER

FIUF+=10% 1QUDC TH
1N 0y 200DG TA
LSUF =1 0% 20UDE TA
LFIUF +100-Dx SNVDL CER
JOALFE +300-0X S0VDE CER

JOSUF 000X SOVDE CER
JOUF #160-0% SOVDG CER
JOLUF #100-D¥% SUVDE CER
DIUF 19002 GOVIC CER
THPF +-1% 100VDE NICA

7.9PF +~.25PF S00UBC CER
8. 20F -, 2EPF S0VDC CER
,01UF +100-0X S0VDC CER
TUIPF 1% INQVDE HMIGA
ZOPF +-5x IHOVDC MICA

23480
@Al
28480

ZR4E0

REABD
28480
78480
28480
28480

24480
GeZAY
28400
23480
7R134

72134
8480
SBARD
TEABD
a3

POATS
ZB480
GH2EY
56289
BL2BY

26480
28490
23480
268400
28480

SHa287
562687
BL2BY
29499
283480

29480
2i3480
20480
=EAE0
20480

28460
28480
ZRAgH
23480
28489

3030-0440
Tial-a7i2
F121-1234

05325~ 46503

N1601-A556
01603847
H160-0%62
0160-0362
E60-3847

01502204
150022690 1 EHR
11460-3554
M&0-0174
TH1BESa0JO300WVICR

DMITF2A1 303004 1CR
Rl &~2264
D 0-TE847
01403847
DM1SEA4P0T0SC IV ICR

041560-3B47
Mlei-zahd
1E0DZETRFO20AR
1EIE2RG4R 02042
15UR1SENFARIRE

150--2538
2160 ~3847
114 0-3B47
0} 603347
N4 0-3B47

1500536X7 01082
150PL56XF0200E
150D186RP 05D
0140 -3B47
0 1£0~TF47

A1560-3947
U140-3647
6§160-3847
01603847
0550-3520

bidn--22354
0 160-2ENE
M &ad-3847
01&60-30&0
01602177

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




Replaceable Parts

Table 6-3. Replaceable Parts

Replaceable Parts

Reference
Designation

HP Part
Number

oo

Deascription

Mfr
Code

Mir Part Number

ATAak
ASIE1

AECHD
A.41083
AT,

AHILET
AA0HY
AALEY
R3O
AzGINL

AICINE
LRI T X1
A1
ASCI0A
ASCLD?

F3L108
ASCINY
ARSI
AlC1i2
ASLI13a

LEIERES
AZCELH
A3C1LY
ARLZIE
AJGELY

AICIZD
ARC1EY
ASC1223
AACIEE
AECI2A

RAC1E G
ABL127
AR
AZCI29
RGN

AZGIEY
AAC1S3
LE{MEE]
AACLEG
ASCLST

RACIER

1160 3947
D11 ad--3047
0140--3047
Il &8--3047
Diab- 3047

016d--226%
N160--2d65
11 &60--3547
G160 -3047
0 L&k~ 3530

ViB0-3847
11 40- 3847
D1GG -1 74k
N4 ed--22%
0168-32266

1B 1745
QiL0--287s
Nieh- 2263
0iL0-2372
N1ab-2060

Qlab 2472
131801744
Oiah-3847
0 1&0--3847
0140-3847

DIL0-C244
01400198
01 a0--235)
0140-01%0
01&b 2244

D140-0190
I 1bR- 2231
0149-01%0
D1b0-2244
a340--Za?

1403947
01éQ-Faa7
01605047
f1be-S3a7
PABN-1745

0t&d-3B47

DD

P RTE P R R I T

B L R N e

Mge g G Basge

&

CAPACITOR-FXI
CAPACITUR-FRD
CaPACTTOR -FXD
CAPACLITOR-FYD
TAPACLTOR F X1

CAY AL TTOR--FRD
CAPAL ] TOR-F LT
CAPACITOR-FXD
CAPACT TUR--F XN
CAPACIYOR-FXD

CAFACLTOR: FXD
CapalITOR-F XD
CAFACLTOR -FXIt
CAPACITOR-FRD
AFPALITOIR -FXD

CAPAUITOR-FXD
CAPRLT TON - XD
CAPALITOR-FRD
CAPACETOR-F X1
CAPACITOR-FXR

CAPACITOUR-FXD
CAPACITUR-FAD
CAPACITUR-F XD
CAPACITOR-FXD
CAPACLTOR X1

CAPACLTOR-FXD
CAPACLTOR--FXI
CAPACITOR-FYD
CAPACLITIR--FXD
CAPATITUR-FXE

CAPALITOR-FXD
CAPACTTOR~-FXD
CAPACITIR--FXD
CAPALT TOR~FAD
CAPALTTOR-FXD

CAPACT TOR--FAD
CAFACITOR-FXD
CAPACTTOR-FAD
CAPARLTOR -FXD
CAPACITOR-FYD

CAPALRTTOR-FXD

COIUE 100 SOVDG CER
LBIUF +100--0% BOVIL CER
JHUE e o pE S0VDE CER
LBIUF viRa- 0% SOUDRC CER
CJBIUF 401 0R 0% B0VDE CER

LETF +-n7 SOPVDL CER BE- 30
22PF #-5% SONVDC CER 04-30
JUIUF +100-0% S0UDC CRE
JDIUF »100--BZ BOUDE DR
AU -84 S0UDC CIR

LOIUF r120-BE SOVRG CER
LBLUF +100--0% S00DE CER
tSUF+-10% 29000 TA

L. 2PF - 28FPF B80VDC CLE
D4fF - 53 Se0UDC CER D4- 30

LFUF+-10% 20YNC Ta

31.5PF +-1% S500VPC MICA
1EPF +-3% SOO0VRC CER 0430
47PF +-2% FOOVEC MICH

13FF +-5% S00VDG BER D4-30

A7PF +-2% 300VDC MICA
1SUF+-1 0% ZOVDC TA
AIUF -100-0% SOMDE CER
LR +1ab-nX S0UD0 CER
LOIUF A1On- 0% SUVYOC CER

WPF 4+, 2%PF S0UNDC LER
FUFPF #-SE J00VDC MEICA
B BPF e 290 590VDC CUR
AEPF +--%E Z00UDC HICA
IPE 4~ BYPF SOONDC CER

SYFF +-5X 3I00VDC MICA
5. 6PF +-.28PF H00VRC CER
I9FF +-5X Z00VDE HICA
IPF 4, BSFT F0QVDL LCER
AIUF H100-0% HOVDE CER

SOTUF +100-0% SOuwDL CLR
LOTUF +108-0% TOVDC CER
LOEUF +100--0% HRVDLC LLR
SOIUF e108-08 SOVDE CCR
JHUF+-10% 2OVDE TA

LOIUF 100X SOVDL CER

ZE80
REAHD
24l
aagn
2E480

ELAEID
2H480
ol E:0)
ZEIAEID
1480

SEHAEN
2E480
LATER
o040
CO4ED

a3 ckiy g
20450
SEARD
28480
VEAZD

RE480
54287
ag480
aga8n
DEHSED

2480
78134
«8480
TE1TH
8480

72136
ca48d
R34
2tl490
=20

FH400
28480
26400
28460
GLEAD

2p4890

B8 0-BAY
14035647
6 0- 3347
01403647
01603347

e1L0~2256%
W1&Q-2245
01AD-JB47
04 B-ZHA7
D1 ab-BEH

0140- 3347
03 40- 3647
1001 SeXee2 R
93402358
LTI Agtr£0.)

150DISEXPOZ0PR
N0 -2393
0180-22403
01502372
D14 02260

0 & B=257 5
1S0D1ISAXPO2EER
0140-3R47
$1u0--3847
N1 05347

1140-2244
DHISEIRATNI0 DWW CR
01402201
DHISEZFOTOIU0UVICR
01402244

DMIZEZFOI0T00UVI LR
04 402281
DHISES?OTOI0IWVCR
0y60-2344
014 0-3B347

014L0-3047
G160-IB47
04 &0--3947
0140-3847
1950DITEX IR0 2

D1a0-3647

1701 --ghal
1901-0040
1901 ~-0518
1901-0518
1Pn2-3549

251400
ces8d
2344
20480
20480

17510040
1%01--0040
1?2H11-pig
1T#R1-05143
1023149

A3LR1
AMCHE
AZRD
A3ICH4
ASCRS

PIODE-SWITCHING 30V S0MA 28§ DO-35
DIOBE -ZHITCHING 30V HOHA 3NS DO-35
PIORE~SH SIG BUHOTTRY

DIORE~BK BIE SCHOTTRY

DIODE-ZNRE .07V 3% DO-3I5 D=, a0

DG -

1702-3030
MH1ey

1782-000%
1010518
120 1-051E

BIODE-INR 3,01V 5X pO~7 PRz, 44 TC=-.067%
DIODE~YNC 2PFF 10% C3/025-MiIN=3 BUR=30Y
DIOPE--ZMR 10 SX DO-3G PD=. 44 TC=+.04%
RINRE-SH SIG SCHOTTRY

DIDDE-SH BIG SCHOTTHY

2HAa80
0azis
2480
28481
204510

170:2--2630
0i22-009%
1702-60e5
120 -0518
12010518

RACHY
HACRS
AJCR10
AZCATL
AICHIE

ZB441)
23480
2E480

19080207
IR0 10530
17010535

ASLRI0Y
AECRI0E
AJCRIOZ

17BN
17010335
1901~-053%

DINDE--MATCHED
IIODE-3M4 BIC SCHOTTKY
PIODE-8H SIG SCHOYTKY

qon @T LU

284080
2g480
23480
REABD
280

12514067
13580141
1231-2969
13412769
125127469

CONWECTOR 21-FIN M POST TYFE
JUMPER—REM

COMHELTOR-FHOHO SINGLE PHONG JACK|
CONNECTOR-PHOND SINGLE PHOND TACK,
CONNEDTOR-PHONO SIMGLE PHOND JACK)

LA
BANZ
LES B
ARSS
A3

13516347
124580147

1251-294%
12512569
12%1--2¥6Y

1251-2%69
1251-2969
12512969
1251-2796%
13512969

2pas0
ZBasl
24BN
234B0
25480

KITT
pATE
AEI?
LRARY
[LENRRE

12312967
12512769
1351 -3476%
1231--2969
1i251-2%467

CONNECTOR-PHONO S1HGLE PIHOND JACK;
CONNECTOR ~PHONO SIHGLE PHOND JACK)
CONNECTOR~FHIOND SINGLE PHOND JACK;
CONKELTOR-PHOND SINGLE PHOND JACK;
CONRECTOR-PHOHO SINGLE PHOND TACK:

DIP 1253-2967F
9100-3661

T10N-1724
F140-0710
1400210
?i70-0€94
F140- 02110

23401
28430

2n480
223480
23480
23480
260440

CONRWECTOR -PHOND SINGLE
Coil-MId 1uH 5% Q=50
INDUCTOR Z2F0NH 20X | 23BK. 37516

IHDUCTOR RF-CH-MLD 100UH 3% .15&6D¥, 385LG
INDUCTOR RF-CH-MLD 100UH S5X . 18&4DY  385LG
CORE-SHIELDING BEAD
IHBUCTOR RF-CH-MLD 100UH SX

AETES PHOWD JACH

AdlL1

1% -206%
8100-3551

#1090 -17%1
*1a0-0211
Y148-02110
1 70-01894
V1401210

o et oaan Donald 200

J16U0N, FESLE

PLA0-DE40
91003860
PLA0- (253
F100-1429
P100-351

L165DX. 3056
»166D%, 385LG
+166DK. 365G
ASBDN . IBULE
A BGDE, IFILG

284680
2B481
28400
=0480
ZB460

IHRUCTOR RF~CH-MLD 100UH 5%
INQUCTOR RF-~CH-MLD T, 86U SX
IHDUETOR RF-CH-KLD J00NH 1%
IMDUCTOR RF-CH-MLD 47LH 5%
IHDUCTOR RF-CH-HLD 1UH 3%

Flad-p210
“189-3%60
1400353
PB4 629
H160-35851

[N

AZLDD

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




Replaceable Parts Replaceable Parts

Table 6-3. Replaceable Parts

Description gﬁae Mfr Part Number

Reference HP Part
Designation Number

A1 7100-17%1
RIS 1001791
AALLES ?140--02465
Adl 104 P109-5552
AAL1D3 T140-- U347

o0

INRUCTODR 2F%0NH 20% 230X.373L6 2EAG ¢ Fili-17%1
THROCTOR 2%0NH 20% 230K, 375LE 21430 100179
ENTHICTOR RF-EH MLD 1,416 SX . 106D%. 38HLG 23480 P140-038%
THDDCTOE RF-CH-HMLD 1,508 3X ,166DX . Z85LE w480 FEON-IBER
INDUCTDR RF--CH-HLD 1. 1Uk SX  146DX, 3BOLG zE46b ©149-034%9

PR

INBUCTOR RF ~GH-WLD 804 SR, 16600, S8YULE aE480 PLAL-D28
INDUCLTOR €MISC ITEMS 28480 1000539
IMDUGETOR RF-CH-MLD 2.2uH 10X 1050, 26L6 aietld P140-01432
INDUGTOR RF--CH-+iLD 820NH 5% . 164DX.3BULE 28484 PI00-33515
INDUCTOR RF-CH-MLD S20NH TX 166DX. IBGLE 2480 F1R0-3314

A3L104 P140-~ D Ta5
AIL197 FrO)-HEET
AXLIDR $1A0-0140
AZLI1L ?100-3315
r3l-11a P108-3214

&gy

THDUETDR RF-CH-MLD 1. 3UM %X 1950X. 37506 ZH480 F100-%344
INPUCTOR RF--CH-MLD 1. 3UH 5% ,154DX. J70LG S AR 1083540
IHDUGTOR RFE-CH-HLD 1. 3U4 T% . 150DX, AVELE 20480 F100-3544
INDUCTOR RF-CH-MLD 1.3UH 5% 15908, 375LE 2470 21003540
INDUCTRR 270MH 20X (23DX.3V5LG 26460 PLO0-170

B3L113 F100-3546
AXlLAA 1483544
AZLIE 71003545
L1 i 21003544
AEL1EL FEO0-1791

g

INDULCTOR (HIGC TTEH: 26480 100037
THRUCTOR RF -CH-MLD 1DRUH SX . 16&6DX. 5RSLG “fapd Fi4i-0210

ASL 152 F100-053%
A3LIGE Fla0-0810

-t fad

SHIELD, TOP 28480 033aN--20601
SHIELD, BOTTOM 2hAGT D3B30 G02
CIVER; 1 Ze480 UEIRT-047 01
COMER, 3 [E480 [ ERALTEE Y i

ASMY] nAI2S5-204M
ASNPS 03NET-R0402
ASMPS NA325-- 04101
LEL ) 03325041035

L ]

LR ’ 13251 --4822 & E CHUNHELTOR 3-PFIN M FOST FYPE 23480 1801 -Ad22

THANSISTOR PNPt ST TO-92 fle=hmbil 43 HEGHE 1
TRANEISTOR J~FET H-CHAN D~-HODE SI cEA00 15256031
TRANETSTOR PP ZHARLT? B1 PD=200HW 17263 24917
TRANSISTOR NPH 51 FD=200MW FT=5RGHNZ 204AGQ 1a5i4--ROP2
TRANSISTOR NPN SE PD=3T0HK FTw300HHZ 04713 2HIFO4

3R 1853 -d449
ARZ 18551081
A3E3 10ST-0iE
Atilga 1654~ R0
AGRE 185340215

e

-

TRANSLHTOR PMP ZN4717 SI PD=200HU DFEEY a2H4AT17
TRANOTSTOR PHP ZH47LY 81 PD=200HY 172463 HeF7

A3L 0L 18530089
AaRLBE 18540082

R A

REEISTOR 47 T% 25W FO TO=-400/+500 81121 RATNS

REGIATOR 2h.1 1% .120W F TC=0r-100 138003 PHESS -1 /3-T4-26/1-F
RESISTOR 7% 1% 1270 F Tan+-100 245346 £4-1/B~T1-7UR0-F
RESIGTOR 2.2¢ S% .25k FC TC=-400/+700 0121 CEZE2S

RESISTOR 178 1% 1258 F TC=0+-100 245486 A+ 1/8=-T0-170R~F

A3R1 D&Y -470%
AJRE 016582432
AIR3 071395
ASHL 060¥-2225
ARRT DHTR~I AT

RESISTOR &8.1 1% .135W F TC=d+-130 PAT4AL Cq-}/8--TO~&BR1-F
RESISTOR 470 S 204 FO TC=-A00/4500 01121 Ch4D
REGIGTOR 100 1% 125U F TC=a+-100 24546 Ca-1/8-T0-10%1~F
REBISTOR &8.1 1% . 1205W F TO=0+-100 RATASL A-1/8-TO-GURT-F
REGISTOR 120K 9% 254 Fi TG=-800/+900 91121 CB1243

AN 0% 5r-a?7
“3R? V4B~ 4715
AINLD 0757 0A0%
LELIN] 47870397
AZRLE QER3-124%

AH oD kg

RESTSTOR 4.7K 5% .25W FC TE=-400/+700 G111 CEA4725
RESIGTOR 11K 5% 260 FL Tow-4d0/+4408 01121 B A%
RESTETOR 1K 5% .20 FC TC=-400/+500 01121 CR1B2s
RESISTOR Z.2K S% . 2W4 Fi T{=-400/+700 01121 [ ferid ]
RESISTUR 10K 1X ,I2%5K F TC=0+-10% 24846 LAy /R TH=-1063-F

AJR13 nEEI--AT 2N
A3R14 N683-100%
LELAY ] 0aB3-~102%
AIRL7 N&B3-2223%
ASR1E 0757~ DA42

REGISTOR 100K %X 250 FC TCx~-400/+300 91121 CHI045
RERISTOR 1K %% .25W FC TC=-400/+&00 [ 28 4t CELIES
REBISTOR 3,18k 1X ,120W F TCs=04+-100 4T CA-1/8-T0~31p1-F
RESISTOR 5.13%K 1Z 1725 [ TC=Q+-108 24544 GA-1/8-T-3311-F
REBISTOR 2.2 T% .20W FU TC=-400/4700 1N CER22YE

AJR1Y 1483 -10543
LE] P BOBI--1 025
AJH2E 47570279
ASR2AY 0°737--n438
A3RD4 683-R22%

RESIGTOR 2K 1% .1294 F TE=G+-100 aaliaa E4-1/8-T0-2001~F
RESESTOR 10K 1% 1254 F TG=g+-104 24%44 CA-1/B-T0~1D002-F
REGISTOR 27, 4K {3 .120W F TC=0+-100 2454956 C4- 1 /8-TR-D942F
REBIGTOR 4.22K 1X .12%W F TCa0+-100 2444 C4-1/8-TI-4221~F
RESTETOR-TRMR 221 10% C TOPF-ARS 17-TRH 2Rasn 2t00-37R%

AZRE 0757 ~0263
AIR2T W757-1442
A3SRIA LTS L]
AIREY DERE--31H4
AIRIN ot Wil B Pt 11

RESISTOR 1K 5% .P5W FC TOm-400/+600 é1121 CE102%5
RESISTOR-YRHMR 20K iBX C TOP-&DJ 17-TRMN caAgd 21003789
RESISTOR 1.6B6K 1% 1204 F TC=0+-20 26481 nee-0171
RESISTOR 2%5%.& 1% .iCOW F TCad+-25 DE4E0 pE7y-018%
RESISTOR oK 5% . 23W FC TCx-4Q0/+CA10 [ RRE) ] CBYSAS

ASRIAR BoEs-102%
AR 2106-3787
HIRIZA bEYP-01%1
AIRIE U &H99--01689
ASRI7 BEE3--75A5

RESIGTOR 2.15K 1X .1Z2%4 F TC=B+-300 2a546 CA-$/A-TD-2151 F
RESIATOR 1.21K 1% 31254 F TRag+-100 24Ti4E G4 -1/8-TO0-1211-F
REGISTOR 1K Hi 234 FL TCwe-3007+680 tiial CR107%

RESTETOR 200 1% 234 F To=0+-108 24%AL CA-1A8=T0N=-201-F
RESISTOR 4.64K 1% 1254 F TC=0+-100 BATI 44 Ca 1/8-To-44641F

AIRIE 04%3--0084
AZRIY 0070274
AZR41 06831029
AR AZ 0757 D407
IRAE b&9R~3155

= N M D Bo o W o B 0w

RESISTOR 4.64K 1%  125W F TCed4--180 24544 C4-1/8-T~4541 ¢
RESTSTOR 14.7K 1% 125N F TC=0+-1H] 24544 Ca-1/8-T0-1472-F
REGIGTOR 14.7K 1% 125N & TC=04-100 24544 Ca-t/8-TO-1472-F
REGISTOR 47 O 2UW FC TC=--40074%010 01121 cBa7es
RESISTOR 470 OX (205# FC TO=~<400/+5600 [ R¥-] CRAFIG

LELEE] B&HYE-3155
hIRaG N&98-315k
ABRAG Ga¥R-3186
AJRGT 5834705
AZR4B 06034715

P Y L

RESISTOR 10K 3% .25W FC TC=-400/+700 11121 CBLI03S
REBISTOR 30.1K 1% 4236 F TC=0+-100 24544 Ca-1/8-TO~2CL8-F
RESISTOR 4,97 1% 123U F Te=Da-100 24546 G FB-TU=49 ¢4 -F
RESISTOR 1K S .28W FC TC=-4@0/+&%0 n11a1 CEIZY
REGIDTOR 2,99% 1% 1290 F TC=0+-100 4544 Ca4-1/8-T0-4271-F

AIRAT 068231033
AIRG4 7N7- 0473
AZRTE 1699-327%9
ARARS4 0683~1 025
ANRYT na99-327¢

S g Ty e

See introduction to this section far ordering information
*[ndicates factory selected value




Replaceable Parts Replaceable Parts

Table 6-3. Replaceable Parts

Description M Mfr Part Number

Reference HP Part
Designation | Number

ARG Nowe 0172 L RESIBTOR 3.894K 1% .12%W F TC=0+-20 cE4HE0 haPF-11%3

LR O B3--1 020 RESIGTOR 1% T .2%W FC TCw 4007500 0111 LG

ASRAD HLO0-FABEL RES1STOR- TRMR 10K 10% © TO# - 40T 17-TRN ol 32REW-1 105
LELEAE 0 4B83--A705 HERTSTOR 47 5% 208 FC 10 0Q /60 MR ¥4t FE470G

HIRAE FS7 - 442 HESTCTOR 10K 1% 1258 F TLR=0a—400 Bali4h LA -1FR=T0- 3005 -F

AR 63 N6y8-31%4 RESISYOR 14.7¢ 1% 1208 F TC=9r-100 AR T CA 1/3-80- 1478
AR A N67A-4437 : RESIGTOR 2,948 1 128 [ TGreg+-100 EEALTS C4 - 1/8-TO-2941
AARLE nYI7T-0434 RESISTOR #.33K 1% Jd?;hl F oTC«0a1~100 Th4a CA- 1 AR-Tha220 - F
AZRSY &1 -4 47H E REGISTOR 10,7k 1% ,t29W & T=8r-109 24546 Ca4- pAR-TH-1072 - F
ARBD Bng-32e7 RESTSTUR-TRMR SK 107 © GIDPE-ARS 1- TRN ROAE0 2ivn-az0y

AIRATF 1&28-3138 RESISTOR 17,88 1% . 12%W T TC=04-100 Ba544 A -LA8-TH- 3788 F
AIRTO N4HIA- - H457 RESTSTOR &, 04K 1% 125W T T0=0+- 300 2G40 C4 b /BT B0AR:
AZRTI L&13A-4205 RESIGTOR 47 T2 05 FU TOs-400s+500 0li1d1 CuA7a%

A3H73 0678442 REGLGTOR 237 14 L 12%9d F TC=0+-100 2450445 Car LAB-TH-DAVE F
AZRT G NEI--4 205 RUSISTIR 47 5X .E&I-.l FC TC:: 409/ ¢300 1132 a7 5

md o

REZLSTOR %7,0 1% . ik FAGAL ALBTO PPRAF
REGISTOR %76 1% 1"‘14 r T A 1Y ~1/8-T0--%7RE
RESTSTOR 4,976 1% 128W 7 TC=2Q+- 24546 S LAE-TD AR
RESIGTOR 13.7¢ 1% . 120w [ LA 24546 AAB-T0-1 300
RESIGTOR 13.7K 3% 1280 F el 2atigh RSB T ART R

AJRY? &P -4402
ASKTL 0670 - 4900
AARTY $470--30FP
AZRE0 IELI (e 1513
ASREL B4HP8-3ANB1

TESIGTOR 3.01K 1% L iSw F TCabe-100 n4045 ~1/B~T0H-%0011 F
RCSI8Y0OR J.01¥K 1% .11‘»1“ FOTGeB+-I 00 Fat ik SA 1/R-T0 ERLLF
REGIGTOR Z.01% 12 .12 FoTCa0 - 1810 240406 BT 30 I
RESTSTOR 97.6 1% 12'5H F TC=0+=1010 TANAL e LB TR TR G

RESTSTOR 19,68 1% . 129W F TC=d+-100 R 2 ) CQ‘I/B TU-1962 -F

AIRE N¥H7--0273
ASHB2 n737-0:273
AJRE4 0737-0273
AZKRBY D&%8--4402
AIRBE 0&47e 3157

Wi bbb e g

AIREY n&A3--) 02%
H3HEE NEE3-2225
LELA D&FR-4492
AN N&70- 44567
ALRPZ 04831 025

RESIHRTOR 1% 5% 256 FO TC=--400/+610 w1zl CHIEZS
REGLGTOR 2. 2K 9% , 25W FO TC=-400/v%00 01121 s leptet)
RESFISTOR 7.6 14 120 ¥ JCa0r-100 24540 L1 /8- TI-30RG -F
REGIETOR 1. 09K 1% 1250 F TCs0+-100 2ATAL Ba- 18- T8 1081--F
RESISTOR 1K 5% .2%¥ FL TC-400/+500 b1 CE102%

REELOTAR 47 SX 290 FC TO=- 4007 +500 #1121 CH47 07
RESIETOR 470 5% 254 FC Tioe 4I]fi.-’H.alll] a1 CRATY
REGLETOR &4.% 4% 1258 F 7 15781 MEACT FD-T 248 - F
RESIGTOR 3,3K i 250 FO LR ] EnS e
RESISTOR @2.0 1X 12054 F TC‘*G! isa B 12 1) L4-178-To-B20%5

R UL N&A3- 4708
AaskLnl NEEZ-471T
RIFLH2 L?57--02%1
ASRI0Z N &B83-332T
AIR1G4 D7R7-0327

AlR10E Ma?fi-443%
ASRLDY 0&PE-Xi06
AJRLOE N &%E - 4037
AZRLINT? WFEI-9277
ASRLILL ns7--027%

RESISTOR 2.49% 1% 12350 F TC=0+-100 24544 A=Y /8- TN-24% 1 F
RESTISTOR 14,71 1% ,$25W F TCw0-r-100 245456 Ca-1/8-V{~1478-F
RESISTOR 46.4 1% 1834 F TC=0+-100 D45 44 A A8-TE-A40RR 4
RESISTAR 3,34l 1% . i28W F TCxDw-100 24346 Ca-1/8=To~F1&1F
RESTETOR 3.14% 1% 1254 F TC=0+-100 24GHE Ca 128-TH-3141-F

SEomopf G nog Oond gl

RESLSTOR 2060 1% 1854 F TOws0+~104 24546 Ca-1/8-TU-204 -
RESIETOR 31& 3% 12%W F TE=00-104 i B E Ch 1 8-Th-B1LR-F
RESISTOR 316 1% 125§ £ T{a)+-100 24584 Cca-l/B-Ti-Xlaft-F
REQISTOR-TRHR 400 10% C TOP-ADS 1-TRN TO460 B 000568
RESTIETOR 15 1% 125K F Te=d+ -100 19703 MFALL/B~Ta~ 160 0-F

AIR11Z oPEF-0407
ASEILT NaPR-- 5444
AJR114 Le?3-34494
ARRILS 2400-0368
RIR1tE L75-0361

=

RESISTOR 316 1% .123W F TC=)+-100 2454845 G4 1/78-Te-3140-F
RESIBYOR 316 1% .t20W F YC=D+-140 BAT4h C4 -1/8-T3-318F -F
RESISTOR 113 1% .125W F TCm0e-70D TAGAL Beb- 146-T0-115R-F
RESISYIOR 196 1% . 123M F ¥C=0+-100 EAT4S C4-1/8~TO 176K -F
RESISTOR 48.1 1% 1200 F TE=0+-109 2454h G4 B-TO~HBR 1 ~F

AJH 117 DASE-F444
A3R110D B&YEI-3444
AIRIY 0757 - 0273
AIR1ZD DEYE--J440
AIRI2Y s~ 0397

REGIGTOR 68.1 1% ,A20W F FC=04-100 24748 C4-i/8-T0-4BR1 ~F
REGISTOR 113 1% 125W F TC=0+-100 Aatidh C4--1/8~-T0-1138-F
RESIETOR 48,1 1% 183W F TC=0+~100 sanah C4-1/8-TH-§8R1-F
REGISTOR 1¥ %X .2%W FO TCw-afll/+600 P12l LRBI0ES
REZISTOR 1K 5% .E%M FC TC=-401/+5634 G113 GBIl 02

AIRI22 0rS7-0397
ATRA123 0757~ 0375
AIRTEL DrSF-0397
AAR1TS 068310625
AIR154 05683-182%

RESIETOR 194 5% ,29W FC TC=-400/+500 B1121 TELDIS
RESTSTOR 47 3% ,2hW FC TC=-328/4500 r1e2t Charos
RESISTOR t78 1% 125 F TO=0+-104 AT CA- 1/8-Th-170R~F
RESYSTOR 2.2¢ S .20W FOU T 400/¢700 91121 LCE2285
RESIBTOR B1.% 1% L1354 F TC=R+-100 24T A D4y s T4 L 2-F

A3R1TE 0683-1315
AIR1ST DERB-a70Y
AR 158 G6IR-2427
AZR15Y P S-2225
ASRIGH 07570276

W s h B @ B N LN L

AZR161 0757027 RESISTOR &1.7 1% ,12%9W ¥ TC=0+-100 24544 C4 -1 H—TN-p1 e+

RAT 2100-403263
AZT2 RASER-4044

TRANGFORMER HEAD CORE, MITH €T PRI & BEC 2a43] F100--4038
TRAHS & TURNS dizanl DEGHVR- 044

=l
-

CNTR TTL LE UECGD DUAL 4-BIT 0aTe SN7ALEIVTIN
FF ¥TL & X-¥ NEG-EDLE-TRIG B127S HW7 481 12N
COWPARATOR GF TO--99 PUG 01295 ENT2710L
TNV TTL LE HEX 1-TNP 12375 GHYALED4H
FF TTL S D-TYPE FRE-EDGT-TRIG 01295 GHPAETAN

AU 1820-19%1
AIuZ LDE0-D4&27
AL 18280321
AJU4 I0aN--117%
AZUS 1HW~0593

INY TTL & HEX 1-INP niass BNPAS0 AN
INY TTL S HEX 18424 HATYAMN

QP &MP GF TO-9% PHG FLEET CAZN?T

BFR OTTL LS BUOS QUAD D129 Sh7 4151 25AN
FF TIL LS B-YYPC POE--EDGE -TRIG COH 01295 SNTALEL TN

ASUY 1621 -2&B3
ALY 1€120--1924
AZUE 1B26-0043
AJUR 10201568
AZULE 1820-11%5

MO har Wb
HpHM=H R e

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




Replaceable Parts Replaceable Parts

Tahle 6-3. Replaceable Parts

Reference HP Part
Designation | Number

AUl L0 & 0437
A1z TR~ D470
ASLTS VERA-D547
AdIT 4 11350~ 00&%
[ V] 135430040

Description gg& . Mfr Part Number

IT HULTIPLIER 14 DYP- G FKG 24713 HUT 4551
IC GMITCH ANLG 9 -DTP-P PRG DL2%% TLLHOILP
IC OF AHR LOW BX&G-FH-THRD DUAL S-DIP-P 01275 TLO?2ACP
TRANGISTOR ARRAY 14-PIN FLSBTC DIP IR Caslo2E
TRANIIGTUR ARRAY T&-PIN PLSTC DIP e Balt CAZ1271

[v N o]

f LI ]

THANSISTOR ARRAY B8-FIN PLETC DIP 2B4E0 1B58--005%
T GATE TRL HOR QUAD 2-TNP Ga713 HEChe) B2p
1L GATE TTL & MOR Quab 2- TN n1des ENFASNEN
I FF TTL & J-K MEG-CDGE-TRIS 0329 EIN7 451 12N
IC OP AWM GP B-DIP-P PRG 284AE0 18200216

GRINNE-] 19%8--345%
AILTT 1EeG-ag2
AFLITE 1320-1322
ALY TH20--GHET
AZLZR 1820-0Né

Ll — Nt |

LEAS] a419-111% ERASTAL-QUARTE 30.0008)) #HH¥ 208N 0410-11114

-

TERMIMAL-ETN SCEL~PIN PRESS--MTE 28480 0Ean-171%
CONNECTOR-SEL CGONT TIN 1.14-ki-DBEE 52 51 2HRE0 1HEM1-0&00
WASHER-FL WM N0, 5 ,13~IN~1D ,25-1IN-DD widage S0%0-00ae
LABEL CAUTION 1.925-IN-WD 2.24.IN-LG 28430 7121124

RESISTOR-ZERD OHHS 22 AWG LEAD DIA 20460 BIu0-3375

NFHGd-1213
12T -0600
d0ud-n08d
71211234

BLOU-ZI7N

doco=

Al DS3ET 64500 KEY LBOARD ARSCHILY ZHATI0 83320 - 56505
CARACITOR--FED .01UF F100--0% S0VDC CER 28480 11&0--3847
CAPALTITOR -FXD .BIUF +100-DZ Z0WDC CER 28480 014 0-3i347
CAPACITOR~-FXD 01LF 4100-&X S0UDC CER 2934810 01693847
CAPACTYOR--FED 3AQUUFI#5-18% GUDC Al 204440 A100-00&2
CAPACITOR-¥XD L01UF +140-0% BAVDC CER 2ea8) 0160--3847

ARG 0150 ~3047
ROER D140-3047
AL N 160—"5E147
ASC4 aLat-00é
ABICE NA&a0-384%

L g e

CAPALITUR -FHR .01UF +100--0% J0VEC CER AH4ED A160-38H47
CAPACITOR--FXD  O1UF +180--03% S0VIC CER nR4g0 0160 3347
CAPACITOR -FXE . D1UF 1F1B0-GX S0vDE CER RE4E0 0140-3847
CAPACITOR-FXD . A1UF +20% 1KVYRE CER S6HEET CUEIa102T103M538
CAPACTITOR -FXD . PIUF 4 -3 1KVDE CER BLTHT £023A1027103M338

ROL4 01403547
BT 0158--3847
ANLE 01450~ 3847
AnLY 0500013
ATGLD grEn-anl2

LER-LAME LUM-TNT=1300 TF=20n4-MAK ZBACo BOE2-46508
LED-LAHP LUM-INT=15MCD IF=2dMA-HAK 2340 L082-4600
LER=LAMP® LUM-INT=19MCR LF =2 0HA-MAX 2460 SN~ 4556
LEE-1LAHP LUN-INT=18CE IF=20MA-MAYX BVR=5Y 23480 1870-0é6l
LED--LAMP LUM-ENT=1HCD IF=20HA-HAX BUR=5Y 20484 19204465

AICRY 19900533
ATERE 17?0-a533
ATGLRE 1979 N5E}
AGCRE 1920 ~1e6S
ATLRE 19%0-n4H65

Wogde b o0l g =05

LED-LANMP LUM-INT=1HED IF=20MA-NAX BVR=TY 28480 12700445
LER-LAMP LUM-TNT=IMCD IF =3 MMA-HAX BUR=GY Z2ha6e 19P0-Qan6SE
LER-LANMP LUM~IMT=THCD IF=2dMA -MAY BUR=DV 24310 1920-N66H5
LED-LAMP LUM~INF=IMCD EIF=20MA-HAX BUA=SY 28480 1990 bb6%
LED -LAME LUM-INT=1HCR YF=20M4 -HaX BUR=SY cB4asl 192 0-046%

AGCRY 12300 ha%
A CRE 1990-- DA%
ASCR? 170N 6ED
AGURLD 1900465
ANCREY 1220- &S

LEB-LAMP LLM-INT=1MED IT=28HA -HAX PUR=SY 2ael 197 0-0bbS
LER-L&MP LUM-INT=1HCDH IF=20MA-#aX BURaTY ZRA20 192 0-0465
LED--LAMF LUM--INTwIHET IF=Z2EMA-MAX BYRSY 28480 18y 0--16680
LED-LAKP LUM-TNT=IHCE IF=20MA-HaX BURaSY 28480 1970~0665
LED-LAMP LUM--THT=IMCT IF=d0Wa-HaX BUR=SY 28480 1920465

ATCR1Z 19901665
ALLRY3 1920 NéaipiT
ABTRL 4 1990 06b5
ASLRLE 1220-1166%
AGLRLG 1990-04&0

LED-LAMP LUM--TNT=15MCD IF=2dMA-MAX 284080 H0R2-44080
LED~LAMF LUM-TNTwiGHCD TFer2dHA-MAR REABD ToaZ- 4656
LETG-LAAF LM -INT215MC0 IF=2GMA--MAX 2B4E0 S882-4656
LED-LAMP LUM-THT=1GHCB TF=20MA-MAX 2e48 10 S0ER~-4654
LED-LANP LUM-INT=13HMCD IF=20HA-MaX ZEAB0 BoEd-4658

LER=LAME LUM~THT=15HG0 TF=2h-Ha% 28400 SIPBE-A450
LED~LAMP LUM~INT=15HCD TF=20HA-HAX =B480 L08a-4658
LED-LAMP LUHA~INT=13MCD IF=20KA~MAY 2E4R0 TOAC-4588
LED-LAWF LUM-INT=1SMCD IF=20MA-MAX ch4R0 SnaZ-46%8
LED-LAMP LUK-INT=158CE 1F=20mA~MAX 28400 GlEgR-A6582

ABCRY? VRPN
ATUCRL B 19900533
ASCRLY 1290083 F
ANCRZ0 19903333
ANCRI 1PN 03343

Eo I - R N YR Lol G gl B )

ASCRE2 1990--05G3%
AYLRAY 17900533
RER2A 19%0- 0533
AGCHAG 1900533
WCR2& 1790-0533

LED-LAMP LUM-INT=1SMCR TF=20MA-MAX 23409 F0eE-46L5H
LED-LAHP LUH-INT=INOD IF=20MA-MaX BVR=EY 24480 1990--b66%
LED~LAMP LUM~INT=1KCD IF=Z20#HA-MAK BVR=SY 22480 177 0-0664
LET-LAMPE LUM-INT=1HCD IF=20N4—HAX BUR=5Y 29408 129006465
LED -LAMP LUM- INTulMCG YFmZPiMa--HAX DyReSy 2480 139 0-068%

ASLRa7 1ree-0354%
ATIGRZE 17900 bas
ADCRE? 19900563
AUCRID 1790~ 0465
ATCRX1 1920- 064605

WO W Bpd ba

LED-LANP LUN~INT=1MCP IF=20MA-MAX RVR=5y | =2o4g0 | 1990-9845
LED-LAME LUN-TINT=tMED TF=z2oMa-MaX BVR=3U | 28480 | 1590-0865
LED-LAMP LUM-INT=1HED IF=20MA~MAX BWR=3v | 20480 | 19900885
LED-LAHP Lui -INT=THCD IF=20na-maX BuR=3Y | 20480 | 1790-06&5
LEL--LAME LLUM--INTalHCD IF=20MA--HAX PURaEY 2B4840 19902658

ASCREZ 1990-0465
AUCRES 1920 0ba%
ASLRIA 19 D46T
ATCRAES 19%0-04eT
AGIRBE 190~ 66T
Ao 1300~0473 BOCKET-I 16-CONT DIP BIP--3LDR 23480 1200-pa73
KEY CAP LDEAL 28480 G411 -0943
KEYCAR-BHOKER IPE 22480 S041-0%0Ba
KEYLAP-BHOKEFIPE 26430 G043 0304
KEYCAP ~SHOKER IPE 2Ragn a04t-0384
KEY LhP-FRED 2danil Sh41-09i8

ABKL F04l - NP43
Ak U041 -03034
BKES h41--n364
ALK H04L-NF3
FHEN HDa1-0918

KLY CAP--AMF TR 2848101 J041-0%19
KEYDAP -BHOKEF IPL 28460 G41-0384
KEYCAP-SMOKEPIPE A H041-0334
KEYCAP -EH0KEP TPE 29480 F041~0354
KEY CaP-PHAGE 28480 80419920

AGK G F041-071%
AtiKg? G043--0384
ATRGS Gb41-0384
AEKST WAL 0 384
ACHBI0 fin4yl -gR20

G P N et oG G g o

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




Replaceable Parts Replaceable Parts

Table 6-3. Replaceable Parts

Description g‘;ae Mfr Part Number

Reference HP Part
Designation Number

ASKBLL 0410981
A5 2 Nlar- 04
ASE1S [041-07H7
ATKA1 4 Ghat-o017
ANCSLS H041-0818

(v N o]

KEY CAP-DCOFFGEY 23480 2041-0%321
KEYCAP--BLGEPIPE auann S0AT--1451
KEY ChAPF STORE SRABN 5041 -DPR7
KEY CAP=7 28490 Foa1 - 08317
KEY CAP-8 2RABD F041-Gi31E

it |

AERELL L041-0816
ASKE1Y SN41-0vEn
L1141 :] WA~ 010
ALY 5047 -4B14
L.t=114: 411 Ho4-0B1S

KEY CAP-& 28440 T4l -0 G
KEY CAP-MHZ aLT £8480 Ti41-0%35
KEY CaP RECALL CEafH) ELENES 3]
KEY CAP-4 28484 04100314
KEY CaP-3 284490 S0a-531D

ATK 5ER Sil47--0R24
A% 322 SAL-074L
ATIKEZ4 Stat1-0E11
ASKE2S S04L-a012
ASK GG S047-0313

KEY CAP-KHZ WY 24480 Nindl-0%24
KEY CaP CLEAR 23480 041044
KEY CAR-1 28480 041~0B1t
KEY EaAP-2 RO4ED B041-NR1S
KEY CAP-3 HEAED G041-0B13

ALK 527 G041 -0927
ATHEZR S041--0758
ASK 52 SuaL--081y
AZNEID L0431~ 0800
ASIKES) 41 -0929

KEY CAP-HE URMG 20 FLEYIRS g
KEY CA&P-DAGH ZEA80 H0A1~070E
KEY Car--b 2g4E10 HOA-nele
KEY CAF PERIOD 20480 S0A1-000E
KEY TAP-SED 8480 TiGar-0Ba%

LSRN S ol AW W

REKEIZ 5141 -0z
AGIKE3S S0 -7
ATK 334 S041-07%6
ATKE3S G0 BF2R
AT S36 IS B34

KEY LAP-DEG oAt S941-0728
KEY ARROW 28480 S041--0704
KEY ARROUW 20480 SO41-0%%
KEY CAP~LEFT ARD 2p4u0 HE41-09E2
KEY CAP-LEFT &RQ 2H44a0 HOA1-0PER

ASKSI7 041 -031%
Al S I041-0318
ARKEIY N kAL-O31E
BTG4 Sn41-0318
ANIHGAL S041--0318

X CAP PTY GRAY 2E4nl S047 93143
LK CaP PTY GRaY E460 GhA1-0 318
LK CAP PTY GRAY ZEMED LTI KL
LK CAP FTY GRAY 2E4B0 0410318
LK CAl" PTY GRAY 2R4E D S04 .03 8

A G4 T041-0410
ASK G4 S AL -G2e5
AT S44 30410744

KEYEAP-LEONYT LFE ata: ] HUa1-0410
HEYCAPM --PEARLPIPL 2R4810 S041--02a0
KEY LCAP PUR 28480 S041-0%44

Fr- RN Y - - N ) [l I -

Ak 2i0p--%334 THDUCTHR Z5UH 1RE 30 2E34E5 0 106 -3334
STRIF-PLABTIC ,28-IH-W 07 [h=THI 1L 4040--1001
REFLECTOR 28481 4041307
LET Al G U480 U85 0E-40004%

ATMP 4 4040-1081
AGHPE Al40-9307
ALHES 08505 40006

rafa g m

TRANSTSTOR PNP 1 T0-F2 PD=300MW 2g400 1055 b6
TRANSTSTOR PEP X TD-%2 MD=30UMW it IREE-DhE
TRAMSLSTOR PHNP ST TU-72 PD=300MW ZE4R0 THYS -Bdih
TRAMBISBTOR PHP 81 TR-%2 PO=300MW pE4R0 1530014
TRANSIGTOR PN S TO-%3 Phe300MW BEA 10 1B5S- d018

aall 185300156
AT 14%3-001e
AT 1G52-00146
A4 19539016
AT 1R53-001a

e - R

TRANSISTOR PHP S1 TD-22 PIra300My CE4RY 18530014
TRANGSIGTOR PNP SL TO-28 rR=300¥W 2EA0 NG -N016
TRANSTITOR PHF SL TR 97 PO=ZTIHW 2480 1068%-0814

ATRE 1RL3 -0
AT 1530016
AZQ8 18520016

W

A%A L HAFA--2205
ADR BEHT 2205
AN 0 HEA 2305
naR 4 |1 Bk ]

AGRT 6832205

REGISTOR 2* 9x ,2%uW FLOTCe 4907360 niiat CERERES
EESTATOR 22 5% 254 Fi Th=-400/+580 91181 [ vt}
RESIGTOR 22 52 .20W FC TC=—400/+¢300 iiai CRIZ0T
REGTOTOR 22 5% . 28W FC TCe--4007 o040 0it21 CRZE
REGIGTOR 22 Sx .29 FO TCe=-400,H500 (S RR=EE 2

L R

RESTSTOR 22 95X ., 25W T Ths--4n0/ @800 0112t [P 3

ALR & 032705 o

REGIGTOR 27 9% .2UW FLII TG=-400/+300 Bl CEAN0Y
b2
1

AR HH83--220%
ALRE DLES SRS
AYRY 0 &83-1325
ABRIND BHA3-132%

RESIGTUR sX BT FC OTCx 400/ 13500 01121 CR23n
RESIGTOR 1, 3K S¥ .25 F TC=-400/+700 UL1as CH1G23
REGRITOA 1,3K SR 253W FO TC=-400/4+700 bi121 CHY 3%

BDE O D NG

ASRT1 05831327
AR UBEI3-1 335
NGRS Woed--1.525
ASR14 Q1831325
ARG 0fHE3-152%

RESIBTOR 1.3K ¢ JESW FL TL==400/4700 uilai 15

RESLISTOR !,7K 5K . 25W FU T 400/ 270D o110t GRTI2U
RESICIRR 1.35K TX 25W F1I T AN/ +700 nilai LR152E
RESISION 1.3% 5% .Z5M FQ T -4naS 70N fitia TEL32S
RESTEYOR 1.3K ¥ L2EMOFC TR-400/+700 g1l Chl3as

fIF0 RIS

T

RESISTOR 1.3K L2NM FO TCs-400/2700 f1ian LRI
HETWORIC-RES &-5TP1E.GK 44 X 5 24480 1810-013%5
HETMORIK -RES 2 3IP4. 7% OHM X & iS5 CBEORG07-472F
NETWORK -REE % BIP4.7K UHM X B FALET CEreece?-470d
HETHORK -RES 7-STR10.0K GHM X B BR4LED 1810 0035

ATR G NeiE- 130G
ARRZ0 10310-0135
ARRES kg n1b4
AGR2D 191~0144
ASRII 1AL O-0DES

e sS T ra

PUSHDUTTON SWITESH P.C. MUNT 240 GG FA34
PUSHBUTTON SWETEHI PG, MOUNT arsaen S060-9436
FUSHBUTTON SWITEH P, MOWUNT 244l OG- PAT
FUSHEITTON SWITCH PLOE. HOUNT 240 LHinGH0-¥556
PUSHIGUTTOR SHITEH PG MDUNT SBAN O L-RATL

LEEY] TOL0 9436
AEE HReG -FATL
AGES Fb0-Y4ls
Alfia G060-FASh
RASE Hira0-- ¢ 436

LIRS L IR )

LLL HOWWT LR 5960-9436
VG FERTY ZEARD G060 -P4LE

. HOURT akain WOGI-9AT4
L HOMNT pal: L 1)) LD EAIRE-E
e HOUNT 2440 SR&N-v43L

AR ThLD- VAL PLUSHENTTON SWITEH P
ALL7? S060-Y4is PUSHONTTON SWITEH P
AR TOLD: F43L " PUSHEBTTIN SiWITI PLOL
AT HRLl P43 PUSHEUTTON SUITCH P
angin HS0a0-¥4354 FUSHGHUTTON SWITGH |

S jrtroduction to this section for ardering information
*[ndicates factory selected value




Replaceable Parts Replaceable Parts

Tahle 6-3. Replaceable Parts

Reference HP Part
Designation | Number

AN81Y TR40-FAZA
ATHL2 $180-7436
ATS1X Lh&d~-2436
ASHle D -P 854
ABS1Y SH6D-F4A3GL

oo

Description P:ﬂcfrzle Mfr Part Number

HMOUNT P80 TG D-5 438
HOLMT 22408 Ge0-943s
HOUNT 248D LiH0-P436
HOURT Ra480 GHeD -G
HOUNT 2846l n0H0-P438

PUGHBUTTON BWITCH
PUSHBUTTON SWITEH
PUSHBYTTOW SWITOH
PUSHEUTTON SWITCH
PUSHEUTTON SWITCH

TtTOoUw

. HOUNT 23480 GhH0-9436
HOUNT 28400 Ei0&0-PARG
MOLINT 204680 S0&E9-7406
HIBUNT EBAE0 tips0-P4ds
HOUNT 2846e 1Y R L k1

MOUNT 28480 TG 02434
HOLNT 28480 S06P-9434
. MINT an4bh GeE0-F434
HOUNT 20480 Bush-9436
HDAUNT 22480 Sead-7436

PUSHBUTTON SWITCH
PUSHBUTTON SWITCH
PLSHBUTTON SWITCH
PUSHEUTTON 3WITCH
PUSHBEUTTON SWITCH

AE814 %4040--2436
ATB17 30409436
ALIDLE SUHH-F43
Aate1LR B04H0-P438
ASE20 602434

PUSHBUTTOR SMITCH
PUSHBUTTON SWITCH
PUSHBUTTOR SRITLW
PUSHRUTTON SWITCH
PUSIIBUTYOR BWITCH

ARG H04H0-Pa38
Midez Ble)~PH 3G
AOE2SE Glal~7435
ATE24 3060438
ABR23 Fl4H0--P425

MCHINT 7B4B0 S0 a0 -7436
HIOUNT EB4RD S060-9434
MOUNT 20460 B0 G0-P4%E
HOUNT 28480 o6 0-9436
MOUNT 28480 S0A0-9426

PUSHBRUTTOM SWITCH
PUSHBUTTON GRITCH
PUESMTUTTON SWITCH
PUSHBUTTON SWITCH
PUSHEUTTON SHITCH

ASDEL GHGN-TA3L
ARGH2Y S0a0-?4356
RS2 S ah-FaRk
AGLET S06a--PA54a
ATEIR ERE-Y Bl .1 S

MY g g Mg g g
MR T™ MTMETEe R VWY YT

HOLUMY R480 b 0-FA424
MOLINT 23480 GDsR~-94340
MOUNT 2R480 S0L0-R4TE
HOLINT on480 S040-F438
HOUNT 2EABD S060-9436

PUSHBUTTON SWITCH
PUSHBUTTON SWITCH
PUSHEUTTON SWITCH
FUSHBUTTOM ENITCH
PUSHBUTTON SHITCH

ASE31 Blad 9436
AlEI2 50407430
ASGE3A Hiad--P436
ATIEI4 ahal-7436
ASHAT Shak-P4386

ooo0n Ooonld afdoo 08000 aono

LR R R

PUSHRUTTON SWITCH ROUNT 20480 SO ED-F43H
FUSHRLUTYON SMITCH MOLUNT 2B449 S0k 0-9434
PUSHELUTYON BWITLH MOLINT 28490 T060-FANE
PUSHBUTTON SHITCH . MOUNT 28480 SH60-F436
PUSHBUTTON EBWITEH MOLINT B4B0 S0 60-7434

AGH 54 Gikal 7436
ABGI? Hlad-7436
AmGIR Bhb0-P43b
ARREY? B4G--9430
ATEYD a0~ FA3E

PUSHBUTTON SWITCH P.C. MOUNT 28480 GD60-7434
PUSHBUTTON S8WITCH P, G, MOUNT 28480 C060-94356
PUSHBUTTON SNITCH P,C. MOUNT 28480 GlHN-FATE
SWITCH-PE DPRT ALTHG ,S5A 1006VAC ZEAG0 J101-2441

BG4 Blad-7438
A Saz Y00~ PHIG
A4l ShaG-9436
A 44 3101-2a44

Ic ThY TTL L& HEX Mz SN74LE 05N
TRANSTSTOR ARRAY 16-T'IN PLSTE DIP 13404 ULN-Z093A
IC BHF-RGTR TTL L& R-3 SERIAL--IN PRL-DUY 01275 ENTALEL dAN
TRANSLISTOR ARRAY 16-FIN PLSTC DIP 136404 UL K-20034A
IC INV TTL LS X 012495 GN7ALEDIN

A s 1g2k-1206
Atil)2 1358~004%
RS 1820-143%
nsilla 11098~ N047
ABLS 1&20-1209

IC BHFE-RGTR TTL LS R—G SLRIAL-IH PRL-OUT 1295 GN7ALSILAK
TRAKRGIFTOR ARR&Y L&-PIN PLSTC DIP 13604 UI_H--200348
I BFR TTL LS EBUS QUAD 01295 SH7ALS125AN
IC FF 1TL L3 D-TYFE POS-CDGLE-TRIG COM 01370 BN74ILE2TVIN
PISPLAY~NUN-GEG {~CHAR ,A3-H 28480 SO -7ROY

AIE 19201433
ALz 18Zd-a04%¥
AGLUR 1920-1548
ALY 18801740
AU 1990--0592

WpRgy MARED SNy Mwgags Ty

DIGPLAY-NUM-5EG 1-CHAR . 43-H ZEARD aegR-7eba
DISPLAY~NUM-EEG 1-CHAR ,A0-H 28480 SUHR-7RHE
DIGPLAY -NUH-SEF 1 -CHAR 43-H Zh4B0 TOBR-7453
DIEPLAY-NUM-EEG I-CHAR 435 H 28480 SLER-7R03
DISPLAY-NUM-BED 1-CHAR ,43-H 26480 wanE-7els

AZUT L 17900452
[ AL ] 1998-0597
AGLL3 1Fe0-05%2
ATILIIS 3 FOD-PURE
ASUTE 19980508

AL Ly

DLSELAY-NUM-E[E 1-CHAR . 4%-H 2n4a0 SH0R-YAO3
DISFLAY -MUH~SEL 1 -CHAR 484 2E480 S0BR-7HE3
GISPLAY-NUM-SER 1-CHAR .43 H o468k [11]- =R -t- R
DIAPLAY -pUM-EER 1-CHAR L 43-H 20480 Hla2-7653
RISPLAY-NUM-SEG 1-CHAR . 43-H 28490 aoa2-FHuS

ASUTb 159000592
AnLll7 19900553
ASULE 1999--0592
ANULS 19903592
ALUZ0 1990-0%72

Conagren

BNCKET-IC 14-CONT DIP DIP~3LDR GRS 1200-0628
SOCHET-IC 14-30MT BIF DIP-SIDR o490 12009638
BOCKET~IC 14~CONT BIP DIP-GLGR 28485 1200-0638
SOCKET~1C 14-CONT DLP BIP-SLDR 28448t 1200-0638
BOCKET-LIC 14-CONT DI® DIP -3 DR 2iaED 1200-0538

ATSXUTH 1200-F630
LEEATRY 1209-0&30
AAXU1E 12080638
ASEUTE 13000638
GEEAUE 1400 -3638

gy

BOCKET-IC 14~CANT TIP DIP-GLDR #pagl 12640638
SOCKET-IL 14-CONT DIP DIP-ELDR 281480 1300-0638R
BOCKET-IC 14-LONT DIP BIP-SLDR aE40 1200--062H
SOCKET-TC 14-0ONT DIP BIP--SLER 294920 1230-0p30
GOCKECT-IC 14-COMNT DIP DIP-SLIR 2464 1200--06313

AEKILE 12000630
AN & 120014658
ATNULT 12000438
Ve LR 1200 -25%8
LR R 1809--N436

~ R VR JUX [ )

ATXLN 1280-0430 SOCKET -1 14-LONT TBLP DIP -SLDR g4 1200-0636

GUEREW-TFC 4-40 ,25-Ti-LL PAN-HD-FDII BTL ienee IRPER BY DESCRIPTION
SLEEYING -FLEX ,3a~I% REMA-F ,019-WALL honge ORUER BY DESCRIPTION
MIREFORM CI} BRT-TIW 284810 14401336

LABEL CAUTION 1.925-IN-WD 2.24-IN-LG 28480, 71211234

CUT JUMPER 284810 TVUMPER

BadA-p2aY
HB?0--0lnd
1460-1335
T121-1234
JLIMPER

]

IX3H5 -h6d06 COMTRDL ABBEMBLY 400 123a0-a6T0E

0ib0--0978 CAPACITIR-FXD 1390PF 1% SOUOYDC MICA feers ] N160--a%74
01&t-3847 CAPACITOR -FEl . D1UF #100-0% F0VDEC CER 2@asn I1&0-30a7
0'L60-- 1537 ] CAPARYTOR-FXD 14LOPF +-1% J0C6VDL MTICA aa491 0 en--0337
N1&0-NHI7 CAPACITOR-FXD 1&0PT + -1% JIDOVDE MICA pada S1EN)] N160=-0337
1 60--X@47 CHRARTTOR-FXD , H10F +100-0% SOVEC CER 2B430 1603047

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

ML wLR0-32eE
L1 01 e0-- 3347
AECED i1 a0- 3847
AEs2Y nL&N -8 47
el N1G0 3047

o0

Description gr.f):i e|  MirPart Number

CAPACLTUR-F XD Z2UF-102 13000 T4 wE2RY 1 UDERAXT0] SR
CARACITOR-FYD | GIUF +3149-0% S0UDC E400 91403147
CAPACLTUR -FXD L DIUE 10005 S0VDG 204000 D1AQ-T847
BAPACTTOR-FXD L QAUF 100 0¥ SOVDL LL 23450 11460 3847
CAPACLTOR-FXN , 0dUF wI00-0% SHIVDC e iR DIL-3847

g

ARIZES b 160~ 5845
Al a Bi60-FHAT
ALAS 11 &y B 47
AbLES Ding-TR4F
AGIZED 01 40=-35147

CAPACITOR-FXE ,04UF +1L0-0% 50VDC “8480 11643847
CAPACITOR-FXD 01U 4100 DX SOUDE Cf 2LAE0 0160-3347
CAPACTTUR-FYD .01UF +#100-07% SUV0C 284014 1403347
CHPACITOR -FXD . DIUF 180 -0 BUVDC CL 2480 01&0-3BA7
CAFACIYOR-FAD L 01UF +180- 00X S0VDC OK 20400 G160 -3B47

AL Bi&ai-3247
AOL2 11 bl 3047
#6030 Bi&0--3047
ALY 05 &0 5947
ALCAD TiHi - 3847

CAPECLITOR -FXD L 0IUF 4708 -D% BUVDE CE 28490 03 &60-3B34%
CAPACLTOR--FXE | GIUF #1900 6% S0VDL GE 2yaed 140 3847
CAFPACLTOR-FXI .6IUF ¢1D8-0% S0VdC 28480 0 & D-2RAT7
CAPACLTOR-FAD O1UF -+100- 9% SOVDL N D40 014036347
CAPACTTGOR-FXT L O1UF +100-0% JHIVDE CE SEAR) DYE0-5247

DG ] W gl

AblA3 aisp- 5047
ALCEA Dieh-- 3347
AEGEY i 14503847
BLC3d pIgn-- 32l
ALGAT n1g80-2RI3

CAPACTTOR-FYXB ,01UF +200- 0% SOWDL T 284731 Glan 3847
CAPARTTOR-EXD JOIUF 410003 HUWDL T 2E4B 5 B & 3pAY
CAPACTITOR-FXD 0IUF +100 -0% SHVDG CL 2400 N146- 3347
CAPARITOR-FXD 470UF $50-10% &, IVDC AL 2u430 0180-2623
CAPACITOR~FX{ 470UF 50 10% &, 3VBC elABh 01202623

PR

B4C3H Lle0 1692
ALLEY 180~ DAPE
AdlL40 BiBG-2BE3
LTTMCE | 01603747
ALCET 010G -2B2X

CAPACTTUR - TXD 200UF+30-10% JLVDC AL ELETL] IBVEBLZAD
CAPARITOR-FXD Z20UF+S0-10% JIGVIC AL 10474 ERUNGLEEN
CHPACITOR-FRD 4ROUF4L0-10% &, VDL Al 240 0130-2E33
CAFACITOR-FXD , 01UF +100--0% SOVOC CER 28400 1168-3047
CAPACITOR-FXD 470UF+30-10% &, IYDLC AL 2BABH 01B0-2B23

Ll 1 ]

0180--RE2H
D Lan-B55E
&1 4033730
0340 -3047
W1 a0~ 3387

CAPACITUR- FXJF 1000UF+50-10% 14VDC AL 2E4R0 010-2024
CAPAGEITOR-FXD L IUF +-20% HOVDL CER 2ZB4B0 01ED-30%8
CAPACLTUR-FXD 1UF +-20% SOVDC CER 24484 0 £0--A5H0
CAPACITDR~FXD . O01UF 10p--0% S6UDE CER 2134310 114 0-dira?
CAPACTTOR-FXD L 0JUF +100-0% S0VRE CER eRARn Nl GO--3347

B160-36008
0140-EHae
9143 -3&22
uhe0-2009
ALCED 016e-2NaF

CAHPACITOR-FXD . 1UF 180-2R% 100vDC CER RAibh4 LIV OR 1AL
CAPACTTOR-FAD . 1Uf +86-20% 100VBL CER iS4 F13INYHRVIOLRL 34T
CAPACITOR-FXD 1UF -BO-Z20% J00VRE CER Dh&TE 2130Y5VINAR104Z
CAPACETOR-FXO B2UPF -5 JOOVDL HILH 23480 01602009
CAPACITOR-FXG BROPF +-5H S0BVDT oICA =ia80 nGt-200%

WA mOm OasD e

ALY LR B b1 ]
ALCHA 11403508

CAPACTTOR-FX0 . 1UF +-20% GeYDC CLR 2FAE0 n160-305%
CAPACITOR-FXE 1UF 4-206% S0VDE CER 2B 04 H0-30E

L.

DIDDE-ZNR ¢, 31V 2% D035 D=, 4M FERARL 19083158
PLODE -SWITCHING 3aY S0hka 2NS DO-35 2B480 196 1-0040
DIODE-SWITCHING 30y SiMae 2NE DO-J5 213400 1901--0040
DIODE--BWITLHING 3V S0MA MG RO-33 23480 1201-0940

LTSS PRIZ-3153
ALORD 19010440
AECRY 1741-n04n
[Lle1¢ 51 17010040

[T

SOCKET-IC 14~CONT DIF DIP-SLDR =4t 1260- 2473
CONHECTOR 21-PTM M POST TYPE AB4E0 1251-60467
CONHECTOR 21-PIN M PDIT TYFE 2 E4BI 1254 - 6567
CONRECTOR 21 -PIN W POST TYPE iBand 1201-6367
SOCKET-[C 24-CONT DLP DIP-SLDR aR480 12000634

LI RN 1700--0A73
LLY 1231--6547
AbLS3 1281-&567
A4 1251 -656&7
AL TS 120490434

oo o

INDUCTOR RF-CH -MLE 123UH 17 L 166DK, 3BOLE 3B 12013 Fio0-243%
INDULTOR RF-CH-MLD 120UH SH 166D, S8ELG 25480 1001837
IHBUCTDR 25hiH 10% 3D 20480 fE00-37%4

bl FLR0-2459
ALL2 F100-15637
Al 3 F1O0-3324

HEEE)

L1 ] L20% ~025 6
¥4, [ D2a0-D554
AEMP3 12580141

HEAT SINK PLETC-PUR--CH 2R480 1205- 8270
TNGULATOR -XETR THRM-DNDCT 2H4g0 D590-0584
Gonnector-Sheding 28480 12580141

CONMECTOR 19-PIN # POBT TYPE 24400 125137400
CONMECTOR 3--PIN M POST TYPE ag46e 1251 4832
COMMECTOR 2~FIN M POST TYPE 2a480 1d%1-424%

AL 125137450
L1121 1851 4027
NaP SR 18%1-4243

TRAMBISTOR NPN SI PI=304MW FTe200MKZ 28430 189454-5071
TRAMSTETOR HPN 01 PO=350MU FT=300¥HZ 0471% EN3P0A4

—~~ Py @

AR 10540071
AHRZ T834-0213%

RESTETOR H04M 1% .125W F TC«9s-100 24484 0izPE--8344
REZIZTOR 7,958 5% .20W FL JCu-400/ 700 a2l CHIERY
RESTUTOR &£EQ S¥X . 2%W FC TC=-400/+404 0iiat CELB1S
BESLSTOR 10K SX .25W L TCe-400/+740 0112t CELO3S
RESISTOR 10K 5% .2W FC TC=-A005+7010 21121 CrIO03%

ADH 1 QAR T4
&R 06837323
haltd U H83-4BLE
AOR A UGERT -1 G3%
ALRE 0583~ 1035

LY

HETHORK -RER 7-S1P10. UK OH¥ X B 21480 16100055
RESISTON 4 99K 1% JRE5M F Toe0+-1400 nati4a CA-t/B-T- 48 1-F
AESIBTOR ?.%3K 1% 1254 & TC=0+4-300 ZATAG Ca-1/8-TH-9531 ~-F
HETWORK-RES 7-31P1.8% 04N X B 23484 18100074
HESTHYOR 1,00 5% 254 FC JC=-400/4700 B1121 CE182%

MLRG 131 E-007S
h4R7 163277
AhLREG NHFB-4020
h&HRT 1310-0074
LR H69%-1923

WS e A

A&ERTS 18lg--N114%
a4 Jef3-1035
R&HRTD 168334625
ALR1E peB3-342%
ASRTT TEIN-N2RS

HETHDRK-RES 4-3IP22 . 0K OMH X 3 1437 CEPOALO7-22AT
RESIGTOR 10K 5% 254 FQ 1C=-400/4700 21121 RN
REBISTOR 3,88 SY 25W FC TL=—a007+700 01131 LRILES
REGISTUR 3.6K 5% .BEW FC TC=—4d0/5+700 113 CRAGRD
NETUORE-RES B-SIPYA0.4 OHM X 7 21121 WOHAZIL

(LR JE:

See introtduction to this section for ordeting information
*Indicates factory selected value




Replaceable Parts

Table 6-3. Replaceable Parts

Replaceable Parts

Reference
Designation

HP Part
Number

oa

Description

Mfr
Code

Mfr Part Number

ALR1E
BuRI19
AERZD
Abit21
LAt

ALRDI
AbREA
HaRds
ARG
AR

ALRND
A& 5T
AhRA
AERAS

féEl

ABUL
Gl
LIV
Abl4
ALLIT

Ads
ALLI7
oL
ALY
LR

LIRS ]
fbli2
#6113
Aol A
BALILS

fallie
ABULT
Adilla
ALY
A&IZD

Ak
hbli2a
ALLIZE
ALUZ4
LI

et TE
ADUZ?
AGEURR
LY s
AGUIN

LTATR Y]
AEU3E
AL
AGL3A
ALLIES

AELLIG
AHUET
ABRLLED
ALLIS?
a4l

A&l
Abll4d
LTIE 3
Ablla4
ALLUAS

FrhLl A&
A4LIS]
AMELS2
R&LIES
LT

ALUNS
RENTH
AHUET
halish
AnLISS

LUTEY ]
AHLEL
ALUHE
Al
44

110 -aa2s
LUEETE S
DAa3-103%
L&FI--HblY
De9e - BI07

NEJA-511%4
DAl 9l15
Ratd-1 3%
0&6as ~1B3G
1481001346

Tato wze7
0 6831 135
PERI-TILS
l&83~ 5155

318116236

13180707
1818-0763
14100724
1130700
FEI2D-3 177

10103--043R
19201195
1B24- D100
1920~1471
TER G- PR

1819--0199
141 8~0 199
1301 195
M020-13176
1H28-0474

WR20-1216
tE20--1216
1020- 16k
18520~1757
1a2- 1194

18241194
18241757
10201197
1821 ~-1208
1E120-1218

18301758
1B2-17 3%
168301757
1H&0-143%
1B20~11%7

1820--1204
18201175
1291197
t3ap-1112
112148

1329 -1aB4
13201 P25+1
13241759
11320-1144
13201197

1H20--1206
1B20-1112
182011373
1R2%- 0477
18281430

TR BT
19900344
1993--0577
19003277
15%0-0441

17790--0461
18200621
1820-13%00
1820-13549
1£:20-4 300

1821416
1201 440
1820-1197
1EEN-1114
18920-1412

u“

WZNE @ e e O

WO ofetiy oolad a@=-a

TP eGPy WerRMe ooy oGl Qo e

[=ELE )

NETWORWK -RES 9 -3I010,.3K O4M X 13
1 DR 150 5% .40W FC TCw-400/460E
3 d BE L EGW FC TCa~3007 700
REGISTOR 15K 1% 1298 F Th=fe-350
RESIGTUR A.78 1% 125W F TCah+--2%

REGILTOR 310 5% .254 FOL
RESISTIN 18 S% .25W FL
REEIGTOR 10% 5K .25W FO
REGLSTOR 181K 5% .00 FC
METRIRK=RES 10811 HULTL-VALLUL

NETWORE -RES B-3IFS. 31 UM & 7
REEISTOR 10K SE .35W FC TC=-400/+7)10
REBISTOR S10 S .#5% FL TC=-
RELISTOR 518 5% L25W FI TCw- 400740400

SWITCEH-TOL DIP -RUR-DHESY 7-14 1A SYOC

450--HG
450 -Nf

IC NMO3 32768 (381K ROM
TG WROS 32768 (32K) ROM
IC NMDS 32768 (32K ROM 450-NG
T NEDE X2FER (32K} ROM 470 NG
1L GATE TIL LS NAND BUAD 2 TN

Th NKES 4094 (4) DTaT RAM  44G0-N9 3-5
I FI TTL LS D-TYPE POS-EVGE-TRIE COM
I TIMER TTL HOMDAASTIL

IL BICPRDL MRS

I B2 178 LS HOH-IHV LETL

HMOS 1024 (1) STAT RAM  SUU¢-NS
@3 1024 (1) STAT RAM  SDU--ND
Fre 1T LS D-TYRE POS--ERCE-TRIG C0W
FF TTL k.5 D-TYPE POG-EDEE-TRIG COM
INY TTL REX

DCDR TYL L5 3-TO-3-LINE 3-INF
DERR TTL L% 3 TO-A-LIME J-IW0
PHY TTL & HEX 1-INR

. BFR OTTL. L3 WON-TNY DOTL

s OCHYROTTL L3 BIN UP/DOMH SYNCHRO

CHIR TTL L& BIN UP/DUWN SEYHCHRD
GFROTTL L8 HDE~IWY OCTL

GATE TTL LS NANL QUAL Z-INP
GATE TTi. LB LR QUAD E-1lwP

SpEDR TTL LS 3-TO-8-LINE I-IHP

BFR TTL LB NOW-INY OCTL
FF TTL LS T-TYPE FUS-EDGE-TRIG COw
- BFR OTTL LS WON-InY DCTL

iC SHE-RGTR TTL LS R~5 SERIAL-IN PRL- OUT
P

GATE TTL L5 NAND QUADL 2-IM

EATE TTL 15 OR QUAD 2 -INP

FF T7i. LS D-TYPE POS-EDEE--TRIG COM
GATIE TTL LY #aANDE QUAT 2-INP

F OTTL LS D-FYPE POS-EDGE-THIG
EFR TTL L8 BUS glUAD

InV TIL 8 HEX 1-Ik¢
IC BN74L57165%N
IC BFE TTh 1.5 MOM-INV DCTL
I GATE TTI. LS HOR GLAD 2-TNP
IC IRV TTL LB HEX 1-INP

IE GATE TTL LS NOR TPL 3--INP

IC ¥F TTL L8 R~1YPE POS-EDGE~TRIG
I BrW TTL LE INV OCTL 2-IN@

e O AMP &P B-DIF-P PKE

T2 CHTR TTL LS BIN SYNCHRD POS-EDGE-TRIG

I GATE TTL LS NAND GUAD 2-INP

OPTO~IS0LATOR LEL-PLLDAASTR IF=230MAMAX

P TO-IS0LATOR
QFTD-I190LATOR
OPTO-ISOLATOR

QFTD-IGOLATOR

LER-PIID/RETR IF=00MA-HAK
LED-PDINSXSTR IF=B0FA-MAX
LER-TC CATE IFwlIdA-HAX

LED-IGC GATE IF=10HA-MAX

IG BFR YTL NaNT QUAD 2-ThP

IT SHF-RGTRE TTL LS K-35
I GWF -RETR TTL LS R-5
1¢ $MF-RGTR TTL LB K-8

SCHMITT-TRIG TPl L35

FRI_--I¥ PRL-OUT
PRL I PHRL -DUT
FRL-TIH FRL-OUTY

1KY HEX 4--ThP

© LCH TTL 1.8 QUAD
GATE TTL 1.5 MAND QUAD 2-THP
SCHMITT-TRIG TTL 1S 1NV HEX §-TNP
FF THL L5 D-TYPE POU-EBCE~TRIG

oEa20
pilaEr
aiiet
2U4F0
2o480

111
1121
nriat
nii21
24819

24
nilzt
b1zl
niizi

2H4B0

Wli7h
STE7 &
HElTSe
EEE L
1293

rr s
01295
11293
2H48 8
2P0 4

T4HAE
FA33y
F1295
11295
[ ]

11295
01295
1Ews
27014
12%G

91295
avni4
g12%5
1899
G173

27014
01295
77014
01a%5
01278

061293
11293
[ 3]
[ kel
N2

c1a%%
28480
27014
1298
nizen

B31293
B1E%0
27414
S054%T
[ R b ]

[ Ey
2EAR
28480
an4sn
20495

at4nl
L B0
01393
avs
L ls)

ni2es
012455
ni2eq
Ple%s
01295

1@310-0055
[ By B
a0
16288619
oed% 0107

GEN1iE
CBE11D
CEBLE3Y
Ce108345
1H18-0136

18100897
CR1I5S
LES11S
[

JI0-1026

SGYP2IES MAGHED
HYPENN2 HASKED
BYF2ITE MADKES
FYPEIEE MASKER
BHP4LE0ON

THEZ11 4~ 4TNI.
GR7ALETPEN
MESSSEE
1201591
D811 Y7

BN L1RAR
mH? I12APC
SH7ALTITN
SHTHLELT4AN
SHZ&14H

GH74LT AN
GNTALE 1Ak
BHZ A4S0 AN
DHD 11537
SHTHLELFEN

B4l 817N
DHBILEYTH
GHY4L500N
BH7 LGN
SN74LSLI8N

DPHBILEYFN
GNT7ALSET7 3N
DHB1LEFTH
SN7ALE1A4N
SH7ALENDN

SNFALGEEN
SN7ALEL7EN
BHTALSHON
SNFALBY 4hM
BH7-H_5125AN

GM74S00NH
1820~1975+0
THBLLETTH
N7 458 3N
BNTFALEG 4N

ENTHLG2TH
SNFALST 40N
DMBLLETEN
LPCIn a0
SHNTALS1G1AN

BNTALEGTN
ENLZH

G082 4850
T0R2-4305
GoHZ-4554

SUHE-4364
SH743EN
GN7ALGIPHAN
HBNF4LE19SAN
GH7ALETFUAN

ENZALE1AN
ST SRTIN
SH7ILB (0N
OGN7ALG14N
GH7 4LS74ANK

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

Dascription

Mfr
Code

Mfr Part Number

IC 7R4T @ ROLTR YO-220

IC UART TTL QUAD

I UART TTL HUAD

IC FF TTL LS B-TYPE POS-EDSE-TRIG COM
IC EFR TTL MAND QUAD 2-INFP

n4A74E
bav1%
Da713
012935
012¥5

MC7RAGER
MEI4AL AP
MC34414P
SNF4LEITIN
SN 436N

MG
Anlss
ALSG7?
LENE
b

18260144
1E28--1558
16e0~-169%8
141291738
1020 -9421

AL
ABUTY
ALLT2
REUTS
ALUTA

18201197
i0g2i-1204
14)20-1197
1620-1201
1906=-00%0

10 GATE TTL 1S NAND QUADL 2 TH®
IC GATE TTL. L3 WAND Dl 4 THP
IC GATE TTL L& NAWD QUAD 2~-IHP
IC DPCDR TTL LG 2-TD~4~_INE DUAL Z2-INP

B129%
D125%%
01295
n12e%

SH7Y4LG00H
BN7ALEION
GN74 BNEN
BN7ALELETN

AGLUTT

Al

18291177
19740078
RFad-1716

ni.24-0227
D757 -N443

g e

o

LIODE-FW BREG
16 TNV TTL LS
TUDE--ELECTRON

TERHINAL -EIUD

SCREW-TPG 4-40
RESISTOR 11K 1%

2u0v 24

HEX 1 TRP

SURDGE UV PTCTR
SEL-FIN PRESE-KTG

Z2G-TH-LG PAR-HD-POLT STL
V1ESH B OTC=sg+-100

14713
b1295
=480
284810

LR
24044

AR 02
BHZALENAN
19%0--08F4
BAR0=-121 4

ORDER BY DESCHIFTION
FA-1/B-Ti~-% 5 02F

15531-448 4 CONNECTDR 4--PInk M POST TYPL 24810 1251 4404

Al

AnCT
[ 1 )
AHcCd
o)z 1ot
BECT

AL
aaiiy
AlicAa
AL{11
[tLio I

1460-1334

a170-0713
d200--0143
2260-00014
30560105
FO50-1440

16712
71211234

13325 -661508

D1a0-2055
D1 402000
2180--2803
0IBE-2803
aig0-2822

pIRQ-2B22
0 ) &0-2257
Blb0--FEn%
1 Bb-3047
E140-2344

R R

WEto 0

WERLFRM CI) DBRT -FIN

WaSHER LK HLLEL

SCREW -MACH q-40
HUY-HEX-DEL-CHAN 440
WABMER-FL MTLE NG, 4

HO. 2

P RTE
=THD

A5 -IN-ID
IM-LE PAN-UD- POZI
JOFE-- T THE
V12T -Ti-TD

LABEL -MARNLNE

CAPACITIR-FAD
CAPACITOR-FAD
CAPACITOR-FXD
CAPACITOR-F XD
CAPACITOR-FXD

CRPACITOR -F XD
CAPACITOR-F XD
CAPACITOR-FXD
CAOPARTITOR-FXD
CAPACITRE-FXD

CAOPACITHR -FAD

WASHER-SHLIR NG, 3

HICH VOLTALE OUTPUT

A15-IH-1D 2~ IN--OD

LA TH-WD 1-1N--LE MYLAR

LABEL-CAUTION 1.825-IN-WD 2.24-IN-LG

HOSEMELY (DFT JRE)

D1TUF
HLE

+30-20% 100YL0 CER
+80-20% 100VBC CER
100UEHRE-10% 3AUDE AL
1HOLF+50 -10% SOVIC AL
10UF #5112 SOWVDEG Al

1QUF 51 0% SOYDC AL

1OPF +-35% 500UDC CER 4+ -60
THBF +-N% S00VNC CER Be-43
U +106-0% TEVBL CER
JINF - ATPF T0OVDE CER

2i3asn

21480
2480
2480
204810
23480

2B46I1
28480

2EFaG4a

woagl
Ze4i0
et B ]
ZBAu0
phRlcd]

ZA0n
29430
ZBABN
28480
2348

29480

1A60-13354

2170--0913
PEOU-D143
2RE0-NAET
20%0-0105
3U50~0440

FiaN-e712
F121-1234

03IEE-bHSEE

01602055
01&N-2055
olLat 2003
niep-2003
DRFHI B ek

nian-zuda
0 60--22%7
NieI-2257
0 E&N--3847
Nteh-2244

N160-2344

GI60--2244
olGa-021G
G160-0210
b1 403550
B a0-3%58

ABG A
AOLCTA
RECIS
LiE LSRR
AETT

INF - 25PF GIeVDE CER
CAPACITDR--FXD 3.3 +-20% 13VIC TA

Te2RY
THIB?
23440
2450

150033TX00LEAR
1LONEISHTA 1A
n1e0 -3554
(160 3580

15VNC Th
Savhe CER
BRUWIE CER

CAPECTITOR-FXD
CAPACETOR-FXD
LREACTTOR-FXL

3 320
CIUFE +--20%
STUE 207

01 B-2025
nli3n -z823
11 &N-4550
1an- 3556
b1 & -3 56

CAPACITOR--FAD BEUFFSEN-10% JIVDC AL
CAPACTITOR-FAL 22084530103 SOVDL Al
CARACITOR-FXD . 1LF +-30% 50VDC CER
CAPACETOR-FXD . bE +-207 S0VHL GER
CAPACITGR-FXD . iUF +-30% HO0WDC CER

ZBARD
bd= B [
ZBagn
2U4RD0
FRAEN

ABC1H
ARG

ALCan
ALIC2Y
ABLTA

0i0a--282%
ONE0-2HaS

AU S 0 1&0--3550 CAFPACITUR-FXD .1UF +-20% SHVDEC CER Adagl N1ah-355A

1920B-F20N
19023205
1901 -fo4n

19010040
1704 -2940

UINDE -ZNR L3V 3% DO-35 Ph=.4W TCO=+, 037%

DIOGE-THR 15V 6% DU--FS Pha, 4W TE=+ Q57X
DIDDE-BWITCHING 304 S0HA ONEB DG-3%
MITCHING 304 TOMA 2ZND DI-35
~SWITCHIRG 304 TIMA I2N3 DO-3%

ZEABD
i 4 1]
aeaah
HAan
204810

ARTR 1
aOCH2
AILRD
RLICRA
AR

1?02-380%
19302-3205
17010640
1401-0640
15011040

2400
213400
23ap(
23430
2EaA0

1907-3200
102080044
1708-n040
ERR L0040
1701~-004T

CITRR 154 GX DO--35 PDa. AW TCam .
~ZHE 33U EE Pl JR=ELM
C-BUYTCHING 30V SEHa 2G
CSWITCHING 309 S0MA =NS
F-BWETCHING A0V S0Ha #ME

ABLCRE
ARCRYT
A RB
ANCRLL
AflGHL2

1023005
12028 D244
19010040
1?01 -0040
VR0~ G0ag

D035
DO-3%
D035

2BA8Y
REAS0
Z3480
BRaid
ZHAB0

19 =-80410
1040040
Pl BT R
12di-0050
$%01-0050

LLANE -SWETCHING b S o RO
DIGOE -BMITCHING 304 %0MA 206 DU-30
DIODE - HWITCHING 30V SIAHA MG LO-35
DIODDE~SWMITUHING BV ZDdMA 2HD O-35

BYDDE -OMXTCHIRG 80V 200Ha 2HS DO-3%

ADERLE Iy DM
ALCR14
AULRET
RBCRLA
eBCR1Y

T EAD
120 -n040
1?01--0049
1T#0Y--0n0F0
1PTE-No%in
AEF 2110 0343 FUSE . 2%a 123V NFD BB, UPS 2080 AR (=L )

1-BPeY
ZRLY

2e4asn

CONMELTOR-FHOND STHGLE PHONG JTACK; DIP 1
Eaanl 18% 6

LONNECTOR -PIOND STNGLE PHOND TAGK; DIF

1351 - e ne
12910089

AFIEn
AEHTIL

1HBSG-NERE
1705 0091
NZ4n-0he4

2agl
2841
L4430

HEAT BINK FLETC -PWR- L3
HEAT STHH TO-5/T0 -37-040
INBULATOR-AGTE THRH-CNDCT

AN
AUMP2
AfinP

1208320
1a05- 0011
FIA0--I5ES

AR 1291 - A24G CONNECTDR 3-FIN H POGT TYPL Hyagn 1351 —-ageh

Sce introduction to this scction far ardernng mformation
Elndicates factory selected value




Replaceable Parts Replaceable Parts

Tahle 6-3. Replaceable Parts

Mfr

Reference HP Part Description Code Mfr Part Number

Designation | Number

frtalr 168540475
ABRE 1H34-021%
ASDA 1B33-0034
AR 1853 - D4
ABRT 1854-02159

o0

TRANEISTOR--HUAL NPN PD=75GHY 28480 1854-5475
TRANGIETOR NPN PL==35fiHW FT=300HHZ 04713 THIT04
TRANSISTOR PNP PD=310M FT=230MHZ ARl IS ALIE
TRANSISTOR PMNP FDud 1MW FT=26GHHY 28480 180 3-0042
TRANSISTOR KPN PR=3N0MY FT=300MHZ n4713 2NIF34

e  Ea ] ]

TRANSTISTIR HPR PE=A50MW FT=300HHL nE713 el R )
TRANGBIGTOR PHP = 303HW FT=150MHE 28480 185930020
YRANGISTOR PNF PE=3R0KW FT=150HHZ jar21-1) 1353~-0020
TRANGISTOR NPN PR=300HW FT=300MHL 047135 ZH3T 04
TRANGISTOR PHP SI PL=310MK FT=20GHHY 2gqat 185 ¥-0042

ABGG 1e54-0213%
ARIRZ 1953--0020
ABAE 16E3--0020
AERYT 16%4--02158
ABAL2 141530042

T

TRANSIBTOR WPR 51 PD=3T0KW FT=300MHI 04713 NI 04
TRANSISTOR NPN 5T FD=15W FY=BOMHZ 04718 MIYE223
TRANSIBTOR PMP 21 PD=)hY FT=GRMHZ 04713 MIE233

aBgI3 1654021 %
ABAT4 18540492
MERES 160%3 - #3467

[

RESIHTOR 4.92% 1% 1254 F TCud+-100 A4%as [4-1/8-TQ-4791 -F
RESIGTOR F1.1K 1% 185 § ¥C=la-100 24T LA-1/8-Te-5112F
RESIGTOR 2K 1% 427 F TC=(+-1010 24D LA~ 1/8-TO=2001-F
REDIGTAR 2K 1% . 1208 F TC=0¢-100 EAGAE C4-1/8-T0-2901-F
RESILTOR 47 % .2GW FC TUw--Adn/+500 41121 CRATIE

ABR1 1 &36) - 3879
AERZ 1757 -8 ATE
AR N7FE?-0:333
ABRA PPF7- D AENS
AORE 1 & BE -~ 47 0%

RESLISTOR 47 %% 25U FC TC=-400/+%00 G112t CRAZUE

RESIGTOR 4 99K 1% (12T F TC=0+-100 245404 C4--1/8-Th-4991-F
REGISTOR 1,24 1X (12%W ¥ TC=0+-100 24546 Ca-1/8-Th-1241~F
RESISTOR 399 1% 1254 [ TC=g+—1010 24544 C4- 1/9-TO-JWPR-F
REBISTOR 10K 3% ,1235W F TC=9+-2% 25400 F6SE~-4 360

AORG LEGI-47 D5
ALRT N&98-5279
ADRS DHFPE-32E3
AR 1 6P8--4 449
ABR1Z B670-8369

REGISTOR 140K 4% (JESM F TCa0+-29 28400 05699-6348
RESISTOR 402 1% 1254 F ¥C=D+-100 2ATAL G4 -1/8-Td-402R~F
REBISTOR 402 1% . 12%W F TCub4--100 2444 Ga-1/8-TU-A0ER -F
RESTISTOR 1906 G2 2500 FC 3C2-300/4550 11121 [#:3 N 1%

RESISTOR tH0 &% ,25W FC TG=-400/+508 ntiat ceros

AR 13 0 6786360
AL A DEYB-4453
ABR1E 0 &98-4453
HERE & UeH3-1061%
it 17 1 683-1015

RESISTDR 100K 5% 2T FO TCa-400/+800 nital CET R 4%
RESIGTOR 3, 01K 17 .12%W F TC=0+-100 24%4E Ca-t/8-T0-30 11~
RESISTOR 93.&6K 14 120GM F TC=0+4-130 24546 C4 -1 /8-To-%2862-F
RESISTOR 3 411 1% .125W F TC20+-100 24544 G4~ 1/8-TU-2001%-F
RESISTOR 47 3% ,2%W F& Thw-460/+500 LR EF:31 CEAZES

ABRIA 0683+1043
AEIR 21 07Er-0a73
ARRER 06FH--44091
ASIR 23 0'?57-0372
AEBRTA 1693-4712

RESISTAR 47 T2 .2WW FC TC=-400/+800 0ti1dt COAZ0%
RESTSTOR 33 5% .25 FG TOm -400/+-500 driat CEZ3E0D
RESIGTOR 33 &% .20W FC TCs-400/+5010 112 COEX0S
RESIBTOR 3.8 SX . 00W FC TC=-409/+200 i1 CHIHES
RESISTOR B 1% 1254 F TCag+-100 2alidh C4-1/8-Th-2301-F

AGRAS 0483 470%
ABRZE M4683--3003
AR 2T 0 &83-3205%
ABR 28 1683 -1385
ABRIEM 0757 -083

RESTSTOR 208K 1% .120W F TO=04-100 24544 Ce-1/8-TO-200F-F
REATISTOR 200K 1X 1250 F TLabe-308 A4T4E Ca1/8-T0-2005~F
RESISTOR 2K 1% .J20W F TC=0+-180 26hT4b G418 TO-2201-F
RESISTUR 3.6 5% .25M FC TC=-400/4300 11121 GHILES
RESTRYION S.& S¥ Z0W FC TCx—-40p/4500 08121 CBSOHET

ARG 07E7-0472
HERIY N7E7-D472
ALIR3A 0757 0RE3
ABR 3N 16830 38%
AURGE 05832465

]
7
&
]
-]
-]
]
a2
8
&
&
4
4
7
7
3
4
F
ry
-]
-]
2
2
=)
&
]
L)
&
&
1]

RESISTOR . & X .85W FC TCa-400 /4500 d1i121 o L-Te]
RESTBTOR 22 5% ,20W FC TC= -400/+500 p1121 w1t

HARE7 Nady-- 05480
RER € 085220

S

ABLE 1%0&-D0%6 DIOBE-FW BRDG 290V 24 04713 HDAZDE
AUz 1824~ BhbA IC V RGLTR TG-2240 e HC7BHLSEP
ABLI 1826014 IC ¥ RGLTR TU-22U 94713 MGTPGET

1851 ~0E0D COMNECTOR-EGL DONT #IN 1, 14-MM-BEL-G52 SR 2E430 1291 -0500
FL90~0N04 WASHER-LK TNTL T NO. & .115-IN-1D ©ealn 2190-0004
232000147 SCREW--HACH 4--49 | S5-IN-LE PaN-HD-POLT 204B0 2200-0147
2eed-Hing HUFI-HEX-DBL-CIAM 4~40-THD | DAH2-TH-THI e840 HR2L0--0808
@X0-0113 SEREW-MACH 432 25-IN-LG PAN-AD-FOZT ogoon ORDER BY DEGLEIFTION

JUS0-07 10 WASHER--FI. MTLC MO, & . 123-I%-ID e Bt Ap50-0714
7121-1234 LABEL-CAUTION 1,825IN-AWD 2.24 IN-LG 28480 7121124

AT DETAN-L450F CRYSTAL OVEN ABEEHELY (OPTION 0813 29480 BRAG -HLE07

™

CAPACITOR -F XD 2800F+00 108 33VDC Al (474 ILVEELZAN
CAPACTTOR-FXD G1UF »100-0% SOVDL CER caanh 0140-31347
CAfACITOR -FXG  D1UF #100--0% SOVEC CHER 284810 01 RI-3647
CAPALITOR-FXD 10RIUF+5EA-3 T 2OMDL AL ghawg AGYRBLLI0D

ATCI DL T2
AT 0} 60-3%F47
Ae3 B1&0--3347
AOL4 04 #0493

DIORE -PWR RECY S0 ?50H4 DO-29 214809 1F0I-004%
DIDDE-PHR RECT S0V 730HA T0-2% 23480 1241-N047
DIODE--ZHR &, 4%V 5% DD-35 PO=, 44 20480 1908 -a04y

#7CR1 1701-004%
BAPLRZ 1901--0049
ATERD 17ha--fh4%

LR =] 00

ARE] GRG0 DAHT USBCILLATOR 1LMHZ 20491 0960 ~4465
ARN1Y 19512947 CONNIZCTER-PHONG SINGLE PHOND FACGK; DIF ZE4BN0 E2S1-2769

APHTL 120512973 HEAT SINK PLETC-PUR-LY zpatll 120T- 0P8
ATMP 0340 35464 3 INSLULATCR -XBTR THRM--CHDGT 20470 QEAN--D5L4

AR 1T 1-4245 CONMECTOR F-PIet M POST TYPE 23480 1251 -4244

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




Replaceable Parts

Replaceable Parts

Tabie 6-3. Replaceable Parts

Mfr
Code

04712
na713s

HP Part
Number

14333
11153- 0 4%

Reference
Designation

Ly}
AvHI

Description Mfr Part Number

oo

TRAHSIZTOR KPN 2H2218 231 T0-0 FD=BOOKW
TRANSISTOR FHE 5T ¥YO-220A8 Ph=LOW

AHER1E
HICI?K

AYR1

ATIRZ
arRy
AYR4
HRG

0583- 1025
D6A3--1 0085
06853320
037-0299
D68 3470

RESITGIGR 1K D% 2% G TC=-albd/ +ald
RESISTOR 10K 5% 254 FC TCs-a00/74700
REGIGTGR J.3K SX .20W FC To= 40 07+790
RESIETOR A 19K 12 12U F TC=0+-100
RESIGTOR &.06K 1% .123W F TC=0+-100

9112
01123
01121
19761
24540

CRI0E2E
CH105s
CR3ANG
HE 401 /8-T0-4171-F
C4-1/B-TH-B&BR-F

AVR
AZR7
RIRE
AFRY

DHIT-R274
2100-3252

D4HA%-1 043
5032027

lePa-3874
2100-3252
cEiig
3225

RESIGTOR 10K 1% . 325W F TC=0+-25
RESISTOR-TRMA $k 10% C TQP-AD

REBLGTOR 100 52 .25 FC Tow-400/+090
REGTATOR TK X .20W FC TC=-408/¢708

23180
28480

121
01125

-} LR 4 LN B N

AvLU 1820 =-0214

IC 0° &HP G 8-DIP-F PHG 28481 1820-0216&

DA - rahiY

Lil

i BO-BLKI22212) 2pag] 93I2T 26507
IR L B
RRlt=-01032
2200-9143

HESHER-LX BLOL NO. 4 115 -TH-ID
SOREW-MACH 4-40 | 25-1M-LG PAN-BD-POIL
SCREW-MACH 440 . 3V5-YN-LG PAN -HD-POZT

234R0
2RAR0
23460

21900913
&200-0103
2200~nta3d

2 -0

2oe-0001
REE0-0113
S050-010%
INTi0--p44d
SHH-0b04

HUT~HEX-BBL=CHAH 4~ 410-THD . 194~ 1H~THIC
SCREW-MACH &-32 . 29-IN-LG PAN-HD-PODZI
WATHER~FL HTLL HO. 4 . 125- IN-ITD
WASHER-GHLOR NO. 4 1153-IN-ID .2--LR-0D
WASHER-FL. MTLDG 2716 TH 5 IN-ID

24400
anedn
2aqaal
Zeae)
298480

aAdb0-p001
ORDER BY DEECRIPTION
FeEn-010s
A050--0440
FaN0-nal4

SR L]

AN 0
21224

HASHER-FL WTLC HO. 5 . 328 -TH-1D
LABEL-CAUTION 1.825-IN-WD 2.244N-LG

254810
268480

ABSN-N¥ 14
7121-1224

Ald

A1401
AL4GT
AL4LT

H1404

n14CT
ALACH
AL4CRS
A1ACZD
At4Czd

A140C2%
AL4C3E
A14AC3:
Al4C3E
Al4034

AL4CAT
A14C34
Al4ca7
ALAL3E
AL4CA?

F1ACAL
ALACAR
AL aL4z
A14C44
AlaCes

A14C45
ALACAT
AlACAR
Al4Ca9
ALACTD

RS 1913
ALACHD
LY 0 X
AL4CHT
A1 ALbb

ALALTS
At ACT?7
A141570
LIEIMRIRE
ALa1R2
A14C103 %
Alalina
ALAC105
A1401487
AL4CIOR
AL4ACI NP

filat110
A14Ci1t
Alatiiz
#14C113
AlsCil4

0II2W-o451 4

B199-1201
01603540
01 &0-5347

03 &0--4532

G1B0--1740
n1t80-1744
D1ég- XAy
N1&0-%7347
D14L0-304A7F

150-4571
11603347
H1&0-3847
ni6t-3446
0140~4%32

01460-4571
niel-01462
01LG-9142
0140-38347
Mi6s-3BA7

0i60-4571
01404571
W1é6D-4137
tlan--0128
Di6a--0129

14D -%335
01a60-%047
a180-3210
1180-1746
BtE)-4571

6 140-"738%
D1 ED--BENS
LN T Bl 1)
01600206
0140-5300

11484571
i1 403847
01a0--3R47
H169-0145
1168-2201
01400217

Hs0-5d0a
01&0-2304
01401154
143047
01 4L0-3047

a21-t1ns
U 1a0-2256
018643647
W1aG-3047
1160-45332

-

LR R ]

DD ad GUHTHE HENGD GV AME ~H4% <

W gk s COHWT ORI W

CAPACITOR~F XY
CAPALTTOR -FXT
CAPACLTOR~FXD

CAPACTITIR-FXD

CAPACITOR-F XD
CAPACITOR-F XD
CAPARCETOR-FED
CAFALLTAR-FXT
CAFACITOR -FXD

CAPACITUR-FXT
CAMRCITOR-FRT
CAPACTTGR~F X
CAPACYTER -FNT
CAPACITOR~FXD

CAPACTITOR-FXD
CAPACITOR-T KD
CAPACITOR--FXD
CARACTTOR-F AT
CAPACITOR-FXD

CAPACITOR~F il
CAPACYITOR-FRE
CAPACTTAR-FAD
CAPACLTOR-FXD
CAPACITOR-FXT

CAPACTITOR -FXD
CAPALTTAR--F XD
CAPACITOR-FXD
CAPREITOR-FXI}
CHPACTTLR-F XD

CAPACITOR -FXD
CAPACTTOR -F XD
CAPACTTOR -K XD
CAPACITOR-FXD
CATACLITOR-FXD

LAFACITOR-FXD
CAPACITOR-FXD
CARACTTOR-FXh
CAPALITOR-FXD
LAPACETOR-FXD

LAFRCTTOR-FXD
CAPACITOR-FXD
CAPACITOR-FXD
CAPACITOR-T XD
CHRACITOR-FXD

CARADITOR-FXD
CATACITOR-ITRD
LCAPALLTUR ~FXT
CAHPACXTOR-F XD

PG OAGEY-FUNCYLOH

&.BUF -2 0T AUDC TA
1UF +-F% 103VIC MET-POLYC
COTUE RTRE-9X SOVRD CER

1006PF +--20X BBVDL CER

15UF+-10% Z20VIC TaA
157 +-102 200DC Ta
COLTUF 41800 SOVRC CER
COIUE 1000k SOVDE CER
LO1UF #1000 SBUDIE CER

CIUF +86-20% SOVDL CER
COIUF +160--D2 SOVDC CER
LEIUE R100-0% SIVEE CER
1007F +-% 0% 1#VYDC {ER
1BROFF +~20% SOVDD LER

JUF A BD--20% GAVDE CER
ABRUF 10K 200VEC FOLYE
CN2EUF r-10% 200VDC POLYE
COTUE +100--0X SOVDC CER
L01NF +100-0% S4VRE CER

LAUFE +B0-E0% SO0VIC CER
AUF AB0-2MH TAVDG CER
CBIUF +-1E V00VRE FOLYSTY
2.2UF +-30% SeVLy CER
2.2F +-FLE ENVEC CER

1UF #-10% 100¥RC RET-POLYE
CQIUE 068X BIVDC CER
Z,AUF 20 AGVDC Th
15UF+=-106% 26VD0 ThA

JUF +E0-20% SUVINC CER

IUF +=10% 180VDC MET-POLYE
16F +--10% 100VDC MET-FOLYE
ALE =103 19 0VDE
AU -0y tB0VDE
JUF 107 19 0VDE

JAUF 4B -2bX F3¥DC CER
JONUE 000K TOVDE CER
COUUE 12907 SAIVEC CER
BEPF +-2X 160UDE MICA
SIPF +-%E 30OVDC RICA

CAPACITOR-FXD 140pF 300V

4HOPF +-22 SO0VIC MICA
2IPE A -NE BOOVTC MICA
1T0FF +-5% BLOVYDT HICH
JHAUF #100-0% TOVRC CER
LO1UF +100-% SEVWDC CER

CAPACITDR-Y TRMR-CER P-397F ZodV PC-MTG

5,10F +-, 2E0F SUOVIC TER
JHUF +100-0% GOVDE GER
LFIUF +100-0X SUVDEC CER
T034PF 4-2d% HAVIC CER

28430

BaAEY
28480
2EAG0

23480

ThiET
SLEBT
28430
#4080
=a4an

ZE48H
Z24B0
ag488
=B4ED
28484

EBABD
2E406
2HaB0
28480
ZB4R0

SEAR0
22480
B441%
ZRAR)
2EA )

20480
23460
LeEaY
b2y
284830

28404
28489
2a4ad
23480
RBaR1T

28480
260480
28489
28480
284a10
28480

284810
25440
FE1Th
25400
2a430

u2763
23430
23481
AL
204aR0

134856651 4

1E0DABIXO 0 0LAZ
D160 -~3560
114603047

G160 ANA2

1GIR1S6XTIE0BE
1END1SEXPLANRE
01693347
01 &0 3FHAT
0 R 2847

$160-4%571
016H-3847
414603047
014D -2484
$160-4532

J160-4574
1600162
0140--0142
4160-3047
G164-2847

B1Hn-4571
Nl bo-a#
634

I1ae-01249
d160-0128

1160-033%
21403847
130D335K 001542
150D1B6NS028BY
0i60--4571

0140-5330
11605330
01505504
NEN-T304
0140-5304

01 a0-4574
0160--3347
0160~-347
01600147
0169-2201
0140017
6160-3004
0160 -2306
TH1BFIS1 TG CINVICR
i &0-3047
16 --3847

F043F24 PADITPE NETO
11602250
MiaN-3047
n160-30847
A160-45352

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




Replaceable Parts

Table 6-1. Replaceahle Parts

Replaceable Parts

Reference
Designation

HP Part
Number

oo

Description

Mfr
Code

Mfr Part Number

Alac1d
Alat117
Al40118
AL 40119
ALALLEL

ALAGIER
ATALL2H
Al ACL 24
alanip?
ALACIZY

ATACLRER
AlACL3D
R1ACTEY
ALAGLTSS
AT4CE33

A14U134
A14013%
LY b
A14£137
A14C135B

ALACT 3%
EEISEY]
nlac14g
AT4C143
ATAC144

A140203
AL 40205
AT ACERE
ALAC20Y
AlAc21y

Al4C212
Al4ln3
AL4C214
ALAC317
B14C21H

A1AL2LY
A1aC2an
A1 atE2L
AL4024R
AL4LR2T

AL4ACZ224
A14C22%5
AlACE2E
AlALae?
ATAC2ZE

Alar229
ATACRED
ALAC23Y
Al4caa2
A1403%3

wl140234
AL AL23S
ALALRAS
AT ARG
Al40aae

AlaCz24n
alagadal
AlAnZa2
AlAG24T
A1 aCEA5

140269
LY R vty
h14CREE
AlALZ26H3
Al4C2E4

AL4CR1
A1ACR2
A7 4CR3
AlaCR4
A14ACRT

MACRS
#14CRY
ALACRT
A14CR19T
ALACR102

N14G--3347
Dial-3347
01801744
L1Es-1746
01403547

BLel 3647
M40 -029%
G 1ad--3847
$140-3B47
01&08-3347

1 6H--2347
Q1 60--22 40
Nlan-3s4?
0160-3047
016 0-7230

11443047

ey
04 60-4571
016D0-4571

MG0-3547
nis0-a571
E1&0--04 56
N160-0301
D1&0-2414

h1a0~-35847
0h&D--3ab6
04 &0-1847
D160 -3847
N0~ 2E47

o140~ 3847
N1 &0-4552
G140~ 4532
n121-04%2
L140--4571

oian-1744
M0 -4571
0140--3647
0168-2250
0140-2947

bi&0--3847
B140-305F
F1&0-2240
01503847
b1é6n-3BAT

G165 -3047
P164-3B47
L180-1746
1604571
p180-0219

B1&0-3847
0160-2BA7
Nt&y-246&
21402455
N160-4571

Nibo--F46L
01160 3047
01483847
01@3-1744
0180-1744

Diba-4%71
N158--45721
140 ~4571
G1AG-1744
N1 4g~4571

tR02--0041
1701--00410
19910040
17940050
17022345

1981-0050
1901 ~005%8
1901-0040
19040640
19013040

UL R

phaDe TedhsS ord-aba FA0DD

[ | B L e R ]

Mgt pAMLw PFPOE-od QLG DVewRo

=N o i e

] WL e

CAPACLITORE XD
CARACITOR-FAR
CAPACTTOR X
CAPACTTOR XD
CAPRGITOR-FED

CAPACETOR-F LD
CAPALTTOR XD
CAFACLTOR ~FXD
CAPRALGLTOR-FXKD
CAPATITOR-FXD

LOIWE 4100 0H FIVRE CER
VELUF +106-0% SOVDE CER
180 -0 200 TA
1SUF+-10% FGUNC TA
VOIUF 43045-9% B0VCL CER

OIWE 4101 -0 SUVDEC CER
1HOOFF -1 0% ZOOVRE FOLYE
CBTUF wdd0-Rx S0UDC CER
LO1UF +100--0% S0WLC CER
LBTUF 4110 0% JAVDL CER

CAPAGITOR-FXD |, 01LF 104 -01% SIVDC CER

CAPACITOR-FXD
CAPACTTOR- XD
CARACITOR-FXD
CAPACITUR-TXD

CAPACTTOR-FXD
CAPRCITUR- FXD
CAPALITOR-FXD

DOF 4, 29PF HOOVDE CER

COLUF #1O0R-D% TIVRG CRR
AIUE 4109~3% S0VDE ER
S.iPF o« - BOPF SOOVRE CER

JBAUF +180-0% SOVDE CER
©PF e 2SPF BROVEC CER
14F +B0-20% SOVDC CER

CARACITOR -¥XR . 1UF rB8-R20% S0YPC CER

CHPACITOR-FXP

R +BG-20% FIVDE CER

BAPACTTOR-FXD  BIUF 1100~0% BIWDC {ER
CAPACITOR-FXD . 1UF +R0-20% SIVDE CER
BAPACTTOR -FAD 3PO0PF +-10% 200¥DE POLYE
COPACTTOR-FXD . 0120F +-10% 200UDC FOLYE

CAPACITOR-F XD

CAPACITOR -FXD
cAPALLTUR -FAD
CaPACITOR-FYD
CHPACT TIR-F XD
CAPACITOR~FRD

CAPACITOR-FXD
CAPACITOR-FXD
CAPACTTOR -FXD
LAPADITOR-U T
CAPAGTTOR ~F XD

BAFACITAR-FAD
LAPALYTTOR-F XN
CAPACITAR-FXD
CAPACITOR -F XD
CAFALTTOR~FXD

CAPACTTOR-FXD
CAPACLTOR-F XD
CAFALITOR--FXD
CAPACTTOR-FXI
CAPACITOR-F XD

CAPALTTOR-FAD
CAPRCITOR-FXD
CAPACTTOR-FXD
EAPALITOR-TAD
CAPACITOR-FXD

CAPRCITOR~FXD
CAPAGITOR~FED

LOAZUF - 5% 208VDC POLYE

IO +100-0% FUUDC EER
150PF +-18% 1KVDE CER

JOIWF +L00--R% SO0WLC LER
LEIUF +10R-0% SOVRC CER
LOAUF 4100--0% BOVIC GER

LBIUF +130--0% G0V0OC CER
1R 0OFF +-B0% SNVEC CER
100OPF +-20% SO0VLL CER
RHR-ALIR 1,35 APF 170539
JAMF HE0-20% SBVDLC CER

LHUFF-10% 20VIC Th

VEUF +90--20% S0UDE CER
LBAUE +1R0--0% BOYDRE CER
5.1PF +-,25PF SBIVDC CER
JOIUF +109-83 SOVDL CER

CBLUF #1000 mAVDC CER
LJHIUE 10002 HIVRC CER
2°PF +-,25PF BOOVIE QER
CAIUE 1400 SOVRE CER
LO1UF +#100--0% BdVDT CER

+110-0X SQYBLC CER
T iU f-0% SOVIC CRR
15UF+~193% 20VDC TA
JAUF 4@ 3-28% GOVRL GER
3, 3UF 202 1OVIC TA

CELUR +100-0% S0VDEC CER
JATUF +180-0% SAVDD LER

CAPACTTOR-FEL 100PF +—10% 1HVDL CER

CAPACITOR-FXP

JO1UF +80-20% 190VDC CLR

CAHPAGTTOR-FXD .IUF +3h-20% BOVDE CER

CAPACITOR-FXD

TU8PF +-10% 1EVEC CER

CARACITOR-FXD .ORUF +500- 0% BLWIC CER

CarALITOR-FXD

N1UF +100-0E SOVRE CER

CAPALITOR -#XE 15UF+-~10% 20VDC T

CAPARITOR~FXD

CAPACTTOR-FXD
CAPACITOR-FXD
CAPACITOR~FRD
CAPACITOR-FXD
CAPACTTOR-FXD

15UF+-14% 2UVES Ta

LIUF B0 -28% SO0VERC CER
JAUF +R0-28% SIVDE CER
JUF +B0-20X SAVHL GER
18UF+-198% 20T Th

JVF R-20y SO0VDE CER

DEDDE--ZHR 5.1%Y
PICDE~SWITCHING
BIBDIE-SWITLHING
GIODE-SWITCHING
LIOME-ZNE 51,1V

DIODE -SWiTCNING
DIODE-SWITCHING
DIOCE-SWITCHING
DINDE-SWITCHINE
DIAPE -SWITCHING

"X D03 #he, 44
30¢ ZnMA NG DO-3F
IAY SO INE DO-3T
BV 200HA 2NS RD-35
S% D-39 Pow,4d

gy 20844 2NE DD 35
B0V BDbHA ZNS DO -3%
38V SINMA 2NG DO-33
IV S0MA NS BO-30
3oV SOMA 2RE DO-33

26480
AE4810
BHENY
ppekt g
=H4ED

agaod
ZB4ABD
2e4an
21EABD
Pa4Bh

ZRA67
REAS0
=463
ag480
2B4a0

23480
L]
284480
28480
20400

2E480
2A400
a0
23400
23480

20480
pio R ek
23430
2480
Anead

26480
28480
2648
74970
2440

S4L20Y
28489
2L 450
2484919
28430

28482
2E4BN0
epagd
2H480
eBAlko

2848
213480
Son0Y
234840
So207

RBABY
264490
26430
28480
2380

2134£10
23480
23480
L6247
Se289

ZBAED
284880
20480
GHRE?
22430

=oag0
26480
28480
20484
20450

#3480
He4e
2e480
28464
28448

41608-4347
b1 663847
L5IR1G6XP020EL
1HNDTILXPIIMED
e150--3347

914603347
G163 -0EF9
01603047
DLlHN-3347
014603347

1 En- 3847
0G0 -2240
Ni60 -HEH47
11603847
& 0-2E00

01 6&0-3847
atal-224l
014&0--3308
N1&0-4573
Ni&0--4571

O149-3R47
H1&0--4871
0163-0 15
01404301
Had-2414

U150-3847
B16{- 3446
01403947
01 4H0-3347
Q1403047

0160-31347
DL40-AFIR
0140 4538
147-010%~028
M4 -4571

150015680 1005B2
01494571
01503847
01460-2250
116 4-3047

PleD-3i47
61603347
D16E-2240
V1560-3BAT7
01a0-3047

01603847
Bien-3847
LSO ELSNPO2 082
D160 -4571
1H0 DA A2

0140 3847
Li6H0-3647
U3 R B )
DteI~2855
0 68--4571

i6]--3446
d160 3047
143047
13401562 NLE
IGEHEAXTEANER

21604371
11604571
0540-4571
1800156270002
B1460-487

19420041
1%91--0040
i901--3040
17491 -0030
190 2-3345

194100350
1907 --00%50
1901-0040
17010044
1707-a940

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




Replaceable Parts Replaceable Parts

Table 6-3. Replaceable Parts

Reference HP Part
Designation | Number

A14CR103 1%01--0a40
ALACRI A4 1#01-G0ad
ALACR104 1701 -0040
AlACRIO7 1701-a04g
ALACR 1 HE 1201 -0%E5G

Description g‘;&e Mfr Part Number

[ww]

DIDDE -QUITGHING A%Y G0n4 2Me DO-35% 23BN 1vHL--tHaal
DIODE-SMITCHING 34V SO0MA 2N5 DO-38 204810 Ru1--0040
LIODE-GRWITCHIWE 20V BiMA ZHE DO-35 ZBasn 190100410
DIGHE--SWITEOWING 30V S0HA N5 DO-33 29480 12010040
DIDDE-SH 516G SCHOTTIY 28430 19350035

ALALRIDZ 1901-D53%
A1ACR11D 12010940
ALACRILL 1901040
ALACREGS 1708-0631
#1 ACR 200G 120t-d0ag

DINDE-SHM 516 SCEHOTTHY 20421 1901 -0435
DACDE -SWITCHIHG 20 SaKA NG DO-33 2040 1901 -0040
DIDBE~GWITCHING 30V T0H& 2M5 DO-3T =zB4aa0 17650040
DIDDE-ZMR INZITIE 14V 5% PR=5W TO=+70X 04771% 1NNEELR

DIORE-SUITOMING 30V S0WA 2ZM3 DO-3% 28480 19610040

=L BRI

ATACRZ0Y T1--Da40
AralrEte 1%01-0049
ALACR211 120 --DOS0
At4CAZD 1%01-H0350
AL4TR21LY 1902-314%

DINDE-SWITCHING 30V S0MA 2NE DO-2% 234810 17050040
DIOGE-SHITOHING 30V SUKHA 2W5 DO-39 29400 1701-00AR
DIODE -BWITCHING 89V 200Ma ZNS DO-35 ZB4a80 1791-N050
DI0ODE--SHITCHING 230V Z404a 2MS D035 284810 12040030
DIODE--ZHR 2. 9% GX B0-35 PR=. 4W Z3490 FP02-A1 4%

S -

Al4CR214 TRRE-Z030
A1 4CR215 1702 -0631
ALACRZL7 1901-~0048
ALACRELY 1?R1-0040
ALACREZN 12061-0040

DIODSE-ZHR Z .01V 52 DO-7 Phw=, 48 TCa—, 2673 Hu4B0 1e02-3d3d
DISDE -THR INSEGZ1H 14V 5% PD=0W TL=+75% 04713 INGRG R

DIORE-SMITOCHING 30Y SfiMa N5 DO-33 28480 19E1--0040
DTUDE -SWITCHING 30V S0M6é ZNG D0-35% 25481 1201 -00410
DICDE: SWITCHING 30V Giika 23 DO-33 29480 1964-N040

R

Al ATREN 17012049
AL4ACREZD 1901-0535
ATALRZ23 19010035
ALACREZ4 1901-8535
A1 4CRZED 1?01 -D53%

DTLODE -GWITCHING 30V DOMA 2NE DO-25 Zpapyn 12010040
DIORE-~-3H GI& SCHOTIRY 2B4% 1 1901 -053%
DIDDE-GH BIG SCHOTIKY 23480 jhd R ERIE
TIODE-SH SIG HLHOTTHY 284810 19010535
DIOPE--GM GIG SCHOTYRY effaBi) 1010534

R R R

AtAF1 11003435
ALAFR 2930 0543
AlAF3 2110--0343
AL4ra 2110-01301

FUSE 274 123V NTD JZBLX. %3 PHABD 21100343
FUBE 254 135U NTD 281X, 093 BABD #1114 -0343
FUSE | 2ha 123V NTE 281X 093 2BARe #1110 0343
FUSE . 12%4 123V 23X 093 2A[A80 2110-03061

-k

Al4TL fis9-000%
ALLTR 12461 -294%F
Blal4 139 -27569
ALATS 1281 -2960
RlAals 133163567

RESIGTON -ZERD (Wi 22 AWG LEaAD DIa afagl g157--0005
CONNECTOR -PHONO SINGLE PHOND JACK; DIP AR 1251 -275692
CONNECTOR~PHOND SINGLE PHOWD JACK; DIP 284ar0 12512949
COMWECTOR-PHORG SINGLE PHOND JACK; DIF 204810 12312967
COHNEGTOR 21-FIN M POST TYPRE 28489 12T -65A7

SomR oS

ALATY 1291 -6
Atalz 1 RE-2%e?
ALATLE 1801 -2767
AlATL4 135129462
ANATZR 1251 -276%

CONHECTOR-FHOND SIAGLE PHIND JACK; DIP 2040 TANI-E296T
CORNECTOR-PHOND SINGLE PHONO JACK; DLP 2H480 1251-296Y9
CUNHECTUR-FHONG SIAGLE PHOND JaCK; DIF 20430 1351-296%
CONNECTOR-FIIND SINGLE PHOND JACK; LIP 2480 1051 -2F6Y
CONNECTOR-PHDMO SIRGLE PHOND JaCKy DIP #3480 1801-20ef

[N ]

Atafaa 1851 29467
ALl4les 1231 -8P69
B ATAR 12531 -5064
AT4T3 1258-0141

CONNECTDR-FHDND SINGLE PHONG JACK; DIP 20480 1251 -2709
COMHECTOR- FHDRG SIKRGLE PHOND JACK; DIP 203427 13312967
CONNECTDR 14-PIH M POST TYPE 240 1851 -5064
JUMPER-REN rR4a0 125 8-0141

me M

A1 426 Ppg--41791
A1, 27 Sl10g -7
ATALTG 1001791
ANAL7? wI00- 177
A14L7H $100-17%1

INDUCTOR 220NH 207 | 23DX . I735LE 2R480 21001711
INDUGTOR 270NH 20% . 23DX. 37ELEG 204430 FLON0-17FFL
INDUCTOR 290NH 202 230X, 375LG =Ragl FLO0-1771
INGUGTOR £90MH 20% . 230X, 37706 2034890 o0 1771
INDUCTOR Z2F0MH 20% 230K, 375LG 20480 FLR0-1771

PR

IWRLCTOR e2hMit 20E . 23D%. 3756 F3Aa 1001774
INDUCTOR (KISE ITEM) ZA4E 2100 - 0W3%
INGUETOR RF-CH-KLD A70NH ZX L186DN. IGTLG 24U PLAD--GADE
IMBUCTOR RF-Crl-MLD 470MH 2% 1840, 383G 2nann Slal-445E
INDUCTOR RF-CH- BLD 330N 2 . 16460K. IHELE 2846 7100 -84

ATALFY ¥109-17%1
Al-ALBO Slap-0u3%
AlaLLD FiA0-0ASS
A1 ALY B2 5140 04%4
nIaL3 e 105 -24B8

LRI

TWDUCTOR RF-CH-HLD 24UM 5% . 14660X. 306006 pal: 1AL FLOG- 1832
THRLCTOR RF-OH-MLD 43U 5% . 146DX. 3306 Feago $100-1628
INDUCTOR 2%0MH 20X | 230X, 375LG anaen L0171
CORE SHIELDING EBEADR wadel FATO-DET4
LORE~BHIELDING EBCAD 28480 2?1704 (1874

Alal.kna Fi00-1£21
ATALING FLIR- 1420
AlaLanl Fln-174%1
ATALERE M7 4074
AlALINA 170 -nHra

o =l

TRANGISTOR J-FET M- GHAH D-MODE ¥O-18 81 ce460 1 BGG-0 PR
TRAHETSTOR J-FET P-CHAN B-nHOLE S1 JC29E 7110
TRANSTSTOR NRNM 51 PI=13W FT=F)MH2 4713 MIET3
TRANITETOR J-FET P-LHAR D -HODE S1 HNE ITin
THANSTBTOR J-FLY M- CHAN T-WHODE TO-19 §i CEAEN 1BTE-a410

Aldaad tags-opee
A AQe 141580 404
h14U3 1084 0473
£1a04 1H55--0 106
ALAREY JEE5- 0410

=b bk

TRANGIRTOR PNP BI PD=300MW FTelGOMHE a4el 180G~ 002
TRANSISTOR PHP U1 TH-93 PD=LE25HN 2f148ed 1H55-0046
TRANSISTOR KPN SI PD=300d0 FT=300MHT 4713 2raT04
FTRAMNSISTOR ARRAY §4-PIR PLITE DIP LT CagiNZE
TRAENSTETOR ARRAY ig-FIN PLOTC DIPF 13608 LN -390 TR

alan2e 18539020
ALaga? WS 00 56
a1 426 LBS4=021S
AALAD TSGR G063
a 14050 1% 0047

P B

w

ERARGESTOR NPN ST POS3630M FT270R0E =420
TRANSTETOR HPeN 6T T-53 PRoL200E LA71A
TRAMNGISTON PRP £1 PL=300WW $T-HSIMHI 14713 AHactly
TRANGIGTOR #MPF 2NATL7? SI PO-200MM 07aal A7
TRENSBIBION HPN 61 TR-18 PR=J40RW SEB0 1AS4-0404

ALAQT R 144 pIET
AlAIN1 1354-7 95
AT i 1955 0405
AlAEINE 1OTI-000T
hlaQlag THSA-0404

ot o

TRANGTSTOR MPN S51 PD=350HY FT-300M0T na713 ZNITEA
TRANGTEI0R MPN S DARL PD=31 38 Ba7IA Mg Al
THAMIISTOR HPM S PD=0S080 FTe300MAL 14733 AR
TRANZESTOR- BUAL PHE Phaadind [ RN 13530833
TRANGYISTOR-DUAL PNP FD=G0GHE BaA80 L9 DOERY

ATARIL DS 1ISa-0215
H14Q104 TOSA - HSED
A1 AQ1 N7 18t54~021%5
nlagLaL 1813~ G083
Atagrny 1053-0085

O e

See introduction to this section for ordering informatian
#Indivates factory selected value




Replaceable Parts Replaceable Parts

Tahle 6-3. Replaceable Parts

Reference HP Part
Designation Number

A14d112 183540314
ALARLLE 1054-0%568
140114 1E54-0215
A14G116 1833-0048
Alab117 1853 H066

o0

e vifr
Description | code Mfr Part Number

TRANZISTOR NPN PO®I1RHU FTw200MHZ 20480 18540314
TRANGISTOR NPH DaRL PB=310HY 04713 HPrG Al1e
TRANGTSTOR NPN PO=35kMy FY=300MHZ pa713 AHIF04
TRANSISTOR PMP B1 TO-%2 PD:o20MM 28408 19534066
TRANSIGTOR FHF TO-22 PD=LETMW 25483 16%3-0066

-1 R

THANSISTOR J-FET M-GHAN D-MODE B 28499 1055--4181
TRANSISTOR NPN SI DARL PD=310MW 04713 MPE A12
TRANSISTOR NPN ST PD=I30MW FT=SHGHAEY 94713 SMIP 04
TRANSINTOR HPN 2H3B&e H1 TO-3% FPOwlh WTHT 2NZBL4
TRAMSISTOR HFM 5T TO-92 PD=635MW P71 MPSHA0

ALAG11E 18550081
ALANTLY 1054-b5410
A1 45201 18%54-0215
A1 RE203 19540233
#140204 1854-1773

B Giee et

TRANELIETOR NPH GI PD=IL0MW FTe300MKZ 04713 anIPa4
TRANEISTOR HWPH 2N3844 85I TO-39 FD=il 31.5eE oN3IESG
TRANSISTIR NPN GY PDw3NOMW FT=300WHT 014713 2ZHI? NS
TRANGISTOR PHP B1 YO-37 PD=0M FT=S0GHHT R4TLE MHAaG 18
TRANGTETDR ~DUAL NPN PD=I&0HW E11480 1854--0357

A1 46206 16540215
A1402407 1954-N2332
AL4G208 183540215
A14G207 18530440
A14G219 1ER534- 0257

g M et e

THANEISTOR PNP BT TU-92 PD=62TMH 1471z M G40 §
TRANGTIETIN PNP ST PD=Z10MY FT=2U0MHZ 2B460 1B53- 003
TRANGISTOR FNP St TO-39 PR=SW FT=GR3HHT 14713 HMA413
THANSIBTOR FNP ST PO=2008W FT=1T30MRZ 26480 1853-0020
TRANGISTOR MPM 5T PD=350MW FT=3C0RHZ t4713 ELEIE

ATARR11 1RSI -4
Al4Q21 38 1£53-0036
Aladz1x 1053-04940
AL4G254 1953-0820
Al4Q21% 10841219

THANGTETOR HNPN 2NIB&54 BT T0-3¢ PD=0M k4713 ENABHEA
TRANEISTOR PNP 81 TO-39 PPeSK Fi=G00HHE 04713 MHAR1E

Al4Q2lé 14540784
A1AQ2LR 1HE-0440

B2 sy e g

RESISTOR 4 HAK 14 . 126W F YO=0+-100 24546 CA-l/0-T0--46a1 -F
RESISTOR &, 81K 1% 12GW F TC=00-100 4545 Ca-1/8-Th-6311-F
RESTETOR 2,2K %% (RO FC TC=-~400/2700 0112l CHERES
RESIGTOR-TRHR S4K 104 ¢ TOP-ADY 1-TRH 28450 21003203
RESTIGTOR PHIK 1% .Z0W F TCaR+=10D cH4840 I693-4817

A14AHT 16753155
AlARS NS -nA%S
AL4RS 1583 -R02S
nl4Rk 21 00-%353
BL4R7 §1473-4017

e

REGIETOR 9.455K 1% . 12%M F TCal4-2% 19701 MEFACL/B-TP-24550-B
RESTSTOR 301 1% (1206 F TC=04-10D AL Ca-1/8-To-IMR-F
RESISTOR @1 1% 1284 F TCrd+-106 24544 CA-1/8-TO-361R-F
RESISTOR 2.2K 5% .25W FC Th=-480/ 700 RS EN) Chagat

RESTETOR 2.2% 5% .2 FC TC=-490/¢700 1121 ek

A14RE DEYE 7851
Al 4RT B7ST- 04110
A14R11 0#57--0410
Al4RZH ALH3-2225
AlARz7 1 a83 - 2228

RESISTOR 2.2K 5¥ .24WW FC TCe-400/4700 AR CgRels
REGIETOR 2.2K 5% ,26W FC TC=-400/+700 n11a1 CHFa0s
RESIBTLR 10K %% ,2%W FC TC=-a00/+708 01121 £B1Y3%
RESIHTOR 10K 5X .2%W FG TCw-400/4700 611 DRLAZES
REEISTDR 1% DX .2%W FC TC=-400/44D0 61121 LB1A23

ALARED 16832225
Al 4R27 U e ]
AL4RTN ToB3-1033
A1AR3Z 11 683-1 135
AL4RDIZ DOBE-1025

[ Y X R T

RESIETOR S&6K %% (2iW FU TC=-400/4800 f1121 CETA3YN
REGIETIR 2EK 5L .25M FC TC=-403/+800 01121 CB2R3S
RESISTOR 2,24 S% .25W FC TC=-4L0L/4708 01124 Cparzy
RESLSTOR 13,3K 1% 122W F TO=(+-3100 19701 MF4G1/B-TO-1332-F
RESISTAR 10K 1% 1250 F TCu0+-108 2A540 Ca+-1/8-T0-121E-T

A14R3A (1 603 - B63
A14R34% 06832235
Hi1ARI7 0 &83~ 2228
AL 4R3D B7L7-0287
LR Lk 07570443

REGTIETOR~TRMR 100K t0X C TOP-ART 1-TRH 20480 2100-3214
REBISGTOR 13.3K 1% .12%W § TC=N+-104 19701 MEALT /B~ TO-133RF
RESISTON 10.2K 1% 1234 I TCab+-25 28460 06990124
RESISTOR 10K 1% 1290 ¢ Yo=0+~-100 2ADAG G4~ 1/8~-TE-1002-F
RESISTOR £.2%K 1% . 125W F TCxH+4-300 24746 C4-1/8-T 08281 ~F

Alalad 2100-3214
ALAR41 07 ~n2a%
Al 4R 42 DafP-1124
A1 4R43 D7EF-0442
LIE R L] 0F97-0441

RESISTOR A7 5% .23 FC TC=-a00/+3500 01121 CrA7OS
REGISTOR 1% 9% .@5Y FC TCw--aAnQ/ 4440 814121 CELIaY
RESIETOR 223H 5L 2% FC TLo~-R04 /3200 1121 CHEdAE
RESISTOR 4.7K S¥ 285W FC TC= 400/ +700 o1 CRAFDLG
RESIATOR S.11K 1% 125 F FTU=0+-100 24TiAs Ca-1/8-T9=F1 14 -F

M1AR4S UEBF-47935
AL4AR4G D683~ 1085
Al AR47 &8~ N246%
At 4R 40 POOE-4725
HlAR4T 0#57--0438

RESISTOR 2.2% S 258 FC TC=-400/47%1 21121 Cheraan

RESILTOR 3. 14K 1% 1254 F JC=d+--101 2at4b C4-1/0-Th--A141-F
REBLIGIOR 5. 11K 14 (125W F TC=0+-100 24544 C4 -1 /8-T0-%111-F
REGISTOR 1.5¢ 1% .128%W F TC=08+-250 264880 BEFE- £347
RESGISTOR 156X 2% . 128M F TG=0+--30 2480 NEYE-6P34

AV4RTD G&a3F-22EG
#1 ARG 787 -a279
A14R52 P57 0430
ALaR52 06996347
R14RT4 b&PO--6FI6

RESISTOR %K 17 1250 F TO=d4-100 ZA%4h Ca-1/8-Tg=1001-F
RESISIOR 20K 1% 425 F I0aD+-10D 24544 G4 -1 /8-TO~2002-F
RESTSTOR 2, 05K 1% 12T F TC=0+-100 apaR 069%-n121
RESISTOR 4,BK 1% . 123W F TL=0+-23 E0460 QLIP~0 EE
RESISTOR 100 5% 244 FC TCw-400/4540 b1121 Chinls

A14R85 07579280
ALAANE L7N7-0447
AlA4RSY D&HFF-0121
AL4RTE papR-piz2
AlAR&N N4#83-101%

RESISTOR 1K %% (284 FC TC=-200/+800 11121 CE1D2S
RESIETOR 190 5% 34 FO TC=-400/+300 1121 CHEOLS
REGIGTOR 16 W% 2% FC T 490/4L00 R Eht el 02s
RESLISTOR 11K 9% 258 FE TC=-AdD/HALR D121 RBL0EE
RESIETLR 100 5% .DGM FL TC=-40054500 pii1ai CpLOiY

Al4R41 REB3-1 02
LY ) DhB3-§01%
Alaled &L -10E5
i1 4Ré4 N&83-1 025
AYAR LS Dafs-1015

Mg MENaW pOHSW MG @Yoo Wus e

RESISTOR 4 5% ,25W FC TC=-a0d/+adl 0id2t Cl1£25
REGIGTDR % H¥ ,Z%W FC TC=-A00/1400 otiat LA
RESTSTHR 100 5% 254 FC T0=-400/+5010 0142t coinls
RESLSTOR 19K %% .0%W FL TCw-400/+700 niay CBLO3G
REGISTOR 2.2% %X 230 FO TCw-4B80 4700 112 M=kt

A14H L7 0o8F-102%
A1ARLD pLA3-1025
Al ARGY 1&B3~101%
AT4R76H DLES- B3
ALART7 14822235

TR YL ]

PESISTLR 1K T% 23w FI TC=-A007 #4010 nia Cpid2d
RESTETOR 220 %% 204 FC TOm-400/F000 nizil MRt
RESTIGTOR 2.2K S% 2% FC TC=-400/4700 01121 CE222Y
REGIGTRR 2. 2K S .24W FL TRe-akls 4706 0121 CRIEG
RESISTOH 47 S ,¥5W FL TCx-ad0/4320 0i121 [ k]

b

AL4R7E D&HRE-1085
Alaron n&e3-381a
AL4R{ 00 BoLg3-2220
ALARINY N&h3-2a2s
AL4R192 FODT- A7 S

[=R N

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




Replaceable Parts Replaceable Parts

Table 6-3. Replaceable Parts

Reference HP Part
Designation | Number

aliriLd pEeY-pRYs
AL4ATN4 N7I7-02E3
ATAR LAY DFNF 0398
ALARL (G QL8151
AlsR1AY LYY 0409

[

Description P‘.:ncf::le Mfr Part Number

AESIETOR 3. 81K 1% IEDW F TCs0+100D 24544 C4--1/8-TH-300 0 -F
RESESTOR 210 1% 12EW F TC=0+-100 24T 44 LA-1/9-TO-2001-F
REZISTOR #5 1% .18%5W ¢ TC=R+-10D 24544 La-1/8~TY-7300-F
RESISTON 196 27 244 FC TC=-408 /4400 iz oGS

BESTSTOR R0.% 1% A25W F 1¢=i+-100 24544 Ca-{/B~TU-RARY -F

R I

ALaKrios D& 4427
ATARLINY 0757 (0420
AlAlY i D D83 220D
LAl 05832220
hldarR11E 0L A%--7ihi

RESIGTOR 1.45H 1% 123U 7 TOw0s-100 24T 45 LA4-1/0-F0-14%1-F
RESEGTUR ¥93 1% 125 F Towlv-100 24556 Ga- 1/8-T0~251 -F
RESIGTOR 2.2K 5% L25W FC TC=-400/+700 LA ¥ CR2Z25
HEGIGIGR 2. 8K %% P50 FC TC=-400/+700 #1121 CBaz2%
REBISTOH 2% 5% .2%W FC TC=- 48074504 1121 ER7505

ALARL1E 0VI7 030
BLARTIA D68 -&317
ATARI1E BP0 -6317
ALARLL? NGHg-4108
YRS RY DEYE--ALES

REGTIHTER 1K 1% 1200 ¥ TCag-100 2346 G4 -1/8-TO-1003% -F
RESIBTOR S00 1% 1250 F TC=0+-2% [ Jiatc) PMCSE -1 /619 SA0R-D
HESEGTOR 309 A% . JE0%M F YCul+-203 33068 FHLSS -1/8-T7 -S00R~6
RESLSTOR 499 1% .1245W F TC=0+-100 24746 Ca4-1/8-T0-49PR~F
RESILTOR A%9 1% 1250 F TCsbe-100 ZATAG C4-1/8-T0-49FR -F

EELES YR AR T T

ALARIIT NEPE--4435
LYRLE ¥ VL8B3 -2203
Bl ARY 2} LEPB-&360
ALAR 123 NEYR R3320
Al AR 24 BaPE-&L320

REZISTON 2.4PK 12 . 12%W F TE<0+-1B0 245446 C4-1/B-T 0241 -F
SESIGYOR 2,21 3% 200 FC TC=-400/+73D 01121 cpadey

REBISTUR 10K 1% (12%W F FO={+-25% 234680 Na®d- &350

RESISTOR SK 1% L1250 F TO«id4-2% 03BED PFHEDS ~{ A B~TP-3005~B
RESISTOR BB 1% 125W F TC=8+-23 [ Jetda:] ] FMESS-1/8-TY--5001-B

o e g f B

ATART1 DA N&FH- 6520
ALARI27 Ga98-4360
AlAR1ZN nar0-6321
AlaRL2Y UR7R--3277
1R 13D 21id-3212

RESISTOR SK %% 1250 F ICx04-25 DXBEE FHEST -1/ B8-T% -G8 1K
RESIGTOR 10K 1% 125l F TC=0+-83 20480 N&PB-bABU

RESISTOR 9.%K 1% 1258 F TC&da-2% EBER PRESS -1 /8- TF-370 1~
RESISTOR 4,99 1% 1304 F TG=0+-100 CAGAE G4 -1/8-TI-4991~F
RESISTOR-1RAR 200 13%Z C TOP-aALT 1-TAN 23439 21003212

LR R ]

Al4R13Y I7EF 0375
ATARIZR NePE-317%
ALARLES BLEE-- AP0
ATARLT4 NP7 oAt
A14R1ES 4679357

RESISTOR F.16K 1% 1304 F TC=0+-1080 24596 CA- $/8-T0-3141-F
RESISTOR Z.%0K 1% .128W F TCo04--103 24545 L4170~ TH=-2551
REJTATOR 47 Sk 25W FC TC=-400/+500 g1i21 Co470%

RESISTOR 5,41% 1X 1E%W F TC=0+-100 AAD4AE CA-1/8-Th-5i11-F
FESISTOR £0& 3% 125W F TCed+-109 24546 CA-1/8-T0-Bl&k~F

ATAR1ZY 0757 ~0414
Al ARL3 B7H7-0241h
ATARIAY 0707 -i26B0
Al aR141 b#HPE-4453
A14R 142 2100-348%

RESTHTOR B11 1% 1280 & TG=2+-100 24048 C4-1/8-TA-S11H-F
REBIHTOR 1X 1% 12050 F TC=Di-j00 24505 Ca-1/8-T0-1001-F
RESISTOR 4K 1% 4258 F TC=Q4-100 24538 C4-1/8-TR~1001-F
RESIGTOR Al2 1% 1254 F TCeOs-180 24546 Ca-1/8-Th-40RR-F
RESIGTOR-TRHR 20 L0% € 1LP-ADT F-TRM 28480 24 00-340%

MEotE ey LTS

ALARTAS 06784037
Al ART184 Wa7a- 3277
AVARLAS 04@3-4705
AL4R1 46 1a%a-3277
Al4R14A7 NASI-Na42

RESISTOR 4&.4 1% . 125H F TCwb+-100 ZAGE Ca-1/8-Th-4sR4-F
REAISTOR 4 . ?%K 11X ,185W I TCa0+-100 24544 Ca--1/8-T0-A591 -F
RESIETOR 47 S% 290 FC TC=-400/4500 61121 CRA70S

REEISTDR &, 9%¢ 1% 1208 F YL=fe-100 24546 C4-1/8~T0-4991-F
RESTETOR 10X 1% 1298 F TC=0+-108 2454k Cc4- 1/8-To-1602-F

Al 4148 JEFB-6L1T
Bl 4R147 047863460
AL4R 1T bbL?E -Ba87
Alary g2 N&99- 0123
ALAR1 3D OEEYE-1035

RESISTDR 15# .13 12GW F 1C=2+-25 26480 VoPE-LB1P
RESISTOR 18K 1% 1258 F TC=0+-2% 7E480 L&Fa--6340
REGISTON 4.%K 1% .12EM F TOG=0+-20 2E490 BATE-8607
RESIGTDR &, 79K . 1% 12304 F TC=0+4-25% 246 067%-012F
RESISTDR fO0K BX . 20W FC TC=-300/+700 #1121 CB1LO3LN

wERErmn Yol oo

A1 4R154 0683-479%
LS LAY pEOZ-1035
AlAad157 WhR5-4705
Al 4N 58 07S7--Da4?
A14R159 W2E7-0447%

REGIGTOR 47 T% .20 FC TC=-a00/+4508 alet CoA70S
RESIZTDR 10K 2% . 2%W FC TCa-940/+700 Jtigt CELDIG
REGISTDR 47 S 254 FC TC=-800/+500 01131 CHaA7bS
RESISTON 20K 1% .135W F TU=0+-100 2AB4E CA-1/B=T0-2092-F
RESISIOR 204 1%, 128W F FCOm0+-100 2AU4L Ca-1/8-T0-2R0UT-F

oW W

RESIBTOR 1W 5% (B9 FC TC=-833/1+700 01123 GRS

RESTHTNR 3.01% 1% 1284 F TC=0+-300 24548 C4=1/8-TG~301 \~F
RESISTOR 7.76K 1% I20W F TCaR+-100 GSERA PHESS-1/8-T0-97&61-F
RESISTOR 3% Sz 2%l FC TCe--AG0/+R5010 [ DR ¥:4) CE3%35

REBTATUR S52.3 1% .12%W F TCe=0+-100 2404 4 -1/6=T0-02R3-F

alarian BRHE3-10%%
A1aR1E1 0737-0273%
ALARLAS LD 4473
ALARLED 0483-3935
LYELAT-T BERE 4302

[-- R

RESIETOR 100 1% . 485M 7 TCw0+-100 24046 CA-1/8-10-181-F
HEBTSYOR 490 5% ,25W FC TLm-400/+500 31121 CoeB1S
RESIETOR 1#10 5% .2%W FC TC=-40{0/+300 B2t CE101%
RESISTOR S.11K 1% 128 F TC=0+-10% 2AT4b CA-1/8-TO-5111-F
RESTETRR S.11K 1% 1250 F TC=g+-108 24346 Ca-1/B-TH~T114~F

AL4R 166 NPET 1481
ATAR 14 DLOT--H015
A1 AR &Y LhHH3I-{ 015
#lAR2AR A757--0438
hlA4RZ0% D757 -0408

RESISTUR 47K BY¢ .25 FC TC=--400/+80% a1zl Lp4735
RESTSTOR 1K SX ,25¥ FU TC=-400/+610 a1 CEL0aS
RESISTDR 1K %% .20W FC TC=-400/+500 11121 CR102S
RESISTOR 10K 5% .2%W FC TCe-a00/+4708 i B35
REGIBTOR H2K H% .25W FG TC=-400/1AND niia1 Cp2R23%

ATAR211 H683-473%
ALARZT1R 0493-1925
ATARE S N&RI-- 1025
ALARZ1YS 0683-1033
ATARELR N&EA- 2235

AL4R217 1168% 2230
A1AR2LND REAS-2805
A1 4R220 0757-0401%
ALARZ21 n4ee-45320
#14R232 NLEI-470%

RESIUTOR 22K 5% .25W FC TCwu-44U0/+8440 01121 CEHEEZ35

REGIGTOR @2 &% . 2%6W FC TC=-400/+530 01421 Cp2205

RESISTOR 100 1% ,i20W F TCeg+-1L00 nA5AL D4=1/8-Th~10%1-F
RESISTOR K 1% .12%W F TC=0+-2% n3pap FHESS-1/8-T% 5001 -H
RESIETOR 47 5% 25W FC TC=--400/+300 01121 GRA70YS

RESISTOR 47 9% .2%W FC TCw-400/+500 o112 LBa70s
RESISTOR &1.9 1% (1258 F TL=4+-1100 2A5Ak C4-1/8-T2~4L192~F
REGISTOR 4.75K 1X 128W F TC=0+-130 24544 c4-1/8-Td-4751-F
REGISTOR 142 1% (125W F TC=0+-100 24544 Ca-1/B-TO-162R-F
RESTHTON 22 35X (234 FC TC=-A00/+500 iz CH220%

AT ARDED B4335-470%
Al 4R224 1757-0276
AL4ARZ2E B7CL7-0437
Al4aRzin D7E7-040%
ALaRAEY pEEI-2205

GANYNED PToogit @~ wds Wl

See introduction te this section for ordering information
#Indicates factory selected value




Replaceable Parts Replaceable Parts

Table 6-3. Replaceable Parts

Reference HP Part
Desighation Number

At AR 7L 0277
AlARRIZ NPUT-0F1TY
A14R2EE HHEE-1235
ATARZIA 14831393
A1 230 Q757 0428

o0

Description gg::le M7fr Part Number

REGEETUR 47.9 14 135W F TCsdw-100 #4546 C4-1/8-T0-49%2 -
RESISTHR 1,33 1% 1258 F TC=0+-1010 S4%AE Ga-i/9T0 1331-F
RESIGTOR 12 SX .2%W FC TCo-400/54300 011z Cri2ns
RESIGTOR 3.9 %% 2%W FLC TO=-400 /40580 LERYA FREMS
FEGIGTOR T.118 1% . 12%W © TC=04-100 24540 Ca-d/B-T0-5111-F

3 S.11K 1% L1208 F TC=04-104% P LETS CA-1/@=T0=3001-F
LI 1I0K 5% 234 FL 16= -4L0/+820 1ital [F AR
REZISTOR 47 (5 .O0W FC To=-400/ 500 0111 Lharis
REGTETOR 47 DX . ZTW FC TO=-400/+500 LRI ] R4 85
RESISTIR 47 10% .%W CC TCmG+412 11121 EB47h1

ATARIET 07578438
n14R2Ig THES L5
A1AR2ED NHE5-4783
Al AR2AL HaAN- 4705
BlaR242 NoE?~47 01

A X AT FIRNIFSEE FE )

REGTETOR 47 10% SR LG TO=0+442 olizy EB4701
RESISTOR 100K 1% A2%M F TIG=0+-104 245406 G- 1B-T0-1065-F
RESTHTOR 22 5% 2% FC TCe-40071509 b1zl LREEDS
REGISVOR 1K 1% 12%W F TC=0--108 2434 CA=1/8-T0- 10B1-F
RESISTOR 109K 17 .12%M F TC=de-1060 24546 Ga- 1/B=-TI-1025F

ALARTZAL HLESY - 47M1
A14R244 07 E7 - 455
AL A4S (HaE-22 05
Al 4R245 D77 - BEIn
ALARZAY 07570465

oDl by

RESIGTOR 22 53 .28d4 FC TC=--400/+30% LERY CHLIR0S

RESIGTOR .7 5% .53 PG TRe 430/4500 0111 [ ety i

FESISTOR 1K 13 I3%5W F TC=g+—10D 24500 A 3 28-T0-- 10027
REEISTGR 2.7 OF 204 FO T 40074500 A1a2 CR=?Rs

REGIGTOR G0 4R .SW F TC={+-25 23480 LEA-R LTS

A14R248 BEHE--220%
ALAR 240 DHRI--DETT
Al AR2ED 075711448
AT ARESY HOEF--A2T0
AlAR252 D4HPF-D0R24

RESISTOR A7 14% .24 CC TCw+Ir412 21121 EFR4701

FESISTOR 110 1% A25W F Tt wALAA La--1/8-Th=111-F
REGIGTOR 1H 1% 1738 F TCx00- 24548 c4 -1/8-To-1gm1 &
RESIGTOR 1% 1% .123W F TC= 2456 (41 /8-T0-1001~F
REGISTOR 2% 1% A285W F TG+ 24596 C4-1/8-T4-2001 -

[AEL ¥ 1 NLE7-470)
A1 ARZTS NAE7-1402
AT AR N7%7 -02130
A1 4R296 N7IP-N2E0
AL ARZT? [ R ol +.

R ] =5 w3 0 g0

REZIBTOR 22 S% 254 FU TC=-400/+509 61121 CRaEnG
RESTEIOR 10K A% (120W F TC=0+-100 24546 Ch- 4 /B-T0--1002-F
RESISTOR 47 10% .SW LE Tie=01412 Q11 Eg4741
REGLISTOR 10# 1% 1250 & TC=0+-108 ZATAL G4 -1 /B-To-113:2 -F
FEQLGTOR 47 %% ,2%W FOC TCe-400/4500 e iKY

L] NERF~22N%
AlARZSY H757—-04472
#14R260 n&an7-a7i01
Al4R261 757 -0442
A1ARZED BHAT-A7ES

AESIHTOR L. 8 DR L 20W FU TCs—400/4+500 G1t] CHAIGS
SEGISTOR &.B 57 25U FG TCwe-a400/+500 a1181 LRAHBGE
RESISTOR &3.4 3% AZZW F TCx0+-108 HATAG Cas 1/B=Td-63R4-F
REBTHTOR 324 (X 13258 F Te=0+-100 245456 CA- 3 /H-TO-524R -F
REGIGTGR 47 B iS4 FC TO-=-400/4509 hE v CB4705

ALARZGS 1403 - 0605
a1 aRZ44 04,03~ 14685
ATARELY 1oTB- 4368
&1 4R266 0698~ 4458
B14RELH 1&4B3-4785

REBISTOR 10 1% .tR5W F TCsaa-q04 24546 CH -1 /B8-Ti-10R0~F
RESIGTOR 2.&67K 1% . t28W F TC=g+-100 245498 CA-1/8-TA-2671-F
RESIOTOR 142 1% 1258 F TC=@+-100 24546 Ca- 3 /R=TN 2R -F
RESIHTOR &2 9X 2%W FUC TO=-4R0/¢500 1121 ER2zay

REQTSTOR 47.7 1% .120W F TCod+-100 24546 G4l /B TH-4992-F

AlARZLY U737 -03ag
ALARZT D N4678--54%3
A1 4R2A 07570405
hliR272 N&603-2065
ATARZ7E O*F7-0277

REGISTOR 1.33K 1% 1200 T TE=0+-100 B4k CA-1/B~TW-133%-F
REJTHSTOR-TRMR 20 10% § TOF-aALY 1-TRM 248k 21403409
RESIGTOR 3.% 9% 29W FC TR=-4D0/4500 112l LR3YGE

REGISTUR 12 8% D50 FO TCo--400/+580 0412l ceiaeg

RESISTOR T.462K 1% (12%W F JCmd+- 100 2454& L4 -3 /B-T0-5624-F

ATARET S #57-0%17
ALARE?Y 2109~-3409
A18RE7L 04830370
ALARZT?Y B6HB3--1205
AlARZ7E NP57~0200

Wby Taboht oepifipg Tood

ALATRIB 12571 4800 CUMNECTOR 3-PEN M POST TYPE 28440 17514802
IC FF TTL LE D-TYPE POG-EDLE-TRIGC CDM 1Mies SN7 4517 4N
IC GATE TTL LS NAND QUAD - INP 01295 SN74LSNIH
IC SWITCH AMLG B-DIP-F PRG Nars TLADL TP
1L SWEITCH AMLE B-RIP—P PIG 0187 TLANLCR
IC OF AMP LOW-BYAS-H-THPD TO-%7 PKE a7l 4 LF3aviH

A14U1 1020-11%24
Al auz THR-1197
ALaU3 1828 0474
LY 1El24-- 1478
AL4UG 1526-0504

Alakls 1 H29--1270)
Al14U7 18251279
Al Alg 1820-127%
ALl B2~ 17
AlAULD 1H20~-4282

oxydm o

it CNTR TTL LG BIN WP /DOWH SYNCHRO [ Eice GNZALELP LN
IC CHTR TTL LB DECD UP/DOWN SYRCKRO [ R SH7ALBLPEN
CNTR TYTL L§ DECD UR/DDWM SYNCHRO |3 Fio SNZALS17ON
CHTR TFL L% DECE UR/DOWM BYNCHRD B1ERS SHNTALDL?IN
FF TTL LS J-§ BAR PDE-EDBLE-TRIG 11293 BN74L51E7AN

FEE TTL LS U-TYPE POS-EDGE-TRIEG N2 ENFALS7AAM
FF TTL LS P-TYFEL FOS-EDGE-TRIG 89227 SNFALSTAAN -
MY ¥TL LY KONOSTEL RETRIG DUAL 01275 BN ALE1SN
FF TTL % D-TYPE POS-ELGE-TRIG 0179% EN7AETAN
TRAHZISTOR ARRAY 14-PIR 2LSTC DLIP JLOHT Caz048

Ba14U1% 1f26-1112
AlAULE 19281142
AlalU1A 15248 - 1423
AlAUL4 1ETD~1693
Alaurs 18210001

LW aB e oWy

IC OF AMP LOW~BIAS-W-IMPD TD-9% PKR 27014 LF355H
IC OP AMP LOW-BIAS -H-IMPD TO--2% PKG 27014 LFA3%H
I OF aMP &F 8-DIF-P PKC 2Ha LM31EN
ic OF abiP GP 8-DIP--P PHG 274 L3t
L2 SWLTEH ANLE QUAD 16-RIP-C PKE 27614 LF§333D

Alauls 18360304
Alaul? 18241304
ALSULE 1E26—nZ0a
Alauy 102e--208
Alauzy 1H26~-0414

BN e

15 OP ANP LI G~DIR P PRE prd o B LH3I1DH
10 Of AHP GP 8-DIF-F PRE 27014 LM310M
1C GRITCH AMLEG GUAD 10-DIP-C FKG 27014 LF13331D
1. OF AWP GP 9-DIF-F PKE 27014 LM31EN
FF TYL L8 D-TYPE POS-EDEE-THRIG COM 127N ENTALBZ 7 IN

AlAU21 132460208
B1 4u23 1326- 02108
AAALZA 1034--0414
ALAUZS 11326-0208
ALALIZE 13201730

PCHR TTL LS 3-TO-0-LTHE 3-1HP 01293 AN ALE13EN
FFOTTL LS D-TYPE POS-EDRE-TRIG COH D127% ENTIIS1 74N
FF TiL LS D-TYPC PNS-EDGE-TRIG Ci [ 3l ] ANT AL ST N
> DRYR TTL LE BUS LRVR HEX 1-INP B1EPd Si7 418365 AN
IMY TTL LA HEX {-INP 01295 HN7ALG0AN

ALALA? 18201214
Al41zo 1BE20-11 %
Al Aauze 1B8e~1730
Al4l3o 1B20-1641
ALANZY 1120-1199

M A

See introduetion to this section for ordering information
*[ndicates factory selected value




Replaceable Parts Replaceable Parts

Table 6-3. Replaceable Parts

Mfr
Code

[Nt
01ERh
11277
|3 ¥eiad
p12wd

HP Part
Number

10301442
120 -06aT5
iPp20-11i2
19200693
1320 -beT4

Reference
Designation

h14L0a2
AlAl33
Al14L134
Al HI3S
Alalds

Description Mfr Part Number

o0

BN AL SRR 0N
ENT 457N
SNTALET AN
SNZAST7AN
GM74BREN

CHTR TTL L% DECD ASYHNCHRD
FF TTL § D-TYPE POE-EDRE-TRIG
FF TTL L5 D-TYME POS-EDLE
FF TTL § D--TYPE POS-ELGE-TRLE
BATE TTL & EXCL-DR QUAD 2-THP

@D 9T

Al4L137
A14LAG
A1 4U3Y
A141040
A14U4
Alall42
AlALL4
Alauss
Al 4LA7
AlALAR
Ai4U47
A1aUs0

1B20--1202
1B26-0111
18260877
1858-0063

18260111

1826-0026

ipEn-1112
1920-1423%
1320-0321
13201197
1RO0-1730
1863-0047

V3LU-17148
12000796
120%-001 1
12050043
1205-0033

GATE TYL LH NAME TPL 3- IHP

GOp AP LGP LUAL TO--PY PRG
LC-LEMIZAR
HETR-ARBAY 14-PIN PLETC DIP
IC OP AMP GP DUAL TO-9% PKG
IC COMPARATOR PRCN TO-98 PHG
IC FF TYL LB D-TYME POS-EDGE~TRIG
IC MY TTL LS MONOSTEL. RETRIG DUAL
IC COMPARATOR GF T0-9% PKG
IC THY TTL LS HEX 1-THP
IC FF TTh LS D TYPE TOB-ERGE-TRIG COM
ASTR-ARAAY 16-PIN PL3TC DIP
TERMINAL-STUD 5GEL--PIN PRESE-MTE
SOCKEY-10 2-CONT DYP* DIP-SLIR
HEAT SIMK T3/ T0-37-C5
HEAT SINK TO-18B-C3
HEAT BLINK TO-5/T0-32-08F

B1295
JLSEN
Z84E0
o1g2e

L5685

01295

01283
Iavn
0275
DiEYS
310279
13606

24810
2040
28480
SBARD
284810

CNPALSINN
CAL4SET
1L -DBFS
CAIRE
CA1458T
LRM311L
BHZALEYARN
SNAALSILEN
GMF2FLI0L
SN7ALE0AN
SNTALERAIN
ULN-2003A
03GH-171 0
1200--p73E
1205-0011
12050038
LR0G-- 0033

s g S M)t ]
-

[ ]

12571600 COMNELTOR- £E1. CONT PIN 1.14-MM-BEC-BF R ZEAB0 12510409

AT

A21CL
AZZICZ
A2LCA
Re21Ca
A0

AZLT
AZICE
AZ LS
ACLD
ARG

L1404 B
A2 1C13
AZ10I14
AALCLS
AZTETA

AZI017
ASLELE
A2i0e
ATLL2Y
A ACER

AZLCET
ARIC24
AZIC2h
Az I1LE?
ARICRE

AF1G2T
LIch Loy
AXICAZ
AZICSY
A2ic1 3

A0
ArICL 33
Az210134
A2ICIAS
AIC1T6

AZLC1E?
ARICLTR
A1C137
ARICL A0
A1tial

AR 42
AZ1ET AR
RlniAy
A0 45
ADTCLAD

A2IC163
AZ1G164
AZLC1AY7
AMLLER
AELCLET

1440-1336
71211234

D3I S bl

D1aa-3191
01460-34047
RILD-11861
01201748
21400171

016n-4371
B140--3@47
al6y-3847
0760 -4%71
HLED-1 541

D14D- 3347
01602298
D160--3647
0402222
01403847

Ntho--4441
11&40-2257
1180 -1744
N1AE-1744
110 -3306

N1&60--3847
f1a0--014%
Nlan-3047
01L-E2A%
Ibd-2208

1683047
PRY-3ERELIE Y
6 L&0- A7
016D 3047
Blad-11%1

[tan- 5047
01 60~3047
I14an- 4371
Ni60- 3047
t1e0~3647

1403847
dpan-a2ue
N1 605047
Di&0- 3047
NiB0--174&

ian-J047
D1&0-3847
p1o0- 1861
N180-1745
LB -1 R e

Tl B84V
MLn-3347
115 &0 3047
B140-2204
01 460-38547

TR

S{dmom T

o
7
9
o
)
LY
&
9
2
o

=l wT g LMo

S ] B g A

Lo IR

WIREFORH TU BRT-TIN
LABEL CAUTION 1 925-IN.WD 2. 24-IN-LG

P ABSY-FFS B/A

CARACTTOR -F XL
CAPACTTOR -TXT
CAHPACITOR-TXD
CAPACITOR -FXD
CAPACITOR-F XD

CAPACITOR-FXI
CAPACITOR-F XD
CARFACTTOR-FAD
CAPACLILR- FXD
CAPRCITOR-FAD

CAPACITOR F AR
LAPARITOR-FXD
CAPACETOR-FRD
ErPACITOR-FXD
CAPACTITOR-FRD

CaPACITOR-FXD
CAPACTTUR-FXD
CAPAIITOR -FXD
CAPACITLR- £ XD
CAPALITOR-FXD

CAPACTITOA-FXD
CAPACITOR--F XL
CaPACITO AD
CAPAGCITOR -FXD
CAPALITON -FRD

CAPACITOR - FXD
CAPACITOR -F 1D
CHPACTTOR-T XD
CAPACITOR-F KD
LAFACITOR -FRD

CAPACITOR-F XD
CAPACITOR-FRD
CAMACITOR -FAD
CAMACTITOR-FAD
CARALII0OR-FXE

CATALLTUR-FXL
CHPACTTAR F X1k
CAPACTTHOR «F XL
CAPACITOR -F XD
CAPALLTOR: -F AL

CARACLTOR -FXD
CATALTITOR -FAD
CAPACIIGR-F XD
CAPALCTTOR--FAO
CAPACLTOR-F ¥k

LCAPAL L TOR-F X0
DAPACLTOR -FXD
CAPACTTOR-FXY
CAFACTTOR-F XD
CAPASITOR-FXD

B4 T Z0AVIE MICA
LUV +100-07 SEUDE CER
AFUF+-10% J0WBE Ta
I1NUFs-18% 2OVEE Th
FERPE +-4% SHAVDE WICA

VHUE =200 SOVDTC CER
CBIUF 41db -0k BOVED CER
VOINE +100-0% SUVDT CER
JIUF +B0-70X SDVDC CES
27UF+-10% 10VDE TA

LA 4180 %% SIVDC CER
S5 tPF 4+ 250F SouvDe CIR
LBLLET +100-0% SOVDE CER
1HE0PF +-5X IC0VDC MICH
L0 4100 -0% SOVDG CER

190PF +-2.59% 160VDE POLYF
1EPF 0% TOAVRE CER D40
1GUF+-104 20VDE Ta

TRUE +-10% BOVDC Th

AUF 4 10% HROVDE

JHRUE #100-9% woVRC COR
A7OPF %% I00VDC MICA
CDEUF 1000 govic CRR
2,7PF 4, 2TPF SRIVDE CER
IXOPE 3% I0HVRC MECA

JOLUFE #1200 S6VEC GER
LBIUE 41 00--B0% SOVDC CER
AR #3020 SUVDL CER
COHUF S L00-G% TIVDE CER
TLEF +-5A JO0VDE HMICA

JOLUF 4100 0% SOVEL (LR
CUIUE 100 0% SeUNt CER
VINF «BO--B% GAVOC CER
LOAUF aLud- 8% SOVDC CCH
CBIUF +100--0% EDVLE LER

JHIUF 1di- BE S0VDE CER
[APAPF +-3T H0OVDC HICA
COIUE 100 -0% SO0YDC CER
COIUE 100 -0% BIVDD CRR
LA 10E Z0VEL Th

SBAUF eRg- DX SOVl COR
LBIWE 4100 RE SOVDC TER
CEYUF+-1D0% 19UTE TA
1SUE+-10% *0VD0E Th
CBIUF e -3E 109VBE CER

JOTUE R a0 SDVIDC CER
LD1LF 108 BE WIVGC LER
CRIUE 10 0d GOVBE CIZR
100PF +-%5% A00LDC HICA
LRIUE IR0 -RE SOVEE LR

P el
28480

264210

PRI
28461
B6H2ET
54087
Ye1de

23480
RIag
265430
/2481
BL287

wEa30
2n4aal
jdel]c dil
280
#3450

2480
28480
pilera -
B626%
2484

73461
7136
26440
24
agagn

21380
2BABD
ZITAEN
EFABG
A 1)

28400
PRAEY
ag4pd
2945H
2R480

A48
21346
asrael
264010
SHPBP

DEAED
2E40
héREP
SOERY
EE4%0

204100
294489
2EA20
ZHABT
zaanh

14601 334
7121-1234

03220 bhYRL

IHISESHETE3 00UV ICR
G1ad-- 3547
THADATHEXYO L DR
130N156AP0ERED
THISESL0JO300WVICR

A160-4%71
01 60-3847
014L0-3047
0154 -4571
156 DA76X00 100

11460 TH47
N1 60--22%0
0146013847
1602222
0i&l-3047

I160-4461
0160-3257
LTI SO NEDR
15001 56RF 02 0R2
0160 -DINE

M1&L-FO47
DM1GF4F1 036 UYICR
01603047
0160 2244
Gl&H-aR0a

Nid:0--3847
P1a40-3847
0150- 43571
01403847
IM1SESLAF0 S0 900

015A0- 3647
Qe 0-304%
31460-4571
1403647
0ieg-3047

01ah--3e4F

PHISF2 TISUWVICR
AL40-F347

DL 0-3347
150D1G6X P N2NE2

Whéri) -I347
DLEN -ZD4Y
1HN0REFERPNI IR
1HABISeX IR0k
1460 3079

C1&0--30RAY
0143847
WiLd 334¥
FlLD-2ana
016 0-3R47

See introduction te this section for nrdering information
*[ndicates factory selected value




Replaceable Parts

Table 6-3. Replaceable Parts

Replaceable Parts

Reference
Designation

HP Part
Number

oo

Description

Mfr
Code

Mfr Part Number

A21C171
ARIC173
AZI01T74
AZIC1TE
A210177

AZICL7E
AZIGI7Y
At 1L1B1
ASLE1DE
AIC1433

ARIC1S4
AZICLAR
ARICTBE

B1E0-1744
01E9-0220
Ma0-2od4
Q1400571
8160 -3877

0140 -3047
P1&0~4040
C1aR-2204
B140--4441
b1aR-Di2Y

B160 -B347
0 &0-HR47
016053647

CAPACTTOR-§ XD
CAPACITOR -FXD
CAPACITOR-FRD
CAPACITOR-FXD
CAPACITOR-FRD

CAHPACLTOR-FAD
CAPACYTOR~F XD
CAPACITOR-FXD
CAFADITOR-FAD
CAVACITOR-FXD

CaPALRITOR-FXD
CAPHLTTOR-F XD
CHPACITOR -FXD
CAPACITOR-FXD

1BUF -1 B2 2NVDL TA
2AUF+-10% 15Y0C TA
10BPF +--5% 3I0VDC HIDA
470FF +-20% 100VDC CER
LOtUF +-20% 100vDC CER

LU #109-02 SOMDE CER
1000PF +-B% 100VDE CER
P09FF +-5% 3L0VOL HIGAH
(AFUF +-10% SO0VDC CER
1UF +-20% 23VBE CER

JHUF +T00-0% SOVDE CER
LOLE +100-09% ToYDE CER
CRLUF #100--0E SOVDD CER
JA1UF «10¢-0% BOVDC CER

Se2E7
54209
23400
= EE
Z24810

2gaed
24D
234010
<B4BY
23480

234810
23480
23480
ERA80

15401 SaxFI20RE
150 D224X7815B2

01502204
01a8-0971
N160-347%

0t A0-3d47
0140-4040
nla0~2204
niafi~4441
N1al-0i87

0160-3647
(160 ~3047
0160-2847
1160-3047

A21C 87
AZIG1688

§140~3047

01699127 wRasl Mel-B127

RHg-ag RS ng ook

CAPACITOR-FXD 1UF +-20% 29VR{ CER

1404571
f1el-3670
150-100-HP 8101
180-160-NP0=-1014T

2B4H0
2RAB0
1442
S1e42

CAPACITOR-FXD . 1UF +80-20% S04DC CER
CAPRCITOR-FAD AFPF +~20% 20BVIDLC CER
COAPALRITOR-FXD 10QPF »+-5% 200VDC CER
CAPACITOR-FXD 1O0PF +-5% 2J0VDC CER

01404571
NLHE-3374
01604283
1160 -42B3

AZ1CLRD
ARIIPG
AZ1C176
AZACTR7

00 B

17018040
17010040
19810518
17012918
1901-t040

28480
23480
284810
#Bagd
28484

DIDDE~SWETCHING 30Y H9MA 2NG DOD-35
DIDDE-SHITRHING 3BV SDhidA 2MG TD-33
DIDDE~JM BIG SCHOTTHY
BIDDE -GM B1G GUHOTTRY
DIODE-SWITCHING 20V SOMA ZWS DO-3D

17010040
1710040
1901 -0518
1?1018
1901 -00an

A21CART
A2ICHA
ARICRE
ARILRA
A2ICRY

g0 O

1KE2T
1NE2S
19081~8518
1201--0518
b4 YRS

04713
D471y
204010
28480
48480

DIODE-TNKE INEEN &.0N TX DB-7 PO=. 4l
DIDBE-ZNR {NB2S &.2Y H5% DO-7 Pl ay
DIODE-5M BIG BCHOTTKY

DIPDE-SM Sik SCHOTYIKY
DIGDE-GWITCHING 30V SNH& @S D0O-33

18030727
19020777
17010919
1701-0518
1910040

A2 LR
AULITRY
AR1LRE
AR1LRY
ABILRL1

a0 O 2l

a5480
ans6l
2489
23480
2404

17G1-0040
1701-004D
19013040
1¢12-3054
19n2-0044

DINDE~SWITCHING 30V GOMA 2NG DO-35
DIONE -SWITCHING 304 Glié ZKE DO-3%
DIDNE-SWITCHYNG 30% B0MA 2NS DO--3T
DIODE -2ZHR 3. 465V X DD--35% Phe=.4A4
DINDE-ZNR 7. %Y % D033 PD=,4W TR=+, 05X

A21CAR12
AZICHLS
AZICR1G
2GR
AI1CR1A

1901-0640
17310040
1PU1~-0040
190830854
1Fn2-ndad

B T

6480
pdz g0l
23480
Z2BAn®
2o499

1902-006a
170140410
198230320
1701-0518
1901 -00449

DINDE~ENR 7.5V 5% DU-35 PD=, 4N TEw+, 05%
BIODE-BUITCHING 30v SUMA NS D033
LIRDE--ZNR 3,01V 5% D07 PD=. 40 TC=-, N47E
DLQDE-BMH G1G SCHOTTICY

DINDE-GWITCHING 30V SOa 2N DO-35

1902-0064
1701-b044
190 2-3030
G R - £
1793 -004D

AZ1CR1Y
ARICRZ0
MHCRIT
AXICR 1Al
AZILR 16

%% B

28480 1961-0718
14713 nui®
23481 1741-0%511
4713 Hvioy

L0 1 =~051d8
nten-00ey
1901-0518
nga -anay

DIODE-8M SIG STHUTTIY
DIODE-VYVE 2998 10% CI/CRT-HIN=D BUR=30V
DIODE-SM 816G SCTHOTTHY
DIODE--YWE 29PF 10% CAE/CRS-HIN=T DURsZDV

AZLCRLGY
AZ1CR 144
A2 ICR1AN
ARICR 146

A M ogh oy

12614547
1818 -0274
18812949
18412767
1231 @67

214806
483
apAgd
284080
a0400

CONNELTRR 24~PFIN M POST TYPE
NETWORK-REGIGTOR 16 PIN DIP, RES
CONNECTOR ~PHOND SINGLE PHOMO YALK )
COMNECTOR-PHOND SINGLE PHOND JACK;
CONNECTOR =P HOND SIHGLE PHDKD JACK;

123 - L%a?
THIN -uZve
t251-3v ey
1231 - 2969
1251 ~2PRY

AN
azlry
A2 TE
(LR
&1 b

pIp
oI
fra g

f -3 N

1812969
1251 -2946%
1312969
1201 -2%4%

Dir
o1p
DIF
e

2p+80
26496
#6487
2a4nt

CONNECTOR -PIOND JENGLE PHOND JACK ;
COMNECTOR--PHOND SINGLE FHOXO JACK)
CONNECTUR-PHORD SINGLE PRONGO JADK;
CONNECTOR~PHONG STNGLE PHORD JACK:

128612959
LaGs-274Y
12312969
12531-2756%

ARITI7A
AZIILYR
ARAT LA
A1 TR

PR00-1422
FINE-16E2
FLI0-1771
P100-1791
F170-DBTS

2H480
o480
£8487
23480
nO4gd

THDUCTOR RF-CI4-MLD 24UH BT . 1446DX,385LE
INDUCTOR RE--CH-MLD 24UH 5% 366D 225LE
INDUCTOR EPONH BOX 23DX.37ILG

IHDUCTOR 270KH 20X 230K, JVSLE
CORE-SHIELDING EBEAD

FLO0-1622
9100~ 622
FARO-17P1
FLa-17%1
L3 PR )

Azl
A TLE
AZILE
ADIL1E2
ARILLER

Skl Pggdm

21841791
2390-0460
AN§-0HI7
F140-D34%

an4ah
400
2g4B0
ZB480

AZTLI&]
AL TS
Axilisd
AIL16G

FL00-17%1
PLAD 04650
1090539
21400349

INDPUCTOR 270MH 20 23DX. 375LE
COTL-VAR 3TINH-42YNH Q=120 PC-HTG
IMDUCTOR (M1GE IYEM)
TRDUCTOR RF-CH-MLD 1. 1UH 5%

3 I b -

L RHEDH, SANLE

44713
0471%
147135
H4713
L R

MPEH3T
MPGHE1
ZNTT 7P
MREHT
2417

TRAHLISTOR PHNF 5T TD-%2 BO=623MW
TRENSTSTOR PRP 81 TO--92 PhwH20MHE
TRANSISTOR NPH 2H317% S TO-72 PR=3G0MY
TRAKSISTOR PP 5T TO-92 PD=4HELMW
TRONIISTOR PMP EZN4217 91 PD=200M4

ARLH]
o= )
#2103
AZ1a4
LRI

1053 --0440
1053 4448
16540345
195 3-0a48
1BG3- 0 08e

Moo

017263
Q72H3
294G0
B7RES
20400

Zia?t?
EHARLY
1854 0RPE
2MAPLT7
1&8%4--3296

TRAHGTISTUR PNP 24217 5T PD=2d0HW
TRANBIATOR PNP 2N4P1T 91 PRw20OHW
TRANGIGTOR HAN S TO-92 PR==31IMH
TRAONSITTOR PNF EZN4?17 51 Pl=20dMU
TRAMEISTOR NP S TO-92 PO=310MW

AZIN? 1BFI-0E8Y
A 108 1E253~0 089
AZLgR 1B54-1256
A1010 161534 089
AT 1054278

|l

Ch4L7

1454-08% 8
TE54-0296
10540296
1aE5-9300

TRANGISTOR PNP 2N4917 5T PLe2GEMWR
TRANGISGTOR NPH 31 TO-%2 PL==310MW
TRANSISTOR NPH SBI TO-F2 PD=310MW
THERSTSTOGR HPH BI TO-%2 PD=31JMN
TRANDBISTOR-TFET DUAL M-CHAN D-dObE B1

Q7243
ae4id
oR4AEL
2480
paan b=t

AL RLE
A21913
AZIALA
AZIAT G
ARIRLT

10530089

M m

1E-0500

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




Replaceable Parts Replaceable Parts

Table 6-3. Replaceable Pasts

Description E";&e Mfr Part Number

Reference HP Part
Designation { Number

Azl 133%- 00
LHAE L 1S~ BiEy
A2l 18559002
A E2 154021
A 1G2T 18954-1215

oo

TRANSISTUR T-FET N-LHAN D-MDDE ST 34BN 1EDE-N0E1
TRANZISTON J-FET M-LHAN D-MORBE §I 2480 19a8 -0081
TRAWSTSYOR J-FET P-CHAR T-MIDE 31 28488 140 R
TRANGIGTOR HPM 21 PRaIL0HW FT=290HNHE 24713 QHIR04
TRARSIETON HAN ST PDo3%0MM FT=300Ri3 04713 inand4

I T

AZ1024 1054-0215%
A2 TRES 16935 DLET
ATIR2S 19540215
AIREY 1055-0081
Arlg2E 1E154- 03274

TRANGISTOR NP 51 PD=350KW FT=3¢CMM7 NA713 L e
TRAMBISTOR PHP 44717 G1 PD=200MY 27263 AH4TLY
TRAMGEGTOR MNPM ST PDo358MN FTaZ00MAY narya nHITAA
TRANGIBTOR T-FET H-IJHAW [-MODE SI cu4Bl 105%-20681
TRANSIBTOR HPN St TO-78 Ph==39 MW 284414 11354 0204

AR 1054 4RFG
Aa1@s1 18530 UBY
ARIRSR TERA- 1820
A2INEE 1eEd-nle2
ALLNET 168%4-021%

TRANGIGTUR NPW 51 To-72 TRe=310MW CEETD 1054 0%
TRANSISTOR FHP 2HARLT §1 PR=290KW 7263 2HAP17
TRANGLETOR--DUAL. NP PE=500mM Z7014 LHXra
TRANSISTOR J-FLT P-~CHAN T-HODE ST 2E480 18550082
THANSTATOR NAN BT PD=350KW FT=303nNZ naF13 23004

=P LR D e ]

A2117138 18535 0084
AZ1RY 1SS -0 D61
AZ1Q41 1£154--1 7294
A4 10%4- 0296
ADIRA3 1ATE-109

TRANGSISTER PMP 51 PD=310HW FT=4IMHZ g 38 2WE a7
TRANEISTOR J -FET N-CHAN O WODE 5Y zB400 1A%s-00a1
TRAMETSTOR WPH ST TU-%2 PLoITEMW 234680 19540270
TRAHGISTOR MPN 31 TO-52 B30k aead) 1654 -0296
TRANSISTOR PNF 2NAPI7 SI PT=2RUMU 07083 SMAPLT

A4 10530067
ADLRLE 1073-0448
ACIQIAZ 183401071
AZ1ALEL 14553-~0448
ARIR162 15%4--034%5

TRANGIZTOR PP 2ZHAPLY? G PL=200HW 07243 2R4717
TREHGESTOR PNP BT TO-Y2 POwE2SHM D471y ML
TRANSISTOR NPN SI FD=3DeNW FT22030HHZ 28pa40 18540070
TRANGISTUR PNP ET TO-92 Pi&23HM 147135 M &
TRANSISTOR WFN ZHII77 51 TO- 7R PDe2FIMW 04713 CHD17?

mo oW BRgMen

ALQLA3 1854--01345
A2l &4 1G5 1347
AZ1HAS TG4 D34S
ALlQLES 14353-0448

TRANGSISTOR NP 2WT179 51 1072 PRa200MW Q4713 ety gl
TRANEISTOR HPR ZHEILYF S1 T0-72 PO=200MW F4A713 SHGI7PY
TRAWITESTOR MPW EMFI?F 5T TU-72 PD=200MW 04713 2HWI7R
TRAKREISTOR PWFP 31 TO-92 PL=&6E3MY BA71S MPSHET

= mE

AZIRI 0757 L39%
M2LIR2 Nrid--1419
AR LIRE 87E7-0417
LEAN T NoR3-A7EE
ARG [Va-ral B4

REBTETOR B56.2 1% A20W F TC=0+-100 a45 40 C4 1/ TiH-SeR2-F
HEBIGIOR &B1 1% ., 120W F TC0=0+-100 24544 G4 -1./0-TH -pB1R -F
KESISTOR &GL 1% .120W F TCe9+-100 24546 G4 /8T8 1 R-F
REGIGTOR 47 5% .20M FO TC=--40&/+500 i1 FR47 05

RESIBTOR 825 1% 1254 F TCw=0+--100 24546 CA -1 AB-TH- 3250 -F

&Sy

REIRY bDEBE-471 5
AZIRD 04834705
AZiRY CLPT--F440
LEALRSY 0&HR3-2205
ATIRLE 0770438

REGLIGTOR 470 5% 306 FE TC=-4R0/4600 #1121 Co4715
REGISTOA 47 1% .2%5W FC TC=-400/+500 B1121 CEA70E
RESTITUR 176 1% .125W F TL=0+103 Z434b CA-1/8-T0-4PLR-F
RESISTOR 22 B% 2T ¥C Ths=-440/+508 piz2 CL2205
REGIGTOR 3,118 4% 125 F TC=0+-100 Afidd CA=LfE=-Ta~ B 11 ~F

AZIMLS G737 431
ATIHLA O7%7 041G
ARTRTE 0252~ n4ag
ARy d6FB-F152
A21f1a V7E7-D 444

RESTETOR 5.11K 1% 4298 F TC=s0+-190 24546 C4-1/8-TE-3111~F
REBISTUR £1% 1% ,JE5HW F TCs0+-109 24544 Ca--1/B-TN=B1YR -
RESIGTOR 7.5K 1X .123d F TC=4+-100 24TAL C4-1/8-TO-- 75U 1-F
REBIBTOR 3, 40K 1% 1384 F TC=0+-200 24044 C4-1./8-TN-3491 -
RESIETOR {2, 1K 1% 1239 F TC=R+-100 2AT 4 C4-4/8-TH-1212~F

S o aE WeNS e

ARIRLY raF--0270
AZTRZL UEHES-470%
ARHDZ 581325
AZ1R2Z 04683-4815
AZIRZS 16831825

REEYBTOR 1,7BK 1T 1280 F Ti=0+-108 245438 G4 -1/78-T0-17681-F
RESIGTOR 47 5% 205W FO TC=—-a00/+540 0142y CR4705
RESIBTOR 1.5K 5% .20 FC TCe=~408/4700 1121 CBISZS
RESTHTOR 580 S 2%W FL T 40044804 friza CELELS
REBIETOR 1.8 &% ,E5M FC =—405/+709 a1l CELHRS

i 1L I

G IREL 0757 -13%5
AliRa? 1757-0217
R iAz2E nWE7-e317
AIIHED 0RE3-4705
AR1RTE 06833325

RESLSTOR 44,2 1% 1254 F TC=4+-100 2454k Ca- -1 /8-TO-5aRE~F
RESIGTOR 1.33K 1% 1208 F Te=i+-108 24%4d c4 -1/8-T0-1331-F
RESTSTOR 1.33K 1% 120W F Te=0+-1C0) 24T4b Ca~1/8~-TI~1331-F
RESIZIOR 47 DX (29W FC TC=-400/+500 012t CRATRY
RESIGTOR 3.3K %% .P%W FC TC=-480/+700 6112l CESA2S

[ I K od

ATTRNE 0403-4715
H21RY2 16834705
AZIR34 0Y%7--n43B
ALIRIE B -8 200
AZ1Ra7 FEPB-3108

RESIATOR 470 5% 200 FL TC=-420/v&0] Fltel CBA7IS
RESIGTOR 47 3L .25W FC TCwe-4007+900 1121 CRATNS
RESIGTOR 5.11K 1% ,12%W F TCw0+-120 2ATI4G LA-1/B-TE-5111-F
RESIBTOR 1K 1% 1204 F TC=d+-100¢ 24%4d C4-1/8-T4-1001~F
RESIBTOR 3.82K 1Z 1254 F TC=i4~100 2a%ak ca-1/8-T6-2831 -F

RESISTOR 1.6 12 180H F TC=0+-100 4T 44 C4-1/8-TO-1FEL-F
REGTSTOR 100 1% 1256 F TC=0+-104 24%4d CA4-1/8-T0~101~F
REGISTOR 80 GX . 25W FC TCo-400/+600 n1idt CREE1LS

RESIGIDR Z. 33K 1x .id%W F TC=d+--100 24T C4-1/8-TP-3B21-F
RESIGTOR 3.03K 1% 185W F TC=0+-1R0 BATAE A /8-T-F8031-F

AL E 3G 06880083
AZTRAR DFE7-0401
AT 1R4Y D HEI-6BLD
AZ1RA2 PEeB-310E
AI1RAT 169133153

REGSIBTOR 1.%&K 1IX 125 F TC=0+-100 24%54h Ca-1/8-TO-1261-F
RESISTOR 190 S .2%W FL TC=-40Q/+300 nila CRI0I%
REGIGTOR .3k 5X 259 FC TC=-402/+200 01121 8 ER L
RESISTOR 1040 5% 25d FC TCw=-400/4506 n11&1 CE1013
RESINTOR 287 1 &M F TCO=0+-1310 24544 C4-1/8-T0Q-207R~F

AETHA4 0698-0083
hZ1R4b6 0 a83-1 014
RZ1RA7 16053325
AF LR4A U 5H33~101%
Al IRA? N&7B--3443

DNMEYE MOUtsl JHT o

RESISTOR 419 1% .1285W F TC=l+-108 INELEL C4-170-TH - L19R-F
RESISTOR 42, 1K 1K ,12%W F TCed+-100 A4 [ CA-1/E-TO-LEl2-¢
RESISTOR 1K 1% 1250 F TC=0+-100 %48 | C4-1/8-TR-1001-F
RESISTOR 1K 1% .12%4 F TGmO+-1DD 24544 C4~1/8-TO~1001+F
RESISTOR 1, PéN 1% 1234 F TC=0+-100 24396 | C4-1/8-TO-1761-F

AZLRS) B7E7-1419
AZ1RE2 bFF-0444
AXIRGE U 75783580
A21RE4 b7LV-0200
AZIRGS lua7A-0083

Wi

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




Replaceable Parts Replaceable Parts

Table 6-3. Replaceable Parts

Refersnce HP Part
Designation | Number

Aipt? N583--3105
AZ1REH Q4334715
AZLIRGY BEGT-1 01N
n21REY A%~ 1 035
AZIRAE 16831019

Description Eﬂ;:le Mfr Part Number

RESL3TGR 31 H¥% LE%WM FC TCw—400/4500 RN ¥4) CRE18Y%
RESTHTOR 476 54 . AN/ +&0 8 Hita2l [HIE -]
REZLS" Tog BL L 2EM P A0 F B30 1124 CE107%

JRK S 20W FC TCw=400170 bitat [ R
RESTHTER 108 BX L BEW FL O1C=-4907 4000 izl CHEIALG

oo

Rt I L Y

AZLIRAS n737--0a1s
AZIRES N&YE-- I DEA
ATIRES n?57--0401
AZIR G4 heg3-- 4703
A IRET N6E~A083

REBIGTOR 481 14 . 3250W F Ti=l4-160 AN A4 B4-1/B-T6-RE1R-F
FESIGTHOR 2,15K 1% I3GW F TE+9+-100 FANAL CA L A= TH=2151 - F
RESIGTOR 110 12 .125W F Th=d+-100 24544 L4-1/78-TC-1C1-F
AESIEVOR 47 % 2588 FC TG AD0/4500 il Chay s

RESISTON 1.96K 12 1788 F Th=t+-10C PALAE A1 /8-T0- I961-F

AESISYOR 14.7K 1% 18350 F TC=0+-1100 24546 LA~/ B~T0-1472 -F
RESISTOR 14.7K 17 1234 F TC=0+-140 RALAE CA-1/B-Y0-1A72~F
REFISTOR 129 1% .12%W F TC=01-330 24596 Ca-1/8-TO-107
RESISTOR 44.2K 12 1258 F TLsfa-100 24044 L4-1/8-Th-4A22-F
HESIETOR 1K %% L Z%W FC TC=-400/ra0d 11zl LEIhET

AZLIRGE i1a'PH 51546
ARIRLY 069g-A1 56
AZIRFN NF%7- 0401
AZIRTL 0&949-4207
HRTE Na6E3~10a%

REGIBETOR 47 %% 26w FU TUs-400/0500 [ R¥:31 CE47 05
REBISTOR-TRAME 1K 10Z € TOF-ADF 1-TRN 20430 200 -2
RESISTOR 10K 4% 12%W F TC=g4-106 24548 CA- 18- T=1 00 F
RESIGTOR-TRER TBK 104 C TOP-ALRT 17-THR aneey 3290w 1503
RESISTOR 108 X 284 CL TC=-P@0se1100 LI ¥ CHIN&T

ARIRTE {1683 ~4705
AZIRTA 2i00-3211
AR 1757 <442
ARIRT & 2100-3074
AIIRTY 16831063

SNad-I ke @Boaeas

RESISTHR 239 1% 185N F TC=04-100 240 OPET - ALHE
REBLSTOR 100 1% 1458 F TCwu+-100 24345 CA-1sB8-TH-181~F
REGIGTHR 10K %X .ZSH FI 1C=2-400/4703 0111 CR1033
RESISTOR S &K 5% 284 FC TE=-400 4700 01121 CESHES
RESIHIOR LK ¥ (EEW FCG TER=-400/1700 i CR2IRG

A21R7E 0757~ 1406
AZIR7Y Q7570401
A2iRE1 046B3--193%
A2IRED 14835425
ARIRED 6B 28

e g

FESISTOR 13.3K 1% .126W F TC=06-1400 19701 HE4L1/8-Ta-12352-F
REGIHTOR &. 81K 1% 1250 17 TC=3:+-100 24545 Ca-1/8=--Td-4811F
RESISTOR 47 5% 25 FO TOu-400 /0500 01131 CE4TOY
RESISTOR-TRAMR S0 10% © TOUP-ADY 1-TRN HIALN) ?1H9--338%
REZISTOR 47 Jx 20 FU TCx-40CG/+500 ayia1 GRAZDS

alr1Ry4 757 -420¢
AIZIRDE 028 - A%
Al iRE7 04L83--A7IS
AZ1RED 290 -5AET
AZIRGY Re83--470%

RLEIGTOR 1, 96K 1% 1254 F TC=de-149 it i 1) CA-1/5-T0-1961 F
RERISTOR 1% S5 (23 FO TCx~400/4500 41121 THLLES
RESIHTGR 100 5% ,20M FC TC=-4003/1500 pilzi CE1IAS
FLEISTOR 100 S .2%W FC TC=-400/+390 t11:1 LR1U1%
REGISTOR 825 1% .125W F TC=U+-100 FE LT L4 -1 2E-T0--8B2ER-7

AZIRT1 HaF -0 B3
ALTIR?Z pEIZ-1 02T
ARG NEES- TN
ATIRT4 06831015
A2IRPE [Vt e |

Bela-Om MO0 LTS

AZLRYY [UFJ: K B
ARIRYE [IE 1 Rgaradte

ARIRGY 04783154
AERIDY n&B3-1025
AZIRL DR Bap3~2R2g

REGYISTOR 2,24 9% . 25W FC TCw-400/57010 LR 220] BERES
RESIBTOR 2.£K %%  25W FC TC=-a00/+700 11121 CrAZAG
RCEISTOR 4,.22K 1% ,123W F TE=0+-104 G4t a1 /8-T0-4201-F
RES1STOR 1K SX . EEW FC 1C= -4dD0/5 1400 [ Re3 LELINRAS
RESISTOR 2,20 i 296 FC TC=-340/+2700 ni1zl LheR2n

REQIHTOR 47 %X 2%HW FC TOw-33p/+530 014 CBa7D%

RESISTOR 22K % ,25W £ TOo—400/+300 01181 CBZEIY

RESISTOR 10K 5% 234 FC TCe-4004 #7100 11121 CR103%
RESISTOR-TRME 2K 10% £ TQF-ADJ K-TEM 23480 21040567
RESISTOR 1,%4K 1% .12BW ¥ TO=04-101) 24544 Ca-1/6-TO~19b61~F

AZIRT0S PGB 4725
ARIR104 NuB-22 35
ACTRLG 06E%-113%
AZ1RYO7 “1e0--0507
m21R108 D4PE-DNLT

RESISTOR 100 5% 254 FU TG=—400/+500 01181 BEie1s
RESISTOR $00 %% 2% FC T8=-400/0300 B3l CB101%
RESISTOR 6825 1% 1234 F TC=04+-100 24%44 GCa-1/8-T6 22597 -F
REGTISTOR B11 1% 4 * IC=ga-1090 24546 Ca - 1/2-T0-51R--F
RESISTOR T11 1% i * Thesg4+--110 EELAE G4y Ap-TU-%1 AR -F

aginlog QEES-1NLS
AZ1R111 NaE3-101%
AGIRY L D75HV—0431
ARTRT LS 07571416
AR b4 0?5?0414

RESIGTOR 47 % 20W FC TC--ad0/¥3560D n1123 GBATIS
RESISYOR &.81K 1% ,1805W F TC=D+-100 24544 [4-1/8-T0-4B11F
RESIITOR 1K 5% 058 FC TO=-400/v&00 LR § E:BS CRL0ZS
RESIGTOR 18K 5% .25W FU TC=~430/+808 01ral CH1E3S
RESIBTOR 1K T4 28k FL TC=-A90S4400 nt131 CR1d2sa

AZT1R1LA D4G3-470%
AXTR11Y N7%7--043%9
AZTR1I0 16B3-10127
A21RS1Y Nal3~-1683%
ARTR121 Pa83—102%

b WAl B g GO et S

RESISTOR 46.4K 1% 1209 F TC+0+-104 24544 G4 1/0-T8--43LAR-F
RESISTOR tOUK 1% .12%W F TCmg+—100 24TH6 CaA-1 AQ-To-~ 1033 -F
RESISTOR 1.5¢ 8 .20W FC TC=-400/+700 0l121 [s5c] Retui]
RESISTOR 1K A% .20 FC 1C+-4B0/+AH00 i1 CRIOES
RESISTOR 2.2 S% ,29u FC TC=-q00s+780 t1121 CREZAY

A2LR122 are--I162
AEiRt123 07ET-04EG
#21R124 Nef3-1525
AZIR1 28 r&6RZ-1 025
AZ1R128 HaB3-2205

RETSISTOR #% 1% (1258 F TC=0+-100 24546 Ca-1/6-T0--735R0--F
REGEOTOR 2&.1 1% 125W F TO=kr-100 Pt T PHESG-1/3- Tl 26R1-F
RESISTGR 40K 3% .25W FC TC=-403/4700 11121 CRL0¥S

RESIGTOR 22 &% .25W FC TCw-400/+3500 01121 CARENS

RESIETOR 1K S%  2TW FC TCe=-300r 4680 n111 CEHLORY

AZIR1E2 1?57- 0373
AZIRIZY N&98-3432
ARIRTSA 0631038
AIRLEG e82-2205
ARIRT3b hiBI-1023

GO nEn WeaEpo

RESISTOR 10K 5% .2GN FC TC=—a00/+700 LI iyt CB1033
RESISTOR 4 53K 1% (1250 F TCe=h+-114 24546 C4-1/B-10--4531-F
RESISTOR 10% 85X 254 FC TL=-400/+7040 07131 CuLea%
RESISTOR 1.27K 1% 1204 F TC=)+-100 #4346 C4-) /8-TR-1271-F
#ESIETOR 1K 5% .2%W FC TC=-400/+&01 B1121 CHit2%

AZIR1Z7 W3- 035
AZTR1IA D670 4443
LESESE] NaFI~1933
ARIR LAY 1&7H-4422
A21RLAZ N&HEA- 1925

REGISTOR 190 &5% 25W FO T0w-4307 1300 LR EL CRLIIT
RESISTOR 3.3K B% 20w FC TC=-400/+7¢0 01131 CRE32S
RESISTOR 1K 52X (23U Fii TC=-4d30/+4D0 011zl CB1H2Y
REGISTOR 10K 5 .25W FC TCu-400/+704 Nl CH1L035
RESISTOR 10K 3% 254 FC TC=-400/+700 91121 [m:3 R

AZIR14AZ H&EI-1015
ARIRIA4 0agA-F350%
AZIR1AT 16831025
AR IR AL N683-195%
ARIR147 NaR3-1055

[ Y- BT, X PR

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




Replaceable Parts Replaceable Parts

Table 6-3. Replaceable Parts

Reference HP Part
Designation | Number

AEIR1AR P&E3-TIT
ARIRL97 N6HBR3-1633
AEIR1D0 M&B3-330%
AZIRLEY 0633~103%
AZIR152 ha83 -1035

Description g;::le Mfr Part Number

REGISTOR 750 S .20M FC TC=-40br+&02 mlz1 CBYon
RESIETIR 16K 3k ,2%W FC TCe-ab8 4780 1121 CH1BEE
RESISTOR 3.3K 5% 200 FQ TRe-490-+7040 p1izl CE3SEEY
RESIETOR 10K 5% 2%W FC TC=-408/+700 Nl121 GRLe3n
RESIGTOR tOK EX 280 FC TCu- 40074700 niizl [0 ]

oG

o

aZ1itisg DEBI-244%
A2IRTALD Ha03 -47056
AZIR1ED 04B3-1045
AMIRTGLA NHBI-4735
AZERLILS BHBA-104S

REGIETOR 240 5% .20 FO Thw-a4d0/+600 i Cha4td
RESISTOR A7 5% 254 FL 15=-400/ 1500 0li21 CR4F A%
RESISTOR 100K GX 2T FC TC=-a04/+HAD 11371 Ca1tas
REB1ETIR AYK GH .25W FC TG=-480/300 iz CHATHN
RESISTOR 100K SX . 2%W FU TC=-400/+004 il LRi#AS

LA R [&aEd—4" 355
AZIR1A7 N&BE3-472%
AZ1R14G ta@3-1035
ATIRIAY 0498-3%18
AZIRI7R 0632425

REEIHTOR A%K TX (20W FC TE=-400/ 130D LS ¥ Cha7a%
RESISTOR 4.7 GX  2UW Fe TC=—480/#700 i LRAZAS
RESISTOR 10K Z% 204 FOC TC=-400/+700 niian CB1GAS
HESILTOR 7.32K 1% .10TW F TCu@+--100 24540 CA-1/9-TN-F321~F
RESISTOR 2. 4K %X 20U FL TC=-A90/+7R0 LR 4] CR2AEn

AZTRI7L NPEY 1094
ARIRLT7E N&E3-1 025
AZIRL7E 0633-1045
AZIR174 N&3A-2125%
ARIRL7E BAEF-A70T

RESISTOR 1,47 1% 145w F Te=a+-10L8 EAGAL Ca- 3 /R-T0- 1471
RESTHTOR 1K OX% 204 FC YC=-400/+60D il GD102%
RCSTIBEYOR 100K 5% 200 FC TO=~400/+300 0121 CHL1045
REFIGETOR T.9K 5% 2l FC TE=s-afs+780 #1183 CB512%
REGISTOR 47 Fa .20W FC TC—4HEA+500 01121 CoA705

ARL?? B7e7--0417
AZIR1L7E 757 -0401
AZIRL7? BeA33-391%
A IRIBL 06333715
A2IR1AZ 04831525

REGIGIOR 562 1% ,12%H F 10=@+-3100 g 101 CA-5/B-TO-56RR-F
RESISTOR 108 1z .125W F TCed+-1080 245496 Ca- L/R=-TN-1001-F
RESTISTHR 370 5% .20 FC The—-403/4 600 HN N 23] CBI91E
REBTBYOR 39¢ T4 .25W FG TC=-an0/+480 0l CHIFLG
RESIEIGR 1.TH 52 254 Fo T0= 4004700 21123 CR1%RS

AdiR1gd Ne8%--192%
h2iR104 n7%s? 0289
AZIR1BL DPE7~Raldh
ARIRIBZ NaFE~4123
AZIR1BE D7h7-DEBY

AESISTOR 1¥ % 258 FC To=-400/+400 91131 CRLIaE

RESBTGTOR 1K 1% . 125W F To=0+-100 H4TAE LA - 1/8-T0-1001~F
REBIGTOR 331 4% L1294 F TCwd+-150 2454k (=L 200 Wat L A=0 Y
RESIBIUR APY 1% 1204 F TC=0+-109 24546 Ca 1/B-TH-A99H - F
RESISTUR 1K 1% . A2SW F TCwi+-100 20548 Ca-1/8--Th- A0G1-F

W@ md pddokg DoE-EY S sl 0 b Alge

AZ1R1ET N7%N7-n401
A21RLT1 17%7 -0280
A2LR1%D PFo7-n442
AZIRLRD 0L.98-327%
ARIR1Y4 DFE7-- 0401

RESIBTOR 100 1% 1304 F TC=B+-100 24546 CA-1/71 -Th-33Y ¥
RESTOTOR 1K 1% A25W F T 100 24540 CA~1/B- TN-1001--F
RESTETOR 13K 1% 1Z0W F 0+-103 24545 LA -1 R-TO-1002-F
REGTHYOR 4.9%¢ 3% 1354 7 Thefv-100 24546 CA -3 /0-TH- 4791 -F
RESTHTOR 190 1% 1206 F TC=Z+-100 24544 Ca-1/8~-T0-103-T

R -

AZIR %R N757-04%2
ALIR1P7 DEFR-3440
AZIRLHD NGEF-4974
NALR1%7 i YRl B KA
AZIRZN0 [ Ja ARl )

REGISTOR 27 .4% 1% (1204 7 TCed+-100 24545 CA- 17018 27 ap-F
RESISTOR 196 1% 12%W F 12-=0+-100 2AGG CA-1/B=T0- 1960 -7
REGISYOR B 43X 3% 12TW & TG=h+-100 24346 CA-1/B=T0 - BAGT~F
REGTHTOR 4. £ft1% 1% .1ebl F TCuk+-100 24344 CA-1/B-Tlk-6811 -F
REBESTOR 1.1 1% 420 F TOsb+-100 24546 C4- 1 B-TH-T A -F

A2LR201 oyay--0260
AZIRROZ 475794101
AinRA0g Na5E- A2TR
AZYRE0A PFY7 0442
ATTRZ0D BFEY -N2EA

RESIGTOR 1K 1% 124k # TCad+-100 24040 ASB=TH-1001 F
RESISTOR 108 1% 1254 F TE=0+-198 24546 S /B TB-16] -F
RESIBI0R 4,99K 1% .125W F TE=24-100 P4TAL 1B T 493 -
REBISTOR 10K 1% 425K F Te=0¢-100 24546 1 78-TH- EROEF
RESTSTOR 2K 1% . 1254 F 1604190 24544 A /B-T0~2004-F

AZ1RE04 1742 --N2a0
ATLRIGT N6AS--331%
ALIRZ0E bHE3-AZ2G
AZARE0T 1R83-3710
ATIRZIN DERI-A470S

RESIBTOR 1K 1% (200 F TO=8+-109 eAH4E C4- /BT 00 % -F
RESIDTOR J30 9% .£SW FC TCa-400/4 600 b N ) LNa3In
RESISTOR 4.3k S¥ 2UM FO TCae-gl@ e 200 B1121 L L ]
RESYSTOR 370 3% (ZTW FO Th=-440/ 4600 01123 CBAG
RLGTISTOR 47 5% .25W FT TCw-400/4500 nltgd o437 s

RESTETOR &, 81K J% (AEZ0W F TC=04-109 24545 LA LA R-TO=6801F
RESTATOR 100 1% 125 F To=dw-100 BRGAE CA-1/B--T0-107 -
REGISTOR 10K 1% .1ESW F T0R=04-7100 24546k LA 18- Tih-100aF
RESISTOR 22 5% . 0MW FC TC2--400/4500 01171 CHENGE

RESITIOR 3,548 1% 1254 F TC224 143 24540 CA-1/B-Th-31 61 -F

A2ik22 07370439
ARIREY] U?5P-n401
EEIURIR] 0%%7- 0447
AZITt21G dend-a00s
A2IR2LS NFH2-N27%

Lw@Es DoD bl oD O p0-~d-

JE FF ECL D-Ms8 DUAL 04713 KGNS LR
TRARGIGTOR ARAAY 14-PIN PLLTE DLP ATHD Ca3las
TCOFF TTL LE D-¥YPE POG-ERGL-TRIG COM 03295 BN7ALSLTAN
It FF TTL L& D-TY¥PE POB -EDGE-TRIC DIERD BNV ALETAAN
IC OF aMP GP TO-9% PXG 274014 LHEL Ok

AUl 1E20--0B7
AL 1024 -0 01
ALl 1326-11%
AZLILE igav-1112
Adila 1B26~0021

Era . i N

I T TIL 5 J-K REL-EDRE- TRIG N12%% N7 451 12N
IC DRVE TTL 8 WAMD LINE Tl 4- TP NIEPE fil?a%]10H
I CNTR OTTL LE BECD LP/DOWH BYNCHRO IR ShFaLGLPON
10 OF AP GF TOD-97 PRY IL.ma CASD?Y

I CNTE TTL L3 DECH wb/ADOWH GYNCHRO T1EWHE SHTALGL O

aAdiu? 1620-0L2%
AZ1US 1R2E-00%7
A il 1A20-127%
AZIULD 181240043
ALY 1eRN-1277

o b o

A2LLIR 1020 -us81
AZIUTS 18240~ 142Y
ALY 1H29--1178
AZTLITS THED -V 16
LEARU A LE20-1332

GATE TEL % NAHD QUAD - ThY B1aes i FAtd DN
FEOITL B J-# NEGEDEE-TRIG 11273 SNFATTI N
16 FT TTL LS D-TYPE POG-EOGE-TRIE CON 01p93 | BNZALBI7AN
TF 17T LS b-1YPL POG CDGE -TRIG COGH it BNT LG T 4
GATF TTL # MR QLD 2 Ty 2129% GNFAGE 20

mEn o

T THl % I-K REG-ELGE- THIG 01295 BHZA4H11EN
RIGE RADS 2460 1023004

IG IHY TT. 5 HEX 1-LHf 11298 ENFAS AN
- GATE TTL S NAND EUAL 2 -1NP Diash Yl T 450N
FATE TTL S HAMD GUAD 2 1WP 1Y SBHPAGUIN

AZIUE THEN - Dh29
ALY TEZR- 2004
AL DN -MEAE
A21U22 1820-- Dbt
AcIVDS 1020 hai

EE R

See introduction to this section for ordering information
#lndicates factory selected value




Replaceable Parts Replaceable Parts

Tahle 6-3. Replaceable Parts

Reference HP Part
Designation | Number

AZLUES 14928-0627
Aciies 1@320-0493
ad1U2e 1820 -8693
A7 1820-0629
ARilaeE 18261641

Description g‘;&e Mfr Part Number

FF TTL & J-K NEG-EDGE-TRI® 01275 FNZABY 12N
FF TTL. & D-1YPE POG-EDGE-TRIG 11295 SNZ4E7AN
¥ TTL 8 D~TYPE POS-EDEE-TRIG 12P5 SN74B74N
FF TIL 8 J-K NEG-EDGE-TRIG [3 i GN7AB11EN
DRYR TTL LE BUS DRVR HEX 1-INP 1275 BN74L.534TAN

oa

F¥ TTL § J-X NEE-EDGE-TRIG 01290 SNFAB112H
FF TTL S J-§ NEE-EDGE-TRIC 012D GN743112H
GATE TTh L# MOR QUAT 2-INR 61295 ENTALGOEN
FF TFPL & J-K MEG-ERGE-TRIG gy GiNFAST 12N
Of AHP GP BUAL TD-7% PKE ILEUS CAlLAGET

az1zy 1920--0627
AZ1J30 18200427
AAUEL 1R20--1144
A211A2 18200427
AZ1U3S 18240111

NMarce® GEOE®

I BATE ECL NOR GAD E“iNP. 04713 HE101 D8R

-

AT1LU34 tE20--002

TERHINAL-3TUD B6L-FIN PRESS-HTe 2834481 05&0-1714
MIREFORM CU ERT-TIM HA4B0 149601~-13%6
LABEL CAUTION 1,925 IN-WD 2 34-IN-LG 28480 211224

HI&0-17 14
1460-13246
7121-1224

L-F K

ATTENUATOR ABBEMBLY 28480 13325 -heaa S

&

a2y WE323-46523

CaPACITOR-FXD . IUF +8B0-20% S0VDBL CER 2480 Hha0-4571
CARACITOR-FXD JUF +B0-BIX% BOVDL CER 2B481 01604571
CAPACITOR-FXD UM +-20% S0VDC CER oGy 14403858
BAPACITOR-FRD .IUF +-20% S0VDL CER 2Batio 0140-3558
CAPACITOR-FXD , 1UF +-23% S0YDC CER 2B4689 Gt &0-3058

ARSI $160-4571
AZIC2 U169-4571
A2BC 11 &0-3%50
AZILT 11 il - 3358
AD3CE 81 60-3E5

b bmm

CAPADTTOR+FXD IUF +-20% SOVDL CER #8400 Had-3338
CAPACITOR-FXD . 1UF +-240% S0VDC CLER ZEAGD 01&¢--2558
CAPACITOR-FXR 1UF +-30% 30vDdC CER 20469 p1&0-3508
CAPADITOR-FAD L IUF +-8R% SHYIC CER AR481 01402558
CAPACITOR-FXD .10F t-20X BIVDC CER ZEARD B160-3308

ARIC? 016035358
ARBCLO 01 6655358
A2I011 A160--3N%A
a33C12 04695558
a3 A 1-B558

R R ]

CAPACITOR-FAD . 1UF +-203% S0YDL CCR 2480 6160-3WI6
CAPACITOR-FKD ,1UF rB0-20% JQUDL CER 2nsan D14e-4571
CAPACLTOR-FMD . 1UF +B0-20% S0veC CER ZE 430 414604571
CAPACITOR-FXD L 1UF +80-20% SDYLL CER 2E400 B140-4571

AZAC14 0160-3553
HBIC1S 91560-4571
ARtk 1165-4597¢
nEIN17 016043971

Wl

A23J30 12515064 CONNESTOR 14-PIN M POST TYPE 2e484 1251 -5ka4

=

CONNECTGR~-FHOMND 3IMNBLE PHONU JACK; DIP 28480 18%1-2767
CONNECTOR-PHONG STHGILE PHONO JARK; DIP 28440 1am1-29a?
CUMNECTOR-PHONG BINGLE PHORD Jalk; DIP ZEALD 128127467
CONNECTOR-PHONG SENGLE PHOMD JACK; DIP 20488 1251-2747

ARz 18512967
AREI2 17351 -2%49
AZXTE 195 -2val
A3Te 12810549

DE®RG

RELAY 40 12UC-COTIL 12VLC 8480 $478-1141
RELAY 4C 12v0-COIL 129P0 B480 04701141
RELAY 40 120G-COTL 12VING 2EAE A4FH-11M41
RELAY 40 12VC-COLL 12¢RC 2480 b4%9-1141

ARl TR 44701147
AR IER 04704 141
AZEKS Favi-1141
ALIERS 1A%0-1141

-

RESISTHR ¥t.01 .2%% .34 F TC=0+-3) 2L1451 0 DEYP-DOeY
KREQIETOR B1.01 2% SW F TCen+ -850 2045 056F9-00&
RESISTOR 2.1%1 1% 1200 ¥ TC=04-25 2fa80 T6IP-0273
REGISTOR 3SE 1% 12SW F TL=84+-23 2450 $77 ~0274
REGISTOR 247.3 1% EIM F TC=0+-2F 19701 MF5201 7 4=-T9~247RG B

REZR1 L&wR--004F
ARIRD D&59-01a5
ATIERS piEP-D273
AzER4 16P%-0274
AIZIAY bEFR-B25B

Moo

RESIETOR 51.4 1% 5W F TCwl-—Td 2484 1698-7704
RESTISTOR &1.1 1% . SW F TC=0+-50 ZBAd 0 0698-77R4
REQIETOR &4.7 .25% .26W ¥ TC=O+-84 28489 169708 6d
RESIBTDR 109 1% .25M F TCw0+-23 19701 WFSZLL/4-T9-100R-H
RESISTOR 104 1% .26W F TC={+-25 FPFGY HESACL 4 T9- 100K~

ARG N69g--754
AISAY J6FR-7TE4
Az3Re H&er-00hs
AZZRY 1670-7 443
AdIR10 149B-7 448

LI R S

7121-1234 LABEL CAUTION 1.825 IN-WD 2.24-IN-LG 28480 71211234

See introduction to this section for ordering information
#Indicates Factory selected value




Replaceable Parts Replaceable Parts

Table 6-3. Replaceable Parts

Reference
Designation

Description Mfr Part Number

CHARETE AMD MIGUELLANECUS PARTA
0332520601 BHLD - TOR (1532520601

0332520402 SRELD-BOTTON FaT-20602
N3525-0410 4 COVER N0 2 NAI25-NA194

3180-0208

B

FAN-TBAX 45-CFM 115V SIE0-Hz 1.8THK 28480 3160-0200
WITHOUT CABLE)
FAN {WITH CABLE) 28480 03326-B1612
PLR T.PLY 2B4#0 1333566592
PO ASSY-810-HCE HEN ] ik AR YA W
a3 NRULE-HA%E 0T HC AB3Y-KEYED 2846 PEEIT=hET IS
05325 - RS ] & PE ASHY-COMTROL. 2B4E0 9330566500
ata 23IDF-£6514 Pt AZST-FUNCTINN aRARY IBFAG-hEG1 4

A8 03325-66508 PC ASSY-HI VOLT {OPT. 002) 28480 0332566508

D332 -Lana] FC ASSY-FFE DA 264410 03305 -h6521

A23 QAT pHLE PC ASSY-ATTEN 2B4B0 BANT - AB2S

AQ (3225-66508 PC-ASSY OVEN 1OPT. 001 28480 03326-66509

(] 0150-0e12 CAFACITOR~-FXD .G1UF +-23% 1¥YDPC CER 56707 COZAALIZTY NZKYESE
€3 1500012 CAPACITOR-FXD . #1UF +~20% 1KVDE GER SndEy Co2dat 02T10IMT33
[ 61560812 CAPACITOR-FXD ,01UF +-28% 1KVDC CER 54287 COR3MIURT] 0IME3B
cs P1S0-0012 CAPACITDR-TXD .015F +-2B% IKYDL CER 6269 CO23ALRRTDBNG3R

0332561612
330564502
Lx BERI2N-66503

il e an

iWoiW BR

Lo

F1 R11n-00ey B FUSE 1a 259V NTT 1, 25X.25 UL 7E%15 A1200%
F1e 21100612 FUBE (35A 250V NTD 1.8%X.25 L. =8480 21100012

-

n 125017506
12 10681558
J4 1231~ 558
15 1eng--1o%8
i 1E3-1¥8

ABAPTER-COAX BTR F-BNC F-RUA-PHOND 284980 iaGh-1558
ALAPTER -CDAX £TH F-BHC F-RCA-PHORD 2B4RN 1230 1558
ARAPTER-CDAY STR F-DNC F-RCA~PHOND REAGE0 123 0-195%8
ADAPTER-COAX GTR F-EKC F-RUA-PRUNG 224810 12501558
ADAPTER-COAX STR F~DHC F--RCA-PHONO 28400 10% 1 -1558

I? 1250--13536
14 12350 1366
I 18501558
e 129%-1558
T11 1REL-1 553

ADAPTER-COAX STR £ -BHC F -RCA-PHOND 2134310 125014558
ALAPTCR-COAX LTR F-BND F-RCA-PHDNO 284030 1250 -1558
ADAPTER--CRAX STR F-BHC F-RCA-FHONO ZR4ARD 12501558
ANANTER~COAX ETR F-BHG F--RCA-PHOMO 23480 12501558
ADAPTER-CDAX STR F-BHC F HCA-PHOND =aaon 1zE0-1558

R I B B IS RS IR S N

J12 1250--1 528
T3 1230-104U8

ADAPTER-COAX STR F- BNG F-RECA-PHONO 2a4i0 12501558
ADAPTER-COAX STR F-BHC F -RCA-PHOND 208489 VEINGEE

HP1 0352504301
MP2 SHAL-&FIB
Hel WAIAE- 293N
MP4 03323-00201
HP S B5020-0303

PHL-DRESS 2480 Q3 RI5-D 4301
BIVIDER STRIF 28400 B0AD—4PER
WINDOW 284D 03 32%-27301
BUB PNL-FRT 28480 03325-00201
FRONT FRAME 28480 Fo2e-g003

AR

P& IR T R ]
He7 Bh20-30387
MPI3 F0GE-YEED
HE? Shat-721%
MPr10 GN&0--2004

TRIM TOP cpABh SoAG-720%
CIORNER STRUT 28400 0 20-8E37
SILE COVER =211 S969-7034
SYRAP HAOL CAP-FR 284640 Ho4y-7219
STRAP KDL 161K 28460 BiE0-2a04

WP O~ e =)~

BRI R b

mr11 %4072
MP 12 BH&G-YA3ES
[ BFA2T-0NE0NA
P4 5120-0804
#R13 U33As-d4ans

3TRAT WDL CAP-A 294810 | Seap-zaz0
TOF COVER 29480 | S0s0-993%
PNL-REAR 28480 | 13325-00707
REAR -CASTING 28480 | $)i0-am04
FRAME--MAIMN 28480 DE385-016602

[

SIDE ThIM zE480 S001-043%
EDTTONM COVER 28400 SOER-¥B4AT
FOOT 20480 S0490-7201
TILT STAND BET 20491 14501340
HEAT BT 2a4an 33221101

ME 17 Gha-pedn
[ IohN: ] Bl&l-20347
MR 19 H040--7201
w20 1440-1 545
el pEAEs-211101

auUoss SN0 o=

- . -

mra? H150-p2z2H
MPZ23 F1E0-0237
WP 24 SLE0-D301
MPEE 1409-122%9
L] Ul -HRPE
MR27 00310-48801
MP28E AREG-0404
M 2% 13401 0%
Mpt2 0140108
MPE3 03400504
P34 PHFEH-NH601

FILTLE SCREEM STEEL 2.44-WP 3, 44-LG 28480 }u0-n22a
THSULATION-POLYE ,25-TiX =esgn | a13n0-0227
£AN GRILLE 29480 | 31st-0pet
CLaMP-CADLE .375-DIA 1-WD NYL apagd 14001229
L1TE PIPE 20480 | S040-4D94
WASHER, SHOULDERED z0480 | 0031048801
WASHER-FL WTLC 7/1& IM . 5-Th-1ID anaB0 INFo-0402
TERKINAL~SLDR LUG PL-MTG FOR-#1/2-5CR e8aBl { 0560-1089
THREADED TNSERTWNUT 432 ,056-Tu-LG 86T ze4g0 | 0512-0153
IHSULATOR-XSTR THAM-CRICT 29480 0E40--piiG4
SHIELD -RF zeaB) | 03325-00401

=l f b Y B L
-
Y B 8“&—0—-..-

-

Rl B403--101% RESLATOR 00 SX . 2%W FU TC=—A40D0/45610 o111 CRBi013

[

T FLO0-A09¢ TRANSFOSHER -FOMER 100/7120/220/240 VAl 2430 F100--407P7

W1 0352061602 TR, ADBY-SI0HAL 2a4810 33Rh-6] 002

LH 13325-LiL17 CEL ABEY-EYNC . 28480 0332%--41417

LE] 0 13325-61401 CABLE AUSY - Zi-&1 REAR 284480 /0 033G -61001
B12b-2585 UNMARKED W3 ZB4R0 61352085

L'L] /0 13305-a1601 LARLE ASSY - 0-302 REAR 284481 PsD 0FBIR0G-51607
12D -258% UNHARKED W8 23460 B120-2580

See 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

o0

Description

Mfr
Code

Mfr Part Number

Wi
ME
w?
We
Wwe

0 NAZ2T-L1611
3120 -2%805
SIE0-E4%1

b $3325-41600

A120-238%

0 0EEII-41661
U130 -2500

b0 f3RE - 601
f121-2587

N 1E3EE-61601
H120~2E87

D ARG -6l601
H1E0-E03H
nIaghi-61484
NA32L-461471%
BEA2S-H1420

1332561406
SRTRG-814607
0332%-bL1608
NAIF-6160%
BIES -5 610

BITDG-L14H0T
pAIRT-L1a24
0A32%5-61611
133286 160F
NZ325-616140

PEEEN--H1612
13 380-6141 3
UAA2T-41614
F/0 91004079
W33ZT b1616
$120-5218
3120 -3108

Biap-3idb
Q1243108
6120-1348
0E3I2T 41601

B3I25-L1ATE
05325561623
0232541633

21109545
2818-0543

V0ELR-38a01
PIBLG-041 0%
13325-90002
933225- 76013
03401610

03410611
0E8E-0111
DIR0 - 0584
G 4hH0=1334
05y a- 01467

N520-0343
06:24--0208
VH2A-0227
089700913
41370-0070

12050356
1400-0247
1403-0719
2170-0020
291380034

2190-0073
21984570
2190-0718H
2209-9101
2200-0103

HENB-h123
oEEI-G113
260 -0114
aShb-014
2%61-011%5

2%60-0125
23606--0201
24200007
2100158
2uB1-0004

oAl DL

Sl Mg

o g 0ot oaldd

N

LA

W

Sibas] GBSO

oo e o b DF PO O Mo s AN Moot R R L]

S s

CABL.E ABBY-REAR GYND
LUNHARKED W5

CABLE A50Y 24A0E 24-CHDCT
CABLE ASSY-ANPTD MOD
UNBARKED W7

CARLE ASSY -~ 1G6OKHI
UNMARKED WB

CABLE aAS5Y-2 MHZ
UNMARKED Wwo

THBLE ASEY — 1HHZ
UNMAREED M1

CHBLE ABEY-EXTREF
UNHARKED Wil

CBL B5SY-Z BLY
GEL ARRY-HKR

LBl ASEY

CRL ASSY-VTO

CEL ASSY-0M

CEL ASSY-PHASE DET
CHL AGSY-Shh
CABLE ASSY-HVEN

CABLE ASSY - HI Wi
CAELE ABSY - NI w2
GRL AGEY-PWR CON
CBL ASSY-ALC

THL AREY-MAR

331 AB3Y-FAR

LHL aSSY~-HFIE

CEL A55Y Yoo

CABLE ASSY-HIGH AMP POUER (0P 923
CANLE ASBY-OVEN POWER (09 001>

FLAT RIDBUN AGZY 26-AUE 14- COND

FLAT RIVEUN ASSY 28-AME 21-COWD T-1N-LG

FLAT RIDEDN AZDY 2B-AMG Z1-EOND 5-IM-LE
FLAT R1BBEM ASSY 28-AWG 21-COMD 5 IN-LG
CABLE OS5Y 106UG Z-CNDOT BLK-JKT

CEL ASSY- COMPLETE INCGLLDES W3, #, 0, ?,
B, 7, t0, 11

{ABLE ABSY +104
CADLE ASSY +17V UNREG
CEL ABSY-DUTPUT

FUSEMILBER CAP DAYORET; &, 3h, 250V HAX
FUSENOLDER BCDY EXTR PST; BAYORET, T

WASHER SHLLR

COVER

QP /GUC MAHL-&

OF MANL -4

TERHINAL-BLDOR LUG PL-MTG FDR-~E&-SCR

RIVET -GEMT--TUDULAR

STANDOFF~RYT-OH | 27-TH-LE &-352THD
GTANDOFF-HEX 327~IM-LE & -B2THD
TAPE-TNBL L E5-IN-W ,003%-Id-T POLYE-FLM
WUT-THUKE &-33-THUD BRE

THRERDED IHSERT-NUT 4-40

RHE-TN-LE

- | e

SCREW--TPL &-32
SCREW--TPG A—40
SLEEVING -FLEX

\5-TM LG PAN-HD-RDZI 8TL
20 TM-LE PAN-HD -PRLY S5TL
L D4-TD NEMA-3 , D1&--WALL

PP

TUBLNG--HE ,093-D/ . 046-REVD

HEAT SINK
CABLE TIE
CE#BLE TIE
WASHER-LK HLEL RO, %
MASHER-LK HLEL O, 10

AHE - &RE-TIA
. DB 125-DTR

-
2R e D

WASHER-LX WLCL MO, B
MaSHER ~LK IWTL. T 1/2 IN
WOSHER-LK HLEL MO, 4 141
SCREW-MACH 4-41

SCREW-MACH 4-40 | 2E-TN-LG

HSORER-MACKH &-322 25 IN-LE
SUHEW-HACH A4-32 . 25-IH-LG
GUREW-MACH &332 ., 28-IN-LI3

SOREU-MACH 633 |, 78 -IN-LEG
HUT--HE X -DBL~CHAN &-32-THR
SCREW-MACH £-32 ., 25-IN-LG
HUT=HEX-DEL~EHAN B3~ THD

D2 WALL

LRI WYL

L14- D WYL

1ZE-TH-1ID
ARA-IN-ID

1 HB-TN-TD

b TR-XD
~IN-LD

183~ IN-LE PAN-HD-POTI

PAN-W-POIZT

SGREW-MACH 4-40 1.25-YH-~L.G PEN-HID-POZI

FAN-HD-PIZY
2 DLG
62 DEG

BCREW -MACH &-32 ,312-IN-LE [AN-HD-PRZT

P AN-HE-POLL

SCHEW-MACH £-32 .5-1N-LG PAN-HD-POZL

L189-TH-THE
160 DEG
LIRS TH- THIK

20489
2a480
2E4ED
28480
20A%1

¢R4s
ZB4LD
2p4at
A34BN1
23430
#8461

28480
#84a0
2H4E0
2B 430
"3ARM

234510
zaagt
aEADY
23480
23460

el =Ll
28440
2g480
2G40
23400

40D
28400
ZRARY
FO480
ZH400
ZE4B0
Z0480

1438
2O4AHD
2409
A EY 1]

2f430
28400
24450

2a4B80
PEAGD

ZE4EN
AEAB0
28481
410
?a4E0

23439
LA Y
ap000
2a4ael
23400

251
234810
woson
wg480
LR

£84B0
DERES
23431
za40t
ZBABD

28480
2B480
234100
Qungo
ZRAH

FoORED
on0Go
Banan
equae
20600

cgune
sonon
20484
qenan
LR

Br DIATZET-RLIHNL
1282000
ElEh-2a?l
FrO0 N335 61401
H128--208Y

VAV LR EARY
#120--2583
PO BRADS-BLA0T
gi2¢--RuR?
PAO B3RN0 00
4129 -2587

PFAY DFF2H-L160Y
g1zp-2hes

13320 -61604
DIZLG-H1617
NEEA5~- &1 L2l

VIERI-H1600
02EAd-&61597
PASIT-al Gl
(1E3R5-51609
03ATIE 61410

NE320-&1603
033:%- 61621
MHI20-51611
A3F29~61 40X
0332561618

13325-01612

A TE20~R14613
PET2T~61614
PO 00402
1EART~B1610
1A X2iA
S1540-31 DR

1303108
Grae-3108
31201348
1322561601

a2s~61622
PIIRT-H1 620
9322561623

2110- R4l
#110-054d

BOA10--ARE9 1
DIBRIT-D4185
N3I2H5-2U002
N3dAT-20013
N360--161 8

DARI=-9011
GRPEER BY DESCRIRPTION
GRPER DY DEGLRIPTIOH
045601336
N%?0-0167

nupa-0343
n4aR4-neoE
ORDER BT DEGCRIFPTION
EF-0R12
MRPER BY DESCRIPTION

123003856
PLT1H-8

1450-071%
2iel-0020
2170-1 034

21200078
2190-n575s
2i90-0918
ORDER BY DEGCRIPTION
2200~0103

BROER BY DESCHIFTION
OREER BY DESCGRIPTION
DROER Ir BESCHIPTION
ORLER 8Y DESCRIPTION
CROER NY DEGCHIPTION

BRHER BY DEGCRIPTION
CROER BY DEGCRYPTION
2420-0002

ORGER BY DESCHIPTION
REER BY RESLRTIPTION

See introduction to this section for ordering information

*Indicates factory selected value




Replaceable Parts Replaceable Parts

Table 6-3. Replaceable Parts

Reference HP Part
Designation Number

3050-0027
3050--0064
30H0-0716
3050 -0025
&760-0027

Description gj&e Mfr Part Number

WASHER-FL. MTLE MO, A0 . 20%-IN-TE 2414830 4800027
WASHER ~FIL. MTLE KD, & 347 -IN-ID 2H4E D JNG0-DAGE
WABHER-FL. WTLE NO. 9 . 128-IN-ID 28480 JNS0- 6245
WASHER--FL NM 9/1a IH .43-IN-ID .7?5-IN-0OD FO4E0 305 0-DEAS
PLUG-HOLE 625 23481 H4&1E-B02F

oo

PR R R

LADEL ~TNFORMATION .B75-IN-WD 1.725-IN-LG 26480 FIEN-6AE2
LADEL~MWARNING 1.3-IN-MD 1.6-IW-LG YINYL 28490 TAE0--BIRY
CARTON~-CORR RSC 26, 75-IN-LI 24, 73~ IN-WD 20480 PEV1-RERT
CHANMEL W/ELASTIC GREIF (S5-1N-WH 264810 SdR-0706
CUT JUKMPER ZR48D JUMPER

Fi20~a482
T1R0-8537
FE1i-2257
SHA-NFLG
JUHPER

ST =

S

LUG-TUMPER CUT JUHPER SH4B1 LUG-JTUHMEER

See introduction to this section for ordering information
#Indicates factory selected volue
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Fipure 6-1. Location of Parts.
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Model 3325A Service

SECTION VI
MANUAL BACKDATING

7-1. introduction.

7-2. The contents of this manual apply to all instruments. Barlier 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 im 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, component, and documentation changes to this instrument are identified by a A symbol.
The numbered deltz 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 group. When a delta symbol
is cneountercd, the technician should first refer to the corresponding serviee 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.

7-5. Change Sheets and Service Notes.

7-6. As HP coutinues 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 date, one should periodically request the most recent
supplement which is available from the nearest HF Sales and Service Office.

7-7. The insteumnent related service note is a publication directed toward qualified service personnel
and is 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 3323A

Tabla 7-1. 33254 Circuit Boards Revigions. I

Reference Servieo
Aszsambly Daslgmator Group(s)

03325-66507 A2 v}
03326-66503 A3 D,GH
03325-66505 AS A
02225-66606 AG B.C
03325-66508 * AB M
D3325-86509 * A9 M
03325-66514 **
03325.66521 """

03325-66523 ****

4 N2326-A6KE0B is the High Voltage Qutput Option (Opt. 002)
* (13325-66509 iz the High Stability Frequency Reference Option [Opt. DOT)

“* 0 3325A‘s with serdal number 174BA07300 or below, the part numper for this assembly was
Q3325-66504 (A4).

444 10 3325A% with serfal number 1748A02475 or below, the part numbsr for this assembly was
D3325-66501 (A1)

rees 0 A325A':s with sorial number 174BA00700 or below, the part number for this assembly was
03325-66507 (A7),

7-8. Backdating Information.
7-9. Service Group A - Keyboard and Display (03325-66505) A1.

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. AD Board Revisions.

Imstrumeonts Shippad Board
With Thiz Revigign* Ghamgies

1748A00101 - 1748A02811 -

1748A02912 - 1748403725 wert Rev B when baard was
madified to simplify manut. prace-
durs. Né circuit or layout changes.

174BA03726 - Presant went Rev C when PC traces were
moved, Ma cireuit or comp. layout
changas.

* Note that all zerial number ranges are epproximate.




Model 33254

7-11. All A5 board revisions are identical in design and eomponent layout.
7-12. Service Group B - HP-JB Circuits (P/D 03325-66506) A2.

7-13. A6 - Past to Present. Table 7-3 briefly summarizes the engineering effort that has brought Aé
to its current revision.

Table 7-1. Ab Board Revisions.

Inztromamts Shipped Baord
With This Ravizion® Changaz

1748A00101 - 1748A00130 -

1748A00131 - 174BA00230 went Rev B when test peints wera
added. )

1748A00231 - Present went Rev C when dasigh changes
were made to improve P interrupt
chty. See Sarvice Group C.

* Note thet gl serial number rangss are approximate.

7-14. There have been no design or component Jayout changes to the HP-1B section of the A6 assembly.

1f 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 A6 is necessary.

7-15. Service Group C - Control Circuits {P/0 03325-66506) A2,

7-16. AG - Past to Present. Table 7-4 briefly summarizes the enginecring effort that has brought A6
to its current revision.

Tahle 7-4. AG Board Revisions.

Board Inztrements Shipped Evard
Ravision With This Rovigion* Chanpes

AG - Rev A 1748A007017 - 1748A0Q130 -

-Rev B 1748A00131 - 174BA00Z30 wint Rev B whan test points were
added.

-Rav C 1748A00231 - Present went Rev C when design changes
weard mads to imprave pP interrupt

ckty.

* Note that all serial number ranges are approximate.

7-17. The following backdating information pertains to the Contrel Circuits portion of the A6 assembly.
A2 - Page 8-C-37, Figure 8-36.

Affected instruments: serial numbers 1748A00230 and below.




Service

Model 3323A

The above range of instruments do not have R2 (7.5kQ p/n 0683-7525), CR2 (p/n 1901-0040), or
C7 (0.01xF p/n 0160-3847). These instruments also contain the following processor interrupt circuitry

involving U42 and U34.
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"
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Figure 7-1. Processor Interrupt Gircuitry {Serial Numbers 1748A00230 and Balow*).

* All part numbers remain the same.

A2 Page 8-C-37, Figure 8-36.

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.
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Figure 7-2. Schemetic and Board Location of R11 and R12 (Seriai Mumbers 1748A02600 and below}.




Mode] 3325A Service

A2 - Page 8-B-11, 8-C-37, Figure 8-32, 8-36.

Affected instruments: serial numbers 1748A04250 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
{whit¢) ¢ables 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 ingtruments, 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 nceded. However, if one chooses to modify the newer board to usce
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 1o 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 valuss for AGRS:

Vy, AbRE* -hp- Part Number

—2.0V 34.8k 0757-0123
—2.3V 26.7k 0698-4488
=-3.0v 21.5k 07570199
—3.5V 17.4k 0698-4482
—-4.0v 14.7k 0698-3156
-4.5V 12.7k 0098-3359
—3.0V 9.33k 0698-4020

Note that the nanoprocessor’s fabrication process has been controlled to the extent that V, on all
processors is now = 5.0V, Therefore, if AGU9 is replaced {p/n 1820-1691), insure that A6RS is 9.53k4Q,

2-18, Service Group I - Valtage Controlled Oscillater Shield (P/D D3325-66621) A3.

7-19. A21 - Past to Present. Table 7-5 summarizes the engingering changes that have brought A21
to its current revision.




Service Model 3325A

Talle 7-5. A21{A1) Board Raevisions. Q

Board Instruments Shippad Board
Rovision With This Revision® Changas

Al - Rev A 174BA00101 - 1748A00230 -

-Rev B 174BA00231 - 174BA02475 went Rev B whan U25 and sssoc.
ckty ware addad to reclock HINY
to the Frac. N IC. See Sveo. Grp. E.

A21 - Rev A 1748A02476 - 1748A02800 went A21 Rev A following rede-
sign and layout of the VCO, plus

mod. to the §/H ckty. Ses Sve.
Grps. D, E, F.

174BA02601 - 1748A07390 Rev B boards ara identical to Rev
A, with the exception of PC trace
location,

1748A07391 - Present went Rev C following mod. to
VCO ckty. See Svc. Gp. D,

* Note that all serial number ranges are gpproximate.

7-20. The following backdating information pertains to the VCO portion of the A21(Al) assembly.

A3 - Page 8-D-7/8-D-8, Figure 8-37.
Affacted instruments: serial numbers 1748A02475 and below.

The above range of instruments contain an 03325-66501 assembly with the VCO design and layout Q
shown in Figure 7-3. Note that in instruments with serial numbers 1748A00231 to 1748A02475, A1C177

is tied to +5V.
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Figure 7-3. YCO 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. YCO Circvitry - Serial Numbers 1748A03226 to 1748AD7380.

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 1748A042350 and below.

Instruments in the preceding range may have an A21{Al) 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 clder 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.

7.21. Service Group E - + N.F Counter (P/0 03325.66521) A3.

7-22. A21 Past To Present. Table 7-6 summarizes the engineering changes that have brought A2l
to its current revision.
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Tabla 7-6. A21(A1) Board Ravisions.

Bueard Instramants Shippad Board ‘
Revision With This Revislon* Changes

Al - Rev A 174BA00101 - 1748A00230 -

-fRev B 1748A00231 - 174BA02475 went Rev B when U2B and assoc,
ckty were added to reclock HINV
to the Frac. N IC. See Sve. Grp. B,

A21 - Rev A 1748A02476 - 1748A02600 went A21 Rev A following reds-
sign and layout of the VCCQ, plus
mod. to the S/H ekty. See Sve.
Grps. D, E, F,

1748A02601 - 1748A07380 Rev B hoards are identical to Rev
A, with the exception of PC trace
location.

1748A07391 - Present want Rev C followling mod, to
VO ckty. See Sve. Grp. D.

*NMote that all serial number ranges are approximate.

7-23. The following backdating information pertains to the ~ N.F Counter portion of the AZ21I(A1)
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,

Note — the -hp- part number for U5 is 1820-1112.
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Figure 7-5. HINV Clocking Circultry - Serial Numbers 1748A00230 And Below.
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Q Al - Page 8-E-3/8-E-4, Figure 8-38.
h

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 8-38,

Affected instruments serial numbers 1748A02475 and below.

The preceding range of instruments contain the U$ gating circuitry shown in Figure 7-6.
‘{: } f?“l“ im iw i - i?\y i.a,, im;

= e
g
e

_[:_ ST catal
o *i . Ao TR
D Q
1_1 s 2,
e WA afR '-\e\a QAT G
WD T }_2 .
‘ ude @

PE-F
RPN
; r
1
!

Figure 7.6. A21U8 Gating Circuitry - Sarial Numbers 1748A02475 and Below.

Al - Page 3-E-3/8-E-4, Figure 8-38,
Affected instruments: serial numbers 1748A02476 to 1748A07390.

The above range of instruments contain the UR gating circuitry shown in Figure 7-7.
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Figure 7-7. A21U8 Gating Circuitry - Serial Numbers 1748A02478 to 1748AD7380.
A3 - Page §-E-3/8-E-4, Figure 8-38.
Affected instruments: serial numbers 1748A04250 and below,

Instruments in the preceding range may have an A21(Al) 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.

7-25. A21 Past To Present. Table 7-7 summarizes the engineering changes that have brought A2l

to its current revision.

Table 7-7. A21{A1) Board Revisions.

Board
Ravizion

Instruments Shipped
With This Revisien*

Beard
Changes

Al -Rev A

- Rev B

AZ21 - Rev A

1748A00101 - 1748A00230

1748A00231 - 1748A02475

1748A02476 - 1748A02600

1748A02601 - 1748A073390

1748A07381 - Present

want Rev B when U256 and assoc.
ckty were added to reclock HINV
to the Frac. N IC. See Svc. Grp. E.

went A21 Rev A following rede-
sign and layout of the VCOQ, plus
mod. to the 5/H ckty. See Sve.
Grps. D, E, F.

Rev B boards are identical to Rev
A, with the exception of PC frace
location.

went Rev C following mod. to
VCO ckty. See Sve, Grp, D.

* 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(Al) assembly.

A3 - Page 8-F-5/8-F-6, Figure 8-39,

Affected instruments; serial numbers 1748A02475 and below.

This range of instruments contain the integrator and phase modulation circuitry shown in Figure 7-8.
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Figure 7-8. Integrator and Phase Modulation Circuitry - Serial Numbers 1748402475 and Below.
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This same range of instruments contain the Sample/Hold circuitry shown in Figure 7-9,

MTE L RATOR = o ————

o DA REE HTMLAT O] e 1 L,";x

Figure 7-9. Sample/Hold Circuitry (Serizl Numbers 1748A02475 and Bslow).

In the Sample/Hold Circuitry of Figure 7-9, R107 may be one of the following padded values:

7508 0757-0420
3741 0698-4452
13300 0757-0317
20002 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 8-39,

Affected instruments: serial numbers 1748404250 and below.

Instruments in this range may have an A21(A1) 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 beards by a more reliable connector (orange - p/n 1251-6567) and cable (gray - p/n §120-3108).
The newer connectors are incompatible with the older cables as are the newer cahles 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.
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7-27. Service Groups D and G - VCO Buffer (P/0 03325-66503), 30MHz Reference and Dividers
{P/D 03325-66503) A4,

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.

Beanl Instraments Shigped
Revigion Witk This Revizion®

A3 - Rev A 1748A00101 - 174BA00470 —

- Rev B 174BA00471 - 174BA04E75 went Rav B with madification to
20MHz LPF. See Sve. Grp. H.

- Rev C 174BA04678 - Present went Rev C when modifications
were made to the mixer driver and
multiplier ckty.

* Note 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, Figure 8-40.
Affected instruments: serial numbers 1748A00620 and below,

The preceding range of instruments contain the biasing circuitry for Ul4 shown in Figure 7-10. Com-
ponents unique to this design include:

A3R71 10k p/n 0683-1035 A3R74 10k p/n 0683-1035 A3R89 4.7kQ p/n 0683-4725
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Figure 7-10. U14 Biasing Circuitry (Serial Numbers 1748400620 and Below).
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A4 - Page 8-G-3/8-G-4, Figure 8-40,

” Affected instruments: serial numbers 1748A02600 and below,
The preceding instruments do not have €20,
Ad - Page 8-G-3/8-G-4, Figure 8-40.

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 Amplitude Modulation Circuitry (Serlal 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 should be used.

Equipment Required: b. Disconnect cable W7 from A317.
Oscilloscope (-hp- Model 1740A)
10:1 Oscilloscope Probe (-hp- Model 10041A) CAUTION

DBC Power Supply (-hp- Model 6214A)
Oscillator (-hp- Model 204C) Do not aliow disconnected cabie con-

AC Digital Voltmeter {-hp- Model 3466A) rectors to contact the printed circuit
board or components, or circuits may

a. Set the 3325A as follows: be damaged.

Function i ¢. Adjust the dc power supply output to approx-
Frequency imately + 3V and comnnect between the center
Amplitude contact of A3J7 and ground.

DC Offset
Amplitude Modulation d. Pisconnect cable W23 from A3J23,
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e. Measure the oscillator {-hp- 204C) output with
the ac digital voltmetar and adjust the output lev-

Model 3325A

1. Adjust Offset Qut (A3IRE8) to return the os-
cilloseope trace to the center line (0Vde).

el 1o approximately 1Vrms at a frequency of Q
1kHz. Connect the oscillator output between the j. Disconnect the dc power supply and the oscil-

center contact of A3J23 and ground. 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 cou-
pled, sweep to ims/div. 1. Connect an ac digital voltmeter to the 3325A
signal output.

g. Adjust the de power supply output voltage to
aull out the sine wave signal on the display.
{Change the oscilloscope vertical gain as neces-

sary to observe the signal.)

m. Press the AMPTD CAL key.

n. Adjust Offset In (A3R33) for a voltmeter
reading of 0.707Vrms.

h. Ground the oscilloscope input and zero the
trace on the center line, Set the input to d¢
coupled.

©. Repeat steps m and n until the output voltage
of 0.707Vrms does not change when the AMPTD
CAL key 1s pressed.

A4 - Page 8-G-3/8-G-4, Figure 8-40.
Affected instruments: serial numbers 1743A04250 and below.

Instruments in the preceding rangs may have an A3 assembly which containg conneector J1 {p/n
1251-4494) for use with cable W33 (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 8] 20-310%). The newer connectors are incompatible with the older cables as are the newer
cables Incompatible with the older connectors. If the A3 agsembly is replaced in one of the above
instruments, refer to paragraph 8-113 in Section VIII for additional information on connector/cablz
compatibility.

7-31. Service Group H - Mixer {P/0 03325-66503) Ad.

7-32. A3 - Past to Present. Table 7-9 briefly summarizes the engineering changes that have brought
Al to it current revision.

Tahle 7-9. Al Beard Ravisions.

nstmnents Shipped Board
With Thiz Rewision® Changes

1748800101 - 174800470 —
1748A00471 - 1748A04675 went Rev B with madification to
20MHz LPF.

1748A04676 - Prasent went Aev C when modifications
werg made to the mixer driver and
multiplice 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.

A4 - Pape 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 U16 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 U165 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).
7-38. Service Group | - D/A Convarter And SamplefHold (P/0 03325-66514) Ab.

7-35. A14 - Past To Present. Table 7-10 briefly summarizes the engineering and manufacturing changes
that have brought A14{A4) to its current revision.
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Tahle 7-10. A14(A4) Board Revisions.

Board instrumants Shippad Board Q
Ravizion With Thiz Rovision® Chanpos

A4 - Rev B** 174BA00101 - 1748A00190 -

-Rev C 1748A00191 - 1748400470 went Rev C following PC trace
and manu. mods.

- Rev D 1748A00471 - 1748AD1076 went Aev D following manu.
changes and the addition of
CR108, CR108, and R55,

1748A01076 - 1748A01900 went fev E following mods. to theL
relay driver 2nd dc offset control
portion of Ad.

Ald - Rav A 174BA01901 - 1748A08780 went Al14 Rev A when output
amp (5ve. Grp. K) was ra-
dasignad. R142 was also added.

1748408791 - 1748A14537 wart Al4 Rav B with changes to
de offset and amptd. control cir-
culitry.

1748A14538 - Present went A14 Rev C following PC
trace mod. to laval cermp. {(U42)
Chty.

* Note that all serial number ranges are approxirmate,

*¥ Na A4 Rev A baards ware ever produced,

7-36. The following backdating information pertains to the DAC and Sample/Hold portion of Al4{Ad).
A5 - Pape 8-1-5/8-1-8, Figure 8-42.

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 R35.

A5 - Papge 8-1-5/8-1-6, Figure 8-42.

Affrcted instruments: serial numbers 1748A01900 and below.

For instruments in this serjial number range, R40 is 20kQ p/n 2100-0558.

Affected instruments: serial numbers 1748A04250 and below.

Instruments in this range may contain an Al4{Ad4) 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

repltaced on newer boards by a more reliable connector (orange - p/n 1251-6567) and cable (gray -

p/n §120-3108). The newer connectors ars 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 £-113 in Section VI 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
A6 assembly 1o 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 (§120-2577),
W36 is required,

1-37. Service Group J - Function Circuits (P[0 03325-66514) A5,

7-38. A14 - Past To Present. Table 7-11 briefly summarizes the engineering and manufacturing changes
that have brought Al4{A4) to its ¢urrent revision.

Table 7-11. A14(A4) Board Revisions.

Board instrumants Shipped Esard
Ravision With This Revision® Chenpes

Ad « Rav B** 1748A00101 - 1748A00180 -

«Rev C 174BAQ0181 « 1748A00370 went Rev C following PC trace
and manufagturing madifications.

-Rev D 1748A00471 - 1748A01075 wart Rev D following manuf.
changes and the addition of
CR108, CR102, and R55.

1748A01076 - 1748A01800 went Rev E following mod. to the
relay driver and de offset control
portion of Ad,

Al14 - Rev A 1748A01201 - 1748A08780 went Al4 Rav A whan output
amp {Svc. Grp. K) was re-
designed. R142 was slso added.

174BA0DB791 - 1748A14537 want Rev B with changes to dc
offset and amptd. contrel eircuitry.

1748A14538 - Prasent went Rev C following PC trace
mad. to level compsarator {U42)
ckty.

* Note that all seral number ranges are approximate.

** No A4 Rev A boards were ever produced.

7-39. The following backdating information pertains to the function circuits portion of Al4(4)
A5 - Page B-J-7/8-1-8, Figure 8-43,

Affected instruments: senial numbers 1748A00160 and below.

These instruments do not have R220. 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.

AS - Page 8-1-7/8-J-8, Figure 8-43,

Affected instruments: serial numbers 1748A01075 and below.

These instruments contain the dec offset control circuitry shown in Figure 7-13.
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Figure 7-13. DC Dffset Control {Serial Numbers 1748A01075 and Below).

Affected instruments: serial numbers 1748A08790 to 1748A01076.

These instruments contain the dec offset control circuitry shown in Figure 7-14.
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Figure 7-14. DC QOffset Control (Serial Numhbers 1748A08790 to 174BAD1876).

AS - Page 8-]J-7/8-J-8, Figure 8-43.

Affected instruments: serial numbers 1748A02350 and below. Q

These instruments do not have CR110, See Service Note 3325A-5A for a modification procedure to
improve square wave phase control in these instruments.
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Note 1: Refer to paragraph 8-113 if bosrd replacement is naceassary.
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Affected instruments; serial numbers 1748A05826 to 1748 A08790.

These instruments contain the amplitude control ¢ircuitry shown in Figure 7-16. .

AMPLITUDE R2BD R2BI

FROM U23(6) I i ok 4’
cizo

o

2

SINE
ENABLE
5 £
clzo—l: '

15 $ - I5VY

Figure 7-16. Amplituda Control Circuitry (Serial Mumbers 1748A05826 to 1748A08790).

A5 - Page 8-J-7/8-J-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 connected to R101 ‘
via a jumper wire.

A5 - Page 8-J-7/8-1-8, Figure 8-43.

Affected instruments: serial numbers 1748A08790 and below.
Instruments in this serial number range do not have CR111 or R278.
A5 - Page 8-J-7/8-J-8, Figure B-43.

Affected instruments: serial numbers 1748A04250 and below.

These instruments may have an Al4(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 A14(A4} assembly is replaced in one of the above instruments, refer to
paragraph 8-113 in Section VIII for additional replacement information.

7-40. Servics Group K - Output Amplifier (P/0 03325-66514) AB.

7-41. Al4 - Past To Present. Table 7-12 briefly summarizes the engineering and manufacturing changes
that have brought Al4 to its current revision.

7-42. The following backdating information pertains to the OQutput Amplifier portion of Al4(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 (Ad) Board Revisions.

Board Instruments Shippad Board
Revision With This Revision* Changes

A4 - Rev B** 1748A00101 - 174BA00190 -

- Rev C 17483A00191 - 174BA00470 went Rev C following PC trace
and manufacturing madifications.

- Rev D 1748A00471 - 1748A01075 want Rev D following manuf,
changes and the addition of
CR108. CR109, and R55.

1748A01076 - 1748A01900 want Rev E following mod. to the
retay driver and de offset control
portion of A4.

Al14 - Rev A 1748A01901 - 1748A08790 went A14 Rev A when output
amp (Sve. Grp. K) was re-
designed. R142 was also added.

1748A08791 - 1748A145637 went Rev B with changes to dc
offset and amptd. control circuitry.

1748A14538 - Present want Rev C following PC trace
mod. to leval comparator {U4.2)
ckty.

* Note that all serial number ranges are approximate.

** Ng A4 Rev A hoards were ever produced.

Do S TRAT ARBLRe R

—RIET

~CR213~ -R250-

Figure 7-17. Output Amplifier (Serial Numbers 1748A01800 and belew).
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Affected instruments: serfal numbers 1748A01900 to 1748A00190.

Refer to Figure 7-17. Instruments in this range contain diodes CR222 and CR223 connected between
ping 4 and 1 of A4UU46. MNote that the anode end of CR223 is connected to pin 4 and the anode gnd
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 Q211.
CR225 (anode)} is connectad from the base of Q204 to the collector of Q204. Modify Figure 7-17 as
necessary to show these components.

AS - Pape 8-K-5/8-K-6, Figure 8-44.
Affected instruments: serial numbers 1748A04250 and below,

Instruments in this range may contain an Al4(A4) board which has connectar 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 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-
struments, refer to paragraph 8-113 in Section VIII for additional replacement information.

7-43. Service Group L - Attenuater (D3325-66523) and Relay Drivers (Pl 03325-6G6518) A, AB.

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).

Table 7-13. A23(AT) Board Revisions.

Board Instrunants Shippad Beard
Revizion With Thiz Revision® Chanpes

A7 - Rev A 1748A00101 - 1748A00540 -

A22 - Rav A 1748A00541 - 1748ADC950 went A23 Rev A fellpwing dasign
ehanges to improve the R/F perfor-
manee of the attan,

1748A00057 - Present want A23 Rev E following PC
trace layout madification.

* Ngte that all serial number ranges are approximate.

7-45. The following backdating information pertains to the Attenuator assembly (03325-66523(07)).
At - Page 8-L-3/8-L-4, Figure 8-45,

Affected instruments: serial numbers 1748A00340 and below.

Instruments in this serial number range do not have C15, C18, or C17.
AH - Page §8-L-3/8-L-4, Figure 845,

Affected instruments: 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 connector. If the A23{AT7) assembly is replaced in one of the above in-
struments, refer to paragraph 8-113 in Section VIII. Note that similar connector/cable changes have
been made to other assemblies beginning with serial number 1748A04250,

7-46. The following backdating information pertains to the relay driver portion of Al4(A4).

A5 - 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.

""-"’ | a
C a1 e

} J TROH BUTR
ol KR e

Figure 7-18. Relay Drive Circuitry {Serial Numbars 1748A01075 and Below).

AS - Page 8-L-3/8-L-4, Figure 8-45,
Affected instruments: serial numbers 1748A04400 and below,

Instruments in this range may have an A14{A4) board which contains connectors J1 (p/n 1251-4494)
and J30 (p/n 1251-4390) for use with cables W32 (p/n 8120-2577) 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 (gray - p/n 8120-3216). The newer connectors 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 instruments become necessary, refer to paragraph 8-113 in
Section V1II for additional replacement information. Note that cable/connector changes for part num-
bers 1251-6567 and 8120-3108 occured beginning with ingtrument serial number 1748A04250.

7-4]. Service Group M - Options: High Voltage Cutput (Opt.002) (03325-66508) and Righ
Stahility Reference {Opt. DD1) (03325-66509) A7.

7-48. There have been ng engineering or manufacturing changes to the 03325-66508 or 03325-66509
assemblies.

7-49, Service Group N - Sweep Drive Cireuits (PJ0 03325-66514) AS.

7-30. Al4 - Past to Present. Table 7-14 briefly summarizes the engineering and manufacturing changes
that have brought Ald(Ad) to its current revision.

Table 7-14. AV14(A4) Board Revisians.

Board Instruments Shipped Board
Revision With This Revision® Changas

A4 - Rev B** 17484001101 - 1748A00190 -

-Rev C 1748A00191 - 1748400470 went Rev C following PC trace
and manufacturing modifications.

- Rev D 1748A00471 - 1748401075 went Rev D following manuf,
shanges and the addition of
CR108, CR109, and RB5.

1748A01076 - 1748401800 went Rev E fallowing mod. to the
relay drivar and de offser control
partion of Ad,

1748A01801 - 1748408780 went A14 Rev A when output
amp {Svc. Grp. K} was re-
designed. R142 was also added.

1748A08797 - 1748414537 went Rev B with changes to dc
offset and ampd. control circuitry.

1748A14538 - Present went Rev C following PC trace
mod. to level comparator [U42)
ckry.

* Note that all gerial number ranges sre approximatea,

** No A4 Rev A hoards were ever produced.,

7-51. The following backdating information pertains to the swecp drive portion of Al4{Ad).
A - Page 8-N-3/8-N-4, Figure 8-48,
Affected instruments: serial numbers 174RA00470 and below.

For instruments in this range, R4 is 20kQ, part number 2100-0358. If US is replaced in any of these
instruments, it may be necessary to replace R6 with part number 2100-3253 (50k0) in order to per-
form the X-Drive adjustment.

A - Page 8-N-3/8-N-4, Figure 8-48.
Affected instruments: serial numbers 17485A01900 and below.

Instruments in this seral number range do not have Q4.
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A3 - Page B-N-3/8-N-4, Figure 8-48.
Affected instruments: serial numbers 1748A04250 and below,

These instruments may have an Al4{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 conpectors are incompatible with the older cables as are the newer cables incompatible
with the older connectors. If the A14{Ad) assembly is replaced in one of the above instruments, refer
to paragraph 8-113 in Section VIII for additional replacement information.

7-52, Service Broup 0 - Pawer Supplies {03325-66502) AB.

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.

Board Instrumants Shigpped Board
Rovigian With This Ravisian® Changes

A2 - Rav A 1748400101 - 1748A00150 —

-FRav B 1748400151 - 1748401075 went Rev B when PC trace modifi-
gations wora made.

- Rev C 174R8A01076 - 174BA0GB25 went Rev C with the addition of
R34, R35, Q&, and F2.

- Rey D 1748A065826 - 1748A07338 went Rev D when the relay cur-
rent limiter circuitry of Q13 and
012 were added.

1748207340 - 17484156073 went Rav E following PC trace
mod. to eliminate a potantial
shock hazard, Sea Sarvice Note
3325A-11B-5.

1748A15074 - Present went Rev F following mods. to
widen PC trece spacings.

" Mote that all serial number ranges ara approximate.

7-54. The following backdating information pertains to the power supply assembly 03325-66502.
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 protection circuitry.
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Figure 7-19. Location Of F2 (Serial Numbers 1748A05825 to 1748A01076).

A8 - Page 8-0-3/8-0-4, Figure 8-49.

Affected instruments: serial numbers 1748A01075 and below.

Instruments in this serial number range do not have R35, R34, Q8, or F2. (See Figure 7-20.)
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?"""
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Figure 7-20. £15V Regulator {Serial Numbers 1748A01075 and Balow).
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A§ - Page 8-0-3/8-0-4, Figure 8-49,

@ Affected instruments: serial numbers 1748A01200 and below.

Instruments in this range do not have R36. Sec Service Note 3325A-1B for details and procedures
for a recommended modification to the over-voltage protection circuitry.

Affected instruments: Serial numbers 1748A07260 and below. Instruments in this range do not have
CRI18.

AR - Page 8-0-3/8-0-4, Figure 3-49.
Affected instruments: serial numbers 1748A07339 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 a folded edge of
the instrument’s floating sub-chassis. This trace carries one-half the line voltage in 220V /240V appli-
cations. For 100V/120V applications, this is & neutral trace. See Product Safety Service Note
3325A-11B-8 for additional information and corrective procedures.

7-27/7-28




‘ WARNING I

These servicing instructions are for use by
trained service personnel only. 1o avoid elec-
trical shock, do not perform any servicing other
than that contained in the operating instruc-
tions unless you are qualified to dao 50.
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SECTION VIl
SERVICE

8-1. INTRODUCTION.

8-2. This section contains information required to serv-
ice the Model 3325A Synthesizer/Function Generator.
This includes the theory of operation, block diagrams,
troubleshooting procedures, and schematic diagrams.
Most of the service information is divided into service
groups, which are identified alphabetically. Each service
group contains the schematic diagram, troubleshooting,
and other pertinent information for a specific area of the
instrumant. A foldout functional block diagram follows
Service Group Q. The following circuits are included in
the service groups:

Service
Group

Assembly Circuit

A2] Yoltage Controlled Oscillator
A2l ¢ MNLF Counter

A2l Fractional N Analog Circuits
A2 Power Supplies

Al YCO Buffer

Al 30 MHz Refercnee and
Dividers

A3 Mixer

Ald DsA Converter and Sample/
Hold

Al Function Circuits

Ald Output Amplifier and Level
Comparator

Ald Relay Drivers

Ald Swueep Drrive Circuits

Al Keyboard and Display

Ak HFP-IB Circuils

Ab Caontrol Circuits

- QUOomMHp

=~

or Alténuator
A7
Al High Vohage Qurpur Option
002

AY High Stability Frequeney
Reference Option 001
Signature analysis information beging with paragraph
B-128.

8-3. BASIC THEORY.

8-4. A simplified block diagram of the 3325A circuits is
shawn in Figure 8-1. In response to programming inpats
from the Keyboard or the HP-IR, the Control circuits
set the frequency, signal level, and output attenuation.
The Frequency Synthesis circuits generate a sine wave at
a frequency determined by digital information from the
Control circuits. This sine wave is applied to the Func-
lion cireuits where both the output function and signal
level are determined, again by digital control. The signal
level from the Output Amplifier can be tested in the Level
Comparator to determmine if a level correction is needed,
thus providing an avtomatic amplitude calibration. If am-

zZ 2 r MwmpZEcC

plitude problems are encountered, it is important to dis-
able this auto calibration, See 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 parametet data stored in Control is
transferred to the display when that parameter entry pre-
fix key is pressed or the parameter prefix mnemaonic is
programmed on the HP-IE.

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
biock diagram of the 3323A follows Service Group Q.
Additional information on individual circuits may be
found within the service groups. Figure 8-2 iy a bagic
block diagram of the logic circuits, which interface with
the processor (and with cach other through the proces-
sor) to contrel the operation of the instrument. The
Machine Data Bus, which consists of eight parallel lings
labeled HMDOQ through HMD?7, is the principal means
of data exchange between the control circuits and other
parts of the instrument.

8-7. Keyboard and Display (Service Group A).

§-8. Keyvboard Scan. Figure 8-3 is a block diagram of the
Keyboard 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-line output of
the keyboard matrix is read onto the machine data bus by
the Read Keyboard clack signal. The high bit is then
shifted one position in the register and the keyboard
matrix output is read again. This process is repeated
through the twelve input lines to the matrix. 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 action. After a low level hag been detected, the
control circuits look for a high level from the same key
bafore 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 scan cyele,

£-9. Numeric Display. The same high bit that is shifted
through the 10-bit shift register to scan the kevboard
enables ane of the eleven numeric display digits in each of
the first eleven pesitions of the register. When a digit Is
enabled, eight bits of data (parallel) from the Machine
Data Bus are entcred in the 8-bit lateh by a Write
Keyboard Display Data clock signal. Each law bit in this
data enables one of the eight current sources, which
supplies current to the proper segmesnt (or decimal point)
of the enabled digit,
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Figure 8-1. Simpllfied Block Diagram.
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Figure 8-2. Basic Block Diagram, Logic Circults.
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DIGITS SETS
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Figure 8-3. Keyboard and Display Block Diagram.

8-10. Annunciator Matrix. In each of the last five
positions of the 16-bit shift regisier, the high bit that is
being shifted through enables one of five seis of
annunciators, Then another set of eight data bits is
entered into the 8-bit latch, Each low bit in this data set
alse turns on one of the eight current sources, which
supplies current to the proper annunciator,

8-11. Scan Cycle. Approximately 21 milliseconds are
required for a complete scan of the Keyboard and
Display. During each scan cycle, 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 D10
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 iz 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 into an 8-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 Qutiput. 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 used for
input data, However, for output data it is used as a serial-
in/ parallel-out register. The data is 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 Qut Enable signal, the data is
inverted and placed on the HP—IB D10 lines. The eighth
(most significant) data bit becomes the End or Identify

8.3
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Figure 8-4. HP—IB Data Input Path.
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Figure 8-6. HP—IB Management and Handshake,

{EOI} signal to the bus if the 31325A 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 (Attention) is true. When it is not
addressed to listen but ATN is true, it accepts data in
order to detect its listen or talk address ar the untalk
command. After the 3325A has been addressed te listenit
accepts programming data when ATN is false and looks
for its talk addrcss or the unlisten command when ATN is
trve, When the HP—IB DAV {Data Valid) signal
indicates that data is ready on the bus, the Acceptor
Handshake circuits output New Data Readv, which
becomes a Bus Interrupt sipnal to the processor. The
Acceptor circuits also set NRFD (Not Ready For Data)
ta indicate 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 resetz the NDAC (Data
Accepted) line to high.

8-15, Source Handshake. The Talk circuits enable the
Source Handshake block only when the 3325A is
addressed to talk and ATN s false. A New Byte Available
signal from the processor tells Source Handshake to set
DAV if NRFD is high indicating that all listeners are
ready for data. After a byie of data has been accepted by

the listener(s), indicated by NDAC going high, the
Acceptor circuits output a New Data Nesded signal
which becomes 2 Bus Interrupt to the precessor.

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 (SR(Q) signal to the HP—IB system controller.

8-18. Control Circuits {(Service Group C).

8-19. The Control ciccuits include all the blocks in
Figure 8-2 labeled Service Group €, plus other circuits
such as Read and Write Control and the 1.2 MHz ¢on-
ol clock oscillator. Figure B-7 is a basic block diagram
of the Control circuits. A brief definition of some cir-
cuit components may be helpful.

Processor: Commonly known as a micropro-
cessor. As the name implies, this device
processes its input information and deter-
mines what data and/ or instructions to issue,

ROM: A Read Only Memery issues a
predetermined set of data in responst to a
given st 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. Data location is determined by
the address input,

8-20. Read Only Memory. The 3325A Read Ounly
Memory (ROM) consists of four units, which are selected
by signals from the ROM Control Register. Designed
into the ROM are the fixed routincs or responges
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
scan routines and test routines are also a part of the ROM
information. A character received on the HP—IB is
compared to ROM data to determine its validity and the
appropriate action to be taken if the character is valid.

8-21. Random Access Memory. Variable or temporary
information is stored in the Random Access Memeory
{RAM). This includes all program information from
gither the front panel or the HP—IB. Data stored at any
RAM address can be changed by programming new data
for the same parameter, function, or operation. RAM

Service

data can be read out without destroying the data. For
example, when the FREQ entry key is pressed, the
present frequency datais entered in the display and 1 also
retained in the RAM memory location.

8-22. Fractipnal N Control IC. The Fractional N
Control 1IC (sec Service Group E) performs several
functions vital to control of the 3325A.

a. Itcalculates the = N and Pulse Remove data for the
phase lock loop in the Frequency Synthesis circuits,
{Explanation of the 3325A frequency synthesis begins
with Paragraph 8-24). This information is updated every
10 microsgconds.

b. 1t increments or decrements the output frequency
during a sweep function and outputs a Sweep Limit Flag
when the start or stop frequency is reached. 1t also
sutputs a Sweep Limit Flag at the marker frequency
Jduring a sweep up.

¢, Under control of algorithms performed by the
processor, it performs arithmetic [unctions —for
example, the arithmetic for conversion of amplitude in V
p-p to ¥V rms or dBm.

VGO
40 MHz

k

+N
L =400

IO0kHz

DC VOLTAGE

[O0OkHz

Figure B-8. Phase Lock Loop.
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8-23. Processor. The Processor coordinates the
operation of all the other controf logic cireuits, Device
scleet 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
Control input/ output lines provide information to and
from the HP-—I1B circuits. Interrupt capability atlows the
[Processor to be interrupted by the HP—IB or by a Sweep
1.imit Flag,

8-24. Frequency Synthesis,

2-25. The Frequency Synthesis eircuits are found in
Service Group D, Voltage Controlled Oscillator; Service
Group E, Fractional N Counter; and Service Group F,
Fractional N Analog.

#-26, How does the 3325A pencrate a given frequency?
Assume that the output desired is an even 10 MHz, A
method for obtaining this frequency is illustrated in
Figure 8-8, Basically, the 3325, uses this method,

8=27. The frequency of the VCO (Voltage Controlled
Oscillator), in Figure 8-8, is controlled by the dc voltage
out of the phase detector. This de voltage reflects any
phase change between the two detector input signals.
Conscquently, if the VCO frequency changes, the phase
detector output changes to correet the VCO. This is
known as a phase lock loop (PLL).

8-28. If we want to change the output from 10 MHz 1o 20
MHz, it is necessary merely to chanpe the + N number
from 400 to 500, This obviously changes the divided VCO
input to the phase detector to §0 kHz, The phase detector

Model 3325A,

then uses the phase difference between its two inputs to
change the VCO frequency to 50 MHz, This returns the
thase detector input to 100 kHz, and the loop is again
phase locked, It takes the 3325A about 50 milliseconds to
make this change. The + N number is determined by
control circuits in response to front panel or remote
programming.

8-29. The 3325A sine wave frequency range is essentially
frem zero to 20 MHz; consequently, the VCO frequency
range is normally 30 MHz to 50 MHz. This dictates that
the + N number be a 3-digit integer between 300 and 5060
( =N can be only three digits in the 3325A). Forexample,
if + N is 398, the VCO frequency is adjusted to 30.8 MHz
{398 x 100 kHz) and the output is 9.8 MHz.

8-30. Now let us look at a more detailed diagram of the
phase detector block (Figure 8-9). The control voltage to
the VCO is the output of a Sample/ Hold amplifier which
samples the integrator output at the proper time &nd at
regular intervals. kdeally, 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 iz 400. 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 canses
a given amount of charge to be placed on the integrator,
At a specified time this voltage i stored on the
Sample/Hold amplifier capacitor (Figure §-9). The
integrator output is illustrated in Figure 8-1¢. The charge
slape is much greater than the discharge slope because the
phase comparator ¢urrent source has about ten times the
magnitude of the bias current source,

CO@Q&&EOR

PRiRR:KPVEATARLE

INTEGRATOR

1L
17

|
R

SAMALTETER”

-

R

oSt —

S

™,
|~

Ty ° _I_ D_.COﬁQRDL
R L

Figure 8-9. Phase Detector.
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Figure 8-10. Integrator Qutput.

8-31. Immediately after a sample, the bias current source
is turned on to discharge the integrator capacitor to the
level it held before 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 controlled by a
pulse from the fractional N control IC.

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 signa! Lo the phase

Service

comparator equal to 100 kHz, Two of these circnits 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-analog 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 continue to
increase beyond practical limits. To prevent this, a “pulse
remove” techmque 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 anaverage
of 100 kHz,

8-35. To accumulate the phase difference, the twelve
least significant digits in a “frequency register”
(contained in the Fractional N contrel 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 accumulator. 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 fracticnal part would be .04, and both the
phase comparator output 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 pulge 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 countersin
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 + 5 counterand a + 2 prescaler which can be
made te 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

100 000.0 Hz
30 000 000.0 Hz

10 000 000.0 Hz
30 000 000.0 Hz

Sine wave output
Reference freguency

VCO frequency 40 000 000.0 Hz 30 100 000.0 Hz
+N 400 301

To determine the 9’s complement, + N is subtracted
from 999 in the fractional N control IC.

999 999
+N 400 301

9’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 same
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, VCO has been divided by
400. The output pulse is derived from the bias pulse
issued by the fractional N control IC, To provide the
proper stable phase relationship to the VCO signal, this

Programmed + N

Frequency Register

VCQ Freguency

[o400200000000000]

T

Phase Accumulator

000000000000

|

%_J
AP| Control

0Q0000QQO0000
P400400000000000

400000000000

0400400000000000

00000000000

040040800000000000

{(11200000000000

0400400000000000

600000000000

04004000000000090

(1M0000000C0000

Each carry initiates a pulse remove command.

Accumutator (Initial)
VCO Frequency

Sum ireturned to accumulator)
vCOo

sum

VCO

sum + carry

VCO

sum

vYCO

sum + carry

Figure 8-12. Phase Accumulation.




Model 3325A

uunoed N Aq aplaig ¢1-8 24nbiy

mohq%az%mc%: SYH

I I
NOLLVZ _zom:uzyw“

ANdLng _..

i

ada

EZ-00A

H [T

P —

[

“WHINOD NOTIYNG | LTS

— oo IO TIBREEN

av=3an

i

i

d01d-d] 14
el —
rpzz-0as —= o

-]

B o

SH |

]

ANTHINCD JACKIN 357 1Nd

1 Lr e

£t

J 114
a1
g |

REe ufligoo

n_do.._ﬂ

, uShibeli




Service

pulse is clocked first by VCO =+ 10, then VCO + 2, and
finally by VCO,

8-40. In example 2, +~ Nis 301, so the counter must count
301 VCO 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
accomplish 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 = binary 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 autput (Figure 8-13) is the
prescaler output divided by five. The § output from this
counter goes to the fractional N control IC and is used to
clock data in and out of the four shift registers within the
IC. The counter Q output is used in the + N.F counter
output synchronization and to clock the cyele 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 clock 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 fracticnal N control IC, It is
also used to set the pulse remove circuit when + N is an
odd number.

8-43. Reference Clrcuits (Service Group G).

8-44. Reference Oscillator, The Reference Oscillatoris a
30 MHz crystal-controlled oscillator that can be

_Model 3325A

synchronized to an external reference signal of 10 MHz
or subharmounic 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 puise to the gate of a FET
switch, This turns the switch on momentarily, sampling
the instantancous voltage of the sine wave at the FET
switch source. This voltage is stored on the capacitor at
the input of a Sample/ Hold amplifier. The resulting de
output voltage from the $/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 oscillator
frequency and restoring phase lock.

8-47. External Reference Detector. Whenever an
external reference input is present, a detector circuit
provides a laogical “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 Jocked, the Sample/ Hold amplifier output
is a steady dc 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 will flash on and off.

8-49. 30 MHz Reference Amplitnde, 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 Diagram.
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Figure B-15. Level Control and Amplitude
Modulation.

8-15 is a simplified diagram of the level control and
amplitude modulation circuits. The reference signal
amplitude is varied by controlling the current available
from the current source {Figure 8-15), which in turn is
controlled by the Sine Amplitude signal and/or the
Amplitude Modulation input signal. When the AM
Control switch i OFF, the X input to the voltage
multiplier is constant, and the output level is controlled
by the Sine Amplitude only. When the AM switch is
OM, however, both the X and Y inputs influence the
cutput. The ocutput of the multiplier (V) is normally
equal 1o .1XY, but because the multiplisr output is con-
nected to an operational amplifier input, this voltage
cannot be measured. Use of the voltage multiplier in this
circuit makes it possible to change the 3325A output
(carrier) amplitude without affecting the percent of
modulation, or to changs the percent of modulation
withcout affecting the carrier Jevel. The output of the
Level Control and Amplitude Modulation circuit poes
to the Mixer, covered in Service Group H.

8-50. Reference Dividers. The 30 MHz Refersnce
frequency is reduced through a series of dividers to
pravide the following signaly;

[0 MHz to the External Reference PLL

2 MHz 1o the D/ A Converter (Service Group I)

! MHz rear panel reference output

100 kHz reference to the Fractional N Phase
Comparator (Service Group F)

For phase stability, the 100 kHz outputis clocked first by
W} MHz, then by the 30 MHz reference signal. The
10} kHz signal is then differentiated to provide a narrow
pulse to the Fractional N Phase Comparator.

8-51. Mixer (Service Group H).

8-32, The Mixer circuits are diagrammed in Figure 8-16,
The 30 MHz reference is passed through a low pass filter
and mixed with the 30-50 MHz signal from the VCO 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. This
signal then goes to the Funetion circuits (Paragraph
§-59),

8-53. D/A Converter (Service Group I).

8-34. The Digital-to-Analog {ID/ A) Converter supplies
the analog voltages which control signal amplitude, de
offset, level comparator reference voltage, sweep X drive
output, and eorrect for de offset errar, In addition, i
supplies an auto zero voltage 1o 1ts OWN CLULTSNL SOUTCES.

8-55. Preset Counters. Each of the four Preset Counters
is a BCD counter that can be pre-loaded with a 4-digit
binary number and then enabled to count from that
point. In this application, they are set to count down. The
counters are connected in two palrs, as illustrated by the
least significant pair in Fipure 8-17. Both counters are
loaded at the zame time, then the Least Significant Digit
(L3D) Counter is enabled by the Counter and Current
Source Enable Flip-Flop; and at the same time, the L3D
Current Souree is enabled to supply current to the DAC
Integrator (see Figure 8-18). When the LD Counter
reaches zero, its Ripple Clock output enables the 3ed
Digit Counter to count one clock pulse. If the preset
number in the 3rd Digit Counter was greater than one,
the L3D Counter continues 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 Source flip-flop, disabling the LSD Counter and
the Current Source.

8-13
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8-56. 4-Digit D/ A Conversion. A simplified diagram of
the DfA Converter is shown in Figure 8-18 The D/A
Converter {DAC) Integrator output voltage is
propertional to the four digits of BCD information that
is loaded into the Preset Counters. The two current
sources are énabled 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
preset number were 3555, the enable time would be the
same for both current sources, but the current ratio
would be 100 to 1.

8-57. DAC Sample/Hold Circuits, After the Praset
Counters have finished counting and the current sources
are disabled, the DAC Integrator output voltage must be
transferred to the proper Sample/Hold Amplifier,
Figure 8-19 15 a simplified diagram 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
trigpers a switch timing one-shot which enables the
switches to close lang enough to transfer the DAC
Integrator voltage to the capacitor at the input to the §/H
Amplifer,

$-58. DAC Reset. After the integrator output voltage
has been transferred to the proper Sample/Hold
Amplifier, the integrator is reset 1o zero by cloginga FET
switch across the integrator capacitor. The closing of this
switch is timed by a one-shot which is triggered 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 amplifier for each
function. It includes a number of current sources, and the
circuits which develop the square wave, triangle, and
ramp functions from the zsine wave. Function switching s
accomplished by the enable signals shown in the block
diggram, 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 circuit (see Paragraph 8-69), but the leve)
control current is supplied from the amplitude control
current source in this section.

8-62. Square Wave. The sine wave inputis sent through a
squaring circuit and then divided by two to produce the
squarc wave output. Consequently, in the square wave
function, the sine wave must be twice the output

frequency, and the maximum output frequency is
10 MHz.

8-63. Triangle. To generate a trangle wave, the sine
wave input is first put through the squaring eireuit, then

B8-16
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divided by 20 (=~10 and —+-2). The result is a square wave
whose frequency is | MHz plus the programmed output
frequency. This signal is phase compared to a 1 MHz
reference 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
proportion to the phase difference between the two gate
input signals. Figure 8§-21 is a simplified illustration of
this. The gate output drives a current amplifier (which
inverts the signal) and the resulting current pulse signalis
sent through a filter which shapes the triangle.

8-64. The triangle output frequency is the differsnce
between the 1 MHz refersnce and the input frequency
{from the mixer) divided by twenty. Consequently, the
input frequency muost be 20 MHz + (20 x output). Teo
produce the maximum triangle output frequency of
[ kHz, for example, the input must be 20.2 MHz.

10 000 Hz
1 000 000 Hz

Cutput 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 tniangle, except that
when the phase difference between the 1 MHz reference
and the input —20 has advanced 180°, the reference is
inverted by the ramp reset circuits (Figure 8-20). Figure
8-22 illustrates the ramp generation process. Because the
phase difference is allowed to advance only 180° instead
of 360° as in triangle generation, the frequency of the
“input <= 20™ signal to the phase comparison gate must be
1 MHz plus one-half the output frequency. For the
maximum ramp output frequency of 10 kHz:

Qutput frequency 10 000 Hz
+2 5 000 Hz
Reference 1 000 000 Hz

1 005 000 He
20

Input frequency 20 100 000 Hz

8-66. Ramp reset may be initiated either by the phase
detector output (Figure 8-20) or by a + or - ramp reset
signal from peak detectors at the output amplifier. Each
reset pulse causes the reference signal to be inverted at ths
output of the ramp reset pate,
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Generation.

§-67. Ramp polarity is determined by the ramp polarity
gate. If negative camp is programmed, the reference
signal is inverted by this gate.

3-68. Function Integrity Flap. If the ramp is being reset
by the digital Phase Detector, the detector output sets the
Function Integrity Flip-Flop, and the Funetion Integrity
Flag (HMD2Z2) to the processor is high. If the ramp 15
being rocset by the analop Level Comparator at the
amplifier output (see Paragraph B-74), the analog reset
signal prevents the Function Integrity Flip-Flop from
being set. The controller may reset the Function Integrity
Flip-Flop. The Function Integrity Flag tells the
processor which ramp reset method (analog or digital) is
being used. This information is used by the processor in
setting the correct reference level for the ourpur Level

B-18

Comparator. Ramps are reset by the digital Phase
Detector at frequencies below 100 Hz, and by the analog

_output Level Comparator at frequencies of 100 Hz and

higher,

8-69. Amplitude and Offset Control. The voltage output
of the putput amplifier is proportional to the current into
its input summing juncion. Consequeptly, signal
amplitude can be controlled by varying the amount of
curtent available from the current source which suppliss
the various functions. The amplitude control signal is a
de analog voltage from a D' A converter (se¢ Paragraph
8-33) which receives its digital input from the controller,

8-70. Because the square wave, triangle, and ramp
signals are generated by switching the unipolar amplitude
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control current source oh and off, the entire signal is
above ground. These signals are centered about ground
by a4 compensating current equal to one-half the signal
amplitude. This current i shown ag “amplitude + 2
correction current” in Figure 8-20,

8-71. Positive or negative dc offset can be programmed
either with or without an ac signal. The offset current
source is also controlled by 2 dc analog voltage from the
[/ A converter. The dc offset correction current source is
also controlled by the D/A converter. The offset
correction voltage is calculated from the results of the
AMPTD CAL routine (see Paragraph 8-74).

8-72. Output Amplifier (Service Group K).

#-73, The Output Amplificr i$ 2n inverting opéerational
amplifier that is designed for wide frequency response
and low distortion, Iis output stage is protected against
excessive current by 2 0,125 A fuse angd against excessive
voltage by diodes connected to the + and - 15 V sup-
plies. Output resistance is 50 ohms.

8-74, Level Comparator and AMPTD CAL., During the
amplitude calibration process (AMPTD CAL), the Level
Comparator is used to determine the offset and signal
amplitude errors of the 3325A output. To do this, the
processor sety the signal amplitude to zero and varies the
voltage of the “Level" input to the comparator to
determine the de offset in the amplifier output, The
processor computes the de offset error and programs an
offset correction, The processor then sets the signal
amplitude 1o 8 V p-p (with full attenuation) and procecds
to determine hoth the positive and negative psak voltages
in a similar manner, Fram this information it computes
the gain error, whieh 15 used for subsequent amplitude
calculations for apy range sclected. 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 bécguge the
operator or HP—IB system contreller programmed
AMPTD CAL,

B-75. The Level Comparatoris also used to reset both the
positive and negative-going ramps for frequencies of 100
Hz and higher. The “Level” voltage is set by the processor
to the peak ramp voltage programmed. Whan the ramp
and “lLevel” voltages are equal, a Ramp Reset pulse is
gencrated by a one-shot and used to togglea Ramp Resat
flip-flop (see schematic in Service Group J). The ramp is
then reset as explaimed in Paragraph -85, 1f the “Level”
voltage is st incorreetly, the digital phase detector causes
the ramp to be reset, and the Function Integrity Flag to
the processor to be high (se¢ Paragraph #-68). The
processor then adjusts the “Level” voltage until the Lavel
Comparator putput resets the Function Integrity 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 amplifier
output waveform is one input te the Sync Comparator
and the other input is the DC Offset voltage level. Ifno de
offset has been programmed, the DC Offset voltage is
zero and the comparator output changes at zero volis.
This results in & Sync square wave whose transition
occurs at zero volts crossing of the output signal. It
follows, then, that the Sync signal transition oecurs
wheneaver 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 [ront

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 A141J49. This information is obtained from the
Machine Data Bus through A14U29 (see Service Group
D). Seven of the relay driver circuits are contained in one
integrated circuit package, and the cighth is a discrete
transistor cireuit. Current through the relay coils is limited
by the )77, ()78 circuit. Because latching relays are used,
continuous ¢urrént i3 not required. Therefore, after a
relay has been switched, the driver can be turned off by
the K0-K7 information. The D flip-flops are clockad at
the proper time by a signal that 15 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 §-1
shows the voltage ranges, both with and without de offset
and the relays and attenunation factors involved. The
output relay, K4, switches the output to the front or rear
panel in a standard instument and switches the High
Voltage amplifier in or out in Option 002 instruments.

8-80. High Yoltage Output Option 002 (Service
Group M).

B-8]. The High Voltage Output Amplifier is nen-
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 diodes to the + and - 30 V supplies. Qutput resistance is
essentially zero. Plus and minus 30 V regulators which
supply power for this amplifier are a part of the option.
Input power for these supplies is provided from a
separate winding on the instrument power transformer,
consequently, these supplies arc on at any time ac power
is connected to the instrument.

8-82. Sweep Drive Circuits {(Service Group N).

8-83. The Sweep Drive Circuits provide three output
signals that can be used in oscilloscope, plotter, and
similar applications: Z Blank, Marker, and X Drive,

8-84. Z Blank. The Z Blank output valtage levels are
TTL compatible. This signal goes low at the start of a

B-19




Table 8-1. Attenuation and Voltage Ranges.

Model 3325A

Attenuation
Facter

Attenuator
Ralay
In

Armplitude (Peak-to-Peak, SO {2}

AC Only {Ng Offset)

AC (with Offzet)

Maximum
Offget
i+ ar =}

Minimum
Qffset
{+ or —}

DCc
Cnly
{+ or =}

None

10.00V
to
3.000V

g.ge98 vV
to
1.000 V

0.001 v

1a
4,800V

1.000 mV

4500V
to
1.800 v

K3

2,389V

10
1.000V

992.8 mv
to
333.4 mV

1166V
to
1.498 VY

Q. 100 mv

1.488 V
to
G500 ¥

208.5 my
to
300.0 mv

333.3 my
to
100.0 mV

3323 mV
10
450.0 mV

0.100 mV

489.9 mV
to
150.0 mV

289.9 mv
to
100.0 mV

899.99 mV
w0
3334 mV

116.6 mV
to
149.2 mV

0.010 mv

142.8 mV
to
50.00 mV

K1

98.99 mV

w
30.00 mV

8333 mV
10
10,00 mV

33.33 mv
e
45.00 mV

0.010 mv

49,89 mv
w®
15.00 mv

K1, K3

29.99 mV
to
10.00 mV

9.988 mv
to
3.334 mV

11.66 mV

0
14.99 mV

0.001 mV

14.88 mV
te
5.000 mV

K1, K2

2.998 mVv
to
3.000 mv

3.333 mV
e
1.000 mv

2333 mv
1o
4.500 mV

2.001 mV

4.889 mVv

e
1.500 mv

K1.K2,K3

2,929 mv

0
1.000 mv

1.438 mV
1o
0.001 mV

MARKER
FLIP-FL.GP

MKR RESET
tLOW TRUE)

SWEER
LIMIT

FLAG
{LOW TRUE |

3TAR
{LOW TRUE)D

X DORIVE
S5TART/ETOP
FLIP-FLDP

MARKER
DUTeUT

WMARKER
RESET

SWEEF
LIMIT FLAG

START ] J

TO SWEEPR
RANGE SWITCHES

yygsa-23

Figure 8-23. Marker and X Drive Start-Stop Flip-
Flops.
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lincar or log single sweep, high at 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 Blank cutput circuit is
capable of sinking corrent through a relay or other
device. The maximum ratings are:

Maximum curreat sink: 200 mA, fused at 25 A
Allowatle voltage range: 0 V to +45 V de
Maximum power (voltape at output x current); 1| W

8-85. Marker Qutput. A Marker output pulse occurs
only during linear sweep up, either single or continuous
sweep. The NAND gate flip-flop that produces this
output is shown in Figure 8-23. The output is high at the
start of 1 sweep up, then the Sweep Limit Flag input goes
low at the Marker frequency, chanpging the flip-flop
output to low. Immediately following a sweep up, the
Marker Reset input goes low, reserting the flip-flop
output te high,

8-86. X Drive. The output of the X Drive Start/Stop
flip-flop (Figure 8-24) 15 set high by the low true Start
signal and is returned to low by the Sweep Limit Flag
pulse that accurs at the end of the sweep. The Start signal
remains low until just before the end of sweep to prevant
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 separated
“ by approximately 400 microseconds to allow time

Service

between the two Sweep Limit Flags for the control
circuits and Fractional N IC to return the Start signal to
high and process 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 | is high for
sweep times of 0.01 second to 0,999 second, and Range 2
is high for times of 1 second to 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
value of the current to the intepgrator depends uponthe X
Drive analog voltage and the resistance in the intégrator
input circuit. The resistances are fixed at [0 kilochms for
Range | and | megohm for Range 2, The value of the X
Drive voltage is supplied from the ID/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 Brive Output Ramp from 0 Vto
+10 V during the sweep time selected.

8-88. Following a single sweep, the X Drive ramp
remaing egsentially at +10 'V until reset priorto the start of
another sweep. (This voltage will drift dewnward less
than 10 mV/sec.) During continuous sweep, the ramp is
reget at the start of sweep down. The reset switchisa FET
connected across the integrator capacitor. The Ramp
Reset pulse is initiated at the proper time by the contral
circuits.

[NFUT
ANALQG S¥W | TCHES

SWITCHES

RANGE |
IHIGH TRUE)

START
(HIGH TRUE)

RANGE 2
LHIGH TRUE)

X DRIVE
[0C VOLTAGE!

INTEGRATOR

RAMP
RESET

A AN X DRIVE
QUTRUT RaMP

3325A=24%

Figure 8-24. X Drive Ramp Qutput.
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8-89. Crystal Oven Option 001 (Service Group
M}

8-80. AC power for the Crystal Oven is supplied by a
separate winding on the instrument power transformer.
Consequently, power is supplied Lo this assembly at any
time ac power is applied to the instrument. A +15 V
regulator provides de power ta the Crystal Oven. The
oven output frequency is 10 MHz. It is capacitively
coupled to the rear panel output connectar.

8-91. Power Supplies {Service Group Q).

8-92. All three regulators, + 35V, +15V, and -15V (shown
in the schematic diagram in Service Group 0) are voltage
and current controlled. Bach repulator has a voltage sense
conneetion. If the voltage at the load 13 too low, for ex-
ample, this sense voltage feedback causes the regulator
to adjust its output to the correct voltage. If the output
current increases excessively (because of a short cireuit,
for example) the voltage drop across the current sensing
resistance causes the active device in the current sensing
circuit to limit the current through the series pass
regulator.

8-93. 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—IB input/output circuits, the Oven Assembily
{Option 001}, and the High Voltage QOuiput Amplifier
(Option 002). These circuits have their awn regulators,
which are active at any time ac power is connected to the
instrument.

Model 3325A

8-94. When the POWER switch is in the 5TBY position,
as shown in the simplified schematic of Figure 8-25, a
positive voltage i3 applied through K1 relay ceoil to the
emitter of Q11, biasing this transistor inte conduction.
The current is limited by resistors R30 and R32 so that
the telay is not activated. Q4 is biased on by the current
through Q11 to the point where it behaves in the same
manner as it would if there was excessive current through
the sensing resistor, Rd. 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 Ql1 is grounded, turning this transistor off.
Consequently it has ne effect on the -15 V regulator
circuits. Relay K1 s activated, terning on the blower.

8-96. An overvoltage protection circuit in the + 5V sup-
ply prevents the voltage from becoming high enough to
damage the TTL devices in the instrument. This giccuit
consists of an SCR (A2CR10) which is triggered if the
voltage across A2R14 becomes too great. (Refer to the
Fower Supply schemati¢, Service Group O.) When the
SCR is triggered, it becomes a short circuit between the
unregulated + 5V and ground. The result is that the + 5V
regulator is disabled and the power input fuse, F1, will
be destroyed.

£-97. The only voltage adjustment is A2R22 inthe-[5V
regulator, This control adjusts the +3 V and +15 V
outputs also because they are referenced to the =13 V

supply.

=-15Y

3y

- av

(UNREGULATED!

+5
{UNREGULATED

.56

({REGULATED!

By

5o

3228h.20

Figure B-26. Power Supply Standby/On Circult,
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6-98. SINE AMPLITUDE CONTROL PATH.

8-99. Amplitude Control Gircuitry.

8-100. The control of sine output amplitude invelves 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 to 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 30MHz
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 seen in Figure 8-26, there exists a feedback path
through the processor. Using a peak detector, the proces-
sor is 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 Calibhration Disable (ACD).

8-103, When servicing the amplitude control path, it is
imperative that the feedback path be eliminated before
troubieshooting begins. This is performed by tying the
ACD test point {on Ald) to ground. This breaks the
loop by preventing the processor from performing
subsequent Auto Calibrations, After tying ACD to
ground, cycle power off, then on, to erase from RAM
all previous Auto Cal information.

PRESET
COUNTER
Al4-1

CURRENT
SOURCE
Ald-1

DAC
Al4-1

MULTIPLIEH
A3-G

PROCESSOR
Ab-T FUNCTION

The Amplilude Calibration Disable, ACD, is used to bresk the
1sedback path during troubleshooting of amplilude problems.
Connect ACD to Gnd and cycle power off and an.

I CIRCUITS
Ald-J

—O PK

X

MIXER
A3-H

PEAK QUTPUT

n

Ald-K

ATTENUATOR

HIGH VOLTAGE
OPTION 002
AB-H

AZ23-L

|
BETECTOR + swpLIFIER

mumber 10llowed By e sehamatic numoer.

Each how contains a code auch s A14-1, Thig liata first the boatd i

ouT

Figure 8-26. Sine Amplitude Control Path.

8-23/8-24
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8-104. SERVICING INFORMATION.
3-105. 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 inspected frequently and
cleaned or replaced as necessary to permit the free flow
of air through the instrument. To clean the filter,
remove the four nuis that secure the hlter retainer,
remave the filter and flush with soapy water, rinse
clean, and air dry.

8-109. Adapter Cable.

8-110. An adapier cable may be made as shown in Figure
8-27 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. Actess to Revarse Side of A21, A3, A14. and AG,

B-112. The square slotted fastencrs used to secur¢ one
edge of printed circuit assemblies A2]1, A3, Al4, and Ad
can be used to support the board in a vertical position,

Table 8-2. AssembiyiCabie Compatibility for Serial Numbers

1748A04250 and Balow.

Aszszambly To Be
Replaced

Atfected Doastination
Assembly(ies)

Cahle/ Part Numbars Far

Connector

Destination Assy
Modification

AB
03325-86508

A3
All Rev A and Rev
B Boards

Ald [A4)
All A4 Revisions
and A14 Rev A

AZ1 (A1)
All A1 Revisions
and A21 Rev A

W33/A30N

W3Z/A1401

w3ai/Az1a

B120-3108 (Chh**
1251-6567 (Conn)

8120-3108 (Cbh**
1261-6587 (Conn)

8120-3108 (Chh"*
1251-6667 (Conn)

_ Al4 (A
G3325-66514(04)

AB
All Rev A, Hev B
and some Rev C

AZ23 (A7)
All A7 Revisions
and AZ23
RevA/RevB

W3Z/ABI2

W30/AZ3J30

£120-3108 (Chi)**
1251-6567 {Cann}

8120-3216 (Ch**
1251-6064 (Conn|

A2
(03325-665603

P14
All Rev A, Rev B
and some Rev T

W33/ABJ2

8120-8108 {Cbi}**
1251-6567 {Conn}

AZT AAT)
03325-66521{01]

AB
All Rev A, Rev B
and sema Rav C

Wi31/A6J4

8120-3108 (Ch ™"
1251-6567 {Connl

AZ3 (AN
03325-68523(07)

Ald {Ad)
* Al AL Hevisinns
and Al14 Rey A

W30/A14030

B120-3216 [Chh*"
1251-5064 [Cann)

** Agsarmblies ordered for replagement centain the new connectors, however, the newer {gray) cables are
not included. They must be ordered seperately along with the cennectors for the destination aszemblies,

Mote - Because of the increased raliability, all cables and connecters should be changed regardless of :h_a
aszembly and destination assemblies involved. Cable and cennactar raplacement is recommended even if
hoard replacement is not required.

Mote - if necessary (although net recommended), 8 newer replacement aszembly may be fitted with the
older carnectors (PIN 1251-4494, 21 pin/ 1251-4380, 14 pin) for use with the clder {white] cables (F/N
8120-2677, BinfB120-2576, 2.3in).
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permitting access to both sides of the agsembly 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 remaoving all
screws, screw the square fasteners back into their threaded
standoffs, and insert the edge of the board into the slots
in the fasteners, as shown in Figure 8-28(a). The -hp- part
number of the fastener is 0570-062]1. Newer 33255 may
not have these standoffs installed.

Make sure that the fasteners do not contact
any circuitry other than the ground plane.

B-113. A6, A14, A3, A21, A23 Connector Campatibility.

8-114. 3325A’s with seal number 1748A04250 or below*
contain PC assemblies with certain cables and connee-
tors which are not compatible with later revision boards.
When replacing A6, Al4, A3, A2l, or AZ3in 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.

Model 3325A

For example, if the A6 Controller assembly is replaced
in a 3325A containing the older boards and cables (white),
connectors Al4J1, A3J1, and A2111 on the destination
assemblies must be replaced als¢. 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 include schemaric diagrams, block dia-
grams and troubleshooting information for specific areas
of the instrument. Paragraph §-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 modei.

Tatle 8-3. Test Equipment for Treublesheoting.

Instrument Gritical Specifications

Recommended Model Lise

Signature Analyzer Signature: 4-digit hexadecimal
Characters: Othru 9.A,C.F.M.P,L
Threshold:

Logig1: +2.2v

LegicO: + 0.5V
Clock Frequency: = 1.5 MHz

-hp- S004A Logic Gireuit Troubleshgoting

Pulse Rate; 500 kHz
Pulse Width: =17 us
DC Qifset: 1V

Pulse Genaratgr

-hp-3312A Logic Gireyit Troubleshogting

Digital Multimeter G Function
4 Digit Rangas:.1t0 100V
Accuracy: £0.2%

AC Fynction
Ranges:.1t0 100V
Accuracy: £0.%%

Ohmmeter
Ranges: 100 R1p 1 MG
Accuracy: 1%

<hp- 3466A General Troubleshooting

Verticat
Bandwidth: de tg 100 MHz
Deflection: 2 mV¥ 10 10 Yidiv
Horzontai
Main Sweep: B0 ns ta 2 5/div
Delayed Sweep; 50 ns ta 20 ma/div

QOscilloscope
2 channal

-hp- 17404 General Troubleshooting

Electronic Countar Fraguency Measurement: to 20 MHz
Accuracy: + 2 counts

Resolution; 8 digits

-hp- 5328A + N Counter Troubleshooting
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COAXIAL CABLE = 1
METER -hp- PART NG,
B120-0144,

NUT -hp- PART NQ,
1250-0030,

ANC BODY -hp- PART MO. —
1250-0082. o PHONQ PLUG -hp
: NG. 1251-0682.

BNC PIN -hp- PART NO.
1250-Q084,

Figure 8-27. Adapter Cable.

Figure B.28(a). Access to Reverse Side of Assemblies.
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8-119. Adjustments Required After Repair.

8-120. Following repair of some circuits, certain adjust-
ment procedures must be performed te assure proper
operation of the ipstrument. These adjustments are
shown in Table 84,

8-121. Basic Trouhleshooting Procedures.

8-122. Make sure 2]l cables and connectors are firmly
scated 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.

8-123. The flowchart of Figure 8-28(b) may be used to
help isolate the trouble. Some symptoms that are iden-
tifiable from the display, outputs, or response to inputs
or entries are piven in Table 8-5, along with suggested
areas 1o begin troubleshooting.

8-124. Driemtation Gf Components.
B-125. A square pad is used on the printed circuit board

to aid in orientation of certain componenis for replace-
ment and in identification of connections.

Component

integrated Circuit
Transistor

FET Transistor
Diode

Electrolytic Capacitor

Fin 1

Emitter

Source

Cathode

Positive Connection

Model 3325A

8-126. Mnemonic Dictionary.

8-127. Most of the lopic and data signals in the 33254,
are identified on the schematic diagrams by a mnemonic,
which is essentially an abbreviation of the signal name.

Table 8-6 15 a dictionary of the mnemonics used in the
A325A.

B-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 point in 2 circuit, 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 given 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, logic in Service Groups A, B, and C,

£-130. The flowchart of Figure 8-28({b) and the symptoms
Iisted 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.

Circuit Repaired

Service
Graup

Adjustments Reguired

Keyhoard

HP-1B

Control

Voltage Controlled Oseillator

VCO Buffer

+ N_F Counter

Fractional N Analog

30 MHz Oscillatar

Sine Amplitude & Amplitude
Meod.

Mizer

D/ A Converter and Sample/Hold

Ramp Gating Circuits

Qutput Amplifier

Sweep flange Circuits
X Drive Integratar

Migh Stability Reference
Power Supply

Me=—TI QOOMmMMyUme

oz~

Nene

None

None

VCO Freguency

None

None

Analog Phase interpolation
30 MHz Reterence Qsgillator
Amplitude Gain

[=]
-
[4x]

Wt
el —
(A -]

]

Mixer Spurs

DvA Converter Dffset
Ramp Stability
Armplifier Bias
Amphtuds Flatness

X Drive

X Drive

Migh Stability Reference
Power Supply

DA Converter Offset

To1 a3

O T I
LLaLL LA
N R paae ™
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Civenits Tested Checks the HP-1B data path
from the processor to the
HP-IB connector and back. It
does not check the handshake

cireuits.

ROM’s (A6UIL-4), Processor
{A6U9), and Buffer (AGUI0).
Unless  these circuits are
operating properly, none of
the other tests will work. Checks the ability of the pro-
cessor to identify front panel
switch closures, Also checks
LED drivers, curtent

sources, and digital circuits.

This test is a point-by-point
signature analysis of all IC's AS
an the A6 assembly.

Tests the ROM/RAM address
registers and buffer circuits.

Checks the data path from the
processor to the fractional N
control IC (A21U19), and
checks severzal operations of the
fractional N control.

Checks the ability of thec RAM
address regisier to count up
and down. Checks RAM out-
put data.

Table 8-5. Trouble Symptams.

Symptoms Troubleshooting Procedures Symptams Teoubleshooting Proceduras

Ng frent panel display or
annunciacors.,

Mg AUX output or incor-
rect frequency (gine func-
tion 21-80 MHzi; front
panel cutpul nommal,

If power supply voltages are correct Sarvice Group D
{zee Service Group ) ga to Servige
Group C; if not, troubleshoot power
supply, Service Group 0.
Abnorma! display char- Armplitude Modulation | Service Group G
asters (partial charactars does nat respond proper-
or all segments gstay on}, by

no response 10 frant pansl
artrins,

Service Groug C

Phase Modulation does
nat raspand properly.

Service Group F

Display appears normal,
but no response o frant
panel entries.

Service Group £
Display reads OSC FAIL. | Service GroupD
Qutput amplitudé  incor-
rect for gll functions,

Service Groaup L
Instrument accapts  en-
tries but has no signal or
sy outputs.

Service Group K

Service Group B,
Sighature Analysis Test 3

Instrument accepts front
panel entrigas but will not
pregram from HP-IB, Fails
HP-18 Performance Test.

No signal output; sync
autput correct.

Service Group L

Service Group €,
Signature Analysis Test b

Service Group E OSC. FAIL display indica-
tion but oscillator cirguits

check good.

Will not sweep frequency,

X Drive, Z Blank, or Mark-
ergignalz ingorrect.

Service Group N

Display  or
switch problems,

keybaard | Service Group A,

When Externa! Reference | Service Group G Signaturg Analysis Test 4

or QOption 001 15 cone

nected to rear panel REF
IN, front panel EXT REF
annunciator does not light

Cantral problems, ar in-
strument “logks up” and
will not accepi entries.

Service Group C
Signature Analysis Tests 1, 2

ar flashe:s on and off,
Service Group C
ROM Signature Analysis Test

Cannot perfarm Signature

Output freguency incar- | Service Group G Analysis Tests 1,2, or 3,
rect.
Servige Group

Signature Analysis Test

Above tegts do not locate
the defective component.
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Table 8-6. Mnemonic Bictionary.

Model 3325A

Mnemaonic

Oefinition

Mnemonic

Definition

HATL
HATN
HATT

HBBCL
LBCL
HBOCE
thru
HBRCT
HBODS)
thru
HBDS2
H B!
HBIG
LBOR
HBFID1
thru
HEBPIDS
HBFOD1
thiu
HaroDa
HBSD
HASOD

LCAR
HCDN
LCHK
HCODA
HCODB
HCS5@
thru
HT52
HCS@&D
thru
HCS52D
HCS10D
thru
HCS2D0
LCSH
LCSRZ
HCUN

LDAC
HDC)
thru
HDCé

L DOE
HDSQ
thru
HD%3
LEC
HEQI

HFND

HIAK
H B!
HIEN
LIFC
LIFCT
HH

L IMBP
LiNY

HKCI

LLCN
LLD}
LLDO
L LMBL
HLNG
LLRAR

LLRCH
LLAF

Addressed to Listen
Attention
Addressed to Talk

Bus Clock on HP - 1B sida of isolation
Bus Ciock to HP-1B

Direct Cantrol @ - ¥ on HP - IB side ol
isplation

HP - 18 Data Serial 1-2

Bus Interrupt
Bus Interrupt Gated
Barrow [from BAR Low)

HP-18 Parallal Input Data 1-8

HP- B Parallel Cutput Data 1-8

HP-1B Serial Input Data
HP-- 1B Serial Output Data

Carry (from BAR Low)
Count Down Enable
Check

Code A

Code B

Chip Select ¢-2

Chip Select @- 2 Delayed

Chip Select 1 -2 Doubly Delayed

Clock Shift Register (Kevboard & Displayt
Clear Select ROM Zaro
Count Up Enable

Data Accepted

Direct Control @ -6

Data Out Enable
Device Select 3-3

Extermal Clock {to N.F Chip)
End or Identify

Fetch MNew Dara

Intarrupt Acknowiedpe

Inhihit Bus Interrupt

Interrupt Enable

Interface Clear

Imerface Clear Latched

Interrupt Inhibit

Inhibit Machine Bus ta Processor Bus
Instruction Valid (1o M.F Chip)

Kiloheriz Clock interrupt

Losd RCA Enable

Load Data In

Load Data Out

Load Machine Bus Latch
Listening

Loed RAM Addrass Register

Load RAM/AONM Control Register
Load RAM Page Register (from Decoden)

HMBELD
thru

HMBLT

HMC

HMDG
thru

H D7

HMBAA

HMNBAS
HMBMB

LNDR
L NMBF
L NRAB
HNRCA
LMRCE
LNRD
LMSLF

LODV

HPDQ@
thru
HPD?
H PIDG
thru
HPID7
LPRS
HP5G

H RAG
thru
HRA1I
LRAD
LRAN
L RBA
L RBD
L RBN
LRCA
LRCB
LRCN
HREN
L RFD
L RFF
L RFND

LRIR
LRKB
HEMAQ
thru
HARMAZ
LROVD
LRES

L RWN

L SAR
HBATL
HSATT
LSCA
LSCB
L SCR
L SFND
HSLC
HESLF
HSLI
L&M

L 5M8
L SMBL
LSOk

L S0vD
HEP
HSRA
HSRE
M ERC
HSRM

Machine 8us Latch@-7
Main Clock

Machine Data Bus @ -7

New Byte Accepted by Acceptar
Handshaka

New Byte Aveilahle to Source Handshake

Enabla Machina Bus Latch to
Machine Bus

MNew Data Ready

Enable Machine Bus to Processor Bus

Enable RAM Address to Machine Bus

Enable Reset Code A

Enable ACR to Maching Bus

Enable RCM Data

Enable Sweap Limit Flag

Output Data Valid

Pracessor DataBus 07

Parallel Input Data (From HP-1B,
Frocessor side of Isolation)

Preset

Program Source Gate

ROM Address @ -11

Read Arithmetic Data (from N.F Chip}
RAM A Enable

Read Bus Address
Read HP-18 Data
RAMB Enable

Reset Code A

Resat Code B
RAM C Enable

Remate Enable

Ready far Data

Read Function Flags
Rasat Fetch Mew Data
Read Interrupt Register
Read Keyboard Data

RAM ADDRESS Q-9

Raset Cutput Data Valid
Read Signal Souree Data
RAM Write Enable

Select RAM Address Registar

Set Addressed (o Listen

Set Addressed to Talk

SetCode A

SetCodeB

Selact ROM/RAM Contral Register

Set Fetch New Data

Sweep limit Contral

Sweap Limit Flag

Swvaep Limit Interrupt

Belect Manitor

Select Machtne Bus (from Decoder)

Select Machine Bus Latch

Serial Queput Data to HP-IB, Processor
side of |solation

Sat Quiput Dara Valid

Spare

Select RAM A

Select RAM B

Select RAMC

Selact RAM (from Decoue, ;
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Set POVWER Switch From |
STBY To QW ]

Arg
Does Any Front
Fun Sitart? FanelLED's
on?

I8 Datarmina Rasson For And Fuse
Rear Pane| And Replace. Sav Servico Grosp
Fuse Goad? 0.

Choek AZK1 And Fan. Ses Serv- Chaek Power SI.Inlil!. Service
ice Growp 0. Groug 0.

Does A
Front Panat Are Does
i Intdi : Is Display .
D&iﬂgﬁo:[ Ig iar:: Display Blank? Charactars Dis péa g;lia?d
Fregquaney - 1000 O Hz Abnormal? sk [

Are $0 blesh To s vizo
Power Sepply roubleshooting,  Service
Woltages Carrect?:? g Group O
Seruice Groep
]

Ptess: Cheach Poveer Supplies Sarvice Go Ta Logic Trouble-
Blue Key Group 4. shooling. Service Gioup
A,

SELF TEST

Oid Ga To Logic Trouble-
AlLED's } shooting. Service Group
Light? C.

Did Dig Dig

hsplay Display Display PASS 3| Go To Symptam Tavle
Momentarly Mamentarily Momentarily 8-5

Read: Read: Read:

Fail 2

Go To Sine Wave Trouble- Go To Squara Wave Trou- Go To Trengle Trouble-

shonting, Service Group } télfﬂsﬁgjnng’ Service shiooting, Service Group J

Figure 8-2B(b}). Basic Treubleshooting Procedure.
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GENERAL SCHEMATIC Q

- PARTIAL REFERENCE DESIGNATIONS ARE SHOWN.
PREFIX WITH ASSEMEBLY OR SUBASSEMBLY DESIG-
NATION(S! OR BOTH FQR COMPLETE DESIGNATION.

- COMFONENT VALUES ARE SHOWN AS FOLLOWS UN.
LESS OTHERWISE NOTED.
RESISTANCE IN QHMS
CAPACITANCE IN MICROFARADS
INDUICTANCE 1N MILLIHENRYS

DENQTES BUFFER

Y Y

3 DENOTES EARTH GROUND.
— USED FOR TEARWMMJALS WITH MO LESS THAN A
T ONO. 18 GAUGBE WIRE CONNECTEQ BETWEEN DENOTES INVERTER
TERMINAL ANMD EARTH GROUND TERAMINAL OR
AC POWER RECEPTACLE.

4
m
]

A —
4. ] DENOTES EramE GROUND. B
USED FOR TERMIMA4LE WHICH ARE PERMA- C_
NENTLY CONNECTED WITHIN APPROXIMATELY POSITIVE

0.1 GHM OF EARTH GROUND.

AND

ASSEMEBLY. (PERMANENTLY CONNECTED TO

5. | DENGTES GROLUND ON PRINTED CIRCUET
FRAME GROUNDI.

NEGATIVE OR

I T T I rr- i rr
rrIrr-r I I« -
IrxTrTrrIxIxr |0
r — - o - r

—_— = s DENOTES ASSEMBLY.

I
m
F

DEMNOQTES MAIN SIGNAL
PATH,

DENOTES FEEDBACK
FPATH.

A
B — |
[

POSITIVE NAND
::! DENDTES FRONT PANEL MARKING,

r—=—n" NEGATIVE NOR
{ y DENOTES REAR PANEL MARKING.

I I I Izrr+—r
I T rrm™~IIi r-r
IrrIr-rTrrTC
T I IXTIIICI|

m

4'# DENOTES SCREWDRIVER ADJUST.

—Q

¥ AVERAGE VALUE SHOWN, OPTIMUM VALUE SE-
LECTED AT FACTORY. THE VALUE OF THESE
COMPONENTS MAY WVARY FROM ONE INSTRU- NEGATIVE NAND
MENT TO ANOTHER. THE METHOD OF SELECTING
THESE COMPONENTS IS DESCRIBED IN SECTION W
DF THIS MANUJAL.

~ N
. =3 »— DENOTES SECOND APPEARANCE OF A CON- POSITIVE NOR
. NECTOR PIN.

ITITIxITrrFrrrCrjr»
rTrIrrr I I r-rr
I r T rTcTe|o
rrre e~ T

.y 524 tDENDTES WIRE COLOR: COLOR CODE SAME AQ
RESISTOR COLOR CODE. FIRST NUMBER |DEN-
TIFIES BASE COLOR, SECOND NUMBER IDEN-
TIFIES WIDER STRIP, THIRD NUMBER IDENTIFIES
NARROQWER STRIP?. (eg 224 = WHITE, RED,
YELLOW.) EXCLUSIVE OR GATE

. ALL RELAYS ARE SHOWN DEENERGIZED,

I xTrr|r
T HrITr|e
r T xXxeip
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REFERENCE DESIGNATIONS

ASFEMELY ASSEMALY
REFERENCE ASSEMBL PART NUMBER
DESIGNATION NAME {INCLUDES .ﬁzaﬂl' SUBASSEMBLY)

J_‘—h_\ - "

—_
- - - -

POWER SUPPLY [|QOXXX-EB501)

JACK XAZ 15 MOUNTED DN Az
CHASSIS O/ ANCTHER ASSEMBLY,

IS MOUNTED ON ASSEMBLY OFfF 15 FART
)’VOF THE ASSEMBLY BOARD [COMPLETE DESIGNATOR IS A2Fi) |
1

6**’“ FERRITE
BEAD
< YEST TAGE
Pl S MOT MOUNTED ::Rz EsT VoL
ON A2 ASSEMBLY

PI\ \xnz
(COMPLETE DESIGNATOR 15 Pr)

JR“WPLETE DESIGNATOR 15 42R4

-4

2
I
|
]
I
4

—KE—XK
""""""< ﬁ ‘Qwussn INDICATES Al

PIN OF XAZ AND PI FHO?O?HE;PEF ‘6’§c_ T

i5 MADE

824, g L N By, 2

R RZ
IR 15 THE SAM. l
Wi ;HCOLgRS COLOR gooEWsE FE SAME EYELET OR STAND- 1 % ‘Q Pm CONNECTOR CONNECTOR

RESISTOR COLOR C IRST | MAY OR MAY WHTRER
NUMBER IMOICATES BASE COLOR. SECOND ! OFF TERMINAL, MAY OR .

NOMBER INDENTIFIES WIDER STRIP, AND | WAY NOT BE NUMBERED ] SouPLETE | NOT BE NUMBERED ﬁ‘d‘f
THE THIRDR INDICATES THE NARRGWER ol 5 LG‘m‘ \‘\

STRIE (924, DENOTES WHT/RED/ YEL WIRE) ' | ! i}

PARTIAL REFERENCE DESIGNATIONS ARE SHOWN: PREFIX WITH ASSEMBLY OR SUBASSEMBLY
DESIGNATION({S) OR BOTH FOR COMPLETE DESIGNATION

= |

SUBASSEMBLY OF DENOTES SCHEMAYIC
e"_ /a/fCOﬂPLE TE DESI'GNATOR 15 AZAl) ON WRIGCH CONNECTION

STANGOFF /Tb\FEMALE Fity

ON
WIRE

STD-B-2192

8-33/8-34
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SERVICE GROUP A - KEYBOARD AND DISPLAY.

Troubleshooting Information.

The most common problermn with the AS front panel assembly are stuck keys. A stuck key
is often noticeable by its “‘lack of play’’. The following troubleshooting hints are intended
to help determine whether a problem on the A5 assembly is du¢ to a malfunctioning key or
a component failure.

1. Check the 1kHz clock signal at TP1, TP2, and TP3. The 1kHz clock i3 the rate at
which a logic **1"*, supplied by HMD4 of the machine data 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 rate indi-
cates that shift registers U6 and U3 are functioning properly.

3. Using an oscilloscope, look at the inputs (D0-D3) to UB, A negative going puise on one
of these inputs occurs when & front panel key is pressed. A negative pulse that is present
when no kevs 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 cutput indicate a problem
with U9,

5. Signature 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.

Remaval of Keyboard Printed Circuit Assemhly AS.

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 irim 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 screws that hold the printed circuit board to the front panel assembly.

Replacement of Keyboard Switches.

The keyboard switches (except the pawer switch} may be removed by using a hot soldering iron to
melt the plastic tabs on the back of the printed cir¢uit 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 panel switch closures. It
also checks the A5 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
routine 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, AS. Use the following procedure to gain access to the front of this board:

a. Disconnect the internal cables from the Signal and Sync cutput connectors.

b. 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 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 panel 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 switch to STBY.

b. Disconnect the flat cable to the attenuator assembiy to prevent damage to the relays.
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¢. Connect the signature analyzer as follows:

@

SA CLK (at left of AGUD)

Start and Stop SA S/5 (at right of A6ULS)
Ground 3325A ground
(stiffener channel on deck between A6

and A2l or any Ground test point)

d. Set the signature analyzer controls as follows:

e. Make sure the C5@, CS1, & CS2 shorting connectors (near right front corner of A6) are
in the center position.

f. Connect ASTP3 and A6TP& to ground.

g. Sct all bus address switches (A651) to the OFF position. See switch drawing below.

Address Switches

LOM ~ Listén Only
ROM — ROMW Digable (For Test Qnly)

vttt

h. 5S¢t 3325A POWER switch to ON.
i. Disconnect ground from A6TP3, then A6TP6.
j. Set busaddressswitch 4 to ON.

k. Place the signature analyzer probe on +5 V (logic 1). The large plated area near the
centerof AGis +5V.

I. Fallow the flow diagram from START. If no stable or valid signatures are obtained,
the processor (A6U%) or the ROM’s (A6LJ]1-4) may be defective. Use the ROM Signhature
Analysis Test to check these components.

NOTE

After completion af the test, be sure to replace all cables, jumpers,
and switches to the normuol position.




‘ Start )

ﬁj -7
Sht ;«53

+8Y = 4F21

YES

Are All Leds On

YES

l

Place Signature Analyzer
Frobe on + SV. Press and
hofd each key and read
the signature, K any
signature is incarrect,
take the *"NO'" exit from
this biock. All LEDS
should be ON except
while a key is pressed.

It the signeture is not
4F21, indentify the faulty
circuit by finding the ac-
tus! signature in the. key
signature list. Then place
the probe on the point
shown below opposite the
signature. I the signature
ohsarved at this point is
the same as the previeus
signature, take the ' YES'
exit fram this blaek. If not,
taka the "NO°" exit. If the
signature does Not Corres-
pond to any on the list, go
to the ROM Signature
Angalysis Test.

Key Signature List
Sig-
Key nature
Local HOFH
Stan Cont 6475
Start Freg F431

Stop Freq 10F4
Reset S1arl 281H

Marker Freq QFAG
Swaep Time CHPL
Frequency 431Q
Amplitude £433
Phase AUTC

DC Offset GHOF
Blue Frafix U7ce
Stare 5691
Recall 6647
Clear

Minus
L4

LB R B I AR

eriod
£C
MH2z
kHz

Hz

DEG

Up Arrow
Dawn Arrow
Left Arrow

Right Arrgw
Sine

Square
Triangte
Ramp Up
Ramp Dawn
Amptd Cal
Sigral Dutput

oo

NO

Faulty Device Seglect
[ABUS) or Bad AB-Te-AS
Ceonnection.

Troubleshaot
ABUB

OHORN Yo

PR }
WD Dy

- s -
R AW O RIAAD

Wk @
T Y]

-

—_
LS P

-
L]

-a
RrEN L [N Rl ]

[ves

Z
[e]

Check Mppropriate Switch

nnpn

wononn

NO

Device Select Prablem
ABU1E-1 = 362
ABU1S-2 = C1UB
ABU16-3 8FCH

ABL1G-4 = CIHA

NO

Troubleshoot
ASUD




fra §27
PIVEr &

ARUB-2 = 798C Are All Leds On Press and Hold the designated kay
ABUG-4 = 20CO and read the sigrature at the IC pin

NO ABUE-5 = PHH4 NO indicated.
A5UG-6 = B4FPP o
ABUB-10 = 5276 Key IC Pin Sig.
. ABUB-11 = 11H8 4 ABUS-1 = 9PSH
Ly Device Select ABUG.12 = PO50 0 A5UB-3 = FHO1
Connaction ABUB-13 = CUA4 Minus ABUS-5 = 76US
: Sine ABUG-8 = MAZP
ABU3-3 = 554F Ramp Down  ABUS-11 = Z3HC
igﬂgg gg;% Up Arrow  ABUB-13 = 82CF

. 8 AGBUT-1 = C875
ggﬂ%?o -Céélz Phase ABU1-3 = AUTC
ABL3-11 = G916 Store ASUi-5 5991
ABL3-12 = 0ATF Local ASU1-8 SHOF
ABU3-13 = 18H4 Freq AZI1-11 = F431
MH2 A5U1-13 = FFHH

13 ' /)

Troubleshaot . NO
A5UB

NO

Traubleshoot
ASU3, U6 C2

Troubleshoot
ABUS, US, or Switch

P840
- A33P
NO FEAS

B Troublashoot :
ABU16 or AB-To-AE Con- -

RECTIONS

NO

ABUS-2
ABUD.5
ABUR.-6
igﬂg?z Test Passes
ABUS-15
ABUY.1E
ABUY.18

Traubisshoot
ASUD

[ I I |

[}

=

Troubleshgaot
ua

NO

Device Select Problem
el g s - o o
ABUTE-3 BPCE T3]
ASUTE-4 C30A
NO

BUB-18 TFroublieshgot
A AEU1TSH

Troubleshoot
AU NG

Troubleshoot
AGLD




[:3- B-09
it .}?’,3

Are Al Leds On JES l Press and Hold the designated key
anc read the signature at the IC pin

indicated.

Key IC Pin Sig.

4 ASUS-1 = GPSH
0 ASUB-3 = FHO
Minus AS5U5-5 = 76U5
Sine AS5U5-9 = HAZP |YES YES
Ramp Down AS5U5-11 = 23HC ABTP3 = FU1S Troubleshoot
Up Arrow  ABU5-13 = 82CF 5 L
N

] ASUT-Y CB75
Phase ABUT-2 = AUTC
Siqre ABLT-B 581
Local ASU1-8 = GHOF Troubleshogr
Froq ASUT-11 = F&31 ABU2G or AB-Tg-ASE Can-
M-z ASU1-13 = FFHH nections

NO

H B

NG

Troubleshoot
ASLG, UB, or Switch

YES Troubleshoot

YES
ggfé“ Are Many Leds Off _ 35721-23 of ABUZ, Ud ar

ABTP1 = 30566 YES ASU9-2
A5U3-5

A33P
FFAB NO
CO1F

N ABLS.6
° ASU3-9
ASU9 -1

69P8

AQ7F e L
uzcs Check For Defective Leds

o]

Traublashoot iggg':

ASU}Scr AB-To-AB Con- ABUI-1
nactions

LI 0 N
© & RN
wwuu

2

Troubleshoot
ADUS

Troubleshoot
ABUE

Troubleshoot
ABU1G

Figure 8-29. Signature Analysis Test 4.
B-A-5
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WRITE KEYBOARD
CISPLAY DATA

i
¥

SEGMENT SELECT

8
CURRENT 17 3CG, AND QIC IMAL | Il DIGIT

| SOURCES NUMARIC D1 SPLAY

. _. DIGIT ENABLE
L {11 LIMES)
RRENT
* Cglwis i 15 LINES]

15-81T }
MACH | HE SpEAI;I:LLLEIN 116 LINES
DATA BUS cz L
16 LINES| out
e ANNUNC | ATOR
REGISTER (B LINES) MATRIX

CLOCK SHIFT
REGISTER 2 SCAN CYCLE EVENTS
SHIFT
- e recisTer| 1213 [4]5]6 7 (8 ]a[igr[izn i i51g
KEYBOARD
_ SCAN TWELVE
v frz Lines: KEYBOARD MATIX LINES

7 1R1-STATE W o | KEYBOARD ENABLE ELEVEN FNABLE FIVE
y AUFFER MATRIX NUMERIC DISPLAY ANNUNC IATOR
14 LINES) DIGITS SETS

Keyheard and Display Block Diagram




Dasigrator Bosard Location Designator Board Location
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R23
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—RN— -RiS—
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“Revision A, Revision E, and Revision & 13375-86505 boards ere identical ragarding component layout and values. Tha revisions reflsc manufacturing
changes oaly.
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Figure 8-30. Keyboard and Display, A3.
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SERVICE GROUP B - HP-IB CIRCUITS.
Troubleshooting information.

The most commeon failure on the HP-IB portion of the A6 board are the optical isclators. The optical
isolators are used because of the slectrical isolation of the HP-1B circuitry from the rest of the assem-
bly. The following hiats suggest various procedures for troubleshooting this section of the assembly.

1. The HP-IB circuitry has its own + 5V power supply (U65/1U74). If HP-IB problems are sus-
pected, the first step should be to determine if + 5V Is present.

2. Using an oscilloscope and a probe, check both sides of the optical i1solators for legitimate TTL
fevels. The oscilloscope and probe can also be used to check the data path between the processor and
the HP-1B 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 to every point on the A6 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 output signature, one should then check the input sigharure, 1f the inpur signature
is Incorract, then the output signaturc of the preceding chip should be checked. By troubleshooting
in this manner {backwards), one can then identify the chip where the incorrect signature griginated.

* This test does not ¢check those gates whose data comes directly from the HP-1E ceonnector.
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 or revision B A6 assembly, see paragraph 8-113 in the Servi¢-
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 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 (+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 sitwation 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:

coane A CLE {at left of AGLI9)

SA 5/5 (at right of A6U15)

3325A ground

(stiffener channel on deck between A6
and A2l, or any Ground test point)

d. Set the signature analyzer conirols as follows:

Self Test

e. Place CS0, CS1 and CS2 shorting connectors (near right front corner of A6) in the O
pasition to select ROM 1.

£. Set the ROM Disable switch (A651) to ON (1). 8et all other switches on A651 to OFF(0).

Addrass Switches

1

LON — Listan Qnly
ROM — AOM Disabie (Far Test Only)

bttt

2. Connect AGTP3 (between UlS5 and Ul6) to ground.
h. Set 3325A POWER to ON.
i. Remove ground from A6TP3.

j. Place the signature analyzer probe on + 5V (logic 1). The large platad area near the center of
Af g +35V.

If the signature is not 5159, troubleshoot AGUY processor, AGUL0 (buffer), the processor data lines
HPDO throuvgh 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 + 3V sipnature is 780U,

Most of the signatures taken in this test are pn the I/Q side of the HP-IB 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:

L. Set 3325A POWER to STBY.
. Disconnect the signature analyzer from the SA CLK.

n. Unsgolder the end of the SA CLK jumper nearest the left edge of the board (away from 1J9).
0. Apply a pulse train with the following characteristics to the SA CLK jumper:

Amplitude
DC Offset
Pulse Width....... e iaaaa e e e = 18

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.

p. Connect a clip lead aeross A6V (left rear comer of A6) to short the isolated ground to circuit
ground.

. Connect the signature analyzer clock lead to the raised SA CLK jumper {along with the
pulse generator).

r. Set 3325A POWER to ON.

5. 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.)

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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78CU - 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 passes
POHU = IFC recognized, [IFC* not recognized
77U6 = IFC not recognized, IFC* recognized
Other signatures = IFC not recognized
SP9H - [legal ATN recognized
SHUH - Illegal REN recognized
ATIU - [llegal IFC recognized

3HCC or - Data lost in shift register
U45H

3102 ~ Data lost in 1/0

NOTE

After completion of tests, be sure to replace all cables, switches,
connectors, and jumpers 1o the normaf position.
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Figure 8-31(a). Signature Analysis Test 3.
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Figure 8-31{b). Signature Analysis Test 3.
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Figure 8-31(c). Signature Analysis Test 3.
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Figure 8-33(t). Signature Analysis Test 1.
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SERVICE GROUP G - CONTROL CIRCINTS.

Troubleshooting Infarmation.

The majority of probloms which are isolated to the A6 board can be pinpointed through Signature
Analysis. There are, however, a series of troubleshooting checks that can be made prior to Tunning
the SA tests. The checks, common failures, and bricf desoriptions of the SA tests are presented below.

1. Begin troubleshooting by checking the 1. 2MHz ascillator 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 {UI9) can be made by disconnecting the Aé board from
the A21 (Al) Frequency Synthesis board (W31, A6J4- A21J1). If “A - CAL FAIL" and “OSCFAJL”
are then dispiaved, a significant portion of the processor circuitry is working.

3. A further check of the nanoprocessor is to first disable the buffer (U10) by opening switch 81G.
This enables 1 + 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 aperation’’ ingtruction. The processor then incre-
ments the ROM address and the process repeats. Using an oscilloscope, monitor the ROM address
lines. Note that the lines should be counting at one-half the frequency of the previous line.

4, Again, should the instrument not respond properly at turn on, check that the ““turn on interrupt
request’’ is corming from AGQL and U4l pin 6. This interrupt should also appear at U35 pin 2.

5. A6UI18 and ASU19 because of marginal conditions, are a common cause of “*O5C FAIL™ and
“A - CAL FAIL".

6. Check the position of ROM select switches C$0-CS2. During normal operation (when SA is not
heing 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 ¢lipped when the High Voltage option
is installed. If the instrument is configured with the option but will not accept inputs greater than
10¥p-p, check that W1 was not resoldered.

&. The nanoprocessor U9, though often replaced, is not always at fault. Because US (1820-1691)
is 2 MOS device, care should be taken when handling $0 as not to create punch-throvgh damage due
to static electricity. If U9 is replaced, insure that AGRS is 9.53kQ. A2

9. The tms 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 UB being an analog device. Any signaturcs, therefore, should be disregarded.

10. The following SA tests are available for checking the Aé 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 itseif.

ROM Test: Checks the ROMs, processor, and buffer.
8A 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 RAMs,

SA Test 3: Checks the HP-IB path from the processor to the HP-IB connector and back, (See Service
Qroup 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 circuits. (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, VCO lines, and the turn on circuit.

SA Test 0: Used after all other tasts have failed to isolate the problem. During this test, the processor
sends digital signals to all points on the A6 board so that signatures can be taken. This test should
be used with the schematic so that bad signatures ¢an be traced to their origin.

Signature analysis is not effective when trying to isolate a problem that is intermittent. If it can be
determined that the intermittent symptom is originating from the A6 board, one should iry to make
the symptom a hard failurs through heat, cold, vibration or mild shock. If the symptom remains it-
termittent and one is certain that it i3 tied to the A6 assembly, then the board should 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 (A6UI1-4), the processor (A6U9), and the buffer (A61U10). If these components are
not operating properly, the remaining Signature Analysis tests will not work.

Procedure.
a. Set 31325A POWER switch to STBY.

b. Setall five bus address switches (A6351) to OFF ().

These numbers are printed on this PC Board itself, Ignare any
numbers printed an the switeh.

Addrass Switches

LON — Listen Qnly
ROM — ROM Disahie (For Tast Only)

Pttt

¢. Set ROM Disable switch {A651) 1o OFF (O).

d. Move N/T {(Normal/Test) shorting connector (located between U7 and 13} to T posi-
tiomn.

e. C86 through C82 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 analyzer as follows:
ClocK. oo e SA CLK (atleft of AGUS)
Start and Stop
{Test point next to €52 shorting connector)

Ground 3325A ground
(stiffener channel on deck between
A6 and A21 or any Ground test point)

g. Setsignature analyzer controls as follows:

h. Connect TP7 to ground.
i. Set 3325A POWER switch 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 A6UI and compare
signatures to those below.

Correct
A6UI Pin Signature Data Line

9 6C1F
10 Pil6
11 5975

13 4533

14 5H79
15 83HU
16 U2FF
17 F2CC

~) oL B M — D

If all of these signatures are correct, the ROM’s have passed this test. Signature analysis tests
@ through 5 may now be performed.

1f these signatures are not all correct, test each ROM individually as follows:
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ROM 1{U1) Test. 0

1. Move the CS1 and CS2 shorting connectors to the @ position (toward edge of
board).

Place the signature analvzer probe on the following points and compare the
signatures.

Correct
A6U1 Pin Signature Data Line

o 63F2
10 ou43
11 F6OP
13 3854
14 IFFH
15 323F
16 4P71
17 SH43

~Ihoon B - O

ROM 2 (U2} Test.

1. Move CS 1 shorting connector to the 1 position and CS2 to the @ position.

2. Place the signature analyzer probe on the following points and compare the
signatures.

Correct
A6U2 Pin Signature

9 4567
10 PCUC
11 pPC2C
13 B83F
14 6U72
15 H89H
16 02C6
17 9474

ol e u ba o D

RDM 3 (U3} Test.

1. Move US1 shorting connector to O and CS52to 1.
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2.  Place the signature analyzer probe on the following points and compare the
signatures.

Correct
A6U3 Pin Signature Data Line

9 C3P4
10 P348
1 U145
13 CB48
14 o7ucC
1% C602
16 O5SHF
17 23UP

1S LA R B D

ROM 4 (U4) Test.
1. Move CS81 and CS82 shorting connectors to 1.

2. Place the signature analyzer probe on the following points and compare the
signatures,

Correct
A6U4 Pin Signature Data Line

9 29638
10 694H
11 HU38
12 0AAC
14 37IC
15 22UP
16 8266
17 2CH2

=1 o b e k= D

After completion of these tests, replace C51 through C52 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 & high. If it is still not high, troubleshoot AGUS, Ul4, and U42,

m. If the signature is still not 755U, examine the ROM address lines.

Set 3325A POWER to STBY.

2. Movesignature analyzer Start and Stop leads to A6TP1 (in front of U9).
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3. Place signature analyzer probe on + 5V (logic 1).

4. Set 3325APOWER to ON,

If the signature is 826P, troubleshoot A6U14 (Chip Select Delay) and A6U15 (1.2 MHz
Clock circuit),

If the signature is not 826P, examine the ROM address lines HRA@ through HRAI{ at
AbUL.

Address
A6U1Pin Line

HRA®
HRAI
HRAZ2
HRA3
HRA4
HRAS
HRAG
HRAY
HRAS
HRAY
HRAI0

The frequency of the signal at HRAI1 should be one-half that of HRAS. HRAZ2 should be
one-half of HRAI, etc., through HRAIQ. 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 sighature analysis tests, make sure the ROM Disable switch (A651) 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 3 have failed to isolate
the faulty circuit. This test reads all the signatures on the A6 assembly, which are presented
in tabular form. Close attention should be paid to the schematic diagrams in Service Groups
B and C while using this test.

Pracedure.
a. Set 3325A POWER switch to STBY.
b. Disconnect the flat cable to the attenuator assembly to prevent damage to the relays.

Be sure to replace this cable carefuily after completion of the test, making sure the cable is
aligned properly in the connector.
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¢. Connect the signature analyzer as follows:

@ SACLK((atleftof AGU9)
Startand Stop BA S/ (atrightof A6U13)

Ground 3325A ground

(stiffener channel on deck between

A6 and A2l, or any Ground test point)

d. Setthe signature analyzer controls as follows:

e. Place C50, CS1, and CS82 shorting connectors (near right front corner of A6) in the @
position to select ROM 1.

f. Set the ROM Disable switch (A651) to ON (1). (See switch drawing below.}

These numbers are ptinted on the PC Board itzelf. Ignore any
numbers printed on the switch.

Address Switches

LON — Listen Only
ROM - ROM Disable (For Tast Onily)

-
s
-
it
el
-—
-

g. Connect ASTP3 (between U135 and U16) to ground. Do not disconnect this ground
during this test.

h. Set 3325A POWER to ON.

i. Place the signature analyzer probe on + 5 V (logic 1). The large plated area near the
center of AbGis +5V.

If the signature is FF32, proceed to Step j.

If the signature is not FF32, troubleshoot A6U9 and U10, the processor daia lines
HPD@-7 and associated circuits, Refer to the ROM Signature Analysis Test,

j. Setall five Bus Address switches to OFF (O).

m k. Place the signature analyzer probe on the points indicated in the tables and compare
the signatures. If no stable or valid signatures are obrained, the ROM’s (A6U1-4) or the pro-
cessor (A6U9) may be at fault. 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 0
necessary to supply an external clock. Use the following procedure:

a. Set3325APOWER 10 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
u9).

d. Apply 400 kHz square wave with the following characteristics to the SA CLK jumper:
Frequency

Amplitude
DC Offset

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,

e. Connect a clip lead across A6V1 to short the isolated ground to circuit ground.
f. Make sure A6TP3 remains grounded,

2. 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 156 and greater. Compare the signatures to the correct signatures in the table.

NOTE

A feter completion of tests, be sure to replace all cables, switches,
connectors, and jumpers to the normal position.
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Q Signature Analysis Test 0,

u1
through
Fin U4

OHCO
H52C
3JHAS
2F5H
168U

FH4P
2H70
68CC
1C2P
PC87

Dm~Mm N p Ll b

BBAF
0000
1C71
P24
P4AH

467F
A12C
Cco0no
FF32
o000
(U1 ang U3)
FFaz
(U2 ang U4)

QOO0
FF32
FF32
FF32
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“ NOTE
= For signatures on UST and above, circuitry is HP-18, Refer to test zero pro-
cedure.

Fin u4e UE1 a2 us3 us4 Usg

FF32 FF32 FF32 FF32 FF32 FF32
0000 FF32 AFHF 0334 09F9 14UH
FF32 B3UP 3A67 FF32 1387 BAUH
Q675 Q000 FF32 FF32 FF32 FF32
3F37 Q000 Q000 oQ00 0000 0000

71HE B3up 3A87 FF32 1387 14UH
0000 o000 AFHF 0334 O8P8 BAUH
FF32 FF32 FF32 FF32 FF32 FF32
0000
FF32

QWm0 O ) b =

0000

Q000

0000
FF32

0 00~ h ol b —
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Woo~J;M ek —

No signatures for UG5

10

11

12
13
14
15
16

No 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 A6U13,
U20, U2], U26, U27, U28, and U45. It also checks the enable signals to these IC'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.

Method 2 tests a logical 1 (+5 V) for several periadds 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.

Use the following procedure:
a. Set the 3325A POWER switch to STBY.
b. Disconnect the flat cable to the attenuator assémbly to prevent damage to the relays.

¢. Connect the signature analyzer as follows:

SA CLK (at left of AGUS)

Start and Stop SA 5/S (at right of A6ULS)
Ground . 3325A ground
(stiffener channel on deck between A6

and AZ1, or any Ground test point)

d. Set the signature analyzer controls as follows:

e. Place CS8 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.)

OFF ON
0 1 r Thesa numbers are printed on the PC hoard itsalf.

lgngre any numberg printed on the switch,

5
4
3 Addrass Switches
2
1

LON — Listen Qnly
ROM — ROM Digsable {For Test Only}

R B O O O

g, Connect AGTP3 (between U115 and U16) to ground.
h. Set 3325A POWER to ON.
i. Remove ground from A6TP3.

j. Place the signature analyzer probe on +3 V (logic 1). The large plated area near the
center of A6 is +3 V.,

If the signature i1s 5159, proceed to Step k.

If the signature is not 5159, troubleshoot A6U9 (processor), A6U10 (buffer), the
processor data lines HPD@-7, and associated circuits. Refer to the ROM
Signature Analysis Test,

k. Set bus address bit 1 switch to ON(1), and set switches 2 through 5 to OFF.

1. The signature should be HCHS as indicated at the START of the flow diagram. If it is
not HCHS3, po 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:

HCH3 — 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
U13 and U45.

- This signature indicates a failure of the machine data bus. A 1010 data signal
is sent from the processor on the bus through U27, 1J28, 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 6PCF was not displayed, the clocks and enabling
signals are assumed to be correct.

~ This test reads data through U20 and UZ21 to the address lines of U19. Data
from U19 is then sent via U26 back to the processor, U9, This test also checks
the enable signals to U20, U21, and U19. U26 is presumed to be good since it
did not fail in previous tests.
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HHCH - This test is identical to that for signature AU96 except that a different address
(1010 as opposed to 0101) is sent to U19.

JAHH - This test sends data through 1113 and U22 and tests the enable signals to these
1C’s.

760A - This test is identical to 3IAHH except that it uses a different data stream.

PC76 and - These tests send data to U22 via U45. Enable signals should be good since they
HB2C did not cause a 760A signature.

m. When incarrect 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 tesis, be sure to replace all cables, switches,
connectors, and jumpers to the normal posiiion.

NOTES
1. A constant interrupt flow) at TP5 may be circumvented by:

a. Set POWER to STBY.

b. Unsolder one end of TP3.

e, Ser POWER (o ON.

d. Momentarily shart across TP3.

2. To iselate the control board (AG) from the olther assembiies,
disconnect the long flat cable going to the keyvboard, and the three
short flat cables {0 the other assemblies. The foliowing conditions
should then be observed:

U19 pin 1 should be high
/22 pin 1 should be high
L/35 pin 1 should be high
43 pin 1 — signoture should be 5320

After completion of the lest, be sure (o replace the cables carefui-
Iy, making sure that the contacis are aligned properly.

B-C-17/8-C-18
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Figure 8-33(a). Signature Analysis Test 1.
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Figure 8-33(t). Signature Analysis Test 1.
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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 output data.

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 processot in response to the errors it has sensed or the test
routing that has been programmed. Bach situation produceés a unique stable
sighature.

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. Conncct the signature analyzer as follows:

SA CLK (at left of A6UD)

Start and Stop SA 5/8 (at right of ABU15)
Ground 3325A ground
{stiffener channel gn deck between A6

and A2l, or any Ground test point)

d. Set the signature analyzer controls as follows:

e. Place CSP through CS2 shorting connectors (near right front corner of A6) in the O
position t¢ select ROM 1.
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f. Set the ROM Disable switch {(A681) to ON (1). 8et all other switches to OFF (0).

These numbers are ptinted on the PC Board itseH, Ignora any 0
numbers printed on the switch.

Address Switches

LON — Listen Qnly
ROM — ROM Digable (For Test Qnly)

g. Connect A6TP3 (between Ul5 and U16) to ground.
h. Set 3325A POWER to ON.
i. Remove ground from A6TP3.

j. Place the signature analyzer probe on +5 V (logic 1). The large plated area near the
center of AGis +5 V.,

If the signature is 5139, proceed to Step k.

If the signature is not 5159, troubleshoot A6U? (processor), A6UL0 (bufier), 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
QFF. (See switch drawing above.)

I. The signature should be 7C27 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:

7C97 - This signature implies that the three RAM’s may be addressed and read from
correctly. It also indicates that U20 and U21 count up and down correcily.

~ This signature indicates that U20 and U21 do not count up correctly, The test
also checks enable signals.

- This signature indicates that U20 and U21 do not count down correctly.
- This signature indicates that RAM A or its enable signals are not correct.

- This signature indicates that RAM B or its enable signals are not correct.

- 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 to the normal position.
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SIGNATUBE ANALYSIS TEST 5.

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 {(ASLS), the Carry/Sweep limit flag path,
the VCO status lines, and the turn-on circuits.

This test uses two methods of signature analysis. The main difference between these
mcthods 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

routine that has been programmed. Each situation produces a unique stable
signature,

Use the following procedure for Signature Analysis Test 4:
a. Setthe3325A 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:
SA CLK (at left of A6LI9)
Start and Stop SAS/S(atrightof AGUIS)
Ground 3325A ground
(stiffener channel on deck between A6

and A21, or any Ground test point}

d. Set the signature analyzer controls as follows:

SelfTest

e. Make surc the CS@ through €82 shorting connectors (near right front corner of A6) are
in the center position.

“ f. Connect ASTP3 and A6TP6to ground.
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2. Set all bus address switches (A651) to the OFF position. See switch drawing below.

These numbers ara printed on the PC Board iizelf. Ignore any
| numbers printed on the switch,

Address Switches

LON - Ligten Only
ROM - ROM Dizable {Far Tast Gnly)

h. Set3325A POWER switch to ON.

i. Disconnect ground from A6TP3 then AS6TP6.

j- Set bus address switch 5 to ON.

k. Place the signature analyzer probe on +5 V (logic 1). The large plated area near the
center of AGis +5V.

1. Follow the flow diagram from START. If no stable or valid signatures are obtained,
the praocessor (A6UD) or the ROM’s (A6U1-4) may be defective. Use the ROM Signature
Analysis Test to check these components.

NOTE

Afrer completion of the test, be sure 1o 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
PCUS
AUHe
CUsC
4325
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-on signal.
~ Erroneous bus interrupt.

— Erroneous sweep limit flag.

- Timer error.

- Fractional N IC Data lost,

- Invalid Sweep Limit Flag

- No Sweep Limit Flag,




- Processor receiving a VCO High signal.,

- Processor receiving a VCO Low signal.,

- Missed Sweep Limit [nterrupt.

= Missed 1 ms Clock.

NOTE

Unless orherwise identified, all IC’s in this test gre on the A6
assembly.




YES

Test Passes

Turn-Qn Circuit tmay ba
tested by unsoidaring
ABTFE and shorting
ABR21. With S.A. Probe
an +5Y, Signature should
be CAUH.

The 1ras Pulss fram
ABU8-3 may bs checked
with an Oscilloscope.

YES

Turn=Gir Circuit Problem
U33-11 = Q000

NO

u35-1 = FFEQ

{NO

Troubleskhoor
us

Traublzshoot

Troubleshoot
U1s

U33-13 = CAUH

U40-3 = 0000

Troubiezhoot
a1, 44

Troubleshoot
U440

Troubieahaot
U3z

NQ

Troubleshoot
ug

Troubleshoot
U1z




Troubleshgot
u3s

KO

Troubisshoat
ug

ihieshoot
YRR+t

e

PCUS

YES

Errpnegus Bus knterrupt.

U56.-10 = PCUS

USG-9 » PCUB

NO

Troubleghoot
U770

Troubleshaot
25

Troubleshoot
33

Trowblgshoot
Uz

Troubleshaot
UB3

Erronecus Atn Signal

NO

Troubleshoot
a4

Troubleshoot
U57. Go To S.A. Test 3

U72:12 = PCUSL

Ug4-12 = 0000

YES

Troubleshoo

U57. Go To S.A. Test 3

Troubleshoot
uga




UEE-7 = DOQO

u40-2 = pCUS

NG

NO

Troubleshoot
w40

Troubleshoot
55, UGG

Flag

NO

Troublashoaot Fractional N
Control IT AZ1LNS

NO

Troubleshoot
U3g, ua1

Troubleshaot
U3z

o)

utleshoot
U4

U72-13 = PCUS

U&E2.5 = Q00O

us2-6 m PCUS

NO

Errgnecus Atn Signal. Go
To 5.a. Tast 3

NO

MO

Erongous DAV Signal

NG

Troubleshaot
u7z

Erroneo




-

AUHC
YES

Erranepus Swaop  Limir
Flag Troubleshoot

035, Ual
u3g-1 = AHB

= = Troubteshoot
= U39-2 = AUHG Uae

NG NO

Troubleshoot Fractional N Troubleshoot
Contral IC A21U19 ua2

B Troubleshoot
U39-6 » 0000 U39, 41
NG

Troubleshant
uaz

VBZ-6 = PCUS Handshake Efror

NO

Troubleghoot
uaz

NOD

Troubleshgot
usyz

Figure 8-35(a). Signature Analysis Test 5.
§-C-31/8-C-32




p——y

CusC

YES

tdsa A Dual Trace
Oscilloscope To Observe
Signals At U35 Pins 1 and
12. Pin 12 Shouid Ba Low
When Pin 1 Goes Low.

U316 = CUSC

NG

Troublashoat
u3as Circuits With
Qseilloscope

NGO

Troubleshaot
uisg

Troubleshoat
U324

Troublgshogi
U3l

3838
: 3C1d

Troubieshoot
U7

NO

Troubleshant
ug




YES

Fractional N IC Data Loxst,

Connect one ihput of a
dual-trace oscilloscope 1o
AZ1U2B pin 1 gnd trigget
an this input, Uze other
input 1o observe pins 20
thraugh 23 of A21U18. pin
20 should be at the tima
U28-1 is lowy, and the other
pins (21-23) should be low

at this time,

W18-12 = 15421

ND

Check Cable From A21 Te
A&

ND

NO

W18:11 = 94U5

U26-11 = FOCC

Troubleshoot
ug

ND

Troubhed
A21U12, A

P

NC

Troubleshoot
us

NG

Troublgshont
ua

U16.8 = F166

Ug.16 = F165

Troubleshont
ui

NO

Troubleshogt
Jg
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8307

YES

Ergctional N IC Data L&st,
Connect gne input of a dugl trace oscilloscope
10 AZ1128 pin 1, This is the LRAD signal. Trig-
ger on this input. Adjust sweep ta observe two
LEAD pulses. Use the ather input 1o gbsarve
signals levels congurrent with the LRAD puises
at the points listed below:
Eirst Sagond

ATU28 LRAD LRAD
42511 = POCC Py Puise Puise
3 High Law
NO 13 " Low Low
11 Low High
4 Low Low

Troubleshoot
AZ1U18, A21U28

Troubisshoot
AZ1U18, ATU2B

Check Cabla
From AZ1 To ARG

7112

YES

Fractuional N I Oata Lost.
Connect one input of @ dual tragd 656G
to AZ1U2E pin 1. This is the LRAD gig
Troubleshoot gar on this input. Adjust sweep 10 0pzg
ue LRAD pulses. Use the other input tol
signel lavels coneurrent with the LRA
ot the points listed below:
First Second
AlJZe LRAD LRAD
Pin Pulse Pulse
3 High Leaw
13 Low Law
11 Low High
2] Low Low

NO

U9-16 » F165 Troubleshaot

NO

Check Cable
From A21 To A6

Troubleshoot
us

Figure 8-35(b
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[

+ 5V a 5307

YE3

Fraguanal N 1C Oata Lost.

Connect ona input of a dual trace ascilloscepe
to AZTU28 pin 1. This is the ERAD signat. Trig-
ger on this input. Adjust sweep 1o sbsarve two
LRAD pulses. Use the othar input 1o observe
signals levals concurrent with the LRAD pulses

at the points listed below:

First

Allzg LRAD

Fin Pulse

2 High

3 Ylow

1 Low

2 Low

Secornd
LRAD
Pulse
Law
Law
High
Law

Check Cabie
From AZ21 To AB

Troubl

u1lh

eshoar

Troublezhaot
AZ1U18, A1U28

7112

YES

Fractional N 1€ Data Lost.

Connect ona input of a dual trage oscilloscope
ta A21LU28 pin 1. This is the LRAD signal. Trig-
ger on this impuit. Adjust sweep 1o abserve three
LRAD pulses. Use the other input to obsarve
signai levels concurrent with the LRAD pulses

at the pairmex listed below:

First Second

A1U28 LRAD LRAD
Fin Puizse Pulse

2 High Low

1 Low Law

1 Low High

g Low Low

Third
LRAD
Pulta

Low
High
Low
High

Check Cabla
From A21 To AB

Troublaghoot
A21U19, AZ1U28

Figure 8-35(b). Signature Analysis Test 3.
8-C.33/8-C-34




):';5 ¥ 35¢

st 15’.1
D—I = 4 s i >
+BY = 1123 +5V = 232C LBV = A
YES I YES e
Invalid Sweep Limit Flag Egﬁg?ﬁ;‘ecwmg vee Tnlnswff ?n;se
Trace Signel Through Trace VCOQ High Signal 3=
AZ1U18, A21Q132, Thorugh AZ21UZ8 And usz-2
ABUS And Cabier AZI1U33 N
+8Y = 1232 +5V = BFAF
YES YES
No Sweep Limit Flag Processer Receiving VOO
Troubleshoot Low Signal Ya2-1 = U
AZ1UD Trace VCO Low Eignal
Through A27U28 And
AZIL33
Trowbies

wi?




>

Missed Sweap
Limit Interrupt

U32-3 = Uds1

NO

NO

Tropubleshoot
25

+ &Y w C2ZHA

YES

Go To ROM S.A. Test Or
.4, Test O

Missed 1ms Clack

Check U35-12 For Tm3

Pulse

Trogbleshoot
uzg

NO

Troubleshoot
u3a

INO

Troublashoat
U325

Troyblashoat
ul?

Troubleshoot
uzz

Troubleshont

ul?

Ué1 -5 = OHBA

Troublazhanot
Data Bus

Troublashoot
uz1

Figure 8-35(c). Signature Analysis Test 5.
8-C-35
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Board Board
Designator Location Dasignator Cesignavar Louation Lecation

PE2 TiN

CS0
m cs1
Q2 cs2

c1

A1
A2
A3
R4
RS
ARG
R7
R8
R9

ul
uz
u3
U4
UG
us
uz
ua
ud

DOOQOOIION

u1o
1

Uiz
ut3
14
Uis
yig
mz
uis
uig
yz0
Uz

yaz

R14
R16
R1B
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Note 1: Refer to paragraph 8-113 if bosrd replacement is naceassary.
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A
111

ROM
L‘ WEAC ohLY 1A L IHES) o DIRECT CONTROL
MR Y TO HR-18 CIREWITE
LIk p—— BU INTERRUPT
—— CLIXK INTERRUPT
EWEEP LIMIT
f—— " iuTERNUST

o PROCESSOR DaTA AUS

CONTADL
REG!ATER 14 LINESS CEY\CE  AEyECT READ/WRITE CONTROLS
| ..._...E.._EL...I TO KEYBOARY AND

READWRITE COMTRDN, BISPLAY, FREGREWCY

WILTIPLE LINEE SYNTHES 14, FLMCTFON

E0M TRADL ADOAE 81
REGTSTER REAIJTER

RIFFEN

L—

MECHINE DATA
MACH ENE DATA BUS » REVBOARD NG DISMLAY,
1A LIHES v FREQUEHCY SYNTHES !B,
FUNCTION ADSEMAY

Control Circuits Block Diagram
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SERVICE GROUP D - VOLTAGE CONTROLLED DSCILLATOR 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 surc 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 A211J1 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.

Do not allow disconnected cable connectors to contact the printed
circuit bogrds or components, or circuits may be damaged.

b, Check the +5V, +135V, and -15V power supply voltages at the following points:
+ 35V -m-ea £33 (Service Group F)
+ 15V C10 (Service Group F)
=15V C26 (Service Group F)

Marcover, when the problem has been isolated to the functional block, the first step should be a check
of the power supply voliage into the functional block,




Service Modet 3325A

¢, Make sure the VCO oscillates at the top and botiom of its frequency range. Disconnect the cable
from A21J18A (cable marked 18 S-H). This is the VCO control voltage. Measure the frequency of
the signal at AZ1U34 pin 14 and at A21Q161 collector. The freguency should be approximately 45MHz,
If the frequency is not approximately 45MHz, check varicaps CR164 and CR166.

d. Place an external dc voltage (-3V to + 10V) at the VCO input and note the following frequencies
at the collector of Q161 and at U34 pin 14.

DC Voltage Frequency
-3V 60.9MHz

+35V 42.6MHz
+ 10V 30MHz

If the VCO frequency is not correct, disconnect the external DC power supply and meagure the DC
voltages noted on the VCO schematic diagram. Voltages should be within =+ 10%. (Veltages are meas-
ured with A21J18A still disconnected.)

If the VCO frequencies are correct, go to step e,
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 AZITPS,

If pin 1 of A21U33 is positive, and the signal at TP is always positive, the trouble is probably in
the Integrator, Bias, or Sample/Hold circuits. Go to Service Group F.

If pin 1 of A21U33 is positive and the signal at TP? is mostly 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 TP? is always positive, the trouble 1s probably in
the = N.F Counter ciccuits, 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 prebably in
the Integrator, Bias, or Sample/Hold circuits. Go to Service Group F.
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No Rear Panel AUX Output, or Incorrect AUX Frequency
{Either One-Half ar Two Times the Programmed Frequeneyl.

a. Set function to sine, frequency to 10 MHz.

b. Measure voltage level at A3U18 pin 9. Should be at a TTL high level (= +2.4 V). If
not, goto Step g.

c. Set frequency to 21 MHz. Voltage level at A3U18 pin 2 should be TTL low
(= +0.4 V). Voltage at A3U18 pin 6 should be high. If either voltage is not correct go to
Step g.

d. Set frequency to 29.999 999 999 MHz. Voltage levels should be the same as in Step c.
€. Set frequency to 30 MHz. Voltage at A3U1B pin 6 should be low, pin 2 should be low.

f. If all of the above levels are correct, the trouble is probably in A3U18, U19, CI152, or
K158,

g. If any of the above levels is incorrect, check input pins 12 and 13 of A3U10 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.




Service Model 3325A

Board Board Board Board Board
Designator Location Dasignator Location Designator Location Designator Location Designatoer Loration Q
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Board Board Baard Board Beard
Qastgnatar Laratinn Dasigrator Lacati ' Lacatior: Designator Location Designator Location

c1 A cin
c2 A ci112
c3 c113
c4 c11a

R4t
R42
R43
R44
R4S

Ri21 F
A122 F
R1Z2 F

>
mmmm
mTmmm

R181
ca
c?
Cc8
ca

c11e
1z
c118
c119

R45
R47
R4g
R42

R163
R1%4

g
mT T
mTmm T

R156
R187
R168
R1569

C11
c12
c13
C14

ci1at
£122
c123
c124

mm

R58
RE7
REB
REQ

MM

W ma
Ooo0Q O0n0a oanon

T1
T2

06 m

c1e
g7
c14
c1g

C12d
c127
ci28
c128

RE1
RE2
RE3
RE4

=}

™1
TP2
TP2
TR

momm®m
M T H T
oooo

oonw

o
a2
c23
c24
cza
cay
cas
cz8

€1a1
€152
€153
<154

R66
RE7
RE8
R&GY
R7Q

TPB
TF7

moE e
acouooo
mm

C156
C1567
C158

Ui
uz
ua
s
Ue

mmODORo®
m m

R71
R72
R73
R74

mErErER

c
¢z
€a3
C34

CR1
CR2Z
CR3
CR4

oo0Q

ug
uz
ua
ug

mOOm

A76
R77
R74
R7G

cie
Cc37
C38
cas

CR8
CR7
CRB

SmEbkx PR ODOO OO0&
vogyg

[P R+ Ry

AE1
Rg2
RB3
RB4

CR1M1

m

[
42
ot
Ca4

1
Jz2
43

mpooOoo oTomme

oofno
DoO

R8G
R37
R&8
RES

Ca6
ca7
cag
ca9

J7

J8

J9
J10
411

wmm» BPEPP BPHBERD Bmp

=R+ Eele]

R#1
R22
R&3

PrrErEma

Y1

UUQ 9OoDo gogoQ

Ch1
c52
C&3
Ck4

o o momm

Js Morrm/ Tast
J23

J2a

oDmmm

R101
R102
R1D3
R104

mmmm

cHe
Ca7
CH8
cs2

L1
L2
L3
L4
LS

R106
R10O7
R108
R1D9

mODoO OQoog
DOoOR®P Tird

mommm

C61

m

L6
L7
La
L9

R111
R112
R113
A114
R11%

C161
€102
€103
<104

memom
oomm

OOan OO opeDom
MM mm

G108
cro7
c1o8
€108

A116
R117
R113
R11%

mmmm
mmmmm
mTmmTm

A3 Component Locations




Model 3325A

-C103

3325

66503

1]
)
o]
]
=




01kl

=AE15-
1

o= -
i

—E1TL—

0%
-981d- -912H-

GRISAT
Al ae e
-RiA7-
2133

-Rzn1-

it
gy
» 1

A B4 b

=~NLED-

o L
=REZgE-

TeENFACEE,

P

O‘-‘:‘

-,
&3 ~LI0T-

S pag3 -n

£ 7HA i

2 gy take -Rai- G
1157

i
ey -mase-
“RiT3- =i

Azi

03325

66521

G




03325-66501
FRACTIONAL N rveor 20

"
,

YGLTARE CONTROLLED OSCILLATOR
10-60 M2
“15%
NOTE: WiB INPUT RANGES L R166 ci74 18
WIBBGY  UB4{14) 251 100F ‘F/'—l‘\uoawo
+I0.6¥  30MH: +5% - ! '

- 2 - Fa -
GND  S3NH: A3 W CRIER . B
-2.5V  EOMHz .j.c17s+lc:?3 -‘-msz Rai6 Slek T T Rzazg R2g
SR173 $,m 22 i 1K 2

FROM &RI 16 {6) §1008 [ cRiga 7 HES | a3

L ikd R2 f
l R187 . R202
" : 435 p3 ROAL . . &3 100 1

1U0pT

CL84 R205
.0% $4.39K

K
+[159v iy | HO5S

VIO ADJ. 115V
287-353uH 470 0153 €18
i Ry 94 ¥ o $ -0
f 1 27. 8% f194 ﬁf:n \5
P/l g oL w3 ST U164
A J CONTROL J."—‘ ~ " 1.?'3,%5
A115
--l—-(u 18 Ri3z2
L) i i 2z . i s1sv Y
1 1 t o _|. 15 M
— ")—-—‘1 166 4L C145
| :

. $15

+15V

f v 103Y
ALgL »  Ci76  R20D R168
iK$  §70pt  §1.4 1K

?E v

YLD CONTROL VOLYAGE DETECTOR
AA=TEr OETECTS OUT D RANSE EONDITIONS —
+

-]
'l L c190

1
1
1
1
1
l
|
I
1
1
1
|
1

Lkl )

15 e — . , 4sy [~ R166 J—
6)—*—‘ +J_ €171 J_mas 1 154 2 A7 wn vewtase 1op noes
T 15 i -

EITHER

CAUSES  -15Y

oschAL
1

- H CONTROL

P/0 g b 47K ypipace Top oy

U3 ;
44 R16T

TRIPS AT 100K
-48Y

15¥ -18Y




- - 37
Fig €27
Skt 7

YCO BUFFER AHPLIFIER

L18 ! 325-
3 NOTE: LIFTiNG CABLE Wi WILL CAUSE P/ A3 g‘}%ﬁi}.sgggg& ASSEMBLY

3
o
U34{14) TO OSCII.L:TE;TH 1153
ez APPROXIMATELY 42-45 MHz 00
i, 5K
4 Ci53
L[>'o” ‘ {0

34
R157 A153
47 iK

U4 T T 7

R1B3
1K

+408v

R178
! 47K

L 90 7 R174 |

$ n1,§ _ . 5.1K | ;m
’ "

Refis g Rig1 Lwss !
4. 3K LY
P A1)
D Onnnz -}—S Py,
. DT T 55—
| . .

|SEE PARAGRAPH 8-I1%
WHEN REPLACING AZI (1]}

COHTADL
PLIARE YOO HISH

08¢ FaL"

CONTROL
BLTALE 100 LW

A3 - SFE SECTION VI

T3336-ALCI/ 3




E Wi WILL CAUSE
SCILLATE AT
LY 42-45 MH:

P40 A3 l

05325-68503

S1ENAL SOHURCE ASSEMALY
L1353
100

veo

36-80. 9MHZ |
10+ H.F.

H

TITIE-AIZLT ]

rp ?hsl L‘[!NTRl}

s 1 \

I
L

r
L
|
I

P S Y

10

ANX DUTRUY GN G HF 2 MEES FRONT PANKL FRES < 30MH2

(Gt _{LIMIOCT)

HHO3 -.-9 5

I
|
T
|
Fl

Ls 1

5

i L)
a0

[20-30 Mz

3-8 MHZ

ALKILIARY OUTPUT ENABLE / DRIVE




C1a4

@.nx

0= 30T

'3 A1
vCo
TO MIXER

-ILIL) H

[20% DUTPUT ON 1) IF 2IMMa< FRONT PAMEL FREQ € SCMHE

FED-+t  (TIHHILP GG I0-60 MKz : !I:!nggai
| [T

MJXILIARY QUTPUT ENABLE /DRIVE

Figure 8-37, VCO, A2l, and VO Buffer, A3.
8-D-7/8-D-8




Model 3325A Service

SERVICE GROUP E - ~N.F COUNTER.

!! >I

+N.F Counter Troubleshooting.

Do not allow disconnected cable connectors to contact the printed
circuit boards or componenis, 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 voltage source art the input to the VCO (-3V to + 10V), and monitor the
waveform at Ul pin 6. The 2Vp-p narrow pulse should begin to approach a frequency of 100kHz
as the external DC contro] voltage is vatried.

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 that the FETs are not leaking (see
Service Group F)

¢. Disconnect the eéxternal power supply. Leave cable W18 disconnected at A21J18A.

d. Measurc and note the frequency of the VOO signal at jumper W3. This signal should be approxi-
mately 45MHz.

€. Connect test points A21TP6 and A21TP$ 1o ground. This disables the + N Shift Register and
the Pulse Remove circuits.

f. Measurs the frequency at each of the following points in order, and determine the relationship
to the VOO frequency at ‘W3 (step d). Replace any defective components.

AZITPI should be VCO + 2. If not correct, check AZ1U32 and A21TJ27 for signal transitions at
the input and output pins.

AZITP2 should be VCO =+ 10. If not correct, check A?11/13 and A211J18.
A21021 pin B should be VCO + 100, If not, check AZ11J9.
AZITP3 should be VCO + 1000. H not correct, check A21US, A21ULE, A21U21, and AZ1U22.

A2ITP4 should be VCO + 1000. If not, check A21U12 and A21U22.

AZITPS should be VOO + 10, If not, check A21024.

AZITP? sheuld be VCO + 1000. If not, check AZ1U29,
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A21Q131 collector should be VCO + 1000 (very narrow pulse at approximately 2Vp-p). If not, check
A21U26, A21U27, A21Q131, and A21C131. @

A21U19 pins 2, 3, 4, 5, 6, 10, and 11 should be VCO + 1000. If not, A21U19 is probably defective.

g. If 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 A21ULJ. 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,
A21U17, A21U23) may be defective.
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SERVICE GROUP F - FRACTIONAL N ANALDG CIRCUITS.

“ Fractional N Analeg Troubleshonting.

If pin 1 of A21U33 is positive (in Service Group D Troubleshooting) and the signal at TP9 is always
positive, or if pin 7 of A21U33 is positive and the signal at TP? is mostly negative, the trouble is

probably in the Integrator, Bias, or Sample/Hold circuits,

The follpwing waveforms may be observed at the points indicated. If the Bias/API waveforms are
correct, but the Integrator output is not ¢orrect, the trouble is probably in the Integrator, Current

Sources, 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 amplitude to 10Vp-p and test for the correct signal at A21TP10
(see Figure 8-F-1). Make sure cable W18 is connected from the Sampie and Hold output to the VCO

input.

TrErYYEYTEAORY +1DV

A INTEGRATOR TP1G
fEYTYRITYEY ov

TrEYRFERFAN +3V

B BIAS/API Q12 SQURCE

C BiAS Q6,07 EMITTERS

b. I[f 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 A21CRE to open the phase locked loop at the integrator input. These dicdes

are a prime noise source sspecially when overheated. Install jumper W2, This jumper places a 1k

resistor in parallel with C17, changing the integrator to a transconductance amplifier (Eout = -1000

x Tin). While monitoring the integrator output at TP10 and the Sample/Hold output at TPL1, inject

m various currents from -12mA to +5mA into the intcgrator input. An easy way to accomplish this
is to use a de power supply with a 1k& resistor in scries with its ontput. Every volt from the power

supply will inject 1mA into the inegrator. The voltage at TP1Q and TPH] 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 A21U6(3). The output voltage at TP11 should be +5V. If not, replace US. 0
If the voltage at TP11 is correet, momentarily short a¢ross A21C24, then apply the + 5V at 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 te the gates

of 927 and Q39. This signal should be a 0.3 to 0.6ps TTL pulse at 100kHz, The pulse width is derived

from the VCO frequency (VCO/10) and the repetition rate is derived from VCO/N.F.

d. If the integrator and Sample/Hold circuitry appear to be operating properly, check the follow-
ing circuits in the order given to isolate the faulty sub-block.

1. Check the phase comparator ourput at A21TP9. The waveform should appear as shown in
Figure 8-F-1 for the given conditions.

2. Measure the voltage at the junction of R4l and R39. The voltage should be -8V,

3. Check the outputs of Ud and U5 for the presence of the bias and API signals. These signals
should be toggling while the 3325A is sweeping. If the signals are not present, check the oper-
ation of the Fractional N chip (U19) and check for the latch ¢lock coming from U22 pin 6.

e. If the above circuitry is good, then the fault probably lies in the integrator or the API 1/Bias
sub=block.

AP| Troubleshooting.

Bxercise care when troubleshooting the API/Bias circuitry. The signals are small ¢urrents that are
difficult 1o detect, Note that if the VCO locks bur there are large spurious signals present af the out-
put, diedes AZICR3, CR4, CRB, and CR? should be checked.

f. Connect cable W18 back to the sample/hold output at J18A if not already dene so.

The following steps determine if the digital programming portion or the analog portion of the A21
board is at fault.

g. Enter a frequency on the 3325A front panel of 5 000 001 Hz.

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 | 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 0.0015 rate, and APl 5 at a 0.0001s rate.

h. Using an oscilloscope, check for each programming pulse at the following outpnts:

AFI 1 U5(9)
AFI 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 sources. If any of the pulses are not present, check the fractional-N chip (U19)
for the proper signals.

Individual API Troubleshooting.

j- Conneet a spectrum analyzer through a 1k§2 series resistor to A2ITP11.
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Q k. Select the sine function on the 3323A and set the frequency 10 § 000 000H:.

I, Set the spectrum analyzer as follows to measure the signal at TP11:

Start Frequency

Bandwidth. . ... ... . i i I0Hz
Frequency Span 1kHz/div
Sweep Time/Div

Input Sensitivity

Sweep Mode

Vertical Scale

The analyzer should measurc a level of < -70dB. If the signal at TPt is < -70dB, the API current
sources in their OFF mode are not interfering with the phase detector output and the digital portion
of the board is probably good. If the signal is not < -70dB, either the API current sources may not
have turned off sufficiently or the phase detector input and output signals may be bad.

m. Set the 3325A frequency to 5 001 000Hz.

n. The spectrum analyzer should read < -70dB at TP11. If this signal is incorrect, troubleshoot
the AP] 1 sub-block and the U19 programming signals. 10 the signal is good, the problem is probably
not in the API 1 sub-block. Proceed to step o,

0, St the 3325A frequency to 5 000 100Hz,

pn. The spectrum amalyzer should read < -70dB. This frequency tests the API 2 cireuit. If the signal
s incorract, troubleshoot the API 2 sub-block and the U19 programming signals. If the signal is good,
proceed to step g.

g. Set the 3325A frequeney to 5 000 C10Hz.

v, The spectrum analyzer should read < -70dB. This frequency tests the API 3 circuit. If the signal
i incorrect, troubleshoot the API 3 sub-block and the U19 programuming signals, If the signal is good,
proceed Lo step s.

5. Set the 3325A frequency to 5 000 O01Hz.

(. The spectrum analyzer should read < -704B at TP11. This frequency tests the API 4 circuit.
If the signal is incorrect, troubleshoot the API 4 sub-block and the U192 programming signals. 1f the
signal is good, proceed to step u.

U, Set the 3325A frequency to 5 000 000.1Hz,

v. The spectrum analyrer should read < -70dB. This frequency tests the APL § circuitry. If the
level is incorract, troubleshoot the API 5 sub-block and the Ul9 programming signals.

Phase Modulation Troublesheoting

If the output does not respond properly to a phase modulation input, measure dc voltages within
the Phas¢ Modulation circuit (A1Q37 and 38) with:

Phase Modulation
Phase Modulation Input

Phase Modulation linearity problems can often be traced to A21CR18 and A21CR19.
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HP3325 Set Up

Measurement Set Up

Important
Parameters

Waveform
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Function Sine
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Trigger Chl

Pulse Height
and Width
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Trigger Chl

Pulse Height
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= 3 WD
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Main= 3 us-sDiwv

Figure 8-F-1. TP9 & TP10 Waveforms
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Model 3325A Service

SERVICE GROUP G - 30NMHz REFERENCE AND DIVIDERS.

3J0MHz Reference Troubleshooting.

"0SC 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. If the signal is incorrect at any
point, troubleshoot the associated circuits.

A3TP3 30 MHz

A3 2pins5and 6 10 MHz

A3Ul pin3 1 MHz

A3Ul piné 2MHz

A3J10 1 MHz

A3U1 pin 13 100 kHz

A3U5pin 8 100 kHz

A3Q1 collector 104 kHz (narrow pulse)

If the 30MHz Oscillator is failing it could be du¢ to heavy loading by the multiplier (A3U11}, This
“ van be checked by lifting A3R73. Oscillator failures have also been linked to A306, A3YT1, and AICRS.

Do not allow disconnected cable connectors to contact the printed
circuit boards or components, or cirerils may be damaged.

Amplitude Trouhleshooting.

b. The most common cause of problems in the Sine Ampiitude Control and Amplitude Modulation
circuitry is the multiplier (A3U11). Problems with U1l are usually detected by incorrect voltages at
A3TP4. The voltage at TP4 should be pure de and on a working instrument (or a malfunctioning
onc with Auto Calibration Disabled* - ACD} will be the following levels:

* Sce Figure 3-44 (Service Group K) for ACD test point locaticon.

Programened
Amplitude TP4

3Vp-p 2¥de
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,




Model 3325A

¢. 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
A3UI1(9)  4.8Vdc

Note also that U14 is probably bad if the frequency difference between pins 6 and 7 is greater than
20% (the frequency should be approximately 30MHz on both pins).

d. If after A3U1! 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 1.

e. If the voltages at TP4 are correct and the output amplitude is incorrect, troubleshoot the problem
via Service Groups H or I.

PRESET CURRENT
COUNTER SOURCE ﬁ?QEI "UL;%fEIEF

A14-1 AL4-1

The Amplitude Cabbration Disable, ACD, 13 used to break ihe
feedback path during i of pli
Connert AGE te Gnd and cycle pewer oH and an.

PROCESSOR |_ ——
AG-C
a FUNCTION NTXER 1 30MH2
CIRCUITS Pest i SWITCH
Ald-J AT-5

—0 FX L_—

F

PEAK : HIGH YOLTAGE
i QUTPUT ATTENUATOR ORTIDN 002

BETECTOR | _
| AMPLIFIER A23-L AB-H

A14-K i
Each bax cOMBING & Cotde such a5 A14-1. This heis firat the board l
numbe fellewsd by the schemanic number. UU T

IILIA-H-28

Figure 8-G-1. Sine Amplitude Confrol 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. Alse, make sure the hole in the cover nearest the front
of the instrument is over the mixer adjustment resistor.

Mixer Troubleshoating.

Failures on this portion of the A3 board are usually linked to A3CR101, A3U16, and sometimes A3U1S,
A3Ulé often fails because of metalization.

a. Ground the Auto Calibration Disable (ACD) test point (Service Group K - Figute 8-44) and cycle

power. When 10Vp-p is programmed, the voltage at A3TP6 should be 100mVp-p with no de. [f this
voltage is not correct, make sure that ACD is disabled and check TP6 again. 1f the voltage is still
incorrect, the fault lies prior to TP,

b. To check for 2 A3CRI0L failure, turn the instrument off and measure the resistance from TP6
to ground. An ohmmeter with = ImA of current (3455A for example) is needed. The resistance should
range from 1980 to 202Q. If the resistance measures less than 1980, one of the diodes in CR101 1s
Jeaky. CR1Q1 can also be respensible for poor harmonic distortion and spurs.

¢. When replacing CR101, a good technique is to use four round toothpicks to position each of
the four lgads into place. This enables the new CR101 to be checked for satisfactory operation before
it is soldered in place. Since the orientation of CR101 often affects harmonics and spurs, rotating
it 90, 180, or 270 deprees can often improve these specifications. Use care when replacing CR101.
Because of its small size, it is often damaged when being soldered.

d. The waveform on the secondary windings of T1 (side closest to CR101 on schematic) can be
observed on an oscilloscope. At turn-on, this waveform should be a 2Vp-p, 30MHz 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, A3ULS
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:

1. Connect the ACD test point (Service Group K) to ground and cycle instrument power.
2. Move the Norm/Test jumper on A3 (Service Group H) to the test position.

3. Program the front panel for a sine function at 10Vp-p.

4. Remove cable W24 from connector J24 on A3 (Service Group H).

5. 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 LkHz 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
COUNTER SOURCE A HUL;%?EIEF
Atd-1 A14-1

The Ampiiude Cakbration Diabla, ACD, % used to break the
h path during ing af i tud .

a
Connect ACD 10 Gnd end cvele power ofl and an.
. S A

FUNCTION 30MHzZ
CIRCUITS i ﬂg;ﬁf SWITCH

|
Al4-J ' A3-G
L— ——J

PEAK : HIGH YOLTAGE
o QUTPUT ATTENUATOR QPTION OB72

DETECTOR
ALA-K | AMPLIFIER AZ3-L AB-M

IITSA-B-L0

Each box confains a code such 82 A14-1. This lis15 {irst the board l
number lollowed by the sehemalie number GU .I.

Figure 8-H-1. Sine Amplitude Control Path.
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SERVICE GROUP ¢ - D/A CONVERTER AND SAMPLE HOLD.

/A and Sample/Hold Troubleshooting.

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 Qut™ pulse irain shown below, The voltage level at each Sample/Hold
output amplifier test point should be identical to the level of its corresponding pulse at the DAC test
point. This pulse train occurs at instrement 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 ACD test point, externally triggering an oscilloscope on the positive
slope of test point AZ, and connecting the scope’s input to the DAC test point.

A ANALOG SWITCHENABLE

B DACINTEGRATGRQUT

= DAC Auto Zero (Mo TP) 0.0Vdc
Ampiitude Calibration Level (TP +1L.VL) -10.2Vde

= Qutput Amplitude (TP AMPL) -4.0Vdc
DC Offset (TP Q82) 0.0Vde

DC Offsat Correction (TP Q51) 0.0Vde
= 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 OV and the voltage out of A14U17 will vary slightly around
-4.2V.

+LVL: This voltage is used during self-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 15 -4.0V
to + 10V,

Programmed Sine Amplitude - TP AMPL

2.99Vp-p +7V

3.00Vp-p —4Vy

10.00Vp-p + 10V
Sine function off =10V

O82: This voltage controls the D.C, offset of the output waveform.
With Sine function off:
Programmed D.C, Offset

+5¥de
—5vde

OS1: This is the DC offset error correction voltage and is calculated during a self-calibration. This
voltage should always be close ta 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 common problem with this section of the Al4 board is loading of the DAC test point by a bad
analog switch, Op-Amp, or a Sample/Hold capacitor. To check for a loading problem, unsolder the
lead ncarcest the DAC test point on the resistor (R55) between A14U16 pin 6 and the test point. Attach
an oscilloscope probe to the unsoldered lead of the resistor and monitor 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
correct DAC pulse train is observed with Auto-Cal disabled, the counters are working correctly, Data
puises with TTL levels should be observable at all times at the inputs and outputs of A14U6-A14U9
and A14U29, 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 U24), 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 U10. 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 MS8D, 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 Ul4 to-provide a clock signal to the DAC circuits.

PRESET
COUNTER
Al4-1

-t

CURRENT
SOURCE I o
Ald-1

DAC
Ald-1

MULTIPLIER
A3-G

The Amplltude Calibration I:usehle ACD is ueed to break the
path durng h [
Connert ACD 1o Grd and cyele wwer nh‘ ahd on.

PROCESSAR

A6-C FUNCT 10N
t CIRCUITS
Atd-J

MIXER
A3-H

—0 PR

PEAK

HIGH YOLTAGE

BETECTOR : awpl1F1ER

Ald-K

JQUTPUT

ATTENUATOR

number tolowed by 1he achematic number.

AZ3-L

Each bok confans a code such as &14-1. This isds firat the board l

guT

OPTION 002
Ad-M

FIEBA-8-20)

Figure 8-I-1. Sine Amplitude Control Path.
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SERVICE GROUP .J - FUNCTION CIRCUITS.
Function Circuits Troubleshooting.

The A14Q112 amplifier circuit supplies sine wave current to the output amplifier. Disconnect the cabie
(marked 23 ALC’") from Al4J23 to permit maximum signal amplitude at Al4 test point SIN.

ECAUTION-

Do not allow disconnected cable connector 1o contact the printed
circuit boards or components, or circuits may be damaged.

The sine wave signal at test point SIN should ke approximately 200 mV p-p at the selected
frequency.

If this signal is not correct, the trouble is ahead of the SIN test point. If the sing
function is the only one not operating correctly, check the diode CR101 and the
filter components in the 3112 emitter circuit.

If there is a signal at the SIN test point, check the Sine Enable voltage at U28 pin
1¢. This should be at a TTL high level. If not, check input and clock signals to
U28 and U27. The inputs to 1J28 can be traced to U29, Service Group L.

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 1128, 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
U3 1 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 is possible that U32 could be defective.

If the signal at SQR is correct, troubleshoot the U4Q circuits and the Amplitude
Control circuits.

If Self Tests 1 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 Functians.

If the sine and square functions are correct, but the triangle and ramp functions are not
operating properly, use the following procedure.

a, Connest oscilloscope to the TRI test point (on Al4), Set controls as follows:

Vertical. ...t e i e i e 0.2 V/div (+ 10 probe)
WD . ... . it .1 pus/div
Trigger........ et seiaaiiaaetiaeiaaaerirans Int/ + slope

b. Setthe 3325A as follows:

Funiction
Frequency
Amplitude

¢. The pulse width of the TRI signal should increase and decrease at a 1 Hz rate (TTL
levels).

d. Monitor pin 9 of U36 with the oscilloscope. This should be 2 TTL square wave, fre-
quency ! MHz (actually 1.000001 MHz). If not, go to Step .

e. The signal at pin 10 of U36 should be a TTL square wave at 1| MHz. If not, go to the
2 MHz 1est paoint and trace the signal through to U36 pin 10. Ul4 divides the 2 MHz
reference by two. If Ul4 is not operating, check for a TTL high Triangle Enable at U14 pin
10.

f. If the proper signal is not present at U36 pin 9, trace the signal back through U32,
which isa + 10 counter. Also check for a TTL high Triangle Enable level at U33 pin 10,

g. 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 U4 output at pin 13. Measure
voltages in the (3114-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. ............. .. ... ... ... . .0.2 V/div (= 10 probe)
+ ¢ Fr 4+ Bt io‘l MS./d-iv
1 71(= o . Int/ + slope
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@ b. Setthe 3325A as follows:

Function
Frequency
Arnplitude

¢. The width of the positive pulse should decrease to zero, then reset and repeat ata 1 Hz
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 level
should be high for — Ramp function and low for + Ramp.

e. If the pulse width in Step ¢ or d increases and decreases, the pulse reset circuits are not
operating, and the 3325A output signal should be a triangle, at 2 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 U34, pin 8. The
Ramp Enable level at U34 pin 10 must be high.

2. 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 us wide.

DC Offset and Amplitude Troubleshooting.

Problems in the Amplitude and Offset 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 state (power
switched from STBY to ON). Amplitude problems have in the past, been linked to U38, U3%, and
U40 failures. If the amplitude level from the DAC (see AMPL test point - Service Group 1) is correct
as well as the voltages at A3TP4 (Service Group G), then the amplitude control 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 circvits.

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, U41B, or Q113

The voltages at Q108 emitters should always be identical.
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Clipping of the positive or negative peaks on the output waveform is sometimes caused by a fault Q

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.

PRESET CURRENT
COUNTER SOURCE

DAC '- S/H -' MULTIFPLIER

Ald-1 Alde1 Al4-T l Al4d J__’ A3-G

The Amphtude Cakibration Dusahle ACD is LIlDd m brnk the
lgpdback path duwing g ol
Connact ACD 10 Gnd and gyele powesr roff angd on.

PROCESSOR

A8-C FUNCTION

MIXER
CIRCUITS !
A1d-t A3

—C PR

PEAK | HIGH VOLTAGE
DETECTOR | aubi TrYER ATTENUATOR OPTION 002
Ald-K | AB-H

Each box contging o code such B3 A714-1. This lista 1irst the board l .
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Figure 8-J-1. Sine Amplitude Control Path.
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Note 1: These voltage levels are useful when troubleshooting amplitude
problems. Levels shown occur with the 3325A’s frequency set to 1kHz, end
with Auto Callbration Disable {ACDI grounded.

Programmad TP ™
Amplitude (Vp-p) AMP IN {0V dc offset) AMP 1N {2V dc offsstl

Vp-p DC Level Vp-p DC Level
0.18 6.17 .08 .
0.28 B6.17 0.1 .
.16 65.17 0.14

0,20 5.17 0.18

0.24 57 0.22

0.28 5.17 0.26

0.32 5.17

0.38 5.17

0.44 6.17

0.48 B.17
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Model 3325A Service

SERVICE GROUP K - OUTPUT AMPLIFIER AND LEVEL COMPARATOR.
Output Amplifier and Level Comparator Troubleshaoting.

If the instrurment accepts and displays entries, but there is neither a signal nor syn¢ output, the trou-
ble may be in the Output Amplifier circuit. Note that when troubleshooting amplitude probiems, the
Auto Calibration Disable {ACD) test point must be grounded and the power cycled (Figure 8-44).
This procedure breaks the amplitude loop and makes it possible to troubleshoot the amplitude con-
irol path (see Figure §-K-1).

a. Move the small shorting connector marked AMP N (on A14) from the NORM to the oppesite
position.

b. Disconnect any external eguipment from the signal output.

c. Measure the dc voltage at the AMP QUT test point and at both ends of the fuse, F3.
These voltages should be approximately +7.5 V.,

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 applicd to the 3325A’s signal port. It, therefore,
blows fairly often and should be replaced as necessary (0.25A, -hp- Part No. 2110-0343).

1f the amplifier output voltage is not correct, troubleshoot the amplifier ¢ircuit by measuring de volt-
ages within the circuit as shown on the schematic (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 Al4Q213 to the AMP QUT test paint 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 transisior.

Be sure to replace the shorting connector to the NORM position afier troubleshooting.

If the 3325A does not meet accuracy specifications at 20MHz after tepair of the output amplificr,
and the flatness cannot be adjusted properly with the FLT adiustment (Section V, Amplitude Flat-
ness Adjustment), it may be necessary to select a different value for A14C103 (Service Group 1). In-
creasing the value increases the output amplitude at higher frequencies, and vice versa. Note that the
20MHEz flatness adjustment (FLT) affects squarc wave overshoot.
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No Sync Qutput, Signal Qutput Narmal.

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
be a 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 V (one-haif the voltage at the AMP OUT test
point).

Be sure to return the shorting connector to the NORM position after troubleshooting.

Level Comparatar, 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 Ramyp Polarity signal at U45 pins 2 and 9 determines
whether the + Ramp or —~ Ramp reset one-shot is triggered.

PRESET CURRENT HULTIPLIEA
COUNTER SOURCE R A3-C
A14-T A14-1

3

Tha Amplitude Calbration Disabla, ACD, ie used to b".a‘.‘ Lhe
{gedback path during ing of o
Cannert ACD to Gnd end cycla power off and on.

PROCESSOR

AB-C FUNCTION
] CIRCUITS MR
AL4-J

—r PK

r_d———dnj
I HIGH VOLTAGE

PEAK 1 autpur | ATTENUATOR OPTION 082

DETECTOR | p
Arax | AMPLIFIER T AZ3-L P

e e | l

Each hox cantans f code such as A 145 Ths lists firat 1he boerd
O rumber 10lowed by the schematic rumber, DU T

ACD

TIvSA-y-TE

Figurs 8--1. Sins Amplitude Control Path,
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] SERVICE GROUP L - ATTENUATOR.

Troubleshooting Attenuator Relays and Drivers.

Set putput to:

Function DC Offset only (no AC function)
DC Offset

Press AMPTD CAL Key.

Measure the 3325A output voltage with a dec 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 atténuator relays may be latched in
the wrong position. With the DC Offset set to 5 'V, none of the attenuator pads should be in.

Mo Load Output voltage will be
If - 100 pad (K1) isIN 0.100V
[t +10pad (K2}isIN 1.000v
If +3pad (KD isIN 3333y
[f +100and + 10 pads are IN 0.010V
If +100and + 3 padsare IN 0.033V
If - 10and = 3 padsare IN 0.333V
If K4 isin the IN position
Instrument with High Voltage
Qption 002 20,00V
Instrument without Option 002
(front panel output) av
(rear panel output) 1000V

Operation of the latching relays may be checked by momentarily grounding each output of
A4S0, and A4Q76 collector, as follows:

Pin No. Relay

10 Front output or H.V., OFF
16 Rearoutput or H.V, ON

15 ouT
14 IN

13 ouT
12 IN

11 ouT
Q76 Coll. IN
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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 AC Function) Relay Fads In

5.000t0 1.500V None

1.499t0 0,300V E3
499.9t0 150.0mV K2
149.9t0 50.00mV K2, K3
46,9910 15.00mV K1
14.99t0 5.000 mV K1, K3
4.99910 1.500mV K1, K2
1.4991t0 1.000mV Kil.K2, K3

SO -] O LA e T

Relay drive pulses at Al4U49 outputs and A14U50 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 1mV to 5V causes all three relays to change
to the ‘‘pad out”” position. Pulses may be observed at the proper peints by observing an oscilloscope
get to a slow sweep speed while entering the above voltages. The clock pulse to U49 may also be ob-
served during any range change. Pulses should appear at U4% inputs continually.

A2} Attennator Relay Cleaning and Servicing.

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 (cach 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 contact pins 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,




F:> 845
Procedure: 44 /fj

a. After the relays have been removed from the board as instructed above, blow clean the relay
contacts and armature with Jow pressure dry gas (e.g., CO,, N,, or air}. Do not blow with your
mouth.

b. Spray no-noise silicon fubricant (P/N 6030-0063) 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,

¢. Clean the printed circuit board where the relays sit with isopropyl alcohol (**2-Propanol’” P/N
8500-0755). Apply the alcohol with a soft brush (P/N 8520-0007). Avoid circufar 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 to insure that the relays
are functioning properly by following the procedures described in the troubleshooting section.
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SERVICE GROUP M - OPTIONS: HIGH VOLTAGE OUTPUT (OPT. 002) AND HIGH STABILITY REFER-
ENCE (OPT. 001).

High Voltage Output Amplifier Troubleshaoting.

Before servicing the A8 assembly, be sure that it is being used within its limits of operation:

Frequency Range: 0 - |MHz
Quiput Load: 5008 minimum

If the standard output 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 ASF1, This voltage should be approx-
imately +15 V. .

If voltage is present at only one end of ASFI, 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 AGW1 is clipped or missing. The absence of this jumper indicates to the processor
that the High Voltage option is installed and the processor will then allow voltages greater than 10Vp-p
to be programmmed.

Note that the A8 assembly has its own + 30V pawer supply.

Be sure to reconnect the cable to U8J20 after troubleshooting.

REAR PANEL OUTPUT WITH OPTION 002.

Neormally, 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 reconnecting Cables 1 and 4.

a. Disconnect Cable 1 (1o the front panel signal output) from the attenuator assembly J1
OUuT.

b. Disconnect Cable 4 {t0 rear panel signal output) from the connector on Al4 labeled “*4 DUMMY",
and connect it to J1 OUT on the attenuator assembly. It may be necessary to cut a cable tie to reach JL.

¢, Conneet Cable 1 tothe **4 DUMMY?"' connector.

d. The standard and high voltage outpuats will now appear at the rear panel SIGNAL 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 Qutput 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 QUT 4/20%°.

d. Connect Cable20tothe **4 DUMMY’’ connector.

e. Secure Cable 21 in a position 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 A6S1.
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 panel to indicate that the high voltage

output has been disabled and that the standard signal cutput is available at the front or rear
panel (switchable).
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Model 3325A Service

SERVICE GROUP N - SWEEP DRIVE CIRCUITS.

Troubleshooting The Sweep Drive Circuits.

To determine whether only ong or both X Drive ranges are bad, monitor the X Drive output
with an oscilioscope,

a. Set sweep time to .999 sec. Press START CONT key, X Drive output should go from
0V ita > +10V during sweep up, and remain at 0 V during sweep down.

b. Set sweep time to 1 sec. The oscilloscope display should be as described in Step a.

¢. Check the voltage at the XDR test point (on Al14). 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 A14U1 pin 12, If no pulse is present, go to
the Logic troubleshooting, Service Group C,

¢. 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 voltage at U4 pin 4 (Range 1) or U3 pin §
(Range 2) to the voltage at the XDR test point.

W sec = 0.1V
lsee = —100V

If these voltages are correct, the Sweep Range Switches are working, and the trouble is pro-
bably in the X Drive Integrator.

[. 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.

8. 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 Output.

With the 3325 A, in continuous sweep (linear mode) the Z Blank output should be at a TTL low level
during sweep up, high during sweep dowi. 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 3323A

Marker Dutput.

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.
21100343, .25 A.

If the fuse is good, check for the presence of the Sweep Limit Flag at U2 pin 5,
and the Matker 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
sweep up.
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SERVICE GROUP O - POWER SUPPLIES.

Power Sugply Troubleshooting.

gcwnoui

The Power Supply prinded circuit board mounting screws must be
tightened securely or the regulators will not operate properly. The
{ine fuse may be destroyed.

To determine i the trouble is in the regulators or if some other cirguit is pulling down a
power supply voltage, disconnect the cable (W22) from A2P5, This breaks the connector to
the power switch; ground A2P35 pin 10 to enable the power supplies.

The three power supply voltages (x 15V, +5V) are routed from A2P5 through the cable W22 to AGPS,
and from A6 are connceted 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 Al14
through either a 2-wire cable which has a cannector at each end, or through individual wires connect-
irg to square ping at gither 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 -15V. Therefore, if this supply is bad, the +35V and + 15V supplies will be
off as well.

If the power supply voltages are correct with the cable disconnected, disconnect all three of
the flat cables and the cable to the keyboard assembly, and reconnect cable W22 to A2P5.
Connect the STBY test point {on A6) to ground to enable the power supplies. 1f power sup-
ply voltages are again incorrect, the problem is on the A6 assembly (Service Groups B and
C). If power supply voltages are correct with A connected and the ather 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-
{y with the connector contacls.
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NOTES

1. When replacing Q1, Q2, or O3, make sure the insutator is in
place correctly. Use a heat transfer compound betweert the tran-
sistor, insulator, and heat sink. Be sure to use the proper length
screw for replacement.

2. If the heat sink is remaoved from the side frame, be sure to use
the proper length screws to replace it. If the screws are t0o long, or
if the washer is omitted, the screws may short the transistors to the
Jrame,
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